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Messages Applicable to TPZ001 and KPZ101
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MGMSG_HW_RICHRESPONSE 0x0081 44
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Messages Applicable to TSG001 and KSG101
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Messages Applicable to MPZ601
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MGMSG PZ SET_PICONSTS 0x0655 161
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MGMSG _PZ REQ_PZSTATUSBITS 0x065B 162
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MGMSG PZ GET PZSTATUSUPDATE 0x0661 164
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MGMSG PZ GET OUTPUTLUT 0x0702 174
MGMSG PZ SET_OUTPUTLUTPARAMS 0x0703 176
MGMSG PZ REQ_OUTPUTLUTP ARAMS 0x0704 176
MGMSG PZ GET OUTPUTLUTPARAMS 0x0705 176
MGMSG PZ START_LUTOUTPUT 0x0706 180
MGMSG PZ STOP_LUTOUTPUT 0x0707 180
MGMSG PZ SET_ZERO 0x0658 185
MGMSG_PZ REQ_MAXTRAVEL 0x0650 186
MGMSG PZ GET MAXTRAVEL 0x0651 186
MGMSG PZ SET_IOSETTINGS: 0x0670 187
MGMSG_PZ REQ_IOSETTINGS: 0x0671 187
MGMSG PZ_ GET IOSETTINGS: 0x0672 187
MGMSG PZ SET LUTVALUETYPE: 0x0708 193
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Messages Applicable to TDC001 and KDC101
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MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG_HW_DISCONNECT 0x0002 43
MGMSG_HW_RESPONSE 0x0080 43
MGMSG_HW_RICHRESPONSE 0x0081 44
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
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MGMSG_MOT_SET_DCPIDPARAMS 0x04A0 87
MGMSG_MOT _REQ_DCPIDPARAMS 0x04A1 87
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MGMSG_MOT_SET_POTPARAMS 0x04B0 91
MGMSG_MOT_REQ_POTPARAMS 0x04B1 91
MGMSG_MOT_GET_POTPARAMS 0x04B2 91
MGMSG _MOT_SET_BUTTO NPARAMS 0x04B6 94
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Messages Applicable to KDC101 Only

MGMSG _MOT_SET_KCUBEMMIPARAMS 0x0520 126
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Messages Applicable to TSC001 and KSC101

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG_HW_DISCONNECT 0x0002 43
MGMSG_HW_RESPONSE 0x0080 43
MGMSG_HW_RICHRESPONSE 0x0081 44
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG_HUB_REQ_BAYUSED 0x0065 49
MGMSG HUB_GET_BAYUSED 0x0066 49
MGMSG_MOT_MOVE_COMPLETED 0x0464 77
MGMSG _MOT_MOVE_ABSOLUTE 0x0453 78
MGMSG _MOT_MOVE_STOP 0x0465 82
MGMSG _MOT_SET_AVMODES 0x04B3 89
MGMSG_MOT_REQ_AVMODES 0x04B4 89
MGMSG_MOT_GET_AVMODES 0x04B5 89
MGMSG_MOT_SET_BUTTO NPARAMS 0x04B6 94
MGMSG_MOT REQ BUTTONPARAMS 0x04B7 94
MGMSG_MOT_GET_BUTTONPARAMS 0x04B8 94
MGMSG_MOT_SET_EEPROMPARAMS: 0x04B9 96
MGMSG MOT_GET STATUSUPDATE 0x0481 115
MGMSG MOT_SET_SOL_OPERATINGMODE 0x04C0 146
MGMSG_MOT_REQ_SOL OPERATINGMODE 0x04C1 146
MGMSG MOT_GET_SOL_OPERATINGMODE 0x04C2 146
MGMSG MOT_SET_SOL_CYCLEPARAMS 0x04C3 148
MGMSG_MOT_REQ_SOL_CYCLEPARAMS 0x04C4 148
MGMSG MOT_GET_SOL_CYCLEPARAMS 0x04C5 148
MGMSG MOT_SET_SOL_INTERLOCKMODE 0x04C6 150
MGMSG_MOT_REQ_SOL INTERLOCKMODE 0x04C7 150
MGMSG_MOT_GET_SOL_INTERLOCKMODE 0x04C8 150
MGMSG_MOT_SET_SOL_STATE 0x04CB 152
MGMSG_MOT_REQ_SOL_STATE 0x04CC 152
MGMSG_MOT_GET_SOL_STATE 0x04CD 152

Messages Applicable to KSC101 Only

MGMSG_MOT_SET_KCUBEMMIPARAMS 0x0520 126
MGMSG_MOT_SET_KCUBETRIGIOCONFIG 0x0523 129
MGMSG_MOT_SET_KCUBEPOSTRIGPARAMS 0x0526 133
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Messages Applicable to TST001, TST101, KST101 and K10CR1

MGMSG MOD_IDENTIFY 0x0223 40
MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG_MOT_SET_POSCOUNTER 0x0410 57
MGMSG_MOT_REQ_POSCOUNTER 0x0411 57
MGMSG_MOT_GET_POSCOUNTER 0x0412 57
MGMSG_MOT_SET_ENCCOUNTER 0x0409 58
MGMSG_MOT_REQ_ENCCOUNTER 0x040A 58
MGMSG_MOT_GET_ENCCOUNTER 0x040B 58
MGMSG _MOT_SET_VELPARAMS 0x0413 60
MGMSG_MOT_REQ_VELPARAMS 0x0414 60
MGMSG _MOT_GET_VELPARAMS 0x0415 60
MGMSG _MOT_SET_JOGPARAMS 0x0416 62
MGMSG_MOT_REQ_JOGPARAMS 0x0417 62
MGMSG_MOT_GET_JOGPARAMS 0x0418 62
MGMSG_MOT_SET_POWERPARAMS 0x0426 64
MGMSG_MOT _REQ POWERPARAMS 0x0427 65
MGMSG MOT_GET POWERPARAMS 0x0428 65
MGMSG_MOT_SET_GENMOVEPARAMS 0x043A 67
MGMSG_MOT_REQ_GENMOVEPARAMS 0x043B 67
MGMSG MOT_GET_GENMOVEPARAMS 0x043C 67
MGMSG MOT_SET_MOVERELPARAMS 0x0445 68
MGMSG_MOT _REQ_MOVERELPARAMS 0x0446 68
MGMSG MOT_GET_MOVERELPARAMS 0x0447 68
MGMSG MOT_SET_MOVEABSP ARAMS 0x0450 69
MGMSG_MOT _REQ_MOVEABSPARAMS 0x0451 69
MGMSG MOT_GET_MO VEABSP ARAMS 0x0452 69
MGMSG_MOT_SET_HOMEPARAMS 0x0440 70
MGMSG_MOT_REQ_HO MEPARAMS 0x0441 70
MGMSG_MOT_GET_HOMEPARAMS 0x0442 70
MGMSG_MOT_SET_LIMSWITCHP ARAMS 0x0423 72
MGMSG_MOT_REQ_LIMSWITCHPARAMS 0x0424 72
MGMSG_MOT_GET_LIMSWITCHPARAMS 0x0425 72
MGMSG_MOT_MOVE_HOME 0x0443 74
MGMSG_MOT_MOVE_HOMED 0x0444 74
MGMSG_MOT_MOVE_RELATIVE 0x0448 75
MGMSG_MOT_MOVE_COMPLETED 0x0464 77
MGMSG_MOT_MOVE_ABSOLUTE 0x0453 78
MGMSG_MOT_MOVE _JOG 0x046A 80
MGMSG_MOT_MOVE VELOCITY 0x0457 81
MGMSG_MOT_MOVE_STOP 0x0465 82
MGMSG _MOT_MOVE _STOPPED 0x0466 83
MGMSG_MOT_SET_AVMODES 0x04B3 89
MGMSG_MOT_REQ_AVMODES 0x04B4 89
MGMSG_MOT_GET_AVMODES 0x04B5 89
MGMSG_MOT_SET_POTPARAMS 0x04B0 91
MGMSG_MOT_REQ_POTPARAMS 0x04B1 91
MGMSG_MOT_GET_POTPARAMS 0x04B2 91
MGMSG _MOT_SET_BUTTO NPARAMS 0x04B6 94
MGMSG_MOT REQ _BUTTONPARAMS 0x04B7 94
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MGMSG_MOT_GET_BUTTONPARAMS 0x04B8 94
MGMSG_MOT_SET_EEPROMPARAMS 0x04B9 96
MGMSG_MOT_REQ_STATUSBITS 0x0429 120
MGMSG _MOT_GET_STATUSBITS 0x042A 120

Messages Applicable to TST101 and KST101
MGMSG_MOT_SET_TSTACTUATORTYPE OX04FE 115

Messages Applicable to KST101 Only

MGMSG _MOT_SET_KCUBEMMIPARAMS 0x0520 126
MGMSG_MOT_SET_KCUBETRIGIOCONFIG 0x0523 129
MGMSG_MOT_SET_KCUBEPOSTRIGPARAMS 0x0526 133
MGMSG_MOT_SET_KCUBEKSTLOOPPARAMS 0x0529 137
MGMSG_MOT_REQ_KCUBEKSTLOOPPARAMS 0x052A 137
MGMSG MOT_GET_KCUBEKSTLOOPP ARAMS 0x052B 137

Messages Applicable to K10CR1 Only

MGMSG_MOT_SET_TRIGGER 0x0500 123
MGMSG_MOT_REQ_TRIGGER 0x0501 123
MGMSG_MOT_GET_TRIGGER 0x0502 123
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Messages Applicable to BSC10x and BSC20x

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG_HW_DISCONNECT 0x0002 43
MGMSG_HW_RESPONSE 0x0080 43
MGMSG_HW_RICHRESPONSE 0x0081 44
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG _RACK_REQ_BAYUSED 0x0060 48
MGMSG RACK_GET BAYUSED 0x0061 48
MGMSG_MOD_SET DIGOUTPUTS 0x0213 52
MGMSG_MOD_REQ_DIGOUTPUTS 0x0214 52
MGMSG _MOD_GET_DIGOUTPUTS 0x0215 52
MGMSG _MOT_SET_POSCOUNTER 0x0410 57
MGMSG_MOT_REQ_POSCOUNTER 0x0411 57
MGMSG_MOT_GET_POSCOUNTER 0x0412 57
MGMSG_MOT_SET_ENCCOUNTER 0x0409 58
MGMSG_MOT_REQ_ENCCOUNTER 0x040A 58
MGMSG_MOT_GET_ENCCOUNTER 0x040B 58
MGMSG _MOT_SET_VELPARAMS 0x0413 60
MGMSG_MOT_REQ_VELPARAMS 0x0414 60
MGMSG MOT_GET_VELPARAMS 0x0415 60
MGMSG MOT_SET_JOGPARAMS 0x0416 62
MGMSG_MOT_REQ_JOGPARAMS 0x0417 62
MGMSG MOT_GET_JOGPARAMS 0x0418 62
MGMSG_MOT_REQ_ADCINP UTS 0x042B 64
MGMSG MOT_GET_ADCINPUTS 0x042C 64
MGMSG MOT_SET_POWERPARAMS 0x0426 65
MGMSG_MOT _REQ POWERPARAMS 0x0427 65
MGMSG_MOT_GET_POWERPARAMS 0x0428 65
MGMSG_MOT_SET_GENMOVEPARAMS 0x043A 67
MGMSG_MOT_REQ_GENMO VEP ARAMS 0x043B 67
MGMSG_MOT_GET_GENMOVEPARAMS 0x043C 67
MGMSG_MOT_SET_MOVERELP ARAMS 0x0445 68
MGMSG_MOT_REQ_MOVERELPARAMS 0x0446 68
MGMSG_MOT_GET_MOVERELPARAMS 0x0447 68
MGMSG_MOT_SET_MOVEABSP ARAMS 0x0450 69
MGMSG_MOT _REQ_MOVEABSPARAMS 0x0451 69
MGMSG_MOT_GET_MO VEABSP ARAMS 0x0452 69
MGMSG_MOT_SET_HOMEPARAMS 0x0440 70
MGMSG_MOT_REQ_HO MEPARAMS 0x0441 70
MGMSG _MOT_GET _HOMEPARAMS 0x0442 70
MGMSG _MOT_SET_LIMSWITCHP ARAMS 0x0423 72
MGMSG_MOT _REQ_LIMSWITCHPARAMS 0x0424 72
MGMSG_MOT_GET_LIMSWITCHPARAMS 0x0425 72
MGMSG_MOT_MOVE_HOME 0x0443 74
MGMSG_MOT_MOVE_HOMED 0x0444 74
MGMSG_MOT_MOVE_RELATIVE 0x0448 75
MGMSG _MOT_MOVE_COMPLETED 0x0464 77
MGMSG _MOT_MOVE_ABSOLUTE 0x0453 78
MGMSG_MOT_MOVE_JOG 0x046A 80
MGMSG _MOT_MOVE_VELOCITY 0x0457 81
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MGMSG_MOT_MOVE_STOP 0x0465 82
MGMSG_MOT_MOVE_STOPPED 0x0466 83
MGMSG_MOT_SET_EEPROMPARAMS 0x04B9 96
MGMSG MOT_GET STATUSUPDATE 0x0481 115
MGMSG_MOT REQ_STATUSUPDATE 0x0480 117
MGMSG_MOT_REQ_STATUSBITS 0x0429 120
MGMSG MOT_GET_STATUSBITS 0x042A 120
MGMSG MOT_SET_TRIGGER 0x0500 123
MGMSG MOT_REQ_TRIGGER 0x0501 123
MGMSG MOT_GET TRIGGER 0x0502 123
MGMSG MOT_SET_KCUBEKSTLOOPPARAMS 0x0529 137
MGMSG MOT_REQ_KCUBEKSTLOOPPARAMS 0x052A 137
MGMSG MOT_GET_KCUBEKSTLOOPPARAMS 0x052B 137
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Messages Applicable to LTS150 and LTS300

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG_MOT_SET_POSCOUNTER 0x0410 57
MGMSG_MOT_REQ_POSCOUNTER 0x0411 57
MGMSG_MOT_GET_POSCOUNTER 0x0412 57
MGMSG_MOT_SET_VELPARAMS 0x0413 60
MGMSG_MOT_REQ_VELPARAMS 0x0414 60
MGMSG_MOT_GET_VELPARAMS 0x0415 60
MGMSG _MOT_SET_JOGPARAMS 0x0416 62
MGMSG_MOT_REQ_JOGPARAMS 0x0417 62
MGMSG _MOT_GET_JOGPARAMS 0x0418 62
MGMSG _MOT_SET_GENMOVEPARAMS 0x043A 67
MGMSG_MOT _REQ_GENMOVEPARAMS 0x043B 67
MGMSG_MOT_GET_GENMOVEPARAMS 0x043C 67
MGMSG_MOT_SET_MOVERELP ARAMS 0x0445 68
MGMSG_MOT _REQ_MOVERELPARAMS 0x0446 68
MGMSG_MOT_GET_MOVERELPARAMS 0x0447 68
MGMSG _MOT_SET_MOVEABSP ARAMS 0x0450 69
MGMSG_MOT _REQ_MOVEABSPARAMS 0x0451 69
MGMSG MOT_GET_MO VEABSP ARAMS 0x0452 69
MGMSG MOT_SET_HOMEPARAMS 0x0440 70
MGMSG_MOT _REQ_HO MEPARAMS 0x0441 70
MGMSG MOT_GET_HOMEPARAMS 0x0442 70
MGMSG MOT_SET_LIMSWITCHP ARAMS 0x0423 72
MGMSG_MOT_REQ_LIMSWITCHPARAMS 0x0424 72
MGMSG MOT_GET_LIMSWITCHPARAMS 0x0425 72
MGMSG_MOT_MOVE_HOME 0x0443 74
MGMSG_MOT_MOVE_HOMED 0x0444 74
MGMSG_MOT_MOVE_RELATIVE 0x0448 75
MGMSG_MOT_MOVE_COMPLETED 0x0464 77
MGMSG_MOT_MOVE_ABSOLUTE 0x0453 78
MGMSG_MOT_MOVE_JOG 0x046A 80
MGMSG_MOT_MOVE_VELOCITY 0x0457 81
MGMSG_MOT_MOVE_STOP 0x0465 82
MGMSG_MOT_MOVE_STOPPED 0x0466 83
MGMSG _MOT_SET_BOWINDEX 0x0450 84
MGMSG_MOT_REQ_BOWINDEX 0x0451 84
MGMSG MOT_GET BOWINDEX 0x0452 84
MGMSG MOT_SET_BUTTONPARAMS 0x04B6 94
MGMSG_MOT_REQ_BUTTONPARAMS 0x04B7 94
MGMSG MOT_GET_BUTTONPARAMS 0x04B8 94
MGMSG_MOT_SET_EEPROMPARAMS 0x04B9 96
MGMSG_MOT_GET _STATUSUPDATE 0x0481 115
MGMSG_MOT _REQ_STATUSUPDATE 0x0480 117
MGMSG_MOT_REQ_STATUSBITS 0x0429 120
MGMSG _MOT_GET_STATUSBITS 0x042A 120
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Messages Applicable to MLJ050

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG_MOT_SET_POSCOUNTER 0x0410 57
MGMSG_MOT_REQ_POSCOUNTER 0x0411 57
MGMSG_MOT_GET_POSCOUNTER 0x0412 57
MGMSG_MOT_SET_VELPARAMS 0x0413 60
MGMSG_MOT_REQ_VELPARAMS 0x0414 60
MGMSG_MOT_GET_VELPARAMS 0x0415 60
MGMSG_MOT_SET_JOGPARAMS 0x0416 62
MGMSG_MOT_REQ_JOGPARAMS 0x0417 62
MGMSG _MOT_GET_JOGPARAMS 0x0418 62
MGMSG _MOT_SET_GENMOVEPARAMS 0x043A 67
MGMSG_MOT_REQ_GENMO VEP ARAMS 0x043B 67
MGMSG MOT_GET_GENMOVEPARAMS 0x043C 67
MGMSG_MOT_SET_MOVERELP ARAMS 0x0445 68
MGMSG_MOT _REQ_MOVERELPARAMS 0x0446 68
MGMSG_MOT_GET_MOVERELPARAMS 0x0447 68
MGMSG_MOT_SET_MOVEABSP ARAMS 0x0450 69
MGMSG_MOT _REQ_MOVEABSPARAMS 0x0451 69
MGMSG MOT_GET_MOVEABSP ARAMS 0x0452 69
MGMSG MOT_SET_HOMEPARAMS 0x0440 70
MGMSG_MOT _REQ_HO MEPARAMS 0x0441 70
MGMSG MOT_GET_HOMEPARAMS 0x0442 70
MGMSG MOT_SET_LIMSWITCHP ARAMS 0x0423 72
MGMSG_MOT_REQ_LIMSWITCHPARAMS 0x0424 72
MGMSG MOT_GET_LIMSWITCHPARAMS 0x0425 72
MGMSG _MOT_MOVE_HOME 0x0443 74
MGMSG _MOT_MOVE_HOMED 0x0444 74
MGMSG_MOT_MOVE_RELATIVE 0x0448 75
MGMSG_MOT_MOVE_COMPLETED 0x0464 77
MGMSG_MOT_MOVE_ABSOLUTE 0x0453 78
MGMSG_MOT_MOVE_JOG 0x046A 80
MGMSG_MOT_MOVE_VELOCITY 0x0457 81
MGMSG_MOT_MOVE_STOP 0x0465 82
MGMSG_MOT_MOVE_STOPPED 0x0466 83
MGMSG_MOT_SET_BOWINDEX 0x0450 84
MGMSG_MOT_REQ_BOWINDEX 0x0451 84
MGMSG_MOT_GET _BOWINDEX 0x0452 84
MGMSG _MOT_SET_EEPROMPARAMS 0x04B9 96
MGMSG MOT_GET _STATUSUPDATE 0x0481 115
MGMSG_MOT_REQ_STATUSUPDATE 0x0480 117
MGMSG_MOT_REQ_STATUSBITS 0x0429 120
MGMSG MOT_GET_STATUSBITS 0x042A 120
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Messages Applicable to MFF101 and MFF102

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG_MOT_MOVE_JOG 0x046A 80
MGMSG_MOT_SET_EEPROMP ARAMS 0x04BS 96
MGMSG_MOT_REQ_STATUSBITS 0x0429 120
MGMSG_MOT_GET_STATUSBITS 0x042A 120
MGMSG_MOT_SET_MFF_OPERPARAMS 0x0510 141
MGMSG_MOT_REQ_MFF_OPERPARAMS 0x0511 141
MGMSG_MOT_GET_MFF_OPERPARAMS 0x0512 141
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Messages Applicable to BBD10x,BBD20x,TBD001 and KBD101

MGMSG MOD_IDENTIFY 0x0223 40
MGMSG MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG_HW_DISCONNECT 0x0002 43
MGMSG_HW_RESPONSE 0x0080 43
MGMSG_HW_RICHRESPONSE 0x0081 44
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG _RACK_REQ_BAYUSED 0x0060 48
MGMSG RACK_GET BAYUSED 0x0061 48
MGMSG_MOD_SET DIGOUTPUTS 0x0213 52
MGMSG_MOD_REQ_DIGOUTPUTS 0x0214 52
MGMSG _MOD_GET_DIGOUTPUTS 0x0215 52
MGMSG _MOT_SET_POSCOUNTER 0x0410 57
MGMSG_MOT_REQ_POSCOUNTER 0x0411 57
MGMSG_MOT_GET_POSCOUNTER 0x0412 57
MGMSG_MOT_SET_ENCCOUNTER 0x0409 58
MGMSG_MOT_REQ_ENCCOUNTER 0x040A 58
MGMSG_MOT_GET_ENCCOUNTER 0x040B 58
MGMSG _MOT_SET_VELPARAMS 0x0413 60
MGMSG_MOT_REQ_VELPARAMS 0x0414 60
MGMSG MOT_GET_VELPARAMS 0x0415 60
MGMSG MOT_SET_JOGPARAMS 0x0416 62
MGMSG_MOT_REQ_JOGPARAMS 0x0417 62
MGMSG MOT_GET_JOGPARAMS 0x0418 62
MGMSG MOT_SET_GENMOVEPARAMS 0x043A 67
MGMSG_MOT_REQ_GENMOVEP ARAMS 0x043B 67
MGMSG MOT_GET_GENMOVEPARAMS 0x043C 67
MGMSG MOT_SET_MOVERELPARAMS 0x0445 68
MGMSG_MOT_REQ_MOVERELPARAMS 0x0446 68
MGMSG_MOT_GET_MOVERELPARAMS 0x0447 68
MGMSG_MOT_SET_MOVEABSP ARAMS 0x0450 69
MGMSG_MOT_REQ_MOVEABSPARAMS 0x0451 69
MGMSG_MOT_GET_MO VEABSP ARAMS 0x0452 69
MGMSG_MOT_SET_HOMEPARAMS 0x0440 70
MGMSG_MOT_REQ_HO MEPARAMS 0x0441 70
MGMSG_MOT_GET_HOMEPARAMS 0x0442 70
MGMSG_MOT_SET_LIMSWITCHP ARAMS 0x0423 72
MGMSG_MOT _REQ_LIMSWITCHPARAMS 0x0424 72
MGMSG_MOT_GET_LIMSWITCHPARAMS 0x0425 72
MGMSG_MOT_MOVE HOME 0x0443 74
MGMSG _MOT_MOVE _HOMED 0x0444 74
MGMSG _MOT_MOVE RELATIVE 0x0448 75
MGMSG_MOT_MOVE _COMPLETED 0x0464 77
MGMSG_MOT_MOVE_ABSOLUTE 0x0453 78
MGMSG_MOT_MOVE_JOG 0x046A 80
MGMSG_MOT_MOVE_VELOCITY 0x0457 81
MGMSG_MOT_MOVE_STOP 0x0465 82
MGMSG_MOT_MOVE_STOPPED 0x0466 83
MGMSG_MOT_SET_EEPROMPARAMS 0x04B9 96
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MGMSG_MOT_SET_PMDPOSITIONLOOPPARAMS 0x04D7 97
MGMSG_MOT_REQ _PMDPOSITIONLOOPPARAMS 0x04D8 97
MGMSG_MOT_GET_PMDPOSITIONLOOPPARAMS 0x04DS 97
MGMSG MOT_SET_PMDMOTOROUTPUTPARAMS 0x04DA 100
MGMSG_MOT_REQ_PMDMOTORO UTP UTP ARAMS 0x04DB 100
MGMSG_MOT_GET_PMDMOTORO UTPUTP ARAMS 0x04DC 100
MGMSG MOT_SET_PMDTRACKSETTLEP ARAMS O0x04E0 102
MGMSG MOT_REQ PMDTRACKSETTLEP ARAMS O0x04E1 102
MGMSG MOT_GET PMDTRACKSETTLEPARAMS 0x04E2 102
MGMSG MOT_SET_PMDPROFILEMODEPARAMS O0x04E3 105
MGMSG MOT_REQ _PMDPROFILEMODEP ARAMS 0x04E4 105
MGMSG MOT_GET_PMDPROFILEMODEP ARAMS O0x04E5 105
MGMSG MOT_SET_PMDJOYSTICKPPARAMS 0x04E6 107
MGMSG_MOT_REQ_PMDJOYSTICKPPARAMS 0x04E7 107
MGMSG_MOT_GET_PMDJOYSTICKPPARAMS 0x04E8 107
MGMSG_MOT_SET_PMDCURRENTLOOPP ARAMS 0x04D4 109
MGMSG_MOT_REQ_PMDCURRENTLOOPPARAMS 0x04D5 109
MGMSG_MOT_GET_PMDCURRENTLOOPPARAMS 0x04D6 109
MGMSG_MOT_SET_PMDSETTLEDCURRENTLOOPP ARAMS 0x04E9 111
MGMSG_MOT_REQ _PMDSETTLEDCURRENTLOOPPARAMS Ox04EA 111
MGMSG _MOT_GET PMDSETTLEDCURRENTLOOPPARAMS O0x04EB 111
MGMSG_MOT_SET_PMDSTAGEAXISPARAMS 0x04F0 113
MGMSG_MOT _REQ_PMDSTAGEAXISPARAMS 0x04F1 113
MGMSG_MOT_GET_PMDSTAGEAXISPARAMS 0x04F2 113
MGMSG_MOT_GET DCSTATUSUPDATE 0x0491 118
MGMSG_MOT_REQ_DCSTATUSUPDATE 0x0490 119
MGMSG_MOT_ACK DCSTATUSUPDATE 0x0492 119
MGMSG_MOT_REQ_STATUSBITS 0x0429 120
MGMSG_MOT_SUSPEND_ENDOFMO VEMSGS 0x046B 121
MGMSG_MOT_RESUME_ENDOFMOVEMSGS 0x046C 122
MGMSG_MOT_SET_TRIGGER 0x0500 123
MGMSG_MOT_REQ_TRIGGER 0x0501 123
MGMSG MOT_GET TRIGGER 0x0502 123

Messages Applicable to KBD101 Only

MGMSG_MOT_SET_KCUBEMMIPARAMS 0x0520 126
MGMSG_MOT_SET_KCUBETRIGIOCONFIG 0x0523 129
MGMSG_MOT_SET_KCUBEPOSTRIGPARAMS 0x0526 133
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Messages Applicable to BNT001, MNA601, TNA001 and KNA101

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG HW_DISCONNECT 0x0002 43
MGMSG HW_RESPONSE 0x0080 43
MGMSG_HW_RICHRESPONSE 0x0081 44
MGMSG_HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG_HUB_REQ_BAYUSED 0x0065 49
MGMSG_HUB_GET_BAYUSED 0x0066 49
MGMSG PZ SET_NTMODE 0x0603 208
MGMSG PZ REQ NTMODE 0x0604 209
MGMSG PZ GET NTMODE 0x0605 209
MGMSG PZ SET_NTTRACKTHRESHOLD 0x0606 210
MGMSG_PZ REQ_NTTRACKTHRESHOLD 0x0607 210
MGMSG PZ GET NTTRACKTHRESHOLD 0x0608 210
MGMSG PZ SET_NTCIRCHOMEPOS 0x0609 211
MGMSG_PZ REQ_NTCIRCHOMEPOS 0x0610 211
MGMSG PZ_ GET NTCIRCHOMEPOS 0x0611 211
MGMSG PZ MOVE_NTCIRCTOHOMEPOS 0x0612 212
MGMSG PZ REQ_NTCIRCCENTREPOS 0x0613 213
MGMSG PZ GET NTCIRCCENTREPOS 0x0614 213
MGMSG PZ SET_NTCIRCP ARAMS 0x0618 215
MGMSG_PZ REQ_NTCIRCPARAMS 0x0619 215
MGMSG PZ_ GET NTCIRCPARAMS 0x0620 215
MGMSG PZ SET_NTCIRCDIA Ox061A 218
MGMSG PZ SET_NTCIRCDIALUT 0x0621 219
MGMSG _PZ REQ_NTCIRCDIALUT 0x0622 219
MGMSG PZ_ GET NTCIRCDIALUT 0x0623 219
MGMSG PZ SET_NTPHASECOMPPARAMS 0x0626 221
MGMSG PZ REQ_NTPHASECO MPPARAMS 0x0627 221
MGMSG PZ GET NTPHASECOMPPARAMS 0x0628 221
MGMSG PZ SET_NTTIARANGEP ARAMS 0x0630 223
MGMSG PZ REQ_NTTIARANGEPARAMS 0x0631 223
MGMSG PZ GET_NTTIARANGEPARAMS 0x0632 223
MGMSG PZ SET_NTGAINP ARAMS 0x0633 226
MGMSG PZ REQ_NTGAINPARAMS 0x0634 226
MGMSG PZ GET_NTGAINPARAMS 0x0635 226
MGMSG PZ SET_NTTIALPFILTERPARAMS 0x0636 227
MGMSG PZ REQ_NTTIALPFILTERP ARAMS 0x0637 227
MGMSG PZ GET NTTIALPFILTERPARAMS 0x0638 227
MGMSG PZ REQ_NTTIAREADING 0x0639 229
MGMSG PZ GET NTTIAREADING 0x063A 229
MGMSG PZ SET_NTFEEDBACKSRC 0x063B 231
MGMSG PZ REQ NTFEEDBACKSRC 0x063C 231
MGMSG PZ GET NTFEEDBACKSRC 0x063D 231
MGMSG_PZ REQ_NTSTATUSBITS 0x063E 233
MGMSG PZ GET NTSTATUSBITS 0x063F 233
MGMSG PZ REQ NTSTATUSUPDATE 0x0664 235
MGMSG PZ GET NTSTATUSUPDATE 0x0665 235
MGMSG PZ ACK_NTSTATUSUPDATE 0x0666 239
MGMSG NT SET_EEPROMPARAMS O0x07E7 249
MGMSG NT SET_TNA DISPSETTINGS O0x07E8 250
MGMSG_NT REQ_TNA_DISPSETTINGS 0x07E9 250
MGMSG NT GET_TNA_DISPSETTINGS OxO07EA 250
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MGMSG_NT_SET_TNA IOSETTINGS 0x07EB 251
MGMSG_NT REQ_TNA_IOSETTINGS 0x07EC 251
MGMSG_NT_GET_TNA_IOSETTINGS 0x07ED 251
Messages Applicable to KNA101 Only

MGMSG_HW_SET_KCUBEMMILOCK 0x0250 53
MGMSG_RESTOREFACTORYSETTINGS 0x0686 54
MGMSG_KNA_SET_NTTIALPFILTERCOEFFS 0x0687 ......240
MGMSG_KNA_REQ_NTTIALPFILTERCO EFFS 0x0688......240
MGMSG_KNA_GET_NTTIALPFILTERCOEFFS 0x0689......240
MGMSG_KNA_REQ_XYSCAN 0x06A0......247
MGMSG_KNA_GET_XYSCAN 0x06A1.......247
MGMSG_KNA_STOP_XYSCAN 0X06A2......247
MGMSG_KNA_SET_KCUBEMMIPARAMS 0x068A......242
MGMSG_KNA REQ_KCUBEMMIPARAMS 0x068B......242
MGMSG_KNA GET_KCUBEMMIPARAMS 0x068C......242
MGMSG_KNA SET_KCUBETRIGIOCONFIG 0x068D......244
MGMSG_KNA _REQ_KCUBETRIGIOCONFIG 0X068E.......244
MGMSG_KNA_GET_KCUBETRIGIOCONFIG 0X068F.......244
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Messages Applicable to TLS001 and KLSxxx

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG HW_DISCONNECT 0x0002 43
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG LA SET_PARAMS 0x0800 255
MGMSG LA REQ_PARAMS 0x0801 255
MGMSG LA GET PARAMS 0x0802 255
MGMSG LA ENABLEOUTPUT 0x0811 269
MGMSG LA DISABLEOUTPUT 0x0812 269
MGMSG LA SET_EEPRO MPARAMS 0x0810 267
MGMSG_LA REQ_STATUSUPDATE 0x0820 271
MGMSG LA GET STATUSUPDATE 0x0821 276
MGMSG LA ACK STATUSUPDATE 0x0822 278

Messages Applicable Only to KLS635 and KLS1550

MGMSG_HW_SET_KCUBEMMILOCK 0x0250 53
MGMSG_RESTOREFACTORYSETTINGS 0x0686 54
MGMSG LA SET_KCUBETRIGIOCONFIG 0x082A 278
MGMSG LA REQ_KCUBETRIGIOCONFIG 0x082B 278
MGMSG LA GET KCUBETRIGIOCONFIG 0x082C 278

Page 22 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

Messages Applicable to TLD001 and KLD101

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG HW_DISCONNECT 0x0002 43
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG LA SET_PARAMS 0x0800 255
MGMSG LA REQ_PARAMS 0x0801 255
MGMSG LA GET PARAMS 0x0802 255
MGMSG LA SET_EEPRO MPARAMS 0x0810 267
MGMSG LA ENABLEOUTPUT 0x0811 269
MGMSG LA DISABLEOUTPUT 0x0812 269
MGMSG LD _OPENLOOP 0x0813 270
MGMSG LD _CLOSEDLOOP 0x0814 270
MGMSG LD _POTROTATING 0X0815 271
MGMSG LD _MAXCURRENTADJUST 0X0816 272
MGMSG LD _SET_MAXCURRENTDIGPOT 0x0817 273
MGMSG_LD_REQ_MAXCURRENTDIGPOT 0x0818 273
MGMSG _LD_GET _MAXCURRENTDIGPOT 0x0819 273
MGMSG_LD_FINDTIAGAIN Ox081A 274
MGMSG _LD_TIAGAINADJUST 0x081B 275
MGMSG_LD_REQ_STATUSUPDATE 0x0825 278
MGMSG LD_GET_STATUSUPDATE 0x0826 279
MGMSG LD_ACK_STATUSUPDATE 0x0827 281

Messages Applicable Only to KLD101

MGMSG HW_SET_KCUBEMMILOCK 0x0250 53
MGMSG_RESTOREFACTORYSETTINGS 0x0686 54
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Messages Applicable to TQD001, TPA101 and KPA101

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG HW_DISCONNECT 0x0002 43
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG _QUAD_SET_PARAMS 0x0870 286
MGMSG QUAD_REQ_PARAMS 0x0871 286
MGMSG QUAD_GET_PARAMS 0x0872 286

QUAD_PARAM Sub-Messages

Set/Request/Get Quad LoopParams (sub-message|D=01)
Request/Get Quad Readings (sub-message ID = 03)

Set/Request/Get Quad Position Demand Params (sub-message |D = 05)
Set/Request/Get Quad Operating Mode (sub-message ID = 07)
Request/Get Quad Status Bits (sub-message ID=09)

Set/Request/Get Quad Display Settings (sub-message |D =0B)
Set/Request/Get Quad Position Demand Outputs (sub-message ID =0D)

MGMSG_QUAD_REQ_STATUSUPDATE 0x0880 300
MGMSG_QUAD_GET_STATUSUPDATE 0x0881 309
MGMSG_QUAD_SET_EEPRO MPARAMS 0x0875 311

Messages Applicable to TPA101 and KPA101 Only

QUAD_PARAM Sub-Messages
Set/Request/Get Quad LoopParams?2 (sub-message I1D = OE)

MGMSG_QUAD_ACK_STATUSUPDATE 0x0882 309

Messages Applicable to KPA101 Only

QUAD_PARAM Sub-Messages
Set/Request/Get Quad KPATriglOConfig (sub-message |D =0F)
Set/Request/Get Quad KPADigOPs (sub-message ID = 10)
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Messages Applicable to TTC001

MGMSG _MOD_IDENTIFY 0x0223 40
MGMSG HW_DISCONNECT 0x0002 43
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG_HW_STOP_UPDATEMSGS 0x0012 45
MGMSG_HW_REQ_INFO 0x0005 46
MGMSG_HW_GET_INFO 0x0006 46
MGMSG _TEC SET_PARAMS 0x0840 313
MGMSG_TEC REQ_PARAMS 0x0841 313
MGMSG_TEC GET PARAMS 0x0842 313

TEC_PARAM Sub-Messages

Set/Request/Get TEC TempSetPoint (sub-messagelD= 01)
Request/Get TEC Readings (sub-message ID=03)
Set/Request/Get_|0Settings (sub-message ID = 05)
Request/Get TEC StatusBits (sub-message ID= 07)
Set/Request/Get TEC LoopParams (sub-message ID= 09)
Set/Request/Get TEC Disp Settings (sub-message ID = 0B)

MGMSG_TEC_SET_EEPROMPARAMS 0x0850 324
MGMSG_TEC_REQ_STATUSUPDATE 0x0860 325
MGMSG_TEC_ACK STATUSUPDATE 0x0862 326

Messages Applicable to TIM101 and KIM101

MGMSG_MOD_IDENTIFY 0x0223 40
MGMSG _MOD_SET CHANENABLESTATE 0x0210 41
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211 41
MGMSG_MOD_GET_CHANENABLESTATE 0x0212 41
MGMSG _HW_DISCONNECT 0x0002 43
MGMSG HW_RESPONSE 0x0080 43
MGMSG HW_RICHRESPONSE 0x0081 44
MGMSG HW_START_UPDATEMSGS 0x0011 45
MGMSG HW_STOP_UPDATEMSGS 0x0012 45
MGMSG HW_REQ_INFO 0x0005 46
MGMSG HW_GET INFO 0x0006 46
MGMSG_HUB_REQ_BAYUSED 0x0065 49
MGMSG HUB GET_BAYUSED 0x0066 49
MGMSG MOT_MOVE_STOP 0x0465 82
MGMSG MOT_SET_EEPROMPARAMS: 0x04B9 96
MGMSG_MOT_GET_STATUSUPDATE 0x0481 115
MGMSG PZMOT_SET_PARAMS 0x08CO 329
MGMSG _PZMOT_REQ_PARAMS 0x08C1 329
MGMSG PZMOT_GET_PARAMS 0x08C2 329

PZMOT_PARAM Sub-Messages Applicable to TIM101

SetRequest/Get PZMOT PosCounters (sub-message ID = 05)
SetRequest/Get PZMOT DriveParameters (sub-message ID = 07)
Set/Request/Get_TIM JogParameters (sub-message ID = 09)
Set/Request/Get TIM_PotParameters (sub-message ID = 11)
Set/Request/Get TIM_ButtonParameters (sub-message ID= 13)
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PZMOT_PARAM Sub-Messages Applicable to KIM101

SetRequest/Get_PZMOT_PosCounters (sub-message ID = 05)
SetRequest/Get PZMOT DriveParameters (sub-messageID = 07)
Set/Request/Get PZMOT LimitSwitchParams (sub-message ID = 0B)
Request/Get PZMOT_HomeParams (sub-message ID = OF)
Set/Request/Get PZMOT KCubeMMIParams (sub-message ID = 15)
Set/Request/Get PZMOT TriglOConfig (sub-message ID=17)
Set/Request/Get PZMOT TrigParams (sub-message ID=19)
Set/Request/Get PZMOT ChanEnableMode (sub-message ID = 2B)
Set/Request/Get PZMOT_KCubeJogParams (sub-message ID = 2D)
Set/Request/Get PZMOT KCubeFeedbackSigParams (sub-message ID = 30)
Set/Request/Get PZMOT KCubeMoveRelativeParams (sub-message ID = 32)
Set/Request/Get PZMOT _KCubeMoveAbsoluteParams (sub-message ID = 34)

MGMSG PZMOT_MOVE_ABSOLUTE 0x04D8 360
MGMSG PZMOT_MOVE_COMPLETED 0x08D6 361
MGMSG PZMOT_MOVE_JOG 0x08D9 362
MGMSG PZMOT_GET_STATUSUPDATE OxO8E1 363
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Introduction
1. Purpose and Scope

This document describes the low-level communications protocol and commands used
between the host PCand controller units within the APTfamily. The information contained
inthis documentisintended to help third party system developers to write theirown
applicationstointerface to the Thorlabs range of controllers without the constraints of using
a particularoperating system or hardware platform. The commands described hereare
those which are necessary to control movement; there is an additional set of commands,
used forcalibration ortest, which will not be detailed as these are not required forthe
external system developer.

2. Electrical interface

The APT family of controllers provides a USB and an RS-232 interface to communicate with
the host PC. The communications protocol isidentical in both cases but developers wishing
to use the USB interface should be aware of the USB enumeration scheme usedin the
system.

2.1 USB Interface

The electrical interface withinthe APT controllers uses a Future Technology Devices
International (FTDI), type FT232BM USB peripheral chip to communicate with the host PC.
Thisis a USB2.0 compliant USB1.1 device. This USBinterfacing chip provides aserial port
interface tothe embedded system (i.e. APT controller) and USB interface to the host control
PC. While the overall communications protocol isindependent of the transport layer (for
example, Ethernet orserial communications could also be used to carry commands from the
hostto the controller), the initialenumeration scheme described below is specificto the USB
environment.

FTDI supply device drivers and interfacing libraries (for Windows, Linuxand other platforms)
used to access the USB chip. Before any PC USB communication can be established with an
APT controller, the client programisrequired to set up the necessary FTDI chip serial port
settings used to communicate to the APT controllerembedded system. Within the APT
software itself the following FTDI library calls are made to set up the USB chip serial port for
each APTUSB device enumerated on the bus:-

// Set baudrateto 115200.
ftStatus = FT_SetBaudRate(m_hFTDevice, (ULONG)uBaudRate);

// 8 data bits, 1 stop bit, no parity
ftStatus = FT_SetDataCharacteristics(m_hFTDevice, FT_BITS_8, FT_STOP_BITS 1,
FT_PARITY_NONE);

// Pre purge dwell 50ms.
Sleep(uPrePurgeDwell);

// Purge the device.
ftStatus=FT_Purge(m_hFTDevice, FT_PURGE_RX | FT_PURGE_TX);

// Post purge dwell 50ms.
Sleep(uPostPurgeDwell);
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// Reset device.
ftStatus=FT_ResetDevice(m_hFTDevice);

// Set flow control to RTS/CTS.
ftStatus = FT_SetFlowControl(m_hFTDevice, FT_FLOW_RTS_CTS, 0, 0);

// Set RTS.
ftStatus=FT_SetRts(m_hFTDevice);

2.2 USB Device Enumeration

The APT Server PCsoftware supplied is designed to work with anumber of different types of
controller. The purpose of the enumeration phase isforthe host to establish what devices
are presentinthe systemandinitialise the GUl accordingly. Initially thisis done by
enumeratingthe USB devices connected to the system and reading the serial number
information contained in the USB device descriptor.

For the Thorlabs range of controllers, this serial numberis an 8-digit decimal number. The
firsttwo digits (referred to as the prefix) describe the type of controller, while the rest of the
digits make up a unique serial number. By extracting the prefix, the host can therefore
establish whattype of hardware is connected to the system.

In most cases, specifically with benchtop controllers, the USB serial number contains
sufficientinformation forthe host to know the exact type of hardware is connected. There is
a range of othercontroller products where several controller cards (without theirown
individual USB peripheral chip) can be pluggedinto amotherboard anditis only the
motherboard that has USB connectivity. These are generally referred to as a card slot (or
bay) type of system (forexample, the BSC103 controller). Inthese systems, asecond
enumeration state is carried out; however, this second state is done within the protocol
framework that will be detailedin this document.

The USB prefixes for some of our controllers are given below. For details on the prefix fora
specificcontroller, please see the associated product handbook available from our website,
or contact your local tech support.

USB S/N Type of product Thorlabs code
20XXXXXX Legacy single channel benchtop stepperdriver BSC001
21XXXXXX Legacy single channel benchtop piezo driver BPC001
22XXXXXX Benchtop NanoTrak BNTO001
25XXXXXX Legacy single channel mini stepperdriver BMS001
26XXXXXX K-Cube stepperdriver KST101
27XXXXXX K-Cube brushed DCservodriver KDCT101
28XXXXXX K-Cube brushless DCservodriver KBD101
29XXXXXX K-Cube piezodriver KPz101
30XXXXXX Legacy dual channel stepperdriver BSC002
3IXXXXXX Legacy dual channel benchtop piezodriver BPC002
33XXXXXX Single channel benchtop DCservo driverto 2006 BDC101
35XXXXXX Legacy dual channel ministepperdriver BMS002
37XXXXXX Motorized filterflipper MFF10X
4OXXXXXX Single channel stepperdriver BSC101
4IXXXXXX Single channel piezo driver BPC101
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A3XXXXXX Single channel benchtop DCservo driverfrom 2007 BDC101
AAXXXXXX Single channel precision piezo driver PPCO01
A5XXXXXX LTS seriesintegrated longtravel stepperstages LTS150/LTS300
A8XXXXXX MMR series Midi Rack bay serial number prefix

A9XXXXXX Integrated stepperdriven labjack MU050/MLJ150
50XXXXXX Midi Rack stepper module MST601/MST602
5IXXXXXX Midi Rack piezo module MPZ601
52XXXXXX Midi Rack NanoTrak module MNAG601/IR
55XXXXXX Integrated stepperdriven rotation stage K10CR1
56XXXXXX K-Cube LaserSource KLS101
57XXXXXX K-Cube NanoTrak KNA101

59X XXXXX K-Cube Strain Gauge Reader KSG101
BOXXXXXX OptoSTDriver (mini stepperdriver) 0ST001
B3XXXXXX OptoDCDriver (mini DCservodriver) ODCo001
BAXXXXXX T-Cube Laser Driver TLDOO1
B5XXXXXX T-Cube Inertial Piezo Driver TIMOO1
B7XXXXXX T-Cube brushless DCservo Driver TBD0O1
B8XXXXXX K-Cube solenoid Driver KSC101
BIXXXXXX K-Cube position aligner KPA101
70XXXXXX Three channel card slot stepperdriver BSC103/BSC203
ZIXXXXXX Three channel card slot piezodriver BPC103/203/303
72XXXXXX Three channel card slot piezo/stepperdriver BPS103
73XXXXXX Three channel card slotbrushless DCdriver BBD103
8OXXXXXX StepperDriverT-Cube TSTOO01
8IXXXXXX Piezo Driver T-Cube TPZ001
82XXXXXX NanoTrak T-Cube TNAOO1
83XXXXXX DC DriverT-Cube TDCO001
BAXXXXXX Strain Gauge ReaderT-Cube TSGO001
85XXXXXX Solenoid Driver T-Cube TSCO01
8BXXXXXX T-Cube LaserSource TLS001
87XXXXXX T-Cube TEC driver TTCO01
8OXXXXXX T-Cube Quad Detector TQD0O01
90XXXXXX Single channel stepper motordrivercard Scci1o1
9IXXXXXX Single channel piezo driver card PCC101
93XXXXXX Single channel DCservodrivercard DCC101
QAXXXXXX Brushless DC motor card BCC101
95XXXXXX 2-Channel precision piezo controller PPC102
9BXXXXXX 2-Channel Precision piezo controller card PCC102

2.3 RS-232 Interface

The RS-232 interface uses the 9-way D-Type male connector on the rear panel, marked
‘INTERCONNECT . Communications parameters are fixed at:
e 115200 bits/sec
8 data bits, 1 stop bit
e No parity
o No handshake

By nature, the RS-232 interface provides point-to-point communications, and therefore
thereisno device enumeration asthere is with USB based communications.
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3. Overview of the Communications Protocol

The communications protocol used in the Thorlabs controllersis based onthe message
structure that always starts with a fixed length, 6-byte message header which, in some
cases, isfollowed by avariable length data packet. For simple commands, the 6-byte
message headeris sufficientto convey the entire command. For more complex commands,
for example, when aset of parameters needsto be passed on, the 6 byte headeris not
enoughandin this case the headeris followed by the data packet.

The header part of the message always contains information that indicates whetherornot a
data packetfollows the headerandif so, the number of bytes that the data packet contains.
In this way the receiving processis able to keep tracks of the beginningand the end of
messages.

Note that inthe section below describing the various byte sequences, the C-type of notation
will be used for hexadecimal values (e.g. 0x55 means 55 hexadecimal)and logical operators
(e.g. | meanslogicbitwise OR). Valuesthatare longerthan a byte follow the Intel little-
endian format.

4. Description of the message header

The 6 bytesinthe message headerare shown below:

Byte: byte 0 | bytel | byte2 byte 3 byte4 | byte5
Meaning if no data message ID paraml | param2 | dest source
packet to follow
Meaning if data packet message |ID data packetlength | dest| | source
to follow 0x80

The meaning of some of the fields depends on whether or notthe message isfollowed by a
data packet. Thisis indicated by the most significant bitin byte 4, called the destination
byte, therefore the receiving process mustfirst check if the MSB of byte 4 is set.

If this bitis not set, thenthe message is a header-only message and the interpretation of the
bytesis as follows:

message ID:  describes whatthe actionthe message requests

paraml: first parameter (if the command requires a parameter, otherwise 0)
param2: second parameter (if the commandrequires a parameter, otherwise 0)
dest: the destination module

source: the source of the message

The meaning of the source and destination bytes will be detailed later.
If the MSB of byte 4 is set, then the message will be followed by adata packetand the
interpretation of the headeristhe following:

message ID: describes what the action the message requests
datapacketlength: number of bytesto follow after header
Note: althoughthisisa 2-byte longfield, currently no datapacket
exceeds 255 bytesinlength.
dest: | 0x80 the destination module logic OR’d with 0x80 (noted by d|)
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source: the source of the data

The source and destination fields require some further explanation. In general, asthe name
suggests, they are used to indicate the source and destination of the message. In non-card-
slot type of systems the source and destination of messages is always unambiguous, as each
module appears as a separate USB node inthe system. Inthese systems, when the host
sends a message tothe module, it uses the source identification byte of 0x01 (meaning host)
and the destination byte of 0x50 (meaning “generic USB unit”). (In messages thatthe
module sends back to the host, the content of the source and destination bytesis swapped.)

In card-slot (bay) type of systems, there isonly one USB node fora number of sub-modules,
so thissimple scheme cannotbe used. Instead, the host sends amessage to the
motherboard that the sub-modules are plugged into, with the destination field of each
message indicating which slot the message mustbe routed to. Likewise, when the host
receives amessage from aparticularsub-module, it knows from the source byte which slot
isthe origin of the message —see Figbhelow.
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Numerically, the following values are currently used for the source and destination bytes:

0x01
0x11

0x21
0x22
0x23
0x24
0x25
0x26

0x2A
0x50

Host controller (i.e control PC)

Rack controller, motherboard in a card slot system or

comms router board

Bay 0 in a card slot system
Bay 1 in a card slot system
etc.

etc.

etc.

etc.

Bay 9 in a card slot system
Generic USB hardware unit

In slot-type systems the host can also send messages to the motherboard that the sub-
modules are pluggedinto (destination byte=0x11). In fact, as a veryfirststepin the
communications process, the host must send a message to the motherboardtofind out
which slots are usedin the system.

Note that although intheory this scheme would allow communication between individual
sub-modules (the source of the message could be asub-moduleand the destination another
one), current systems do not use this option.
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5. General message exchange rules

The type of messages usedinthe communications exchange between the host and the sub-
modules can be dividedinto 4general categories:

(a) Hostissuesacommand, sub-modulecarries outthe command without
acknowledgement (i.e. noresponse is sent back to the host).

Typically, these are commands which require noinformation from the sub-module, for
example setting the digital outputs to a particular state.

(b) Hostissuesacommand (message request)and the sub-module responds by sending
data back to the host.

For example, the host may request the sub-module to report the state of the digital inputs.

(c) Followingacommand fromthe host, the sub-module periodically sends a message to
the host without further prompting.

These messagesare referred to as status update messages. Theseare typically sent
automatically every 100msec from the sub-module to the host, showing, amongst other
things, the position of the stage the controlleris connected to. The meters onthe APTUser
GUI rely onthese messagesto show the up-to-date status of the stage.

(d) Rarely—error messages, exceptions. Theseare spontaneously issued by the sub-module
if some error occurs. For example, if the power supply failsin the sub-module, a
message issenttothe hostPCto informthe user.

Apart fromthe last two categories (status update messages and error messages), in general
the message exchangesfollowthe SET-> REQUEST -> GET pattern, i.e. formostcommandsa
trio of messages are defined. The SET part of the triois used by the host (or, sometimesin
card-slot systems the motherboard) to set some parameterorother. If then the host
requires some information from the sub-module, thenit may send a REQUEST for this
information, and the sub-moduleresponds with the GET part of the command. Obviously,
there are cases when this general scheme does not apply and some part of this message trio
isnot defined. For consistency, in the description of the messages this SET->REQUEST->GET
scheme will be used throughout.

Note that, as the scheme suggests, this isamaster-slave type of system, so sub-modules
neversend SET and REQUEST messages tothe host and GET messages are alwayssenttothe

hostas a destination.

In all messages, wherea parameterislongerthan a single character, the bytes are encoded
inthe Intel format, least significant byte first.

Page 33 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

6. Format Specifiers

format encoding
word Unsigned 16 bit integer (2 bytes) in the Intel (little-endian) format
for example decimal 12345 (3039H) is encoded as the byte sequence 39, 30
short Signed 16 bit integer (2bytes) in 2’s compliment format
for example decimal -1is encoded as the byte sequence FF, FF
dword Unsigned 32 bit integer (4 bytes) in the Intel (little-endian) format

for example decimal 123456789 (75BCD15H) isencoded asthe byte
sequence 15, CD, 5B, 07

long Signed 32 bit integer (4bytes) in 2’s compliment format

for example decimal -1is encoded as the byte sequence FF, FF

4 bytesinthe Intel (little-endian) format

for example decimal -123456789 (FFFFFFFFF8A432EBH) is encoded as the
byte sequence EB, 32, A4, F8,

char 1 byte (2 digits)

char[N] string of N characters

7. Single Precision Floating Point Format

Single-precision floating-point formatis acomputer numberformatthat occupies 4 bytes
(32 bits) in computer memory and represents awide dynamicrange of values by usinga
floating point.

Where message parameters use floating point variables, the system uses the |EEE 754
standard.

8. Conversion between position, velocity and acceleration valuesin standard physical
units and theirequivalent APT parameters.

To convert betweenthe positionand encoder countersinthe stage beingdriven, and real

world units, (e.g. mm) the system uses certain conversion (scaling) factors. These conversion

factors differ depending on the stage being driven and the controller being used.

Background

The principle described below is the same forall APT motion stepperand brushed or
brushless DC controllers and stages, but the individual distance and time conversion factors
will be typically different for each stage and/or controller.

In real life, the physical units needed to describe position, velocity and acceleration are
related to position and time measurement units (millimetres/degrees and seconds). In
motion controllers, however, normally the system onlyknows the distance travelled in
encoder counts (pulses) as measured by an encoderfitted to the motor shaft. In most cases
the motor shaftrotationisalsoscaled down furtherbya gearbox and a leadscrew. Inany
case, the resultisa scalingfactorbetween encoder counts and position. The value of this
scaling factor depends onthe stage. In the section below this scaling factor willbe
represented by the symbol EncCnt.

Timeisrelatedtothe samplinginterval of the system, and as a result, itdependsonthe
motion controller. Therefore, this value isthe same forall stages driven by a particular
controller. Inthe sections below the samplinginterval willbe denoted by T.

The sections below describe the position, velocity and acceleration scaling factors forall the
controllers and stages that are used with these controllers. The symbols POSp1, VELsprand
ACCpprare usedto denote the position, velocity and acceleration values used in APT
commands, whereasthe symbols Pos, Vel and Accdenote physical position, velocity and
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acceleration valuesin mm, mm/secand mm/sec? unitsforlinearstages and degree,
degree/secand degree/sec? for rotational stages.
As APT parametersare integervalues, the APTvalues calculated from the equations need to
be roundedto the nearestinteger.

Brushed DC Controller (TDC001 and KDC101) driven stages

Mathematically:

POSpr = EncCnt x Pos

VELppr = EncCnt x T x 65536 x Vel
ACCupr = EncCnt x T2 x 65536 x Acc
where T =2048 /(6 x 108

The value of EncCnt and the resulting conversion factors are listed below for each stage:

Stage EncCnt per mm Scaling Factor
or EncCnt per”® Velocity Acceleration
MTS25-28 34304 767367.49 (mm/s) | 261.93 (mm/s2)
MTS50-28 34304 767367.49 (mm/s) | 261.93 (mm/s2)
Z8xx 34304 767367.49 (mm/s) 261.93 (mm/s?)
Z6xx 24600 550292.68 (mm/s) 187.83 (mm/s2)
PRM1-Z8 1919.6418578623391 42941.66 (°/s) 14.66 (°/s?)
PRMTZ8 1919.6418578623391 42941.66 (°/s) 14.66 (°/s?)
CR1-Z7 12288 36650.0 95.276

Brushless DC Controller (TBD001, KBD101, BBD10X and BBD20X) driven stages

Mathematically:

POSAPT = EncCnt x Pos

VELAPT = EncCnt x T x 65536 x Vel
ACCaPT = EncCnt x T2 x 65536 x Acc
where T =102.4 x 10°

Linear Stages

The value of EncCnt and the resulting conversion factors are listed below for each stage:

Stage EncCnt per mm Scaling Factor
Velocity(mm/s)  Acceleration (mm/s2)
DDSM50 2000 13421.77 1.374
DDSM100 2000 13421.77 1.374
DDS220 20000 134217.73 13.744
DDS300 20000 134217.73 13.744
DDS600 20000 134217.73 13.744
MLS203 20000 134217.73 13.744
Rotary Stages

The value of EncCnt and the resulting conversion factors are listed below for each stage:

Stage EncCnt per 360° Scaling Factor
EncCnt per® Velocity (°/s) Acceleration (°/s?)
DDR100 3276800 9102.22 61083.98 6.255
DDRO5 2000000 5555.55 37282.7 3.81775
DDR25 1440000 4000 26843.5 2.74878
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Stepper Motor Controller (TST001, BSC00x, BSC10x, and MST601) Driven Stages

For these steppercontrollers the server sends absolute micro-steps to the controllers.
Dependingonthe stage and the stepper motor concerned there are different micro step
valuesrequired to move eitheralineardistance in millimetres or a rotational distance in
degrees.

In general for 200 full step motors (the majority of our motors) the above range of stepper
controllersisdesignedtoinsert 128 micro steps forevery full step of the stepper.

So fora 200 full step motorthe number of micro steps perfull turnis defined as follows

Full turn micro steps = Motor full steps perturn x Number of Micro steps per full step

For a 200 full step motorthisisgiven by :- Full turn micro steps =200 x 128 = 25600

Howeverthe ZSTand ZFS range of actuators have 24 full steps perrevolutionand
furthermore, both motors are fitted with agearbox. The ZST has a ratio 40.866:1, while the
ZFS has a ratio 400:9.

So, for the ZST series, almm move requires 24 x 128 x 40.866 = 125540.35 usteps, while for
the ZFS series, almm move requires 24 x 128 x 400/9 = 136533.33 psteps.

Each stage can eitherbe a directdrive ordriven through a gearbox. The table below
indicatesthe relationship between absolute micro steps and a positional outputin
millimetres ordegrees

Thistableisrelevantforthe range of controllers listed above. Note that micro step values
are fora position of Imm, a velocity of Imm/secand an acceleration of Imm/sec/sec

Stage Gearing Position Micro Step Values
Position(us) Velocity(us/sec) Acceleration(ps/sec?)
ZST Series | 0.0245 mm/turn Imm 125540.35 125540.35 125540.35
ZFS Series | 0.0225 mm/turn 1mm 136533.33 136533.33 136533.33
DRV001 0.5mm/turn Imm 51200 51200 51200
DRV013 Imm/turn Imm 25600 25600 25600
DRV014 1mm/turn Imm 25600 25600 25600
NRT100 Imm/turn Imm 25600 25600 25600
NRT150 Imm/turn Imm 25600 25600 25600
LTS150 1mm/turn Imm 25600 25600 25600
LTS300 1mm/turn 1mm 25600 25600 25600
DRV113 1.25mm/turn Imm 20480 20480 20480
DRV114 1.25mm/turn Imm 20480 20480 20480
FW103* No gear 0.998deg 71 71 71
NR360** | 5.4546deg/turn 0.999deg 4693 4693 4693

*Note that there is no exact value of micro stepsto getto exactly 1 degree thisis because 1
turn represents 360 degrees which is 25600 micro steps. So actual resolutionis
360/25600 = 0.0140625 degrees permicrostep.

**Note that there is no exact value of micro stepsto get to exactly 1 degree thisis because 1

turn represents 5.4546 degrees which is 25600 micro steps. So actual resolutionis
5.4546/25600 = 0.0002131 degrees
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Stepper Motor Controller (TST101, KST101, BSC20x, MST602, K10CR1) Driven Stages

The latest stepper controllersincludeaTrinamics encoderwith aresolution of 2048
microsteps per full step, giving 409600 micro-steps perrevolution fora 200 step motor.
Howeverthe ZSTand ZFS range of actuators have 24 full steps perrevolutionand
furthermore, both motors are fitted with agearbox. The ZST has a ratio 40.866:1, while the
ZFS has a ratio 400:9.

So, for the ZST series,a Imm move requires 24x 2048 x 40.866 =2008645.63 usteps, while
for the ZFS series, almm move requires 24 x 2048 x 400/9 = 2184533.33 usteps.

Thistableisrelevantonly forthe Trinamic-based range of controllers listed above. Note that
micro step values are for a position of Imm, a velocity of Imm/secand an acceleration of
1Imm/sec/sec.

Stage Gearing Position Trinamic converted Values
Position(pus) Velocity(ps/sec) Acceleration(us/sec?)
ZST Series 0.0245 mm/turn 1mm 2008645.63 107824097.5 22097.3
ZFS Series 0.0225 mm/turn 1mm 2184533.33 117265749.2 24111.85
DRV001 0.5mm/turn Imm 819200 43974656 9012
DRV208 0.5mm/turn 1mm 819200 43974656 9012
DRVO013 Imm/turn 1mm 409600 21987328 4506
DRV014 Imm/turn Imm 409600 21987328 4506
NRT100 Imm/turn Imm 409600 21987328 4506
NRT150 Imm/turn 1mm 409600 21987328 4506
LTS150 1mm/turn 1mm 409600 21987328 4506
LTS300 1mm/turn 1mm 409600 21987328 4506
MUO050 Imm/turn 1mm 409600 21987328 4506
MU 150 1mm/turn 1mm 409600 21987328 4506
DRV113 1.25mm/turn Imm 327680 17589862 3605
DRV114 1.25mm/turn 1Imm 327680 17589862 3605
FW103* No gear 1.0002deg 1138 61088 13
NR360 5.4546deg/turn 0.99997deg 75091 4030885 826
HDR50 5.4546deg/turn 0.99997deg 75091 4030885 826
K10CR1 120:1 (3deg/turn) 1deg 136533 7329109 1502

In the above table the numbersthat needto be sentto the controllers are based upon the
Trinamics chip set conversions. The positionis justthe absolute number of micro-steps as
before, as compared with the BSC10X range, the only difference isthe 16 times greater
resolution. Howeverforvelocity and acceleration different conversion factors are required
to getto correct motion profiles. Forexample, if avelocity of 409600 micro-steps persecis
required, then multiply by 53.68 i.e. 409600*53.68 gives 21987328 whichfora 1mm lead
screw would give Imm/sec.

To accelerate at a rate of 409600 micro-steps/sec/sec(1mm/sec/sec), divide 409600 by
90.9 which gives 4506.

9. Initialisingthe MUO050 and MU150 Motorised Labjack

In orderfor the Labjack to respond with end of moves orhome completed messages, the
user must firstsend a set of valid home parameters (MGMSG_MOT_SET_HOMEPARAMS
0x0440), for example Tx 40,04,0E,00,D0,01,01,00,02,00,01,00,F4,70,EE,03,00,C0,03,00
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This message should be sent as part of the initialisation process, and acts as a flagto the rest
of the code to indicate thata serveris connected. Failure to do this will resultin the end of
move or home completed messages not beingreceived.
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Generic System Control Messages
Introduction

The messages described hereare eithersystem control messages, or else genericmessages
which applyto several orall controllertypes. Pleasesee the list of controller specific
commands for details on applicability to a specific controller type.
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MGMSG_MOD_IDENTIFY 0x0223

Function:

Instruct hardware unitto identify itself (by flashingits front panel
LEDs).

In card-slot (bay) type of systems (which are usually the multi-
channel controllers such as BSC102, BSC103, BPC302, BPC303,
PPC102) the front panel LED that flashesinresponseto this
commandis controlled by the motherboard, not the individual
channel cards. For these controllers the destination byte of the
MGMSG_MOD_IDENTIFY message must be the motherboard (0x11)
and the Channel ldent byte isusedtoselectthe channel to be
identified. Insingle-channel controllers the Channel Ident byte is
ignored as the destination of the command is uniquelyidentified by
the USB serial number of the controller.

Channel Idents
0x01 channel 1
0x02 channel 2

Command structure (6 bytes):

0 1 3 4 5
header only
23 | 02 | Chanldent| 00 | d | s
Example:

Identify controller#1 (channel 1 of the BSC103 controller) by flashingits front panel LED.

TX 23, 02, 01, 00, 11, 01

Identify the TDCO01 controller (possibly within agroup of various Thorlabs controllersin

system):

TX 23, 02, 00, 00, 50, 01
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MGMSG_MOD_SET_CHANENABLESTATE 0x0210
MGMSG_MOD_REQ_CHANENABLESTATE 0x0211
MGMSG_MOD_GET_CHANENABLESTATE 0x0212
Function Sentto enable ordisable the specified drive channel.

SET:

Command structure (6 bytes):

0 1 2 3 4 5
header only

10 | 02 Chan | Enable | d S
Ident | State

Channel Idents
0x01 channell
0x02 channel 2

For the TIM101 4 channel controller, the followingidents are also used
0x04 channel3
0x08 channel4

Enable States
0x01 enablechannel
0x02 disable channel

For single channel controllers such asthe BBD10X, TDC001, the Chanldent byte is always set
to CHAN1.

Note: Althoughthe BBD102 isin fact a 2-channel controller, ‘channel’ in this sense means
“motor output channel withinthis module”. Electrically, the BBD102 is a bay system, with
two bays, each of them beingasingle channel controller, so only one channel can be
addressed. There are controllersinthe Thorlabs product range whichindeed have multiple
outputchannels (forexamplethe MST601 module) forwhich the channelidentis usedto
address a particularchannel.

Example: Enable the motorchannelin bay 2

TX 10, 02, 01, 01, 22, 01

REQ:

Command structure (6 bytes):

0 1 2 3 4 5
header only

11 | 02 Chan | O d s
Ident

As above, forsingle channel controllers such as the BBD10X, TDC001, the Chan Ident byteis
always setto CHAN1.
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GET:
Response structure (6 bytes):

Host-Controller Communications Protocol

0 1 2 3 4

header only

12 | 02 Chan | Enable | d
Ident | State

Issue 24

The meaning of the parameter bytes “Chanldent” and “Enable State” isthe same as forthe

SET version of the commands.
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MGMSG_HW_DISCONNECT 0x0002

Function: Sent by the hardware unit or host when either wantsto disconnect
fromthe Ethernet/USB bus.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
02 | 00 | 00 | 00 | d | s

Example: Disconnectthe BBD103 from the USB bus

TX 02, 00, 00, 00, 11, 00

MGMSG_HW_RESPONSE 0x0080

Function: Sent by the controllersto notify APT Server of some eventthat
requires userintervention, usuallysome faultorerror condition that
needsto be handled before normal operation can resume. The
message transmits the fault code as a numerical value —see the
Return Codeslistedinthe APTServer helpfile for details on the
specificreturn codes.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
80 | 00 | 00 | 00 | d | s

Example: The BBD103 unit has encountered an overcurrent condition

TX 80, 00, 00, 00, 01, 11
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MGMSG_HW_RICHRESPONSE

Host-Controller Communications Protocol

Function:

REQ:

Issue 24

0x0081

Similarly to HW_RESPONSE, this message is sent by the controllers

to notify APTServer of some eventthatrequires useri

ntervention,

usually some faultorerrorcondition that needs to be handled

before normal operation canresume. However unlike
HW_RESPONSE, this message also transmits a printabl
Upon receiving the message, APT Serverdisplays both

e textstring.
the numerical

value and the textinformation, which is useful in finding the cause

of the problem.

Response structure (74 bytes):
6 byte headerfollowed by 68 byte (0x44) data packetas follows:

0 1 2 3 4 5 6 7 8 9 [10 11 12 13 14 15
header data
81 [ 00 | 44 [ 00 | d| | s | Msgldent | Code | P — Notes------- >
16 17 [ 18 19 [ 20 21 22 23 [ 24 25 26 27 28 29 30 31
data
< Notes >
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
data
< Notes >
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
data
< Notes >
64 65 66 67 68 69 70 71[] 72 ] 73
data
< Notes >
Data structure:
field description format
Msgldent If the message issentinresponse toan APT message, these | word
bytes show the APT message numberthatevoked the
message. Most often though the message is transmitted as
a result of some unexpected fault condition, in which case
these bytes are 0x00, 0x00
Code Thisis an internal Thorlabs specificcode that specifies the word]
condition that has caused the message (see Return Codes).
Notes Thisis a zero-terminated printable (ascii) text string that char[64
contains the textual information about the condition that bytes]
has occurred. For example: “Hardware Time Out Error”.

Page 44 of 372




Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

MGMSG_HW_START_UPDATEMSGS 0x0011

Function:

Sentto start automaticstatus updates from the embedded
controller. Status update messages contain information about the
position and status of the controller (forexample limit switch status,
motionindication, etc). The messages will be sent by the controller
every 100 msecuntil itreceives aSTOP STATUS UPDATE MESSAGES
command. In applications where spontaneous messages (i.e.
messages which are notreceived as a response to a specific
command) must be avoided the same information can also be
obtained by usingthe relevant GET_STATUTSUPDATES function.

Command structure (6 bytes):

0 1 3 4 5
header only
11 | 00 | Unused | Unused | d | s
REQUEST:
MGMSG_HW_STOP_UPDATEMSGS 0x0012
Function: Sentto stop automaticstatus updates fromthe controller—usually
called byaclientapplication whenitis shutting down, toinstruct
the controllerto turn off status updates to prevent USB buffer
overflowsonthe PC.
SET:

Command structure (6 bytes):

0 1

12 | 00

[d |5

REQUEST:

GET:
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MGMSG_HW_REQ_INFO 0x0005
MGMSG_HW_GET_INFO 0x0006
Function: Sentto request hardware information from the controller.

REQ:

Command structure (6 bytes):

0 1 2 3 4 5
header only
0s | oo ] oo | oo [ d [ s
Example: Request hardware info from controller #1

TX 05, 00, 00, 00, 11, 01

GET:
Response structure (90 bytes):
6 byte headerfollowed by 84 byte (0x54) data packetas follows:

0 1 2 3 4 5 6 7 8 9 | 10 11 12 13 14 15

06| 00 I 54 I 00 I d| I s <-Serial Number > | R — Model Number------- >

16 17 | 18 19 [ 20 21 22 23 [ 24 25 26 27 28 29 30 31

data

<Model> | <Type> <Firmware> e —Forinternal use only--—-—-—-—-—-— —>
No Version >

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

data

< Forinternal use only >

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

data
< Forinternal use only >
64 65 66 67 68 69 70 71 | 72 73 74 75 76 77 78 79
data
< Forinternal use only >

80 81 82 83 84 85 86 87 | 88 89
data
< Forinternal use only--> [ HW Version | Mod State | <-nchs-->
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Data structure:

Host-Controller Communications Protocol

Issue 24

field description format
serial number | unique 8-digitserial number long
model alphanumericmodelnumber char[8]
number
type hardware type: word
45 = multi-channel controller motherboard
44 = brushless DCcontroller
firmware firmware version byte[4]
version byte[20] = minorrevision number
byte[21] =interim revision number
byte[22] = major revision number
byte[23] = unused
HW Version The hardware version number word
Mod State The modification state of the hardware word
nchs number of channels word
Example: Returned hardware infofrom controller #1

RX 06, 00, 54, 00, 81, 22, 89, 53, 9A, 05, 49, 4F, 4E, 30, 30, 31, 20, 00,
2C, 00, 02, 01, 39, 00, .....covuvreriirericrcriinne. , 00, 01, 00, 00, 00, 01, 00

Header: 06, 00, 54, 00, 81, 22: Get Info, 54H (84) byte data packet,

Motor Channel 2.
Serial Number: 89, 53, 9A, 05: 94000009

ModelNumber: 49, 4F, 4E, 30, 30, 31, 20, 00: ION001

Type: 2C, 00: 44 — Brushless DC Controller Card
firmware Version: 02, 01, 39, 00: 3735810

HW Version: 01, 00 Hardware version 01

Mod State: 03, 00, Modification stage 03.

No Chan: 01, 00: 1 active channel
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MGMSG_RACK_REQ_BAYUSED 0x0060

MGMSG_RACK_GET_BAYUSED 0x0061

Function: Sentto determine whetherthe specified bayin the controlleris
occupied.

REQ:

Command structure (6 bytes):

0 1 2 3 4 5
header only
60 00 Bay 00 d S

ldent

Bay Idents

0x00 Bayl

0x01 Bay2to

0x09 Bay 10

Example: Is controllerbay#1 (i.e. bay0) occupied

TX 60, 00, 00, 00, 11, 01

GET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
61 | 00 Bay Bay d s
Ident | State
Bay Idents
0x01 Bay1l
0x02 Bay2to
0x09 Bay 10
Bay States

0x01 Bay Occupied
0x02 Bay Empty (Unused)

Example: Controllerbay #1 (i.e. bay0) is occupied

RX 61, 00, 00, 01, 11, 01
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MGMSG_HUB_REQ_BAYUSED
MGMSG_HUB_GET_BAYUSED
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0x0065
0x0066

Function: Sentto determine to which bay a specificunitis fitted.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
65 00 00 00 d S

TX 65, 00, 00, 00, 50, 01

GET:
Command structure (6 bytes):

0 1 2 3 4 5
header only

66 | 00 Bay 00 d s

Ident

Bay Idents
-0x01 T-Cube beingstandalone,i.e. offthe hub.
0x00 T-Cube onhub, but bay unknown

0x01 Bay1l

0x02 Bay2to

0x06 Bay6

Example: Which hub bay isthe T-Cube unit fitted

RX 66, 00, 06, 00, 01, 50

Page 49 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

MGMSG_RACK_REQ_STATUSBITS 0x0226
MGMSG_RACK_GET_STATUSBITS 0x0227

This methodisapplicable only to the MMR modularrack, and 2- and 3-channel card slot
type controllers such as the BSC103 and BPC202.

Function: The USER |10 connectoron the rear panel of these units exposes a
number of digital inputs. This function returns anumber of status
flags pertainingto the status of the inputs on the rack modules, or
the motherboard of the controllerunit hosting the singlechannel
controllercard.

These flags are returnedina single 32 bitinteger parameterand can
provide additional useful statusinformation forclientapplication
development. The individual bits (flags) of the 32 bitintegervalue
are described below.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

26 | 02 Status | 00 d S
Bits

GET:

Response structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o [ [ 2] 3] a1 s 7 | 8 [ 9 | 10
header Data
27 | 02 [ o4 | oo | dl [ s StatusBits

Data Structure:

field description format

StatusBits The status bits for the associated controller channel. The dword
meaning of the individual bits (flags) of the 32 bitinteger
value will depend onthe controllerand are describedin the
followingtable.

Hex Value Bit Number Description

0x00000001 1 Digital output 1 state (1 - logichigh, 0 - logiclow).
0x00000002 2 Digital output 2 state (1 - logichigh, 0 - logiclow).
0x00000004 3 Digital output 3 state (1- logichigh, 0 - logiclow).
0x00000008 4 Digital output 4 state (1 - logichigh, 0 - logiclow).

Example: With destination being 0x11 (motherboard—see Introduction) and bay
beingbay 1, slot 2 (0x22)

TX 27, 02, 04, 00, 01, 22, 00, 00, 00, 00

Header: 27, 02, 04, 00, 01, 22: GetStatusBits, 04 byte data packet, bay 1 slot 2.
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MGMSG_RACK_SET_DIGOUTPUTS
MGMSG_RACK_REQ_DIGOUTPUTS
MGMSG_RACK_GET_DIGOUTPUTS

Host-Controller Communications Protocol
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0x0228
0x0229
0x0230

This methodisapplicable only to the MMR rack modules, and 2- and 3-channel card slot

type controllers such asthe BSC103 and BPC202.

Function: The USER 10 connectoron the rear panel of these units exposesa
number of digital outputs. These functions setand return the status
of the outputs on the rack modules, orthe motherboard of the
controllerunit hosting the single channel controller card.

These flags are returnedina single 32 bitinteger parameterand can
provide additional useful statusinformation forclientapplication
development. The individual bits (flags) of the 32 bitintegervalue

are described below.

SET:
Data structure (6 bytes)

0 1 2 3 4

header only

28 | 02 | DigoP [ 00 | d

[ s

Hex Value Bit Number Description

0x00000001 1 Digital output 1 state (1 - logichigh, 0 - logiclow).
0x00000002 2 Digital output 2 state (1 - logichigh, 0 - logiclow).
0x00000004 3 Digital output 3 state (1- logichigh, 0 - logiclow).
0x00000008 4 Digital output 4 state (1 - logichigh, 0 - logiclow).
Example: With destination being 0x11 (motherboard—see Introduction) and bay

beingbay 1, slot 2 (0x22), set Digital output 1 high

TX 28, 02, 01, 22, 11, 01,

Header: 28, 02, 01, 22, 11, 01: SetDigOutputs, 01 OP1 High, bay 1 slot 2, d=motherboard,

s=PC.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4

header only

2902 Joo Joo [d

[ s

GET:
Response structure (6 bytes)

0 1 2 3 4

header only

3002 Joo Joo [d

[ s

See SET above forstructure
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MGMSG_MOD_SET_DIGOUTPUTS 0x0213
MGMSG_MOD_REQ_DIGOUTPUTS 0x0214
MGMSG_MOD_GET_DIGOUTPUTS 0x0215
Function: The CONTROL IO connectoronthe rear panel of the unitexposesa

number of digital outputs. The number of outputs available depends
on the type of unit. This message is used to configure these digital
outputs.

SET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
13[02 [Bit oo [d [s

Note. On brushless DC controllers (e.g. BBD201), the digital output and trigger output use a
common pin. Before calling this message to set the digital output, the trigger functionality
must be disabled by callingthe Set_Trigger message.

The outputs are set (and returned) in the bits of the Bits parameter, inputNo 1 beingthe
leastsignificant bitandinput No 4 being the mostsignificant. The number of bits used is
dependentonthe number of digital outputs present onthe associated hardware unit.

For example, toturnonthe digital output ona BSC201 motor controller, the least significant
bit of the Bits parametershould be setto 1. Similarly, toturn on all fourdigital outputsona
BNTO001 NanoTrak unit, the bits of the Bits parametershould be setto 1111 (15), and to turn
the same outputs off, the Bits should be set to 0000.

Example: Setthe digital input of the BSC201 controlleron:

TX 13, 02, 01, 00, 50, 01

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only

1402 [Bits [oo [d |5

GET:

Response structure (6 bytes):

0 1 2 3 4 5
header only
15[02 [Bit Joo [d [s

For structure see SET message above.
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MGMSG_HW_SET_KCUBEMMILOCK 0x0250
MGMSG_HW_REQ_KCUBEMMILOCK 0x0251
MGMSG_HW_GET_KCUBEMMILOCK 0x0252

THIS MESSAGE IS APPLICABLE ONLY TO K-CUBE NanoTrak (KNA101-IR), K-Cube
Laser Source (KLS1550 and KLS635) and K-Cube Laser Diode Driver (KLD101) UNITS

Function: This message isused to lock/unlock the controls on the top panel of
the K-Cube units (wheel, joystick, buttons etc). Safety features such
as the powerswitch and laserenable are not affected by this
message. The message has global effectforall channels presentona
particularunit. If the MMILock byte is setto 0x01, the controls are
locked, if set to 0x02 the controls are unlocked. This message is non-
volatile and will reset to unlock with each power cycle.

SET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
50 [ 02 Joo |MMilok|[d [s
Example: Lock the top panel controls:

TX 50, 02, 00, 01, 50, 01

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only

5102 Joo [MMilok][d s

GET:

Response structure (6 bytes):

0 1 2 3 4 5
header only
5202 Joo [mMMmilok]d [

For structure see SET message above.
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MGMSG_RESTOREFACTORYSETTINGS 0x0686

THIS MESSAGE IS APPLICABLE ONLY TO THE FOLLOWING CONTROLLERS:
Benchtop Piezo Controllers (BPC301 and BPC303)

K-CUBE NanoTrak (KNA101-IR)

K-Cube Laser Source (KLS1550 and KLS635)

K-Cube Laser Diode Driver (KLD101) UNITS

Function:

TX structure (6 bytes):

If the system has become unstable, possibly due to multiple changes
to parametervalues, this message can be sentto the controllerin
orderto reset parameterstothe defaultvaluesstoredinthe
EEPROM.

2

3

header only

86

06

Chan
Ident

00
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Motor Control Messages

Introduction

The ‘Motor’ messages provide the functionality required fora client application to control
one or more of the Thorlabs series of motor controller units. This range of motor controllers
covers DC servo and stepperdriversinavariety of formatsincluding compact Cube type
controllers, benchtop unitsand 19" rack based modulardrivers. Note for ease of description,
the TSCO01 T-Cube Solenoid Controlleris considered here as amotor controller. The list of
controllers covered by the motor messagesincludes:

BSC001 — 1 Channel Benchtop Stepper Driver

BSCO002 — 2 Channel Benchtop Stepper Driver

BMS001 — 1 Channel Benchtop Low Power Stepper Driver
BMS002 — 2 Channel Benchtop Low Power Stepper Driver
MST601 — 2 Channel Modular Stepper Driver

MST602 — 2 Channel Modular Stepper Driver (2013 onwards)
BSC101 — 1 Channel Benchtop Stepper Driver (2006 onwards)
BSC102 — 2 Channel Benchtop Stepper Driver (2006 onwards)
BSC103 — 3 Channel Benchtop Stepper Driver (2006 onwards)
BSC201 — 1 Channel Benchtop Stepper Driver (2012 onwards)
BSC202 — 2 Channel Benchtop Stepper Driver (2012 onwards)
BSC203 — 3 Channel Benchtop Stepper Driver (2012 onwards)
BBD101 — 1 Channel Benchtop Brushless DC Motor Driver
BBD102 —2 Channel Benchtop Brushless DC Motor Driver
BBD103 —3 Channel Benchtop Brushless DC Motor Driver
BBD201 —1 Channel Benchtop Brushless DC Motor Driver
BBD202 —2 Channel Benchtop Brushless DC Motor Driver
BBD203 —3 Channel Benchtop Brushless DC Motor Driver
OST001 — 1 Channel Cube Stepper Driver

ODCO001 — 1 Channel Cube DCServo Driver

TSTO01 —1 Channel T-Cube Stepper Driver

TDCOO1 —1 Channel T-Cube DCServo Driver

TSCO01 — 1 Channel T-Cube Solenoid Driver

TDIxxx—2 Channel Brushless DC Motor Driver

TBD001 — 1 Channel T-Cube Brushless DC Driver

KST101 — 1 Channel K-Cube Stepper Driver

KDC101 — 1 Channel K-Cube DCServo Driver

KSC101 — 1 Channel K-Cube Solenoid Driver

KBD101 — 1 Channel K-Cube Brushless DC Driver

The motor messages can be used to perform activities such as homing stages, absoluteand
relative moves, changing velocity profile settings and operation of the solenoid state (on
solenoid control units). With afew exceptions, these messages are genericand apply equally
to both single and dual channel units.

Where applicable, the target channel isidentified inthe Chan Ident parameterand onsingle
channel units, this must be setto CHAN1_ID. On dual channel units, this can be set to
CHAN1_ID, CHAN2_ID or CHANBOTH_ID as required.

For details on the operation of the motor controller, and information on the principles of
operation, refertothe handbook supplied with the unit.
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MGMSG_HW_YES_FLASH_PROGRAMMING 0x0017

Function: This message is sent by the serveron start up, however, itisa
deprecated message (i.e. has nofunction) and can be ignored.

Command structure (6 bytes):

0 1 2 3 4 5
header only
17 I 00 | Unused | Unused | d | s
REQUEST: N/A
MGMSG_HW_NO_FLASH_PROGRAMMING 0x0018
Function: This message is sent on start up to notify the controller of the

source and destination addresses. A client application mustsend
this message as part of itsinitialization process.

SET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
1800 Joo Joo Jd [s
REQUEST: N/A
GET: N/A
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MGMSG_MOT_SET_POSCOUNTER 0x0410
MGMSG_MOT_REQ_POSCOUNTER 0x0411
MGMSG_MOT_GET_POSCOUNTER 0x0412
Function: Usedto set the ‘live’ position countin the controller. Ingeneral, this

commandis notnormally used. Instead, the stage ishomed
immediately after power-up (at this stage the positionis unknown
as the stage is free to move when the poweris off); and afterthe
homing processis completed the position counteris automatically

updated to show the actual positio
position counteralways shows the

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

n. Fromthis pointonwards the
actual absolute position.

o[ 1 [ 2] 3] 4]+ 6 | 7 | 8 9 10 11
header Data

10| o4 [ 06 | o0 | d| | s Chan Ident | Position

Data Structure:

field description format

Chanldent | Thechannel beingaddressed word

Position The new value of the position counter as a 32-bit signed long
integer, encodedinthe Intel format. The scaling between real
time values and this parameteris detailed in Section 8.

Example: MLS203 and BBD102: Set the position counterforchannel 2to 10.0 mm

TX 10, 04, 06, 00, A2, 01, 01, 00, 40, 0D, 03, 00

Header: 10, 04, 06, 00, A2, 01: SetPosCounter, 06 byte data
Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)
Position: 40, 0D, 03, 00: Set Counterto 10 mm (10 x 20,000)

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
11 | 04 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

packet, Channel 2.

o| 1 | 2] 3] 4 ]s 6 | 7 | 8 [ 9 | 10 11
header Data
12| o4 [ o6 | oo | d| | s Chan Ident | Position

For structure see SET message above.
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MGMSG_MOT_SET_ENCCOUNTER
MGMSG_MOT_REQ_ENCCOUNTER
MGMSG_MOT_GET_ENCCOUNTER

Function:

SET:

Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

Host-Controller Communications Protocol

Issue 24

0x0409
0x040A
0x040B

Similarly tothe PosCounter message described previously, this
message is used tosetthe encodercountinthe controllerandis
only applicable to stages and actuators fitted with an encoder. In
general, thiscommandis not normally used. Instead, the stage is
homedimmediately after power-up (at this stage the positionis
unknown as the stage is free to move when the poweris off); and
afterthe homing processis completed the position counteris
automatically updated to show the actual position. From this point
onwardsthe encoder counteralways shows the actual absolute

position.

ol 1 [ 2] 3| 4 ]+5 6 | 7 | 8 | 9 [ 10 11
header Data

O9| 04 | 06 | 00 | d| | s Chan Ident | Encoder Count

Data Structure:

field description format

Chanldent | Thechannelbeingaddressed word

Encoder The new value of the encoder counteras a 32-bit signed long

Count integer, encoded inthe Intel format. The scaling between real
time values and this parameteris detailed in Section 8.

Example: MLS203 and BBD102: Set the encoder counterforchannel 2 to 10.0 mm

TX 09, 04, 06, 00, A2, 01, 01, 00, 40, 0D, 03, 00

Header: 09, 04, 06, 00, A2, 01: SetEncCounter, 06 byte data packet, Channel 2.

Chan Ident: 01, 00: Channel 1(alwayssetto 1for TDC001)

Position: 40, 0D, 03, 00: Set Counterto 10 mm (10 x 20,000)

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
OA | 04 Chan | 00 d
Ident
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GET:
Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o] 1 [ 2] 3] 4 [-s 6 | 7 | 8 | 9 | 10 11
header Data
o8| 04 [ o6 | 00 dl | s Chan Ident | Encoder Count

For structure see SET message above.
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MGMSG_MOT_SET_VELPARAMS 0x0413
MGMSG_MOT_REQ_VELPARAMS 0x0414
MGMSG_MOT_GET_VELPARAMS 0x0415

Function: Usedto set the trapezoidal velocity parameters for the specified
motor channel. For DC servo controllers, the velocity issetin
encodercounts/secand accelerationissetinencoder
counts/sec/sec.

For stepper motor controllersthe velocity is setin microsteps/sec

and accelerationissetin microsteps/sec/sec.

SET:
Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

ol 1 [ 2] 3 | 4] s 6 | 7 | 8 | 9 | 10 | 1
header Data
13] o4 [ oE | 00 [ dl | s Chan Ident | Min Velocity
12 | 13 ] 14 ] 15 ] 16 ] 17 | 18 | 19
Data
Acceleration | Max Velocity
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Minimum The minimum (start) velocity in encoder counts/sec long
(Start) Vel Currently, this4byte value is always zero
Acceleration | The accelerationinencodercounts/sec/sec. long
4 byte unsigned longvalue. If applicable, the scaling
between real time values and this parameteris detailedin
Section 8.
Maximum Vel | The maximum (final) velocity in encoder counts /sec. long
4 byte unsigned longvalue. If applicable, the scaling
between real time values and this parameteris detailedin
Section 8.

Example:
follows:

MLS203 and BBD102: Set the trapezoidal velocity parameters for chan 2 as

Min Vel: zero

Acceleration: 10mm/sec/sec

Max Vel:99 mm/sec

TX 13, 04, OE, 00, A2, 01, 01, 00, 00, 00, 00, 00, BO, 35, 00, 00, CD, CC, CC, 00

Header: 13, 04, O, 00, A2, 01: SetVel Params, OEH (14) byte data packet, Channel 2.
ChanIdent: 01, 00: Channel 1 (alwayssetto 1for TDC001)

Min Vel: 00, 00, 00, 00: Set min velocity to zero

Accel: 89, 00, 00, 00: Set accelerationto 10 mm/sec/sec(13.744 x 10)

Max Vel: 9E, CO,

CA, 00: Set max velocity to 99 mm/sec (134218 x 99)
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
14 | 04 Chan | 00 d s
Ident
GET:

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o[ 1+ [ 2] 3] 4 | s 6 | 7 | 8 | o9 | 10 [ 1
header Data
15| o4 [ oE [ oo [ d] | s Chan Ident | Min Velocity
12 | 13 [ 14 [ 15 | 16 | 17 | 18 | 19
Data
Acceleration | Max Velocity

For structure see SET message above.
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MGMSG_MOT_SET_JOGPARAMS
MGMSG_MOT_REQ_JOGPARAMS
MGMSG_MOT_GET_JOGPARAMS

Host-Controller Communications Protocol

Issue 24

0x0416
0x0417
0x0418

Function: Usedto set the velocity jog parameters for the specified motor
channel, For DC servo controllers, values setin encoder counts.
For stepper motor controllers the valuesis setin microsteps.
SET:

Command structure (28 bytes)
6 byte headerfollowed by 22 byte data packet as follows:

o] 1 | 2 [ 3] a4 |5 6 [ 7 [ 8 [ 9 | 10 11
header Data

16| o4 [ 16 [ oo | d|] | s Chanldent | JogMode | JogStep Size

12 [ 13 ] 14 [ 15 ] 16 | 17 [ 18 [ 19 [ 20 | 21

Data

Jog Step Size |

Jog Acceleration

Jog Min Velocity |

22 | 23 | 24 | 25 | 26 | 27

Data

Jog Max Velocity

| Stop Mode

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Jog Mode This 2 byte value can be 1 forcontinuousjoggingor2 for word
single stepjogging. In continuous jogging mode the
movement continues foras long as the jogging trigger (the
jogging button onthe GUI or an external signal) is being
active. Insingle step mode triggering jogginginitiates asingle
move whose step size is defined as the next parameter (see
below).
Jog StepSize | Thejog stepsizeinencodercounts. The scalingbetweenreal | long
time values and this parameteris detailed in Section 8.
Jog Min The minimum (start) velocity in encoder counts /sec. long
Velocity Currently, this4byte value is always zero.
Jog The accelerationin encoder counts /sec/sec long
Acceleration | Thescalingbetweenreal time values and this parameteris
detailedin Section 8.
Jog Max The maximum (final) velocity in encoder counts /sec. The long
Velocity scalingbetweenreal timevalues and this parameteris
detailedin Section 8.
Jog Stop The stop mode. word
Mode This 16 bit word can be 1 forimmediate (abrupt)stop or2
for profiled stop (with controlled deceleration).
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Issue 24

MLS203 and BBD102: Set the jog parameters for channel 2 as follows:

Jog Mode: Continuous
Jog Step Size:0.05mm

Jog Min Vel:Zero

Jog Accel: 10 mm/sec/sec

Jog Max Vel:99 mm/sec
Jog Stop Mode: Profiled

TX 16, 04, 16, 00, A2, 01, 01, 00, 01, 00, E8, 03, 00, 00, 00, 00, 00, 00, BO,35, 00, 00, CD, CC,
CC, 00, 02, 00

Header: 16, 04, 16, 00, A2, 01: SetJog Params, 16H (28) byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1(alwayssetto 1 for TDC001)
Jog Mode: 01,00,: Set jog mode to ‘continuous’

Jog Step Size: E8, 03, 00, 00: Setjog step size to 0.05 mm (1,000 encoder counts).
Jog Min Vel: 00, 00, 00, 00: Set minjogvelocitytozero
Jog Accel: 89, 00, 00, 00: Set accelerationto 10 mm/sec/sec(13.744 x 10)
Jog Max Vel: 9E, CO, CA, 00: Set max velocityto 99 mm/sec (134218 x 99)
Jog Stop Mode: 02, 00: Set jog stop mode to ‘Profiled Stop’.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
17 | 04 Chan | 00 S
Ident
GET:

Response structure (28 bytes)

6 byte headerfollowed by 22 byte data packet as follows:

o| 1 | 2] 3] 4 ]s 6 | 7 | 8 [ 9 | 10 11
header Data

18] o4 | 16 [ 00 | d] | s Chanldent | JogMode | JogStep Size

12 [ 13 ] 14 [ 15 ] 16 | 17 [ 18 | 19 [ 20 | 21

Data

Jog Step Size |

Jog Min Velocity

Jog Acceleration

22 | 23 [ 24 [ 25 | 26 | 27

Data

Jog Max Velocity

| Stop Mode

For structure see SET message above.
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MGMSG_MOT_REQ_ADCINPUTS 0x042B
MGMSG_MOT_GET_ADCINPUTS 0x042C
Function: This message reads the voltage applied tothe analoginputonthe

rear panel CONTROLIO connector, and returns a value inthe
ADCInputl parameter. The returnedvalueisinthe range O to
32768, which correspondstozeroto5V.

Note. The ADCInput2 parameteris not used at this time.

In thisway, a 0 to 5V signal generated by aclientsystem could be
readin by calling this method and monitored by a customclient
application. When the signal reaches aspecified value, the
application could instigate further actions, such asa motor move.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

2B | 04 Chan | 00 d S
Ident

GET:

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

ol 1+ [ 2] 3] 4| s 6 | 7 | 8 | o9
header Data
2| 04 [ oaJ oo dl | s [ ADCInputl [ ADCInput2

Data Structure:

field description format

ADClInputl The voltage state of the analoginputpin,inthe range O to word
32768, which correspondstozeroto5V.

ADCInput2 Notused word

Example: Get the ADC input state
RX 2C, 04, 04, 00, A2, 01, 01, 00, 00, 00,
Header: 2B, 04, 04, 00, A2, 01: GetADCInputs, 04 byte data packet, Channel 2.

ADCInputl:00, 80: ADCInputl =5V
ADCInput2:00, 00: Not Usedr
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MGMSG_MOT_SET_POWERPARAMS 0x0426
MGMSG_MOT_REQ_POWERPARAMS 0x0427
MGMSG_MOT_GET_POWERPARAMS 0x0428

Note for BSC20x, MST602 and TST101 controllerusers

If the controllerslisted above are used with APTServer, the ini file will typically have values
setof 5 forthe rest powerand 30 for the move power. Although these values are loaded
whenthe serverbootsonly the rest powervalueisused. Thisallowsthe usertosetthe rest
currentas normal. The move powerhoweveris not used. The move powerissetwithinthe
controllerasa function of velocity. Thiscommand can be used only to setthe rest power.
The command MGMSG_MOT_REQ_POWERPARAMS will return the defaultvalues orthe
valuesthatwere set.

Function: The powerneededto holda motorin a fixed positionis much
smallerthanthat required foramove. It is good practice to
decrease the powerin a stationary motorin orderto reduce
heating, and thereby minimize thermal movements caused by
expansion. This message sets areduction factorfor the rest power
and the move powervalues as a percentage of full power. Typically,
move powershould be setto 100% and rest powertoa value
significantly less than this.

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o| =+ [ 2] 3] 4 ] s 6 | 7 [ 8 | 9 ] 10 | 1
header Data
26 | 04 | 06 | 00 | d| | s Chan Ident | RestFactor | MoveFactor

Data Structure:

field description format
Chan Ident The channel beingaddressed word
RestFactor The phase powervalue whenthe motorisat rest, in the word
range 1 to 100 (i.e. 1% to 100% of full power).
MoveFactor | The phase powervalue whenthe motoris moving,inthe word
range 1 to 100 (i.e. 1% to 100% of full power).

Example: Setthe phase powersforchannel 2for TSTOO1 unit

TX 26, 04, 06, 00, A2, 01, 01, 00, OA, 00, 64, 00

Header: 26, 04, 06, 00, A2, 01: SetPowerParams, 06 byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1(alwayssetto 1for TST001)

RestFactor: 0A, 00: Setrest powerto 10% of full power
MoveFactor: 64, 00: Set move powerto 100% of full power

REQUEST:
Command structure (6 bytes):
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0 1 2 3 4 5
header only
27 | 04 chan | 00
Ident
GET:
Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:
o[ 1+ [ 2] 3] 4 | s 6 | 7 | 8 9 [ 10 11
header Data
28 | 04 [ o6 | oo [ dl | s Chanldent | RestFactor [ MoveFactor

For structure see SET message above.
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MGMSG_MOT_SET_GENMOVEPARAMS
MGMSG_MOT_REQ_GENMOVEPARAMS
MGMSG_MOT_GET_GENMOVEPARAMS

Function:

SET:
Command struct
6 byte headerfo

Host-Controller Communications Protocol

Issue 24

0x043A
0x043B
0x043C

Usedto set the general move parametersforthe specified motor
channel. Atthistime this refers specifically to the backlash settings.

ure (12 bytes)
llowed by 6 byte data packetas follows:

o [ 1 | 2 | 3 | 4 | s 6 | 7 | 8 | 9 | 10 | 1
header Data
3A I 04 I 06 | 00 | d| I s Chan Ident | Backlash Distance
Data Structure:
field description format
Chan Ident The channel being addressed word
Backlash The value of the backlash distance as a 4 byte signed long
Distance integer, which specifies the relative distance in position
counts. The scaling between real time values and this
parameterisdetailedin Section 8.
Example: MLS203 and BBD102: Set the backlash distance forchan 2to 1 mm:

TX 3A, 04, 06, 00,

A2,01, 01, 00, 20, 4E, 00, 00,

Header: 3A, 04, 06, 00, A2, 01: SetGenMoveParams, 06 byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1(alwayssetto 1 for TDC001)
Backlash Dist: 20, 4E, 00, 00: Set backlash distance to 1 mm (20,000 encoder counts).

REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
3B | 04 Chan | 00 d S
Ident
GET:

Response structure (12 bytes)

6 byte headerfo

llowed by 6byte data packet as follows:

o | 1 |

2 | 3 | 4 | s 6 | 7 |

| 9 | 10 11

header

Data

3c [ 04 |

06 [ o0 | Chan Ident |

Backlash Distance

For structure see SET message above.
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MGMSG_MOT_SET_MOVERELPARAMS 0x0445
MGMSG_MOT_REQ_MOVERELPARAMS 0x0446
MGMSG_MOT_GET_MOVERELPARAMS 0x0447
Function: Usedto set the relative move parameters forthe specified motor

channel.The onlysignificant parameteratthistime is the relative
move distance itself. This gets stored by the controllerandis used
the nexttime a relative move isinitiated.

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ | 2 [ 3 | a4 [ s 6 | 7 | 8 [ 9 | 10 [ 11
header Data
45 [ o4 [ o6 [ oo [ dI [ s Chan Ident | Relative Distance

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Relative The distance to move. Thisisa 4 byte signed integerthat long
Distance specifies the relative distancein position encoder counts.
The scalingbetweenreal time values and this parameteris
detailedin Section 8.

Example: MLS203 and BBD102: Set the relative move distance forchan 2 to 10 mm:
TX 45, 04, 06, 00, A2, 01, 01, 00, 40, 0D, 03, 00,

Header: 45, 04, 06, 00, A2, 01: SetMoveRelParams, 06 byte data packet, Channel 2.

Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)

Rel Dist: 40, 0D, 03, 00: Setrelative move distance to 10 mm (10 x 20,000 encoder counts).

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
46 | 04 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1 | 2 ] 3 [ 4 | s 6 | 7 | 8 | 9 [ 10 11
header Data
47 | o4 [ o6 | 00 | dl [ s Chan Ident | Relative Distance
For structure see SET message above.
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MGMSG_MOT_SET_MOVEABSPARAMS 0x0450
MGMSG_MOT_REQ_MOVEABSPARAMS 0x0451
MGMSG_MOT_GET_MOVEABSPARAMS 0x0452
Function: Used to set the absolute move parameters forthe specified motor

channel.The onlysignificant parameteratthistime is the absolute
move positionitself. This gets stored by the controllerandis used
the nexttime an absolute move isinitiated.

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ | 2 [ 3 ] a4 [ s 6 | 7 | 8 [ 9 | 10| 1
header Data
50 | o4 | o6 | 00 | d|l [ s Chan Ident | Absolute Position

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Absolute The absolute positionto move. Thisis a4 byte signed long
Position integerthat specifies the absolute positionin position
encodercounts. The scaling betweenreal timevalues and
this parameteris detailedin Section 8.

Example: MLS203 and BBD102: Set the absolute move position forchan 2 to 10 mm:
TX 50, 04, 06, 00, A2, 01, 01, 00, 40, 0D, 03, 00,

Header: 50, 04, 06, 00, A2, 01: SetMoveAbsParams, 06 byte data packet, Channel 2.

Chan Ident: 01, 00: Channel 1 (alwayssetto 1for TDC001)

Abs Pos: 40, 0D, 03, 00: Set absolute move positionto 10 mm (200,000 encoder counts).

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
51 | 04 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o [ 1 | 2 ] 3 [ 4 ] 5 6 | 7 | 8 [ 9 | 10 11
header Data
52 | o4 | o6 | o0 [ d] | s Chan Ident | Absolute Position
For structure see SET message above.
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MGMSG_MOT_SET_HOMEPARAMS 0x0440
MGMSG_MOT_REQ_HOMEPARAMS 0x0441
MGMSG_MOT_GET_HOMEPARAMS 0x0442
Function: Usedto set the home parameters for the specified motor channel.

These parameters are stage specificand for the MLS203 stage
implementation the only parameter that can be changedis the

homingvelocity.

SET:
Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o [ 1+ [ 2] 3] 4] s 6 | 7 | 8 9 | 10 11
header Data
40 [ o4 | OE | 00 | d| [ s Chanldent | HomeDir | LimitSwitch
12 [ 13 [ 14 | 15 [ 16 | 17 | 18 | 19
Data
Home Velocity | Offset Distance
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Home The direction sense foramove to Home, either word
Direction 1 - forward/Positive or
2 - reverse/negative.
Limit Switch The limit switch associated with the home position word
1 - hardware reverse or
4 - hardware forward
Home The homingvelocity. A4 byte unsigned longvalue. The long
Velocity scalingbetween real timevalues and this parameteris
detailedin Section 8.
Offset The distance of the Home position from the Home Limit long
Distance Switch. Thisisa 4 byte signedintegerthat specifies the
offsetdistance in position encoder counts. The scaling
between real time values and this parameteris detailedin
Section 8
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Example: MLS203 and BBD102: Set the home parameters for chan 2 as follows:
Home Direction: Not used (always positive).
LimitSwitch: Notused
Home Vel: 24 mm/sec
Offset Dist: Not used.

TX 40, 04, OE, 00, A2, 01, 01, 00, 00, 00, 00, 00, 33. 33, 33, 00, 00, 00, 00, 00

Header: 40, 04, OE, 00, A2, 01: SetHomeParams, 14 byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)

Home Direction: 00, 00: Not Applicable

Limit Switch: 00, 00: Not Applicable

Home Velocity: 33, 33, 33, 00: 24 mm/sec(3355443/134218)

Offset Distance: 00, 00, 00, 00: Not used

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
41 | 04 Chan | 00 d s
Ident
GET:

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o [ 1 ] 2] 3 [ a ] s 6 | 7 | 8 | 9 [ 10 [ 11
header Data
42 | o4 | oe | oo | d| | s Chanldent | Home Dir [ LimitSwitch

12 [ 13 [ 14 | 15 [ 16 | 17 | 18 | 19
Data
Home Velocity | Offset Distance

For structure see SET message above.
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Host-Controller Communications Protocol

MGMSG_MOT_SET_LIMSWITCHPARAMS
MGMSG_MOT_REQ_LIMSWITCHPARAMS
MGMSG_MOT_GET_LIMSWITCHPARAMS

These functions are not applicable to BBD10x units

Function:

SET:

Issue 24

0x0423
0x0424
0x0425

Usedto set the limit switch parameters forthe specified motor

channel.

Command structure (22 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 [ 9 | 10 11
header Data
23 | 04 | 10 | 00 | d] | s Chan Ident |CWHardIimit| CCW Hardlimit
12 | 13 | 14 [ 15 [ 16 | 17 [ 18 [ 19 [ 20 | 21
Data
CW Soft Limit | CCW Soft Limit | Limit Mode

Data Structure:

field

description

format

Chan Ident

The channel beingaddressed

word

CW Hard
Limit

The operation of the Clockwise hardware limit switch when
contact is made.

0x01 Ignore switch or switch not present.

0x02  Switch makeson contact.

0x03  Switch breaks on contact.

0x04
limit switched rotation stages).
0x05
limit switched rotations stages).

0x06 For PMD based brushless servo controllersonly -
usesindex mark forhoming.

Note. Setupperbitto swap CW and CCW limitswitchesin
code. Both CWHardLimitand CCWHardLimit structure
members will have the upperbitset when limit switches
have been physically swapped.

0x80 // bitwise OR'd with one of the settings above.

Switch makes on contact - only used forhomes (e.g.

Switch breaks on contact - only used forhomes (e.g.

word

CCW Hard
Limit

The operation of the Counter Clockwise hardware limit
switch when contactis made.

word

CW Soft Limit

Clockwise software limitin position steps. A 32 bitunsigned
longvalue, the scaling factor between real time values and
this parameteris 1 mm isequivalentto 134218. For
example, tosetthe clockwise software limit switch to 100
mm, send a value of 13421800. (Notapplicable to TDC001
units)

long

CCW Soft
Limit

Counter Clockwise software limitin position steps (scaling
as for CW limit). (Not applicable to TDC001 units)

long
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Software Software limit switch mode word
Limit Mode 0x01 Ignore Limit

0x02 Stoplmmediate atLimit

0x03  Profiled Stop at limit

0x80 Rotation Stage Limit (bitwise OR'd with one of the
settings above) (Notapplicable to TDCO01 units)

Example: Setthe limitswitch parameters forchan 2 as follows:
CW Hard Limit—switch makes.
CCW Hard Limit- switch makes
CW SoftLimit—setto 100 mm
CCW SoftLimit- .setto 0 mm
Software Limit Mode — Profiled Stop

TX 23, 04, 10, 00, A2, 01, 01, 00, 02, 00, 02, 00, E8. CC, CC, 00, 00, 00, 00, 00, 03, 00

Header: 23, 04, 10, 00, A2, 01: SetLimSwitchParams, 16 byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)

CW Hard Limit: 02, 00: Switch Makes

CCW Hard Limit: 02, 00: Switch Makes

CW SoftLimit: E8, CC, CC, 00: 100 mm (13421800/134218)

CCW Soft Limit: 00, 00, 00, 00: 0 mm

Soft Limit Mode: 03, 00: Profiled Stop at Limit

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
24 | 04 Chan | 00 d S
Ident
GET:

Response structure (20 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 [ 9 | 10 ] 11
header Data
25 | 04 | 10 | 00 | d] | s Chan Ident |CWHardIimit| CCW Hardlimit
12 | 13 | 14 [ 15 [ 16 | 17 [ 18 [ 19 [ 20 | 21
Data
CW Soft Limit | CCW Soft Limit | Limit Mode

For structure see SET message above.
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MGMSG_MOT_MOVE_HOME 0x0443
MGMSG_MOT_MOVE_HOMED 0x0444
Function: Sentto start a home move sequence on the specified motorchannel

(inaccordance with the home parametersabove).

TX structure (6 bytes):
0 1 2 3 4 5
header only
43 | 04 Chan | Ox d s
Ident
Example: Home the motor channelin bay 2

TX 43, 04, 01, 00, 22, 01

HOMED:
Function: No response oninitialmessage, but upon completion of home
sequence controllersends a “homing completed” message:

RX structure (6 bytes):

0 1 2 3 4 5

header only
44 | 04 Chan | Ox d s
Ident

Example: The motor channelin bay 2 has been homed

RX 44, 04, 01, 00, 01, 22
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MGMSG_MOT_MOVE_RELATIVE 0x0448

Function: Thiscommand can be usedto start a relative move on the specified
motor channel (using the relative movedistance parameter above).
There are two versions of thiscommand: a shorter (6-byte header
only) versionandalonger (6 byte header plus 6 data bytes) version.
Whenthe first one is used, the relative distance parameter used for
the move will be the parametersent previously by a
MGMSG_MOT_SET_MOVERELPARAMS command. If the longer
version of the commandis used, the relative distance is encoded in
the data packet that follows the header.

Short version:

TX structure (6 bytes):
0 1 2 3 4 5
header only
48 | 04 Chan | Ox d s
Ident
Example: Move the motorassociated with channel 2by 10 mm. (10 mm was

previously setinthe MGMSG_ MOT_SET_MOVERELPARAMS method).

TX 48, 04, 01, 00, 22, 01

Long version:

The alternative way of using this command is by appendingthe relative move params

structure (MOT_SET_MOVERELPARAMS) to this message header.

Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ | 2 | 3 | 4 | s 6 | 7 | 8 | 9 | 10 | 11
header Data
48 | o4 [ o6 [ o0 | dl [ s Chan Ident | Relative Distance

Data Structure:

field description format
Chan Ident The channel beingaddressed Word
Relative The distance to move. Thisisa 4 byte signed integerthat Long
Distance specifies the relative distancein position encoder counts. In

the BBD10X series controllers the encoderresolutionis
20,000 counts per mm, therefore toseta relative move
distance of 1 mm, setthis parameterto 20,000 (twenty
thousand).
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Example: Move the motorassociated with chan2 by 10 mm:

TX 48, 04, 06, 00, A2, 01, 01, 00, 40, 0D, 03, 00,

Header: 45, 04, 06, 00, A2, 01: MoveRelative, 06 byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)

Rel Dist: 40, 0D, 03, 00: Set absolute move distance to 10 mm (200,000 encoder counts).

Upon completion of the relative move the controller sends a Move Completed message as
describedfollowing.
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MGMSG_MOT_MOVE_COMPLETED 0x0464

Function: No response oninitialmessage, but upon completion of the relative
or absolute move sequence, the controllersends a “move
completed” message:

RX structure (20 bytes):

0 1 2 3 4 5
header only

64 | 04 Chan | Ox d| s
Ident

Followed by a 14-byte data packet described by the same status structures (i.e. MOTSTATUS
and MOTDCSTATUS) described in the STATUS UPDATES section that follows.
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MGMSG_MOT_MOVE_ABSOLUTE 0x0453

Function: Usedto start an absolute move on the specified motorchannel
(usingthe absolute move position parameterabove). As previously
describedinthe “MOVE RELATIVE” command, there are two
versions of thiscommand: a shorter (6-byte headeronly) version
and a longer (6 byte header plus 6 data bytes) version. When the
firstoneisused, the absolute move position parameter used forthe
move will be the parametersent previously by a
MGMSG_MOT_SET_MOVEABSPARAMS command. If the longer
version of the commandis used, the absolute positionis encodedin
the data packetthat follows the header.

Short version:

TX structure (6 bytes):
0 1 2 3 4 5
header only
53 | 04 Chan | Ox d s
Ident
Example: Move the motorassociated with channel 2to 10 mm. (10 mmwas

previously setinthe MGMSG_ MOT_SET_MOVEABSPARAMS method).

TX 53, 04, 01, 00, 22, 01

Long version:

The alternative way of using this command by appending the absolute move params

structure (MOTABSMOVEPARAMS) to this message header.

Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ | 2 [ 3 ] a4 [ s 6 | 7 | 8 [ 9 | 10| 1
header Data
53 | o4 | o6 | oo | dl [ s Chan Ident | Absolute Distance

Data Structure:

field description format
Chan Ident The channel beingaddressed Word
Absolute The distance to move. Thisisa 4 byte signed integerthat Long
Distance specifies the absolute distance in position encoder counts.

In the BBD10X series controllersthe encoder resolutionis
20,000 counts per mm, therefore to setan absolute move
distance of 100 mm, setthis parameterto 2,000,000 (two
million).
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Example: Move the motorassociated with chan 2 to 10 mm:

TX 53, 04, 06, 00, A2, 01, 01, 00, 40, 0D, 03, 00,

Header: 45, 04, 06, 00, A2, 01: MoveAbsolute, 06 byte data packet, Channel 2.
Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)

Abs Dist: 40, 0D, 03, 00: Setthe absolute move distance to 10 mm (200,000 encoder counts).

Upon completion of the absolute movethe controller sends a Move Completed message as
previously described.
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MGMSG_MOT_MOVE_JOG 0x046A

Function: Sentto start a jog move onthe specified motorchannel.

TX structure (6 bytes):

0 1 2 3 4 5
header only

6A | 04 Chan | Direction | d s

Ident

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Direction The directiontoJog. Setthis byte to 0x01 to jogforward, or | word
to 0x02 to jogin the reverse direction.

Upon completion of the jog move the controller sends a Move Completed message as
previously described.

Note. The direction of the jog move is device dependent, i.e. on some devices jog forward
may be towards the home position while on otherdevicesit could be the opposite.
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MGMSG_MOT_MOVE_VELOCITY 0x0457
Function: This command can be used to start a move on the specified motor
channel.

When this method s called, the motorwill move continuouslyinthe
specified direction, using the velocity parameters setin the
MGMSG_MOT_SET_MOVEVELPARAMS command until eitherastop
command (either Stoplmmediate or StopProfiled) is called, oralimit
switchisreached.

TX structure (6 bytes):

0 1 2 3 4 5
header only
57 | 04 Chan | Direction | d S
Ident

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Direction The directiontoJog. Setthis byte to 0x01 to move forward, | word
or to 0x02 to move inthe reverse direction.

Upon completion of the move the controller sends a Move Completed message as
previously described.

Example: Move the motorassociated with channel 2forwards.
TX 57, 04, 01, 01, 22, 01

Special Note For MST602 units

The MST602 is a true 2-channel controller, rather than two single channel
controllers. In this case, as well as the Chan Ident parameter, the channel being
addressed is also specified in the Direction parameter (byte 3). The lower 4 bit nibble
of the direction parameter is used to address channel 1 and the upper 4 bit nibble is
used to address channel 2.

Examples
to move channell forward, TX 57, 04, 01, 01,22,01
to move channel 1 backward, TX 57, 04,01, 02,22,01

to move channel 2 forward, TX57, 04, 02, 10,22,01
to move channel 2 backward, TX 57, 04, 02, 20,22,01

Page 81 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

MGMSG_MOT_MOVE_STOP 0x0465

Function: Sentto stop any type of motor move (relative, absolute, homingor
move at velocity) on the specified motor channel.

TX structure (6 bytes):

0 1 2 3 4 5
header only
65 | 04 Chan | Stop d S
Ident | Mode

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Stop Mode The stop mode defines eitheranimmediate (abrupt) or word

profiles tops. Set this byte to 0x01 to stop immediately, orto
0x02 to stopin a controller(profiled) manner.

Upon completion of the stop move the controllersends a Move Stopped message as
describedfollowing
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MGMSG_MOT_MOVE_STOPPED 0x0466

Function: No response oninitialmessage, but upon completion of the stop
move, the controllersends a “move stopped” message:

RX structure (20 bytes):
0 1 2 3 4 5
header only
66 |04 JoE Jox [d] s

Followed by a 14-byte data packet described by the same status structures (i.e. MOTSTATUS
and MOTDCSTATUS) described in the STATUS UPDATES section that follows.
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MGMSG_MOT_SET_BOWINDEX 0x04F4
MGMSG_MOT_REQ_BOWINDEX 0x04F5
MGMSG_MOT_GET_BOWINDEX 0x04F6
Function: To preventthe motorfrom stalling, it must be ramped up gradually

velocity A

maximum
velocity (v)

to its maximum velocity. Certain limits to velocity and acceleration
resultfromthe torque and speed limits of the motor, and the inertia
and friction of the parts itdrives. The systemincorporatesa
trajectory generator, which performs calculations to determine the
instantaneous position, velocity and acceleration of each axis atany
given moment. Duringa motion profile, these values will change
continuously. Once the move is complete, these parameters will
thenremain unchanged until the next move begins. The specific
move profile created by the system depends on severalfactors, such
as the profile mode and profile parameters presently selected, and
other conditions such as whethera motion stop has been
requested.

The Bow Index parameteris used tosetthe profile mode to either
Trapezoidal orS-curve. ABow Index of ‘0’ selects atrapezoidal
profile. Anindexvalue of ‘1’ to ‘18’ selects an S-curve profile. In
eithercase, the velocity and acceleration of the profile are specified
usingthe Velocity Profile parameters on the Moves/Jogs tab. The
Trapezoidal profile isastandard, symmetrical
acceleration/deceleration motion curve, in which the start velocityis
always zero. This profile is selected when the Bow Index field is set
to ‘0.

acceleration (slope)a

| —

ﬁme'

In a typical trapezoidal velocity profile, (see above), the stage is ramped at acceleration ‘a’ to
a maximum velocity ‘v’. Asthe destination is approached, the stage is decelerated at ‘a’ so
that the final positionisapproached slowlyinacontrolled manner.

The S-curve profile is atrapezoidal curve with an additional 'Bow Value' parameter, which
limits the rate of change of acceleration and smooths out the contours of the motion profile.
The Bow Valueisappliedinmm/s®andis derived from the Bow Index as follows:

Bow Value =2 (Bowndex-1) wijthin the range 1 to 262144 (Bow Index 1 to 18).

In this profile mode, the accelerationincreases graduallyfrom 0 to the specified acceleration
value, then decreases atthe same rate until it reaches 0 again at the specified velocity. The
same sequence in reverse brings the axis to a stop at the programmed destination position.
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Example

The figure above shows atypical S-curve profile. Insegment (1), the S-curve profile drives
the axis at the specified Bow Index (BI) until the maximum acceleration (A)isreached. The
axis continuestoaccelerate linearly (Bow Index =0) through segment (2). The profile then
appliesthe negativevalue of Bow Index to reduce the acceleration to 0 during segment (3).
The axisis now at the maximum velocity (V), at which it continues through segment (4). The
profile then deceleratesinasimilarmannerto the acceleration phase, using the Bow Index
to reach the maximum deceleration (D) and then bring the axis to a stop at the destination.

Note

The higherthe Bow Index, thenthe shorterthe Bl phases of the curve, and the steeperthe
acceleration and deceleration phases. High values of Bow Index may cause a move to
overshoot.

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9
header Data
F4 | o4 | o4 | o0 | d| | s Chanldent | Bow Index

Data Structure:

field description format
Chan Ident The channel beingaddressed word
BowlIndex This parameteris usedto setthe profile mode to either word

Trapezoidal orS-curve. ABow Index of ‘0’ selectsa
trapezoidal profile. Anindexvalueof ‘1’ to ‘18’ selectsan S-
curve profile.

Example: Setthe Bow Index to 18 for Channel 1 as follows:
TX F4, 04, 04, 00, A2, 01, 01, 00, 12, 00,
Header: F4, 04, 04, 00, A2, 01: Set_BowlIndex, 04 byte data packet,

Chan Ident: 01, 00: Channel 1
BowIndex: 12, 00,: Set the Bow Index to 18
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
F5 | 04 Chan | 00 d s
Ident
GET:

6 byte headerfollowed by 4 byte data packet as follows:

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 | 8 | 9
header Data
F6 | o4 | o4 | oo | d| | s Chan Ident | Bow Index

For structure see SET message above.
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MGMSG_MOT_SET_DCPIDPARAMS 0x04A0
MGMSG_MOT_REQ_DCPIDPARAMS 0x04A1
MGMSG_MOT_GET_DCPIDPARAMS 0x04A2

Function:

SET:

Usedto set the position control loop parameters forthe specified
motor channel.

The motion processor within the controllerusesa position control
loop to determine the motor command output. The purpose of the
positionloop isto match the actual motor positionand the
demanded position. Thisis achieved by comparing the demanded
position with the actual position to create a position error, whichis
then passed through a digital PID-type filter. The filtered value isthe
motor command output.

NOTE. These settings apply to LM628/629 based servo controllers
(only TDCOO1 at thistime). Referto datasheetforNational
Semiconductor LM628/LM629 forfurther details on settingthese
PID related parameters.

Command structure (26 bytes)
6 byte headerfollowed by 20 byte data packet as follows:

o | 1 [ 2 | 3 ] 4 ] 5 6 | 7 [ 8 | 9 | 10 | 11
header Data
AO | 04 | 14 | 00 | d| | S Chan ldent | Proportional
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 23
Data
Integral | Differential | Integral Limit
24 25
Data
FilterControl
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Proportional | The proportional gain. Togetherwiththe Integral and long
Differential, these terms determine the systemresponse
characteristics and accept valuesin the range O to 32767.
Integral The integral gain. Together with the Proportionaland long
Differential, these terms determine the systemresponse
characteristics and accept valuesinthe range 0 to 32767.
Differential The differential gain. Together with the Proportional and long
Integral, these terms determinethe system response
characteristics and accept valuesinthe range 0 to 32767.
Integral Limit | The Integral Limit parameterisusedto cap the value ofthe | long
Integrator to prevent runaway of the integral sum at the
output. It acceptsvaluesinthe range 0 to 32767. If setto 0
thentheintegrationterminthe PIDloopis ignored.
FilterControl | Identifies which of the above parametersare applied by word
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settingthe correspondingbitto ‘1’. By default, all
parameters are applied, and this parameteris setto OF
(11122).

Example: Setthe PID parametersfor TDCO01 as follows:
Proportional: 65
Integral: 175
Differential: 600
Integral Limit: 20,000
FilCon: 15

TX AQ, 04, 14, 00, DO, 01, 01, 00, 41, 00, AF, 00, 58, 02, 20, 4E, 00, 00, OF, 00

Header: AQ, 04, 14, 00, DO, 01: Set_DCPIDParams, 20 byte data packet, Generic USB Device.

Chanldent: 01, 00: Channel 1(alwayssetto 1 for TDC001)
Proportional: 41, 00,: Set the proportional term to 65
Integral:AF, 00,: Setthe integral termto 175

Differential: 58, 02,: Set the differential termto 600
IntegralLimit: 20, 4E, 00, 00,: Setthe integral limitto 20,000
FilterControl: OF, 00: Setall termsto active.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

Al | 04 Chan | 00 d S
Ident

GET:

6 byte headerfollowed by 20 byte data packet as follows:

o [ 1] 2 ] 3 ] a ] s 6 | 7 ] 8 | 9 | 10 ] 11
header Data
A2 | 04 [ 14 | oo | dl | s Chan Ident | Proportional
12 | 13 | 14 | 15 | 16 | 17 | 18 [ 19 | 20 | 21 | 22 | 23
Data
Integral | Differential | Integral Limit
24 | 25
Data

FilterControl

For structure see Set message above.
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MGMSG_MOT_SET_AVMODES 0x04B3
MGMSG_MOT_REQ_AVMODES 0x04B4
MGMSG_MOT_GET_AVMODES 0x04B5
Function: The LED on the control keypad can be configured toindicate certain

driverstates.

All modes are enabled by default. However, itis recognised thatina
light sensitive environment, stray light from the LED could be
undesirable. Therefore itis possible to enableselectively, one orall
of the LED indicator modes described below by setting the
appropriate value in the Mode Bits parameter.

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o| 1 | 2] 3] 4 ]s 6 | 7 | 8 9
header Data
B3] 04 [ 04 J oo | dl [ s Chanldent |  ModeBits

Data Structure:

field description format
Chanldent | Thechannelbeingaddressed word
ModeBits The mode of operationforthe LED is setaccording to the hex | word

value enteredinthe mode bits.
1 LEDMODE_IDENT: The LED will flash when the ‘Ident’
messageissent.

2 LEDMODE_LIMITSWITCH: The LED will flash whenthe
motor reaches a forward or reverse limit switch.

8 LEDMODE_MOVING: The LED is litwhen the motoris
moving.

Example: Setthe LED to flash whenthe IDENT message is sent, and also when the
motor is moving.

TX B3, 04, 04, 00, DO, 01, 01, 00, 09, 00,

Header: B3, 04, 04, 00, DO, 01: SetAVModes, 04 byte data packet, Generic USB Device.
Chan Ident: 01, 00: Channel 1(alwayssetto 1 for TDC001)

ModeBits: 09, 00 (i.e.1+ 8)

Similarly, if the ModeBits parameterissetto ‘11’ (1 + 2 + 8) all modes will be enabled.

REQUEST:
Command structure (6 bytes):
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0 1 2 3 4 5
header only
11 | 04 Chan | 00 d S
Ident
GET:

Response structure (10 bytes)

6 byte headerfollowed by 4 byte data packet as follows:

Host-Controller Communications Protocol

o[ 1 [ 2] 3] 4 |5 6 [ 7 | 8 [ 9o
header Data
B5 | 04 | 04 | o0 | d| [ s Chanldent |  ModeBits

For structure see SET message above.

Issue 24
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MGMSG_MOT_SET_POTPARAMS
MGMSG_MOT_REQ_POTPARAMS
MGMSG_MOT_GET_POTPARAMS

Host-Controller Communications Protocol

Issue 24

0x04B0
0x04B1
0x04B2

Function:

SET:

The potentiometerslider on the control panel panelissprung, such
that whenreleaseditreturnstoit’s central position. In this central
positionthe motoris stationary. Asthe slideris moved away from
the center, the motor begins to move; the speed of this movement
increases asthe slider deflectionisincreased. Bidirectional control
of motormovesis possible by movingthe sliderin both directions.
The speed of the motor increases by discrete amounts ratherthan
continuously, asafunction of slider deflection. These speed settings
are defined by 4 pairs of parameters. Each pair specifies a pot
deflection value (inthe range Oto 127) togetherwith an associated
velocity (setinencodercounts/sec) to be applied at or beyond that
deflection. As each successive deflectionis reached by moving the
pot slider, the nextvelocity value is applied. These settings are
applicable in eitherdirection of pot deflection, i.e. 4 possible
velocity settingsin the forward orreverse motion directions.

Note. The scalingfactorbetween encoder counts and mm/sec
dependsonthe specificstage/actuator being driven.

Command structure (32 bytes)
6 byte headerfollowed by 26 byte data packet as follows:

o | 1 ] 2 ] 3 | a ] s 6 | 7 ] 8 | 9 | 10 | 11
header Data
BO | o4 | 1A | o0 | d] | s Chanldent | Zerownd | Vell
12 [ 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
Vell [ wnd1 ] Vvel2 |  wnda2 | vel3
24 | 25 | 26 | 27 ] 28 | 29 | 30 | 31
Data
Vel3 [  wnd3 | Vel4
Data Structure:
field description format
Chan Ident The channel beingaddressed word
ZeroWnd The deflection from the mid position (in ADCcountsOto 127) | word
before motion can start
Vell The velocity (in encoder counts /sec) to move when between | long
WndO and PotDef1
Wnd1 The deflection from the mid position (in ADC counts, WndO word
to 127) to apply Vell
Vel2 The velocity (in encoder counts /sec) to move when between | long
PotDefland PotDef2
Wnd2 The deflection from the mid position (in ADC counts, PotDefl | word
to 127) to apply Vel2
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Vel3 The velocity (in encoder counts/sec) to move when between | long
PotDef2and PotDef3
Wnd3 The deflection from the mid position (in ADCcounts PotDef2 | word
to 127) to apply Vel3
Veld The velocity (in encoder counts /sec) to move whenbeyond | long
PotDef3
Example: For the Z8 series motors, there are 512 encoder counts per revolution of the

motor. The output shaft of the motorgoesintoa 67:1 planetary gear head. Thisrequiresthe
motor to rotate 67 timesto rotate the 1.0 mm pitch lead screw one revolution. The end
resultisthe lead screw advances by 1.0 mm.

Therefore,al mm lineardisplacement of the actuatoris given by

512 x 67 = 34,304 encodercounts
whereasthe lineardisplacement of the lead screw perencoder countis given by

1.0 mm / 34,304 counts= 2.9 x 10-5 mm (29 nm).

Typical parameters settings Hex (decimal)
ZeroWnd-14 (20)
Vell-66, 0D,00,00 (3430)
Wnd1- 32 (50)
Vel2—CC, 1A, 00, 00 (6860)
Wnd2 - 50 (80)
Vel3-32, 28, 00, 00 (10290)
Wnd3 - 64 (100)
Vel4—00, 43, 00, 00 (17152)

Usingthe parameters above, no motion will start until the pot has been deflected to 20
(approx 1/6 full scale deflection), when the motorwillstartto move at 0.1mm/sec. At a
deflection of 50 (approx 2/5 full scale deflection) the motorvelocity will increase to
0.2mm/sec, and at 80, velocity will increaseto 0.3 mm/sec. When the pot is deflected to 100
and beyond, the velocity willbe 0.5mm/sec.

Note. It isacceptable toset velocities equalto each otherto reduce the number of speeds,
howeverthisis notallowed forthe deflection settings, whereby the Wnd3 Pot Deflection
value must be greaterthan Wnd2 Pot Deflection value.

TX B0, 04, 1A, 00, DO, 01, 01, 00, 01, 00, ES, 03, 00, 00, 00, 00, 00, 00, BO,35, 00, 00, CD, CC,
CC, 00, 02, 00

Header: BO, 04, 1A, 00, DO, 01: Set Pot Params, 1AH (26) byte data packet, Generic USB
Device.

Chan Ident: 01, 00: Channel 1(alwayssetto 1 for TDC001)

Wndo0: 14 (20 ADC Counts)

Vell: 66, 0D,00,00 (3430 Encoder Counts/sec=0.1 mm/sec)

PotDef1:32 (50 ADC Counts)

Vel2: CC, 1A, 00, 00 (6860 Encoder Counts/sec=0.2 mm/sec)

PotDef2:50 (80 ADC Counts)
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Vel3: 32, 28, 00, 00 (10290 Encoder Counts/sec=0.3 mm/sec)
PotDef3: 64 (100 ADC Counts)
Vel4: 00, 43, 00, 00 (17152 Encoder Counts/sec=0.5 mm/sec)
REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
17 | 04 Chan | 00 d s
Ident
GET:
Response structure (28 bytes)
6 byte headerfollowed by 22 byte data packet as follows:
o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 [ 9 [ 10 [ 11
header Data
BO [ 04 | 1A | 00 [ dI | s Chanldent | Zerownd | Vell
12 | 13 | 14 [ 15 | 16 | 17 | 18 [ 19 20 | 21 | 22 | 23
Data
Vell | Wnd1 | Vel2 Wnd2 | Vel3
24 | 25 | 26 | 27 | 28 [ 29 | 30 [ 31
Data
vel3 [ wnd3 | Vel4

For structure see SET message above.
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Host-Controller Communications Protocol

MGMSG_MOT_SET_BUTTONPARAMS
MGMSG_MOT_REQ_BUTTONPARAMS
MGMSG_MOT_GET_BUTTONPARAMS

Function:

SET:

Issue 24

0x04B6
0x04B7
0x04B8

The control keypad can be used eitherto jogthe motor, or to
perform moves to absolute positions. This functionis used tosetthe

front panel button functionality.

Command structure (22 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o [ 1 ]

2 | 3 | 4 | s 6 | 7 ] 8 | 9 | 10

11

header Data

B6 | 04 |

10 | 00 I d| | s Chanldentl Mode |

Positionl

12 | 13 |

14 | 15 | 16 | 18 | 19 [ 20 [ 21

Data

Positionl |

Position2

| TimeOutl | TimeOut2

Data Structure:

field

description

format

Chan Ident

The channel beingaddressed

word

Mode

The buttons on the keypad can be used eithertojogthe
motor (jog mode), orto perform movesto absolute
positions (go to position mode).

If set to 0x01, the buttons are used to jogthe motor. Once
setto this mode, the move parameters forthe buttons are
takenfromthe ‘Jog’ parameters setviathe ‘Move/Jogs'
settingstab or the SetJogParams methods.

If set to 0x02, each button can be programmed witha
different positionvalue (assetinthe Position 1and Position
2 parameters), such thatthe controller will move the motor
to that position when the specificbuttonis pressed.

word

Positionl

The position (in encoder counts) to which the motor will
move whenthe top buttonis pressed.

This parameterisapplicable onlyif ‘Go to Positionis
selectedinthe ‘Mode’ parameter.

long

Position2

The position (in encoder counts) to which the motor will
move whenthe bottom buttonis pressed.

This parameterisapplicable onlyif ‘Go to Positionis
selectedinthe ‘Mode’ parameter.

long

TimeOutl

A ‘Home’ move can be performed by pressingand holding
both buttons. Furthermore, the present position can be
enteredintothe Position 1or Position 2 parameter by
holding down the associated button. The Time Out
parameter specifies the time in msthat button 1 must be
depressed. Thisfunctionisindependent of the ‘Mode’
settingandin normal circumstances should not require
adjustment. (Notapplicable to TDC001 units)

word

TimeOut2

As TimeOutlbutforButton 2.

word
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Example: Setthe button parameters for TDCOO01 as follows:
Mode: Go To Position
Position1:0.5 mm
Position2: 1.2 mm
TimeOut: 2 secs

TX B6, 04, 10, 00, DO, 01, 01, 00, 02, 00, CO, 12, 00, 00, 00, 00, 00, 00, 00, 00

Header: B6, 04, 10, 00, DO, 01: SetButtonParams, 10H (16) byte data packet, Generic USB
Device

Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for TDC001)

Mode: 02, 00 (i.e. Go to position)

Position1:00, 43, 00, 00 (17152 Encoder Counts= 0.5 mm)

Position2: CC, A0, 00, 00 (41164 encodercounts=1.2 mm):

TimeOut: DO, 07: (2 seconds)

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

B7 | 04 Chan | 00 d s
Ident

GET:

Response structure (20 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o [ 1 [ 2 ] 3 ] 4 [ s 6 | 7 ] 8 | 9 J10] 11
header Data
B8 | 04 | 10 | oo [ dl | s Chan Ident | Mode | Position1
12 | 13 [ 14 | 15 [ 16 [ 17 | 18 [ 19 | 20 | 21
Data
Positionl | Position2 | TimeOutl | TimeOut2

For structure see SET message above.
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MGMSG_MOT_SET_EEPROMPARAMS 0x04B9

Function: Usedto save the parametersettings forthe specified message.
These settings may have been altered either through the various
method calls or through userinteraction with the GUI (specifically,
by clicking on the ‘Settings’ button foundin the lowerright hand
corner of the userinterface).

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7 | 8 | o9

Data Structure:

field description format
Chan Ident The channel beingaddressed word
MsglID The message ID of the message containingthe parameters word
to be saved.
Example:

TX B9, 04, 04, 00, DO, 01, 01, 00, B6, 04,

Header: B9, 04, 04, 00, DO, 01: Set_EEPROMPARAMS, 04 byte data packet, Generic USB
Device.

Chan ldent: 01, 00: Channel 1

MsglID: Save parameters specified by message 04B6 (SetButtonParams).
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MGMSG_MOT_SET_PMDPOSITIONLOOPPARAMS
MGMSG_MOT_REQ_PMDPOSITIONLOOPPARAMS
MGMSG_MOT_GET_PMDPOSITIONLOOPPARAMS

Issue 24

0x04D7
0x04D8
0x04D9

Function:

SET:

Usedto set the position control loop parameters forthe specified
motor channel.

The motion processors within the BBD series controllers use a
position control loop to determine the motor command output. The
purpose of the positionloop is to match the actual motor position
and the demanded position. Thisis achieved by comparing the
demanded position with the actual encoder position to create a
position error, whichisthen passed through adigital PID-type filter.
Thefiltered value is the motor command output.

Command structure (34 bytes)
6 byte headerfollowed by 28 byte data packet as follows:

o [ + [ 2 [ 3] 4 ] s 6 | 7 | 8 | 9 ] 10 ] 1
header Data
p7 | o4 | 1c | oo [ d| [ s Chan Ident | Kp Pos | Integral
12 | 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
ILimPos | Differential | KdTimePos | KoutPos | KvffPos
24 | 25 [ 26 | 27 | 28 | 29 | 30 [ 31 | 32 | 33
Data
KaffPos | PosErrLim | N/A | N/A
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Kp Pos The proportional gain. Together with the Integral and word
Differential, these terms determine the systemresponse
characteristics and accept valuesin the range O to 32767.
Integral Theintegral gain. Togetherwith the Proportionaland word
Differential, these terms determine the systemresponse
characteristics and accept valuesinthe range 0 to 32767.
ILimPos The Integral Limit parameteris used to cap the value of the | dword
Integratorto preventrunaway of the integral sum at the
output. It accepts valuesinthe range 0 to 7FFFFFFF. If setto
0 thentheintegrationterminthe PIDloopisignored.
Differential The differential gain. Together with the Proportional and word
Integral, these terms determinethe system response
characteristics and accept valuesinthe range 0 to 32767.
KdTimePos Under normal circumstances, the derivativetermofthe PID | word
loopisrecalculated atevery servo cycle. However, it may be
desirable toreduce the samplingrate toa lowervalue, in
orderto increase stability or simplify tuning. The KdTimePos
parameteris usedto setthe samplingrate. Forexample, if
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setto 10, the derivative termis calculated every 10servo
cycles. Thevalueissetincycles,intherange 1 to 32767.

KoutPos The KoutPos parameteris a scaling factor applied tothe word
output of the PIDloop. It accepts valuesinthe range 0 to
65535, where 0is 0% and 65535 is 100%.

KvffPos The KvffPos and KaffPos parameters are velocity and word

KaffPos acceleration feed-forward termsthatare added to the word
output of the PIDfilterto assistintuningthe motor drive
signal. They acceptvaluesinthe range 0 to 32767.

PosErrLim Under certain circumstances, the actual encoder position dword
may differ from the demanded position by an excessive
amount. Such a large position erroris oftenindicative of a
potentially dangerous condition such as motor failure,
encoderfailure orexcessive mechanical friction. To warn of,
and guard against this condition, a maximum position error
can be setinthe PosErrLim parameter, inthe range 0 to
7FFFFFFF. The actual position erroris continuously
compared againstthe limitentered, and if exceeded, the
Motion Error bit (bit 15) of the Status Registerissetandthe
associated axisis stopped.

Not Used word
Not Used word
Example: Setthe PID parametersforchan 2 as follows:
Proportional: 65
Integral: 175

Integral Limit: 80,000
Differential: 600
KdTimePos:5
KoutPos: 5%
KvffPos: 0

KaffPos: 1000
PosErrLim: 65535

TX D7, 04, 1C, 00, A2, 01, 01, 00, 41, 00, AF, 00, 80, 38, 01, 00, 58, 02, 05, 00, CD, 0C, 00, 00,
E8, 03, FF, FF, 00, 00, 00, 00

Header: D7, 04, 1C, 00, A2, 01: Set_ PMDPositionLoopParams, 28 byte data packet, Channel
2.

Chan Ident: 01, 00: Channel 1(alwayssetto 1for BBD202)
Proportional: 41, 00,: Set the proportional termto 65
Integral:AF, 00,: Setthe integral termto 175

IntegralLimit: 80, 38, 01, 00,: Setthe integral limitto 80,000
Differential: 58, 02,: Setthe differential term to 600

KdTimePos: 05, 00,: Setthe samplingrateto5 cycles
KoutPos:CD, 0C,: Setthe output scaling factor to 5% (i.e. 3277)
KvffPos: 00, 00,: Setthe velocity feed forward valueto zero
KaffPos: E8, 03,: Setthe acceleration feed forward value to 1000
PosErrLim: FF, FF, 00, 00,: Setthe position errorlimitto 65535.
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

D8 | 04 Chan | 00 d s
Ident

GET:

Response structure (34 bytes)
6 byte headerfollowed by 28 byte data packet as follows:

Host-Controller Communications Protocol

Issue 24

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 [ 8 | 11
header Data
D9 | o4 | 1c | oo | d|l | s Chan Ident | Kp Pos Integral
12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 | 23
Data
ILinPos | Differential | KdTimePos | KoutPos KvffPos
24 | 25 [ 26 | 27 | 28 | 29 | 30 [ 31 | 32 |
Data
KaffPos | PosErrLim | N/A | N/A

For structure see SET message above.
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Host-Controller Communications Protocol

MGMSG_MOT_SET_PMDMOTOROUTPUTPARAMS
MGMSG_MOT_REQ_PMDMOTOROUTPUTPARAMS
MGMSG_MOT_GET_PMDMOTOROUTPUTPARAMS

Function:

Issue 24

0x04DA
0x04DB
0x04DC

Usedto set certain limitsthat can be applied to the motordrive

signal. The individual limits are described below.

SET:
Command structure (20 bytes)

6 byte headerfollowed by 14 byte data packet as follows:

6

7

8

9 [ 10 ] 11

header

Data

04 | of [ oo | dl | s

Chan Ident | Cont Current Lim | EnergyLimit

12 [ 13 [ 14 | 15 | 16 | 17

19

Motor Limit | Motor Bias |

Not Used

Not Used |

Data Structure:

field

description

format

Chan Ident

The channel beingaddressed

word

ContCurrentlim

The systemincorporates a current ‘foldback’ facility,
whereby the continuous currentlevelcan be capped. The
continuous currentlimitis setinthe ContCurrentLim
parameter, which accepts values as a percentage of
maximum peak current, inthe range 0 to 32767 (0 to
100%), which is the default maximum level set at the
factory (thismaximum value cannot be altered).

word

EnergyLim

When the current output of the drive exceeds the limit set
inthe ContCurrentLim parameter, accumulation of the
excess current energy begins. The EnergyLim parameter
specifiesalimitforthisaccumulated energy, asa
percentage of the factory set default maximum, inthe
range 0 to 32767 (0to 100%). When the accumulated
energy exceeds the value specifiedinthe EnergyLim
parameter, a ‘current foldback’ conditionis said to exist,
and the commanded currentis limited tothe value
specifiedinthe ContCurrentLim parameter. When this
occurs, the Current Foldback status bit (bit 25) issetin the
Status Register. Whenthe accumulated energy above the
ContCurrentLim value fallsto 0, the limitis removed and
the status bitis cleared.

word

MotorLim

The MotorLim parametersetsa limitforthe motor drive
signal and accepts valuesinthe range 0to 32767 (100%). If
the system produces a value greaterthanthe limitset, the
motor command takes the limiting value. Forexample, if
MotorLim is setto 30000 (91.6%), thensignals greater
than 30000 will be outputas 30000 and valueslessthan
-30000 will be output as-30000.

word

MotorBias

Notimplemented.

word
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Not Used word
Not Used word
Example: Setthe motor output parametersforchan 2 as follows:

Continuous Current: 20%
Energy Limit: 14%

Motor Limit: 100%
Motor Bias: zero

TX DA, 04, OE, 00, A2, 01, 01, 00, 99, 19, CO, 12, 00, 00, 00, 00, 00, 00, 00, 00

Header: DA, 04, OE, 00, A2, 01: Set MotorOutputParams, OEH (14) byte data packet, Channel
2

Chan Ident: 01, 00: Channel 1(alwayssetto 1for BBD202)
ContCurrent Limit:

Energy Limit: 99, 19: Setthe energy limitto 14%

Motor Limit: CO, 12: Setthe motor limitto 100%

Motor Bias: 00, 00: Setthe motor biasto zero

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

DB | 04 Chan | 00 d s
Ident

GET:

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o [ 1 [ 2 [ 3 [ 4 | 5 6 | 7 ] 8 9 [ 10 ] 11
header Data
DC | 04 | OE | 00 | d| | J Chan Ident | Cont Current Lim | EnergyLimit

12 | 13 [ 14 | 15 | 16 | 17 | 18 | 19

MotorLimitl Motor Bias | Not Used | Not Used

For structure see SET message above.
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MGMSG_MOT_SET_PMDTRACKSETTLEPARAMS 0x04EO0
MGMSG_MOT_REQ_PMDTRACKSETTLEPARAMS 0x04E1
MGMSG_MOT_GET_PMDTRACKSETTLEPARAMS 0x04E2
Function: Moves are generated by aninternal profile generator, and are based

on eitheratrapezoidal orS-curve trajectory. Amove is considered
complete when the profile generator has completed the calculated
move and the axis has 'settled'at the demanded position. This
command contains parameters which specify when the systemis
settled.

Further Information

The systemincorporates a monitoring function, which continuously indicates whether or not
the axis has ‘settled’. The ‘Settled’ indicatoris bit 14 in the Status Registerandisset when
the associated axisis settled. Note that the status bitis controlled by the processor, and
cannot be setor cleared manually.

The axisis consideredto be ‘settled’ when the following conditions are met:
* the axisisat rest (i.e. not performinga move),

* the error between the demanded position and the actual motor
positionislessthan orequal to a specified numberof encoder
counts (0 to 65535) set inthe SettleWnd parameter (Settle
Window),

* the above two conditions have been met foraspecified number of
cycles (settle time, 1cycle = 102.4 ps), setinthe SettleTime
parameter (range 0 to 32767).

The above settings are particularlyimportant when performing asequence of moves. If the
PID parameters are set such that the settle windowcannot be reached, the first move in the
sequence willnever complete, and the sequence will stall. The settle window and settle time
values should be specified carefully, based on the required positional accuracy of the
application. If positional accuracy is nota major concern, the settle time should be setto'0'.
In this case, a move will complete when the motion calculated by the profilegeneratoris
completed, irrespective of the actual position attained, and the settle parameters described
above will be ignored.

The processoralso providesa ‘trackingwindow’, which is used to monitorservo
performance outside the context of motion error. The trackingwindow is a programmable
position error limit within which the axis must remain, but unlike the position errorlimit set
inthe SetDCPositionLoopParams method, the axisis not stopped ifit movesoutside the
specified tracking window. This functionis useful for processes thatrely on the motor’s
correct tracking of a settrajectory withinaspecificrange. The tracking window may also be
used as an early warning for performance problems that do not yet qualify as motion error.

The size of the trackingwindow (i.e. the maximum allowable position error while remaining

withinthe tracking window) is specified in the TrackWnd parameter, in the range 0 to 65535.
If the position error of the axis exceeds this value, the Tracking Indicator status bit (bit 13) is
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setto 0 inthe Status Register. Whenthe position errorreturns to within the window
boundary, the status bitis setto 1.

SET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o [ 1+ | 2 | 3 ] 4 ] s 6 | 7 ] 8 | 9] 10 | 1
header Data
E0O [ 04 | oc [ o0 | dl | s Chanldent [  Time | SettleWindow
12 | 13 | 14 | 15 | 16 | 17
Data
Track Window | Not Used | Not Used

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Time The time that the associated axis must be settled beforethe | word

‘Settled’ status bitisset. Thetimeissetincycles, inthe
range 0 to 32767, 1 cycle = 102.4 ps.

Settle The positionerroris defined asthe errorbetween the word
Window demanded position and the actual motor position. This
parameter specifies the number of encodercounts (inthe
range 0 to 65535) that the position errormustbe lessthan
or equal to, before the axisis considered ‘settled’.

Track Window | The maximum allowable position error (inthe range 0 to word
65535) whilsttracking.
Not Used word
Not Used word
Example: Setthe track and settle parameters forchan 2 as follows:

Settle Time: 20%

Settle Window: 14%

Track Window: 100%
s

TX EO, 04, OC, 00, A2, 01, 01, 00, 00, 00, 14, 00, 00, 00, 00, 00, 00, 00, 00, 00

Header: EQ, 04, OC, 00, A2, 01: Set MotorOutputParams, OCH (12) byte data packet, Channel
2

Chan Ident: 01, 00: Channel 1(alwayssetto 1for BBD202)
Time: 00, 00: Set the Settle time to zero

Settle Window: 14, 00: Setthe settle window to 20 encoder counts
Track Window: 00, 00: Setthe track window to zero
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REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
E1 | 04 Chan | 00 d s
Ident
GET:
Response structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:
o | 1+ | 2 [ 3 ] a4 | s 6 | 7 | [ 9 [ 10 | 11
header Data
E2 [ o4 | oc | oo [ d| | s Chanldent | Time [ SettleWindow
12 | 13 | 14 | 15 | 16 | 17
Data

Not Used

TrackWindowl Not Used |

For structure see SET message above.

Page 104 of 372



Thorlabs APT Controllers

Host-Controller Communications Protocol

MGMSG_MOT_SET_PMDPROFILEMODEPARAMS
MGMSG_MOT_REQ_PMDPROFILEMODEPARAMS
MGMSG_MOT_GET_PMDPROFILEMODEPARAMS

Function:

SET:

Issue 24

0x04E3
0x04E4
0x04E5

The systemincorporates atrajectory generator, which performs
calculationsto determinethe instantaneous position, velocity and
acceleration of each axis at any given moment. Duringa motion
profile, thesevalues will change continuously. Once the move is
complete, these parameters will then remain unchanged until the

next move begins.

The specificmove profile created by the system depends on several
factors, such as the profile mode and profile parameters presently
selected, and other conditions such as whetheramotion stop has
beenrequested. This methodis usedto setthe profile mode to

either ‘Trapezoidal’ or ‘S-curve’.

Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

2 | 3 | 4 | 5 6 | 7 | 8 | 9 | 10

header

04 |

oc | oo | dl | s Chan Ident |

12 | 13 |

14 | 15 [ 16 | 17

Data

Jerk |

Not Used | Not Used

Data Structure:

field

description

format

Chan Ident

The channel beingaddressed

word

Mode

The move profile to be used:

Trapezoidal:0

S-Curve:2

The Trapezoidal profile is astandard, symmetrical
acceleration/deceleration motion curve, in which the start
velocityis always zero.

The S-curve profile isatrapezoidal curve with an additional
‘Jerk’ parameter, which limits the rate of change of
acceleration and smooths out the contours of the motion
profile. Inthis profilemode, the acceleration increases
gradually from 0 to the specified acceleration value, then
decreases atthe same rate until itreaches0 again at the
specified velocity. The same sequence in reverse brings the
axisto a stop at the programmed destination position.

word

Jerk

The Jerk value is specified in mm/s?in the Jerk parameter,
and acceptsvaluesinthe range 0 to 4294967295. Itis used
to specify the maximum rate of change in accelerationina
single cycle of the basictrapezoidal curve. 1.0mm/s®is
equal t0 92.2337 jerkunits.

dword

Not Used

word

Not Used

word
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Example: Setthe profile mode parametersforchan 2 as follows:
Profile Mode: S-curve
Jerk: 10,000 mm?

TXE3, 04, 0C, 00, A2, 01, 01, 00, 02, 00, E1, 12, OE, 00, 00, 00, 00, 00,

Header: E3, 04, OC, 00, A2, 01: Set ProfileModeParams, OCH (12) byte data packet, Channel
2.

Chan Ident: 01, 00: Channel 1 (alwayssetto 1for BBD202)

Profile Mode: 02, 00: Setthe profile mode toS-Curve

Jerk: E1, 12,0E, 00: Set the jerk value to 10,000 mm/sec3(i.e. 922337)

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
E4 | 04 Chan | 00 d s
Ident
GET:

Response structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o [ 2 [ 2 | 3] a4 ] s 6 | 7 ] 8 | 9 ] 10| 11
header Data
s | o4 | oc [ oo | dl | s Chanldent |  Mode | Jerk
12 | 13 | 14 | 15 | 16 | 17
Data
Jerk | Not Used | Not Used

For structure see SET message above.
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MGMSG_MOT_SET_PMDJOYSTICKPARAMS 0x04E6
MGMSG_MOT_REQ_PMDJOYSTICKPARAMS 0x04E7
MGMSG_MOT_GET_PMDJOYSTICKPARAMS 0x04ES8

Function: The MJCO01 joystick console has been designed for use by
microscopists to provide intuitive, tactile, manual positioning of the
stage. The console consists of a two axis joystick for XY control
which features both low and high gear modes. This message is used
to set max velocity and acceleration values forthese modes.

SET:

Command structure (26 bytes)
6 byte headerfollowed by 20 byte data packet as follows:

o | 1] 2 3 | a4 ] s 6 | 7 ] 8 | 9 | 10 ] 11
header Data
6 | 04 | 14 | oo | dl | s Chan Ident | JSGearLowMaxVel
12 | 13 | 14 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 [ 23
Data

JSGearHighMaxVel |

JSGearHighLowAccn | JSGearHighHighAccn

24 25
Data
DirSense

Data Structure:

field

description format

Chan Ident

The channel beingaddressed word

JSGearLowMaxVel

Specifies the max velocity (in encoder counts/cycle) of a
joystick move when low gear mode is selected. It
acceptsvaluesinthe range 0to 4294967295.

1 mm/secequals 134218 PMD units

long

JSGearHighMaxVel

Specifies the maxvelocity (in encoder counts/cycle) of a
joystick move when high gearmode is selected. It
acceptsvaluesinthe range 0to 4294967295.

1 mm /secequals 134218 PMD units

long

JSGearLowAccn

Specifiesthe acceleration (in encoder counts/cycle) of a
joystick move when low gear mode is selected. It
acceptsvaluesinthe range 0to 4294967295.

1 mm /sec? equals 13.7439 PMD units.

long

JSGearHighAccn

Specifiesthe acceleration (in encoder counts/cycle) of a
joystick move when high gearmode is selected. It
acceptsvaluesinthe range 0to 4294967295.

1 mm /sec? equals 13.7439 PMD units.

long

DirSense

The actual direction sense of any joystick initiated move | word
isdependentuponthe application. This parameter can
be usedto reverse the sense of direction fora particular
applicationandis useful when matchingjoystick
direction sense to actual stage direction sense.
DIRSENSE_POS 0X0001 Direction Positive

DIRSENSE_NEG 0X0002 DirectionNegative
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Example: Setthe joystick parameters for bay 2 as follows:
JSGearLowMaxVel: 1mm/sec
JSGearHighMaxVel: 10 mm/sec
JSGearLowAccn: 0.5 mm /sec?

JSGearHighAccn: 5.0 mm /sec?

DirSens: Positive

Issue 24

TXE6, 04, 14, 00, A2, 01, 01, 00, 4A, 0OC, 02, 00, E4, 7A, 14, 00, 07, 00, 00, 00, 46, 00, 00, 00,

01, 00

Header: E6, 04, 14, 00, A2, 01: SetPMDJoystickParams, 14H(20) byte data packet, bay 2.

Chan Ident: 01, 00: Channel 1(alwayssetto 1for BBD202)
JSGearlowMaxVel: 4A, OC, 02, 00 (134218)
JSGearHighMaxVel: E4, 7A, 14, 00 (1342180)
JSGearLowAccn: 07, 00, 00, 00 (7.0)

JSGearHighAccn: 46, 00, 00, 00 (70.0)

DirSens: 01, 00

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
E7 | 04 Chan | 00 d s
Ident
GET:

Response structure (26 bytes)
6 byte headerfollowed by 20 byte data packet as follows:

o [ 2 [ 2 | 3] a4 ] s 6 | 7 ] 8 | 9 | 10| 11
header Data
8 | 04 | 14 | oo | d| | s Chan Ident | JSGearLowMaxVel
12 | 13 | 14 | 15 [ 16 | 17 | 18 [ 19 | 20 [ 21 | 22 | 23
Data

JSGearHighMaxVel | JSGearHighLowAccn |

JSGearHighHighAccn

24 25
Data
DirSense

For structure see SET message above.
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MGMSG_MOT_SET_PMDCURRENTLOOPPARAMS 0x04D4
MGMSG_MOT_REQ_PMDCURRENTLOOPPARAMS 0x04D5
MGMSG_MOT_GET_PMDCURRENTLOOPPARAMS 0x04D6

Function:

SET:

Usedto set the current control loop parameters forthe specified
motor channel.

The motion processors within the BBD series controllers use digital
currentcontrol as a technique to control the current through each
phase winding of the motors. In this way, response times are
improved and motor efficiencyisincreased. Thisis achieved by
comparingthe required (demanded) current with the actual current
to create a currenterror, whichisthen passed through a digital PI-
type filter. The filtered current value is used to develop an output
voltage foreach motor coil.

This method sets various constants and limits for the current
feedbackloop.

Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o | 1 | 2 | 3 | 4 | 5 6 | 7 | 8 | 9 | 10 | 11
header Data
D4 | o4 [ 12 | o0 d| | s Chan Ident | Phase |  Kpcurrent
12 | 13 [ 14 | 15 16 | 17 [ 18 [ 19 | 20 | 21 | 22 | 23
Data
KiCurrent |ILimCurrent| DeadBand | KFf | Not Used | Not Used
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Phase The current phase to set: word
PHASEA 0
PHASEB 1
PHASEAANDB 2
KpCurrent The proportional gain. Together with the KiCurrent thisterm | word
determines the system response characteristics and accept
valuesinthe range O to 32767.
KiCurrent The integral gain. Togetherwith the KpCurrent thisterm word
determines the system response characteristics and accept
valuesinthe range 0 to 32767.
ILimCurrent The ILimCurrent parameteris used to cap the value of the word
Integratorto preventrunaway of the integral sum at the
output. It acceptsvaluesintherange 0 to 32767. If setto 0
thenthe integrationterminthe PIDloopis ignored.
IDeadBand The IDeadBand parameterallows anintegral dead band to word
be set, such that whenthe erroris within thisdead band,
the integral action stops, and the move is completed using
the proportional termonly. Itaccepts valuesinthe range 0
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to 32767.

Kff The Kff parameteris a feed-forward termthatisaddedto word
the output of the PID filterto assistin tuning the motor
drive signal. Itacceptsvaluesinthe range O to 32767.

Not Used word
Not Used word
Example: Setthe limitswitch parametersforchan 2 as follows:

Phase:Aand B
KpCurrent: 35
KiCurrent: 80
ILimCurrent: 32,767
DeadBand: 50
Kff:0

TX D4, 04, 12, 00, A2, 01, 01, 00, 02, 00, 23, 00, 50, 00, FF, 7F, 32, 00, 00, 00, 00, 00, 00, 00,

Header: D4, 04, 12, 00, A2, 01: Set_PMDCurrentLoopParams, 18 byte data packet, Channel
2.

Chan Ident: 01, 00: Channel 1(alwayssetto 1for BBD202)

Phase: 02, 00: SetPhase A and Phase B

KpCurrent: 23, 00,: Setthe proportional termto 35

KiCurrent: 50, 00,: Setthe integral termto 80

ILimCurrent: FF, 7F,: Set the integral limit to 32767

IDeadBand: 32, 00,: Set the deadband to 50

Kff:00, 00: Setthe feed forward value to zero

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

D8 | 04 Chan | 00 d s
Ident

GET:

Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o | 1 | 2 [ 3 [ 4 | s 6 | 7 | 8 | 9 [ 10 | 11
header Data
p6 | 04 [ 12 | o0 [ d] | s Chan Ident | Phase |  Kpcurrent
12 | 13 [ 14 [ 15 [ 16 [ 17 [ 18 | 19 [ 20 | 21 | 22 | 23
Data
KiCurrent | ILimCurrent| DeadBand | Kff | Not Used | Not Used

For structure see SET message above.
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MGMSG_MOT_SET_PMDSETTLEDCURRENTLOOPPARAMS 0x04E9
MGMSG_MOT_REQ_PMDSETTLEDCURRENTLOOPPARAMS 0x04EA
MGMSG_MOT_GET_PMDSETTLEDCURRENTLOOPPARAMS 0x04EB

Function:

SET:

These commands assistin maintaining stableoperation and
reducing noise atthe demanded position. They allow the system to
be tuned such that errors caused by external vibration and manual
handling(e.g.loading of samples) are minimized, and are applicable
onlywhenthe stage issettled, i.e. the Axis Settled status bit (bit 14)

isset.

Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o [ 1 [ 2 [ 3 [ 4 ] s 6 | 7 | 8 [ 9 [ 10| 1
header Data
9 | o4 | 12 ] oo [ dl | s Chan Ident | Phase | KpSettled
12 | 13 [ 14 | 15 [ 16 | 17 | 18 | 19 | 20 | 21 | 22 23
Data
Kisettled | ILimSettled | DeadBandSet | KifSettled | NotUsed | NotUsed
Data Structure:
field description format

Chan Ident The channel beingaddressed word

Phase The current phase to set: word
PHASEA 0
PHASEB 1
PHASEAANDB 2

KpSettled The proportional gain. Together with the KiSettled this word
term determinesthe system response characteristics and
accept valuesinthe range 0 to 32767.

KiSettled The integral gain. Togetherwith the KpSettled thisterm | word
determinesthe systemresponse characteristics and
accept valuesinthe range 0 to 32767.

ILimSettled The ILimSettled parameteris used to cap the value of the | word
Integratorto preventrunaway of the integral sum at the
output. It acceptsvaluesinthe range 0 to 32767. If setto
0 thentheintegrationterminthe PIDloopisignored.

IDeadBandSettled | The IDeadBandSettled parameterallows anintegral dead | word
bandto be set, such that whenthe error is within this
dead band, the integral action stops, and the move is
completed usingthe proportional termonly. It accepts
valuesinthe range 0 to 32767.

KffSettled The KffSettled parameterisafeed-forward termthatis word
addedto the output of the PIDfilterto assistintuning
the motor drive signal. It accepts valuesinthe range 0 to
32767.

Not Used word

Not Used word
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Example: Setthe limitswitch parametersforchan 2 as follows:
Phase:Aand B
KpSettled: 0
KiSettled: 40
ILimSettled: 30,000
DeadBandSettled: 50
KffSettled:500

TX E9, 04, 12, 00, A2, 01, 01, 00, 02, 00, 00, 00, 28, 00, 30, 75, 32, 00, F4, 01, 00, 00, 00, 00,

Header: D4, 04, 12, 00, A2, 01: Set_ PMDSettledCurrentLoopParams, 18 byte data packet,

Channel 2.

Chan Ident: 01, 00: Channel 1(alwayssetto 1for BBD202)
Phase: 02, 00: SetPhase Aand Phase B

KpCurrent: 00, 00,: Setthe proportional termto zero
KiCurrent: 28, 00,: Setthe integral termto 40

ILimCurrent: 30, 75,: Set the integral limitto 30,000
IDeadBand: 32, 00,: Set the deadband to 50

Kff: F4, 01: Setthe feed forward value to 500

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

D8 | 04 Chan | 00 d s
Ident

GET:

Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o | = ] 2 | 3 | a4 | s 6 | 7 | 8 | 9 | 10 | 11
header Data
EB [ o4 | 12 [ oo | dl [ s Chanldent |  Phase | KpSettled
12 | 13 | 14 | 15 | 16 [ 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
KiSettled | ILimSettled | DeadBandSet | KffSettled | Not Used | Not Used

For structure see SET message above.
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MGMSG_MOT_SET_PMDSTAGEAXISPARAMS
MGMSG_MOT_REQ_PMDSTAGEAXISPARAMS
MGMSG_MOT_GET_PMDSTAGEAXISPARAMS

Function:

SET:

Command structure (80 bytes)
6 byte headerfollowed by 74 byte data packet —see Get for structure

REQUEST:

Command structure (6 bytes):

Host-Controller Communications Protocol

Issue 24

0x04F0
0x04F1
0x04F2

The REQ and GET commands are used to obtain various parameters
pertainingtothe particularstage being driven. Most of these
parameters are inherentin the design of the stage and cannot be
altered. The SET command can only be used to increase the
Minimum positionvalueand decrease the Maximum position value,
thereby reducingthe overalltravel of the stage.

0 1 2 3 4
header only
F1| 04 Chan | 00 d S
Ident
GET:

Command structure (80 bytes)
6 byte headerfollowed by 74 byte data packet as follows:

o | 1+ [ 2 | 3 ] 4 | 5 6 | 7 | [ 10 | 11
header
F2 | o4 | an | o0 | d| | s ChanID | |  AxisID
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | | 22 | 23
Data
Part No/Axis
24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 33 | 34 | 35
Data
Part No/Axis | Serial Number | Counts per Unit
36 37 | 38 [ 39 [ 40 | 41 | 42 | 43 | | 46 | 47
Data
MinPos | Max Pos | Max Accn
48 | 49 | so [ s1 | 52 | 53 | s4 | s5 | 57 | s8 | 59
Data
Max Dec | Max Vel | | Reserved
60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | [ 70 | 71
Data
Reserved | Reserved | Reserved | Reserved
72| 3] 74 ] 75 76 | 77 | 78 | 79
Data
Reserved | Reserved
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Data Structure:
field description format
Stage ID This 2 byte parameteridentifies the stage and axis: word
00, 10 - MLS203_X_AXIS
00, 11 - MLS203_Y_AXIS
AxisID Notusedfor the BBD series controllers word
PartNoAxis A 16 byte character string used to identify the stage type char
and axis beingdriven.
SerialNum The Serial number of the stage dword
CntsPerUnit The number of encoder counts perreal world unit (either dword
mm or degrees).
MinPos The minimum position of the stage, typically zero long
MaxPos The maximum position of the stage in encoder counts long
MaxAccn The maximum acceleration of the stage in encoder counts long
percycle per cycle
MaxDec The maximum deceleration of the stage in encoder counts long
percycle per cycle
MaxVel The maximum velocity of the stage in encoder counts per long
cycle.
Reserved word
Reserved word
Reserved word
Reserved word
Reserved dword
Reserved dword
Reserved dword
Reserved dword
Example: Get the stage and axis parameters for chan 2:

RX F2, 04, 4A, 00, 81, 22, 01, 00, 11, 00, 00, 00, 4D,4C, 53, 32, 30, 33, 20, 59, 20, 41, 78, 69,
73, 00, 00, 00, 81, 96, 98, 00, 20, 4E, 00, 00, 00, 00, 00, 00, 60, E3, 16, 00, 60, 6B, 00, 0O, 60,
6B, 00, 00, 9A, 99, 99, 01, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 0O,
00, 00, 00, 00, 00, 00

Header: F2, 04, 4A, 00, 81, 22: Get_PMDStageAxisParams, 74 byte data packet,Bay 1.
Chan Ident: 01, 00: Channel 1 (alwayssetto 1for BBD202)

StagelD: 11, 00: MLS203 Y Axis

Axis ID: 00, 00,: Not used

PartNo Axis: 4D, 4C, 53, 32, 30, 33, 20, 59, 20, 41, 78, 69, 73, 00, 00, 00,:
MLS203 Y AXIS

SerialNum: 81, 96, 98, 00

CntsPerUnit 20, 4E, 00, 00: the encoder counts perunitis set to 20000
MinPos: 00, 00, 00, 00: the feed minimum positionissettozero
MaxPos: 60, E3, 16, 00: the maximum positionis setto 1500000
MaxAccn: 60, 6B, 00, 00: the maximum accelerationis setto 27488
MaxDec: 60, 6B, 00, 00: the maximum decelerationissetto 27488
MaxVel:9A, 99, 99, 01: the maximum velocityis set to 26843546
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MGMSG_MOT_SET_TSTACTUATORTYPE

Host-Controller Communications Protocol

Issue 24

0x04FE

This commandis for use only with the TST101 driver, andis used to
define an actuatortype so that the TST driver knows the effective
length of the stage. Thisinformationis usedif auserwishestohome
the stage to the far travel end. In this case, once the stage ishomed
the APT GUI count will be setto the far travel value. Forexample, in
the case of a ZFS25 the userwill see 25mm once homed. The TST
holds this value asa number of Trinamicmicrosteps, which will be a
function of the gearbox ratio, the lead screw pitch, and the motor
type. Sofor example the numberstoredinthe TSTforthe ZFS25is

Function:
54613333.

SET:
Command structure (6 bytes):

0 1 2 3 4 5

header only
FE | 04 Actuator | 00 s
Ildent

Actuatorldents:

ZST_LEGACY_6MM
ZST_LEGACY_13MM
ZST_LEGACY_25MM
ZST_NEW_6MM
ZST_NEW_13MM
ZST_NEW_25MM
ZFS_NEW_6MM
ZFS_NEW_13MM
ZFS_NEW_25MM
DRVO013_25MM
DRVO014_50MM

Example:

Setthe actuatortype to New ZFS 13 mm Travel:

Header: FE, 04, 31, 00, 50, 01:

0x20
0x21
0x22
0x30
0x31
0x32
0x40
0x41
0x42
0x50
0x51
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MGMSG_MOT_GET_STATUSUPDATE

0x0481

Function: This message isreturned when astatus update isrequested for the
specified motorchannel. Thisrequest can be used instead of
enablingregularupdates as described previously. Inthe BSCseries
controllers, each channelisseenas aseparate controllerwithits
ownserial numberand each card must be addressed separately.

GET:

Status update messages are received with the following format:-

Response structure (34 bytes)
6 byte headerfollowed by 28 byte data packet as follows:

o [ 1 [ 2 ] 3 [ 4 | s 6 | 7 | 8 | 9 | 10 11
header Data
81 | o4 [ 1c | oo | d| | s Chan Ident1 | Position
12 | 13 ] 14 | 15 [ 16 [ 17 | 18 | 19 | 20 [ 21
Data

EncCount | Status Bits | Chan ldent 2

22 | 23 | 24 | 25 | 26 [ 27 | 28 | 29 [ 30 | 31 [ 32 | 33
Data
For Future Use | For Future Use | For Future Use

Data Structure:

field description format

Chan Ident The channel beingaddressedis always P_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)

Position The position encoder count. Inthe APT Stepper Motor long
controllersthe encoderresolution is 25,600 or 409600
counts per mm depending onthe controller. Thereforea
position change of 1 mm would be seen as this parameter
changing by 25,600 or 409600. The LONG variableisa 32 bit
value, encodedin the datastreamin the Intel format.

EncCount For use with encoded stagesonly. long
Status Bits The meaningofindividual bitsin this 32-bitvariable is dword
described inthe bit mask table below (1= active,0=

inactive).
All remaining bytes are for future use and should be ignored
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Example: Get the status update:
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81, 04, 1C, 00, 81, 50, 01, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 0O,

00, 00,

Header: 81, 04, 1C, 00, 81, 50: Get_StatusUpdate, 28 byte data packet,

Chan Ident: 01, 00: Channel 1 (alwayssetto 1 for BSC20X)

Position: 00, 00, 00, 00:

Enc Counts: 00, 00, 00, 00: Only used with encoded stages
Status Bits: 00, 00, 00, 00, See below for details,:

All remaining bytes are ignored

Status Bits

bit mask

0x00000001
0x00000002
0x00000004
0x00000008
0x00000010
0x00000020
0x00000040
0x00000080
0x00000100
0x00000200
0x00000400
0x00001000

meaning

forward (CW) hardware limit switch is active
reverse (CCW) hardware limit switchis active
forward (CW) software limit switch is active
reverse (CCW) software limit switch is active
in motion, moving forward (CW)

in motion, movingreverse (CCW)

in motion, jogging forward (CW)

inmotion, joggingreverse (CCW)

motor connected

inmotion, homing

homed (hominghas been completed)
interlock state (1= enabled)

Thisis notfull list of all the bits but the remaining bits reflectinformation about the state of
the hardware that in most cases does not affect motion.

MGMSG_MOT_REQ_STATUSUPDATE

Function:

REQUEST:

0x0480

Used to request a status update for the specified motorchannel.
Thisrequest can be used instead of enabling regularupdates as

described above.

Command structure (6 bytes):

0 1 2 3 4 5
header only
80 | 04 Chan | 00 d S
Ident
GET:

See previous detailson MGMSG_MOT GET STATUSUPDATE 0x0481.
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MGMSG_MOT_GET_DCSTATUSUPDATE 0x0491

Function: This message isreturned when astatus update isrequested for the
specified motorchannel. Thisrequest can be used instead of
enablingregularupdates as described above.

GET:
Status update messages are received with the following format:-

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1+ [ 2 ] 3 ] a | s 6 | 7 | 8 | 9 [ 10 ] 1n1
header Data
91 | 04 | o [ o0 [ dl [ s Chan Ident | Position
12 [ 13 | 14 [ 15 | 16 | 17 | 18 [ 19
Data
Velocity | Reserved | Status Bits

Data Structure:

field description format
Chan Ident The channel beingaddressedisalwaysP_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
Position The position encoder count. Inthe BBD10X series long

controllersthe encoder resolution is 20,000 counts per mm,
therefore a position change of 1 mm would be seen as this
parameter changing by 20,000 (twenty thousand). The
LONG variableisa 32 bitvalue, encoded in the datastream
inthe Intel format, so forexample aposition of 1 million
encodercounts (equivalentto 50 mm) would be sentas
byte stream 0x40, 0x42, 0xOF, 0x00 since 1 millionis
hexadecimal 0xF4240.

Velocity The actual velocity. Scalingis 204.8 per mm/sec, so a real- word
life measured speed of 100 mm/secis read as 205. Again,
the two-byte datastream will be encoded in the Intel

format.
Reserved Currently Not Used Word
Status Bits The meaningofindividual bitsin this 32-bitvariable is dword

describedinthe bit mask table below

bit mask meaning

0x00000001 forward hardware limit switchis active
0x00000002 reverse hardware limit switchis active
0x00000010 in motion, moving forward
0x00000020 in motion, moving reverse

0x00000040 inmotion, jogging forward
0x00000080 in motion, joggingreverse

0x00000200 inmotion, homing
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0x00000400 homed (hominghas been completed)
0x00001000 tracking

0x00002000 settled

0x00004000 motion error (excessive position error)
0x01000000 motor currentlimitreached
0x80000000 channelisenabled

Thisis notfull list of all the bits but the remaining bits reflectinformation about the state of
the hardware that in most cases does not affect motion.

MGMSG_MOT_REQ_DCSTATUSUPDATE 0x0490

Function: Used to request a status update for the specified motorchannel.
Thisrequestcan be usedinstead of enablingregular updates as
described above.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
90 | 04 Chan | 00 d s
Ident
GET:

See previous detailson MGMSG_MOT GET DCSTATUSUPDATE 0x0491.

MGMSG_MOT_ACK_DCSTATUSUPDATE 0x0492

Only Applicable If Using USB COMMS. Does not applyto RS-232 COMMS

Function: If using the USB port, this message called “serveralive” must be sent
by the serverto the controlleratleast once a second or the
controllerwill stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) anditif has sent 50 of
these withoutthe serversendinga"serveralive" message, it will
stop sending any more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
9204 Joo Joo [d s

TX 92, 04, 00, 00, 21, 01
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MGMSG_ MOT_REQ_STATUSBITS 0x0429

MGMSG_ MOT_GET_STATUSBITS 0x042A

Function: Usedto requesta “cut down” version of the status update message,
only containing the status bits, without data about position and
velocity.

SET: N/A

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
29 | 04 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7 [ 8 | 9 | 10| 11
header Data
2A | o4 | o6 | o0 | d| | s Chan Ident | Status Bits

Data Structure:

field description format
Chan Ident The channel beingaddressed Word
Status Bits The status bits are assigned exactly as described in the DWord
section detailingthe MGMSG_MOT_GET_DCSTATUSUPDATE
command.
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MGMSG_ MOT_SUSPEND_ENDOFMOVEMSGS 0x046B

Function: Sentto disable all unsolicited end of move messages and error
messages returned by the controller, i.e.

MGMSG_MOT_MOVE_STOPPED

MGMSG_MOT_MOVE_COMPLETED
MGMSG_MOT_MOVE_HOMED

Command structure (6 bytes):

0 1 2 3 4 5
header only
6804 oo Joo [d [s
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MGMSG_ MOT_RESUME_ENDOFMOVEMSGS 0x046C

Function: Sentto resume all unsolicited end of move messages and error
messages returned by the controller, i.e.

MGMSG_MOT_MOVE_STOPPED
MGMSG_MOT_MOVE_COMPLETED
MGMSG_MOT_MOVE_HOMED

The command also disables the error messages that the controller
sendswhenan error conditionsis detected:

MGMSG_HW_RESPONSE
MGMSG_HW_RICHRESPONSE

Thisis the default state when the controlleris powered up.

Command structure (6 bytes):

0 1 2 3 4 5
header only
6|04 [oo [o0o [d s
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MGMSG_MOT_SET_TRIGGER 0x0500
MGMSG_MOT_REQ_TRIGGER 0x0501
MGMSG_MOT_GET_TRIGGER 0x0502
Function: This message is used to configure the Motor controllerfortriggered

SET:

move operation. Itis possible to configure a particular controllerto
respondtotriggerinputs, generate trigger outputs orbothrespond
to and generate atrigger output. When a triggerinputisreceived,
the unitcan be setto initiate amove (relative, absolute orhome).
Similarly the unitcan be setto generate atrigger outputsignal when
a specified event (e.g move initiated) occurs. Forthose units
configured forbothinputand outputtriggering, amove can be
initiated viaatriggerinput while atthe same time, atrigger output
can be generatedtoinitiatea move on another unit.

The triggersettings can be used to configure multipleunitsina
master— slave set up, thereby allowing multiple channels of motion
to be synchronized. Multiple moves can then be initiated viaasingle
software or hardware trigger command.

Command structure (6 bytes):

0 1 2 3 4 5
header only

00 | 05 Chan | Mode | d s
Ident

Note. This message operates differently when used with brushless DC controllers (e.g.
BBD20x and TBD001) as opposed to other motor controllers as describedin the following

paragraphs.

All benchtop stepper controllers (BSC20x,)

field description format
Chan Ident The channel beingaddressed char
Mode This parametersetsthe trigger mode and move type to be char

initiated accordingtothe numerical value enteredin bits 0 to
7 as follows
Bit 0 (0x01): TRIGIN_ENABLE set to enable physical trigger

input

Bit 1 (0x02): TRIGOUT_ENABLE setto enable trigger output
function (mode set by BIT2 or BIT3 below)

Bit 2 (0x04): TRIGOUT_MODEFOLLOW setto enable physical
triggeroutputto mirrortrigin

Bit 3 (0x08): TRIGOUT_MODEMOVEEND setto enable

physical trigger output, remains active (high) until move end
Bit 4 (0x10): TRIG_RELMOVE setfor relative move ontrigger
Bit 5 (0x20): TRIG_ABSMOVE set for absolute move on
trigger

Bit 6 (0x40): TRIG_HOMEMOVE setfor home sequence on
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trigger

Bit 7 (0x80): TRIGOUT_NOTRIGIN setto enable physical
trigger output with no physical triggerin (i.e. swinitiated
trigger)

Brushless DC controllers only (BBD20x and TBD001)

field description format
Chan Ident The channel beingaddressed char
Mode This parametersetsthe trigger mode and move type char
accordingto the numerical value entered in bits0to 7 as
follows

Bit 0 (0x01): TRIGIN_HIGH The Triggerinputcan be
configuredtoinitiate arelative, absolute orhominghome,
eitherontherisingor falling edge of the signal drivingit. As
the triggerinputis edge sensitive, itneedstosee alogicLOW
to HIGH transition ("risingedge") ora logicHIGH to LOW
transition ("falling edge") forthe move to be started.
Additionally, the move parameters must be downloaded to
the unit prior to the move using the relevant relative move
or absolute move methods as described below. A move
alreadyin progress will not be interrupted; therefore
external triggering will not work until the previous move has
beencompleted. If this bitis set, the logicstate is set HIGH.
Bit 1 (0x02): TRIGIN_RELMOVE setto enable triggerinand
initiate arelative move (specified using the latest
MoveRelative or MoveRelativeEx settings) when a trigger
inputsignal isreceived.

Bit 2 (0x04): TRIGIN_ABSMOVE setto enable triggerinand
initiate an absolute move (specified using the latest
MoveAbsolute or MoveAbsoluteEx settings) when atrigger
inputsignalisreceived.

Bit 3 (0x08): TRIGIN_HOMEMOVE set to enable triggerinand
initiate ahome move (specified using the latest MoveHome
settings) whan atriggerinputsignal is received.

Bit 4 (0x10): TRIGOUT_HIGH The Triggeroutputcan be
configured to be asserted to eitherlogicHIGHor LOW as a
function of certain motion-related conditions, such aswhen a
move isin progress (In Motion), complete (Move Complete)
or reaches the constantvelocity phase onits trajectory (Max
Vel). The logicstate of the output will remain the same foras
long as the chosen conditionis true. If this bitis set, the logic
state is set HIGH when the following conditions are true.

Bit 5 (0x20): TRIGOUT_INMOTION setto enable triggerout
(triggered whenin motion)

Bit 6 (0x40): TRIGOUT_MOTIONCOMPLETE setto enable
triggerout (triggered when motion complete)

Bit 7 (0x80): TRIGOUT_MAXVELOCITY setto enable trigger
out (triggered when axis at maximum velocity)
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Example: Setthe trigger mode forchannel 1 of the BBD201 controlleras

follows:

Trigger Input Rising Edge (High)

Enable triggerinputandinitiate a Relative Move
Trigger Output Rising Edge (High)

Enable trigger output when move complete.

TX 00, 05, 01, 53, 50, 01

00,05 SET_TRIGGER

01, Channel 1

53, i.e. 01010011

50, destination Generic USB device
01, Source PC

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
01 | 05 Chan | 00 d s
Ident
Example: Requestthe trigger mode

TX 01, 05, 01, 00, 50, 01

GET:
Response structure (6 bytes):

0 1 2 3 4 5

header only

02 | 05 Chan | Mode | d s
Ident

For structure see SET message above.
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MGMSG_MOT_SET_KCUBEMMIPARAMS
MGMSG_MOT_REQ_KCUBEMMIPARAMS
MGMSG_MOT_GET_KCUBEMMIPARAMS

This message is applicable only to KST101, KDC101 and KBD101 units

Function:

SET

Issue 24

0x0520
0x0521
0x0522

This message is used to configure the operating parameters of the

top panel wheel (Joystick).

Command structure (34 bytes)
6 byte headerfollowed by 28 byte data packet.

| 3 | 4 | s 6 | 7 | 8 | 9 | 10

11

header Data

20 | o5 [ 1c | oo | d [ s Chanldent | JSMode | JSMaxVel

12 | 13 | 14 | 15 | 16 [ 17 | 18 | 19 [ 20 | 21 | 22

23

JSAccn | DirSense | PreSetPos1

24 | 25 | 26 | 27 | 28 [ 29 | 30 | 31 | 32 | 33

Data

PreSetPos2 |DispBrightness| DispTimeout | DispDimLevel

Data Structure:

field

description

format

Chan Ident

The channel beingaddressedisalwaysP_MOD_CHAN1
(0x01) encoded as a 16-bit word (0x01 0x00)

word

JSMode

This parameterspecifies the operating mode of the
wheel/joy stick as follows:

1 Velocity Control Mode - Deflectingthe wheelstartsa
move with the velocity proportional to the deflection. The
maximum velocity (i.e. velocity corresponding to the full
deflection of the joystick wheel) and acceleration are
specifiedinthe MaxVel and MaxAccn parameters.

2 Jog Mode - Deflectingthe wheelinitiates ajog move,
usingthe parameters specified by the SetJogStepSizeand
SetJogVelParams methods. Keeping the wheel deflected
repeatsthe move automatically after the current move has
completed.

3 Go To Position Mode - Deflectingthe wheel startsamove
fromthe current positionto one of the two predefined
“teach” positions. The teach positions are specified in
number of stepsfromthe home positioninthe PresetPosl
and PresetPos2 parameters.

word

JSMaxVel

The max velocity of amove initiated by the top panel
velocity wheel.

long

JSAccn

The max acceleration of amove initiated by the top panel
velocity wheel

long
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DirSense This parameterspecifies the direction of amove initiated by | word
the velocity wheelas follows:

0 Wheelinitiated movesare disabled. Wheelused for
menuingonly.

1 Upwards rotation of the wheel resultsin apositive
motion (i.e.increased position count).

The following option applies only whenthe JSMode is set to
Velocity Control Mode (1). If setto Jog Mode (2) or Go to
Position Mode (3), the following optionisignored.

2 Upwards rotation of the wheel resultsin anegative
motion (i.e. decreased position count).

PresetPosl The preset position 1when operatingin go to position long
mode, measured in position steps from the home position.

PresetPos2 The preset position 2when operatingin go to position long
mode, measured in position steps from the home position.

DispBrightness | In certainapplications, it may be necessary to adjust the word

brightness of the LED display onthe top of the unit. The
brightnessissetasa value from 0 (Off) to 100 (brightest).
The display can be turned off completely by entering a
setting of zero, however, pressingthe MENU button on the
top panel will temporarily illuminate the display atits
lowest brightness setting to allow adjustments. When the
display returnstoits default position display mode, it will
turn off again.

DispTimeout | 'Burn In'of the display canoccur ifit remainsstaticfora word
longtime. To preventthis, the display is automatically
dimmed afterthe time interval specified in the DispTimeout
parameter has elapsed. Setin minutesinthe range 0 (never
dimmed) to 480.

The dim level issetinthe DispDimLevel parameter below.

DispDimLevel | Thedim level, asavalue from 0 (Off) to 10 (brightest) butis | word
alsolimited by the DispBrightness parameter.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
21 ] 05 Chan | 00 d s
Ident
Example: Requestthe settings forthe top panel wheel

TX 21, 05, 01, 00, 50, 01

GET:
Response structure (6 bytes):

o | 1+ [ 2 ] 3 ] a | s 6 | 7 | 8 | 9 [ 10 ] 11
header Data
22 | o5 [ 1c [ oo | d [ s Chanldent | JSMode [ JSMaxVel
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12 | 13 ] 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
JSMaxVel | JSAccn | DirSense | PreSetPos1
24 | 25 | 26 | 27 | 28 | 29 | 30 [ 31 | 32 33
Data
PreSetPos2 | DispBrightness | DispTimeout | DispDimLevel

For structure see SET message above.
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MGMSG_MOT_SET_KCUBETRIGIOCONFIG 0x0523
MGMSG_MOT_REQ_KCUBETRIGCONFIG 0x0524
MGMSG_MOT_GET_KCUBETRIGCONFIG 0x0525

This message is applicable only to KST101, KDC101 and KBD101 units

Function:

The K-Cube motor controllers have two bidirectional trigger ports
(TRIG1 and TRIG2) that can be used to read an external logicsignal
or outputa logiclevel to control external equipment. Either of them
can be independently configuredasaninputor an outputand the
active logicstate can be selected High or Low to suitthe
requirements of the application. Electrically the ports output 5Volt
logicsignals and are designed to be drivenfroma5 Voltlogic.
When the port is usedinthe input mode, the logiclevelsare TTL
compatible,i.e.avoltage levellessthan 0.8 Volt will be recognised
as alogicLOW and a level greaterthan 2.4 Voltasa logicHIGH. The
input contains a weak pull-up, so the state of the input with nothing
connected will defaultto alogic HIGH. The weak pull-up feature
allows a passive device, such as a mechanical switch to be
connecteddirectly totheinput.

Whenthe port is used as an outputit provides apush-pull drive of 5
Volts, with the maximum current limited to approximately 8 mA.
The current limit prevents damage when the outputis accidentally
shorted to ground or driven to the opposite logicstate by external
circuity.

Warning: do not drive the TRIG ports from any voltage source that can produce an outputin
excessofthe normal 0to 5 Voltlogiclevel range. In any case the voltage at the TRIG ports
must be limited to-0.25 to +5.25 Volts.

SET

Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet.

o [ 1+ [ 2] 3 T a4 T s 6 | 7 | 8 | 9 [ 10 ] 11
header Data
23 | o5 [ oc [ oo [ d [ s ChanIdent | TrigIMode [ TriglPolarity
12 [ 13 14 | 15 16 | 17
Data
Trig2Mode Trig2Polarity Reserved

Data Structure:

field description format
Chan Ident The channel beingaddressedisalwaysP_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
TriglMode TRIG1 operating mode word
TriglPolarity | The active state of TRIG1 (i.e.logichigh orlogiclow)|. word
Trig2Mode TRIG2 operating mode word
Trig2Polarity | The active state of TRIG2 (i.e.logichigh orlogiclow) word
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Input Trigger Modes
When configured as an input, the TRIG ports can be used as a general purpose digital input,
or for triggering arelative, absolute orhome move as follows:

0x00 The triggerlOis disabled

0x01 General purpose logicinput (read through status bits usingthe
MOT_GET_STATUSBITS message).

0x02 Inputtriggerforrelative move.

0x03 Inputtriggerforabsolute move.

0x04 Inputtriggerforhome move.

When used for triggeringa move, the portis edge sensitive. In other words, ithasto see a
transition fromthe inactive to the active logicstate (Low->High or High->Low) for the trigger
inputto be recognized. Forthe same reason a sustained logiclevelwillnot triggerrepeated
moves. The triggerinput hasto returnto its inactive state firstin orderto start the next
trigger.

Output Trigger Modes

When configured as an output, the TRIG ports can be used as a general purpose digital
output, or to indicate motion status orto produce a trigger pulse at configurable positions as
follows:

O0x0A General purpose logicoutput (set usingthe MOD_SET DIGOUTPUTS message).
0xOB Triggeroutputactive (level)when motor'in motion'. The output trigger goes high (5V)
orlow (0V) (as setinthe ITriglPolarity and ITrig2Polarity parameters) when the stage isin
motion.

0x0C Triggeroutputactive (level) when motor at 'max velocity'.

0xOD Triggeroutputactive (pulsed) at pre-defined positions moving forward (set using
StartPosFwd, IntervalFwd, NumPulsesFwd and PulseWidth parametersin the
SetKCubePosTrigParams message). Only one Trigger port at a time can be setto thismode.
OxOE Trigger outputactive (pulsed) at pre-defined positions moving backwards (set using
StartPosRev, IntervalRev, NumPulsesRev and PulseWidth parametersinthe
SetKCubePosTrigParams message). Only one Trigger port at a time can be setto thismode.
OxOF Triggeroutputactive (pulsed) at pre-defined positions moving forwards and
backward. Only one Trigger port at a time can be setto this mode.

Trigger Out Position Steps

In the lastthree modes described above, the controller outputs a configurable number of
pulses, of configurable width, when the actual position of the stage matches the position
values configured as the Start Position and Position Interval - see SetKCubePosTrigParams
message. These modes allow external equipmentto be triggered at exact position values.
The position pulses are generated by dedicated hardware, allowing avery low latency of less
than 1 usec. The low latency of this triggering mode provides avery precise indication of a
position match (assuming astage velocity of 10 mm/sec, the less than 1 usec latency would
initself only resultina 10 nm position uncertainty, which is normally well below the
accuracy limitations of the mechanics.)
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Using the lastthree modes above, position triggering can be configured to be unidirectional
(forward or reverse only) or bidirectional (both). In bidirectional mode the forward and
reverse pulse sequences can be configured separately. A cycle count setting (setinthe
SetKCubePosTrigParams message, INumCycles parameter) allows the uni- or bidirectional
position triggering sequence to be repeated anumber of times.

Position
A

PoslIntervalFwd
15mmf- — — — R
12 mm / ‘ Fas2Ewd @ _Pos1Rev

7St§‘tP€sR7ev% 7777777777
M0mm|i- — — — " — ®

StartPosFwd Post Fwd ‘ :
|
I |
\
| | %
| ‘ -
| ‘ ! Time
|
Trig Voltage | : ‘
| |
| | \
5v
ov _
Time

Example fora move from 0 to 20 mm and back.

In forward direction: The first trigger pulse occurs at 10 mm (StartPosFwd), the next trigger
pulse occurs afteranother5 mm (PosIntervalFwd), the stage then movesto 20 mm.

In reverse direction: The nexttrigger occurs when the stage getsto 12 mm.

Please note that position triggering can only be used on one TRIG port at a time, asthere is
only one set of position trigger parameters.

The operation of the positiontriggeringmode is described in more detail inthe
SetKCubePosTriggerParams method.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
24 1 05 Chan | 00 d s
Ident
Example: Requestthe settings forthe top panel wheel

TX 24, 05, 01, 00, 50, 01
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GET:
Response structure (18 bytes):
6 byte headerfollowed by 12 byte data packet.

o | 1 [ 2 [ 3 [ 4 [ s 6 | 7 | 8 [ 9 [ 10 | 11
header Data
25 | os [ oc | oo | d [ s Chanldent | TrigiMode | TriglPolarity
12 | 13 14 | 15 16 | 17
Data
Trig2Mode Trig2Polarity Reserved

For structure see SET message above.
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MGMSG_MOT_SET_KCUBEPOSTRIGPARAMS 0x0526
MGMSG_MOT_REQ_KCUBEPOSTRIGPARAMS 0x0527
MGMSG_MOT_GET_KCUBEPOSTRIGPARAMS 0x0528

This message is applicable only to KST101, KDC101 and KBD101 units

Function: The K-Cube motor controllers have two bidirectional trigger
ports (TRIG1 and TRIG2) that can be set to be used as input or
output triggers. This method sets operating parameters used
when the triggering mode is set to a trigger out position steps
mode by calling the SetKCubeTriglOConfig message.

As soon as position triggering is selected on either of the TRIG ports, the port will

assert the inactive logic state. As the stage moves inits travel range and the actual

position matches the position setin the StartPosFwd parameter, the TRIG port will
output its active logic state. The active state will be output for the length of time
specified by the PulseWidth parameter, then return to its inactive state and schedule
the next position trigger point at the "StartPosFwd value plus the value setin the
fPosIntervalFwd parameter. Thus when this second position is reached, the TRIG
output will be asserted to its active state again. The sequence is repeated the
number of times setin the NumPulsesFwd parameter.

When the number of pulses setin the NumPulsesFwd parameter has been

generated, the trigger engine will schedule the next position to occur at the position

specified in the StartPosRev parameter. The same sequence as the forward direction
is now repeated in reverse, except that the PosintervalRev and NumPulsesRev
parameters apply. When the number of pulses has been output, the entire forward-
reverse sequence will repeat the number of times specified by NumCycles

parameter. This means that the total number of pulses output will be NumCycles x

(NumPulsesFwd + NumPulsesRev).

Once the total number of output pulses have been generated, the trigger output will
remain inactive.

When a unidirectional sequence is selected, only the forward or reverse part of the
sequence will be activated.
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Position
A

PoslIntervalFwd
15mmf- — — = — - - — e
12mm| _ _ _ - / Pos2 Fwd @ _Pos1Rev
StartPosRev

R
M0mm|i- — — — " —

L)
StartPosFwd Pos1 Fwd

| \

\
\

\
\

|
T
| ‘ Time

\
\

\
\

\
| \

Trig Voltage
5V
ov -
Time

Example for a move from 0 to 20 mm and back.

In forward direction: The first trigger pulse occurs at 10 mm (StartPosFwd), the next
trigger pulse occurs after another 5 mm (PosIntervalFwd), the stage then moves to
20 mm.

In reverse direction: The next trigger occurs when the stage gets to 12 mm.

Note that the position triggering scheme works on the principle of always triggering
at the next scheduled position only, regardless of the actual direction of movement.
If, for example, a position trigger sequence is set up with the forward start position
at 10 mm, but initially the stage is at 15 mm, the first forward position trigger will
occur when the stage is moving in the reverse direction. Likewise, if the stage does
not complete all the forward position trigger points, the reverse triggering will not
activate at all. For normal operation it is assumed that all trigger points will be
reached during the course of the movement.
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SET
Command structure (40 bytes)
6 byte headerfollowed by 34 byte data packet.
o [ v | 2 | 3 [ 4 | s 6 | 7 ] 8 | 9 | 10 | 1
header Data
26 | o5 | 22 [ oo | d [ s Chan Ident | StartPosFwd
12 [ 13 | 14 [ 15 | 16 [ 17 | 18 | 19 | 20 [ 21 | 22 [ 23
Data
Interval Fwd | NumPulsesFwd | StartPosRev
24 | 25 | 26 | 27 | 28 [ 29 | 30 [ 31 [ 32 | 33 | 34 | 35
Data
IntervalRev | NumPulsesRev | PulseWidth
36 | 37 | 38 [ 39
Data
NumCycles
Data Structure:
field description format
Chan Ident The channel beingaddressedisalways P_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
StartPosFwd- | When movingforward, thisisthe stage position [in position | long
counts- encodercounts or microsteps] tostartthe
triggering sequence.
IntervalFwd When movingforward, thisisthe interval [in position long
counts - encoder counts or microsteps] at which to output
the triggerpulses.
NumPulsesFwd | Number of output pulses during aforward move. long
StartPosRev - When moving backwards, thisis the stage position [in long
position counts - encoder counts or microsteps] to start the
triggering sequence.
IntervalRev When moving backwards, thisis the interval [in position long
counts - encoder counts or microsteps] at which to output
the triggerpulses.
NumPulsesRev | Number of output pulses duringa backwards move. long
PulseWidth Triggeroutput pulse width (from 1 us to 1000000 ps). long
NumCycles Number of forward/reverse move cycles. long
REQ:

Command structure (6 bytes):

0 1 2 3 4 5
header only
27 | 05 Chan | 00 d S
Ident
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Example: Requestthe settings forthe top panel wheel
TX 27, 05, 01, 00, 50, 01
GET:
Response structure (40bytes):
6 byte headerfollowed by 34 byte data packet.
o | 1+ [ 2 ] 3 ] a | s 6 7 | | | 9 [ 10 | 11
header Data
28 | o5 | 22 [ oo | d [ s Chan Ident | | StartPosFwd
12 [ 13 | 14 [ 15 | 16 [ 17 | 18 19 | | [ 22 [ 23
Data
Interval Fwd | NumPulsesFwd | StartPosRev
24 | 25 [ 26 [ 27 | 28 | 29 | 30 38 | 32 | 33 [ 3 [ 35
Data
IntervalRev | NumPulsesRev | PulseWidth

36 | 37 | 38 | 39

Data

Interval Fwd

For structure see SET message above.
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MGMSG_MOT_SET_KCUBEKSTLOOPPARAMS
MGMSG_MOT_REQ_KCUBEKSTLOOPPARAMS
MGMSG_MOT_GET_KCUBEKSTLOOPPARAMS

This message is applicable only to KST101 and BSC20X units

Issue 24

0x0529
0x052A
0x052B

Function:

SET:

Used to set the position control loop parametersforthe specified
motor channel.

The motion processor within the controlleruses a position control
loop to determine the motor command output. The purpose of the
positionloop isto match the actual motor positionand the
demanded position. Thisis achieved by comparingthe demanded
position with the actual positionto create aposition error, whichis
then passed through a digital PID-type filter. The filtered value is the
motor command output.

Command structure (36 bytes)
6 byte headerfollowed by 30 byte data packet as follows:

o [ 1 [ 2 ] 3 ] 45 6 [ 7 | 8 ] 9 | 10 ] 11 [ 12 [ 13
header Data
29 | o5 [ 1 [ oo | d|l | s Chan Ident | LoopMode | Prop
14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
Data
Int | Diff | PIDClip
26 | 27 | 28 | 29 | 30 | 31 ] 32 | 33 [ 34 35
Data
PIDTol | EncoderConst | Not Used
Data Structure:
field description format
Chan Ident The channel beingaddressed word
LoopMode Sets Open or Closed Loop as follows word
1 Open Loop 2 Closed Loop
Prop The proportional gain. Together with the Integral and long
Differential, these terms determine the systemresponse
characteristics and accept valuesinthe range 0 to 16777216.
Int The integral gain. Together with the Proportionaland long
Differential, these terms determine the system response
characteristics and accept valuesinthe range 0 to 16777216.
Diff The differential gain. Together with the Proportional and long
Integral, these terms determine the system response
characteristics and accept valuesin the range 0 to 16777216.
PIDClip The PIDClip parameteris usedto cap the value of the PID long
loop to prevent runaway at the output. It acceptsvaluesin
the range 0to 16777216. Ifset to Othenthe outputof the
PID loopisignored.

Page 137 of 372




Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

PIDTol Value below which the output of PID generatoris effectively | long
deemedtobe zeroto avoid continual cycle about set point

EncoderConst | Thisis a conversion factor from Encoder counts to DWord
microsteps. If setto 0, then noencoderisfitted to the stage.

Example: Setthe PID parameters as follows:
Loop Mode: Closed Loop
Prop: 20000
Int: 1000
Diff: 100
PIDClip: 100,000
PidTol: 200
EncoderConst: 4292282941 (see note below

TX 29, 05, 1E, 00, DO, 01, 01, 00, 02, 00, 20, 4E, 00, 00, E8, 03, 00, 00, 64, 00, 00, 00, 00, E1,
F5, 05, C8, 00, 00, 00, C3, F5. 28, 00, 00, 00

Header: 25, 09, 1E, 00, DO, 01: Set_KCubeKSTLoopParams, 30 byte data packet, Generic USB
Device.

Chan Ident: 01, 00: Channel 1(alwayssetto 1 for BSC201)

LoopMode: 02,00 : Closed Loop

Prop: 20, 4E, 00, 00: Set the proportional term to 20000

Int: E8, 03,: Setthe integral term to 1000

Diff: 64, 00,: Set the differential termto 100

PIDClip: 00, E1, F5, 05,: Setthe integral limitto 100,000,000

PIDTol: C8, 00, 00, 00

EncoderConstl: C3, F5, 28, 00, : Set the Enccoder Constantto 4292282941.

Note. Calculating the EncoderConst Value
Each stage hasa specificconstantfor converting encoder counts to microsteps. Forthe
LNR50SE stage, thisvalue is 4292282941.

For example
Encoderresolution=100 nm
Stepperresolution =409600 microsteps/turn/mm
=2.44 nmper step
Therefore no. of pusteps perencodercount= 100 nm/2.44 = 40.96.

The chip inside the controlleruses 16.16 bit format, where 16 bits representthe integerand
16 bit are for the fraction.

Interger part 40 = Hex28 = 0X0028
Fraction part 0.96/1/65536 = 62914.56 = F5C3
Therefore EncoderConst value =0028F5C3

For negative values, we must find the 2s compliment value...

28F5C3 = 0000 0000 0010 1000.1111 0101 1100 0011
2s comp = 1111 1111 1101 0111.0000 1010 0011 1100 +1
= FFD7.0A3D
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
2A | 05 Chan | 00 d s
Ident
GET:

6 byte headerfollowed by 30byte data packet as follows:

Issue 24

o | 1+ | 2 | 3 [ 4] s 6 | 7 | 8 [ 9 | 10 | 12 | 12 | 13
header Data
2B [ o5 | 1E | 00 [ d| | s Chan Ident | LoopMode | Prop
14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 [ 24 | 25
Data

Int | Diff | PIDClip

26 | 27 [ 28 | 29 ] 30 [ 31 [ 32 | 33 | 34 | 35
Data
PIDTol | EncoderConst | Not Used

For structure see Set message above.
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Filter Flipper Control Messages
Introduction
The APT Filter Flipper drive uses the Motor server control instance control its functionality.

The messages listed here provide the extra functionality required foraclientapplicationto
control one or more of the Thorlabs series of MFF series flipper units.
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MGMSG_MOT_SET_MFF_OPERPARAMS
MGMSG_MOT_REQ_MFF_OPERPARAMS
MGMSG_MOT_GET_MFF_OPERPARAMS

Function:

SET:

Issue 24

0x0510
0x0511
0x0512

Usedto set various operating parameters that dictate the function

of the MFF series flipper unit.

Command structure (40 bytes)
6 byte headerfollowed by 34 byte data packet as follows:

o [ 1 [ 2 ] 3 ] 4 ] 5 6 [ 7 | 8 [ 9 | 10 11
header Data
10 [ os [ 22 [ oo | dl | s Chan Ident | ITransitTime
12 | 13 | 14 | 15 | 16 [ 17 | 18 [ 19 | 20 [ 21 [ 22 | 23
Data
ITransitTimeADC |OperMode1 | SigMode1 | PulseWidth1
24 25 26 | 27 28 | 29 | 30 | 31 | 32 | 33 | 34 35
Data
OperMode?2 SigMode?2 PulseWidth2 | Not Used
36 | 37 38 | 39
Not Used
Data Structure:
field description format
Chan Ident The channel beingaddressed word
ITransitTime The time taken (in milliseconds) forthe flipperto move | long
from position 1to position 2and vice versa. Values
must be enteredinthe range 300 to 2800 ms.
ITransitTimeADC The time taken (in ADC counts) forthe flippertomove | long

from position 1to position 2and vice versa.

The number of ADCcounts is calculated froman
equationthatrelates actual time of flightin milli-
secondstothe ADCvalue required by the flipper code.
The equationrelatingthe two variablesis defined as
follows

TransitTimeADC=10000000 x TransitTime>%!
Example
A transittime of 500 mswould be calculated as

TransitTimeADC=10000000 x 500! = 10000000 x
0.00005080877 = 508.0877

so a userrequiring 500ms motion time needs to set 508
as the ADC value inthe structure. Thisvalue is then
used by the flipperto give areasonable approximation
for the actual time of flight.
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wDiglO10perMode | Specifiesthe operatingmode of the DIGIO 1 word
input/outputsignal asfollows:
01 SetslO connectorto inputand 'toggle position'
mode. Inthis mode, the inputsignal causes
flipperto move to other position).

02 Sets |0 connectorto inputand 'goto position'
mode. Inthis mode, the inputsignal dictates flipper
position, POS1or POS 2. as dictated by the Button
Input or Button Input (Swap Pos) parameterssetinthe
DiglOSigMode parameter below.

03 Sets 10 connectorto output mode, where the
O/Psignal indicates the flipperis ‘at position’.

04 Sets |0 connectorto output mode, where the
O/Psignal indicates the flipperisin motion (i.e.
between positions).

wDiglO1SigMode | Specifies the functionality of the input/outputsignal.as | word
follows:

01 The connector can be short circuited (e.g. with
button). If the Operating Mode is setto Input:Toggle
Positionthenashortcircuit causesthe flipperto toggle
position. If the Operating Mode is setto Input: Goto
Positionthenashortcircuit causesthe flipperto move
to Pos 1 and open circuit causes flipperto move to POS

02. The connectorissetto logicinput where alogic
transition (edge)dictates flipper operation. If the
Operating Mode above setto Input:Toggle Position,
thena LO to HI edge causes flipperto toggle position. If
the Operating Mode is set to Input: Goto Position, then
a LO to Hl edge causes the flipperto move to POS 1 and
a Hl to LO edge causesthe flipperto move to POS 2.

04 This parameter can be 'Bitwise Ored' with either
the button or the logic parameters above, such thatthe
opencircuitand shortcircuitor the edge functionality is
swapped.

10 The connectorisset to a logicoutput where the
logictransition (edge) represents flipper position. If the
Operating Mode above is set to Output: At Position,
thena LO to HI edge (Hllevel) indicates flipperis at POS
1 and a Hl to LO edge (LO level) indicates the flipperis
at POS 2. If the Operating Mode above is setto Output:
InMotion, thena LO to HI edge (Hl level) indicates the
flipperis moving between positionsand aHl to LO edge
(LO level)indicates the flipper has stopped moving.

20 MFFSIGMODE_OP_PULSE The connectoris setto
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alogicoutput where a logicpulse indicatesflipper
operation. If the Operating Mode above issetto
Output: At Position, thenalogicHI pulse indicates
flipperhasreached aposition. If the Operating Mode
aboveissetto Output: InMotion, thena logicHI pulse
indicatesthe flipper has started moving. The Pulse
widthissetin the Signal Width paramterbelow.

40 This parametercan be 'Bitwise Ored' with either
the level (edge) orthe pulse parameters above, such
that the level or pulse functionality is swapped.

IDiglO1PulseWidth | The pulse widthin ms whenthe Digital Signal Mode long
described previously is setto Logic Pulse Output or
Logic Pulse Output (Inverted). The pulse width is set
within the range 10 to 200 ms.

wDiglO20perMode | As DiglO1 word
wDiglO2SigMode | As DiglO1 word
IDiglO2PulseWidth | As DiglO1 long
Not Used long
Not Used dword
Example: Setthe MFF parametersforchan 1 as follows:

TransitTime 500 ms

TransitTimeADC 508 counts

DiglO10perMode Toggle Position

DiglO1SigMode Button Mode Input

DiglO1PulseWidth 200 ms
DiglO20perMode Toggle Position

DiglO2SigMode Button Mode Input
DiglO2PulseWidth 200 ms

Not Used

Not Used

TX 10,05,22,00,D0,01,
01,00,F4,01,00,00,FC,01,00,00,01,00,01,00,C8,00,00,00,01,00,01,00,C8,00,00,00,00,00,00,00
,00,00,00,00

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
11 | 05 Chan | 00 d s
Ident
Example: Requestthe MFF operating modes

TX 11, 05, 01, 00, 50, 01
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GET:
Response structure (40bytes):

o | 1+ [ 2 | 3 ] 4 | 5 6 | 7 [ 8 | 9 | 10 11

header Data
10 | o5 | 22 | oo | d| | s Chan Ident | ITransitTime
12 | 13 | 14 | 15 | 16 | 17 | 18 [ 19 | 20 | 21 | 22 | 23
Data
[TransitTimeADC | OperMode1l | SigMode1l | PulseWidthl
24 25 26 | 27 28 | 29 | 30 [ 31 | 32 | 33 | 34 35
Data
OperMode?2 SigMode?2 PulseWidth2 | Not Used
36 | 37 38 | 39
Not Used

See SET for structure
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Solenoid Control Messages
Introduction
The APT Solenoid drive uses the Motor server control instance control its functionality. The

messages listed here provide the extrafunctionality required foraclientapplication to
control one or more of the Thorlabs series of TSC001 T-Cube solenoid driver units.
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MGMSG_MOT_SET_SOL_OPERATINGMODE 0x04CO0
MGMSG_MOT_REQ_SOL_OPERATINGMODE 0x04C1
MGMSG_MOT_GET_SOL_OPERATINGMODE 0x04C2
Function: This message sets the operating mode of the solenoid driver.
SET:

Command structure (6 bytes):

0 1 2 3 4 5
header only

Co | 04 Chan | Mode | d s
Ident

Data Structure:

field description format
Chan Ident The channel beingaddressed char
Operating The operatingmode of the unitas a 4 bit integer: char
Mode 0x01 SOLENOID_MANUAL- In this mode, operation of the

solenoidisviathe front panel ‘Enable’ button, or by the
‘Output’ buttons on the GUI panel.

0x02 SOLENOID_SINGLE- In this mode, the solenoid will
openand close each time the front panel ‘Enable’ buttonis
pressed, orthe ‘Output ON’ button on the GUI panel is
clicked. The ON and OFF times are specified by calling the
MGMSG_MOT SET SOL CYCLEPARAMS message.

0x03 SOLENOID_AUTO- In this mode, the solenoid will open
and close continuously afterthe front panel ‘Enable’ button
is pressed, orthe ‘Output ON’ button on the GUI panelis
clicked. The ON and OFF times, and the number of cycles
performed, are specified by calling the

MGMSG_MOT _SET _SOL _CYCLEPARAMS message.

0x04 SOLENOID_TRIGGER - In Triggered mode, arisingedge
on rear panel TRIGIN BNC input will start execution of the
parameters programmed on the unit (On Time, Off Time,
Num Cycles-see MGMSG_MOT SET SOL CYCLEPARAMS
message.). The unitmust be primed (i.e. the ENABLE button
pressed and the ENABLED LED lit) before the unitcan
respond to the external trigger.

Example: Setthe control mode to ‘Single’.
TX CO, 04, 01, 02, 50, 01

C0,04 SET_SOL_OPERATINGMODE
01, Channel 1

02, Set mode to ‘Single’

50, destination GenericUSB device
01, Source PC
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REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
Cl] 04 Chan | 00 d s
Ident
Example: Requestthe control mode

TX C1, 04, 01, 00, 50, 01

GET:
Response structure (6 bytes):

0 1 2 3 4 5
header only
C2 | 04 Chan | Mode | d S
Ident
Example: Get the control mode currently set.

RX C2, 04, 01, 01, 01, 50

Issue 24
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MGMSG_MOT_SET_SOL_CYCLEPARAMS
MGMSG_MOT_REQ_SOL_CYCLEPARAMS
MGMSG_MOT_GET_SOL_CYCLEPARAMS

Function:

SET:

Usedto set the cycle parameters thatare applicable

Issue 24

0x04C3
0x04C4
0x04C5

whenthe

solenoid controlleris operatingin one of the non-manual modes.

Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

ol 1 | 2] 3 | 4 [ s 6 | 7 | 8 | 9 | 10 11
header Data
3] 04 T oE] oo Jdl | s Chan Ident | OnTime
12 [ 13 ] 14 | 15 ] 16 | 17 | 18 | 19
Data
OffTime | NumCycles
Data Structure:
field description format
Chan Ident The channel beingaddressed word
OnTime The time which the solenoidis activated long
(100ms to 10,000s in 250 ps steps)
OffTime The time which the solenoidis ade-activated long
(100ms to 10,000s in 250 ps steps)
NumCycles If the unitis operatingin ‘Auto’ mode, the number of long
Open/Closecyclesto perform. (0to 1,000,000) is specified
inthe NumCycles parameter. If setto ‘0O’ the unitcycles
indefinitely. If the unitis not operatingin ‘Auto’ mode, the
NumCycles parameterisignored.
Example: Setthe cycle parameters parametersforchan 1 as follows:

OnTime: 1000ms
OffTime: 1000ms
NumCycles: 20

TX C3, 04, OE, 00, DO, 01, 01, 00, AO, OF, 00, 00, AQ, OF, 00, 00, 14, 00, 00, 00

Header: C3, 04, OE, 00, DO, 01: Set Cycle Params, DOH (14) byte data packet, Generic USB

Device.

Chan Ident: 01, 00: Channel 1(alwayssetto 1for TSC001)

OnTime: AQ, OF,

00, 00: Seton time to 1000 ms (i.e. 4000 x 250 ps)

OffTime: AQ, OF, 00, 00: Set off time to 1000 ms (i.e. 4000 x 250 ps)
NumCycles: 14, 00, 00, 00: Set number of cyclesto 20
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REQUEST:
Command structure (6 bytes):
0 1 2 3 4
header only
c4 | 04 Chan | 00 d s
Ident
GET:
Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:
o[ 1 [ 2 3 | 4] s 6 | 7 | | 9 10 11
header Data
s | o4 [ oE] oo [ dl | s Chan Ident | OnTime

12 | 13 | 14 | 15 | 16 |

17 | 18 | 19

Data

OffTime

NumCycles

For structure see SET message above.
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MGMSG_MOT_SET_SOL_INTERLOCKMODE
MGMSG_MOT_REQ_SOL_INTERLOCKMODE
MGMSG_MOT_GET_SOL_INTERLOCKMODE

Function:

SET:

Issue 24

0x04C6
0x04C7
0x04C8

The solenoid unit features ahardware interlock jackplug. This

message specifies whether the solenoid driver requi
hardware interlock to be fitted before it can operate

Command structure (6 bytes):

0 1 2

3 4 5

header only

C6 | 04 Chan
Ident

Mode | d S

Data Structure:

resthe

field description format

Chan Ident The channel beingaddressed char
Interlock The operating mode of the unitas a 4 bit integer: char
Mode 0x01 SOLENOID_ENABLED— The hardware interlock must

be fitted before the unitcan be operated.

0x02 SOLENOID_DISABLED— The hardware interlockis not

required.

Example: Setthe interlock mode to ‘Enabled’.

TX C6, 04, 01, 01, 50, 01

C0,06 SET_SOL_INTERLOCKMODE

01, Channel 1

01, Setmode to ‘Enabled’
50, destination Generic USB device

01, Source PC
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REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
C7 | 04 Chan | 00 d s
Ident
Example: Requestthe control mode

TX C7, 04, 01, 00, 50, 01

GET:
Response structure (6 bytes):

0 1 2 3 4 5
header only
c8 | 04 Chan | Mode | d s
Ident
Example: Get the control mode currently set.

RX C8, 04, 01, 01, 01, 50

Issue 24

Page 151 of 372



Thorlabs APT Controllers

MGMSG_MOT_SET_SOL_STATE
MGMSG_MOT_REQ_SOL_STATE
MGMSG_MOT_GET_SOL_STATE

Function:

SET:

Host-Controller Communications Protocol

Issue 24

0x04CB
0x04CC
0x04CD

This message sets the output state of the solenoid unit, and
overrides any existing settings. It can also be operated by the

SET CHANENABLESTATE message.

Command structure (6 bytes):

0 1 2 3 4 5
header only

CB | 04 Chan | State | d S
Ident

Data Structure:

field description format
Chan Ident The channel beingaddressed char
Interlock The operating mode of the unitas a 4 bit integer: char
Mode 0x01 SOLENOID_ON-The solenoidis active.
0x02 SOLENOID_OFF-The solenoidis de-activated.
Example: Setthe solenoidto ‘ON’.

TX CB, 04, 01, 01, 50, 01

CB,06 SET_SOL_STATE
01, Channel 1
01, Setstateto ‘ON’

50, destination Generic USB device
01, Source PC

Page 152 of 372




Thorlabs APT Controllers Host-Controller Communications Protocol

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
CC | 04 Chan | 00 d s
Ident
Example: Requestthe control mode

TX CC, 04, 01, 00, 50, 01

GET:
Response structure (6 bytes):

0 1 2 3 4 5
header only
CD | 04 Chan | Mode | d s
Ident
Example: Get the control mode currently set.

RX CD, 04, 01, 01, 01, 50

Issue 24
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Piezo Control Messages
Introduction

The ‘Piezo’ control messages provide the functionality required foraclient application to
control one or more of the Thorlabs series of piezo controller units. This range of controllers
covers both openand closed loop piezo controlinavariety of formats including compact
Cube type controllers, benchtop units and 19” rack based modulardrivers. Note. For ease of
description, the TSG001 T-Cube Strain Gauge readeris considered here as a piezo controller.
The list of controllers covered by the piezo messagesincludes:-

BPC001 — 1 Channel Benchtop Piezo Driver

BPC002 — 2 Channel Benchtop Piezo Driver

MPZ601 — 2 Channel Modular Piezo Driver

BPC101 — 1 Channel Benchtop Piezo Driver (2006 onwards)
BPC102 — 2 Channel Benchtop Piezo Driver (2006 onwards)
BPC103 — 3 Channel Benchtop Piezo Driver (2006 onwards)
BPC201 — 1 Channel Benchtop Piezo Driver (2007 onwards)
BPC202 — 2 Channel Benchtop Piezo Driver (2007 onwards)
BPC203 — 3 Channel Benchtop Piezo Driver (2007 onwards)
BPC301 — 1 Channel Benchtop Piezo Driver (2011 onwards)
BPC303 — 3 Channel Benchtop Piezo Driver (2012 onwards)
TPZ001 — 1 Channel T-Cube Piezo Driver

TSGOO01 — 1 Channel T-Cube Strain Gauge Reader

The piezo messages can be used to perform activities such as selecting output voltages,
readingthe strain gauge position feedback, operatingopen and closed loop modes and
enabling force sensing mode. With afew exceptions, these messages are genericand apply
equally to both single and dual channel units.

Where applicable, the target channelisidentified inthe IChanlD parameter and on single
channel units, this must be setto CHAN1_ID. On dual channel units, this can be set to

CHAN1_ID, CHAN2_ID or CHANBOTH_ID as required.

For details onthe operation of the Piezo Controller, and information on the principles of
operation, referto the handbook supplied with the unit.
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MGMSG_PZ_SET_POSCONTROLMODE 0x0640
MGMSG_PZ REQ_POSCONTROLMODE 0x0641
MGMSG _PZ GET_POSCONTROLMODE 0x0642
Function: Whenin closed-loop mode, positionis maintained by afeedback

signal from the piezo actuator. Thisis only possiblewhen using
actuators equipped with position sensing.

This method sets the control loop status The Control Mode is
specifiedinthe Mode parameterasfollows:

0x01 OpenLoop (no feedback)

0x02 Closed Loop (feedback employed)
0x03 OpenlLoopSmooth

0x04 ClosedLoop Smooth

If set to Open Loop Smooth or Closed Loop Smoothisselected, the
feedback statusisthe same as above howeverthe transition from
opento closedloop (orvise versa) is achieved overalongerperiod
inorder to minimizevoltage transients (spikes).

SET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
40 | 06 Chan | Mode | d s
Ident
Example: Setthe control mode to closedloop.

TX 40, 06, 01, 02, 50, 01

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
41 | 06 Chan | 00 d s
Ident
Example: Requestthe control mode

TX 41, 06, 01, 00, 50, 01
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GET:
Response structure (6 bytes):

0 1 2 3 4 5

header only

42 | 06 Chan | Mode | d S

Ident

Example: Get the control mode currently set.

RX 42, 06, 01, 02, 01, 50
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MGMSG_PZ_SET_OUTPUTVOLTS
MGMSG_PZ_REQ_OUTPUTVOLTS
MGMSG_PZ_GET_OUTPUTVOLTS

Function:

SET:

Issue 24

0x0643
0x0644
0x0645

Usedto set the outputvoltage applied to the piezo actuator. This
command is applicable onlyin Open Loop mode. If called whenin

Closed Loop mode itisignored.

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9
header Data
43 | o6 | o4 ] oo [ dIl | s Chanldent | Voltage
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Voltage The outputvoltage applied to the piezo when operatingin short
openloop mode. The voltage issetinthe range -32768 to
32767 (-7FFF to 7FFF) to which corresponds to-100% to
100% of the maximum output voltage as set usingthe
TPZ_IOSETTINGS command.
Example: Setthe drive voltage to 70V

TX 43, 06, 04, 00,

Do, 01, 01, 00, 77, 77,

Header: 43, 06, 04, 00, DO, 01: SetPZOutputVolts, 04 byte data packet, Generic USB Device.
Chan Ident: 01, 00: Channel 1
Voltage: 77, 77: correspondsto 70 V (30583) fora max 75 V unit

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
44 | 6 Chan | 00 d s
Ident
GET:

Response structure (10 bytes)

6 byte headerfo

llowed by 4 byte data packet as follows:

6 | 9

header

06 |

04 | oo | dl | s Chanldent | Voltage

For structure see SET message above.
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MGMSG_PZ_SET_OUTPUTPOS 0x0646
MGMSG_PZ_REQ_OUTPUTPOS 0x0647
MGMSG _PZ GET_OUTPUTPOS 0x0648

Function: Used to set the output position of piezo actuator. Thiscommand s
applicable onlyin Closed Loop mode. If called whenin Open Loop
modeiitisignored. The position of the actuatoris relative to the
datum set forthe arrangement usingthe ZeroPosition method.

SET:

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 ] 2 | 3 | a4 | s 6 | 7 ] 8 | 9
header Data
Chan Ident | PositionSW

Data Structure:

field description format
Chan Ident The channel beingaddressed word
PositionSW The output position of the piezorelativeto the zero word

position. The voltage is setas a signed 16-bitintegerinthe
range 0 to 32767 (0to 7FFF). This correspondsto 0 to 100%
of the maximum piezo extension.

The negative range (0x800 to FFFF) is not used at thistime.

Example: Setthe drive positionto 15 um (whentotal travel =100 um).

TX 46, 06, 04, 00, DO, 01, 01, 00, 66, 26,
Header: 46, 06, 04, 00, DO, 01: SetPZOutputPos, 04 byte data packet, Generic USB Device.

Chan Ildent: 01, 00: Channel 1
PositionSW: 33, 13: correspondsto 15 pum for a max 100 um unit

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
47 | 06 Chan | 00 d s
Ident
GET:

Response structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9
header Data
48 | o6 | o4 ] oo [ dIl | s Chan Ident | PositionSW

For structure see SET message above.
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MGMSG_PZ_
MGMSG_PZ_
MGMSG_PZ_

Function:

SET:

SET_INPUTVOLTSSRC
REQ_INPUTVOLTSSRC
GET_INPUTVOLTSSRC

Issue 24

0x0652
0x0653
0x0654

Usedto set the inputsource(s) which controls the output from the
HV amplifiercircuit (i.e. the driveto the piezo actuators).

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

2 | 3] 4 | 5 6 | 7 [ 8 | 9

header Data

52 | o6 |

04 | oo | dl | s Chan Ident | VoltSrc

Data Structure:

field

description

format

Chan Ident

The channel beingaddressed

word

VoltSrc

The following values are entered into the VoltSrc parameter
to selectthe various analogsources.

0x00 Software Only: Unit responds only to software inputs
and the HV amp outputisthat set usingthe SetVoltOutput
method or viathe GUI panel.

0x01 ExternalSignal: Unit sumsthe differential signal on the
rear panel EXT IN (+) and EXT IN (-)connectors with the
voltage set using the SetVoltOutput method

0x02 Potentiometer: The HV amp outputis controlled by a
potentiometerinput (either onthe control panel, or
connectedtothe rear panel User I/O D-type connector)
summed with the voltage set usingthe SetVoltOutput
method.

The values can be ‘bitwise ord’ to sum the software source
with eitherorboth of the othersource options.

word

Example: Setthe inputsource to software and potentiometer.

TX 52, 06, 04, 00,

DO, 01, 01, 00, 02, 00,

Header: 52, 06, 04, 00, DO, 01: SetVoltsSrc, 04 byte data packet, Generic USB Device.
Chan Ident: 01, 00: Channel 1
VoltSrc: 02, 00: selects software and potentiometerinputs

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only

53 | 06 Chan | 00 d s
Ident
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GET:
Response structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 |

8 | 9

header Data

s4 | o6 [ 04 | oo | dl | s Chan Ident |

VoltsSrc

For structure see SET message above.

Issue 24
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MGMSG_PZ_SET_PICONSTS
MGMSG_PZ_REQ_PICONSTS
MGMSG_PZ_GET_PICONSTS

Function:

Host-Controller Communications Protocol

Issue 24

0x0655
0x0656
0x0657

Usedto set the proportional and integration feedback loop

constants. These parameters determinethe response characteristics
when operatingin closed loop mode.
The processors withinthe controller compare the required
(demanded)position with the actual position to create an error,
whichisthen passedthrough a digital PI-type filter. The filtered
valueisusedto develop an outputvoltage todrive the piezo.

SET:
Command structure (12 bytes)

6 byte headerfollowed by 6 byte data packetas follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7 [ 8 | 9 | 10| 11
header Data
55 [ o6 [ o6 [ oo | dl | s Chanldent | PropConst | IntConst
Data Structure:
field description format
Chan Ident The channel beingaddressed word
PropConst The value of the proportional terminthe range 0 to 255. word
IntConst The value of the Integral term.inthe range Oto 255 word
Example: Setthe Plconstants for a TPZ001 unit.

TX'55, 06, 06, 00, DO, 01, 01, 00, 64, 00, OF, 00

Header: 55, 06, 05, 00, DO, 01: SetPIConsts, 06 byte data packet, Generic USB Device.

Chan Ident: 01, 00: Channel 1

PropConst: 64, 00: sets the proportional constantto 100
IntConst: OF, 00: setsthe integral constanttol5

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
56 | 06 Chan | 00 d S
Ident
GET:

Response structure (12 bytes)

6 byte headerfollowed by 6 byte data packet as follows:

o | + ] 2 ] 3] 4]

5

6 | 7 |

g | 9 |

10 | 11

header

Data

57 | o6 [ o6 | oo | d| |

S

Chan Ident I

PropConst I

IntConst

For structure see SET message above.
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MGMSG_PZ_REQ_PZSTATUSBITS 0x065B

MGMSG_PZ _GET_PZSTATUSBITS 0x065C

Function: Returns a number of status flags pertaining to the operation of the
piezo controller channelspecifiedin the Chan Ident parameter.
These flags are returnedin a single 32 bitinteger parameterand can
provide additional useful status information for client application
development. The individual bits (flags) of the 32 bitintegervalue
are describedinthe followingtables.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only

5B | 06 Chan | 00 d S
Ident

GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1 ] 2 | 3 | a4 | s 6 | 7 | 8 | 9 | 10 | 11
header Data
sc | o6 | o6 | oo | d| | s Chan Ident | StatusBits
Data Structure:
field description format
Chan Ident The channel beingaddressed word
StatusBits The status bits for the associated controllerchannel. The dword

meaning of the individual bits (flags) of the 32 bitinteger
value will depend onthe controllerand are described in the

followingtables.

TPZ001 controller

Hex Value Bit Number | Description

0x00000001 1 Piezo actuatorconnected (1- connected, 0- notconnected).
2to4 For Future Use

0x00000010 5 Piezochannel hasbeenzero'd(1- zero'd, 0 not zero'd).

0x00000020 6 Piezo channeliszeroing(1-zeroing, 0- notzeroing).

0x00000040 7t08 For Future Use

0x00000100 9 Strain gauge feedback connected (1- connected, 0 - not

connected).

10 For Future Use

0x00000400 11 Position control mode (1- closedloop, 0 - openloop).
12to0 20 For Future Use
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Hex Value Bit Number Description

0x00000001 1 Piezo actuator connected (1- connected, 0 - not connected).
2to4 For Future Use

0x00000010 5 Piezo channel hasbeenzero'd (1- zero'd, 0 not zero'd).

0x00000020 6 Piezo channeliszeroing(1-zeroing, 0- notzeroing).

0x00000040 7t08 For Future Use

0x00000100 9 Strain gauge feedback connected (1- connected, 0 - not

connected).

10 For Future Use

0x00000400 11 Position control mode (1- closedloop, 0 - openloop).
12 For Future Use

Note. Bits 13, 14 and 15 are applicable only to BPC30x series controllers.

0x00001000 13 Hardware set to 75 V max output voltage

0x00002000 14 Hardware set to 100 V max output voltage

0x00004000 15 Hardware set to 150 V max output voltage
16 to 20 For Future Use

Note. Bits 21 to 28 (Digital Input States) are only applicable if the associated digital inputis fitted to

your controller—see the relevant

handbook for more details

0x00100000 21 Digital input 1 state (1 - logichigh, 0- logiclow).
0x00200000 22 Digital input 2 state (1- logichigh, 0 - logiclow).
0x00400000 23 Digital input 3 state (1 - logichigh, 0- logiclow).
0x00800000 24 Digital input 4 state (1 - logichigh, 0- logiclow).
0x01000000 25 Digital input 5 state (1 - logichigh, 0- logiclow).
0x02000000 26 Digital input 6 state (1 - logichigh, 0- logiclow).
0x04000000 27 Digital input 7 state (1 - logichigh, 0- logiclow).
0x08000000 28 Digital input 8 state (1 - logichigh, 0- logiclow).
29 For Future Use
0x20000000 30 Active (1-indicates unitisactive, 0— not active)
0x40000000 31 For Future Use
0x80000000 32 Channel enabled (1—enabled, O- disabled)
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MGMSG_PZ REQ_PZSTATUSUPDATE 0x0660
MGMSG_PZ GET_PZSTATUSUPDATE 0x0661
Function: This functionisusedin applications where spontaneous status

messages (i.e. messages sent using the START_STATUSUPDATES
command) must be avoided.

Status update messages contain information about the position and
status of the controller (forexample position and O/P voltage). The
messages will be sent by the controller each time the functionis
called.

NOTE. This message isalso returned by the NanoTrak control whenitis operatingin piezo
mode.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
60 | 06 Chan | 00 d S
Ident
GET:

Status update messages are received with the following format:-

Response structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o | 1+ [ 2 ] 3 ] a | s 6 | 7 | 8 | 9 [ 10 ] 1n1
header Data
61 | 06 [ oA [ o0 [ dI [ s Chanldent | OPVoltage | Position
12 [ 13 | 14 | 15
Status Bits

Data Structure:

field description format
Chan Ident The channel beingaddressedisalwaysP_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
OPVoltage The outputvoltage applied to the piezo. The voltage is short

returnedinthe range -32768 to 32767 (-7FFFto 7FFF) which
corresponds to-100% to 100% of the maximum output
voltage as set usingthe TPZ_IOSETTINGS command.

Position The position of the piezo. The positionisreturnedinthe short
range 0 to 32767 (0to 7FFF) which correspondsto O to
100% of the maximum position.

Status Bits The meaning of the individual bits (flags) of the 32 bit dword
integervalue willdepend on the controllerand are
described inthe followingtables.

Page 164 of 372



Thorlabs APT Controllers

TPZ001 KPZ101 controller

Host-Controller Communications Protocol

Issue 24

Hex Value Bit Number | Description

0x00000001 1 Piezo actuatorconnected (1- connected, 0- notconnected).
2to4 For Future Use

0x00000010 5 Piezochannel hasbeenzero'd(1- zero'd, 0 not zero'd).

0x00000020 6 Piezo channeliszeroing(1-zeroing, 0- notzeroing).

0x00000040 7t08 For Future Use

0x00000100 9 Strain gauge feedback connected (1- connected, 0 - not

connected).

10 For Future Use

0x00000400 11 Position control mode (1- closed loop, 0 - openloop).
12to0 20 For Future Use

BPC series controllers

Hex Value Bit Number Description

0x00000001 1 Piezo actuator connected (1- connected, 0 - not connected).
2to4 For Future Use

0x00000010 5 Piezo channel hasbeenzero'd (1- zero'd, 0 not zero'd).

0x00000020 6 Piezochanneliszeroing(1-zeroing, 0- notzeroing).

0x00000040 7to08 For Future Use

0x00000100 9 Strain gauge feedback connected (1- connected, 0 - not

connected).

10 For Future Use

0x00000400 11 Position control mode (1- closed loop, 0 - open loop).
12 t0 20 For Future Use

Note. Bits 21 to 28 (Digital Input States) are only applicable if the associated digital inputis fitted to
your controller—see the relevant

handbook for more details

0x00100000 21 Digital input 1 state (1 - logichigh, 0- logiclow).
0x00200000 22 Digital input 2 state (1- logichigh, 0 - logiclow).
0x00400000 23 Digital input 3 state (1 - logichigh, 0- logiclow).
0x00800000 24 Digital input 4 state (1 - logichigh, 0- logiclow).
0x01000000 25 Digital input 5 state (1 - logichigh, 0- logiclow).
0x02000000 26 Digital input 6 state (1 - logichigh, 0- logiclow).
0x04000000 27 Digital input 7 state (1 - logichigh, 0- logiclow).
0x08000000 28 Digital input 8 state (1 - logichigh, 0- logiclow).
29 For Future Use
0x20000000 30 Active (1-indicates unitisactive, 0— not active)
0x40000000 31 For Future Use
0x80000000 32 Channel enabled (1-enabled, O- disabled)
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MGMSG_PZ_ACK_PZSTATUSUPDATE 0x0662

Only Applicable If Using USB COMMS. Does not applyto RS-232 COMMS

Function: If usingthe USB port, this message called “serveralive” must be sent
by the servertothe controlleratleastonce a second or the
controllerwill stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) anditif has sent 50 of
these withoutthe serversendinga"serveralive" message, it will
stop sending any more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
6206 Joo Joo [d s

TX 62, 06, 00, 00, 50, 01
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MGMSG_PZ_SET_PPC_PIDCONSTS
MGMSG_PZ_REQ_PPC_PIDCONSTS
MGMSG_PZ_GET_PPC_PIDCONSTS

0x0690
0x0691
0x0692

THIS MESSAGE IS APPLICABLE ONLY TO PPC001 AND PPC102 UNITS

Function: When operatingin Closed Loop mode, the pro
differential (PID) constants can be usedto fine

portional, integral and
tune the behaviour of

the feedbackloop to changesinthe outputvoltage or position.

While closed loop operation allows more prec

ise control of the

position, feedback loops need to be adjusted to suitthe different
types of focus mountassemblies that can be connected to the
system. Due tothe wide range of objectives that can be used with

the PFM450 and theirdifferent masses, some

loop tuning may be

necessary to optimize the response of the system and to avoid

instability.

This message sets values forthese PID parameters. The default
values have been optimized to work with the actuator shipped with

the controllerand any changes should be mad

SET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

e with caution.

o | 1+ [ 2 | 3 ] 4 | 5 6 | 7 [ 8 | 9 | 10 | 11
header Data
90 | o6 | oc [ oo | d| | s Chan Ident | PIDConstsP | PIDConstsl
12 | 13 | 14 | 15 [ 16 | 17
Data
PIDConstsD | PIDConstsDFC | PIDDerivFilterON
Data Structure:
field description format
Chan Ident The channel beingaddressed word
PIDConstsP The value of the proportional terminthe range 0 to 10000 Float
(H2719), default900
PIDConstsl The value of the Integral term.in the range Oto 10000 Float
(H2719) , default 800
PIDConstsD The value of the Derivative term.in the range 0to 10000 Float
(H2719) , default90
PIDConstsDFC The value of the Derivative Low Pass Filter Cut Off Float
Frequencyinthe range 0 to 10000 (H2719), default 1000
PIDDerivFilterON | Derivative Filter ON (0x01) or OFF (0x02) Word
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Example: Setthe PID constants
TX 90, 06, OC, 00, DO, 01, 01, 00, 84, 03, 20, 03, 5A, 00, E8, 03, 01, 00

Header: 90, 06, OC, 00, DO, 01: SetPIConsts, 12 byte data packet, Generic USB Device.
Chan Ident: 01, 00: Channel 1

PIDConstsP: 84, 03: setsthe proportional constantto 900

PIDConstsl: 20, 03: setsthe integral constant to 800

PIDConstsD: 5A, 00: sets the derivative constantto 90

PIDConstsD: E8, 03: setsthe derivative cut off frequency to 1000

PIDConstsD: 01, 00: sets the derivative cut off filter ON.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
91 | 06 Chan | 00 d S
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 [ 8 | 9 ] 10| 11
header Data
92 [ o6 [ oc | oo | dl | s Chanldent | PIDConstsP | PIDConstsl
12 | 13 ] 14 [ 15 ] 16 | 17
Data

PIDConstsD | PIDConstsDFC | PIDDerivFilterON

For structure see SET message above.
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MGMSG_PZ SET _PPC_NOTCHPARAMS 0x0693
MGMSG_PZ REQ_PPC_NOTCHPARAMS 0x0694
MGMSG _PZ GET_PPC_NOTCHPARAMS 0x0695
THIS MESSAGE IS APPLICABLE ONLY TO PPC001 AND PPC102 UNITS

Function: Due to theirconstruction, most actuators are prone to mechanical

resonance at well-defined frequencies. The underlyingreasonis that
all spring-mass systems are natural harmonicoscillators. This
pronenessto resonance can be a problemin closed loop systems
because, coupled with the effect of the feedback, itcan resultin
oscillations. With some actuators, the resonance peakis either weak
enoughor at a high enough frequency forthe resonance notto be
troublesome. With otheractuators the resonance peakisvery
significantand needsto be eliminated for operationinastable
closedloop system. The notch filteris an adjustable electronicanti-
resonance thatcan be used to counteract the natural resonance of

the mechanical system.

As the resonantfrequency of actuators varies with load in addition
to the minorvariations from product to product, the notch filteris
tuneable sothatits characteristics can be adjusted to match those
of the actuator. In addition toits centre frequency, the bandwidth of
the notch (orthe equivalent quality factor, often referredto as the
Q-factor) can also be adjusted. Insimple terms, the Qfactoris the
centre frequency/bandwidth, and defines how widethe notchis, a
higher Q factordefininganarrower("higher quality") notch.
Optimizingthe Qfactorrequires some experimentation butin
general avalue of 5 to 10 is in most cases a good starting point.

SET:
Command structure (22 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o [ 1+ | 2 [ 3 ] 4 ] s 6 | 7 | 8 | 9 ] 10 ] 1
header Data
93 | o6 [ 10 [ oo | d] | s Chanldent | FilterNo [ FilterlFC
12 | 13 | 14 | 15 [ 16 | 17 | 18 | 19 | 20 [ 21
Data
FilterlQ [ NotchFilterlON | Filter2fC |  Filter2Q [ NotchFilter20N

Data Structure:

field description format
Chan Ident The channel beingaddressed word
FilterNo The filternumberbeingaddressed... word
Filter1=1
Filter2=2
Both=3
FilterlFC The centre frequency of notchfilter 1 in the range 20 to Float
500.
Filter1Q The Q Factor of Notch Filter1, in the range 0.2 to 100 Float
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NotchFilterlON | Enablesanddisables notchfilter1. word
1=0N
2 = OFF

Filter2FC The centre frequency of notch filter2 in the range 20 to Float
500.

Filter2Q The Q Factor of Notch Filter1, in the range 0.2 to 100 Float

NotchFilter20N | Enablesanddisables notch filter 2. word
1=0N
2 =0FF

Example: Setthe PID constants

TX 93, 06, 10, 00, DO, 01, 01, 00, 01, 00, 96, 00, 32, 00, 01, 00, 00, 00, 00, 00, 00, 00

Header: 90, 06, OC, 00, DO, 01: SetNotchParams, 16 byte data packet, Generic USB Device.

Chan Ident: 01, 00: Channel 1

FilterNo: 01, 00: Address FilterNo 1

Filter1FC: 96, 00 Setthe centre frequency oOf Filter 1to 150 Hz
Filter1Q: 32, 00 Setthe Q factorof Filter1to 50
NotchFilter1ON: 01, 00 Set Notch Filter 1 ON

Filter2FC: 00, 00

Filter2Q: 00, 00

NotchFilter20N: 00, 00

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
94 | 06 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ + ] 2] 3] 4 ] s 6 | 7 ] 8 ] 9 ] 10 ] 1
header Data
95 [ o6 [ 10 [ oo | dl | s Chanldent | FilterNo [ FilterlFC
12 [ 13 | 14 [ 15 | 16 | 17 | 18 | 19 [ 20 | 21
Data
FilterlQ [ NotchFilterlON [ Filter2FC |  Filter2Q [ NotchFilter20ON

For structure see SET message above.
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MGMSG_PZ_SET_PPC_IOSETTINGS 0x0696
MGMSG_PZ_REQ_PPC_IOSETTINGS 0x0697
MGMSG_PZ _GET_PPC_IOSETTINGS 0x0698

THIS MESSAGE IS APPLICABLE ONLY TO PPC001 AND PPC102 UNITS
Function: This message is used to setvariousinputand output parameter
values associated with the rear panel BNCIO connectors.

SET:
Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1 ] 2 [ 3 [ a | s 6 | 7 | 8 | 9 | 10 | 1
header Data
9% | o6 | of | o0 | d| [ s Chan ldent | ControlSrc | MonitorOPSig
12 | 13 [14] 15 | 16 [ 17 | 18 | 19
Data

MonitorOPBW | FeedbackSrcl FPBrightness | Reserved

Data Structure:

field description format
Chan Ident The channel beingaddressedisalwaysP_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
ControlSrc Determinesthe inputsource(s) which controls the output | word

fromthe HV amplifiercircuit (i.e. the drive to the piezo
actuators) as follows:

Software Only =0

EXT BNC + Software=1

Joystick + Software =2

EXT BNC + Joystick + Software =3

If Software Only (0) is selected, the unitresponds only to
software inputs and the output to the piezo actuatoris
that setusingthe SetVoltOutput method, orthe Output
knob on the GUI panel.

If EXT BNC+ Software (1) isselected, the unitsumsthe
analogsignal onthe rear panel EXT IN BNCconnector,
with the voltage set using the SetVoltOutput method or
the Output knob on the GUI panel.

If Joystick + Software (2) is selected, the unit sumsthe
analogsignal the external joystick, with the voltage set
using the SetVoltOutput method orthe Outputknob on
the GUI panel.

If EXT BNC+ Joystick + Software (3) is selected, the unit
sums all three signals.
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MonitorOPSig The signal on the rear panel EXTOUT BNC can be usedto word
monitorthe piezo actuatoron an oscilloscopeorother
device.

The type of signal can be setas follows:

Drive Voltage=1
Raw Position=2
Linearized Position=3

If Drive Voltage (1) is selected, the signal driving the EXT
OUT (Monitor) BNCisa scaled down version of the piezo
outputvoltage, with 150 V piezo voltage correspondingto
10V.

If Raw Position (2) is selected, the signal drivingthe EXT
OUT (Monitor) BNCisthe output voltage of the position
demodulator. Thissignal shows aslight nonlinearityas a
function of position and asmall offsetvoltage. Asaresult
it is not as accurate as the linearized position. However,
having not undergone any digital processingitis free of
any potential digital signal processing effects and can be
more advantageous forloop tuning and transient
response measurement.

If Linearized Position (3) is selected, the signal driving EXT
OUT islinearized and scaled so that the 0 to full range
correspondsto0 to 10 Volts.

MonitorOPBW | The signal on the rear panel EXTOUT BNC can also be Word
filtered to limitthe output bandwidth to the range of
interestin mostclosed loop applications, i.e. 200Hz.
Thefilterissetas follows:

No Filter=1
200 Hz Low PassFilter=2

FeedbackSrc When operatingin closed loop mode, the feedback can be | Word
supplied by eithera Capacitive ora Strain Gauge sensor.
This parameteris usedto specify the feedback type as
follows:

Strain Gauge =1
Capacitive=2

FPBrightness The brightness of the LEDs on the front panel of the unit word
can be setto Bright, Dim or Off as follows:

Bright=1
Dim=2
Ooff=3

Reserved Reserved word
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REQ:
Command structure (6 bytes):

0 1 2 3 4

header only

97 o6 Jo1 Joo [d s

GET:
Response structure (20 bytes)

6 byte headerfollowed by 14 byte data packet as follows:

Host-Controller Communications Protocol

Issue 24

Data

Chan Ident |

ControlSrc

| MonitorOPSig

12 [ 13 [ 1] 15 |

Data

MonitorOPBW | FeedbackSrc| FPBrightness | Reserved

See SET message forstructure.
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MGMSG_PZ SET_OUTPUTLUT 0x0700
MGMSG_PZ_REQ_OUTPUTLUT 0x0701
MGMSG _PZ GET_OUTPUTLUT 0x0702
Function: Itis possible to use the controllerinan arbitrary Waveform

Generator Mode (WGM). Rather thanthe unitoutputtingan
adjustable but staticvoltage or position, the WGM allows the user
to define avoltage orposition sequence to be output, either
periodically ora fixed number of times, with aselectableinterval
between adjacentsamples.

This waveform generation functionis particularly useful for
operations such asscanningovera particulararea, orinany other
applicationthatrequires a predefined movement sequence.

The waveformis stored as valuesin an array, with a maximum of
8000 samples perchannel. The samples can have the meaning of
voltage or position; if openloop operationis specified when the
samples are output, thentheirmeaningisvoltage and vice versa, if
the channelissetto closed loop operation, the samples are
interpreted as position values. If the waveform to be output
requireslessthan 8000 samples, itissufficientto download the
desired number of samples.

Thisfunctionis usedto load the LUT array with the required output
waveform. The applicable channelis specified by the Chan Ident
parameter

Ifonly a subsetof the array is being used (as specified by the
cyclelength parameter of the SetOutputLUTParams function), then
only the first cyclelength values need to be set. In this manner, any
arbitrary voltage waveform can be programmed into the LUT.
Note. The LUT values are output by the system ata maximum
bandwidth of 7KHz, e.g.500 LUT values will take approximately 71
ms to be clocked outand the full 8000 LUT values will take
approximately 1.14 secs.

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o | 1 [ 2 [ 3 | a4 ] s 6 | 7 | 8 | 9 | 10 11
header Data
00 [ o7 ] o6 | oo [ dl [ s Chanldent | Index | Output

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Index The positioninthe array of the value to be set (0 to 7999 for | word
BPC, 0 to 512 forTPZ).
Output The voltage value to be set. Values are setin the range - short
32768 to 32767 which correspondsto-100% to 100% of the
max HV output (piezo drive voltage).
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Example: Setoutput LUT value of 10V (for 150V piezo)in array position 2.
TX 00, 07, 06, 00, DO, 01, 01, 00, 02, 00, 88, 08

Header: 00, 07, 06, 00, DO, 01: SETOUTPUTLUT, 06 byte data packet, Generic USB Device.
Chan Ident: 01, 00: Channel 1

Index: 02, 00: setsthe value of array position 2

IntConst: 88, 08: setsthe value to 10V. (i.e. 150/10=15, 32767/15=2184, 2184=0888H)

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
01| 07 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ 1+ ] 2] 3] 4] s 6 | 7 ] 8 ] 9 ] 10 ] 1
header Data
02 | o7 | o6 | oo [ dl | s Chan Ident | Index | Output

For structure see SET message above.
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MGMSG_PZ_SET_OUTPUTLUTPARAMS
MGMSG_PZ_REQ_OUTPUTLUTPARAMS
MGMSG_PZ_GET_OUTPUTLUTPARAMS

Host-Controller Communications Protocol

Issue 24

0x0703
0x0704
0x0705

Function:

SET:

Itis possible to use the controllerinan arbitrary Waveform
Generator Mode (WGM). Rather thanthe unitoutputtingan
adjustable but staticvoltage or position, the WGM allows the user
to define avoltage or position sequence to be output, either
periodically ora fixed number of times, with aselectableinterval

between adjacentsamples.

This waveform generation functionis particularly useful for
operations such asscanningovera particulararea, orinany other
applicationthatrequires apredefined movement sequence.
Thisfunctionisusedto set parameters which control the output of

the LUT array.

Command structure (36 bytes)
6 byte headerfollowed by 30 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9 | 10 | 11
header Data
03 | 07 | 1E | 00 | d| | s Chan Ident I Mode | CycleLength
12 [ 13 | 14 [ 15 | 16 [ 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
NumCycles | DelayTime I PreCycleRest
24 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35
Data
PostCycleRest | OPTrigStart I OPTrigWidth | TrigRepCycle
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Mode Specifies the output mode of the LUT waveform as follows. | word

Values can be ‘bitwise or'd togetheras required.

0x01 - OUTPUTLUT_CONTINUOUS — The waveformis
outputcontinuously (i.e. until aStopOPLUT command is
received).

0x02 - OUTPUTLUT _FIXED — A fixed number of waveform
cyclesare output (asspecifiedinthe NumCycles
parameter).

The following values are not applicable to the TPZ001 unit
becauseithas notriggering functionality.

0x04 - OUTPUTLUT_OUTPUTTRIG — Enables Output
Triggering. With OP Triggering enabled, the system can be
configured to generate one or more hardware trigger
pulsesduringa LUT (waveform) cycle output, as specified
inthe OPTrigStart parameter below.
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0x08 - OUTPUTLUT _INPUTTRIG —Enables Input Triggering.
With INPUTTRIG setto ‘False’, the waveform generator will
start as soonas it receives a StartOPLUT command. If
however, INPUTTRIGis setto ‘True, waveform generation
will only startif a software commandisreceived AND the
triggerinputisinits active state. In most cases, the trigger
input will be used to synchronize waveform generation to
an external event. In this case, the StartOPLUT command
can be viewed asacommandto "arm" the waveform
generatorand the waveform will startas soon as the input
becomesactive.

The triggerinput can be usedtotriggera single channel or
multiple channels. Inthis latter case ensure thatinput
triggeringis enabled on all the desired channels. Using the
triggerinput for multiple channelsis particularly useful to
synchronize all channels to the same event.

0x10 - OUTPUTLUT_OUTPUTTRIG_SENSE_HI —determines
the voltage sense and edge of the O/P trigger. If this bitis
set, the unitsrespondstoa risingedge (OV to 5V) trigger. If
not setit respondstoa fallingedge (5V to0V).

0x20 - OUTPUTLUT_INPUTTRIG_SENSE_HI —determines
the voltage sense and edge of the I/P trigger. If this bitis
set, the unitsrespondstoa risingedge (OV to 5V) trigger. If
not setit respondstoa fallingedge (5V to0V).

0x40 - OUTPUTLUT_LUTGATED — If setto ‘1’ the triggeracts
as a gate, if setto ‘0’ acts as trigger.

0x80 - OUTPUTLUT _OUTPUTTRIG_REPEAT — This
parameterisa flagwhich determinesif repeated O/P
triggeringisenabled. If set, the output triggeris repeated
by the interval setinthe TrigRepeatCycle parameter. This is
useful formultiple triggering during asingle voltage O/P
sweep.

CycleLength Specifies how many samples will be outputin each cycle of | word
the waveform. Itcan be set inthe range 0to 7999 for BPC
and MPZ units, and 0 to 512 for TPZ units. It must be less
than or equal to the total number of samples that were
loaded. (Tosetthe LUT array valuesfora particular
channel, see the SetOutputLUT function).

NumCycles Specifies the number of cycles (1to 2147483648) to be long
output whenthe Mode parameteris set to fixed. If Mode is
setto Continuous, the NumCycles parameterisignored.In
both cases, the waveformis not output until a StartOPLUT
commandis received.

DelayTime Specifies the delay (in sampleintervals) that the system long
waits aftersetting each LUT outputvalue. By default, the
time the system takes to output LUT values (sampling
interval) is set at the maximum bandwidth possible,

i.e. 7KHz (0.14 ms) for MPZ models, 1kHz(1.0ms) for BPC
and 4 kHz (0.25 ms) for TPZ units.

The DelayTime parameterspecifies the time interval
between neighbouring samples, i.e.forhow longthe
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sample will remain atits presentvalue.

To increase the time between samples, set the DelayTime
parameterto the required additional delay (1to
2147483648 sample intervals). Inthis way, the usercan
stretch or shrink the waveform without affectingits overall
shape.

PreCycleRest

In some applications, during waveform generation the first
and the lastsamples may need to be handled differently
fromthe rest of the waveform. Forexample, ina
positioning system it may be necessary to start the
movement by staying ata certain position fora specified
length of time, then perform a movement, then remain at
the last position foranotherspecified length of time. This is
the purpose of PreCycleRest and PostCycleRest
parameters, i.e. theyspecify the length of time that the
firstand lastsamples are output for, independently of the
DelayTime parameter.

The PreCycleRest parameterallows adelay time to be set
before the system starts to clock out the LUT values. The
delay can be setbetween Oand 2147483648 sample
intervals. The system then outputs the firstvaluein the
LUT until the PreCycleRest time has expired.

long

PostCycleRest

In a similarway to PreCycleRest, the PostCycleRest
parameterspecifies the delay imposed by the system after
a LUT table has been output. The delay can be set between
0 and 2147483648 sample intervals. The systemthen
outputsthe lastvalue inthe cycle until the PostCycleRest
time has expired.

long

OPTrigStart

Outputtriggeringis enabled by setting the value 0x04in
the MODE parameter. With Op Triggering enabled, the
system can be configured to generate one or more
hardware trigger pulses duringa LUT (waveform) cycle
output. The OPTrigStart parameterspecifies the LUT value
(positioninthe LUT array) at which toinitiate an output
trigger. Inthis way, itis possible to synchronize an output
trigger with the output of a particularvoltage value. Values
are setinthe range 1 to 8000 but must also be less than
the CycleLength parameter.

word

OPTrigWidth

sets the width of the outputtrigger. Values are enteredin
1ms increments for BPC20x models.

long

TrigRepeatCyde

specifies the repeatinterval between O/P triggers when
OUTPUTTRIG_REPEAT issetto True. This parameteris
specifiedinthe numberof LUT values between triggers (0
to 7999 for MPZ and BPCunits, 0 to 512 for TPZ units). If
thisvalueis greaterthan the ICycleLength parameter (set
inthe SetOPLUTParams method) then by definition, a
repeated trigger will not occurduringa single waveform
cycle output.

word
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Example:
Channel:1
Mode: OUTPUTLUT continuous
CycleLength:40

NumCycles: 20

DelayTime: 10

PreCycleRest: 10
PostCycleRest: 10

OPTrigStart: 0

OPTrigWidth: 1
TrigRepeatCycle: 100

Host-Controller Communications Protocol

Set output LUT parametersas follows:

Issue 24

TX 03, 07, 1E, 00, DO, 01, 01, 00, 01, 00, 28, 00, 14, 00, 00, 00, OA, 00, 00, 00, OA, 00, 00, 00,
0A, 00, 00, 00, 00, 00, 01, 00, 00, 00, 64, 00

Header: 03, 07, 06, 00, DO, 01: SETOUTPUTLUTPARAMS, 30 byte data packet, Generic USB

Device.

Channel: 1

Mode: OUTPUTLUT continuous
CycleLength: 00, 28
NumCycles: 00, 00, 00, 14
DelayTime: 00, 00, 00, OA
PreCycleRest: 00, 00, 00, OA
PostCycleRest: 00, 00, 00, OA
OPTrigStart: 00, 00
OPTrigWidth: 00, 00, 00, 01
TrigRepeatCycle: 00, 64

REQUEST:
Command structure (6 bytes):

0 1 2 3 4
header only
04 | 07 Chan | 00 d s
Ident
GET:

Response structure (36 bytes)

6 byte headerfollowed by 30 byte data packet as follows:

o [ 1 [ 2 ] 3 ] 4 ] 5 [ 8 [ 9 | 10 | 11
header Data
03 | 07 | 1E | 00 | d] | s Chan Ident | Mode |Cyc|eLength
12 | 13 ] 14 [ 15 ] 16 | 17 | [ 20 [ 21 | 22 | 23
Data
NumCycles | DelayTime | PreCycleRest
24 | 25 | 26 [ 27 | 28 | 29 | | 32 | 33 | 34 | 35
Data
PostCycleRest | OPTrigStart | OPTrigWidth | TrigRepCycle

For structure see SET message above.
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MGMSG_PZ_START_LUTOUTPUT 0x0706

Function:

TX structure (6 bytes):

Thisfunctionis used to start the voltage waveform (LUT) outputs.
Note. If the IPTrigflag of the SetOPLUTTrigParams functionissetto
false, this method initiates the waveformimmediately. If the IPTrig
flagis setto true, then this method ‘arms’ the system, in readiness
forreceiptofaninputtrigger.

0 1 2 3 4 5
header only
06 | 07 Chan | 00 d s
Ident
MGMSG_PZ STOP_LUTOUTPUT 0x0707
Function:

TX structure (6 bytes):

Thisfunctionis usedto stop the voltage waveform (LUT) outputs.

0 1 2 3 4 5
header only
07 | 07 Chan | 00 d S
Ident

Page 180 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

MGMSG_PZ_SET_EEPROMPARAMS 0x07D0

Function: Usedto save the parametersettings forthe specified message.
These settings may have been altered either through the various
method calls or through userinteraction with the GUI (specifically,
by clicking on the ‘Settings’ button foundin the lowerright hand
corner of the userinterface).

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7 | 8 | o9

Data Structure:

field description format
Chan Ident The channel beingaddressed word
MsglID The message ID of the message containingthe parameters word
to be saved.
Example:

TX DO, 07, 04, 00, DO, 01, 01, 00, 03, 07,

Header: DO, 07, 04, 00, DO, 01: Set_EEPROMPARAMS, 04 byte data packet, Generic USB
Device.

Chan ldent: 01, 00: Channel 1

MsglID: Save parameters specified by message 0703 (SetOutputLUTParams).
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MGMSG_PZ_SET_TPZ DISPSETTINGS 0x07D1

MGMSG_PZ REQ_TPZ _DISPSETTINGS 0x07D2

MGMSG _PZ GET_TPZ DISPSETTINGS 0x07D3

Function: Usedto set the intensity of the LED display on the front of the TPZ
unit.

SET:

Command structure (8 bytes)
6 byte headerfollowed by 2 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7
header Data
p1 | 07 | 02 | oo | dI | s [ Dispintensity

Data Structure:

field description format

Displintensity | Theintensityissetasa value from 0 (Off)to 255 (brightest). | word

Example: Setthe inputsource to software and potentiometer.
TX D1, 07, 02, 00, DO, 01, 64, 00,
Header: D1, 07, 02, 00, DO, 01: Set_DISPSETTINGS, 02 byte data packet, Generic USB Device.

Dispintensity: 64, 00: Sets the display brightness to 100 (40%)

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
D2[07 o1 Joo |d [s
Example: Requestthe display intensity

TX D2, 07,01, 00, 50, 01

GET:
Command structure (8 bytes)
6 byte headerfollowed by 2 byte data packet as follows:

o | 1 [ 2] 3 | 4] s 6 | 7
header Data
p3 | 07 | 02 | oo | dI | s [ Dispintensity

See SET for data structure.
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MGMSG_PZ_S

rollers Host-Controller Communications Protocol

ET_TPZ_ IOSETTINGS

MGMSG_PZ_REQ_TPZ_IOSETTINGS
MGMSG_PZ_GET_TPZ_IOSETTINGS

Function:

SET:

Issue 24

0x07D4
0x07D5
0x07D6

Thisfunctionis usedto setvarious /O settings as described below.
The settings can be saved (persisted) to the EEPROM by calling the

MGMSG_PZ_SET_EEPROMPARAMS function.

Command structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ 1+ [ 2] 3 T a4 T s 6 | 7 | 8 | 9 [ 10 ] 11
header Data
D4 | 07 | oA J o0 | dl | s Chan Ident | Voltagelimit | HubAnaloglP
12 [ 13 | 14 | 15
Data
Future Use | Future Use
Data Structure:
field description format
Chan Ident The channel beingaddressedisalways P_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
Voltagelimit The piezo actuator connected to the T-Cube has a specific | word
maximum operating voltagerange. This parametersets
the maximum output tothe value specified as follows:
0x01 VOLTAGELIMIT_75V 75V limit
0x02 VOLTAGELIMIT_100V 100V limit
0x03 VOLTAGELIMIT_150V 150V limit
HubAnaloglnput | Whenthe T-Cube Piezo Driver unitisusedin conjunction | word

with the T-Cube Strain Gauge Reader (TSG001) onthe T-
Cube Controller Hub (TCH001), a feedback signal can be
passed from the Strain Gauge Readerto the Piezo unit.
High precision closed loop operationis then possible using
our complete range of feedback-equipped piezo actuators.
This parameterisusedto selectthe wayinwhich the
feedbacksignal isrouted tothe Piezo unitasfollows:
0x01 HUB_ANALOGUEIN_A thefeedback
signals runthrough all T-Cube bays.
0x02 HUB_ANALOGUEIN_B the feedback
signalsrun between adjacent pairs of T-Cube bays
(i.e.1&2, 3&4, 5&6). Thissettingis useful when
several pairs of Strain Gauge/Piezo Driver cubes
are beingused onthe same hub.
0x03 EXTSIG_SMA thefeedbacksignalsrun

through the rear panel SMA connectors.

Page 183 of 372




Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
psJo7z o1 oo Jd s
GET:

Response structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ v | 2 | 3 [ 4 | s 6 | 7 ] 8 | 9 | 10 | 1
header Data
D4 | 07 | 0A | 00 | d] | s Chan Ident |Vo|tageLimit| HubAnaloglP
12 [ 13 | 14 | 15
Data
Future Use | Future Us

See SET message forstructure.
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MGMSG_PZ_SET_ZERO 0x0658

Function:

TX structure (6 bytes):

This function applies avoltage of zero volts to the actuator
associated with the channel specified by the IChanID parameter, and
thenreads the position. Thisreadingis then takento be the zero
reference forall subsequent position readings. This routine is
typically called during the initialisation or re-initialisation of the
piezoarrangement.

0 1 2

3

header only

58 | 06 Chan
Ident

00
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MGMSG_PZ REQ_MAXTRAVEL 0x0650
MGMSG_PZ GET_MAXTRAVEL 0x0651
Function: In the case of actuators with builtin position sensing, the

PiezoelectricControl Unit can detectthe range of travel of the
actuator since thisinformation is programmed in the electronic
circuitinside the actuator. This function retrieves the maximum
travel forthe piezo actuatorassociated with the channel specified
by the Chan Ident parameter, and returns avalue (in microns) in the
Travel parameter.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
s0 o6 Jor Joo [d s
Example: Requestthe max travel of the actuator associated with Channel 1,
bay 2 (0x22)

TX 50, 06, 01, 00, 22, 01

GET:
Response structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 | 9o

51 | o6 [ 04 | oo | dl [ s ChanID [  Travel

Data Structure:

field description format
Chan Ident The channel beingaddressed. word
Travel The max travel of the actuator associated with the specified

channelintherange 0 to 65535 (0to FFFF). The travelis
read from a calibration resistorandisreturnedinreal world
units, steps of 100nm.

Example: Get the maximum travel.

TX 51, 06, 04, 00, 01, A2, 01, 00, C8, 00

Header: 51, 06, 04, 00, A2, 01: Get_Max Travel, 04 byte data packet, d=A2 (i.e. 22 ORed with
80), s=01 (PC).

Channel 1: 01, 00:
Travel:00C8 (200 i.e. 20 pm)
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MGMSG_PZ_SET_IOSETTINGS
MGMSG_PZ_REQ_IOSETTINGS
MGMSG_PZ_GET_IOSETTINGS

Function:

SET:

Issue 24

0x0670
0x0671
0x0672

Thisfunctionis usedto setvarious /O settings as described below.
The settings can be saved (persisted) to the EEPROM by calling the

MGMSG_PZ_SET_EEPROMPARAMS function.

Command structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ 1+ [ 2] 3 T a4 T s 6 | 7 ] 8 ] 9 JT1w] n
header Data
70 | o6 [ oA [ o0 [ dI [ s Chan Ident | AmpCurrentim | AmpLPFilter
12 [ 13 | 14 | 15
Data
FeedbackSig | BNCTrigORLVOut
Data Structure:
field description format
Chan Ident The channel beingaddressedisalways P_MOD_CHAN1 word
(0x01) encoded as a 16-bit word (0x01 0x00)
AmpCurrentLim | This parametersetsthe maximum currentoutputforthe | word
HV amplifiercircuit as follows:
CURRENTLIMIT_100MA 0x00
CURRENTLIMIT_250MA 0x01
CURRENTLIMIT_500MA 0x02
AmpLPFilter This parametersetsthe value of the hardware low pass word

filterapplied tothe HV amplifier output channels. It can
be used to improve stability and reduce noise onthe HV
outputs. Itis notchannel specificand the Chan Ident
parameterisignored forthis particularsetting. Values are
setas follows:
OUTPUTLPFILTER_10HZ 0x00
OUTPUTLPFILTER_100HZ 0x01
OUTPUTLPFILTER_5KHZ 0x02
OUTPUTLPFILTER_NONE 0x03

FeedbackSig

For future use. The feedback signal type is locked at AC
(strain gauge) and cannot be changed at this time.

BNCTrigORLVOut

The Control IO BNC connectors onthe rear panel are dual
function. When setto Low Voltage (LV) outputs they
mirror the voltage onthe Piezo drive HV connectorsand
can be connectedtoan oscilloscopeformonitoring
purposes. Whensetto Trigger mode they provide the
triggerinputand output connections. This functionis
usedto setthe mode of the rear panel BNC connectors as
follows:

BNCMODE_TRIG Trigger Output 0x0000
BNCMODE_LVOUT LV Output OxFFFF
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REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only

71006 Jor Joo [d s

GET:

Response structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ 1 [ 2 | 3 | 4 | s 6 | 7 | 8 [ 9 10| 1
header Data
72 I 06 | 0A | 00 I d| I s Chan Ident I AmpCurrentlim I AmplLPFilter
12 | 13 ] 14 | 15
Data

FeedbackSig | BNCTrigORLVOut

See SET message forstructure.
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MGMSG_PZ SET_OUTPUTMAXVOLTS 0x0680
MGMSG_PZ REQ_OUTPUTMAXVOLTS 0x0681
MGMSG _PZ GET_OUTPUTMAXVOLTS 0x0682
Function: The piezo actuator connected to the unit has a specificmaximum

operatingvoltage range: 75, 100 or 150 V. This function sets the
maximum voltage forthe piezo actuatorassociated with the
specified channel.

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ [ 2 | 3 | 4 [ 5 6 | 7 [ 8 | 9 [ 10 | 11
header Data
80 | o6 [ o6 | o0 | d| [ s Chanldent | Voltage | Flags

Data Structure:

field description format
Chan Ident The channel beingaddressed. word
Voltage This parameter sets the maximum outputtothe value word
specified, in 1/10 volt steps between 0and 1500 (i.e.0to
150 V).
Flags These flagstell the APTserver certain parametersrelating | word
to the stage and controllercombination. They are not
relevanttothe SET commandand are only usedinthe
GET_OUTPUTMAXVOLTS message

Note. Whenthe SET_OUTPUTMAXVOLTS message is sent,a GET_OUTPUTMAXVOLTS
message isautomatically returned. Thisistoinform the serverthat the max outputvoltage
has changed. Similarly, a GET_MAXTRAVEL message is also returned to tell the serverthe
new max travel value.

Example: Setthe max outputvoltage to 100V.
TX 80, 06, 06, 00, DO, 01, 01, 00, ES, 03, 08, 00

Header: 80, 06, 06, 00, DO, 01: Set_OutputMaxVolts, 06 byte data packet, d=DO (i.e. 50 ORed
with 80 i.e.genericUSBdevice), s=01(PC).

Channel 1: 01, 00:

Voltage: 03E8 (1000 i.e. 100V)

Flags:N/A

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
81 [o6 Joi1 Joo [d [s
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GET:
Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o [ 1+ [ 2 ] 3 [ 4 [ 5 6 | 7 [ 8 | 9 [ 10 | 11
header Data
82 | o6 [ o6 | o0 | dl [ s ChanIdent | Voltage | Flags

Data Structure:

field description format
Chan Ident The channel beingaddressed. word
Voltage This parametersets the maximum output to the value word
specified,either 750, 1000 or 1500 (i.e. 75, 100 or 150 V).
Flags These flagstell the APTserver certain parametersrelating | word

to the stage and controller combination.
The meaning of the individual bits (flags) of the 16 bit
integervalueisasfollows:
0x01 For Future Use
0x02 VOLTAGELIMIT_75V 75V limit
0x04 VOLTAGELIMIT_100V 100V limit
0x05 VOLTAGELIMIT_150V 150V limit

Example: Setthe max outputvoltage to 100V.
TX 82, 06, 06, 00, DO, 01, 01, 00, E8, 03, 08, 00

Header: 80, 06, 06, 00, DO, 01: Get_MaxOutputVolts, 06 byte data packet, d=DO (i.e. 50
ORed with 80 i.e.genericUSBdevice), s=01(PC).

Channel 1: 01, 00:

Voltage: 03E8 (1000 i.e. 100V)

Flags: 08, 00: 150 V max voltage
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MGMSG_PZ SET _TPZ SLEWRATES 0x0683
MGMSG_PZ REQ_TPZ_SLEWRATES 0x0684
MGMSG _PZ GET_TPZ SLEWRATES 0x0685
Function: When stages with delicate internal mechanisms are beingdriven, it

is possible thatsudden large changes to the drive voltage could
cause damage. Thisfunctionis used to limit the rate of change of
the drive voltage. Different limits may be set foropenloop and
closed loop operating modes.

Note. The controllerisloaded at the factory with defaultvalues
suitable fordriving legacy piezo stages. For newer generation stages,
the slew rate is read in automatically. Consequently, these
parameters should notrequire adjustment under normal operating
conditions.

SET:
6 byte headerfollowed by 6 byte data packet as follows:

o | 1 ] 2 [ 3 [ a | s 6 | 7 | 8 | 9 | 10 | 1
header Data
83 | o6 [ o6 | oo | d| | s Chanldent | SlewOpen | SlewClosed

Data Structure:

field description format
Chan Ident The channel beingaddressed. word
SlewOpen This parameter sets the maximum slew rate when word

operatinginopenloop mode. Valuesare setintherange0
to 32767, where O disablesthe limit,and 1isthe slowest
rate. Values are calculatedinV/ms as follows:

Slew Rate =Value x Max Voltage (i.e. 75, 100 or 150 V)
19000

SlewClosed This parameter sets the maximum slew rate when word
operatingin closed loop mode.
Valuesare calculated as above

Example: Setthe openandclosed max slew rates to 10V/ms for a 150V piezo.
TX 83, 06, 06, 00, DO, 01, 01, 00, F2, 04, F2, 04

Header: 80, 06, 06, 00, DO, 01: Set_SlewRates, 06 byte data packet, d=D0 (i.e. 50 ORed with
80i.e.genericUSBdevice), s=01(PC).

Channel 1: 01, 00:

SlewOpen: F2,04 (10V/ms i.e. 1266 x 150 / 19000)

SlewClosed: F2, 04
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REQ:
Command structure (6 bytes):

0 1 2 3 4

header only

84 o6 Jor Joo [d s
GET:
Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ v | 2 | 3 [ 4 | s 6 | 7 ] 8 | 9 | 10 | 1

header Data
85 | 06 | 06 | 00 | d] | s Chan Ident | SlewOpen | SlewClosed

See SET message forstructure.
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MGMSG_PZ_SET_LUTVALUETYPE: 0x0708

Function:

TX structure (6 bytes):

Itis possible to use the controllerinanarbitrary Waveform
Generator Mode (WGM). Rather thanthe unitoutputtingan
adjustable but staticvoltage or position, the WGM allows the user
to define avoltage or position sequence to be output, either
periodically ora fixed number of times, with aselectableinterval
between adjacent samples. This waveform generation functionis
particularly useful for operations such as scanning overa particular
area, or inany otherapplication thatrequiresapredefined
movement sequence.

The waveformisstored as valuesinanarray, with a maximum of
8000 samples perchannel. The samples can have the meaning of
voltage or position; if openloop operation is specified when the
samples are output, then theirmeaningisvoltage and vice versa, if
the channelissetto closedloop operation, the samples are
interpreted as position values. If the waveformto be output
requireslessthan 8000 samples, itis sufficientto download the
desired number of samples.

This message specifies whetherthe samples outputfromthe LUT
are voltage or position values.

0 1 2 3 4 5
header only
08|07 |LuTType |00 |d [
Data Structure:
field description format

LUTType The LUT value type: char
0x01 LUT valuesare Voltage
0x02 LUT values are position

Example: Setthe LUT value type to Volts.

TX, 08,07,01,00,50,01

Notes on using this message.

This method must be called BEFORE the LUT values are downloaded.

The LUT valuesare scaled to eithervoltage or position while the LUT is being downloaded. If
the value type needsto be changed during operation (e.g. the system was in open loop with
volts type selected, but now needs to change to closed loop with position type)the message
must be called again, and the LUT values downloaded again.

Page 193 of 372




Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24
MGMSG_KPZ SET_KCUBEMMIPARAMS 0x07FO0
MGMSG_KPZ_REQ_KCUBEMMIPARAMS 0x07F1
MGMSG_KPZ _GET_KCUBEMMIPARAMS 0x07F2

This message is applicable only to KPZ101 units

Function:

SET

This message is used to configure the operating parameters of the

top panel wheel (Joystick) and the display.

Command structure (40 bytes)
6 byte headerfollowed by 34 byte data packet.

6 | 7 | 8 | 9 | 10 |

11

Data

Channel | JSMode

| JsVoltGearbox

18 |

Data

JSVoltStep |

DirSense | PresetVoltl |

26 | 27 |

28 | 30 | 31 | 32 | 33 | 34 | 35 |

Data

DispBrightness|DispTimeoutlDispDimLevel| Reserved | Reserved | Reserved | Reserved

Data Structure:

field

description

format

Channel

The channel beingaddressedisalways P_MOD_CHAN1 (0x01)
encoded as a 16-bit word (0x01 0x00)

word

JSMode

This parameterspecifies the operating mode of the wheel/joy
stick as follows:

0x01 Voltage Mode - Deflectingthe wheel changes the drive
voltage. The changeis proportional to the deflection. The rate
of changeissetin the JSVoltGearbox parameterthatfollows.
0x02 Jog Mode - Deflectingthe wheelinitiates ajog move,
usingthe parameters specified by the JSVoltStep parameter.
Onejog step perclick of the wheel.

0x03 Go To Voltage Mode - Deflectingthe wheel starts a
move from the current positionto one of the two predefined
“teach” positions. The teach positions are specified asa drive
voltage inthe PresetVoltland PresetVolt2 parameters.

word

JSVoltGearbox

The rate of change of voltage, when the JSMode parameteris
setto Voltage Adjust Mode.

0x01 - Voltage adjusts ata high rate, i.e. 10 steps perclick
0x02 - Voltage adjusts ata mediumrate, i.e. 5steps perclick
0x03 - Voltage adjustsata low rate, i.e. 1 step per click

word

JSVoltStep

The voltage step size when JSMode is setto Jog Mode.

long
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DirSense This parameterspecifies the direction of amove initiated by the | word
velocity wheel as follows:

0 Wheel disabled.

1 Upwards rotation of the wheel resultsinanincreased voltage.
2 Upwards rotation of the wheel resultsinadecreased voltage.

PresetVoltl The presetvoltage 1 when operatingin Go to Voltage mode. long
PresetVolt2 The presetvoltage 2 when operatingin Go to Voltage mode. long
DispBrightness | In certainapplications, it may be necessary to adjust the word

brightness of the LED display on the top of the unit. The
brightnessissetasa value from 0 (Off) to 100 (brightest). The
display can be turned off completely by entering a setting of zero,
however, pressingthe MENU button on the top panel will
temporarilyilluminate the display atits lowest brightness setting
to allow adjustments. When the display returns toits default
position display mode, it will turn off again.

DispTimeout | 'Burn In'of the display canoccur ifit remainsstaticfora long word
time. To preventthis, the display is automatically dimmed after
the time interval specified inthe DispTimeout parameter has
elapsed. Setin minutesinthe range 0(neverdimmed) to 480.
The dim level issetinthe DispDimLevel parameter below.
DispDimLevel | The dim level, asavalue from 0 (Off) to 10 (brightest) butisalso | word
limited by the DispBrightness parameter.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
F1 | 07 | Channel | 00 | d | s
Example: Requestthe settings forthe top panel wheel

TXF1, 07, 01, 00, 50, 01

GET:
Response structure (32 bytes):

o | 1+ [ 2 ] 3 ] a | s 6 | 7 | 8 | 9 [ 10 ] 1n1
header Data

F2 ] o7 | 22 [ oo [ d [ s Channel | JSMode | JSVoltGearbox

12 [ 13 | 14 [ 15 | 16 | 17 | 18 [ 19 [ 20 [ 21 | 22 | 23 | 24 | 25
Data

JSVoltStep | DirSense | PresetVoltl | PresetVolt2

26 27 | 28 [ 29 [ 30 [ 31 | 32 ] 33 | 3a | 35 | 3 | 37 | 38 | 39
Data

DispBrightness | DispTimeout | DispDimLevel | Reserved | Reserved | Reserved | Reserved

For structure see SET message above.
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MGMSG_KPZ SET_KCUBETRIGIOCONFIG 0x07F3
MGMSG_KPZ_REQ_KCUBETRIGIOCONFIG 0x07F4
MGMSG_KPZ _GET_ KCUBETRIGIOCONFIG 0x07F5
Function: The KPZ101 K-Cube piezo controller has two bidirectional trigger ports

(TRIG1 and TRIG2) that can be used as a general purpose digitalinput/output, orcan be
configuredto outputa logiclevel to control external equipment.

When the port is used as an outputit provides apush-pull drive of 5 Volts, with the
maximum current limited to approximately 8 mA. The current limit prevents damage when
the outputis accidentally shorted to ground or driven to the opposite logicstate by external
circuity. The active logicstate can be selected High or Low to suitthe requirements of the
application.

This message sets the operating parameters of the TRIG1 and TRIG2 connectors on the front
panel of the unit.

Warning. Do not drive the TRIG ports from any voltage source that can produce an output
in excess of the normal 0 to 5 Voltlogic level range. In any case the voltage at the TRIG
ports must be limited to -0.25 to +5.25 Volts.

Trigger Modes

Input Trigger Modes

When configured as an input, the TRIG ports can be used as a general purpose digital input,
or for triggering adrive voltage change as follows:

0x00 The triggerlQOis disabled.

0x01 General purpose logicinput (read through status bits usingthe
PZ_GET_PZSTATUSUPDATE message).

0x02 Inputtriggerforvoltage step up. On receiptof the trigger, the drive voltage increases
by the value setinthe SetKCubeMMIParams method, VoltStep parameter.

0x03 Inputtriggerfor voltage step down. Onreceiptof the trigger, the drive voltage
decreases by the value setinthe SetKCube MMIParams method, VoltStep parameter.

When used for triggeringa move, the portis edge sensitive. In otherwords, ithasto see a
transition fromthe inactive to the active logicstate (Low->High or High->Low) for the trigger
inputto be recognized. Forthe same reason a sustained logiclevel willnot trigger repeated
moves. The triggerinput hasto return to its inactive state firstin orderto start the next
trigger.

Output Trigger Modes
When configured as an output, the TRIG ports can be used as a general purpose digital
output.

0x0A General purpose logicoutput (setusingthe MOD_SET_DIGOUTPUTS message).

Trigger Polarity

The polarity of the trigger pulse is specified in the TrigPolarity parameters as follows:
0x01 The active state of the triggerport islogicHIGH 5V (triggerinputand outputona
risingedge).

0x02 The active state of the triggerportislogicLOW 0OV (triggerinputand outputon a
fallingedge).
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SET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:
o [ 1 [ 2 [ 3 [ a4 | s 6 [ 7 ] 8 ] 9 J1w] 11
header Data
F3 | 07 | 0C | 00 | d] | s Channel | TriglMode | TriglPolarity
12 | 13 14 | 15 [ 16 [ 17
Data
Trig2Mode | Trig2Polarity | Reserved
Data Structure:
field description format
Channel The channel beingaddressedisalways (e.g. 0x01) word
encodedasa 16-bit word (0x01 0x00)
TriglMode TRIG1 operating mode: word
TriglPolarity The active state of TRIG1 (i.e. logichighorlogiclow). | word
Trig2Mode TRIG2 operating mode: word
Trig2Polarity The active state of TRIG2 (i.e. logichighorlogiclow). | word
Reserved word
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Example: Setthe Trigger parametersfor KPZ101 as follows:
TriglMode —Trigln_VoltStepUp
TriglPolarity—High
Trig2Mode — Disabled
Trig2Polarity—N/A

TX F3, 07, 0C, 00, DO, 01, 01, 00, 02, 00, 01, 00, 00, 00, 00, 00, 00, 00

Header: F3, 07, OC, 00, DO, 01: Set_KCube_TriglOConfig, 12 byte data packet, d=DO (i.e. 50

ORed with 80 i.e.generic USBdevice), s=01(PC).
Channel 1: 01, 00:

TriglMode —02, 00 Trigln_VoltStepUp
TriglPolarity—01,00 High

Trig2Mode — 00,00 Disabled
Trig2Polarity—00,00 N/A

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
Faloz o1 oo [d s
GET:

Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o | 1+ [ 2] 3 [ 4 | s 6 | 7 | 8 | 9 Jiwo]| 1
header Data
F5 | 07 | oc | oo [ dl | s Channel | TriglMode [ TriglPolarity
12 | 13 [ 14 ] 15 [ 16 | 17
Data
Trig2Mode | TrigZPoIarityl Reserved

See SET message forstructure.
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MGMSG_PZ_SET_TSG_IOSETTINGS
MGMSG_PZ_REQ_TSG_IOSETTINGS
MGMSG_PZ_GET_TSG_IOSETTINGS

Function:

SET:

Issue 24

0x07DA
0x07DB
0x07DC

When the T-Cube Strain Gauge Readeris usedin conjunction with
the T-Cube Piezo Driverunit (TPZ001) on the T-Cube Controller Hub
(TCHO001), a feedback signal can be passed from the Strain Gauge
Readerto the Piezo unit. High precision closed loop operationis
then possible using our complete range of feedback-equipped piezo

actuators.

This methodisusedto selectthe wayin which the feedback signal is

routed back to the Piezo unit.

Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o [ 1 [ 2 | 3 | 4 | s 6 | 7 | 8 [ 9 10| 1
header Data
DA I 07 | OE | 00 I d| I s Chan Ident I HubAnalogOP IDispIayMode
12 | 13 ] 14 [ 15 | 16 | 17 | 18 | 19
Data
ForceCalib | Future Use | Future Use
Data Structure:
field description format
Chan Ident The channel beingaddressedisalways (e.g. 0x01) word
encoded as a 16-bit word (0x01 0x00)
HubAnalogueOutput | When the T-Cube Strain Gauge Readerisusedin word

conjunction with the T-Cube Piezo Driver unit (TPZ001)
on the T-Cube Controller Hub (TCH001), a feedback
signal can be passed from the Strain Gauge Readerto
the Piezo unit. High precision closed loop operationis
then possible using our complete range of feedback-
equipped piezo actuators.

This message is used to select the wayin which the
feedbacksignal is routed back to the Piezo unit

If set to 0x01 HUB_ANALOGUEQOUT 1, the feedback
signals runthrough all T-Cube bays.

If set to 0x02 HUB_ANALOGUEOUT _2,the feedback
signals run between adjacent pairs of T-Cube bays (i.e.
1&2, 3&4, 5&6). Thissettingis useful when several
pairs of Strain Gauge/Piezo Driver cubes are being
used on the same hub.
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Display Mode

The LED display window on the front of the unit (and
the display onthe GUI panel) can be set to display the
strain gauge signal as a position (microns), avoltage
(Volts) oras a force (Newtons).

This parametersetsthe display mode as follows

If set to 0x01 DISPUNITS_POSITION, the display shows
the strain gauge signal as a position in microns.

If set to 0x02 DISPUNITS_VOLTAGE, the display shows
the strain gauge signal as a voltage.

If set to 0x03 DISPUNITS_FORCE, the display shows the
strain gauge signal as a force

word

ForceCalib

If usinga force sensorwith the TSG001 unit, the Force
Sensor has a specificmaximum operating force. This
parameter sets the force calibration factorin steps of
0.001 N between 1and 1000.

The defaultsetting for this parameteris H7530
(30,000), to be compatible with our FSC102 force
sensor, whichis specified toread forces up to 30N.

word

Example: Setthe

IO settings as follows.

TX DA, 07, OE, 00, DO, 01, 01, 00, 01, 00, 02, 00, 30, 75, 00, 00, 00, 00, 00, 00

Header: DA, 07, OE, 00, DO, 01: Set_TSG_lOSettings, 14 byte data packet, d=DO (i.e. 50 ORed
with 80 i.e.genericUSBdevice), s=01(PC).

Channel 1: 01, 00:

HubAnalogueOutput: 01, 00 (Hub Analogue OutputA)
Display Mode: 02, 00 (Display Voltage
Force Calibration: 30, 75 30,000 x 0.001 =30 N

REQ:

Command structure (6 bytes):

0 1 2 3

header only

pB|l 07 o1 oo

[d |s

GET:

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1] 2 [ 3 [ a | s 6 | 7 | 8 | 9 |10] 1n
header Data
pc | o7 | o | oo | dl | s Chan Ident | HubAnalogOP | DisplayMode
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
Data
ForceCalib | Future Use | Future Use

See SET message forstructure.
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MGMSG_PZ_REQ_TSG_READING 0x07DD
MGMSG_PZ GET_TSG_READING 0x07DE
Function: This message returnsthe currentreading of the strain gauge

The unitsapplicable are dependent on the current operating mode
(setusingthe DisplayMode parameter of the SET_TSG IOSETTINGS

message.
REQUEST:
Command structure (6 bytes)
0 1 2 3 4 5
header only
DD | 07 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 [ 8 | 9 ] 10| 11
header Data
DE | 07 | o6 | 00 | d|l | s Chanldent | Reading [ Smoothed

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Reading The current reading of the strain gauge unit. If the unitis short

operatingin Position mode, thenthe returned valueisa
positionin microns. If the unitisin Voltage mode, thenthe
returnedreadingisaVoltage. If the controllerisin ‘Force
Sensing Mode’ thenthe parameterreturnsaforce valuein
Newtons. Values are returnedinthe range -32767 to 32768,
which corresponds to-100% to 100% of the maximum
voltage, travel orforce.

The returned data values are sampled at 500Hz. Thisis
particularly useful in touch probe orforce sensing
applications whererapid polling of the force readingis
important.

Display mode and Max Force are describedinthe
MGMSG_PZ_ GET_TSG_IOSETTINGS message. Max Travel is
describedinthe MGMSG_PZ_GET_MAXTRAVEL message.

Smoothed word

Example: Get the readings for channel 1.
RX DE, 07, 06, 00, 81, 50, 01, 00, 52, 00, 50, 00,

Header: DE, 07, 06, 00, 81, 50: Get_TSG_Readings, 6 byte data packet, d=DO0 (i.e. 01 ORed
with 80 i.e. PC), s=50 (Generic USB device).

Channel 1: 01, 00

Reading:52, 00 (i.e. 82)

Smoothed: 52,00
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MGMSG_KSG_SET_KCUBEMMIPARAMS
MGMSG_KSG_REQ_KCUBEMMIPARAMS
MGMSG_KSG_GET_KCUBEMMIPARAMS

Issue 24

0x07F6
0x07F7
0x07F8

Function: Usedto set the intensity of the OLED display onthe TOP of the
KSG101 unit. Intensity is setas a percentage of full brightnessin the
range 0 (off) to 100%. Also used to set the display time outand dim
level as described below.

SET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

2 | 3 | a4 | s 6 | 7 ] 8 | 9 | 10|

header Data

08 | oo | d| | s Chanldent | Dispintensity | DispTimeout | DispDimLevel

Data Structure:

field

description

format

Chanldent

The channel beingaddressed (i.e. 1)

word

Displntensity

In certain applications, it may be necessary to adjust the
brightness of the LED display onthe top of the unit. The
brightnessissetasa value from 0 (Off) to 100 (brightest).
The display can be turned off completely by entering a
setting of zero, however, pressingthe MENU button on the
top panel will temporarily illuminate the display atits
lowest brightness setting to allow adjustments. When the
display returnstoits default position display mode, it will
turn off again.

word

DispTimeout

'‘Burn In' of the display can occur if it remains staticfora
longtime. To preventthis, the displayis automatically
dimmed afterthe time interval specified in the DispTimeout
parameter has elapsed. Setin minutesinthe range 0 (never
dimmed) to 480.

The dim levelissetinthe DispDimLevel parameter below.

word

DispDimLevel

The dim level, asavalue from 0 (Off) to 10 (brightest) butis
alsolimited by the DispBrightness parameter.

word

Example:
20%. .

TXF6, 07, 08, 00, DO, 01, 01, 00, 32, 00

Setthe Displayintensity 50%, the Time outto 5 minutes and the dimlevel to

Header: F6, 07, 04, 00, DO, 01: Set_ KCUBEMMIPARAMS, 08 byte data packet, Generic USB

Device.

Chanldent: 01, 00: Sets channel 1

Dispintensity: 32, 00: Sets the display brightness to 50%
DispTimeout: 05, 00: Sets the display brightness to 5minutes
DispDimLevel: 14, 00: Setsthe display brightness to 20%
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REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
F7[o07 Jo1 Joo [d s
Example: Requestthe display intensity

TXF6, 07, 01, 00, 50, 01

GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packetas follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 | 9 ] 10 ] 11 [ 12 [ 13

header Data

F8 | 07 | 08 | 00 | d] | s Chanldent |Disp|ntensity| DispTimeout|DispDimLeve|

See SET for data structure.
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MGMSG_KSG _SET_KCUBETRIGIOCONFIG 0x07F9

MGMSG_KSG_REQ_KCUBETRIGIOCONFIG 0x07FA
MGMSG_KSG_GET_ KCUBETRIGIOCONFIG 0x07FB
Function: The KSG101 K-Cube strain gauge reader has two bidirectionaltrigger ports

(TRIG1 and TRIG2) that can be used as a general purpose digitalinput/output, orcan be
configured to outputa logiclevel to control external equipment.

When the port is used as an outputit provides apush-pull drive of 5 Volts, with the
maximum current limited to approximately 8 mA. The current limit prevents damage when
the outputis accidentally shorted to ground or driven to the opposite logicstate by external
circuity. The active logicstate can be selected High or Low to suitthe requirements of the
application.

This message sets the operating parameters of the TRIG1 and TRIG2 connectors on the front
panel of the unit.

Warning. Do not drive the TRIG ports from any voltage source that can produce an output
in excess of the normal 0 to 5 Voltlogic level range. In any case the voltage at the TRIG
ports must be limited to -0.25 to +5.25 Volts.

The Trigger can be used to monitora specificarea, and output a signal when the device
moves away from this region of interest. This signal can then be used to give a warning by
soundingabell orturning on an LED. The triggers are set usinga combination of the
TriglMode and Trig2Mode parameters, and the LowerLim and UpperLim parameters.

Trigger Modes

0x00 - TRIG_DISABLED The triggerlQis disabled

0x01 - TRIGIN_GPI General purpose logicinput (read through status bits usingthe
PZ_GET_PZSTATUSUPDATE message).

O0x0A -TRIGOUT_GPO General purpose logicoutput (setusingthe MOD_SET DIGOUTPUTS
message).

0xOB - TRIG_OUT_LESSTHANLOWERLIMIT The triggeris active when the strain gauge input
islessthan the lowerlimit, setinthe LowerLim parameter.

0x0C TRIG_OUT_MORETHANLOWERLIMIT -The triggerisactive whenthe strain gauge
inputis greaterthan the lowerlimit.

0xOD TRIG_OUT_LESSTHANUPPERLIMIT - The triggeris active when the strain gauge input s
lessthanthe upperlimit, setinthe UpperLim parameter.

OxOE TRIG_OUT_MORETHANUPPERLIMIT - The triggeris active when the strain gauge input
isgreaterthan the upperlimit.

OxOF TRIG_OUT_BETWEENLIMITS - The triggeris active when the strain gauge inputis
betweenthe two limits.

0x10 TRIG_OUT_OUTSIDELIMITS - The triggeris active when the strain gauge inputis
outside either of the two limits.

Trigger Polarity

The polarity of the trigger pulse is specified in the TrigPolarity parameters as follows:
0x01 The active state of the triggerport islogicHIGH 5V (triggerinputandoutputona
risingedge).

0x02 The active state of the triggerportislogicLOW 0OV (triggerinputand outputon a
fallingedge).
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SET:

Command structure (28 bytes)

6 byte headerfollowed by 22 byte data packet as follows:

o | 1 [ 2 [ 3 [ 4 [ s 6 | 7 | 8 | 9 J1w] 1
header Data

Fo | o7 [ 16 0 | dl [ s Chanldent | TrigiMode | TriglPolarity

12 | 13 | 14 15 | 16 | 17 | 18 | 19 [ 20 | 21 [ 22 | 23

Data
Trig2Mode | Trig2Polarity | LowerLim | UpperLim
24 | 25 [26] 27
Data
SmoothingSamples | Reserved
Data Structure:
field description format

Chan Ident The channel beingaddressedisalways (e.g. 0x01) word
encoded asa 16-bit word (0x01 0x00)

TriglMode TRIG1 operating mode: word

TriglPolarity The active state of TRIG1 (i.e. logichighorlogiclow). | word

Trig2Mode TRIG2 operating mode: word

Trig2Polarity The active state of TRIG2 (i.e. logichighorlogiclow). | word

LowerLim The lowerlimitdescribed inthe trigger mode details Long
above, setinthe range -100 to 100.

UpperLim The upperlimitdescribedinthe trigger mode details Long
above, setinthe range -100 to 100.

SmoothingSamples | The readingshownonthe displayisanaverage ofthe | word
numberof samples setinthe SmoothingSamples
parameter, betweenOand 1000. Asa new sampleis
taken, the earliest sampleis discarded.

Reserved
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Example: Setthe Trigger parameters for KSG101 as follows:
TriglMode — TrigOut_LESSTHANLOWERLIMIT
TriglPolarity—High
Trig2Mode — Disabled
Trig2Polarity— N/A
LowerLim—Zero
UpperLim—100
SmoothingSamples - 1000

TXF9, 07, 16, 00, DO, 01, 01, 00, 08B, 00, 01, 00, 00, 00, 00, 00, 00, 00, 00, 00, 64, 00, 00, 00,
E3, 08

Header: F9, 07, 16, 00, DO, 01: Set_KCube_TriglOConfig, 22 byte data packet, d=DO (i.e. 50
ORed with 80 i.e.generic USBdevice), s=01(PC).

Channel 1: 01, 00:

TriglMode — 0B, 00 TrigOut_LESSTHANLOWERLIMIT

TriglPolarity— 01,00  High

Trig2Mode — 00,00 Disabled

Trig2Polarity—00,00 N/A

LowerLim—00,00,00,00 Zero

UpperLim—64,00 i.e.100

SmoothingSamples—E8, 03 i.e. 1000

REQ:
Command structure (6 bytes):

0o 1 2 3 4 5
header only

FAJo7 o1 Joo [d s

GET:

Command structure (28 bytes)
6 byte headerfollowed by 22 byte data packet as follows:

o [ v | 2 | 3 [ 4 | s 6 | 7 ] 8 ] 9 J1w] 1
header Data
FB | 07 | 16 | 00 | d] | s Chanldent| TriglMode |Trig1Po|arity
12 [ 13 | 14 [ 15 | 16 [ 17 | 18 | 19 [ 20 | 21 [ 22 [ 23
Data
Trig2Mode | Trig2Polarity | LowerLim | UpperLim
24 | 25 [26] 27
Data

SmoothingSamples | Reserved

See SET message forstructure.
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NanoTrak Control Messages

Introduction

The ‘NanoTrak’ ActiveX Control provides the functionality required for aclient application to
control one or more NanoTrak auto-alignment controller products. The NanoTrak system
comesinbenchtop (BNT001), T-Cube (TNA0O01) and 19" rack modular (MNAG601) formats, all
of which are covered by the NanoTrak ActiveX Control.

The messages of the NanoTraks object can then be used to perform activities such as
latching/unlatching, reading power levels, obtaining/setting circle size and position and
determiningif 'NanoTracking'is currently taking place.

For details onthe use of the NanoTrak controller, and information on the principles of
operation, refertothe NanoTrak Operating Guide.

NOTE. The NanoTrak can be setto operate asa piezo amplifier. When operatedin this
mode, some piezo control messages may also be sentor returned.
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MGMSG_PZ_SET_NTMODE 0x0603

Function: The NanoTrak unitcan be used as a standard piezo amplifier, oras a
NanoTrak Auto-alignment unit. This message sets the unitto piezo
operation, orone of the NanoTrak operating modes as described
below. The mode of operationissetin byte 2 of the message as
follows:

SET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
03 o6 [stae]Joo [d [s

Data Structure:

field description format

State 01 Setsthe unitto Piezo mode. short
Note. The hardware unit must be rebooted before changes
to operating mode can take effect.

Note. When the HW operating mode of a NanoTrak unit has
beenchangedto Piezo operation, then the Piezo ActiveX
control must be used to communicate with the unit. Use the
same serial numberas used on the NanoTrak controlin
orderto establish communication with the unit.

02 Latch mode. In thismode, scanningis disabled and
the piezodrives are held atthe present position.
03 Track mode. In this mode, the NanoTrak detects any

drop insignal strength resulting from misalignment of the
inputand output devices, and makes vertical and horizontal
positional adjustments to maintain the maximum
throughput.

04 Horizontal Track mode. In this mode, the NanoTrak
detectsanydrop insignal strength resulting from
misalignment of the input and output devices, and makes
horizontal positional adjustments to maintain the maximum
throughput.

05 Vertical Track mode. In this mode, the NanoTrak
detectsanydrop insignal strength resulting from
misalignment of the inputand output devices, and makes
vertical positionaladjustments to maintain the maximum
throughput.

Example: Setthe tracking mode to Latch

TX 03, 06, 02, 00, 50, 01,
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MGMSG_PZ_REQ_NTMODE
MGMSG_PZ_GET_NTMODE

Issue 24

0x0604
0x0605

Function: The NanoTrak unitcan be used as a standard piezo amplifier, oras a
NanoTrak Auto-alignment unit. This message gets the present
operating mode of the unitas described below. The mode of
operationisreturnedin byte 2 of the message as follows:

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
0406 Joo [oo [d s
GET:
Command structure (6 bytes):
0 1 2 3 4 5
header only
0506 | State | Mode[d [s
Data Structure:
field description format
State The Tracking state short
01 NanoTracking off. The unitisin Piezo mode.
02 Latch mode. In thismode, scanningis disabled and
the piezodrivesare held atthe present position.
03 Tracking ON No Signal. In this mode, the NanoTrak
istracking butthe signal poweris below the threshold
powersetby the userinthe Set NTTrackThreshold
message.
04 Tracking ON, Signal Attained. Inthis mode, the
threshold powerhas been detected and the NanoTrak s
tracking normally.
Mode The Tracking Mode.
01 Dual axis (X andY) tracking.
02 Horizontal (X) axis tracking.
03 Vertical (Y) axis tracking.
Example

TX 05, 06, 04, 01, 01, 50
Mode is Tracking Signal (0x04) and dual axis (Both X and Y tracking) (0x01)
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MGMSG_PZ SET_NTTRACKTHRESHOLD 0x0606
MGMSG_PZ REQ_NTTRACKTHRESHOLD 0x0607
MGMSG _PZ GET_NTTRACKTHRESHOLD 0x0608
Function: This message sets the tracking threshold of the NanoTrak. The value

issetin Amps, andis dependent uponthe application. Typically, the
value issetto lie above the ‘noise floor’ of the particular physical
arrangement. When the inputsignal level exceeds this value, the
tracking LED isliton the GUI panel. Note there is no guarantee that
trackingis taking place if this threshold value is setinappropriately.
E.g. if the tracking thresholdis setto below the noise floor, then the
GUI will show alittracking LED eventhough notrackingis taking
place.

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 ] 2 | 3 | a4 | s 6 | 7 ] 8 | 9
header Data
o6 | o6 | 04 [ oo [ d] | s ThresholdAbsReading

Data Structure:

field description format

ThresholdAbsReading | The tracking threshold of the NanoTrak. Thisis the Float
absolute TIAreading (PIN current).

The value setin Amps as a 4-byte floating point
numberintherange 1x 10°to1x10 3 (i.e.1nAto 1
mA).

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
07]06 Joo Joo [d s
GET:

Command structure (10 bytes):

o [ 2 [ 2 | 3] a4 ] s 6 | 7 ] 8 | o9
header Data
08 | o6 | o4 | oo | dl | s ThresholdAbsReading

See SET for structure.
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MGMSG_PZ _SET_NTCIRCHOMEPOS 0x0609
MGMSG_PZ_REQ_NTCIRCHOMEPOS 0x0610
MGMSG_PZ GET_NTCIRCHOMEPOS 0x0611

Function: This message sets the circle home position to the horizontal and
vertical coordinates specified in the CircHomePosA and
CircHomePosB parameters respectively.
The home positionisused whenthe Move NTCircToHomePos
message iscalled

SET:

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

6 | 7

[ 8 | 9

header

Data

o6 | o6 | 04 | o0 | d]

S

CircHomePosA | CircHomePosB

Data Structure:

field description format
CircHomePosA | The horizontal co-ordinate of the circle home position, in word
the range 0to 65535 (0to 100% of outputvoltage or0 to
10 NanoTrak units).
CircHomePosB | The vertical co-ordinate of the circle home position, in the word
range 0 to 65535 (0to 100% of outputvoltage or 0 to 10
NanoTrak units).

Example: Setthe NanoTrak circle home position to be screen centre.

TX 09 06, 04, 00, DO, 01, FF, 7F, FF, 7F,

Header: 09, 06, 04, 00, DO, 01: Set_NTCircHomePos, 04 byte data packet, Generic USB
Device.

CircHomePosA: FF, 7F: Sets the horizontal co-ordinate to 32767 (i.e. 50% of O/P Voltage or5
NT units)

CircHomePosB: FF, 7F: Sets the vertical co-ordinate to 32767 (i.e. 50% of O/P Voltage or5 NT
units)

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5

header only

10[o6 [oo [o0o [d [s
GET:
Command structure (10 bytes):

o [ 1 [ 2 [ 3 ] 4 ] 5 6 7 | 8 ] 9

header Data
11 | 06 | 04 | 00 | d] | S CircHomePosA|CircH0mePosB

See SET for structure.
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MGMSG_PZ_MOVE_NTCIRCTOHOMEPOS 0x0612

Function: This message movesthe circle tothe 'Home' position as set by the
Set NTCircHomePos message

SET:
Command structure (6 bytes)

o [ [ 2 ] 3] 4] s
header
12 | o6 | oo [ oo ] d | s
Example: Move the NanoTrakcircle to the home position.

TX, 12, 06, 00, 00, 50, 01,
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MGMSG_PZ REQ_NTCIRCCENTREPOS 0x0613
MGMSG_PZ GET_NTCIRCCENTREPOS 0x0614
Function: This message obtains the current horizontal and vertical position of

the circle, togetherwith othersignal and range parameters relating
to NanoTrak operation as described below.

REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
13/o6 Jor Joo [d s
GET:

Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1 [ 2 [ 3 | a4 ] 5 6 | 7 | 8 9
header Data
06 | o6 | oe | o0 | d|l | s CircPosA |  CircPosB
10 [ 11 [ 12 | 13 | 14 | 15 | 16 17 | 18 19
Data
AbsReading | RelReading | Range | underoverRead

Data Structure:

field description format

CircPosA The horizontal co-ordinate of the circle home position,in | word
the range 0to 65535 (0to 100% of outputvoltage or0 to
10 NanoTrak units).

CircPosB The vertical co-ordinate of the circle home position, inthe | word
range 0 to 65535 (0to 100% of outputvoltage or 0 to 10
NanoTrak units).

AbsReading The absolute TIA (PIN) current or BNC voltage value atthe | float
current position. The value isreturned as a 4 byte floating
pointvalueintherange1x10°to1x 103 (i.e.1nAto 1
mA or 1to 10 V). Theinputsource, TIAor BNCisset inthe
Set NTFeedbackSRC message.

RelReading The relative signal strength at the current position,inthe | word
range 0 to 32767 (i.e.0to 100% of the range currently
selected). This value matches the length of the input signal
bargraph onthe GUI panel. (e.g.ifthe 3 uA rangeis
currently selected, then aRelReading value of 16384 (50%)
equatesto 1.5 pA).

Range The NanoTrak unitisequipped with aninternal trans-impedance | word
amplifier (TIS) circuit (and associated range/power level displays
and control buttonsinthe GUI). Thisamplifier operates when an
external inputsignal is connected to the Optical/PIN connector
on the rear panel. There are 14 range settings (1- 14) that can
be usedto selectthe bestrange to measure the inputsignal
(displayed onthe GUI panel relative input signal barand
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display).

Note. Range 1 and 2 (3nAand 10 nA) are not applicable to
TNAOO1 T-Cube units.

This parameterreturnsthe inputsignal range currently selected,
defined asfollows:

Range BNT, TNA, MNA KNA Returned
Range 1 3nA 5nA 0x03
Range 2 10 nA 16.6 nA 0x04
Range 3 30 nA 50 nA 0x05
Range 4 100 nA 166 nA 0x06
Range 5 300 nA 500 nA 0x07
Range 6 1pA 1.65 pA  0x08
Range 7 3 uA 5.0 uA 0x09
Range 8 10 pA 16 pA Ox0A
Range 9 30 pA 50 pA 0x0B
Range 10 100 pA 166 pA 0x0C
Range 11 300 pA 500 pA 0x0D
Range 12 1mA 1.66 m OxOE
Range 13 3 mA 5 mA OxOF
Range 14 10 mA N/A 0x10
UnderOverRead | This parameterreturnsavalue thatidentifies whetherthe unit | word

isunderreadingor overreadingthe inputsignal asfollows:
0x01 powersignaliswithincurrentTIArange
0x02 powersignalisunder-readingforcurrentTIA
0x03 powersignalisover-readingforcurrentTIA range
e.g.ifa userspecified range of 3 A is currently applied, this
parameterreturns '0x03’ (Overread)'forinputsignals greater
than 3 pA.

Example:

RX 14, 06, OE, 00, 81, 50, 73, 63, 2A, F3, 00, 00, 00, 00, 00, 00, 05, 00, 02, 00

Header: 14, 06, OE, 00, 81, 50: Get_NTCircCentrePos, 14 byte data packet, Generic USB

Device.
CircPosA;
CircPosB;
AbsReading;
RelReading;
Range;
UnderOverRead,;

0x6373 25459 (25459/65535 =39%)
0xF32A 62250 (62250/65535 =95%)
0x00000000 OV

0x0000 ov

0x0005 Range 3 (i.e.30nA)

0x0002 Signalisunderreadingforrange.
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MGMSG_PZ SET_NTCIRCPARAMS 0x0618
MGMSG_PZ_REQ_NTCIRCPARAMS 0x0619
MGMSG_PZ _GET_NTCIRCPARAMS 0x0620
Function: This message obtains sets various scanningcircle parameters as

described below.

SET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o [ + [ 2] 3] 4] s 6 | 7 | 8 9
header Data
18 | 06 | oc | oo | d| | s CircDiaMode | CircDiaSW
10 [ 112 ] 122 | 13 | 14 [ 15 [ 16 [ 17
Data

CircOscFreq | AbsPwrMinCircDia | AbsPwrMaxCircDia | AbsPwrAdjustType

Data Structure:

field description format

CircDiaMode This parameterallows the different modes of circle word
diameteradjustmentto be enabled and disabled as
follows:

0x01 NTCIRCDIA_SW the circle diameter
remains at the value set using the CircDiaSW parameter
below.

0x02 NTCIRCDIA_ABSPWR thecircle diameteris
set by absolute powerinputvalue (dependingon
adjustmentalgorithm selected in the AbsPwrAdjustType
parameter-see below)

0x03 NTCIRCDIA_LUT the circle diameteris
adjusted automatically, using atable of TIA range
dependentvalues (setusing the SetCircDiaLUT message.

CircDiaSW This parametersetsthe NT circle diameterif word
NTCIRCDIA_SW (0x01) is selected inthe CircDiaMode
parameterabove. The diameterissetintherange 0 to
65535, whichrelatesto 0% to 100% outputvoltage —(i.e.
0 to 10 NT units).

CircOscFreq This parameter contains the number of samplestakenin | word
one revolution of the scanningcircle and is used to set
the scanningfrequency of the NanoTrakcircle. The
circle scanningfrequencyliesinthe range 17.5 Hz to
87.5 Hz for TNAOO1 and 20 Hz to 190 Hz for the BNTOO1.
The factory default setting forthe scanningfrequency is
43.75Hz. This meansthata stage driven by the
NanoTrak makes 43.75 circularmovements persecond.
Different frequency settings allow more than one
NanoTrakto be usedinthe same alignmentscenario.
The scanningfrequencyisderived fromthe NanoTrak
sampling frequency of 7000 Hz and the CircOscFreq
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value whichis calculated as follows:

CircOscFreq = 7000 / scanning frequency

Note. The CircOscFreq parameter must be entered asa
multiple of ‘4’.

AbsPwrMinCircDia | The minimum circle diameter. Applicable only if the word
CircDiaMode parameterabove issetto
NTCIRCDIA_ABSPWR (0x02). The diameterissetinthe
range 0 to 32767, whichrelatesto 0% to 50% output
voltage —(i.e.0to 5 NT units).

AbsPwrMaxCircDia | The maximum circle diameter. Applicableonlyif the word
CircDiaMode parameterabove issetto
NTCIRCDIA_ABSPWR (0x02). The diameterissetinthe
range 0 to 32767, whichrelatesto 0% to 50% output
voltage —(i.e.0to 5 NT units).

AbsPwrAdjustType | This parametersetsthe adjustmenttype andis word
applicable onlyif CircDiaMode parameteraboveissetto
NTCIRCDIA_ABSPWR (0x02).

0x01  NTABSPWRCIRCADJUST LIN inverselinear
adjustment

0x02 NTABSPWRCIRCADJUST _LOG inverselog
adjustment

0x03 NTABSPWRCIRCADJUST X2 inverse square
adjustment

0x04 NTABSPWRCIRCADJUST_X3 inverse cube
adjustment

Example
TX 18, 06, 0C, 00, DO, 01, 01, 00, 9A, 19, A0, 00, CC, 0C, 99, 19, 01, 00

Header: 18, 06, OC, 00, DO, 01: Set_NTCircParams, 12 byte data packet, Generic USB Device.

CircDiaMode; 0x0001 Software setting mode
CircDiaSW; 0x199A 6554  6554/65535 = 10% of O/P voltage (1NT
unit)
CircOscFreq; 0x00A0 160 7000/160 = 43.75 Hz
AbsPwrMinCircDia; 0x0CCC 3276 5% or 0.5 NT units
AbsPwrMaxCircDia; 0x1999 6553 10% or 1 NT unit
AbsPwrAdjustType; 0x0001 inverse linear adjust type.
REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5

header only
19/o6 [o1 Joo [d s
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GET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 9
header Data
20 | o6 [ oc | oo | d| [ s CircDiaMode | CircDiaSW
10 [ 12| 122 [ 13 | 14 | 15 [ 16 [ 17
Data

CircOscFreq | AbsPwrMinCircDia | AbsPwrMaxCircDia [ AbsPwrAdjustType

See SET for structure
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MGMSG_PZ_SET_NTCIRCDIA 0x061A
Function: This message sets the NT circle diameterand can be usedas an
alternative tothe Set NTCircParams message described previously.
The diameterissetinthe range 0 to 65535, whichrelatesto 0% to
100% outputvoltage (i.e.0to 10 NT units).

SET:

Command structure (6 bytes)

o | 1 [ 2 | 3] 4] 5
header
1A | 06 |circDia] 00 [ d | s
Example:

Setthe NanoTrakcircle diameterto 10% (i.e. 1 NT unit).

TX, 1A, 06, 99, 19, 50, 01,

H1999 = 6553 6553/65535 = 10%
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MGMSG_PZ_SET_NTCIRCDIALUT
MGMSG_PZ_REQ_NTCIRCDIALUT
MGMSG_PZ_GET_NTCIRCDIALUT

Function:

SET:

Issue 24

0x0621
0x0622
0x0623

This message enablesalook up table (LUT) of circle diametervalues
to be specified asafunction of inputrange. When automatic LUT
diameteradjustment mode is enabled (using the CircDiaMode
parameterinthe Set NTCircParams message), the systemuses

valuesinthis LUT to modify circle diameterin relation
range currently selected.

totheinput

This LUT diameteradjustment mode allows appropriate circle

diameterstobe applied onanapplication specific basi

Command structure (38 bytes)
6 byte headerfollowed by 32 byte data packet as follows:

S.

o | 1 [ 2] 3 ] 4 ] s 6 | 7 | 8 | 9 [ 10 11
header Data
20 [ o6 | 20 [ oo | dl | s Lutval [ Lutval | LUTVal
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
LUTval | wTtval | LUTval | LWUTval |  LUTval | LUTVal
24 | 25 [ 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 36
Data
tutval | wrtval | wtval | wtval | wwival |  wwival |  LuTval
Data Structure:
field description format
CircDias This parameter contains the circle diametervalues foreach | array
range of the NanoTrak. The values are enteredinrange
orderin a 32 byte array.
Note. On the BNTOO1 unit bytes 1 through 4 of the array are
ignored and Range 1 starts in Byte 5.
Note. On the TNAOO1 unit bytes 1 through 8 of the array
are ignored and Range 1 startsin Byte 9.
The diameters are entered in the range 0 to 65535
(Oto FFFF), whichrelates to 0% to 100% outputvoltage (i.e.
0 to 10 NT units).
Example: Enter the NanoTrak cirle diameter LUT values.

TX 21, 06, 20, 00, DO, 01, 00, 00, 00, 00, 34, 33, A4, 30, 16, 2E, 86, 2B, F6, 28, 68, 26, D8, 23,
48, 21, B8, 1E, 2A, 1C, 9A, 19, 0A,17, 7C, 14, EC, 11

Header: 21, 06, 20, 00, DO, 01: Set_NTCircHomePos, 32 byte data packet, Generic USB

Device.

CircDias: The various range related LUT values entered inrange order)

p
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5

header only

2206 Joo Joo [d s
GET:
Command structure (38 bytes)

o [ 1+ 2] 3] 4] s 6 | 7 | 8 | 9 | 10 | 1

header Data
23 [ o6 | 20 [ oo | dl | s NotUsed | NotUsed | LUTVal
12 | 13 | 14 | 15 | 16 | 17 [ 18 [ 19 | 20 | 21 | 22 | 23
Data
tutval | wutval | wtval | wtval | Lutval | LUTVal
24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 384 | 35 | 36 | 36
Data
LUTval [ Lutval | wtval [ wiTval [ wiIval [ LwWTval | LUTVal

See SET for structure.
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MGMSG_PZ_SET_NTPHASECOMPPARAMS
MGMSG_PZ_REQ_NTPHASECOMPPARAMS
MGMSG_PZ_GET_NTPHASECOMPPARAMS

Function:

SET:

Issue 24

0x0626
0x0627
0x0628

The feedbackloop scenarioinatypical NanoTrak application can
involve the operation of various electronicand electromechanical
components (e.g. power meters and piezo actuators) that could
introduce phase shifts around the loop and thereby affect tracking
efficiency and stability. These phase shifts can be cancelled by

settingthe 'Phase Compensation'factors.

This message sets the phase compensation forthe horizontaland
vertical components of the circle pathinthe range 0 to 360 degrees.

Typically both phase offsets will be setthe same, alt

houghsome

electromechanical systems may exhibit different phase lagsinthe
different components of travel and so require different values.

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

| 3 [ 4 | s 6 | 7 | 8 9 |

10 11

header Data

26 | 06 [ 06

[ o0 [ dl | s PhaseCompMode | PhaseCompASW |

PhaseCompBSW

Data Structure:

field

description

format

PhaseCompMode

Currently, the phase compensation mode is not
adjustable, andislocked at manual (software)
adjustment.

word

PhaseCompASW

The horizontal axis phase compensation value, entered
real world units and calculated as follows:-

value = (phase angle [degrees] / 360) * CircOscFreq
Seethe PZ SET_NTCIRCPARAMS message fordetails on
the CircOscFreq parameter

Note. Negative phase values must be made positive by
subtraction from 360 before the calculationis made.

in | short

PhaseCompBSW

The vertical axis phase compensation value, enteredin
real world units and calculated as follows:-

value = (phase angle [degrees] / 360) * CircOscFreq
Seethe PZ SET NTCIRCPARAMS message fordetailson
the CircOscFreq parameter

Note. Negative phase values must be made positive by
subtraction from 360 before the calculationis made.

short

Example: Setthe NanoTrak circle home position to be screen centre.

TX 26, 06, 06, 00, DO, 01, 02, 00, 93, 00, 93, 00

Header: 26, 06, 06, 00, DO, 01: Set_NTPhaseCompParams, 06 byte data packet, Generic USB

Device.
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PhaseCompMode; 0x0002 Locked at Software Adjustment mode.
PhaseCompASW, 0x0093 147

Therefore, forcircle scanning freq of 44, Phase Angle = 147/(7000/44) x 360 = -30°

PhaseCompBSW 0x0093
REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5

header only

2706 Joo Joo [d s
GET:

o | 1 ] 2 | 3 | a4 | s 6 7 | 8 9 | 10 11

header Data
28 | o6 | o6 | oo | d | s PhaseCompMode | PhaseCompASW | PhaseCompBSW

See SET for structure.
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MGMSG_PZ_SET_NTTIARANGEPARAMS
MGMSG_PZ_REQ_NTTIARANGEPARAMS
MGMSG_PZ_GET_NTTIARANGEPARAMS

Function:

SET:

Host-Controller Communications Protocol Issue 24

This message is used to select manual (software) orauto ranging,

and to modify the ranging characteristicsin each case.

Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

3 [ 4] s 6 | 7 | 8 [ 9

header

Data

30 [ 06 |

oc |

00 [ dl [ s RangeMode [ RangeUplLimit

10 [ 11

[ 13 14 15 16 | 17

RangeDownLimit

SettleSamples

RangeChangeType RangeSW

Data Structure:

0x0630
0x0631
0x0632

field

description

format

RangeMode

This parameter specifies the ranging mode of the unit as follows:
0x01 RANGE_AUTO change to Autorangingat the
range currently selected
0x02 RANGE_SW
range currently selected
0x03 RANGE_SWSET change to manual rangingat the
range set inthe SetRange method (orthe 'Settings' panel)

0x04 RANGE_AUTOSET change to Autorangingat the
range set inthe RangeSW parameterbelow.

change to manual ranging at the

word

RangeUpLimit

Onlyapplicable if Auto Rangingis selected inthe RangeMode
parameterabove.

This parametersetsthe upperrange limitas a percentage of the
presentrange, 0to 1000 = 0to 100%.

When autoranging, the NanoTrak unitadjusts continually the TIA
range as appropriate forthe inputsignal level. When the relative
signal rises above the limit specified in this parameter, the unit
incrementsthe range to the next highersetting.

The relative signal is displayed on the NanoTrak GUI panel by a
green horizontal bar.

short

RangeDownLimit

Only applicable if Auto Rangingis selected in the RangeMode
parameterabove.

This parametersetsthe lowerrange limitas a percentage of the
presentrange, 0to 1000 = 0to 100%.

Similarly to RangeUpLimit, when the relative signal on a
particularrange drifts below the limitsetin this parameter, the
NanoTrak unitdecrements the range to the nextlower setting.
The relative signal isdisplayed on the NanoTrak GUI panel by a
green horizontal bar.

short

SettleSamples

Only applicable if Auto Rangingis selected in the RangeMode

parameterabove.

short
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This parameter determinesthe amount of averaging applied to
the signal before autoranging takes place. Higher SettleSamples
valuesimprove the signal to noise ratio when dealing with noisy
feedback signals. However, higher SettleSamples values also slow
down the autorangingresponse. Inaparticularapplication, the
SettleSamples value should be adjusted to obtain the best
autoranging response combined with anoise free signal.
Valuesare setinreal world units, from ‘2’ to ‘32’, with a default
settingvalue of ‘4’.

RangeChangeType | Only applicable if Auto Rangingis selected in the RangeMode word

parameterabove.

This parameterspecifies how range changes are implemented by
the system.

0x01  AUTORANGE_ALL the unitvisits all ranges when
ranging betweentwoinputsignal levels.

0x02  AUTORANGE_ODD onlythe odd numbered ranges
betweenthe twoinputsignalslevels will be visited.

0x03  AUTORANGE_EVEN onlythe even numbered ranges

betweenthe twoinputsignalslevels will be visited.

These lattertwo modes are useful when large rapid inputsignal
fluctuations are anticipated, because the number of ranges
visited is halved to give amore rapid response.

RangeSW Only applicable if Manual (SW) Rangingisselected in the word
RangeMode parameterabove.

The NanoTrak unitis equipped with aninternal trans-impedance
amplifier (TIA) circuit (and associated range/power level displays
and control buttonsinthe GUI). This amplifier operates when an
external input signal is connected to the Optical/PIN connector
on the rear panel. There are 14 range settings (1- 14) that can be
usedto selectthe bestrange to measure the inputsignal
(displayed on the GUI panel relative input signal barand display).
Note.Range 1 and 2 (3nAand 10 nA) are not applicable to
TNAOO1 T-Cube units.

This parameter returns the inputsignal range currently selected,
definedas follows:

Range BNT, TNA, MNA KNA Returned
Range 1 3nA 5nA 0x03
Range 2 10 nA 16.6 nA 0x04
Range 3 30 nA 50 nA 0x05
Range 4 100 nA 166 nA 0x06
Range 5 300 nA 500 nA 0x07
Range 6 1pA 1.65 pA 0x08
Range 7 3 pA 5.0 pA 0x09
Range 8 10 pA 16 pA O0x0A
Range 9 30 uA 50 pA 0x0B
Range 10 100 pA 166 pA 0x0C
Range 11 300 pA 500 pA 0x0D
Range 12 1mA 1.66 m OxOE
Range 13 3mA 5mA OxOF
Range 14 10 mA N/A 0x10
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Example

S Host-Controller Communications Protocol

TX 30, 06, OC, 00, DO, 01, 01, 00, 52, 03, 96, 00, 04, 00, 01, 00, 05, 00

Issue 24

Header: 30, 06, OC, 00, DO, 01: Set_NTTIARangeParams, 12 byte data packet, Generic USB

Device.

wRangeMode;
sRangeUpLimit;
sRangeDownLimit;
wSettleSamples;
wRangeChangeType;
wRangeSW;

REQUEST:

0x0001
0x0352
0x0096
0x0004
0x0001
0x0005

Command structure (6 bytes):

Auto Ranging mode

850 == 85%
150 == 15%
4

Autorange throughall ranges
P_PZ_NTTIA_RANGE30ONANO

0 1 2 3 4
header only
31 o6 Jor Joo [d s
GET:
Command structure (18 bytes)

6 byte headerfollowed by 12 byte data packet as follows:

o [ [ 2] 3] a1 s 6 | 7 | s 9
header Data
32 | 06 | 0C | 00 | d| | s RangeMode | RangeUpLimit
10 | 11 12 | 13 14 | 15 6 | 17
RangeDownlLimit | SettleSamples | RangeChangeType RangeSW

See SET for structure
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MGMSG_PZ_SET_NTGAINPARAMS
MGMSG_PZ_REQ_NTGAINPARAMS
MGMSG_PZ_GET_NTGAINPARAMS

Function:

Issue 24

0x0633
0x0634
0x0635

This message sets the gainlevel of the NanoTrak control loop, and is

used to ensure thatthe DC level of the input (feedback loop) signal
lieswithinthe dynamicrange of the input. Increasing this value can
leadto a more responsive NanoTrak behaviour as the signal
variation around the circular path isenhanced. However, fora
particularsetup, if thisvalueistoo high, then unstable NanoTrak

operation (indicated by afluctuatingcircle) can result.

SET:
Command structure (10 bytes)

6 byte headerfollowed by 4 byte data packetas follows:

6 [ 7 | 8 ] 9

header

Data

33 | o6 [ o4 | oo | d| |

S

NTGainSW

GainCtrIMode |

Data Structure:

field description format

GainCtrIMode | This parameteris currentlylocked and cannotbe changed: | word
0x02 GAIN_SW software setting gain control mode

NTGainSW This parametersetsthe loop gain, as a function of TIA range | short
setting. The value is setbetween 100 and 10000 with a
defaultvalue of 600. It is not normally necessary for
anything otherthan minoradjustment from this default
value.

Example: Setthe NanoTrakloop gainto 600.

TX 33, 06, 04, 00, DO, 01, 02, 00, 58, 02

Header: 33, 06, 04, 00, DO, 01: Set_NTGainParams, 04 byte data packet, Generic USB Device.

GainCtriMode 0x0002:

Software Setting

NTGainSW 0x0258: 600
REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5

header only

34|06 |oo oo [d [s
GET:
Command structure (10 bytes):

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 ] 9

header Data
35 | o6 | 04 | oo | dl | s GainCtriMode | NTGainsw

See SET for structure.
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MGMSG_PZ_SET_NTTIALPFILTERPARAMS
MGMSG_PZ_REQ_NTTIALPFILTERPARAMS
MGMSG_PZ_GET_NTTIALPFILTERPARAMS

Note — Not applicable to KNA101 units

Function:

SET:

Issue 24

0x0636
0x0637
0x0638

This message specifies the cut off frequency of the digital low pass
(LP) filter applied to output readings of the internal amplifier (TIA)
circuitry. If the readings displayed orreturned are unstable, this
setting can be used to remove any unwanted high frequency

components and improve input signal stability.

Command structure (26 bytes)
6 byte headerfollowed by 20 byte data packet as follows:

appliedtothe OUTPUT from the TIA, i.e.isapplied tothose
reading paramssentto the PC. It does NOT operate onthe
inputto the TIA and does not operate onreadingvalues
used by the NanoTrak algorythms (these use abandpass
filter, effectively negatingthe needforalP filter).

The filter can be used to smooth outreadings displayedin
the GUI. It can also be used by clientapplications without
affecting operation of the NanoTrak.

Note. Although there are 5 parameters available, only the
first parameteris used at thistime.

Thefiltercan be setto OFF, or one of 5 frequency values as
follows:
Note. Only the first parameteris used at this time.

LP_NONE Low pass filterinactive
LP_1HZ Cut offallsignalsabove 1Hz
LP_3HZ Cut offall signalsabove 3Hz
LP_10HZ Cutoffallsignalsabove 10Hz
LP_30HZ Cutoffallsignalsabove 30Hz
LP_100HZ Cut off all signals above 100Hz

v b~ WNE O

Example:

Setthe LP filterto 1 Hz.
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o [ 1 [ 2 ] 3 ] 4 ] 5 6 | 7] 8 | 9 | 10 11 12 13
header Data
36 | o6 | 14 ] oo | dI | s Param1 | Param2
14 | 15 [ 16 [ 17 | 18 | 19 [ 20 [ 21 ] 22 | 23 [ 24 25
Data
Param3 | Param4 | Param5
Data Structure:
field description format

FilterParams This parameter contains low pass filtervalues whichcanbe | long
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TX 36, 06, 14, 00, DO, 01, 05, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00,
00, 00

Header: 36, 06, 14, 00, DO, 01: Set_NTTIALPFilterParams, 20 byte data packet, Generic USB
Device.
FilterParams: 05 LP_100HZ Cut offall signals above 100Hz

REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
3706 Joo Joo [d s
GET:

Command structure (26 bytes)

o | 2 [ 2 | 3] a4 | s 6 | 7] 8 | 9 | 10 11 12 13
header Data
383 | o6 [ 14 | oo | d| [ s Paraml | Param2
14 | 15 | 16 [ 17 | 18 | 19 | 20 | 21 | 22 | 23 [ 24 25
Data
Param3 | Param4 | Param5

See SET for structure.
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MGMSG_PZ_REQ_NTTIAREADING 0x0639
MGMSG_PZ GET_NTTIAREADING 0x063A
Function: This message obtains the absolute signalvalue at the current
position, inunits as displayed on the GUI panel.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5

header only

39[o6 Joo Joo [d s
GET:
Command structure (16 bytes)
6 byte headerfollowed by 10byte data packet as follows:

o | 1+ [ 2 | 3 | 4 | 5 6 | 7 | 8 | 9 | 10 [ 11 |

header Data |
3] 06 | oA [ oo | dl | s AbsReading |  RelReading |
12 | 13 [ 14 | 15
Data
Range | UnderOverRead
Data Structure:
field description format

AbsReading This parameter returns the absolute TIA (PIN) currentor BNC voltage | float
value at the current position. The value isreturned as a4 byte
floating pointvalueintherange 1x10° to1 x 10 3 (i.e.1nAto 1 mA
or1to 10 V).Theinputsource, TIA or BNCis setinthe
Set NTFeedbackSRC message.

RelReading The relative signal strength at the current position, intherangeOto | word
32767 (i.e.0to 100% of the range currently selected). Thisvalue
matchesthe length of the inputsignal bargraph on the GUI panel.
(e.g.ifthe 3 pArange iscurrently selected, then a RelReading value
of 16384 (50%) equatesto 1.5 pA).).

Range This parameter returns the inputsignal range currently selected. word

relative inputsignal barand display).
T-Cube units.

defined as follows:

Range BNT, TNA, MNA KNA
Range 1 3nA 5nA
Range 2 10 nA 16.6 nA
Range 3 30 nA 50 nA

There are 14 range settings (1- 14) that can be usedto selectthe
best range to measure the inputsignal (displayed on the GUI panel

Note.Range 1 and 2 (3nAand 10 nA) are not applicable to TNA0O1

This parameterreturnsthe inputsignal range currently selected,

Returned

0x03
0x04
0x05
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Range 4 100 nA 166 nA 0x06
Range 5 300 nA 500 nA 0x07
Range 6 1pA 1.65 pA 0x08
Range 7 3 uA 5.0 pA 0x09
Range 8 10 pA 16 pA 0x0A
Range 9 30 A 50 pA 0x0B
Range 10 100 pA 166 pA 0x0C
Range 11 300 pA 500 pA 0x0D
Range 12 1mA 1.66 m OxOE
Range 13 3 mA 5 mA OxOF
Range 14 10 mA N/A 0x10
UnderOverRead | This parameterreturns a value thatidentifies whetherthe unitis word
underreadingorover readingthe inputsignal as follows:
0x01 powersignaliswithincurrentTIArange
0x02 powersignalisunder-readingforcurrent TIA
0x03 powersignalisover-reading forcurrent TIArange
e.g.ifa user specified range of 3 yA iscurrently applied, this
parameterreturns '0x03’ (Overread)'forinputsignals greaterthan 3
HA.
Example: Get the NanoTrak reading.

RX 3A, 06, OA, 00, DO, 01, 00, 00, 00, 00, 00, 00, 05, 00, 01, 00

Header: 3A, 06, 0A, 00, DO, 01: Get_NTTIAReading, 10byte data packet, Generic USB

Device.
AbsReading
RelReading
Range
UnderOverRead

00, 00, 00, 0o: i.e.20 nA
00, 40: 16384, i.e.50%
05, 00 Range 3, i.e.30 nA
01, 00 Within Range
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MGMSG_PZ SET NTFEEDBACKSRC 0x063B
MGMSG_PZ REQ_NTFEEDBACKSRC 0x063C
MGMSG PZ GET_NTFEEDBACKSRC 0x063D
Function: This message sets the input source of the NanoTrak.

SET:

The INPUT_BNC settings are used when NanoTrakingto optimise a
voltage feedback signal. Typically, these inputs are selected when an
external power meter which generates avoltage output, is
connectedtothe rear panel SIG IN connector.

Note. In this case the internal amplifier circuitis bypassed and the
'Range' bar on the GUI panelisswitched off (autoranging
functionalityis notrequired). Furthermore, although tracking occurs
as normal, the trackingindicatoronthe GUI panelisinoperative.

The INPUT_TIA settingis used when NanoTrakingto optimise aPPIN
currentfeedback signal. The TIA (trans impedence amplifier) input
source should be selected when using the rear panel OPTICAL/PIN
I/P connectorwith eitheranintegral detector, oran external
detectorhead connected to the optional SMB adapter. This option
usestheinternal amplifier circuitand associated functionality (e.g.
autoranging).

Command structure (6 bytes)

header

38 | o6 [ o0

0 | d | s

The inputsourceis setin byte 2 as follows:

P_PZ_NTFBTIA
P_PZ _NTFBBNC1V
P_PZ_NTFBBNC2V
P_PZ_NTFBBNC5V
P_PZ_NTFBBNC10V

0x01 TIAinput

0x02  EXTinput(1V range) (N/AforKNA101)
0x03 EXTinput(2V range) (N/AforKNA101)
0x04 EXTinput(5V range)

0x05 EXTinput(10V range) (N/AforKNA101)

Example: Setthe inputsourceto TIA input.

TX, 3B, 06, 01, 00, 50, 01,
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REQ:
Command structure (6 bytes)

o [ 1 [ 2 [ 3 ] 4 ] 5
header
3c | o6 [ oo [ o0 | d | s
GET:
Command structure (6 bytes)
o [ 1] 2 ] 3] a4 ] s
header
3 | o6 | oo [ o0 [ d [ s

See SET command for structure
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MGMSG_PZ REQ_NTSTATUSBITS 0x063E
MGMSG_PZ GET_NTSTATUSBITS 0x063F

Function: Returns a number of status flags pertaining to the operation of the
NanoTrak controller channel specified in the Chan Ident parameter.
These flags are returnedina single 32 bitinteger parameterand can
provide additional useful status information for client application
development. The individual bits (flags) of the 32 bitintegervalue

are describedinthe followingtables.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
3E | 06 Chan | 00 d s
Ident
GET:

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 2 | 2 | 3 ]| a4 | s 6 | 7 | 8 | 9 | 10 | 11
header Data
3Fk | o6 [ oA [ oo | d] | s StatusBits | |
Data Structure:
field description format
StatusBits The status bits for the associated controllerchannel. The dword

meaning of the individual bits (flags) of the 32 bitinteger
value will depend onthe controllerand are describedin the
followingtables.

TNAO0O1 controller

Hex Value Bit Number Description

0x00000001 1 Tracking (1 - tracking, O - latched).

0x00000002 2 Tracking with Signal (1— with signal, 0— no signal)

0x00000004 3 Tracking Channel A (1— Chan Aonly, 0 —Both channels)

0x00000008 4 Tracking Channel B(1— Chan B only, 0— Both channels)

0x00000010 5 Auto-ranging (1-auto ranging, 0 manual ranging).

0x00000020 6 Under Read (1 - underreading, 0— reading within range).

0x00000040 7 OverRead (1 —overreading, 0— reading within range).

8to 16 For future use

0x00010000 17 Channel A Connected (1-Connected, 0— Not Connected)

0x00020000 18 Channel BConnected (1— Connected, 0— Not Connected)

0x00040000 19 Channel AEnabled (1- Enabled, 0— Disabled)

0x00080000 20 Channel BEnabled (1—Enabled, 0— Disabled)

0x00100000 21 Channel A Control Mode (1 — Closed Loop, 0— Open Loop)

0x00200000 22 Channel B Control Mode (1—Closed Loop, 0 —Open Loop)

23to 32 For future use
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Hex Value Bit Number Description

0x00000001 1 Tracking (1 - tracking, O - latched).

0x00000002 2 Tracking with Signal (1— with signal, 0— no signal)

0x00000004 3 Tracking Channel A (1— Chan A only, 0 —Both channels)

0x00000008 4 Tracking Channel B(1— Chan B only, 0— Both channels)

0x00000010 5 Auto-ranging (1—auto ranging, 0 manual ranging).

0x00000020 6 Under Read (1 - underreading, 0— reading within range).

0x00000040 7 OverRead (1 —overreading, 0—reading withinrange).
8to 16 For future use

0x00010000 17 Channel A Connected (1-Connected, 0— Not Connected)

0x00020000

0x00040000 19 Channel AEnabled (1- Enabled, 0— Disabled)

0x00080000 20 Channel BEnabled (1—-Enabled, 0— Disabled)

0x00100000 21 Channel A Control Mode (1— Closed Loop, 0— Open Loop)

0x00200000 22 Channel B Control Mode (1—Closed Loop, 0 —Open Loop)

Note. Bits 23 to 32 (Digital Input States) are only applicable if the associated digital inputisfitted to

your controller—see the relevant

handbook for more details

0x00100000 21 Digital input 1 state (1- logichigh, 0 - logiclow).
0x00200000 22 Digital input 2 state (1 - logichigh, 0- logiclow).
0x00400000 23 Digital input 3 state (1 - logichigh, 0- logiclow).
0x00800000 24 Digital input4 state (1- logichigh, 0 - logiclow).
0x01000000 25 Digital input 5 state (1 - logichigh, 0- logiclow).
0x02000000 26 Digital input 6 state (1 - logichigh, 0- logiclow).
0x04000000 27 Digital input 7 state (1- logichigh, 0 - logiclow).
0x08000000 28 Digital input 8 state (1 - logichigh, 0- logiclow).
29 For Future Use
0x20000000 30 Active (1- indicates unitis active, 0— not active)
0x40000000 31 For Future Use
0x80000000 32 Channel enabled (1—enabled, 0- disabled)
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MGMSG_PZ REQ_NTSTATUSUPDATE 0x0664
MGMSG_PZ GET_NTSTATUSUPDATE 0x0665
Function: This functionisusedinapplications where spontaneous status

messages (i.e. messages sent using the START_STATUSUPDATES
command) must be avoided.

Status update messages contain information about the position and
status of the controller (forexample positionand O/P voltage). The
response will be sent by the controller each time the functionis
requested.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
64 | 06 Chan | 00 d s
Ident
GET:

Status update messages are received with the following format:-

Response structure (32 bytes)
6 byte headerfollowed by 26 byte data packet as follows:

o | 1+ | 2 [ 3 [ a4 | s 6 | 7 | 8 | 9 [ 10 | 11
header Data
65 | o6 [ 1A | o0 | d| | s CircPosA | CircPosB |  CircDia
12 | 13 | 14 | 15 | 16 [ 17 | 18 [ 19 [ 20 [ 21 [ 22 | 23
Data

AbsReading | RelReading | Range |UnderOverRead| StatusBits

24 | 25 | 26 | 27 | 28 [ 29 | 30 | 31
Data

StatusBits | NTGain | PhaseCompA | PhaseCompB

Data Structure:

field description format

CircPosA The horizontal co-ordinate of the circle home position, in the word
range 0 to 65535 (0to 100% of outputvoltage or 0 to 10
NanoTrak units).

CircPosB The vertical co-ordinate of the circle home position, inthe range 0 | word
to 65535 (0 to 100% of outputvoltage or 0to 10 NanoTrak units).
CircDia This NanoTrak scanningcircle diameter. The diameterisreturned | word

inthe range 0 to 65535, whichrelatesto 0% to 100% output
voltage —(i.e.0to 10 NT units).

AbsReading The absolute TIA (PIN) current or BNC voltage value at the current | float
position. The value isreturned as a4 byte floating pointvalue in
therange 1x 10° to 1 x10 3 (i.e.1nAto 1 mA or 1to 10 V). The
inputsource, TIAor BNCissetinthe Set NTFeedbackSRC
message.
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RelReading The relative signal strength at the current position, intherange 0 | word
to 32767 (i.e.0to 100% of the range currently selected). This
value matchesthe length of the input signal bargraph onthe GUI
panel. (e.g.ifthe 3 A rangeiscurrently selected, thena
RelReadingvalue of 16384 (50%) equatesto 1.5 pA).

Range The NanoTrak unitisequipped with aninternal trans-impedance | word
amplifier (TIS) circuit (and associated range/power level displays
and control buttonsinthe GUI). Thisamplifieroperates when an
external inputsignal is connected to the Optical/PIN connectoron
the rear panel. There are 14 range settings (1 - 14) that can be
usedto selectthe bestrange to measure the inputsignal
(displayed on the GUI panel relative input signal barand display).
Note.Range 1 and 2 (3nAand 10 nA) are not applicable to
TNAOO1 T-Cube units.

This parameterreturnsthe inputsignal range currently selected,
defined asfollows:

Range BNT, TNA, MNA KNA Returned
Range 1 3 nA 5nA 0x03
Range 2 10 nA 16.6 nA 0x04
Range 3 30 nA 50 nA 0x05
Range 4 100 nA 166 nA 0x06
Range 5 300 nA 500 nA 0x07
Range 6 1pA 1.65 pA 0x08
Range 7 3pA 5.0 pA 0x09
Range 8 10 pA 16 pA Ox0A
Range 9 30 pA 50 pA 0x0B
Range 10 100 pA 166 pA 0x0C
Range 11 300 pA 500 pA 0x0D
Range 12 1mA 1.66 m OxOE
Range 13 3 mA 5 mA OxOF
Range 14 10 mA N/A 0x10

UnderOverRead | This parameterreturns a value thatidentifies whetherthe unitis | word
underreadingorover readingthe inputsignal as follows:
0x01 powersignaliswithincurrentTIArange
0x02 powersignalisunder-readingforcurrent TIA
0x03 powersignalisover-reading forcurrentTIArange
e.g.ifa user specified range of 3 yA iscurrently applied, this
parameterreturns '0x03’ (Overread)'forinputsignals greater
than 3 pA.

StatusBits The meaning of the individual bits (flags) of the 32 bit integer dword
value will depend onthe controllerand are described inthe
followingtables.

NTGain This parameterreturnsthe loop gain, as a function of TIA range short
setting. The value isreturned between 100 and 10000 (default
value of 600).

PhaseCompA The horizontal axis phase compensationvalue, returnedinreal short

world units as follows:-

value = (phase angle [degrees] / 360) * CircOscFreq

See the PZ SET NTCIRCPARAMS message for details on the
CircOscFreq parameter
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Note. Negative phase values must be made positive by
subtraction from 360 before the calculationis made.
PhaseCompB The vertical axis phase compensation value, returned inreal short

world units as follows:-

value = (phase angle [degrees] / 360) * CircOscFreq
Seethe PZ SET NTCIRCPARAMS message for details on the
CircOscFreq parameter

Note. Negative phase values must be made positive by
subtraction from 360 before the calculationis made.

TNAOO1 controller

Hex Value Bit Number Description
0x00000001 1 Tracking (1 -tracking, O - latched).
0x00000002 2 Tracking with Signal (1 — with signal, 0— no signal)
0x00000004 3 Tracking Channel A (1— Chan Aonly, 0 —Both channels)
0x00000008 4 Tracking Channel B(1 - Chan B only, 0— Both channels)
0x00000010 5 Auto-ranging (1—auto ranging, 0 manual ranging).
0x00000020 6 Under Read (1 - underreading, 0— reading within range).
0x00000040 7 OverRead (1 —overreading, 0— reading within range).
8to 16 For future use
0x00010000 17 Channel A Connected (1- Connected, 0— Not Connected)
0x00020000 18 Channel BConnected (1— Connected, 0— Not Connected)
0x00040000 19 Channel AEnabled (1- Enabled, 0 — Disabled)
0x00080000 20 Channel BEnabled (1-Enabled, 0— Disabled)
0x00100000 21 Channel A Control Mode (1— Closed Loop, 0— Open Loop)
0x00200000 22 Channel B Control Mode (1—Closed Loop, 0 —Open Loop)
231032 For future use

BPC series controllers

Hex Value Bit Number Description

0x00000001 1 Piezo actuatorconnected (1- connected, 0- notconnected).
2to4 For Future Use

0x00000010 5 Piezochannel hasbeenzero'd(1- zero'd, 0 not zero'd).

0x00000020 6 Piezo channeliszeroing(1-zeroing, 0- notzeroing).

0x00000040 7t08 For Future Use

0x00000100 9 Strain gauge feedback connected (1- connected, 0 - not

connected).

10 For Future Use

0x00000400 11 Position control mode (1- closedloop, 0 - openloop).
12 t0 20 For Future Use

Note. Bits 21 to 28 (Digital Input States) are only applicable if the associated digital inputis fitted to

your controller—see the relevant handbook for more details

0x00100000 21 Digital input 1 state (1- logichigh, 0- logiclow).
0x00200000 22 Digital input 2 state (1 - logichigh, 0- logiclow).
0x00400000 23 Digital input 3 state (1 - logichigh, 0- logiclow).
0x00800000 24 Digital input 4 state (1 - logichigh, 0- logiclow).
0x01000000 25 Digital input 5 state (1 - logichigh, 0- logiclow).
0x02000000 26 Digital input 6 state (1 - logichigh, 0- logiclow).
0x04000000 27 Digital input 7 state (1 - logichigh, 0- logiclow).
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0x08000000 28 Digital input 8 state (1 - logichigh, 0- logiclow).
29 For Future Use

0x20000000 30 Active (1- indicates unitis active, 0— not active)

0x40000000 31 For Future Use

0x80000000 32 Channel enabled (1-enabled, O- disabled)
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MGMSG_PZ_ACK_NTSTATUSUPDATE 0x0666

Only Applicable If Using USB COMMS. Does not applyto RS-232 COMMS

Function: If usingthe USB port, this message called “serveralive” must be sent
by the servertothe controlleratleastonce a second or the
controllerwill stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) anditif has sent 50 of
these withoutthe serversendinga"serveralive" message, it will
stop sending any more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
66 06 Joo Joo [d s

TX 66, 06, 00, 00, 50, 01
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MGMSG_KNA_SET_NTTIALPFILTERCOEFFS
MGMSG_KNA_REQ_NTTIALPFILTERCOEFFS
MGMSG_KNA_GET_NTTIALPFILTERCOEFFS

Function:

SET:

Issue 24

0x0687
0x0688
0x0689

This message specifies the cut off frequency of the digital low pass
(LP) filterapplied to output readings of the internal amplifier (TIA)
circuitry. If the readings displayed or returned are unstable, this
setting can be usedto remove any unwanted high frequency

componentsandimprove input signal stability.

Command structure (26 bytes)
6 byte headerfollowed by 20byte data packet as follows:

appliedtothe OUTPUT from the TIA, i.e.isapplied tothose
reading params sentto the PC. It does NOT operate on the
inputto the TIA and does not operate onreadingvalues
used by the NanoTrak algorithms (these use abandpass
filter, effectively negatingthe needforalP filter).

The filter can be used to smooth outreadings displayedin
the GUI. It can also be used by client applications without
affecting operation of the NanoTrak.

Note. Although there are 5 parameters available, only the
first parameteris used at thistime.

The filtercan be setto OFF, or one of 5 frequency values as
follows:
Note. Only the first parameteris used at this time.

LP_NONE Low pass filterinactive
LP_1HZ Cut offall signalsabove 1Hz
LP_3HZ Cut offall signalsabove 3Hz
LP_10HZ Cutoffall signalsabove 10Hz
LP_30HZ Cutoffallsignalsabove 30Hz
LP_100HZ Cut offall signals above 100Hz

u b wWwnNNERL O

Example:

Setthe LP filterto 1 Hz.

TX 87, 06, 14, 00, DO, 01, 05, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00,

00, 00
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o | 1+ [ 2 | 3 ] 4 | 5 6 [ 7 [ 8 | 9 | 10 11 12 13
header Data
87 | o6 | 14 [ oo | d| | s Param1 | Param2
14 | 15 [ 16 | 17 | 18 | 19 [ 20 | 21 | 22 [ 23 | 24 25
Data
Param3 | Paramé4 | Param5
Data Structure:
field description format
FilterParams | This parametercontainslow passfiltervalueswhichcanbe | long
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Header: 87, 06, 14, 00, DO, 01: Set_NTTIALPFilterParams, 20 byte data packet, Generic USB
Device.
FilterParams: 05 LP_100HZ Cut offallsignals above 100Hz

REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
88|06 |00 [oo [d [s
GET:

Command structure (26 bytes)

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 9 | 10 11 12 13
header Data
89 | o6 | 14 J oo | dI | s Param1 | Param2
14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 23 | 24 25
Data
Param3 | Param4 | Param5

See SET for structure.
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MGMSG_KNA _SET_KCUBEMMIPARAMS 0x068A
MGMSG_KNA_REQ_KCUBEMMIPARAMS 0x068B
MGMSG_KNA_GET_KCUBEMMIPARAMS 0x068C
Function: Usedto set the intensity of the LCD display onthe TOP of the

KNA101 unit. Intensity is setas a percentage of full brightnessin the
range 0 (off) to 100%. Also used to set the display time outand dim
level as described below.

SET:
Command structure (22 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o | 2 [ 2 | 3 ] a4 | s 6 | 7] 8 | 9 [ 10| 12 | 12 [ 13
header Data
8a | o6 [ 10 [ oo | d] | s WheelStep | DispBrightness | Reserved | Reserved
14 | 15 | 16 | 17 | 18 | 19 | 20 [ 21
Data
Reserved | Reserved | Reserved | Reserved

Data Structure:

field description format
WheelStep Setsthe adjustmentrate of the top panel wheel asfollows: | word
0—-Low
1 —-Mid
2 - High
DispBrightness | In certainapplications, it may be necessary to adjustthe word

brightness of the LCD display on the top of the unit. The
brightnessissetasa value from 0 (Off) to 100 (brightest).
The display can be turned off completely by enteringa
setting of zero, however, pressingthe MENU button on the
top panel will temporarily illuminate the display atits
lowest brightness setting to allow adjustments. When the
display returnstoits default position display mode, it will
turn off again.

Example: Setthe Wheel Adjustment rate to High, and the Display intensity 50%.

TX 8A, 06, 10, 00, DO, 01, 02, 00, 32, 00,

Header: F6, 07, 04, 00, DO, 01: Set_KCUBEMMIPARAMS, 16 byte data packet, Generic USB
Device.

WheelStep: 02, 00: Setsthe wheel adjustment rate to High
Dispintensity: 32, 00: Sets the display brightness to 50%
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REQ:
Command structure (6 bytes):
0 1 2 3 4 5
header only
sBlo6 [o1 Joo [d [s
Example: Requestthe display intensity
TX 8B, 06, 01, 00, 50, 01
GET:
Command structure (22 bytes)
6 byte headerfollowed by 16 byte data packet as follows:
o [ 1 [ 2 [ 3 ] 4 ] 5 6 [ 7] 8 [ 9 [ 10 ] 11 | 12 [ 13
header Data
8C | 06 | 10 | 00 | d] | s WheeIStep|DispBrightness| Reserved | Reserved
14 | 15 | 16 [ 17 | 18 | 19 | 20 | 21
Data
Reserved | Reserved | Reserved |Reserved

See SET for data structure.
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MGMSG_KNA _SET_KCUBETRIGIOCONFIG 0x068D
MGMSG_KNA_REQ_KCUBETRIGIOCONFIG 0x068E
MGMSG_KNA_GET_KCUBETRIGIOCONFIG 0x068F
Function: The KNA101 K-Cube NanoTrak has two bidirectional ports (I01and 102).

Both ports can be configured as a triggerinputto respondto an external signal, oras a
trigger outputto control an external circuit. Additionally, |01 can be used as an external
inputwhile 102isused as an external output.

When the port is used as a triggeroutputit provides a push-pull drive of 5Volts, with the
maximum current limited to approximately 8 mA. The current limit prevents damage when
the outputis accidentally shorted to ground or driven to the opposite logicstate by external
circuity. The active logicstate can be selected High or Low to suitthe requirements of the
application.

This message sets the operating parameters of the I01and 102 connectors on the front
panel of the unit.

Warning. Do not drive the TRIG ports from any voltage source that can produce an output
in excess of the normal 0 to 5 Voltlogic level range. In any case the voltage at the TRIG
ports must be limited to -0.25 to +5.25 Volts.

Trigger Modes

Input Trigger Modes

When configured as an input, the TRIG ports can be used as a general purpose digital input,
or for starting a track or home eventasfollows:

0x00 The triggerlOis disabled.

0x01 General purpose logicinput (read through status bits usingthe

PZ GET_NTSTATUSUPDATE message).

0x02 InputtriggerforTracking. On receipt of the trigger, the unit starts to track the max
coupled powersignal.

0x03 Inputtriggerfor Home. Onreceipt of the trigger, the unitdrives the circle tothe
home position, assetusingthe Set NTCircHomePos message.

When used for triggering, the portis edge sensitive. In otherwords, it has to see a transition
fromthe inactive to the active logicstate (Low->High or High->Low) for the triggerinput to
be recognized. Forthe same reason a sustained logiclevel will not triggerrepeated events.
The triggerinput has to returnto itsinactive state firstin orderto start the nexttrigger.

Output Trigger Modes
When configured as an output, the TRIG ports can be used as a general purpose digital
output, or fortriggering an external circuit when trackingis active.

0xOA General purpose logicoutput(setusingthe MOD_SET_DIGOUTPUTS message).

0x0B Tracking Active. When trackingis active, the unitoutputs a5V signal forusein
external circuits, e.g. awarninglight.
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Trigger Polarity
The polarity of the trigger pulse is specified in the TPolarity parameters as follows:

0x01 The active state of the triggerportislogicHIGH 5V (triggerinputand outputona

risingedge).

0x02 The active state of the triggerport islogicLOW OV (triggerinputand outputon a

fallingedge).

SET:
Command structure (26 bytes)
6 byte headerfollowed by 20byte data packet as follows:

o | 1+ | 2 [ 3 [ a4 | s 6 | 7 | 8 | 9 [1] n
header Data
80 | o6 [ 14 | o0 | d| [ s TiMode | TIlPolarity | T1Par
12 | 13 | 14 ] 15 [ 16 [ 17 | 18 [ 19 [ 20 | 21 [ 22 [ 23 | 24 25
Data
T2Mode | T2Polarity | T2Par | Reserved | Reserved | Reserved | Reserved
Data Structure:
field description format
T1Mode TRIG1 operating mode: word
T1Polarity The active state of TRIG1 (i.e. logichighorlogiclow). | word
T1Par Not Used word
T2Mode TRIG2 operating mode: word
T2Polarity The active state of TRIG2 (i.e. logichighorlogiclow). | word
T2Par Not Used word
Example: Setthe Trigger parametersfor KNA101 as follows:

T1Mode — Trigln— Start Tracking
T1Polarity —High

T2Mode — Disabled
T2Polarity—N/A

TX 8D, 06, 14, 00, DO, 01, 02, 00, 01, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00,

00, 00

Header: 8D, 06, 14, 00, DO, 01: Set_KCube_TriglOConfig, 20 byte data packet, d=DO (i.e. 50

ORed with 80 i.e.generic USBdevice), s=01(PC).

T1Mode - 02, 00 TrigIn_Start Tracking
T1Polarity—01,00 High
T2Mode — 00,00 Disabled

T2Polarity—00,00 N/A

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
8EJo6 Jo1 oo [d s
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GET:
Command structure (26 bytes)
6 byte headerfollowed by 20byte data packet as follows:

o | 1 [ 2 [ 3 [ 4 [ s 6 | 7 | 8 | 9 J1w] 1
header Data
8D | 06 [ 14 | o0 | dI [ s TiMode | TiPolarity [  TiPar
12 | 13 | 14 | 15 [ 16 | 17 | 18 | 19 | 20 [ 21 [ 22 | 23 | 24 | 25
Data
T2Mode | T2Polarity | T2Par | Reserved | Reserved | Reserved | Reserved

See SET message forstructure.
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MGMSG_KNA_REQ_XYSCAN 0x06A0
MGMSG_KNA_GET_XYSCAN 0x06A1
MGMSG_KNA_STOP_XYSCAN 0x06A2

Note. These messages are applicable only to KNA101 units, and can be used only
when operating in Piezo Mode —see MGMSG_PZ_SET_NTMODE.

Function:

In some applications, it may be useful to know roughly where the
high powerregionislocated within the range of the piezo device
(e.g.toavoid poweroptimization on a side peak). When this
message is called, the K-Cube unit moves the stage inan XY raster
scan patternoverthe full piezorange, and measures the optical

REQ:

powerina grid 96 x 96 points. The powerdatais thenreturnedasa
measure of intensity at each point, inthe range 0 to 255. During the
scan, auto-rangingis disabled and the range is locked at the range

settingin use whenthe scan was requested. The datais also shown

on the LCD display or GUI panel as a powerintensity map, 96x 96

pixels.

Command structure (6 bytes):

0 1 2 3 4 5
header only
A0 | 06 | o1 [d |5
Example: Requestthe XY Scan
TX 90, 06, 01, 00, 50, 01
GET:

Command structure (106 bytes)
6 byte headerfollowed by 100 byte data packet as follows:

o [ 1 ] [ 3 ] 4 | s 6 | 7 | .. [ ... [ [ | 104 | 105
header Data
Al | 06 | | 00 | d| | S Line Number | Range | 96 byte intensity map
Data Structure
field description format
Line Number When the message is called it runs 96 times, once for each line word
on the Y axis. Each run captures 96 data points on the X axis.
This parameterspecifies the Yaxislineinthe rasterscan, inthe
range O to 95.
Range The NanoTrak unitis equipped with aninternal trans-impedance | word

amplifier (TIA) circuit (and associated range/power level displays
and control buttonsinthe GUI). This amplifier operates when an
external inputsignal is connected to the Optical/PIN connector
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on the rear panel. The KNA unit has 13 range settings that can be
usedto selectthe bestrange to measure the inputsignal
(displayed on the GUI panel relative input signal barand display).

Duringthe scan, auto-rangingis disabled and the range is locked
and this parameterreturns the range settingin use whenthe

sCan was requested.

Range
Rangel
Range 2
Range 3
Range 4
Range 5
Range 6
Range 7
Range 8
Range 9
Range 10
Range 11
Range 12
Range 13

Limit
5nA
16.6 nA
50 nA
166 nA
500 nA
1.65 pA
5.0 pA
16 pA
50 pA
166 pA
500 pA
1.66 mA
5mA

Returned

0x03
0x04
0x05
0x06
0x07
0x08
0x09
Ox0A
0x0B
0x0C
0x0D
OxOE
OxOF

Intensity Map

96 bytes. Each byte representsthe intensity ata given pointon

the X-axis, inthe range 0 to 255.
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MGMSG_NT_SET_EEPROMPARAMS 0x07E7

Function: Usedto save the parametersettings forthe specified message.
These settings may have been altered either through the various
method calls or through userinteraction with the GUI (specifically,
by clicking on the ‘Settings’ button foundin the lowerright hand
corner of the userinterface).

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7 | 8 | o9

Data Structure:

field description format
Chan Ident The channel beingaddressed word
MsglID The message ID of the message containingthe parameters word
to be saved.
Example:

TX E7, 07, 04, 00, DO, 01, 01, 00, 18, 06,

Header: E7, 07, 04, 00, DO, 01: Set_EEPROMPARAMS, 04 byte data packet, Generic USB
Device.

Chan ldent: 01, 00: Channel 1

MsglID: Save parameters specified by message 0618 (SetNTCircParams).
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MGMSG_NT_SET_TNA_DISPSETTINGS 0x07E8
MGMSG_NT_REQ_TNA _DISPSETTINGS 0x07E9
MGMSG_NT_GET_TNA _DISPSETTINGS 0x07EA
Function: Usedto set the intensity of the LED display onthe front of the TNA

and KNA units.

SET:
Command structure (8 bytes)
6 byte headerfollowed by 2 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7
header Data
8 | 07 | 02 [ oo | d] | s | Dispintensity

Data Structure:

field description format

DisplIntensity | Theintensityissetasa value from 0 (Off) to 255 (brightest). | word

Example: Setthe inputsource to software and potentiometer.
TX E8, 07, 02, 00, DO, 01, 64, 00,
Header: E8, 07, 02, 00, DO, 01: Set_DISPSETTINGS, 02 byte data packet, Generic USB Device.

Dispintensity: 64, 00: Sets the display brightness to 100 (40%)

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
£9[o07 Jor Joo [d s
Example: Requestthe display intensity

TXES, 07, 01, 00, 50, 01

GET:
Command structure (8 bytes)
6 byte headerfollowed by 2 byte data packetas follows:

o | 1 [ 2 [ 3 | a4 ] s 6 | 7
header Data
EA | 07 | 02 | o0 [ d|l | s [ Dispintensity

See SET for data structure.
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MGMSG_NT_SET_TNAIOSETTINGS 0x07EB
MGMSG_NT_REQ_TNAIOSETTINGS 0x07EC
MGMSG_NT_GET_TNAIOSETTINGS 0x07ED

Note. Applicable only to TNAT-Cube and KNA K-Cube Units.

Function:

SET:

This message is used to set parameters which control the NanoTrak
outputsignal ranges and the wayin whichthese signals are routed

to the associated external drivers.

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1 ]

2 | 3 ] 4 | 5 6 | 7 | 8 | 9 | 10 | 11 | 12

[ 13

header Data

EB | 07 |

04 | oo | d| | s LVOutRange | LVOutRoute | HVOutRange | SignlORoute

Data Structure:

field

description

format

LVOutRange

TNAO0O1 Units: The outputsignals fromthe NanoTrak T-Cube are routed
to the piezodriversto positionthe piezo actuators. Earlier piezo T-cubes
accept a 5V input while later cubes accepta 10V input. Otherpiezo
amplifiers with 5V or 10V inputranges may be driven from the NanoTrak
T-Cube. This parametersets the LV output range as follows:

0x01 Oto 5V OutputRange

0x02 0to 10V OutputRange

KNA101 Units: The internal piezo drivers of the KNA unitare limited to
an outputcurrent of around 5 mA, whichisinsufficientforsome of the
highercircle scanning frequencies available. In this case it will be
necessary to route the outputsignals fromthe NanoTrak K-Cube to an
external piezodriver.

This parameterfixes the LV outputrange at 10 V (parameter value 0x02)
and cannot be adjusted.

word

LVOutRoute

TNAO0O1 Units: This parametersetsthe way the signals are routed tothe
piezo T-Cubes asfollows:

0x01 Rear panel SMA connectorsonly

0x02 Rear panel SMA connectorsand Hub routing
KNA101 Units: This parameteris fixed to route signals viathe frontand
rear panel external SMA connectors and cannot be adjusted. Signals
cannot be routed to external piezo drivers viathe hub.

word

HVOutRange

KNA101 Units only: The piezo actuator connected tothe unithas a
specificmaximum operating voltage range. This parameter sets the
maximum piezo drive voltage from the HV Out connectors. The LSB
relatesto Chan 1 and the nextbitrelatesto Chan 2 as follows:
Chan 1: 0 = 75V and 1 =150V, Chan 2: 0 = 75V and 10 = 150V
Example: Tosetboth channelsto 150V output—0000 1001

word
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SignlORoute

KNA101 Units only: The 101 connectoron the front panel can be
configured as an external inputand 102 as an external output.

This parameterspecifies the function of these connectors.

The LSB relatesto Chan 1 and the nextbitrelates to Chan 2 as follows:

101

0-101isdisabledandthe powersignalisinputviathe PIN OPTICAL
INPUT connectoronthe rear panel

1-101isenabled,andthe powersignal isinputviathis SMA connector.

102

0-102isdisabled

10-10 2is enabled and the powersignal is outputasa 0 to 10V signal
viathis SMA connector

Example.Setl01to disabled and 102 to enabled —00,00 10,00

ACBOOST

At low signal levels, when scanning for optical powerasmall changein
circle position can resultina large change in powerreading. Asthe
search gets closerto the max power position, changesin circle position
resultin only small changesin powerreading. The ACBOOST function
amplifiesthe difference in powerreadingto better emphasise the
direction of max power. This functionisactivated by setting the 3™ bit of
the parameterto 100

Example.Set10 1to disabledand 102 to enabled and ACBoost active —
01,00 10,00

word

Example

Tx EB,07,08,00,D0,01, 02,00,01,00,01,10,00,10

Header: EB, 07, 08, 00, DO, 01: Set_TNAIOSettings, 08 byte data packet, Generic USB Device.

LVOutRange: 02, 00: 0 to 5V range

LVOutRoute: 01, 00: Signal routing viarear panel SMA connectors.
HVOutRange: 01, 10: Ch1 and CH2 to 150V

SignlORoute: 00, 10: 101 disabled, 10 2enabled.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
EC | 07 Chan | 00 d S
Ident
GET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:
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o [ + [ 2] 3] 4] s 6 | 7 | 8 | 9 ] 10 ] 12 | 12 [ 13

header Data

ED [ 07 | 04 | 00 [ dl | s LVOutRange [ LVOutRoute | HVOutRange | SignlORoute

See SET for structure.

Page 253 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

Laser Control Messages

Introduction

The ‘Laser’ ActiveX Control provides the functionality required foraclientapplication to
control one or more Laserdevices.

The methods of the Laser Control Object can then be used to control the T-Cube Laser
Source (TLS001) and Laser Driver (TLD0O01) units, and the K-Cube Lasersource (KLS101).
Activities such as switching between display modes, setting the laser power set point,
readingthe laser powerorcurrent and settingthe LED display intensity can be performed.
For details onthe use of the LaserSource, referto the handbook supplied with the unit.

Page 254 of 372



Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

MGMSG_LA SET_PARAMS 0x0800
MGMSG_LA REQ_PARAMS 0x0801
MGMSG LA GET_PARAMS 0x0802
Function: Thisgeneric parameterset/request messageis used to control all the

functionality of the TLD0O01, TLS001, KLS635 and KLS1550. The specific
parameters to control are identified by the use of sub-messages.
These sub messages comply with the general format of the APT
message protocol but ratherthan havinga unique firstand second
byte inthe header carrying the “message identifier” information, the
firstand second byte remain the same.

Instead, forthe SET and GET messages, the message identifieris
carriedin the firsttwo bytesinthe data packet part of the message,
whilstforthe REQ message itis encoded as the third byte of the
header.

Likewise, when the unitresponds, the firsttwo bytes of the response
remain the same and the first two bytes of the data packetidentifythe
sub-message to which the information returned in the remaining part
of the data packetrelates.

The following sub messages are applicable to all units:

Set/Request/Get Laser Power Setpoint (sub-message ID=1)
Request/GetLaser Current and Power (sub-message ID = 3)
Set/Request/Get Laser Power Control Source (sub-message ID=5)
Request/Get Status Bits (sub-message ID=7)

Request/Get Maximum TLS001 Limits (sub-message ID = 9)
Request/Get Maximum TLD0O1 Laser Current (sub-message ID = 0A)
Set/Request/Get Display Settings (sub-message ID = 0B)
Set/Request/Get Misc TLD001 Settings (sub-message ID = 0D)
Set/Request/Get MMI Parameters (sub-message ID = OE)

to explainthe principle, the following examples describe the first of
these messages in more detail.

Example - Set/Request/Get Laser Power Setpoint (sub-message ID= 1)
This sub-message is not applicable to TLDO01 Laser Driver units.

Thissub-commandis usedtoset/ read the laser powersetpoint. The setpointis the
required laser powerthatthe TLS001 and KLS units will attempt to maintain. Thisis not
necessarily the same as the actual laser powerbecause if the currentlimitfor the laser diode
isexceeded, the setpoint willnot be reached.

SET:

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

header Data

0 | d|l | s MsgID | SetPoint
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Data Structure:
field description format
MsglID The message ID of the message containingthe parameters | word
SetPoint The Laser powersetpoint (0to 32767 ->0% to 100% word
power).to be saved.
Example: Setthe laserpowersetpointto be setto 5% of the maximum power

TX 00, 08, 04, 00, DO, 01, 01, 00, 66, 06,

Header: 00, 08, 04, 00, DO, 01: Set PARAMS, 04 byte data packet, Generic USB Device.

MsglID: 01, 00: Set Laser Power Setpoint

SetPoint:.66, 06: the laser power setpoint, 0x0666 (1638 decimal), whichis5 % of the full

power.

REQUEST:
Command structure (6 bytes):

0o 1 2 3 4 5
header only
01[08 Joi Joo [d s

TX 01, 08, 01, 00, 50, 01,

GET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o [ 1+ ] 2] 3] 4] s 6 | 7 | 8 | 9
header Data
02 | o8 | o4 ] oo [ dI [ s MsglD | SetPoint

See SET message fordata structure
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Example - Request/GetLaser Current and Power (sub-message ID = 3)

This sub-message is not applicable to TLDOO1 Laser Driver units.
Thissub-commandisusedtoread the actual laser power and the lasercurrent. Note that
there isno SET message as only the setpoint power can be set, not the actual poweror
current.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
o1]os Jo3 Joo [d s

TX 01, 08, 03, 00, 50, 01,

GET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 [ 7 | 8 ] 9 ] 10 ] 11
header Data
02 | 08 | 06 | 00 | d] | S MsgID | LaserCurrent | LaserPower

Data Structure:

field description format
MsglID The message ID of the message containing the parameters | word
LaserCurrent | The Laser current (0to 32767 ->0 to max current in mA) word
LaserPower The Laser power (0to 32767 -> 0% to 100% power) word
Example: Get the lasercurrent and power

RX 02, 08, 06, 00, DO, 01, 03, 00, 66, 06, 66, 06

Header: 00, 08, 06, 00, DO, 01: Set_ PARAMS, 06 byte data packet, Generic USB Device.
MsgID: 03, 00: Get Laser Currentand Power

LaserCurrent:.66,06: the laser current, 0x0666 (1638 decimal), whichis5mA for a 100 mA
max current laser.

LaserPower:.66, 06: the laser power, 0x0666 (1638 decimal), whichis 5% of the full power.
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Example - Request/GetLaser Current and Power (sub-message ID = 4)

This sub-message is applicable onlyto TLDOO1 Laser Driver units.
Thissub-commandisusedtoread the actual laser power and the lasercurrent. Note that
there isno SET message as only the setpoint power can be set, not the actual poweror
current.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
o1]o8 Joa Joo [d s

TX 01, 08, 04, 00, 50, 01,

GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packetas follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 | 9 ] 10 ] 11 [ 12 [ 13

header Data

02 | 08 | 06 | 00 | d] | S MsgID |LaserCurrent| LaserPower |LaserVo|tage

Data Structure:

field description format
MsglID The message ID of the message containing the parameters | word
LaserCurrent | The Laser current (-32768 to 32767 ->-200 to 200 mA) word

LaserPower The Laser power (0to 32767 -> 0% to TIARange Max inmA) | word

LaserVoltage | The Laserforward voltage (-10000 to 10000 -> 10.0 V to word
10.0V)

Example: Get the lasercurrentand power
RX 02, 08, 08, 00, DO, 01, 04, 00, 66, 06, 66, 06, 88, 13

Header: 02, 08, 08, 00, DO, 01: Set_PARAMS, 08 byte data packet, Generic USB Device.
MsgID: 04, 00: Get Laser Currentand Power

LaserCurrent:.66, 06: the laser current, 0x0666 (1638 decimal), whichis 5mA fora 100 mA
max current laser.

LaserPower:.66, 06: the laser power, 0x0666 (1638 decimal), whichis 5% of the full power.
LaserVoltage:.88, 13: the laservoltage, 0x1388 (5000 decimal), whichis 5V
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Example - Set/Request/Get the Laser Power Control Source (sub-message ID= 5)

This sub-commandis usedtoset/ read the laser power control source. The laser powercan
be controlled by software commands, the potentiometer onthe top of the unitor the
external SMA input. Only one control source can be active at any time, the options are

mutually exclusive.

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o | 1 [ 2 [ 3 | a4 ] s 6 | 7 | 8 | 9
header Data
00 [ o8 | o4 J oo [ dl [ s MsglD | LaserSource

Data Structure:

field description

format

MsglID The message ID of the message containing the parameters

word

LaserSource The Laser powersource. This parameteris different
dependingonwhich unitis beingaddress, as follows...
TLD

1 =Software control only

2 = External source viaSMA connectoronly

4 = Potentiometeronly

TLS

0 =Software control only

1 = External source viaSMA connectoronly
4 = Potentiometeronly

KLD and KLS

0 =Software control only

1 = External source viaSMA connectoronly
4 =Top panel wheel and Software

8 =Reserved

word

Example: Setthe laser powersource to be external SMAinputona TLS
TX 00, 08, 04, 00, DO, 01, 05, 00, 01, 00

Header: 00, 08, 04, 00, DO, 01: Set_PARAMS, 04 byte data packet, Generic US
MsglID: 05, 00: Set Laser Power Source
LaserSource:.01, 00: the laser powersource isthe external SMA input.

001 unit.

B Device.
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
o1]os8 Jos Joo [d [|s

TX 01, 08, 01, 00, 50, 01,

GET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packet as follows:

o [ 1+ | 2 [ 3 ] 4 ] s 6 | 7 | 8 | 9
header Data
02 | o8 | o4 [ o0 [ d] | s MsgID | LaserSource

See SET message for data structure
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Request/Get Status Bits (sub-message ID=7)
This sub command can be used to request the status bits. The message only has a request/
getpart.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
o1]os Jo7z Joo [d s

TX 01, 08, 07, 00, 50, 01,

GET:
Status update messages are received with the following format:-

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ 2] 2 | 3 [ 4 | s 6 | 7 [ 8 [ 9 [ 10| 11
header Data
02 | o8 | o6 | o0 | dl | s MsgiD | StatusBits

Data Structure:

field description format
MsglID The message ID of the message containing the parameters | word
StatusBits The meaning of the individual bits (flags) of the 32 bit dword

integervalue willdepend onthe controllerand are
described inthe followingtables.

TLS001 controller

Hex Value Bit Number | Description
0x00000001 | 1 Laser outputenabled state (1-enabled, 0- disabled).
0x00000002 | 2 Keyswitch enabled state (1- enabled, 0—disabled)
0x00000004 | 3 Laser control mode (1 - power [closed loop], 0- current [openloop])
0x00000008 | 4 Safetyinterlock, (1- enabled, 0—disabled)
0x00000010 | 5 Units mode (1- mA, else 0).
0x00000020 | 6 Units mode (1- mW, else 0).
0x00000040 | 7 Units mode (1 - dBm, else 0)
8 For Future Use
Example

RX 02, 08, 06, 00, 81, 50, 07, 00, 2B, 00, 00, 00

Header: 02, 08, 06, 00, 81, 50: LA_Get_Params, 06 byte data packet, Generic USB Device.
MsglID: 07, 00: Get Status Bits

StatusBits: 2B,00,00,00, i.e. 00101011 the display shows mW units, the safety interlockis
enabled, the keyswitch is enabled and the outputis enabled.
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Request/Get Maximum Limits (sub-message ID= 9)

This sub-message is not applicable to TLDO01 Laser Driver units.

Thissub command can be used to request the maximum limits of the lasersource, such as
maximum current, maximum power and the wavelength of the laser diode. The message
only has a request/ get part.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
o108 Joo Joo [d s

TX 01, 08, 09, 00, 50, 01,
GET:
Status update messages are received with the following format:-

Response structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1+ | 2 [ 3 [ a4 | s 6 | 7 | 8 | 9 [ 10 | 12 [ 12 | 13

header Data

02 | o8 | 08 [ oo | d|l | s MsgID | MaxCurrent | MaxPower | Wavelength

Data Structure:

field description format
MsglID The message ID of the message containing the parameters | word
MaxCurrent The Laser max current (0 to 65535 ->0 to655.35 mA) word
MaxPower The Laser max power (0to 65535 ->0 to 6.5535 mW) word
Wavelength | The Laser wavelengthin nm (635 or 1550) word

Example — Get Laser Limits
RX 02, 08, 08, 00, DO, 01, 09, 00, C8, 00, 05, 00, OE, 06

Header: 00, 08, 06, 00, DO, 01: Set_PARAMS, 06 byte data packet, Generic USB Device.
MsglID: 09, 00: Get Laser Max Limits

MaxCurrent:.C8, 00:, 0x00C8 i.e. 200mA max current.

MaxPower:.05,00:, 0x0005 i.e.5 mW max power.

Wavelength:.OE, 06: the laser power, 0x060E (1550 decimal), wavelength 1550 nm.
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Request/Get Maximum Laser Diode Current (sub-message ID = 10 [0A])

This sub-message is applicable only to TLDOO1 Laser Diode Driver units.

Thissub command can be usedtorequestthe TLDOO1 maximum laser diode current. The
message only has a request/ get part.

REQUEST:
Command structure (6 bytes):

0o 1 2 3 4 5
header only
o1]os Joa Joo [d s

TX 01, 08, 0A, 00, 50, 01,
GET:
Status update messages are received with the following format:-

Response structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o [ 1+ [ 2 ] 3 [ 4 | s 6 | 7 | 8 [ 9 |
header Data
02 [ o8 | o4 [ oo [ dl [ s MsglD | MaxCurrent

Data Structure:

field description format
MsglID The message ID of the message containingthe parameters | word
MaxCurrent The Laser max current (-32768 to 32767 ->-Min mAto Max | word
mA)

Example — Get Laser Limits
RX 02, 08, 04, 00, DO, 01, OA, 00, C8, 00, 05, 00, OE, 06

Header: 02, 08, 04, 00, DO, 01: Set PARAMS, 04 byte data packet, Generic USB Device.

MsglID: 0A, 00: Get Laser Max Limits
MaxCurrent:.C8, 00:, 0x00C8 i.e. 200mA max current.
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Set/Request/Get Display Settings (sub-message ID=11 [0B])

This message can be used to adjust or read the front panel LED display brightness and the
display units. Itis not applicable to KLSxxx units.

SET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o [ + [ 2] 3] 4] s 6 | 7 | 8 | 9 ] 10 ] 12 | 12 [ 13
header Data
00 [ o8 | 08 [ oo | d|l [ s MsgID | DisplIntensity [ DispUnits | Unused
Data Structure:
field description format
MsglID The message ID of the message containing the parameters | word
DisplIntensity | Theintensityissetasa value from 0 (Off)to 255 (brightest). | word
DispUnits The LED display window on the front of the unitcan be set | word
to display the laseroutputin mA, mW or dBm as follows.
1 displayshowslasercurrentin mA.
2 displayshowslaserpowerin mWw.
3 displayshowslaserpowerindBm (relative to 1 mW)
Unused N/A word
Example: Setthe display toshow the lasercurrentin Ampsand at max brightness:

TX 00, 08, 08, 00, DO, 01, 0B, 00, FF, 00, 01, 00, 00, 00

Header: 00, 08, 08, 00, DO, 01: Set_Params, 08 byte data packet, Generic USB Device.

MsgID: 0B, 00: Set Display Settings

Dispintensity: FF, 00: Sets the display brightness to 255 (100%)

DispUnits: 01, 00: Setsthe display unitsto mA

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
or]og |oB [oo [d [s
Example: TX 01, 08, 0B, 00, 50, 01

GET:
Command structure (14 bytes)

6 byte headerfollowed by 8 byte data packetas follows:

6 | 7 | 8 | 9 | 10 | 12 | 12 | 13

header

Data

02 [ 08 |

08 [ 00

d|

S

MsgID | Dispintensity | DispUnits |  Unused

See SET for data structure.
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Set/Request/Get Miscellaneous Laser Driver Parameters (sub-message ID= 13 [0D])
This message is applicable onlyto TLD001 Laser Diode Driver units.

Each laserdiode has specificrelationship between the output powerand the photodiode
current. This message sets the polarity and the calibration factor for converting between
output powerand the photodiode current.

The calibration factorfor the type of laserdiode being usedis setin the WACalibFactor
parameter. Forexample, if setto 10, a photodiode current of ImA produces an output
power of 10mW.

The calibration factor for the particularlaserdiode being used should be quotedin the
associated datasheet. If thisis not available, then atest calibration should be performed,
using a power meterto measure the outputfor a known photodiode current.

Laser diodes are manufacturedin avariety of packages and pin configurations, with or
withoutaninternal photodiode. In addition, normally one terminal of the laserdiode is
connectedtothe metal case and commoned with eitherthe anode or cathode of the
photodiode. This can be established from the laser diode datasheet and the device should
be connectedtothe laserdriveraccordingly.

This message configures the unitforeitheran anode grounded ora cathode grounded
diode. The polarity of the laser diode connected to the TLD0OO1 unitis specifiedinthe
LaserPolarity parameter.

By default, when the outputis enabled, the laser current will be increased immediately to
max current. If required, the output current can be increased gradually in steps 10% of
selected max current output. This optionissetinthe Rampup parameter.

SET:
Command structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ + [ 2] 3] 4] s 6 | 7 ] 8 ] 9 Jw] n
header Data
00 | 08 | 08 | 00 | d| | s MsglD | WACalibFactor

12 [ 13 ] 14 | 15 |
Data |
LaserPolarity | Rampup |

Data Structure:

field description format

MsgID The message ID of the message containing the parameters | word

WACalibFactor | The calibration factorusedto convert photo diode current | float
(IPD) to output laser power (PLD).

LaserPolarity | Thelaserdiode connection polarity as follows. word
1 cathode grounded
2 anode grounded

Rampup The method of energizing the laser. word
1 Rampupselected-the outputcurrentisincreased
graduallyin steps 10% of selected max currentoutput
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Example: Setthe unitto have a calibration factor of 10, for a cathode grounded laser

diode:

TX 00, 08, 08, 00, DO, 01, 0D, 00, OA, 00, 00, 00, 01, 00, 00, 00

Header: 00, 08, 08, 00, DO, 01: Set_Miscellaneous Params, 08 byte data packet, Generic USB

Device.

MsgID: 0D, 00: Set Miscellaneous Parameters

WACalibFactor: 0A, 00, 00, 00: Sets the calibration factorto 10
LaserPolarity: 01, 00: Setsthe polarity to Cathode Grounded

Rampup: 00, 00: The laser current isincreased immediately to maximum.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
01]o08 JoB [o0 [d |s
Example: TX 01, 08, 0D, 00, 50, 01
GET:

Command structure (16 bytes)
6 byte headerfollowed by 10byte data packet as follows:

o | 1+ [ 2 | 3 ] 4 | 5 6 | 7 [ 8 | 9 [10]

11

header Data

02 | 08 | 08 | 00 | d| | s MsglID | WACalibFactor

12 [ 13| 14 | 15 |
Data |
LaserPolarity | Unused |

See SET for data structure.
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Set/Request/Get MMI Parameters (sub-message ID = 14 [OE])
Applicable only to KLSxxx units.
This message can be used to adjust or read the front panel LED display brightness.

SET:
Command structure (16 bytes)
6 byte headerfollowed by 10byte data packet as follows:

o | 1] 2 ] 3 ] a ] s 6 | 7 ] 8 | 9 | 10| 11 | 12 |

13

header Data

00 [ o8 | o8 [ oo | d|l [ s SubMsglD [ Displintensity | For Future Use

Data Structure:

field description format

MsglID The message ID (i.e. OE00) of the message containingthe | word
parameters

Displntensity The intensity is setasa percentage of maximum word
brightness, from 20 (dimmest)to 100 (brightest).

Example: Setthe display to max brightness,
TX 70, 08, 08, 00, DO, 01, 0B, 00, 64, 00, 00, 00, 00, 00

Header: 00, 08, 0OA, 00, DO, 01: Quad_SetParams, 08 byte data packet, Generic USB Device.
SubMsglID: OE, 00: Set Display Settings
Dispintensity: 64, 00: Sets the display brightness to 100%

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
01[o08 JoB Joo [d s

Example: TX 01, 08, OE, 00, 50, 01

GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1 [ 2 | 3 ] 4] 5 6 | 7 [ 8 | 9 | 10 | 11 | 12 |

13

header Data

02 | o8 | o8 [ oo | d|l [ s SubMsglD [ Displintensity | For Future Use

See SET for data structure.
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MGMSG_LA_SET_EEPROMPARAMS 0x0810

Function: Usedto save the parametersettings forthe specified message.
These settings may have been altered either through the various
method calls or through userinteraction with the GUI (specifically,
by clicking on the ‘Settings’ button foundin the lowerright hand
corner of the userinterface).

SET:
Command structure (8 bytes)
6 byte headerfollowed by 2 byte data packet as follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7
header Data
10 | o8 | 02 | oo | d|l | s MsglD

Data Structure:

field description format
MsgID The message ID of the message containing the parameters word
to be saved.
Example:

TX 10, 08, 02, 00, DO, 01, 21, 08,
Header: 10, 08, 02, 00, DO, 01: Set_EEPROMPARAMS, 02 byte data packet, Generic USB

Device.
MsglID: Save parameters specified by message 0821 (GetStatusUpdate).
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MGMSG_LA_DISABLEOUTPUT

Function

SET:

Host-Controller Communications Protocol
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0x0811
0x0812

These messages are senttoenable ordisable the Laser output.
The 3rd and 4th bytesinthe command headerare unused and setto

0x00.

Command structure (6 bytes):

0 1 2 3 4 5
header only
11 {08 |00 00 |[d s
Example: Enable the laseroutput

TX 11, 08, 00, 00, 50, 01
Disable the laser output

TX 12, 08, 00, 00, 50, 01
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MGMSG_LD_OPENLOOP 0x0813
MGMSG_LD_CLOSEDLOOP 0x0814

These messages are applicable only to TLD0O01 Laser Diode Driver units

Function

SET:

The TLDOO1 laserdiode drivercan be operatedin either Constant
Currentor ConstantPower mode.

In OPEN LOOP or Constant Current Mode (CONSTI), a constant drive
currentis appliedtothe laserdiode. However, due to temperature
fluctuations this does notresultinaconstant optical poweroutput.
As the diode warms up, the optical power will increase noticably
fromthe level atinitial switch on. Ambient temperature changes will
also affect the output.

This mode is used when the lowest noise and highest response
speedisrequired. Mostapplicationsin this mode willalso require
the temperature to be stabilized by an additional temperature
controller. We offerthe TTC001 TEC Controller T-Cube for such
applications, see www.thorlabs.com for more details.

CLOSED LOOP or Constant Power Mode (CONSTP) is used to
minimize the output powerfluctuations described above. This
involves asignal from the internal photodiode, integrated into most
laser diode packages, being fed back tothe TLDOO1 unitinorder to
monitorand correct the power output.

An adjustment of the full scale photodiode currentin CONSTP mode
is provided onthe unit, in orderto compensate forthe differences
inthe photodiode currents between different laser diodes - see the
manual supplied with the unitfor more information on setting the
photodiode currentrange.

Command structure (6 bytes):

0 1 2 3 4 5
header only
13 | 08 00 00 d s
Example: Setthe control mode to constant current (open loop)

TX 13, 08, 00, 00, 50, 01
Setthe control mode to constant power (closed loop)

TX 14, 08, 00, 00, 50, 01
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MGMSG LD POTROTATING 0x0815

This message is applicable only to TLD0O01 Laser Diode Driver units

Function This message is sent automatically by the system when the
potentiometeronthe TLDOO1 laser diode driver GUI panel is rotated
by the user.
It containsthe amountthe pot has rotated since the lasttime the
message was sent.

SET:

Command structure (6 bytes):

0 1 2 3 4 5
header only
15 | 08 00 00 d s
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MGMSG_LD_MAXCURRENTADJUST 0x0816
This message is applicable only to TLD0O01 Laser Diode Driver units

Function

SET:

In orderto protect against damage which could be caused by
operatingerrors, the limitforthe Laser Diode drive current should
be set before the diode is operated.

This messageis called to enable and disable adjustment by setting
byte 2 as follows:

Disable—1

Enable - 2.

Note. When this message is called, the maximum currentisresetto
itsminimumvalue (around 17mA). This ensures thatinitially, the
lasercurrentis at its lowest value.

Once Max Current Adjustmentis enabled, the max currentisset by
callingthe SET_MAXCURRENTDIGPOT message.

Byte 3 of the message is used to allow the currentlimitto be
adjusted with the laserdiode ON as follows:

Diode off-1

Diodeon-2

Command structure (6 bytes):

0 1 2 3 4 5
header only
13]08 oo 00 d s
Example: Setthe unitto allow the laser diode max current to be adjusted with

the outputon

TX 13, 08, 02, 02, 50, 01
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MGMSG_LD_SET_MAXCURRENTDIGPOT 0x0817
MGMSG_LD_REQ_MAXCURRENTDIGPOT 0x0818
MGMSG_LD GET_MAXCURRENTDIGPOT 0x0819

This message is applicable only to TLD001 and KLD101 Laser Diode Driver units

Function

SET:

In orderto protectagainst damage which could be caused by
operatingerrors, the limitforthe Laser Diode drive current should
be set before the diode is operated.

Before calling this message, max currentadjustment must be
enabled by callingthe MAXCURRENTADJUST message described
previously. This message canthen be called to setthe max current
for the laserdiode beingdriven.

Note. When this message is called, the maximum currentis resetto
itsminimumvalue (around 17mA). This ensures thatinitially, the
lasercurrentis at its lowestvalue.

The max currentis setinthe range 0 to 255 whichrelatesto O to
200 mA for the TLDOO1 or 230 mA for the KLD101.

Command structure (6 bytes):

0 1 2 3 4 5
header only
13 | 08 FF 00 d s
Example: Setthe max currentto 200 mA

TX 13, 08, FF, 00, 50, 01
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MGMSG_LD_FINDTIAGAIN 0x081A
This message is applicable only to TLD001 and KLD101 Laser Diode Driver units

Function

This message instructs the unittofind the optimumTIA gain setting
for the TIA range currently selected.

Optimization of the TIA gainis an automated process performed
internally by the unit, and should be performed only afterthe PD
RANGE has been adjusted by setting the switches on the rear panel.
In the APT system, the software “demand” of how much current (in
constant current mode) or optical power (in closed loop mode) is
being generated by the laserdiode is set by a digital to analog
converter (DAC). This DAC produces avoltage that the software can
setto be between zeroand afixed reference voltage.

When constant power mode is selected, aclosed loop controlleris
set up that continuously reads the photocurrent and adjusts the
laser poweraccordingly, sothatthe photocurrentis always equal to
a “set point” value (the optical poweris kept constant by keeping
the photocurrent constant.).

To enable the full range of the DACto be used, the photodiode
currentreadings mustbe “normalized”, so thatthe full range (i.e.
maximum photocurrent) corresponds to the DACfull range. This
normalizationis performed when this messageis called.

For example, assumethe DACgenerates avoltage between zero and
5 Volts maximum. Ina particularset up, we may find that at
maximum optical power, the photodiode produces 25 pA. When the
message is called, the system adjusts the photodiode TIA gainto 0.2
V / pA so that the photodiode amplifier outputs 5Volts.

In anothersetup, the photodiode produces adifferent current for
max optical power, so a different photodiodeamplifiergainis
required.

Note. This message is sent automatically by the systemonce TIA Gain Adjustmentis
enabled by callingthe LD_TIAGAINADJUST message.

Command structure (6 bytes):

0 1 2 3 4 5
header only
1A | 08 00 00 d S
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MGMSG_LD_TIAGAINADJUST 0x081B
This message is applicable only to TLD001 and KLD101 Laser Diode Driver units

Function This message is called to enable and disable TIA gain adjustment by
setting byte 2 as follows:
Disable-1
Enable - 2.
Once adjustmentisenabled, the system sends the LD_FINDTIAGAIN
message described previously to optimize the TIA gainforthe range
currently selected.

SET:
Command structure (6 bytes):

0 1 2 3 4 5
header only
1B | 08 02 00 d s
Example: Setthe unitto allow the TIA gain to be adjusted

TX 1B, 08, 02, 00, 50, 01
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MGMSG LA REQ_STATUSUPDATE 0x0820
MGMSG_LA GET_STATUSUPDATE 0x0821
Function: This functionisusedinapplications wherespontaneous status

messages (i.e. messages sent using the START_STATUSUPDATES
command) must be avoided.

Status update messages contain information about the status of the
controller (forexample laser power orlaser current). The response
will be sent by the controller each time the functionis requested.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

20/08 [oo [oo [d [s

GET:

Status update messages are received with the following format:-

Response structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o [ 1 [ 2 ] 3 [ 4 | s 6 | 7 | 8 | 9 | 10 11 12

13

header Data

21 I 08 | 08 | 00 I d| I s LaserCurrent| LaserPowerI StatusBits

Data Structure:

field description format

LaserCurrent | Thelasercurrent,intherange 0to 32760 — (i.e.0to max word
currentin mA)

LaserPower The.laserpower, inthe range 0to 32760 —(i.e.0to 100% of | word
max power)

StatusBits The meaning of the individual bits (flags) of the 32 bit dword
integervalue willdepend onthe controllerand are
described inthe followingtables.
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TLS001 Controller Bit Locations

Hex Value Bit Number | Description
0x00000001 | 1 Laser outputenabled state (1-enabled, 0- disabled).
0x00000002 | 2 Keyswitch enabled state (1- enabled, 0—disabled)
0x00000004 | 3 Laser control mode (1 - power [closed loop], 0- current [openloop])
0x00000008 | 4 Safetyinterlock, (1- enabled, 0—disabled)
0x00000010 | 5 Units mode (1- mA, else 0).
0x00000020 | 6 Units mode (1- mW, else 0).
0x00000040 | 7 Units mode (1- dBm, else0)
81020 For Future Use

General Bit Locations

Hex Value Bit Number | Description

0x00100000 | 21 Digital Input 1 (1 - logichigh, 0—logiclow).
0x00200000 | 22 Digital Input2 (1 - logichigh, 0—logiclow).
0x40000000 | 31 Error

KLS101 Controller Bit Locations

Hex Value Bit Number | Description
0x00000001 | 1 Laser outputenabled state (1-enabled, 0- disabled).
0x00000002 | 2 Keyswitch enabled state (1- enabled, 0—disabled)
0x00000004 | 3 Laser control mode (1 - power [closed loop], 0- current [openloop])
0x00000008 | 4 Safetyinterlock, (1- enabled, 0—disabled)
0x00000010 [ 5to7 For Future Use
8to 19 Ext Input 12 bit ADC reading (1 LSB =2.54mV, range O to 10.42V)

General Bit Locations

Hex Value Bit Number | Description

0x00100000 | 20to 30 For Future Use

0x00200000 | 31 Error (pigtail temperature>50 °C)
0x40000000 | 31 Digital Feedback Settling
Example

RX 21, 08, 08, 00, 81, 50, 90, 19, 90, 19, 2B, 00, 00, 00

Header: 21, 08, 08, 00, 81, 50: LA_Get_StatusUpdate, 08 byte data packet, Generic USB

Device.

LaserCurrent: 90, 19: 6544 = 20 % of the maximum current;

LaserPower: 90, 19: 6544 = 20 % of the maximum power;

StatusBits: 2B,00,00,00, i.e. 00101011 the display shows mW units, the safetyinterlockis
enabled, the keyswitch is enabled and the outputis enabled.
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MGMSG_LA_ACK_STATUSUPDATE 0x0822

Only Applicable If Using USB COMMS. Does not applyto RS-232 COMMS

Function: If usingthe USB port, this message called “serveralive” must be sent
by the servertothe controlleratleastonce a second or the
controllerwill stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.status message) anditif has sent 50 of these without
the serversendinga"serveralive" message, it willstop sendingany
more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
2208 Joo Joo [d s

TX 22, 08, 00, 00, 50, 01
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MGMSG_LD_REQ_STATUSUPDATE 0x0825
MGMSG_LD_GET_STATUSUPDATE 0x0826
Function: This functionisusedinapplications where spontaneous status

messages (i.e. messages sent using the START_STATUSUPDATES
command) must be avoided.

Status update messages contain information about the position and
status of the controller (forexample position and O/P voltage). The
response will be sent by the controller each time the functionis
requested.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

20[08 Joo Joo [d s

GET:

Status update messages are received with the following format:-

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1] 2 [ 3 [ a | s 6 [ 7 ] 8 [ 9 ] 10 [ 1u
header Data
26 | 08 | OE | 00 | d] | S LaserCurrent|PhotoCurrent| LaserVoltage
12 | 13 | 14 [ 15 | 16 | 17 | 18 19
Data
Reserved | StatusBits

Data Structure:

field description format

LaserCurrent | Thelaserdiode current,intherange -32768 to 32767 — (i.e. | word
-200 to 200 mA)

PhotoCurrent | The photo diode current, inthe range 0to 32767 — (i.e.0to | word
TIA Range Max in mA)

LaserVoltage | Laser Diode forward voltage -10000 to 10000 (-10.0V to word
10.0V)

Reserved dword

StatusBits The meaning of the individual bits (flags) of the 32 bit dword

integervalue willdepend on the controllerand are
describedinthe followingtables.
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TLDOO01 controller Bit Locations

Hex Value Bit Number | Description

0x00000001 | 1 Laser outputenabled state (1-enabled, 0- disabled).

0x00000002 | 2 Keyswitch enabled state (1- enabled, 0—disabled)

0x00000004 | 3 Laser control mode (1 - power [closed loop], 0- current [openloop])
0x00000008 | 4 Safetyinterlock, (1- enabled, 0—disabled)

0x00000010 | 5 TIA Range 1 (1-10pA, else0).

0x00000020 | 6 TIA Range 2 (1—100uA, else0).

0x00000040 | 7 TIARange 3 (1-1 mA, else0)

0x00000080 | 8 TIA Range 4 (1-10 mA, else 0)

0x00000100 |9 Laser Diode Polarity (1— Cathode Grounded, 0 — Anode Grounded)
0x00000200 | 10 External SMA Input Enabled (1 - Enabled, 0— Disabled)
0x00000800 | 12 Laser Diode Open Circuit(1— 0/C,0-S/C)

0x00001000 | 13 All PSU Voltages OK (1— OK, 0 — Not OK)

0x00002000 | 14 TIA Range Overlimit (1— Overlimit, 0— Not Overlimit)

0x00004000 | 15 TIA Range Underlimit (1—Underlimit, 0— Not Underlimit)

KLD101 controllerBit Locations

Hex Value Bit Number | Description

0x00000001 | 1 Laser outputenabled state (1-enabled, 0- disabled).

0x00000002 | 2 Keyswitch enabled state (1- enabled, 0—disabled)

0x00000004 | 3 Laser control mode (1 - power [closed loop], 0- current [openloop])
0x00000008 | 4 Safetyinterlock, (1- enabled, 0—disabled)

0x00000010 | 5 TIA Range 1 (1-9uA, else 0).

0x00000020 | 6 TIA Range 2 (1—-100uA, else 0).

0x00000040 | 7 TIA Range 3 (1-0.9 mA, else0)

0x00000080 | 8 TIA Range 4 (1-10 mA, else0)

0x00000100 |9 Laser Diode Polarity (1— Cathode Grounded, 0 — Anode Grounded)
0x00000200 | 10 External SMA Input Enabled (1 - Enabled, 0— Disabled)
0x00000800 | 12 Laser Diode Open Circuit(1- 0/C,0-S/C)

0x00001000 | 13 All PSU Voltages OK (1— OK, 0 — Not OK)

0x00002000 | 14 TIA Range Overlimit (1— Overlimit, 0— Not Overlimit)

0x00004000 | 15 TIA Range Underlimit (1—Underlimit, 0— Not Underlimit)

General Bit Locations

Hex Value Bit Number | Description

0x00080000 | 20 Signal Generator ON (1-YES, 0 — NO)
0x00100000 | 21 Digital Input 1 (1 - logichigh, 0—logiclow).
0x00200000 | 22 Digital Input2 (1 - logichigh, 0—logiclow).
0x40000000 | 31 Error

0x80000000 | 32 High stability reached (1-YES, 0 —NO)

Page 280 of 372




Thorlabs APT Controllers Host-Controller Communications Protocol Issue 24

MGMSG_LD_ACK_STATUSUPDATE 0x0827

Only Applicable If Using USB COMMS. Does not applyto RS-232 COMMS

Function: If usingthe USB port, this message called “serveralive” must be sent
by the servertothe controlleratleastonce a second or the
controllerwill stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) anditif has sent 50 of
these withoutthe serversendinga"serveralive" message, it will
stop sending any more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
2708 Joo Joo [d s

TX 27, 08, 00, 00, 50, 01
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MGMSG_LA_SET_KCUBETRIGIOCONFIG 0x082A
MGMSG_LA_REQ_KCUBETRIGCONFIG 0x082B
MGMSG_LA_GET_KCUBETRIGCONFIG 0x082C

This message is applicable only to KLS635 and KLS1550 units

Function:

The K-Cube lasersource units have two bidirectional trigger ports
(TRIG1 and TRIG2) that can be used to read an external logicsignal
or outputa logiclevel to control external equipment. Either of them
can be independently configured asaninputor an outputand the
active logicstate can be selected High or Low to suitthe
requirements of the application. Electrically the ports output 5Volt
logicsignals and are designed to be drivenfroma5 Voltlogic.
When the port is usedinthe input mode, the logiclevelsare TTL
compatible,i.e.avoltage levellessthan 0.8 Volt will be recognised
as alogicLOW and a level greaterthan 2.4 Voltasa logicHIGH. The
input contains a weak pull-up, so the state of the input with nothing
connected will defaultto alogic HIGH. The weak pull-up feature
allows a passive device, such as a mechanical switch to be
connecteddirectly totheinput.

Whenthe port is used as an outputit provides a push-pu

Il drive of 5 Volts, with the maximum current limited to approximately 8 mA. The current

limit prevents damage when the outputis accidentally shorted to
ground or driven to the opposite logicstate by externalcircuity.

Warning: do not drive the TRIG ports from any voltage source that can produce an outputin
excessofthe normal 0to 5 Voltlogiclevel range. In any case the voltage at the TRIG ports
must be limited to-0.25 to +5.25 Volts.

SET

Command structure (20 bytes)

6 byte headerfollowed by 14 byte data packet.

o | 1+ [ 2] 3 [ a | s 6 | 7 | 8 | 9 [ 10 ] 11
header Data
2A [ 08 | oc [ oo | d [ s Chanldent | TriglMode | TriglPolarity
12 [ 13 | 14 [ 15 | 16 | 17 | 18 [ 19
Data
Reserved | Trig2Mode | Trig2Polarity | Reserved
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Data Structure:

field description format
Chan Ident The channel beingaddressedis always encoded asa 16-bit | word
word (0x01 0x00)
TriglMode TRIG1 operating mode word
TriglPolarity | The active state of TRIG1 (i.e.logichigh orlogiclow)|. word
Reserved
Trig2Mode TRIG2 operating mode word
Trig2Polarity | The active state of TRIG2 (i.e.logichigh orlogiclow) word
Reserved
Input Trigger Modes

When configured as an input, the TRIG ports can be used as a general purpose digital input,
or for triggering achoice of actions as follows:

0x00 The triggerlOis disabled

0x01 General purpose logicinput (read through status bits usingthe
LA_GET_STATUSUPDATE message orthe Get Status Bits sub message of the
LA_GET_PARAMS message).

When usedfor triggering, the portis edge sensitive. In otherwords, it has to see a transition
fromthe inactive to the active logicstate (Low->High or High->Low) for the triggerinput to
be recognized. Forthe same reason a sustained logiclevel will notresultin repeated trigger
signals. The triggerinput hasto returnto itsinactive state firstin orderto start the next
trigger.

Output Trigger Modes
When configured as an output, the TRIG ports can be used as a general purpose digital
output, or to indicate status orto produce a trigger pulse at configurable events as follows:

O0x0A General purpose logicoutput (setusingthe MOD_SET_DIGOUTPUTS message).

0xOB Trigger outputactive whenthe laseroutputis ON. The outputtriggergoes high (5V)
orlow (0V) (as setin the Polarity parameter) when the laseris active.

0x0C Trigger outputactive whentheinterlock state is Enabled

0xOD Triggeroutputactive whenthe laserset pointvalue is changed. (pulse signal)

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
2B | 08 Chan | 00 d S
Ident
Example: Requestthe Trigger |0 settings

TX 2B, 08, 01, 00, 50, 01
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GET:
Response structure (18 bytes):
6 byte headerfollowed by 12 byte data packet.
o | 1 [ 2 [ 3 [ 4 [ s 6 | 7 | [ 9 | 10 [ 11
header Data
2c | o8 [ oc | oo | d [ s Chanldent | TrigiMode | TriglPolarity
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
Data
TriglPar | Trig2Mode | Trig2Polarity | Trig2Par

For structure see SET message above.
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Quad Control Messages

Introduction

The ‘Quad’ ActiveX Control provides the functionality required foraclientapplication to
control one or more T-Cube Quad Detector Readers or Position Aligners.

The methods of the Quad Control Object can then be used to control the TQD001 T-Cube
Quad Reader, the TPA101 T-Cube Position Aligner and the KPA101 K-Cube Position Aligner,
to perform activities such as switching between Monitor, Open Loop and Closed Loop
operating modes, setting the position demand parameters, reading the present beam
position and setting the LED display intensity.

For details onthe use of the T-Cubes and K-Cube, refer to the handbook supplied for the
unit.
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MGMSG_QUAD_SET_PARAMS 0x0870
MGMSG_QUAD_REQ_PARAMS 0x0871
MGMSG_QUAD_GET_PARAMS 0x0872
Function: Thisgeneric parameterset/request messageis used to control the

functionalityof the TQD001, TPA101 and KPA101 units. The specific
parameters to control are identified by the use of sub-messages.
These sub messages comply with the general format of the APT
message protocol but rather than havinga unique firstand second
byte inthe header carrying the “message identifier” information,
the firstand second byte remain the same.

Instead, forthe SET and GET messages, the message identifieris
carriedin the firsttwo bytesinthe data packet part of the message,
whilstforthe REQ message itis encoded as the third byte of the
header.

Likewise, whenthe unitresponds, the firsttwo bytes of the
response remain the same and the first two bytes of the data packet
identify the sub-message to which the information returnedinthe
remaining part of the data packet relates.

The following sub messages are applicable to the TQD001, TPA101 and KPA101:

Set/Request/Get Quad LoopParams (sub-message ID=01)
Request/GetQuad Readings (sub-message ID = 03)

Set/Request/Get Quad Position Demand Params (sub-message ID = 05)
Set/Request/Get Quad Operating Mode (sub-message ID = 07)
Request/Get Quad Status Bits (sub-message ID = 09)

Set/Request/Get Quad Display Settings (sub-message ID= 0B)
Set/Request/Get Quad Position Demand Outputs (sub-message ID = 0D)

The following sub messageis applicable only tothe TPA101 and KPA101:

Set/Request/Get Quad LoopParams2 (sub-message ID = OE)

To explainthe principle, the following examples describe these messagesin more detail.

Set/Request/Get Quad_LoopParams (sub-message ID=01)

Usedto set the proportional, integration and differential feedback loop constants to the
value specifiedin the PGain, IGain and DGain parameters respectively. They apply when the
guad detectorunitis operatedin closed loop mode, and position demand signals are
generated at the rear panel SMA connectors by the feedback loops. These position demand
voltages actto move the beamsteeringelements (e.g. apiezo driven mirror) in orderto
centralize abeam at the centre of the PSD head.

When operatingin closed loop mode, the proportional, integral and differential (PID)
constants can be usedtofine tune the behaviour of the dual feedback loops to adjust the
response of the position demand output voltages. The feedback loop parameters need to be
adjustedtosuitthe differenttypes of sensorthat can be connected tothe system. The
defaultvalues have been optimized for the PDQ80A sensor.
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SET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:
o [ 1 2 | 3] 4 | 5 6 | 7 [ 8 | 9 [ 10 | 12 | 12 | 13
header Data
70 | 08 [ o8 [ oo | d| | s SubMsgiD | PGain | IGain | DGain
Data Structure:
field description format
SubMsgID The message ID (i.e. 0100) of the message containingthe word
parameters
PGain The proportional gain. Thisterm providesthe force usedto | word
drive the piezotothe demand position, reducing the
positional error. Together with the Integral and Differential,
these terms determinethe system response characteristics
and acceptvaluesinthe range 0to 32767 (i.e.0to 100 in
APT User GUI).
IGain The integral gain. Thisterm provides the ‘restoring’ force word
that grows with time, ensuring that the positionalerroris
eventually reducedto zero. Togetherwith the Proportional
and Differential, theseterms determinethe system
response characteristics and acceptvaluesinthe range 0 to
32767 (i.e.0to 100 in APT User GUI).
DGain The differential gain. This term provides the ‘damping’ force | word
proportional to the rate of change of the position.
Togetherwith the Proportional and Integral, these terms
determine the system response characteristics and accept
valuesintherange 0 to 32767 (i.e.0to 100 in APT User
GUI).
Example: Setthe PID parametersfor TQD00O1 or TPA101 as follows:

Proportional: 65
Integral: 80
Differential: 60

TX 70, 08, 08, 00, DO, 01, 01, 00, 41, 00, 50, 00, 3C, 00,

Header: 70, 08, 08, 00, DO, 01: Quad_SetParams, 8 byte data packet, Generic USB Device.
SubMsglID: 01, 00 SetQuadControlLoopParams)

PGain: 32, 53,(32767x65/100): Set the proportional termto 65
IGain: 65, 66, (32767x80/100): Setthe integral termto 80
DGain: CC, 4C, (32767x60/100): Set the differentialtermto 60

REQUEST:

Command structure (6 bytes):

0 1 3 4 5
header only
71008 Jor Joo [d s
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6 byte headerfollowed by 8 byte data packet as follows:

Host-Controller Communications Protocol Issue 24

6 | 7

8|

9

10 | 11 | 12 | 13

header

Data

72 | o8 | 08 | oo | d| | s

SubMsgID

PGain

IGain | DGain

For structure see Set message above.
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Request/Get Quad_Readings (sub-message ID= 3)

The TQDO001, TPA101 and KPA101 control units have been designed to operate with the
PDQS80A and PDQ30C Quad Detectors and the PDP90A Lateral Effect Position Sensor. These
detectors consist of a 4-segment photodiode sensor array, which provides ‘Bottom minus
Top’ (YDIFF) and ‘Left minus Right’ (XDIFF) differencessignals, together with the SUM of the
signals (total beam power) from all four quadrants of the photodiode array.

This sub-message is used to read the actual SUM, XDIFF and YDIFF signalsfromthe detector.
Whetherthese signals are routed to the LV OUT/XDIFF and LV OUT/YDIFF SMA connectors
on the rear panel dependsonthe operating mode selected (see the Quad OperMode
message) as follows.

In ‘Closed Loop’ mode, the signal fromthe detectorisinterpreted by the unit, and the
feedback circuitsends position demand signals (XOut and YOut) to the rear panel LV
OUT/XDIFFand LV OUT/YDIFF connectors, which can be used to drive a pair of

positioning elements (e.g. piezo controllers) in orderto position the light beam within

the center of the detectorarray. This submessage is then used to read the actual values for
the XPos and YPos position demand signals (-10V to +10V). Note thatin closed loop mode,
withthe beam central, the X and Y axis difference outputs from the photodiode array are
zero. However, the position demand signals on the rear panel LV OUT XDIFF and YDIFF SMA
connectors are whatevervalue is necessary to drive the positioning elements to centre the
beam.

Whenthe unitis operatedin ‘openloop’ mode, the signals on the rear panel XDIFF and
YDIFF connectors are constant. They are eitherfixed atzero (0V), orheld at the last Closed
Loop value (depending on the ‘QuadPosDemandParams’ message. Thisis useful when the
systemis beingadjusted manually, to position the light beam within the detectorarray.
When operatingin 'Monitor' mode, the X axis (XDIFF) and Y axis (YDIFF) difference signals
fromthe detector, are fed through to the rear panel SMA connectors foruse ina monitoring
application.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
71108 |03 oo [d [s

TX 71, 08, 03, 00, 50, 01,

GET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 [ 7 | 8 ] 9 ] 10 ] 11
header Data
72 | o8 | oc | oo | dl | s SubMsgID | xDiff | YDiff
12 | 13 | 14 | 15 | 16 | 17
Data
Sum | XPos | YPos
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Data Structure:

field description format

SubMsgID The message ID (i.e. 0300) of the message containingthe word
parameters

XDiff The present X axis difference (XDIFF) signal from the short
detectorhead. (-10V to 10V in the range -32768 to 32767)

YDiff The presentY axis difference (YDIFF) signal value from the short
detectorhead. (-10V to 10V in the range -32768 to 32767)

Sum The present Sum ssignal value from the detector head word
(OV to 10V inthe range 0 to 65535)

XPos The X axis position outputvalue on the rear panel XDiff SMA | short
connector (-10V to 10V inthe range -32768 to 32767)

YPos The Y axis position outputvalue onthe rear panel YDiff SMA | short
connector (-10V to 10V inthe range -32768 to 32767)

Example: Get the Quad Detector T-Cube readings (T-Cubein open loop mode)
RX 72, 08, 0C, 00, DO, 01, 03, 00, FF, 3F, FF, 3F, FF, 7F, 00, 00, 00, 00

Header: 72, 08, 0OC, 00, DO, 01: Quad_GetPARAMS, 12 byte data packet, Generic USB Device.
MsgID: 03, 00: Get Quad Readings

XDiff:.FF, 3F: Ox3FFF (16383 decimal),i.e.5V.

YDIff:. FF, 3F: Ox3FFF (16383 decimal),i.e.5V.

Sum: FF, FF: Ox7FFF (65535 decimal),i.e.10V.

XPos:00, 00 i.e.Zero

YPos:00, 00 i.e.Zero
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Set/Request/Get Quad_PosDemandParams (sub-message ID = 5)
The TQDO001, TPA101 and KPA101 control units have been designed to operate with the
PDQS80A and PDQ30C Quad Detectors and the PDP90A Lateral Effect Position Sensor. These
detectors consist of a 4-segment photodiode sensor array, which provides ‘Bottom minus
Top’ (YDIFF) and ‘Left minus Right’ (XDIFF) differencessignals, together with the SUM of the
signals (total beam power) from all four quadrants of the photodiode array. Whetherthese
signals are routed to the LV OUT/XDIFF and LV OUT/YDIFF SMA connectors on the rear panel
dependsonthe operatingmode selected —see the Quad _OperMode message.
This sub-message is used to control the signals on the rear panel LV OUT/XDIFF and LV

OUT/YDIFF connectors.

SET:

Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

Issue 24

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9 | 10 11
header Data
70 | o8 [ 12 | o0 | d| | s SubMsgID | XPosDemMin | YPosDemMin
12 | 13 | 14 | 15 [ 16 | 17 | 18 [ 19 | 20 [ 21 [ 22 | 23
Data

XPosDemMax | YPosDemMax | LVOutRoute | OLPosDem

| XPosFBSense | YPosFBSe

nse

Data Structure:

field

description

format

SubMsgID

The message ID (i.e. 0500) of the message containing
the parameters

word

XPosDemandMin

The following four parameters are applicableonly
when operatingin closed loop mode. The XOutand
YOut values are the low voltage signals sentto the LV
OUT/XDIFF and LV OUT/YDIFF connectors, which are
then usedto drive the positioning mechanismin
orderto keep the beam central inthe detector.
Under normal operating conditions, thesevalues are
between-10V and +10 V, howeversome applications
may require the limits to be less than this. The
XPosDemandMin parameteris used to set the min
limitforthe XOutvalue, between -10V and +10V.
(i.e.-32768 to 32767)

short

YPosDemandMin

As above. The YPosDemandMin parameteris used to
setthe minlimitforthe YOutvalue, between-10V
and +10V. (i.e.-32768 to 32767)

short

XPosDemandMax

As above. The XPosDemandMax parameteris used to
setthe max limitforthe XOutvalue, between-10V
and +10V. (-32768 to 32767)

short

YPosDemandMax

As above. The YPosDemandMax parameteris used to
setthe maxlimitforthe YOut value, between-10V
and +10V. (-32768 to 32767)

short

LVOutRoute

When operatingin closed loop mode, the Quad
Detector position control signals are always output
on the external SMA connectors (LV OUT XDiff and LV

word
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OUT YDiff). In addition, they can also be routed to the
TCHO02 hub, which eliminatesthe need forexternal
SMA to SMA cables. This parameteris usedto setthe
LV Outsignal routingas follows:

1 SMA Only

2 SMA + Hub

OpenlLoopPosDemands | When the Quad Detector T-Cube isoperatedin ‘open | word
loop’ mode, the position demand signals (on the
XDIFF and YDIFF connectors) can eitherbe setto
zero, or held at theirlast closed loop value, according
to the value enteredinthis parameterasfollows:
1 OpenloopPosDemandsZero - the outputis
setto zero (0OV).
2 OpenloopPosDemandsHeld =the outputs
are fixed atthe values present when the unit
isswitchedtoopenloop.

XPosDemandFBSense | Due to the choice of piezo amplifier/driverorthe short
configuration of mirrors (or other optical
components)itis possiblethat certain application set
ups may require the sense of the Xand Y axis
position demandsignalsto be inverted. This
parametersetsthe signal sense and gainforthe X
axisoutputas follows:

If XPosDemandFBSenseissetto'10' (32767) the
signals are positive whenthe beamisinthelefthand
guadrants of the detectorarray, and negative when
inthe righthand quadrants. The gain of the systemis
setto 'l

If XPosDemandFBSenseis setto'-7' (-22938) the
signals are positive whenthe beamisinthe right
hand quadrants of the detectorarray, and negative
wheninthe lefthand quadrants. The gain of the
systemissetto '0.7".

YPosDemandFBSense | Similarlytothe XPosDemandFBSense described short
above, this parametersetsthe signal sense and gain
forthe Y axis outputas follows:

If YPosDemandFBSense issetto '10' (32767) the
signals are positive whenthe beamisinthe top
guadrants of the detectorarray, and negative when
inthe bottom quadrants. The gain of the systemis
setto 'l

If YPosDemandFBSense issetto'-3' (-9830) the
signals are positive whenthe beamisinthe bottom
guadrants of the detectorarray, and negative when
inthe top quadrants. The gain of the systemissetto
'0.3.
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Example: Setthe Quad Pos Demand Params

RX 70, 08, 12, 00, DO, 01, 05, 00, 01, 80, 01, 80, FF, 7F, FF, 7F, 02, 00, 01, 00, OA, 00, OA, 00

Header: 70, 08, 12, 00, DO, 01: Quad_SetPARAMS, 18 byte data packet, Generic USB Device.

SubMsglD: 05, 00: Set Quad PosDemandParams
XPosDemandMin:.01, 80: 0x8001 (-32767 decimal),i.e.-10V.

YPosDemandMin:. 01, 80: 0x8001 (-32767 decimal),i.e.-10V.

XPosDemandMax: FF, 7F: Ox7FFF (32767 decimal),i.e. 10V.
YPosDemandMax: FF, 7F: Ox7FFF (32767 decimal),i.e.10V.
LVOutRoute: 02, 00 i.e. SMA + Hub
OpenlLoopPosDemand:.01,00: i.e.Zero.
XPosDemandFBSense:. FF, 7F: i.e.Positivesense, gain=1.
YPosDemandFBSense:9A, D9: i.e.Positive sense,gain=0.3.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
71108 [os oo [d [s

TX 71, 08, 05, 00, 50, 01,

GET:
Command structure (22 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o [ 1 [ 2 ] 3 ] 4 ] 5 6 [ 7 ] 8 [ 9 ] 10 ] 11
header Data
72 | o8 | 12 [ oo | dl | s SubMsgID | XPosDemMin | YPosDemMin
12 | 13 | 14 | 15 | 16 | 17 | | | | |
Data
XPosDemMax | YPosDemMax | LVOutRoute | OLPosDem | XPosFBSense | YPosFBSense

See Set message for structure
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Set/Request/Get Quad_OperMode (sub-message ID = 07)
Usedto set the operating mode of the control unitto either Monitor, Open Loop or Closed
Loop mode as described below.

SET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packetas follows:

o | 1+ [ 2 ] 3] a4 s 6 | 7 ] 8 [ o9
header Data
70 | o8 | 08 | 00 [ d|l | s SubMsgID |  Mode

Data Structure:

field description format
SubMsg ID The message ID (i.e. 0700) of the message containing the word
parameters
Mode The operating mode of the unit. word

When operatingin 'Monitor' mode, the X axis (XDIFF) and Y
axis (YDIFF) difference signals from the detector, are fed
throughto the rear panel SMA connectorsforusein a
monitoring application.
Whenin‘Open Loop’ mode, the signals at the rear panel are
fixed atzero (0V), or held at the last closed loop value,
dependingonthe setting of the ‘OpenLoopPosDemands
parameterinthe QuadPosDemandParams message. Thisis
useful when the systemis being adjusted manually, to
positionthe light beam withinthe detectorarray.
In ‘Closed Loop’ mode, the feedback circuit sends position
demandsignals tothe rear panel XDIFF and YDIFF
connectors, which can be used todrive a pair of positioning
elements (e.g. piezodrivers) in orderto positionthe light
beam within the centerof the detectorarray.
The modeis setas follows:

1 Monitor Mode

2 OpenlLoop

3 ClosedLoop

The following mode is applicableonly tothe KPA101 K-Cube
Position Aligner
4  AutoOpen/Closed Loop Mode:
the unitoperatesinclosedloop’ mode, until the
SUM signal falls below the valuesetinthe SumMin
parameter of the SetKCubeTriggerParams method.

A Note About Automatic Open Loop/Closed Loop Switching

The KPA101 controlleris capable of switching automatically between openloop and closed
loop operatingmodes, depending on whetherthere is sufficient optical power required for
closed loop operation. Automatic Switching mode can be selected by settingthe Mode
parameterto 4 AUTOOPENCLOSEDLOOP as described above.
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If during closed loop operation the SUM signal falls belowthe minimum specified in the
SumMin parameter of the SetKCubeTriggerParams method, the controller will switch back to
openloop mode. If subsequently the SUMsignal rises above the limitagain, the controller
will switch back to closed loop mode.

The automaticswitchoverworksin conjunction with the "Position Demands In Open Loop
Mode" optioninthe SetQuad_PosDemandParams submessage, that defines whether the
controllerwill hold (freeze) the XPOS and YPOS outputs when switching overto openloop or
setthemto zero.

Automaticswitchover might be advantageousin scenarios where the beam mightbe
temporarily blocked, forexample during experiments involving manual manipulation of
optical components, particularly when the beam pathis quite long and the beam steering
actuator can deflectthe beamsofar that it falls outside the sensorarea. In setups like this
and with the controllerin closed loop, blockingthe beam canresultinthe feedback loop
ramping the XPOS and/or YPOS outputs to saturation and steeringthe beam completely
outside the sensorarea. When this happens, restoringthe beam will not normally restore
the beam alignmentas at this point the feedback algorithm does noteven seethe beam.
However, with automaticswitchover the loss of light will stop the closed loop operation,
optionally freeze the lastvalid beam position and preventthe outputs rampingup asan
unintentional consequence of the loss of feedback signals. Laterwhenthe beamisrestored,
closedloop operation will resume and continue control startingfrom the last valid beam
position.

Note that because automaticswitchoverassumes the knowledge of the last valid closed loop
beam position thatislost when the controlleris powered down, this option cannot be
persisted. Forasimilarreason, the controller will always power up in openloop mode.
Example: Setthe operating mode to closed loop

TX 70, 08, 04, 00, DO, 01, 07, 00, 03, 00,
Header: 70, 08, 04, 00, DO, 01: Quad_SetPARAMS, 04 byte data packet, Generic USB Device.

SubMsglID: 07, 00: SetQuadOperMode
Mode: 03, 00,: Setclosed loop mode

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
71 | 08 Msg | 00 d S
Ident
GET:

6 byte headerfollowed by 8 byte data packetas follows:

o | 2+ | 2 | 3 ] a4 ] s 6 | 7 | 8 | 9
header Data
70 [ 08 [ 08 | o0 [ d|l [ s SubMsgID |  Mode

For structure see Set message above.
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Request/Get Quad_Status Bits (sub-message ID=9)
Thissub command can be usedtorequestthe control unit status bits. The message only has
arequest/getpart.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
71008 Joo Joo [d s

TX 71, 08, 09, 00, 50, 01,

GET:

Status update messages are received with the following format:-

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ 2] 2 | 3 [ 4 | s 6 | 7 [ 8 [ 9 [ 10| 11
header Data

72 | 08 | o6 [ o0 | dI | s SubMsgID | StatusBits

Data Structure:

field description format

MsglID The message ID (0900) of the message containingthe word
parameters

StatusBits The individual bits (flags) of the 32 bitintegervalue are dword

describedinthe following table.

TQDO01 or TPA101 controller

Hex Value Bit Number | Description

0x00000001 | 1 Position Monitoring Mode (1- enabled, 0- disabled).
0x00000002 | 2 Open Loop Operating Mode (1 - enabled, 0— disabled)
0x00000004 | 3 Closed Loop Operating Mode (1 - enabled, 0— disabled)
0x00000008 | 4to 32 For Future Use

Example

RX 72, 08, 06, 00, DO, 50, 09, 00, 2B, 00, 00, 00

Header: 02, 08, 06, 00, DO, 50: Quad_Get_Params, 06 byte data packet, Generic USB Device.
MsglID: 09, 00: Get Status Bits
StatusBits: 04,00,00,00, i.e. 100 Closed Loop operating mode is enabled.
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This message can be used to adjust or read the front panel LED display brightness and the

display units.

SET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

| 3 ] 4 | s 6 | 7 | 8 | 9 | 10 |

11 | 12

[ 13

header Data

[ o0 [ dl [ s SubMsgID | DispIntensity | DispMode

| DispDimTimeout

Data Structure:

field

description

format

MsglD

The message ID (i.e. 0B00) of the message containingthe
parameters

word

Displntensity

The intensity is setasa value from 0 (Off) to 255
(brightest).

word

DispMode

The main display on the GUI panel can be setto show X
and Y axis difference signals fromthe detectorarray
(Difference) orthe Xpos and Ypos position demand output
signals fed to the positioning elements (Position) as
follows:

1 QUAD_DISPMODE_DIFF, the display represents the X
and Y axis differencesignals fromthe detector (i.e. the
voltage outputs from the rear panel SMA connectorsin
Monitor Mode).

2 QUAD_DISPMODE_POS, the display representsthe
position of the XPos and YPos position demand output
signals fedto the positioningelements (i.e. the voltage
outputsfromthe rear panel SMA connectorsin OPEN or
CLOSED loop mode).

word

DispDimTimeout

'‘Burn In' of the display can occur if it remains staticfora
longtime. To preventthis, the display is automatically
dimmed afteraspecified timeintervalhas elapsed. The
brightness level after dimmingis set as a percentage of
full brightness, from 0 (Off) to 10 (brightest). The values
are passedinthe form (512 x DimLevel) + Timeout—see
example below.

word
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Example: Setthe display to max brightness, the display mode to Difference, the
timeoutto 10 minutesand the dimlevelto5.

TX 70, 08, 08, 00, DO, 01, 0B, 00, FF, 00, 01, 00, OA, OA

Header: 70, 08, 08, 00, DO, 01: Quad_SetParams, 08 byte data packet, Generic USB Device.
SubMsglID: 0B, 00: Set Display Settings

Dispintensity: FF, 00: Sets the display brightness to 255 (100%)

DispMode: 01, 00: Sets the display mode to option 1, i.e. Difference

DispDimTimeout: OA, OA: Sets the DispDimTimeout parameterto 2570, which equatestoa
2570/512 =5, with a timeout of 10 minutes

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
7008 JoB Joo [d s
Example: TX 71, 08, 0B, 00, 50, 01
GET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1 [ 2 | 3 ] 4] 5 6 | 7 [ 8 | 9o | 10 | 11 | 12 [ 13

header Data

72 | 08 [ 08 | 0o | dl [ s SubMsglD | Dispintensity | DispMode | DispDimTimeout

See SET for data structure.
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Set/Request/Get Quad_PositionOutputs (sub-message ID = 0D)

This sub message can be used to setand get the position demand signals (on the XDIFF,
YDIFF connectors).

Whenthe quad detectorunitis used with a beam steering device (e.g. apiezo mirrorvia
piezodrivers), this message allows the beamto be positioned by enteringavalue (-10V to
+10V) in the XPos and YPos parameters.

SET:
Status update messages are received with the following format:-

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o [ 1 [ 2 [ 3 [ a4 | s 6 [ 7 | 8 | 9 [ 10 | 11

70 | o8 | o6 [ oo | dI | s SubMsgID | XPos | YPos

Data Structure:

field description format
MsglID The message ID (i.e. 0D00) of the message containingthe word
parameters
XPos The X axis position outputvalue-10V to 10 V (i.e.-32768 to 32767) short
YPos The Y axis position outputvalue-10Vto 10 V (i.e.-32768 to 32767) short

Example Setthe XPos and YPos signalsto be -10 V and 10V respectively.
TX 70, 08, 06, 00, DO, 01, OD, 00, 01, 80, FF, 7F

Header: 70, 08, 06, 00, DO, 01: Quad_Get_Params, 06 byte data packet, Generic USB Device.
MsgID: 0D, 00: Get Quad_PositionOutputs

XPos:.01, 80: 0x8001 (-32767 decimal),i.e.-10V.

YPos:FF, 7F: Ox7FFF (32767 decimal),i.e.10V.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
71108 [op oo [d [s

TX 71, 08, 0D, 00, 50, 01,

GET:
Status update messages are received with the following format:-

Response structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o [ 1 [ 2 | 3 | 4 | s 6 | 7 | 8 | 9 [ 10 | 11
header Data
72 | 08 [ o6 | o0 | d | s SubMsgID | XPos | YPos
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Set/Request/Get Quad_LoopParams2 (sub-message ID = OE)
This sub-message is applicable only to the TPA101 and KPA101 units.

Usedto set the proportional, integration and differential feedback loop constants and also
to setthe derivative cut off frequency and the notch filter centerfrequency.

PID Constants: The PID constants apply when the unitis operatedin closed loop mode, and
position demand signals are generated at the rear panel SMA connectors by the feedback
loops. These position demand voltages act to move the beam steeringelements (e.g. a piezo
driven mirror) in orderto centralize abeam at the centre of the PSD head.

When operatingin closed loop mode, the proportional, integral and differential (PID)
constants can be usedtofine tune the behaviour of the dual feedback loops to adjust the
response of the position demand output voltages. The feedback loop parameters need to be
adjusted tosuitthe different types of sensorthat can be connected to the system. The
defaultvalues have been optimized forthe PDQ80A sensor.

Derivative Filter: The output of the derivative (differential) part of the PID controllercan be
passedthrough a tuneable low passfilter. Whilst the derivative component of the PID loop
oftenimproves stability (asitacts as a retaining force against abrupt changesin the system),
itis prone to amplifying noise presentinthe system, as the derivativecomponentis
sensitiveto changes between adjacent samples. Toreduce this effect, alow pass filter can
be applied tothe samples. As noise often tends to contain predominantly high frequency
components, the low passfilter can significantly decreasetheir contribution, often without
diminishing the beneficial, stabilizing effect of the derivative action. In some applications
enablingthisfilter canimprove the overall closed loop performance.

Notch Filter: Due to their construction, most actuators are prone to mechanical resonance at
well-defined frequencies. The underlying reasoniis that all spring-mass systems are natural
harmonicoscillators. This proneness to resonance can be a problemin closed loop systems
because, coupled with the effect of the feedback, it can resultin oscillations. With some
actuators (forexample the ASM003), the resonance peakis either weak enough orata high
enough frequency forthe resonance not to be troublesome. With otheractuators (for
example the PGM100) the resonance peakis very significantand needs to be eliminated for
operationina stable closed loop system. The notch filteris an adjustable electronicanti-
resonance that can be usedto counteract the natural resonance of the mechanical system.
As the resonance frequency of actuators varies with load in addition to the minorvariations
from product to product, the notch filteris tuneableso thatits characteristics can be
adjusted to match those of the actuator. In additiontoits centre frequency, the bandwidth
of the notch (or the equivalent quality factor, often referred to as the Q-factor) can also be
adjusted. Insimple terms, the Qfactoris the centre frequency/bandwidth, and defines how
wide the notchis, a higher Q factor defininga narrower ("higher quality") notch. Optimizing
the Q factor requires some experimentation butin general avalue of 5to 10 isin most cases
a good starting point.
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SET:
Command structure (36 bytes)
6 byte headerfollowed by 30byte data packet as follows:

Issue 24

o [ 1 ] 2 ] 3 ] 4] s 6 | 7 ] 8 | 9 [ 10 | 12 | 12 | 13

header Data

70 | o8 | 1E | 00 | d| | s SubMsgID | PIDConstsP | PIDConsts|

14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 [ 23 | 24 | 25 | 26 | 27

Data
PIDConsts| | PIDConstsD | PIDConstsDFc | FilterFc
28 | 29 | 30 [ 31 ] 32 ] 33 | 34 | 35
Data
FilterQ | NotchFilterOn | PIDDerivFilterOn
Data Structure:
field description format

SubMsgID The message ID (i.e. OE,00) of the message containingthe | word
parameters

PIDConstsP The proportional gain. This term provides the force used | float
to drive the piezotothe demand position, reducingthe
positional error. Together with the Integral and
Differential, these terms determine the system response
characteristics and accept valuesin the range 0 to 10000.

PIDConstsl The integral gain. Thisterm provides the ‘restoring’ force | float
that grows with time, ensuring that the positionalerroris
eventually reducedto zero. Together with the
Proportional and Differential, these terms determine the
system response characteristics and acceptvaluesinthe
range 0 to 10000.

PIDConstsD The differential gain. This term provides the ‘damping’ float
force proportional to the rate of change of the position.
Togetherwith the Proportional and Integral, these terms
determine the systemresponse characteristics and accept
valuesinthe range 0 to 10000.

PIDConstsDFc The cut off frequency of the Derivative Low Pass Filter, in | float
the range 0to 10,000

FilterFc The Notch Filter centerfrequency, inthe range 0 to float
10,000

FilterQ The Notch Filter Qfactor, inthe range 0.1 to 100 float

NotchFilterOn Turns the notch filteron (setto 1) and off (setto 2) word

PIDDerivFilterOn | Turns the derivative filteron (setto 1) and off (setto 2) word
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Example: Setthe PID parametersfor TPA101 as follows:
Proportional: 65.7
Integral:80.3
Differential: 60.9
Derivative LP Cutoff: 500 Hz
Notch Filter Center Freq: 500Hz
Q Factor: 5.0
Notch Filter ON
Derivative Filter ON

TX 70, 08, 1E, 00, DO, 01, OE, 00, 66, 66, 83, 42, 9A, 99, A0, 42, 9A, 99, 73, 42, 00, 00, FA, 43,
00, 00, FA, 43, 00, 00, A0, 40, 01, 00, 01, 00

Header: 70, 08, 1E, 00, DO, 01: Quad_SetParams, 30 byte data packet, Generic USB Device.
SubMsgID: OE, 00 SetQuadControlLoopParams2)

Prop: 66, 66, 83, 42: Setthe proportional termto 65.7

Int:9A, 99, AQ, 42: Setthe integral termto 80.3

Deriv: 9A, 99, 73, 42: Setthe differential termto 60.9

Derivative LP Cut Off: 00, 00, FA, 43: Set the low pass cut off frequency to 500 Hz

Notch Filter Center: 00, 00, FA, 43: Setthe notch filter centerfrequency to 500 Hz

Q Factor: 00, 00, AO, 40: Setthe Q factorto 5.0

Notch Filter ON: 01, 00: Setthe notch filter ON

Derivative Filter ON: 01, 00: Setthe low pas filter ON.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
7008 Joi1 Joo [d [s
GET:

6 byte headerfollowed by 30byte data packet as follows:

o | 1| 2 | 3 ] 4| s 6 | 7 | 8 | 9 | 10| 12 | 12 | 13

header Data

72 | o8 | 1E | 00 | d| | s SubMsgID | PIDConstsP | PIDConsts

14 | 15 | 16 | 17 [ 18 [ 19 | 20 | 21 [ 22 [ 23 | 24 | 25 | 26 | 27

Data
PIDConsts| | PIDConstsD | PIDConstsDFc | FilterFc
28 | 29 | 30 | 31 | 32 | 33 | 34 35
Data
FilterQ | NotchFilteron | PIDDerivFilterOn

For structure see Set message above.
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Set/Request/Get Quad_KPATRIGIOCONFIG (sub-message ID = OF)
This sub-message is applicable only to KPA101 units.

Usedto set the operating parameters of the trigger connectors on the front panel of the
unit.

The K-Cube position aligner has two bidirectional trigger ports (TRIG1and TRIG2) that can be
independently configured eitherasaninput or an outputand assigned afunction from the
list of options describedinthe following section. The polarity (logicHIGH / LOW or rising /
fallingedge) can also be configured to suit the requirements of the equipment connected to
these ports.

In the input operating modes the portis electrically configured asa TTL compatible logic
input. When the port isdriven with avoltage level below +0.8V, it will read a logicLOW and
whendriven above +2.4V, it will read a logicHIGH. The ports have an internal weak pull-up
resistorensuringthatastable logiclevelis presentonthe inputseven whenthereisno
driving source connected toit. This means that when unconnected the ports willread alogic
HIGH. The internal pull-up also allows the direct connection of mechanical switches orother
unpowered control devices.

In the output modesthe portiselectricallyconfigured as alogicoutput using5 Voltlogic
levels. The portis connected tothe outputdriverlogicwitha620 Ohmresistorinseries; this
resistorlimits the maximum output currentto approximately 8mA and provides protection
againstthe output beingaccidental short circuited to ground. The output can be used to
drive the majority of digital inputs used on external equipment without any additional
circuitry.

Warning: do not drive the TRIG ports from any voltage source that can produce an output
in excess of the normal 0 to 5 Voltlogic level range. In any case the voltage at the TRIG
ports must be limited to -0.25 to +5.25 Volts.

Trigger Modes

Input Trigger Modes

0x00 TRIG_DISABLED - The trigger 10 is disabled. Selecting this option effectively resultsin
the port returningtoits defaultdigitalinput configuration

0x01 TRIGIN_GPI - General purpose logicinput. Otherthan being able toread the logicstate
of portthereisno otherfunctionality associated with it. The state of the portis returnedin
the periodicstatus update messages, orcan be read by usingthe Get_Quad_Status Bits sub-
message). Inthis mode the Triggering Polarity setting has no effect; the logicstate of the
inputisreturnedasitis presentonthe portwithoutinversion.

0x02 TRIGIN_LOOPOPENCLOSE - In this mode the port can be used to toggle the operating
mode of the controller between openloop and closed loop modes. If the trigger polarity is
selected to be "Active High", the operating mode toggles on the risingedge (LOW to HIGH
transition) of the signal present on the TRIG input. Conversely, with "Active Low", the toggle
takes place on the falling edge (HIGH to LOW transition).

Output Trigger Modes

O0x0A TRIGOUT_GPO - In this operating mode the TRIG portfunctions as a simple digital
output. The logicstate of the output can be setusingthe MOD_SET_DIGOUTPUTS message.
Otherthan beingable toread the logicstate of port there is no otherfunctionality
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associated withit. The logicstate of the outputcan be inverted by settingthe Triggering
Polarity parameterto "Low"; with this option selected the state of the output will be the
opposite of the corresponding bit settingin the software call. The default state of the output
inthis mode is also the opposite of the option selected as the Triggering Polarity.

0x0B TRIGOUT_SUM - The state of the TRIG port is asserted depending on whether the SUM
signal coming fromthe position sensorisinsidethe limits specified in the ISumMin and
ISumMax parameters. If SUM is within the limits, the state will be the logicstate selected in
Triggering Polarity and conversely if it falls outside these limits, it will assume the opposite
logicstate. This mode can be used to detect the presence orabsence of lightfallingon the
position sensor; orthatthe optical poweris withinthe expected limits. This option might be
useful tosignal acondition required fornormal operation as undernormal operating
conditionsthe optical poweris often expected to remain fairly constant. The ISumMin and
ISumMax parameters are specified as a percentage of full scale, inthe range 1% to 99%.

0x0C TRIGOUT_DIFF - The state of the TRIG port is asserted depending on whether both the
XDIFF and the YDIFF signals coming fromthe position sensorare below the value setin the
IDiffThreshold parameter. If both XDIFF and YDIFF are below the limit, the state will be the
logicstate selectedin Triggering Polarity and conversely if either of them falls outside these
limits, it will assume the opposite logicstate. This mode can be used to signal whether or not
the beamis close to the centre (beam aligned) position within a certain margin. In closed
loop mode italsoindicatesthatthe controlleris capable of tracking the changesin the beam
position and maintain beam alignment. The IDiffThreshold parameteris specified as a
percentage of full scale, inthe range 1% to 99%.

0x0D TRIGOUT_SUMDIFF - This output mode isa 'logicAND' combination of the "Inside SUM
range" and "Below Diff Threshold" conditions described above. Having to meet both
conditions provides amore reliable indication of the normal closed loop operation when the
beamis aligned andin the centre of the position sensor. In this scenario the SUM signal is
withinthe expected limits (there is sufficientamount of light hitting the sensor) and both
XDIFF and YDIFF are below a certain threshold (the beam s centralized). The second part of
the condition, XDIFF and YDIFF below the threshold can also occur if the beamiis blocked.

Trigger Polarity
The polarity of the trigger pulse is specified in the ITrigPolarity parameters as follows:

0x01 The active state of the triggerport islogicHIGH 5V (triggerinputand outputona
risingedge).
0x02 The active state of the triggerportislogicLOW OV (triggerinputand outputon a
fallingedge).
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SET
Command structure (32 bytes)
6 byte headerfollowed by 26 byte data packet.
o [ v | 2 | 3 [ 4 | s 6 | 7 ] 8 | 9 | 10 | 1
header Data
23 | o5 | oc [ oo | d [ s SubMsgIlD | TrigiMode | TrigiPolarity
12 [ 13 | 14 [ 15 | 16 [ 17 | 18 | 19 | 20 [ 21 | 22 [ 23
Data
TriglSumMin |Trig15umMax| TringiffThoId| Trig2Mode | Trig2Polarity | Trig2SumMin

25 | 26 | 27 | 28 | 29 | 30 | 31

Data

Trig2SumMax | TriglSumMax | Trig2DiffThold | Reserved

Data Structure:

field description format

SubMsgID The message ID (i.e. OF,00) of the message containing word
the parameters

TriglMode TRIG1 operating mode: word

TriglPolarity The active state of TRIG1 (i.e. logichigh orlogiclow). word

TriglSumMin The lowerlimitwhen the trigger mode issetto word
TRIGOUT_SUM

TriglSumMax The upperlimitwhenthe trigger mode issetto word
TRIGOUT_SUM

Trig1DiffThreshold | The threshold whenthe trigger mode issetto word
TRIGOUT_DIFF

Trig2Mode TRIG1 operating mode word

Trig2Polarity The active state of TRIG2 (i.e.logichigh orlogiclow). word

Trig2SumMin The lowerlimitwhen the trigger mode issetto word
TRIGOUT_SUM

Trig2SumMax The upperlimitwhen the trigger mode issetto word
TRIGOUT_SUM

Trig2DiffThreshold | The threshold when the trigger mode issetto word
TRIGOUT_DIFF

Reserved

Example: Setthe Trigger parameters for KPA101 as follows:

TriglMode —TrigOut_SUM
TriglPolarity—High
TriglSumMin— 10%
TriglSumMax — 5%
TriglDiffThreshold—0
Trig2Mode — Disabled
Trig2Polarity—N/A
Trig2SumMin—-0
Trig2SumMax—0
Trig2DiffThreshold -0
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TX 70, 08, 1A, 00, DO, 01, OF, 00, 0B, 00, 01, 00, 0A, 00, 05, 00, 00, 00, 00, 00, 00, 00, 00, 00,

00, 00, 00, 00,

Header: 70, 08, 1A, 00, DO, 01: Quad_SetParams, 30 byte data packet, Generic USB Device.

SubMsgID: OF, 00 SetKPATriglOConfig)
TriglMode— 0B, 00 TrigOut_SUM
Trig1Polarity — 01, 00 High
Trig1SumMin— 0A, 00 10%
TriglSumMax—05, 00 5%
Trig1DiffThreshold —0
Trig2Mode— Disabled
Trig2Polarity —N/A
Trig2SumMin—0
Trig2SumMax—0
Trig2DiffThreshold - 0

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

71008 Jo1 Joo [d s

GET:

Response structure (32 bytes):
6 byte headerfollowed by 26 byte data packet.

o [ 1 [ 2 [ 3 [ a4 | s 6 [ 7 | 8 [ 9 [ 10 [ 11
header Data
23 | o5 [ oc [ oo | d [ s SubMsgIlD | TrigiMode | TrigiPolarity
12 [ 13 | 14 | 15 | 16 [ 17 | 18 [ 19 | 20 [ 21 | 22 [ 23
Data
TriglSumMin | TriglSumMax | Trig1DiffThold | Trig2Mode | Trig2Polarity | Trig2SumMin

24 | 25 | 26 | 27 | 28 [ 29 | 30

31

Data

Trig2SumMax | TriglSumMax | Trig2DiffThold | Reserved

For structure see SET message above.
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Set/Request/Get Quad_KPADigOutputs (sub-message ID = 10)
This sub-message is applicable only to KPA101 units.

Usedto set the digital outputs of the KPA101 unit, if the trigger port isto be used as a
general purpose digitaloutput (i.e. trigger mode set to 0xOA TRIGOUT_GPO).

The logicstate of the outputcan beinverted by setting the Triggering Polarity parameterto
"Low"; with this option selected the state of the output will be the opposite of the
corresponding bitsettinginthe software call. The default state of the outputinthis mode is
alsothe opposite of the option selected as the Triggering Polarity.

SET
Command structure (12bytes)
6 byte headerfollowed by 6 byte data packet.

o [ 1+ [ 2 ] 3 [ 4 [ 5 6 | 7 [ 8 | 9 [ 10 | 11
header Data
70 | 08 [ o6 | o0 | d [ s SubMsgID |  DigOPs | Reserved

Data Structure:

field description format
SubMsgID The message ID (i.e. OF,00) of the message containing word
the parameters
DigOPs The status of the digital outputs. The lowest two bits word
relate to TRIG1 and TRIG2
Reserved
Example: Setthe both Trig Outputsto ON:

TX 70, 08, 06, 00, DO, 01, 10, 00, 11, 00, 00, 00,

Header: 70, 08, 06, 00, DO, 01: Quad_SetParams, 6 byte data packet, Generic USB Device.
SubMsgID: 10, 00 SetKPATriglOConfig)
DigOPs— 11, 00 Trigl and Trig2 outputs setto ON (High).

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

71008 Jo1 Joo [d s

GET:

Response structure (12 bytes):
6 byte headerfollowed by 6 byte data packet.

o [ 2| 2 | 3 | 4 | s 6 | 7 ] 8 | 9 | 10| 1
header Data
71 | 08 | oc [ oo | d [ s SubMsglD |  DigoPs | Reserved

For structure see SET message above.
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MGMSG_QUAD_REQ_STATUSUPDATE 0x0880
MGMSG_ QUAD_GET_STATUSUPDATE 0x0881
Function: This functionisusedinapplications where spontaneous status

messages (i.e. messages sent using the START_STATUSUPDATES
command) must be avoided.

Status update messages contain information about the position and
status of the controller (forexample position and O/P voltage). The
response will be sent by the controller each time the functionis
requested.

REQUEST:
Command structure (6 bytes):

o] 1+ ] 2 [ 3] a5
header only

8008 Joo Joo [d s

GET:

Status update messages are received with the following format:-

Response structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o [ 1 [ 2 | 3 | a4 | s 6 | 7 [ 8 | 9 [ 10 | 12 | 12 | 13
header Data
81 | 08 [ o | oo | d| | s XDiff | YDiff | Sum | XPos
14 | 15 | 16 | 17 | 18 | 19
header only
YPos | Status Bits

Data Structure:

field description format

XDiff The present X axis difference (XDIFF) signal from the short
detectorhead. (-10V to 10V in the range -32768 to 32767)

YDiff The presentY axis difference (XDIFF) signal from the short
detectorhead. (-10V to 10V in the range -32768 to 32767)

Sum The present Sum signal value from the detector head word
(OV to 10V inthe range 0 to 65535)

XPos The X axis position outputvalue-10V to 10 V (i.e.-32768 to | short
32767)

YPos The Y axis position outputvalue-10Vto 10 V (i.e.-32768 to | short
32767)

StatusBits The individual bits (flags) of the 32 bitintegervalue are dword
describedinthe following table
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TQDOO01 or TPA101 controller Status Bits

Hex Value Bit Number | Description

0x00000001 | 1 Position Monitoring Mode (1- enabled, 0- disabled).
0x00000002 | 2 Open Loop Operating Mode (1 - enabled, 0— disabled)
0x00000004 | 3 Closed Loop Operating Mode (1 - enabled, 0— disabled)
0x00000008 | 4to 32 For Future Use

Example

RX 81, 08, OE, 00, 81, 50, FF, 3F, FF, 3F, FF, 7F, 00, 00, 00, 00

Header: 81, 08, OE, 00, 81, 50: QUAD_Get_StatusUpdate, 14 byte data packet, Generic USB
Device.

XDiff:.FF, 3F: Ox3FFF (16383 decimal),i.e.5V.

YDiff:. FF, 3F: Ox3FFF (16383 decimal),i.e.5V.

Sum:FF,FF: (65535 decimal),i.e.10V.

XPos:00, 00 i.e.Zero

YPos:00, 00 i.e.Zero

StatusBits: 04,00,00,00, i.e. 100 Closed Loop operatingmode is enabled.

MGMSG_QUAD_ACK_STATUSUPDATE 0x0882

Only Applicable If Using USB COMMS. Does not apply to RS-232 COMMS

Function: If using the USB port, this message called “serveralive” must be sent
by the serverto the controlleratleast once a second or the
controller will stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) and itif has sent 50 of
these withoutthe serversendinga"serveralive" message, it will
stop sendingany more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
8208 Joo Joo [d s

TX 82, 08, 00, 00, 21, 01
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MGMSG_QUAD_SET_EEPROMPARAMS 0x0875

Function: Usedto save the parametersettings forthe TQD001 or TPA101 unit.
These settings may have been altered either through the various
method calls or through userinteraction with the GUI (specifically,
by clicking on the ‘Settings’ button foundin the lowerright hand
corner of the userinterface). The settings are saved for the channel
specifiedinthe Chan ID parameter

SET:
Command structure (8 bytes)
6 byte headerfollowed by 2 byte data packet as follows:

o | 1 ] 2 ] 3 | a ] s 6 | 7
header Data
75 | o8 [ 02 | oo | dl | s MsglD

Data Structure:

field description format
MsglID The ID of the message parametersto be saved word
Example:

TX 75, 08, 02, 00, DO, 01, 81, 08,
Header: 75, 08, 02, 00, DO, 01: Set_EEPROMPARAMS, 02 byte data packet, Generic USB

Device.
MsglID: Save parameters specified by message 0881 (GetStatusUpdate).
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TEC Control Messages

Introduction

The ActiveX functionality for the TEC Controlleris accessed viathe APTTEC Control Object,
and providesthe functionality required foraclient application to control a number of T-
Cube TEC Controller units.

Every hardware unitis factory programmed with aunique 8-digit serial number. This serial
numberis keyto operation of the APT Server software and is used by the Serverto
enumerate and communicate independently with multiple hardware units connected on the
same USB bus.

The serial numbermust be allocated using the HWSerialNum property, before an ActiveX
control can communicate with the hardware unit. This can be done at designtime orat run
time.

The methods of the T-Cube TEC Controller can then be used to perform activities such as
switching between display modes, reading the present TEC elementtemperature, and
settingthe LED display intensity.

For details onthe use of the TEC T-Cube Controller, referto the handbook supplied forthe
unit.
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MGMSG_TEC_SET_PARAMS 0x0840
MGMSG_TEC_REQ_PARAMS 0x0841
MGMSG_TEC_GET_PARAMS 0x0842
Function: Thisgeneric parameterset/request messageis used to control the

functionality of the TEC001. The specific parametersto control are
identified by the use of sub-messages. These sub messages comply
with the general format of the APT message protocol but rather
than havinga unique firstand second byte inthe header carrying
the “message identifier” information, the firstand second byte
remain the same.

Instead, forthe SET and GET messages, the message identifieris
carriedin the firsttwo bytesinthe data packet part of the message,
whilstforthe REQ message itis encoded as the third byte of the
header.

Likewise, when the TECO01 responds, the first two bytes of the
response remain the same and the first two bytes of the data packet
identify the sub-message to which the information returnedinthe
remaining part of the data packet relates.

The following sub messages are applicable to the TEC001:

Set/Request/Get TEC_TempSetPoint (sub-message D= 01)
Request/Get_TEC_Readings (sub-message ID=03)
Set/Request/Get_lOSettings (sub-message D = 05)
Request/Get_TEC_StatusBits (sub-message ID= 07)
Set/Request/Get_TEC_LoopParams (sub-message ID= 09)
Set/Request/Get TEC_Disp_Settings (sub-message ID=0B)

To explainthe principle, the following examples describe these messagesin more detail.

Set/Request/Get TEC_TempSetPoint (sub-message D= 01)

Usedto set the target temperature of the TEC element associated with the ActiveX control
instance.

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o | 1+ [ 2 1 3] a4 s 6 | 7 ] 8 [ o9
header Data
40 ] 08 [ o4 J oo [ d|l | s SubMsgID | TSet
Data Structure:

field description format
SubMsgID The message ID (i.e. 0100) of the message containingthe word
parameters
TSet Usedto set the target temperature of the TEC element word
associated with the ActiveX control instance.
Note. The unitsin whichthe temperature isreturned are
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dependentuponthe ‘SensorType’ selected (viathe Settings
panel or by callingthe SetTempSetPoint submessage). If an
IC type sensoris selected, the set pointtemperatureis
displayedin°Cinthe range -4500 to 14500 (45.0° to 145.0°).
For a 20 kQ2.thermistorsensor, the set pointis displayedin
kQ inthe range 0to 2000 (0 to 20 kQ)). For a 200 kQ2. sensor
the range is 0 t020000 (0 to 200 kQ2.).

Example: Setthe Temperature Setpointfor TECO01 as follows:
TSet: 65 °C

TX 40, 08, 04, 00, DO, 01, 01, 00, 64, 19

Header: 70, 08, 08, 00, DO, 01: TEC_SetTempSetPoint, 4 byte data packet, Generic USB
Device.

SubMsglID: 01,00 SetTempSetPoint

TSet: 64, 19 ,(6500): Setthe set pointto 65 °C

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
41108 Jo1 |00 [d |s
GET:

6 byte headerfollowed by 8 byte data packet as follows:

o | 1+ ] 2 | 3| a4 [ 6 | 7 | 8 | o9
header Data
42 | 08 | o4 | o0 | d| | s SubMsgID | TSet

For structure see Set message above.
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Request/Get TEC_Readings (sub-message ID= 3)

This message returnsthe presentreadings of the TECunit as follows:

ITec  The TEC outputcurrentin mA. (0to 2000mA in the range -0 to 2000)

TAct The actual temperature of the TEC element associated with the ActiveX control
instance.

Note. The unitsin which the temperature is returned are dependent upon the ‘Sensor Type’
selected (viathe Settings panel or by calling the SetTempSetPoint submessage). If an ICtype
sensorisselected, the set pointtemperature is displayed in °Cin the range -4500 to 14500
(45.0° to 145.0°). For a 20 kQ.thermistor sensor, the set pointis displayedin kQ inthe range
0 to 2000 (0to 20 kQ Fora 200 kQ sensorthe range is 0 t020000 (0 to 200 kQ2).

TSet  Thetemperature setpoint of the TEC elementassociated with the ActiveX control
instance.

Note. The unitsin whichthe setpointisreturned are dependent upon the ‘Sensor Type’
selected (viathe Settings panel or by calling the SetTempSetPoint submessage). If an ICtype
sensorisselected, the set pointtemperature isdisplayed in °Cin the range -4500 to 14500
(45.0° to 145.0°). For a 20 kQ thermistor sensor, the set pointis displayedin kQ inthe range
0 to 2000 (0to 20 kQ Fora 200 kQ sensorthe range is 0 t020000 (0 to 200 kQ2).

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
41108 |03 |00 [d [

TX 41, 08, 03, 00, 50, 01,

GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packetas follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 | 9 ] 10 ] 11 [ 12 [ 13

header Data

42 | o8 | 08 | oo | dl | s SubMsgID | ITec | TAct | TSet

Data Structure:

field description format
SubMsgID The message ID (i.e. 0300) of the message containingthe word
parameters
ITec Returnsthe TEC output current in mA. (0 to 2000mA inthe | short
range -0 to 2000)
TAct Returns the presenttemperature of the TECelement short

associated with the ActiveX control instance.

Note. The unitsin whichthe temperature isreturned are
dependentuponthe ‘Sensor Type’ selected (viathe Settings
panel or by callingthe SetTempSetPoint submessage). If an
IC type sensoris selected, the set pointtemperatureis
displayedin°Cinthe range -4500 to 14500 (45.0° to 145.0°).
For a 20 kQ2.thermistorsensor, the set pointis displayedin
kQ inthe range 0to 2000 (0 to 20 kQ2). For a 200 kQ2. sensor
the range is 0 t020000 (0 to 200 kQ.).
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TSet Returns the target temperature of the TECelement word
associated with the ActiveX control instance.

Note. The unitsin which the temperatureisreturned are
dependentuponthe ‘SensorType’ selected (viathe Settings
panel or by callingthe SetTempSetPoint submessage). If an
IC type sensoris selected, the set pointtemperatureis
displayedin°Cinthe range -4500 to 14500 (45.0° to 145.0°).
For a 20 kQ2.thermistorsensor, the set pointis displayedin
kQ inthe range 0to 2000 (0 to 20 kQ2). For a 200 k<. sensor
the range is 0 t020000 (0 to 200 kQ.).

Example: Get the Quad Detector T-Cube readings (T-Cubein open loop mode)

RX 42, 08, 08, 00, DO, 01, 03, 00, E8, 03, DC, 05, 40, 1F,

Header: 42, 08, 08, 00, DO, 01: TEC_GetPARAMS, 8 byte data packet, Generic USB Device.
MsglID: 03, 00: Get Quad Readings

ITec:.E8, 03: 0x03E8 (1000 decimal),i.e. 1V.

TAct:. DC, 05: 0x05DC (1500 decimal),i.e.1.5V.

TSet: 40, 1F: Ox1F40 (8000 decimal),i.e.80°C.
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Set/Request/Get10Settings (sub-messagelD = 5)

This message sets the type of TEC element associated with the ActiveX control instance.
Ifan AD59x transducerisselected, the temperatureissetand displayedin °C.

If a 20kOhm or 200kOhm thermistoris selected, the temperatureis setand displayedin
kOhms.

SET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packetas follows:

o | 1 [ 2 [ 3 | a4 ] s 6 | 7 | 8 | 9 | 10 11
header Data
40 | o8 | o6 | oo [ dl [ s SubMsgID [ wSensor | sILim

Data Structure:

field description format
SubMsgID The message ID (i.e. 0500) of the message containing | word
the parameters
wSensor This parameter contains constants that specify the word

type of TEC element controlled by the unit.

0 SENSOR_IC_AD59X TEC elementisaAD59x IC
type transducer.

1 SENSOR_THERM20KOHM TEC elementisa
20kOhm thermistor.

2 SENSOR_THERM200KOHM TEC elementisa
200kOhm thermistor.

siLim This parameterreturns the maximum currentthat short
the TEC controllerassociated with the ActiveX control
instance can source intothe TEC element. Values are
setin therange 0 to 2000 (0 to 2000 mA).
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Example: Setthe TEC IO Settings asfollows
RX 40, 08, 0C, 00, DO, 01, 05, 00, 01, 00, 01, 80

Header: 42, 08, 0C, 00, DO, 01: TEC_SetPARAMS, 6 byte data packet, Generic USB Device.
SubMsglD: 05, 00: Set TEC_10OSettings

wSensor:.01,00: 0x0001 i.e. AD59x IC type transducer.

siLim:. E8, 03: 0x03E8 (10000 decimal),i.e. 1A.

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
41108 Jos Joo [d s

TX 41, 08, 05, 00, 50, 01,

GET:
Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1 ] 2 ] 3 | a ] s 6 | 7 ] 8 | 9 | 10 | 11
header Data
42 | 08 | o6 | oo | dl | s SubMsglD | wSensor | sILim

See Set message for structure
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Request/Get TEC_Status Bits (sub-message ID= 7)
This sub command can be usedtorequestthe TECOO01 status bits. The message only hasa
request/ get part.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
41108 Jo7 Joo [d s

TX 41, 08, 07, 00, 50, 01,

GET:

Status update messages are received with the following format:-

Response structure (12 bytes)

6 byte headerfollowed by 6 byte data packetas follows:

o [ 2] 2 | 3 [ 4 | s 6 | 7 [ 8 [ 9 [ 10| 11
header Data

42 | o8 | o6 | oo | dl | s SubMsgID | StatusBits

Data Structure:

field description format

MsglID The message ID (0700) of the message containingthe word
parameters

StatusBits The individual bits (flags) of the 32 bitintegervalue are dword
describedinthe following table.

TEC controller Status Bits

Hex Value Bit Number | Description

0x00000001 | 1 TEC outputenabled state (1- enabled, 0- disabled).
2to4 For Future Use

0x00000010 | 5 Display mode (1—- TAct, 0- else).

0x00000020 | 6 Display mode (1—- TSet, 0 - else).

0x00000040 | 7 Display mode (1—- TDelta, 0- else).

0x00000080 | 8 Display mode (1-I1Tec, 0 - else).
9to 30 For Future Use

0x40000000 | 31 Error

0x80000000 | 32 For Future Use

Example

RX 42, 08, 06, 00, 81, 50, E8, 03, DC, 05, 40, 1F, 11, 00, 00, 00

Header: 42, 08, 06, 00, 81, 50: TEC_SetParams, 6 byte data packet, Generic USB Device.
SubMsglID: 07, 00: Set TEC_StatusBits

StatusBits: 11,00,00,00, 0X00000011 (17 decimal)i.e. TECis enabled with Tactdisplay mode
selected. Noerrors.
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Set/Request/Get TEC_LoopParams (sub-message ID=9)

Usedto set the proportional, integration and differential feedback loop constantsto the
value specified in the PGain, IGain and DGain parameters respectively. They apply when the
TEC unitis operatedin closed loop mode, and demand signals are generated at the rear
panel connectors by the feedback loops. These demand signals act to drive the heating
elementtothe temperature required.

When operatingin closed loop mode, the proportional, integral and differential (PID)
constants can be usedtofine tune the behaviour of the dual feedback loops to adjust the
response of the temperature demand output current. The feedback loop parameters need
to be adjusted to suit the differenttypes of sensorthat can be connected to the system.

SET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1+ | 2 | 3 [ a4 [ s 6 | 7 | 8 ] 9 | 10 [ 12 [ 12 [ 13

header Data

70 | o8 | 08 [ oo | d| | s SubMsgIlD | PGain | 1Gain | DGain

Data Structure:

field description format
SubMsgID The message ID (i.e. 09,00) of the message containingthe word
parameters
PGain The proportional gain. Thisterm providesthe force usedto | word

drive the outputto the demand set point, reducing the
positional error. Together with the Integral and Differential,
these terms determinethe systemresponse characteristics
and acceptvaluesintherange 1to 32767 (i.e.1to 100 in
APT UserGUI).

IGain The integral gain. Thisterm provides the ‘restoring’ force word
that grows with time, ensuringthatthe set pointerroris
eventually reducedto zero. Togetherwith the Proportional
and Differential, theseterms determinethe system
response characteristics and acceptvaluesin the range O to
32767 (i.e.0to 100 in APT User GUI).

DGain The differential gain. This term provides the ‘damping’ force | word
proportional to the rate of change of the temperature.
Togetherwith the Proportional and Integral, these terms
determine the system response characteristics and accept
valuesintherange 0 to 32767 (i.e.0to 100 in APT User
GUI).

Example: Setthe PID parametersfor TECOO1 as follows:
Proportional: 65
Integral: 80
Differential: 60

TX 40, 08, 08, 00, DO, 01, 09, 00, 41, 00, 50, 00, 3C, 00,

Header: 40, 08, 08, 00, DO, 01: TEC_SetParams, 8 byte data packet, Generic USB Device.
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SubMsglID: 09, 00 Set_TECLoopParams)

PGain: 32, 53,(32767x65/100): Set the proportional termto 65
IGain: 65, 66, (32767x80/100): Setthe integral termto 80
DGain: CC, 4C, (32767x60/100): Set the differentialtermto 60

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only

4108 Jo9 Joo [d s

GET:

6 byte headerfollowed by 8 byte data packet as follows:

o | 1+ | 2 | 3 [ a4 [ s 6 | 7 | 8 ] 9 [ 10 [ 112 [ 12 [ 13

header Data

72 | 08 [ 08 [ 00 | d| | s SubMsgID |  PGain | IGain | DGain

For structure see Set message above.
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This message can be used to adjust or read the front panel LED display brightness and the

display units.

SET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

6 | 7 | 8 | 9 | 10

[ 11 [ 12 ]

Data

SubMsgID | DisplIntensity |

DispMode |

Data Structure:

field

description

format

MsglD

The message ID (i.e.0B00) of the message containingthe
parameters

word

Displntensity

The intensityissetasa value from 0 (Off) to 255 (brightest).

word

DispMode

to display fourdifferent values; the actual temperature of
the TEC element (TAct), the difference between the actual

(ITec), orthe demanded set pointvalue (TSet).

0 DISPMODE_TACT the display shows the actual
temperature of the TEC element

1
pointvalue.
2
between the actual temperature (TAct) and the set point
temperature (TSet)..

3  DISPMODE_ITEC thedisplayshowsthe current(in
Amps) sourcedintothe TEC element by the controller.

The LED display window on the front of the unit can be set

temperature and the set point (TDelta), the applied current

DISPMODE_TSET the display showsthe demanded set

DISPMODE_DELTA thedisplayshowsthe difference

word

Reserved

N/A

word

Example:

Setthe display to max brightness and the display mode to TAct

TX 40, 08, 08, 00, DO, 01, 0B, 00, FF, 00, 01, 00, 00, 00

Header: 40, 08, 08, 00, DO, 01: TEC_SetParams, 08 byte data packet, Generic USB Device.

SubMsglID:
Dispintensity:
DispMode:

REQ:

0B, 00: Set Display Settings
FF, 00: Sets the display brightness to 255 (100%)

01, 00 Setsthe display to show the actual temperature of the TEC element.

Command structure (6 bytes):

0 1 2 3 4 5
header only
4108 JoB Joo [d s
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Example: TX 41, 08, 0B, 00, 50, 01

GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o [ 1+ | 2 [ 3 ] 4 ] s 6 | 7 | 8 | 9 | 10 | 12 | 12 [ 13

header Data

42 | o8 | 08 [ o0 [ d] | s SubMsgID | Displntensity [ DispMode | Unused

See SET for data structure.
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MGMSG_TEC_SET_EEPROMPARAMS 0x0850
Function: Usedto save the parametersettings forthe TECO01 unit. These

settings may have beenaltered eitherthrough the various method
calls or through user interaction with the GUI (specifically, by
clickingonthe ‘Settings’ button foundinthe lowerright hand corner
of the userinterface).

SET:
Command structure (8 bytes)

6 byte headerfollowed by 2 byte data packet as follows:

o | 1 [ 2 | 3 | a4 6 | 7
header Data
50 | 08 | 02 | oo [ d] SubMsgID
Data Structure:
field description format
SubMsgID For future use word
Example:

TX 75, 08, 02, 00, DO, 01, 00, 00,

Header: E7, 07, 04, 00, DO, 01: Set EEPROMPARAMS, 02 byte data packet, Generic USB

Device.

Page 324 of 372




Thorlabs APT Controllers

Host-Controller Communications Protocol

MGMSG_TEC_REQ_STATUSUPDATE
MGMSG_ TEC_GET_STATUSUPDATE

Function:

REQUEST:

Issue 24

0x0860
0x0861

This functionisusedinapplications where spontaneous status
messages (i.e. messages sent using the START_STATUSUPDATES

command) must be avoided.

Status update messages contain information about the output
currentand actual temperature of the transducer. The response will
be sent by the controllereach time the functionis requested.

Command structure (6 bytes):

ol 1] 2] 3] 4] 5
header only

60|08 [oo oo [d [s

GET:

Status update messages are received with the following format:-

Response structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ 1 ]

2 | 3 | 4 | s 6 | 7 | 8 [ 9 |

header

61 | 08 |

OF |

00 [ df | s

12 | 13 |

14 | 15

header only

Status Bits

Data Structure:

field

description

format

ITec

The TEC outputcurrentin mA. (0 to 2000mA in the range -0
to 2000)

short

TAct

The actual temperature of the TEC element associated with
the ActiveX control instance.

Note. The unitsin which the temperatureisreturned are
dependentuponthe ‘Sensor Type’ selected (viathe Settings
panel or by callingthe SetTempSetPoint submessage). If an
IC type sensoris selected, the set pointtemperatureis
displayedin°Cinthe range -4500 to 14500 (45.0° to 145.0°).
For a 20 kQ2.thermistorsensor, the set pointis displayedin
kQ inthe range 0to 2000 (0 to 20 kQ2). For a 200 kQ2. sensor
the range is 0 t020000 (0 to 200 k €2.).

short

TSet

The temperature setpoint of the TEC element associated
with the ActiveX control instance.

Note. The unitsin whichthe setpointisreturnedare
dependentuponthe ‘Sensor Type’ selected (viathe Settings
panel or by callingthe SetTempSetPoint submessage). If an
IC type sensoris selected, the set point temperatureis
displayedin°Cinthe range -4500 to 14500 (45.0° to 145.0°).

word
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For a 20 kQ2.thermistorsensor, the set pointisdisplayedin
kQ inthe range 0to 2000 (0 to 20 kQ). For a 200 kQ2. sensor
the range is 0 t020000 (0to 200 k €2.).

StatusBits

The individual bits (flags) of the 32 bitintegervalue are dword
describedinthe followingtable

TEC controller Status Bits

Hex Value Bit Number | Description

0x00000001 | 1 TEC outputenabled state (1- enabled, 0- disabled).
2to4 For Future Use

0x00000010 | 5 Display mode (1—- TAct, 0- else).

0x00000020 | 6 Display mode (1—- TSet, 0 - else).

0x00000040 | 7 Display mode (1— TDelta, 0 - else).

0x00000080 | 8 Display mode (1-I1Tec, 0 - else).
9to 30 For Future Use

0x40000000 | 31 Error

0x80000000 | 32 For Future Use

Example

RX 61, 08, 0A, 00, 81, 50, E8, 03, DC, 05, 40, 1F, 11, 00, 00, 00

Header: 61, 08, 0A, 00, 81, 50: TEC_Get_StatusUpdate, 10 byte data packet, Generic USB

Device.

ITec:.E8, 03: 0x03E8 (1000 decimal),i.e. 1V.

TAct:. DC, 05: 0x05DC (1500 decimal),i.e. 1.5V.

TSet: 40, 1F: Ox1F40 (8000 decimal),i.e.80°C.

StatusBits: 11,00,00,00, 0X00000011 (17 decimal)i.e. TECis enabled with Tact display mode
selected. Noerrors.

MGMSG_TEC_ACK_STATUSUPDATE 0x0862

Only Applicable If Using USB COMMS. Does not apply to RS-232 COMMS

Function:

If using the USB port, this message called “serveralive” must be sent
by the serverto the controlleratleast once a second or the
controller will stop responding after ~50 commands.

The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) anditif has sent 50 of
these withoutthe serversendinga'serveralive" message, it will
stop sendingany more "status update" messages.

Thisfunctionis used by the controllerto check that the PC/Server
has not crashed or switched off. There isnoresponse.

Structure (6 bytes):

[ O 1
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header only
8208 Joo Joo [d s

TX 62, 08, 00, 00, 21, 01
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TIM and KIM Control Messages

Introduction

The ActiveX functionality for the TIM101 and KIM101 Piezo Motor Controllersisaccessed via
the APTPZMOT Control Object, and provides the functionality required foraclient
applicationto control a numberof Controllerunits.

Every hardware unitis factory programmed with aunique 8-digit serial number. This serial
numberiskeyto operation of the APT Server software and is used by the Serverto
enumerate and communicate independently with multiple hardware units connected on the
same USB bus.

The serial numbermust be allocated using the HWSerialNum property, before an ActiveX
control can communicate with the hardware unit. This can be done at designtime orat run
time.

The methods of the Piezo Motor Controller can then be used to perform activities such as
settingthe drive voltage, settingthe jog step size and setting top panel control parameters.

Note. The channel beingaddressed mustbe enabled by callingthe Set ChanEnableState
method, before the following methods can be used.

For details onthe use of the TIM101 and KIM101 Controllerunits, refertothe handbook
available to download from www.thorlabs.com.
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MGMSG_PZMOT_SET_PARAMS 0x08CO
MGMSG_ PZMOT_REQ_PARAMS 0x08C1
MGMSG_ PZMOT_GET_PARAMS 0x08C2
Function: This genericparameterset/request message is used to control the

functionality of the TIM101 and KIM101 controllers. The specific
parameters to control are identified by the use of sub-messages.
These sub messages comply with the general format of the APT
message protocol but ratherthan havinga unique firstand second
byte inthe header carrying the “message identifier” information,
the firstand second byte remain the same.

Instead, forthe SET, REQ and GET messages, the message identifier
iscarried inthe firsttwo bytesinthe data packet (7 and 8) part of
the message,

Likewise, when the unitresponds, the first two bytes of the
response remain the same and the first two bytes of the data packet
identify the sub-message to which the information returnedinthe
remaining part of the data packet relates.

The following sub messages are applicable to the TIM101:

Set/Request/Get_PZMOT_PosCounts (sub-message ID=05)
Set/Request/Get_PZMOT_DriveOPParams (sub-message ID=07)
Set/Request/Get_TIM_JogParameters (sub-message ID = 09)
Set/Request/Get TIM_PotParameters (sub-message ID=11)
Set/Request/Get TIM_ButtonParameters (sub-message ID= 13)

The following sub messages are applicable to the KIM101:

Set/Request/Get_PZMOT_PosCounts (sub-message ID = 05)
Set/Request/Get_PZMOT_DriveOPParams (sub-message ID=07)
Set/Request/Get_PZMOT_LimitSwitchParams (sub-message |D = 0B)
Request/Get_PZMOT_HomeParams (sub-message ID = OF)
Set/Request/Get_PZMOT_KCubeMMIParams (sub-message ID = 15)
Set/Request/Get_PZMOT_TriglOConfig (sub-message ID=17)
Set/Request/Get_PZMOT_TrigParams (sub-message ID=19)
Set/Request/Get_PZMOT_ChanEnableMode (sub-message ID = 2B)
Set/Request/Get_PZMOT_KCubelogParams (sub-message ID = 2D)
Set/Request/Get_PZMOT_KCubeFeedbackSigParams (sub-message ID = 30)
Set/Request/Get_PZMOT_KCubeMoveRelativeParams (sub-message ID = 32)
Set/Request/Get_PZMOT_KCubeMoveAbsoluteParams (sub-message ID = 34)

The examples onthe following pages describe these messagesin more detail.
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Set/Request/Get_PZMOT_PosCounts (sub-message ID = 05)
Applicable to both TIM101 and KiIM101

This sub-message sets/returns the position countervalue, andis usually used to setthe
counterto zerowhenthe motorisat the required zero position. Allabsolute moves are then
measured from this zeroed position.

SET:
Command structure (18 bytes)
6 byte headerfollowed by 12 byte data packet as follows:

o [ 1+ | 2 [ 3 ] 4 ] s 6 | 7 | 8 | 9
header Data
co | o8 [ oE [ oo | d] | s SubMsgID | Chanldent
10 | 12 | 12 | 13 [ 14 | 15 | 16 [ 17
Data
Position | EncCount

Data Structure:

field description format

SubMsgID The message ID (i.e. 0500) of the message containing | word
the parameters

Chanldent The channelto be addressed. word
Chan1=1,Chan2=2, Chan3 =4,Chan4 =8

Position The position countervalue, specified in number of long
steps.

EncCount Not Used long

Example: Setthe TIM Position Counter

TX CO, 08, 0C, 00, DO, 01, 05, 00, 01, 00, 00, 00, 00, 00, 00, 00, 00, 00

Header: CO, 08, OC, 00, DO, 01: PZMOT_SET_PARAMS, 12 byte data packet, USB Device.

SubMsglD: 05, 00 Set_TIM_PositionCounters
Chanldent: 01, 00 Channel 1

Position: 00, 00, 00, 00 Zero

EncCount: 00, 00, 00, 00 Not Used

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
ct|og Jos o1 [d s

TX C1, 08, 05, 01, DO, 01,
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GET:
Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 | 9o
header Data
c2 | o8 [ oe | oo | dl [ s SubMsglD | Chanident
10 [ 11 [ 12 [ 13 ] 14 | 15 | 16 [ 17
Data
Position | EncCount

See Set message for structure

Issue 24
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Set/Request/Get_DriveOPParameters (sub-message ID = 07)
Applicable to both TIM101 and KIM101

This sub-message sets various drive parameters which definethe speed and acceleration of
moves initiated in the following ways:
e Dbyclickinginthe position display
e viathe top panel controlswhen ‘Go To Position’ mode is selected (in the
Set_TIM JogParameters (09) or Set_KCubeMMIParams (15) sub-messages).
e viasoftware usingthe MoveVelocity, MoveAbsoluteSte psEx or
MoveRelativeStepsEx methods.

Note. Drive parameters forJog moves are specifiedinthe Set_TIM_JogParameters sub-
message.

SET:
Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9 | 10 ] 11
header Data
co | o8 [ o [ oo | d] | s SubMsgID | Chanldent | Maxvoltage
12 | 13 | 14 | 15 [ 16 | 17 | 18 [ 19
Data
StepRate | StepAccn

Data Structure:

field description format

SubMsgID The message ID (i.e. 0700) of the message containing | word
the parameters

Chanldent The channel to be addressed. word
Chan1=1,Chan2=2,Chan3=4,Chan4=8

MaxVoltage The maximum piezo drive voltage, in the range 85V word
to 125v.

StepRate The piezo motor moves by ramping up the drive long

voltage tothe value setinthe MaxVoltage parameter
and then dropping quickly to zero, then repeating.
Onecycleis termedastep. This parameterspecifies
the velocity to move whenacommand is initiated.
The steprate is specifiedin steps/sec, inthe range 1
to 2,000.

StepAccn This parameter specifies the acceleration up to the long
steprate, in the range 1 to 100,000 cycles/sec/sec.

Example: Setthe TIM Drive Params
TX C0,08,0E,00,81,50,07,00,01,00,6E,00,F4,01,00,00,A0,86,01,00

Header: CO, 08, OE, 00, 81, 50: PZMOT_SET_PARAMS, 18 byte data packet, USB Device.
SubMsglID: 07, 00 Set TIM_DriveParameters
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Chanldent: 01, 00 Channel 1

MaxVoltage: 6E, 00 100v (6E)
StepRate: F4, 01, 00, 00 500 Steps/Sec (01F4)
StepAccn: AQ, 86, 01, 00 10,000 Steps/Sec/Sec (0186A0
REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
ctlog Joz Jor [d [s

TX C1, 08, 07, 01, 50, 01,

GET:
Command structure (20 bytes)
6 byte headerfollowed by 14 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9 | 10 ] 11
header Data
2 | 08 | o [ oo | d] | s SubMsgID | Chanldent | Maxvoltage
12 | 13 | 14 | 15 [ 16 | 17 | 18 [ 19
Data
StepRate | StepAccn

See Set message for structure
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Set/Request/Get_TIM_JogParameters (sub-message ID = 09)
Applicable only to TIM101 units

This sub-message sets various jog parameters which definethe speed and acceleration of
moves initiated in the following ways:
by clickingthe jog buttons onthe GUI panel
by pressingthe buttonsonthe unitwhen ‘SingleStep’ mode is selected.
viasoftware using the Movelog method.

Note. Drive parametersfor motor moves are specifiedinthe Set_TIM_DriveParameters sub-
message.

SET:
Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o | 2 [ 2 | 3] a4 | s 6 | 7 | 8 | 9 | 10 | 11
header Data
o [ o8 [ 12 [ oo | dl | s SubMsgIlD | Chanldent | JogMode
12 | 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 [ 21 | 22 | 23
Data
JogStepSize | JogStepRate | JogStepAccn

Data Structure:

field description format
SubMsgID The message ID (i.e. 0900) of the message containingthe word
parameters
Chanldent The channelto be addressed. word
Chan1=1,Chan2=2, Chan3 =4,Chan4 =8
JogMode Jog commands can be issued by callingthe Movelog word

method, viathe Motor Control GUI panel or by pressingthe
buttons on the hardware unit. When a jogcommand is
received, if the jogmodeissetto1 (i.e.'Continuous') the
motor continues to move until the jogsignal isremoved (i.e.
the jog buttonisreleased) when the motor will stop
immediately.

Ifthe modeissetto ‘2’ (i.e.Single Step) the motor moves by
the stepsize specified inthe JogStepSize parameter.

JogStepSize A jogstep consists of a numberof drive pulses. This long
parameter specifies the number of pulses which make up a
jogstep, in therange 1 to 2,000.

JogStepRate The piezo motor moves by rampingup the drive voltageto | long
the value setinthe Set _TIM DriveParameters sub-message
and then dropping quickly to zero, thenrepeating. One
cycleistermed a step. This parameter specifies the velocity
to move whena commandisinitiated. The steprateis
specifiedin steps/sec, inthe range 1 to 2,000

JogStepAccn This parameterspecifies the acceleration up tothe step long
rate, in the range 1 to 100,000 cycles/sec/sec.
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TX C0,08,12,00,81,50,09,00,01,00,02,00,FA,00,00,00,F4,01,00,00,A0,86,01,00

Header: CO, 08, 12, 00, 81, 50: PZMOT_SET_PARAMS, 18 byte data packet, Generic USB

Device.

SubMsglD: 09, 00
Chanldent: 01, 00
JogMode: 02,00
JogStepSize: FA. 00, 00, 00
JogStepRate: F4,01, 00, 00
JogStepAccn: AQ, 86, 01, 00

REQUEST:
Command structure (6 bytes):

Set_TIM_JogParameters
Channel 1

Single Step Jog Mode

250 steps (FA)

500 Steps/Sec (01F4)
10,000 Steps/Sec/Sec (0186A0

0 1 2 3

header only

ctfog Jogs Jo1 [d

[ s

TX C1, 08, 09, 01, 50, 01,

GET:
Command structure (24 bytes)
6 byte headerfollowed by 18 by

te data packet as follows:

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 [ 8 | 9 ] 10| 11
header Data
2 | o8 [ 12 [ oo | d] | s SubMsgID | Chanldent | JogMode
12 | 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
JogStepSize | JogStepRate | JogStepAccn

See Set message for structure
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Set/Request/Get_TIM_PotParameters (sub-message ID=11)
Applicable only to TIM101 units

This sub-message defines the speed of amove initiated by the potentiometer on the top

panel of the hardware unit.

The potentiometerslideris sprungsuch that whenreleaseditreturnstoits central position. In this
central position the piezo motoris stationary. As the slideris moved away from the centre, the
motor beginsto move. Bidirectional control of the motoris possible by movingthe sliderin both
directions. The speed of the motorincreases as afunction of slider deflection.

SET:
Command structure (14 bytes). 6 byte headerfollowed by 8 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 | 7 | 8 | 9 | 10 ] 11 [ 12 [ 13

Co | 08 | 08 | 00 | d] | s SubMsglD | Chanldent | MaxStepRate

Data Structure:

field description format
MsglID The message ID (i.e. 11,00) of the message containing the parameters | word
Chanldent The channel to be addressed. word
Chan1=1,Chan2=2, Chan3=4,Chan4=8
MaxStepRate | Thespeed (indrive pulsespersecond)ofamove initiated by the top long
panel potentiometer, in the range 1 to 2,000.

Example: Setthe TIM Pot Parameters
TX C0,08,08,00,81,50,11,00,01,00,E8,03,00,00

Header: CO, 08, 08, 00, 81, 50: TIM_SetParams, 08 byte data packet, Generic USB Device.
SubMsglID:11, 00: Set_TIM_PotParams

Chanldent: 01, 00 Channel 1

MaxStepRate: E8, 03, 00, 00 1000 (03E8) pulses persecond

REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
ctlog Joo Jor [d [s

TX C1, 08, 11, 01, 50, 01,

GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1 [ 2 [ 3 | 4 ] 5 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13

header Data

2 | o8 [ o8 [ oo | dl | s SubMsgIlD | Chanldent | MaxStepRate

See SET for data structure.
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Set/Request/Get_TIM_ButtonParameters (sub-message ID=13)
Applicable only to TIM101 units

The buttons on the top of the unitcan be used eitherto jog the motor, or to perform moves
to absolute positions. This sub-message sets the operation mode of the buttons.

SET:
Command structure (24 bytes)
6 byte headerfollowed by 18 byte data packet as follows:

o | 1 [ 2 [ 3 | a4 ] s 6 | 7 | 8 | 9 | 10 | 11
header Data
co [ os [ 12 ] oo [ dl | s SubMsgID | Chanldent | JogMode
12 | 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 [ 21 | 22 | 23
Data
Positionl | Position2 | TimeOutl | TimeOut2

Data Structure:

field description format
SubMsgID The message ID (i.e. 1300) of the message containing | word
the parameters
Chanldent The channel to be addressed. word
Chan1=1,Chan2=2,Chan3=4,Chan4=8
Mode This parameterspecifies the mode of operation of word

the buttons. If setto ‘1’ (Jog Mode), the front panel
buttons are used to jog the motor. Once set to this
mode, the move parameters forthe buttons are
taken fromthe ‘Jog’ parameterssetviathe

‘Set TIM JogParameters sub-message.

If set to ‘2’ (Position Mode) each button can be
programmed with a different position value (as setin
the Positionland position2 parameters below), such
that the controller will move the motorto that
position when the specificbuttonis pressed.

Positionl This parameterisapplicable onlyif Position modeis | long
selected above, andisthe position to which the
motor will move when the top buttonis pressed. The
positionissetin numberof steps, measured from the
zero position.

Position2 This parameterisapplicable onlyif Position modeis | long
selected above, andisthe position to which the
motor will move when the bottom buttonis pressed.
The positionissetin number of steps, measured
from the zero position.

TimeOutl For Future Use word

TimeOut2 For Future Use word
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Example: Setthe TIM Button Parameters

TX C0,08,12,00,81,50,13,00,01,00,01,00,C8,00,00,00,F4,01,00,00,FA,00,FA,00

Issue 24

Header: CO, 08, 12, 00, 81, 50: PZMOT_SET_PARAMS, 18 byte data packet, Generic USB

Device.

SubMsglD: 13, 00
Chanldent: 01, 00
Mode: 01, 00
Position1: C8. 00, 00, 00
Position2: F4, 01, 00, 00
TimeOutl: FA,QO0,
TimeOut2: FA, 00,

REQUEST:
Command structure (6 bytes):

Set TIM_ButtonParameters
Channel 1

Jog Mode

200 steps fromthe zero position
500 steps from the zero position
Not Used

Not Used

0 1 2 3 4 5
header only
ctfog J13 Jo1 [d [s

TX C1, 08, 13, 01, 50, 01,

GET:
Command structure (24 bytes)
6 byte headerfollowed by 18 by

te data packet as follows:

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 [ 8 | 9 ] 10| 11
header Data
2 | o8 [ 12 [ oo | d] | s SubMsgID | Chanldent | JogMode
12 | 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23
Data
Position1 | Position2 | TimeOutl | TimeOut2

See Set message for structure
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Set/Request/Get_PZMOT_LimSwitchParams (sub-message ID= 0B)

This message is not implemented at this time and is for future use with encoder-equipped
actuators. It is applicable only to KIM101 units

The action that the forward and reverse hardware limit switches make on contactisinherent
inthe design of the stage beingdriven. This sub-message notifies the system to the action of
the limit switches associated with the stage/actuator being driven by the channel specified.

SET:
Command structure (16 bytes)
6 byte headerfollowed by 10 byte data packet as follows:

o [ 1 [ 2 [ 3 ] 4 ] 5 6 [ 7 | 8 ] 9 ] 10 ] 11
header Data
cw | o8 [ oA | oo | dl | s SubMsgID | Chanldent | FwdHardLimit
12 | 13 | 14 | 15
Data

RevHardlimit |  StagelD

Data Structure:

field description format
SubMsgID The message ID (i.e. 0B00) of the message containing | word
the parameters
Chanldent The channel to be addressed. word
Chan1=1,Chan2=2,Chan3=4,Chan4 =8
FwdHardLimit The operation of the Forward hardware limitswitch | word

when contact is made.

0x01 Ignore switch or switch not present.
0x02  Switch makeson contact.

0x03  Switch breaks on contact.

0x04  Switch makeson contact - only used for
homes (e.g. limitswitched rotation stages).
0x05 Switch breakson contact - only usedfor
homes (e.g. limit switched rotations stages).

RevHardLimit The operation of the Reverse hardware limit switch word
when contact is made — see FWDHardLimit for
parametervalues.

StagelD Not Used word

Example: Setthe KIM Limit Switch Parameters
TX C0,08,0A,00,81,50, 0B,00,01,00,02,00,02,00,00,00,

Header: CO, 08, 12, 00, 81, 50: PZMOT_SET_PARAMS, 10 byte data packet, Generic USB
Device.

SubMsglID: 0B, 00 Set_LimSwitchParams
Chanldent: 01, 00 Channel 1
FwdHardLimit: 02, 00 Switch makes on contact
RevHardLimit: 02, 00 Switch makes on contact
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REQUEST:
Command structure (6 bytes):

0o 1 2 3 4 5
header only
ctlog Jog Jor [d [s

TX C1, 08, 13, 01, 50, 01,

GET:
Command structure (16 bytes)
6 byte headerfollowed by 10byte data packet as follows:

o [ 1+ | 2 [ 3 ] 4 ] s 6 | 7 | 8 | 9 ] 10 ] 1
header Data
2 | o8 [ oA [ oo [ d| | s SubMsgID | Chanldent [ FwdHardLimit
12 | 13 [ 14 | 15
Data

RevHardlimit |  StagelD

See Set message for structure
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Request/Get_PZMOT_HomeParams (sub-message ID = OF)
Applicable only to KIM101 units

Note. This message is for future use with closed loop homing applications and is not yet
implemented. Itis shown for reference only.

Issue 24

Usedto set the home parameters forthe stage/actuatorassociated with the specified motor

channel.

REQUEST:

Command structure (6 bytes):

0 1 2 3 4 5
header only
ct|og Jor Joo [d s
GET:

Command structure (22 bytes)
6 byte headerfollowed by 16 byte data packet as follows:

o [ 1 ] 2 | 3 [ 4 | s 6 | 7 ] 8 | 9 ] 10 11
header Data
2 | o8 | 10 [ oo [ d | s SubMsgIlD | Chanldent | HomeDirection
12 | 13 [ 14 | 15 | 16 [ 17 | 18 [ 19 ] 20 | 21
Data
HomelLimSwitch | HomeStepRate | HomeOffsetDist
Data Structure:
field description format
SubMsgID The message ID (i.e. 0B00) of the message containing | word
the parameters
Chanldent The channel to be addressed. word
Chan1=1,Chan2=2, Chan3 =4,Chan4 =8
HomeDirection The direction sense foramove to Home, either word
1 - Forward/Positive or
2 - Reverse/negative.
HomeLimSwitch The limit switch associated with the home position word
1- Forwardor
2 - Reverse
HomeStepRate The homingvelocity (i.e. step rate) in position long
steps/sec.
A 4 byte unsignedlongvalue.
HomeOffsetDist The distance of the Home position from the Home long
Limit Switch. Thisis a 4 byte signedintegerthat
specifies the offset distance in position steps, in the
range 0 to 10000.
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Example: Setthe home parametersforchan 2 as follows:
Home Direction: Reverse.
Limit Switch: Reverse
Home Vel: 1000 steps/sec
Offset Dist: 500 steps.

Issue 24

TX C2, 08, 10, 00, 81, 50, OF, 00, 02, 00, 02, 00, 02, 00, E8. 03, 00, 00, F4, 01, 00, 00,

Header: C2, 08, 10, 00, A2, 01: Get KIM HomeParams, 16 byte data packet, Generic USB

Device

SubMsg ID: OF, 00

Chan Ident: 02, 00: Channel 2

HomeDirection: 02, 00: Reverse
HomelimSwitch: 02, 00: Reverse
HomeStepRate: E8, 03, 00, 00: 1000 steps/sec
Offset Distance: F4, 01, 00, 00: 500 Step Offset
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Set/Request/Get_PZMOT_KCubeMMIParams (sub-message ID = 15)
Applicable only to KIM101 units

This sub-message is used to configure the operating parameters of the top panel Joystick.

SET
Command structure (30 bytes)
6 byte headerfollowed by 24 byte data packet.

o | 1+ [ 2 ] 3 | 4 [ 5 6 | 7 [ 8 | 9 [ 10 | 11
header Data
co | o8 [ 1c [ oo | d [ s SubMsgID | Chanldent | JSMode
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 [ 20 | 21
Data

JSMaxStepRate | JSDirSense | PreSetPos1

22 23 | 24 | 25 | 26 | 27 | 28 | 29
Data
PreSetPos2 | DispBrightness | Reserved

Data Structure:

field description format
SubMsg ID The message ID (i.e. 1500) of the message containingthe word
parameters
Chanldent The channel to be addressed. word
Chan1=1,Chan2 =2, Chan3=4,Chan4=8
JSMode This parameterspecifies the operating mode of the joy word

stick as follows:

1 Velocity Control Mode - Deflectingthe joystick startsa
move with the velocity proportional to the deflection. The
maximum velocity (i.e. velocity corresponding to the full
deflection of the joystick) is specified in the JSMaxStepRate
and parameterfollowing.

2 Jog Mode - Deflectingthe joystickinitiatesajog move,
using the parameters specified by the PZMOT_JogParams
sub-message. Keeping the joystick deflected repeats the
move automatically after the current move has completed.
3 Go To Position Mode - Deflecting the joystick starts a
move fromthe current position to one of the two
predefined “teach” positions. The teach positions are
specifiedin number of steps fromthe home positioninthe
PresetPosland PresetPos2 parameters. Inthis mode, move
the joystick left (Chland3) or up (Ch 2and 4) to go to
position 1, and right or down to go to position 2.

JSMaxStepRate | The max velocity of amove initiated by the top panel long
joystick (i.e. the max step rate for full joystick deflection),in
the range 1to 2000 position steps/sec.

JSDirSense This parameter specifies the direction of amove initiated word
by the joystick as follows:
0 Joystickinitiated moves are disabled. The joystickis used
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for menuingonly.

1 Upwards/Rightdeflection of the joystick resultsina
positive motion (i.e. increased position count).

The following option applies only whenthe JSMode is set
to Velocity Control Mode (1). If setto Jog Mode (2) or Go to
Position Mode (3), the following optionisignored.

2 Upwards/Right deflection of the joystick resultsina
negative motion (i.e. decreased position count).

PresetPos1 The preset position 1when operatingin go to position long
mode, measured in position steps from the home position.

PresetPos2 The preset position 2when operatingin go to position long
mode, measured in position steps from the home position.

DispBrightness | In certainapplications, it may be necessary toadjustthe word

brightness of the LCD display on the top of the unit. The
brightnessissetasa value from 0 (Off) to 100 (brightest).
The display can be turned off completely by enteringa
setting of zero, however, pressingthe MENU button on the
top panel will temporarily illuminate the display atits
lowest brightness setting to allow adjustments. When the
displayreturnstoits default position display mode, it will
turn off again.

REQ:
Command structure (6 bytes):

0 1 2 3 4 5
header only
ct|og |15 oo [d s
Example: Requestthe settings forthe top panel joystick

TX C1, 08, 15, 00, 50, 01

GET:
Response structure (6 bytes):
o | 1+ [ 2] 3 [ 4 | s 6 | 7 | 8 | 9 | 10 | 1
header Data
2 | o8 [ 1c | oo | d [ s SubMsgID [ Chanldent | JSMode
12 | 13 | 14 ] 15 | 16 | 17 | 18 | 19 | 20 [ 21
Data
JSMaxStepRate | JSDirSense | PreSetPos1
22 | 23 | 24 | 25 | 26 | 27 | 28 | 29
Data
PreSetPos2 | DispBrightness | Reserved

For structure see SET message above.
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Set/Request/Get_PZMOT_KCubeTriglOConfig (sub-message ID=17)
Applicable only to KIM101 units

The KIM101 K-Cube inertial piezo motor controller has two bidirectional trigger ports (I/0 1
and I/0 2) that can be used as a general purpose digitalinput/output, or can be configured
to outputa logiclevel to control external equipment.

Whenthe port is used as an outputit provides a push-pull drive of 5 Volts, with the
maximum current limited to approximately 8 mA. The current limit prevents damage when
the outputis accidentally shorted to ground or drivento the opposite logic state by external
circuitry. The active logicstate can be selected High or Low to suit the requirements of the
application.

This sub-message sets the operating parameters of the /O 1 and /O 2 connectors on the
front panel of the unit.

Warning. Do not drive the TRIG ports from any voltage source that can produce an output
in excess of the normal 0 to 5 Voltlogic level range. In any case the voltage at the TRIG
ports must be limited to -0.25 to +5.25 Volts.

Trigger Modes

Input Trigger Modes

When configured as an input, the TRIG ports can be used as a general purpose digital input,
or for triggering adrive voltage change as follows:

0x00 DISABLED - The trigger |0 isdisabled.

0x01 GPI- General purpose logicinput (read through status bits usingthe
PZ_GET_PZSTATUSUPDATE message).

0x02 RELMOVE - Input triggerfora relative move. Onreceipt of the trigger, the motor will
move by the number of position steps enteredin the PZMOT KCubeMoveRelative Params
sub-message (0x32).

0x03 ABSMOVE - Inputtriggerfor an absolute move. Onreceipt of the trigger, the motor
will move to the absolute position entered in the PZMOT_KCubeMoveAbsoluteParams sub-
message (0x34).

0x04 RESETCOUNT - Inputtriggerfor count reset. Onreceipt of the trigger, the counter will
resetand all subsequent moves will be measured from the current position.

When used for triggeringamove, the portis edge sensitive. In otherwords, ithasto see a
transition fromthe inactive to the active logicstate (Low->High or High->Low) for the trigger
inputto be recognized. Forthe same reason a sustained logiclevelwillnot triggerrepeated
moves. The triggerinputhasto returnto its inactive state firstin orderto start the next
trigger.

Output Trigger Modes
When configured as an output, the TRIG ports can be used as a general purpose digital
output.

Ox0A GPO - General purpose logicoutput (setusingthe MOD_SET_DIGOUTPUTS message).
0x0B INMOTION - Triggeroutput active (level) when motor'in motion'. The output trigger
goes high (5V) or low (0V) (as setinthe ITriglPolarity and ITrig2Polarity parameters) when
the stageis in motion.
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0x0C MAXVELOCITY - Trigger output active (level) when motoris at 'max velocity'. The max
velocity limit that generates the triggeris dependent on the type of move being performed,
e.g.jog move, joystick move etc.

0x10 FWDLIMIT - Trigger outputactive (level) whenthe FWD limit switch is activated.

Ox11 REVLIMIT - Trigger outputactive (level) whenthe REV limit switchis activated.

Ox12 EITHERLIMIT - Trigger output active (level)when the eitherthe FWD or REV limit
switchis activated.

The following modes can be setto onlyone triggerat a time.

0x0D POSSTEPS_FWD - Triggeroutputactive (pulsed) at pre-defined positions moving
forward (set using StartPosFwd, IntervalFwd, NumPulsesFwd and PulseWidth parametersin
the SetKCubeTrigParams message) —see Trigger Out Position Steps section below. Only one
Trigger port at a time can be setto this mode.

OxOE POSSTEPS_REV - Triggeroutputactive (pulsed)at pre-defined positions moving
backwards (set using StartPosRev, IntervalRev, NumPulsesRev and Pulse Width parameters in
the SetKCubeTrigParams message) —see Trigger Out Position Steps section below. Only one
Trigger port at a time can be setto this mode.

OxOF POSSTEPS_BOTH Trigger outputactive (pulsed) at pre-defined positions moving
forwards and backward —see Trigger Out Position Steps section below. Only one Trigger port
at a time canbe setto thismode.

Trigger Out Position Steps

In the three position step modes described above, the controller outputs a configurable
number of pulses, of configurable width, when the actual position of the stage matches the
positionvalues configured as the Start Position and Position Interval - see
SetKCubeTrigParams message. These modes allowexternal equipment to be triggered at
exact positionvalues (measured in number of steps).

Usingthe POSSTEPS modes above, position triggering can be configured to be unidirectional
(forward or reverse only) or bidirectional (both). In bidirectional mode the forward and
reverse pulse sequences can be configured separately. A cycle count setting (setinthe
SetKCubeTrigParams message, INumCycles parameter) allows the uni-orbidirectional
position triggering sequence to be repeated anumber of times.
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Step Count

A

1000 [DTETEVY .

1500 |. _ _PosintervalFwd ’/\
1200 | _ T_ / Pos2 Fwd @ PosiRev
StartPosRev ‘

StartPosFwd Pos1 Fwd | :
|
|
|
| 5
‘ >
| ‘ Time
|
Trig Voltage : |
|
! \
5V |—‘
oV ~
Time

Example fora move from 0 to 2000 position steps.

In forward direction: The first trigger pulse occurs at 1000 steps (StartPosFwd), the next
trigger pulse occurs afteranother 500 steps (PosintervalFwd), the stage then moves to 2000
steps.

In reverse direction: The nexttrigger occurs when the stage getsto 1200 steps.

Please note that position triggering can only be used on one TRIG port at a time.

The operation of the positiontriggeringmode is described in more detail inthe
SetKCubeTrigParams message.

Trigger Polarity

The polarity of the trigger pulse is specified in the TrigPolarity parameters as follows:
0x01 The active state of the triggerport islogicHIGH 5V (triggerinputandoutputona
risingedge).

0x02 The active state of the trigger portislogicLOW OV (triggerinputand outputon a
fallingedge).

SET:
Command structure (32 bytes)
6 byte headerfollowed by 26 byte data packet as follows:

o [ 1 [ 2 ] 3 [ 4 | s 6 | 7 | 8 | 9 10 | 11
header Data |
o [ o8 [ 1a [ oo [ dI [ s SubMsgID | TrigChannell | TrigChannel2
12 | 13 ] 14 | 15 [ 16 [ 17 | 18 [ 19 | 20 to 31
Data
TriglMode | TriglPolarity | Trig2Mode | Trig2Polarity | Reserved
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Data Structure:
field description format
SubMsg ID The message ID (i.e. 17,00) of the message containing | word
the parameters
TrigChannell The drive channel thatusesTrig 1 (I/0 1) as follows: word
Chan1=1,Chan2=2,Chan3=4,Chan4=8
TrigChannel2 The drive channel thatusesTrig 2 (1/0 2) as follows: word
Chan1=1,Chan2=2, Chan3 =4,Chan4 =8
TriglMode TRIG1 operating mode: word
TriglPolarity The active state of TRIG1 (i.e. logichighorlogiclow). | word
Trig2Mode TRIG2 operating mode: word
Trig2Polarity The active state of TRIG2 (i.e. logichighorlogiclow). | word
Reserved 6 words
Example:

TX C2, 08, 1A, 00, DO, 01, 17, 00, 01, 00, 02, 00, 02, 00, 01, 00, 10, 00, 01, 00, 00, 00

Header: C2, 08, 1A, 00, DO, 01: Set_KCube_TriglOConfig, 16 byte data packet, d=DO (i.e. 50
ORed with 80 i.e.genericUSBdevice), s=01(PC).

SubMsglID: 17,00

TrigChannel1: 01, 00:
TrigChannel2: 02,00

TriglMode — 02, 00

TriglPolarity—01,00
Trig2Mode — 10,00
Trig2Polarity—01,00

REQ:

KCubeTriglOConfig
Channel 1to useTrigl/O1
Channel 2 to use Trig1/0 2

TrigIn_Relative Move

High
Fwd Limit switch activated
High

Command structure (6 bytes):

0 1 2 3 4 5
header only
c1los Jor Joo [d s
GET:

Command structure 32 bytes
6 byte headerfollowed by 26 byte data packet as follows:

o [ 1 [ 2 | 3 | 4 | s 6 | 7 | 8 | 9 10 11
header Data |
2 [ o8 | 10 [ oo [ df [ s SubMsgID | TrigiChannell | TrigiChannel2
12 | 13 ] 14 | 15 | 16 | 17 | 18 | 19 | 20 to 31
Data
TriglMode | TriglPolarity | Trig2Mode | Trig2Polarity | Reserved

See SET message forstructure.
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Set/Request/Get_PZMOT_KCubeTrigParams (sub-message ID=19)
Applicable only to KIM101 units

The KIM101 K-Cube inertial piezo motor controllers have two bidirectional trigger ports
(/01 and1/0 2) that can be set to be used as input or output triggers. This method sets
operating parameters used when the triggering mode is setto a trigger out position steps
mode by callingthe PZMOT _KCubeTriglOConfig message.

As soon as position triggeringis selected on either of the TRIG ports, the port will assert the
inactive logicstate. Asthe stage movesinitstravel range and the actual position matches
the positionsetinthe StartPosFwd parameter, the TRIG port will outputits active logicstate.
The active state will be output forthe length of time specified by the PulseWidth parameter,
thenreturnto itsinactive state and schedule the next position trigger point at the
"StartPosFwd value plusthe value setin the fPosIntervalFwd parameter. Thus when this
second positionisreached, the TRIGoutput will be asserted toits active state again. The
sequence is repeated the numberof times setinthe NumPulsesFwd parameter.

Whenthe numberof pulses setinthe NumPulsesFwd parameter has been generated, the
triggerengine willschedule the next position to occur at the position specifiedin the
StartPosRev parameter. The same sequence as the forward directionis now repeatedin
reverse, except that the PosintervalRevand NumPulsesRev parameters apply. When the
number of pulses has been output, the entire forward-reverse sequence willrepeat the
number of times specified by NumCycles parameter. This means that the total number of
pulsesoutput will be NumCycles x (NumPulsesFwd + NumPulsesRev).

Once the total number of output pulses have been generated, the trigger output willremain
inactive.

When a unidirectionalsequence is selected, only the forward orreverse part of the
sequence willbe activated.

Step Count
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Example fora move from0 to 20 mm and back.
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In forward direction: The first trigger pulse occurs at 10 mm (StartPosFwd), the nexttrigger
pulse occurs afteranother5 mm (PosintervalFwd), the stage then moves to 20 mm.

In reverse direction: The nexttrigger occurs when the stage getsto 12 mm.
Note that the position triggering scheme works on the principle of always triggering at the
nextscheduled position only, regardless of the actual direction of movement. If, for
example, aposition triggersequence is set up with the forward start position at 10 mm, but
initially the stage isat 15 mm, the first forward position trigger will occur when the stage is

movinginthe reverse direction. Likewise, if the stage does not completeall the forward
positiontrigger points, the reverse triggering will not activate atall. Fornormal operation it
isassumedthat all trigger points will be reached during the course of the movement.

SET

Command structure (42 bytes)
6 byte headerfollowed by 36 byte data packet.

o | 1 | | 3 | 4 | s 6 | 7 | 8 | 9 | 10 11 | 12 | 13
header Data
co | o8 [ 24 | oo | d [ s SubMsgID | Chanldent | StartPos Fwd
14 | 15 | 16 | 17 | 18 [ 19 | 20 | 21 [ 22 | 23 | 24 | 25
Data
Interval Fwd | NumPulsesFwd | StartPosRev
26 27 | 28 | 29 | 30 | 31 [ 32 | 33 | 34 | 35 | 36 | 37
Data
IntervalRev | NumPulsesRev | PulseWidth
38 39 | 40 | 4
Data
NumCycles
Data Structure:
field description format
SubMsg ID The message ID (i.e. 1900) of the message containing the parameters | word
Chan Ident The channel beingaddressed as follows: word
Chan1=1,Chan2=2, Chan3 =4,Chan4 =8
StartPosFwd- | Whenmovingforward, thisisthe stage position [in position steps]to | long
start the triggering sequence.
IntervalFwd When moving forward, thisisthe interval [in position steps]at which | long
to outputthe triggerpulses.
NumPulsesFwd | Number of output pulses duringaforward move. long
StartPosRev - When moving backwards, thisis the stage position [in position steps] | long
to start the triggering sequence.
IntervalRev When moving backwards, thisis the interval [in position steps] at long
which to outputthe trigger pulses.
NumPulsesRev | Numberof output pulses during abackwards move. long
PulseWidth Triggeroutput pulse width (from 1 us to 100000 ps). long
NumCycles Number of forward/reverse move cycles. long
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REQ:
Command structure (6 bytes):
0 1 2 3 5
header only
Cl] 08 Chan | 00 d s
Ident
Example: Requestthe settings forthe position trigger parameters
TX C1, 08, 01, 00, 50, 01
GET:
Response structure (42 bytes):
6 byte headerfollowed by 36 byte data packet.
o [ v | 2 | 3 [ 4 | s 6 | 7 | 8 | 9 [ 10 ] 11 | 12 13
header Data
2 | o8 | 24 [ oo | d [ s SubMsgIlD | Chanldent | StartPosFwd
14 [ 15 | 16 [ 17 | 18 [ 19 | 20 [ 21 | 22 [ 23 | 24 [ 25
Data
Interval Fwd | NumPulsesFwd | StartPosRev
26 | 27 | 28 [ 29 [ 30 [ 31 [ 32 [ 33 [ 34 | 35 | 36 | 37
Data
IntervalRev | NumPulsesRev | PulseWidth

38 | 39 | 40 [ a1

Data

NumCycles

For structure see SET message above.
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Set/Request/Get_PZMOT_KCubeChanEnableMode (sub-message ID = 2B)
Applicable only to KIM101 units

In some applications (e.g. if the actuators are fitted to a 2-axis mirror mount), it may be
advantageous to move two axes at the same time by movingthe joystick diagonally.

The Channel 1to 4 options allow each channel to be enabled and disabled individually.
The Channel Pairoptions are used to move two axes simultaneously (CH1and 2, and CH3
and 4).

SET:
Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o [ 1+ ] 2 ] 3 | 4 ] s 6 | 7 8 9
header Data
w [ o8 | o4 [ oo [ df | s SubMsgID Mode

Data Structure:

field description format
SubMsgID The message ID (i.e. 2B00) of the message containing | word
the parameters
Mode The channel or channelstoenable.... word
00 - None, i.e. all channels disabled
01 - Channel 1
02 - Channel 2
03 - Channel 3
04 - Channel 4
05 - Channelsland 2
06 - Channels3and 4

Example: Enable channelsland 2:

TX CO, 08, 04, 00, A2, 01, 2B, 00, 05, 00,

Header: CO, 08, 04, 00, A2, 01: SetKCubeChanEnableMode, 4 byte data packet, Generic USB
Device

SubMsg ID: 2B, 00
Mode: 05, 00: Channelsland 2 enabled
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REQUEST:
Command structure (6 bytes):

0 1 2 3 4 5
header only
ctfog Jor Joo [d [s
GET:

Command structure (10 bytes)
6 byte headerfollowed by 4 byte data packetas follows:

o | 1 ] 2 [ 3 [ 4 ] s 6 | 7

header Data

co | 08 | o4 | o0 | dl [ s SubMsgID

Mode

See SET for data structure.

Issue 24
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Set/Request/Get_PZMOT_KCubelogParams (sub-message ID= 2D
Applicable only to KIM101 units

This sub-message sets various jog parameters which definethe speed and acceleration of
moves initiated in the following ways:

by clickingthe jog buttons on the GUI panel

by movngthe joystick onthe unit when ‘Jog Mode’ is selected.

viasoftware using the Movelog method.
It differs fromthe normal motorjog message inthatthere are two jog step sizes, one for
forward and one forreverse. The reason forthisis that due to the inherent nature of the PIA
actuators goingfurtherin one direction as compared with anotherthis will allowthe userto
potentially make adjustments to getfore and aft movementthe same orsimilar.

Note. Drive parametersfor motor moves are specifiedinthe Set PZMOT DriveOPParams
sub-message.

SET:
Command structure (28 bytes)
6 byte headerfollowed by 22 byte data packet as follows:

o | 1+ [ 2 | 3 ] 4 | s 6 | 7 [ 8 | 9 ] 10| 11
header Data
co | o8 [ 16 [ oo [ d] | s SubMsgID | Chanldent | JogMode
12 | 13 [ 14 | 15 | 16 | 17 | 18 | 19 [ 20 | 21 | 22 | 23
Data
JogStepSizeFwd | JogStepSizeRev | JogStepRate

24 | 25 | 26 | 27
Data
JogStepAccn

Data Structure:

field description format
SubMsgID The message ID (i.e. 0900) of the message containingthe word
parameters
Chanldent The channel to be addressed. word
Chan1=1,Chan2 =2, Chan3=4,Chan4 =8
JogMode Jog commands can be issued by calling the MovelJog word

method, orvia the Motor Control GUI panel or by usingthe
joystick onthe hardware unit. When a jog commandis
received, if the jogmodeissetto1 (i.e.'Continuous') the
motor continuesto move until the jogsignal isremoved (i.e.
the jog buttonisreleased) when the motor will stop
immediately.

If the modeissetto ‘2’ (i.e.Single Step) the motor moves by
the stepsize specifiedin the JogStepSizeFwd and
JogStepSizeRev parameters.

JogStepSizeFwd | A jogstep consistsof a numberof drive pulses. This long
parameter specifies the number of pulses which make up a
jogstepwhen movingforwardsinthe range 1 to 2,000.
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JogStepSizeRev

A jog step consists of a number of drive pulses. This
parameter specifies the number of pulses which make up a
jog stepwhen moving backwards, inthe range 1 to 2,000.

long

JogStepRate

The piezo motor moves by ramping up the drive voltage to
thevalue setinthe Set TIM DriveParameters sub-message
and then dropping quickly to zero, thenrepeating. One
cycleistermeda step. This parameter specifies the step
rate (i.e. velocity)to move whenacommandis initiated.

The step rate is specified in steps/sec, inthe range 1to
2,000

long

JogStepAccn

This parameterspecifies the acceleration up tothe step
rate, in the range 1 to 100,000 cycles/sec/sec.

long

Example:

TX C0,08,16,00,81,50,

Setthe KIM Jog Parameters

2D,00,01,00,02,00,FA,00,00,00,F4,01,00,00,A0,86,01,00

Header: CO, 08, 16, 00, 81, 50: PZMOT_SET_PARAMS, 22 byte data packet, Generic USB

Device.

SubMsglD: 2D, 00

Chanldent: 01, 00

JogMode: 02,00
JogStepSizeFwd: FA. 00, 00, 00
JogStepSizeRev: 04. 01, 00, 00
JogStepRate: F4,01, 00, 00
JogStepAccn: AQ, 86, 01, 00

REQUEST:
Command structure (6 bytes):

Set_KCubelogParams
Channel 1

Single Step Jog Mode

250 steps

260 steps

500 Steps/Sec (01F4)
10,000 Steps/Sec/Sec (0186A0

0 1 2 3 4

header only

ctfog Jor Joo [d |

S

TX C1, 08, 01, 00, 50, 01,

GET:

Command structure (28 bytes)

6 byte headerfollowed by 22 byte data packet as follows:

o | 1 [ 2] 3 ] 4 ] s 6 | 7 [ 8 | 10 | 11
header Data
2 | o8 | 16 [ oo | dI | s SubMsgID | Chanldent | JogMode
12 | 13 [ 14 | 15 | 16 | 17 | 18 | 19 | 20 | 22 | 23
Data
JogStepSize | JogStepRate | JogStepAccn

See Set message for structure
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Set/Request/Get_PZMOT_KCubeFeedbackSigParams (sub-message ID=30
This message is applicable only to KIM101 units.

The USER 10 connectoron the rear panel exposes two pairs of fourdigital inputs. These
inputs can be used by a drive channel toreceive asignal from the actuator beingdriven,
eitheradifferential QEP encoderfeedback signal, orthe FWD and REV limit switch signals.
This sub message sets up the QEP/Limit switch selection foraspecified channel.

SET:
Command structure (16 bytes)
6 byte headerfollowed by 10byte data packet as follows:

o [ + [ 2 [ 3] 4 ] s 6 | 7 | 8 | 9 ] 10 ] 1
header Data
o [ o8 [ oa | o0 | dl | s SubMsgIlD | Chanldent | FBSignalMode
12 | 13 | 14 [ 15
Data
EncoderConst

Data Structure:

field description format
SubMsgID The message ID (i.e. 30,00) of the message containingthe word
parameters
Chanldent The channel to be addressed. word
Chan1=1,Chan2=2, Chan3 =4,Chan4 =8
FBSignalMode This parametersets the mode of the digital inputs, to word

receive eitherafeedback signal ora limit switch signal:

00 — DISABLED. The digital inputs are disabled

01 — LIMSWITCH. The inputs accept a signal when the limit
switches are activated.

The following optionis for future use and is not
implemented at this time.

02 — ENCODER. The inputs accepta feedback signal from
the encoderinthe actuator

EncoderConst This parameter is not implemented at this time. long
If the FBSignalMode parameterabove is setto Encoder02,
this parametersetsthe calibration constant for converting
encodercounts to real world units (mm or degrees) forthe
actuator beingdriven.

Example:
TX C0,08,0A,00,81,50, 30,00,01,00,02,00,FA,00,00,00,

Header: CO, 08, 0A, 00, 81, 50: PZMOT_SET_PARAMS, 10 byte data packet, Generic USB
Device.

SubMsglD: 30, 00 Set_KCubeFBSigParams
Chanldent: 01, 00 Channel 1
FBSignalMode: 02,00 EncoderSignal

EncoderConst: FA. 00, 00, 00 250 steps/mm
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REQUEST:
Command structure (6 bytes):

0o 1 2 3 4 5
header only
ctlos Jor Joo [d [s

TX C1, 08, 01, 00, 50, 01,

GET:
Command structure (16 bytes)
6 byte headerfollowed by 10byte data packet as follows:

o [ 1+ | 2 [ 3 ] 4 ] s 6 | 7 | 8 | 9 ] 10 ] 1
header Data
2 | o8 [ oA [ oo [ d| | s SubMsgID | Chanldent [ FBSignalMode
12 | 13 [ 14 | 15
Data
EncoderConst

See Set message for structure
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Set/Request/Get_PZMOT_KCubeMoveRelativeParams (sub-message ID = 32)
Applicable only to KIM101 units

Usedto set the relative distance moved when the trigger mode is set to TRIGIN_RELMOVE in
the PZMOT KCubeTriglOConfig(17) sub-message.

SET:

Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1 | 2 | 3 | 4 | 5 6 | 7 [ 8 [ 9 ] 10| 11 | 12 13
header Data
c | o8 | 08 | o0 | dl | s SubMsgID | Channel | RelDistance
Data Structure:
field description format
SubMsgID The message ID (i.e. 2B00) of the message containing | word
the parameters
Channel The channel to be addressed. word
Chan1=1,Chan2 =2, Chan3=4,Chan4 =8
RelDistance The relative distance to move (in position steps, long
negative or positive) when the trigger mode is setto
TRIGIN_RELMOVE (see PZMOT KCubeTriglOConfig)
Example:
TX CO, 08, 08, 00, 81, 50, 32, 00, 01, 00, ES8, 03
Header: CO, 08, 08, 00, 81, 50: Set KIM MoveRelativeParams, 8 byte data packet, Generic
USB Device
SubMsg ID: 32, 00
Channel: 01, 00 Channel 1
RelDistance: E8, 03 i.e. 1,000 steps
REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
ctlog Jor Joo [d [s
GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packetas follows:
o [ 1 [ 2 [ 3 [ 4 [ s 6 | 7 ] 8 [ 9] 10] 11 [ 12 13
header Data
C0 | 08 | 08 | 00 | d| | s SubMsgID | Channel | RelDistance

See SET for data structure.
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Set/Request/Get_PZMOT_KCubeMoveAbsoluteParams (sub-message ID = 34)

Applicable only to KIM101 units

Usedto set the relative distance moved when the trigger mode is set to TRIGIN_ABSMOVE

inthe PZMOT KCubeTriglOConfig (17) sub-message.

SET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packet as follows:

o | 1 | 2 | 3 | 4 | 5 6 | 7 [ 8 [ 9 ] 10| 11 | 12 13
header Data
c | o8 | 08 | o0 | dl | s SubMsgID | Channel | AbsDistance
Data Structure:
field description format
SubMsgID The message ID (i.e. 2B00) of the message containing | word
the parameters
Channel The channel to be addressed. word
Chan1=1,Chan2 =2, Chan3=4,Chan4 =8
AbsDistance The absolute distance to move (in position steps) long
whenthe triggermode issetto TRIGIN_ABSMOVE
(see PZMOT KCubeTriglOConfig)
Example:
TX CO, 08, 08, 00, 81, 50, 34, 00, 01, 00, 10,27
Header: CO, 08, 08, 00, 81, 50: Set KIM MoveAbsoluteParams, 8 byte data packet, Generic
USB Device
SubMsg ID: 32, 00
Channel: 01, 00 Channel 1
AbsDistance: 10, 27 i.e. 10,000 steps
REQUEST:
Command structure (6 bytes):
0 1 2 3 4 5
header only
ctfog Jor Joo [d [s
GET:
Command structure (14 bytes)
6 byte headerfollowed by 8 byte data packetas follows:
o | 1 | 2 [ 3 | 4 | 5 6 [ 7 [ 8 [ 9 ] 10 [ 11 [ 12 13
header Data
cw [ o8 | o8 | o0 [ d | s SubMsgIlD | Channel | AbsDistance

See SET for data structure
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MGMSG_PZMOT_MOVE_ABSOLUTE 0x08D4

Function: Usedto start a move to a position specified as the number of steps
away fromthe zero position. The move will be executed using the
parameterssetinthe TIM Set DriveOPParams sub-message.

Command structure (12 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o | 1 | 2 [ 3 | 4 [ 5 6 | 7 | 8 [ 9 | 10 | 1
header Data
D4 | 08 | o6 | 00 | d| | s Chan Ident | AbsPosition

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Chan1=1,Chan2=2, Chan3=4,Chan4=8
AbsPosition The distance to move, relativeto the zero position, long
specifiedin number of steps.

Example: Setan absolute move to 100 steps
Tx D4,08,06,00,D0,01,01,00,64,00,00,00

Header: D4,08,06,00,D0,01: PZMOT_MOVE_ABSOLUTE, 6 byte data packet, Generic USB
Device.

Chanldent: 01, 00 Channel 1

AbsPosition: 64. 00, 00, 00 100 steps (H64) from the zero position

On completion of the move, aMove Completed message will be sent.
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MGMSG_PZMOT_MOVE_COMPLETED 0x08D6
Function: No response oninitialmessage, but upon completion of the
absolute move sequence, the controller sends a “move completed”
message:
o [ 1 [ 2 ] 3 [ 4 | 5 6 | 7 [ 8 | 9 | 10 11
header Data
p6 | 08 | of | oo | dl | s Chan Ident | AbsPosition
12 | 13 ] 14 | 15 | 16 | 17 | 18 | 19
Data
EncCount | Status Bits

Data Structure:

field description format
Chan Ident The channel beingaddressed word
Chan1=1,Chan2=2, Chan3=4,Chan4=8
AbsPosition The distance moved, relativeto the zero position, specified | long
innumber of steps.

Example: Send message that move to 100 stepsis complete
RX D6,08,0E,00,81,50,01,00,64,00,00,00,00,00,00,00,00,00,00,00

Header: D6,08,0E,00,81,50: PZMOT_MOVE_COMPLETE, 14 byte data packet, Generic USB
Device.

Chanldent: 01, 00 Channel 1

AbsPosition: 64. 00, 00, 00 100 steps (H64) fromthe zero position

EncCount: Not Used

StatusBits: Not Used
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MGMSG_PZMOT_MOVE_JOG 0x08D9

Function: Usedto start a jog move. The move will be executed using the
parameterssetinthe TIM Set JogParameters sub-message.

Command structure (6 bytes)
6 byte headerfollowed by 6 byte data packet as follows:

o [ 1 | 2 [ 3 | 4 | s
header
D9 | 08 | chanident| JogDir| d| | s

Channel ldents

0x01 channell
0x02 channel 2
0x03 channel 3
0x04 channel4

JogDir
0x01 Forward

0x02 Reverse

Example
TX D9,08,01,01,50,01

On completion of the move, aMove Completed message will be sent.
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MGMSG_PZMOT_REQ_STATUSUPDATE 0x08EO0
MGMSG_PZMOT_GET_STATUSUPDATE 0x08E1

Function: This message is returned 10 times a second, when status update messages
have beenrequested usingthe MGMSG _HW _ START UPDATEMSGS
function.

GET:

Status update messages are received with the following format:-

Response structure (62 bytes)
6 byte headerfollowed by 56 byte data packet as follows:

o [ 1 [ 2 | 3 | 4 | s 6 | 7 | 8 | 9 [ 10 | 11
header Data
1 | o8 | 3 [ oo [ dl [ s Chan Ident | Position1
12 | 13 ] 14 | 15 | 16 | 17 | 18 | 19
Data
EncCountl | Status Bits1
Data Structure:
field description format
Chan Ident The channel beingaddressed word
Chan1=1,Chan2=2, Chan3=4,Chan4=8
Position1 The position count forchannel 1. long
EncCountl Not Used. long
StatusBits1 The status bits for channel 1 - see below. dword

The remaining 42 bytes for channel 2 to channel 4 are the same as for channel 1

bit mask meaning

0x00000001 forward (CW) hardware limit switchis active
0x00000002 reverse (CCW) hardware limit switch is active
0x00000010 in motion, moving forward (CW)
0x00000020 in motion, movingreverse (CCW)
0x00000040 in motion, jogging forward (CW)
0x00000080 inmotion, joggingreverse (CCW)
0x00000100 motor connected

0x00000200 in motion, homing

0x00000400 homed (hominghas been completed)
0x00100000  digital input1

0x10000000 power OK

0x20000000 active

0x40000000 error

0x80000000 channel enabled
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MGMSG_PZMOT_ACK_STATUSUPDATE 0x08E2

Only Applicable If Using USB COMMS. Does not applyto RS-232 COMMS

Function: If usingthe USB port, this message called “serveralive” is sent by
the serverto the controllerafter 10 status update message.
The controllerkeeps track of the number of "status update" type of
messages (e.g.move complete message) andifit has sent 10 of
these withoutthe serversendinga"serveralive" message, it will
stop sendingany more "status update" messages.
Thisfunctionis used by the controllerto check that the PC/Server
has notcrashed or switched off. There is noresponse.

Structure (6 bytes):
0 1 2 3 4 5
header only
208 Joo Joo [d s

TX E2, 08, 00, 00, 50, 01
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Piezo Control Messages
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