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Exercise 7: PWM (" ineon

PWM

In this exercise you will develop an application that generates a sinusodial complemen-
tary 3-phase PWM (Puls Width Modulation) signal with an update frequency of 20KHz
using the General Purpose Timer Array (GPTA).

The GPTA provides a set of timer, compare and capture functionalities that can be flex-
ibly combined to form signal measurement and signal generation units. They are opti-
mized for tasks typical of engine, gearbox, and electrical motor control applications,
but can also be used to generate simple and complex signal waveforms needed in
other industrial applications.

The TC1796 contains two General Purpose Timer Arrays (GPTAO and GPTA1) with iden-
tical functionality, plus an additional Local Timer Cell Array (LTCAZ2).
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Exercise 7: PWM

GPTA Features

Each of the General Purpose Timer Arrays (GPTAO and GPTA1) provides a set of
hardware modules required for high-speed digital signal processing:

Clock Generation Unit

B Filter and Prescaler Cells (FPC) support input noise filtering and prescaler opera-
tion.

B Phase Discrimination Logic units (PDL) decode the direction information output
by a rotation tracking system.

B Duty Cycle Measurement Cells (DCM) provide pulse-width measurement capabil-
ities.

B A Digital Phase Locked Loop unit (PLL) generates a programmable number of
GPTA module clock ticks during an input signal’s period.

Signal Generation Unit

B Global Timer units (GT) driven by various clock sources are implemented to
operate as a time base for the associated Global Timer Cells.

B Global Timer Cells (GTC) can be programmed to capture the contents of a Global
Timer on an external or internal event. A GTC may also be used to control an
external port pin depending on the result of an internal compare operation. GTCs
can be logically concatenated to provide a common external port pin with a com-
plex signal waveform.

Bl Local Timer Cells (LTC) operating in Timer, Capture, or Compare Mode may also
be logically tied together to drive a common external port pin with a complex
signal waveform. LTCs, enabled in Timer Mode or Capture Mode, can be clocked
or triggered by various external or internal events.
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Fig.1 GPTA Block Diagram
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LTC Functionality
M Local Timer Cell (LTC)
B 64 independent units
B Three basic operating modes (Timer, Capture and Compare) for 63 units
B Special compare modes for one unit
B 16-bit data width
B /cpra Maximum resolution
B /sp1a/2 Maximum input signal frequency
N I
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Fig.2 Architecture of Local Timer Cells and Interconnections between LTCs

Release 04/2007 Copyright © Infineon Technologies 2007. All rights reserved. Page 7-3



infi
Exercise /7: PWM (Infineon

ompare Valuej

LTC1 )
LTC2
LT
Nre
—
High Side < dead time < dead time
Low Side
| ,’ |
| |
0 toﬂ‘,L ton,H T/2 toff,H ton,L T me

Fig.3 PWM Generation with Local Timer Cells

Value | Cell Output Control Mode Port
Reset Timer - LTCO |- -
Compare Period T LTC1 | Interrupt: adjust tof H, ton,L -

Compare Mid Period T/2 LTC2 | Interrupt: adjust tyn H, tofr,L -

Compare High side On | t,, |LTC3 | Set output by a local event -

Compare High side Off |t,s |LTC4 |Reset output by a local event or copy the previous cell action P2.8
Compare Low Side Off |t,, LTC5 |Reset output by a local event -
Compare Low Side On | t,, LTC6 |Set output by a local event or copy the previous cell action P2.9
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Exercise 7: PWM

(Infineon
1. Create a DAVE project

Open the Windows Explorer and create a new directory c:\infineon\pwm. Copy the isr.dav file from the previous exer-
cise to the new directory and rename the file to pwm. dav.

2. Open the GPTA clock properties
Click on GPTA Clock in the project window to open the GPTA Clock properties.
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Exercise 7: PWM

3. Set up the GPTA clock properties

On the Module Clock page

B Select Select normal divider mode.

H Enter Required module clock [MHz] to fgpta = 75 MHz.

% GPTA Clock
[ i
Module Clock, l Timer Clock Control ]

todule Dizable Request

| Dizable the GPTA module [D15R]

Divider Mode Contral (D]

(" Dizable module clack

f* Select normal divider mode

(“%elec:t fractional divider mode

kModule Clack Cantrol

Required module clock [MHz] |F"5.EIEIEI

Minimal rodule clock [KHz] 73,242

b awimal module clock [MHz]  [75.000

Sleep Mode Enable Control

- Dizable the sleep mode for the GPTA module
[EDIS]

Dizable Clock Contral
- COutput clock becomes inactive after intialization
[DISCLE)

Enable Hardware Clock Control

- Bit DISCLE iz rezet by HW while input zighal
ECEM [CAM_INT_D015] iz a kigh level [EMHW)

Feal module clock [MHz] 75.000
Percentage of deviation [%] 0.00o0
Step walue [STEFR) Ox3FF

%]
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On the Timer Clock Control
B Check Enable GPTAO timer clock (GOEN).

x]

& GPTA Clock
[ i

Module Clock — Timer Clock Cortral l

GPTAQ Timer Clock Caontral GPTAT Timer Clock Cantral

v Enable GETAD timer clock [GOEM] | Enable GRTAT timer clock [GTEN]

GPTAQ Global Timer 0 Bun Contral GPTA1 Global Timer O Run Contral

r GTO clock iz gtarted after initialization B
(GTOORLIM]

GPTAD Global Timer 1 Bun Contral GFTAT Global Timer 1 Bun Contral
GT1 clock is started after initialization

B [GTOTRUM] B

LTCAZ Timer Clock Cantral

| Enable LTCAZ timer clock [LZEM]

The GPTA clock is completely configured. Click the Close icon [#| on the dialog toolbar to close the GPTA Clock dialog.

Release 04/2007 Copyright © Infineon Technologies 2007. All rights reserved. Page 7-7



(infi
Exercise /7. PWM niineon

4. Open the GPTAO properties
Click on GPTAO in the project window to open the GPTAO properties.
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5. Set up the GPTAO properties
On the Clock Generation page click CDU to open the Clock Distribution Unit properties.

& General Purpose Timer Array 0 (GPTAD) [‘S__(|
Kai " 7

Input Pins  Clock Generation l EIDI:uaITimer] Lu:n:aITimer] Cutput F'in&] Funn:tin:nn&] SHM ] F'arameter&] Hu:nte&]

Filter and Prezcaler Cell [FPC]

Frco | Fre | o2 | FrC3 | FrCa | FrC5 |

Phaze Dizcrmination Logic Cell [POL]

FOL O | FDL 1 |

Dty Cycle Measurerment and Limit Checking Cell [DCR)

DCM 0 | DCM 1 | DCM 2 | DCH 3 |

Digital Phaze Locked Loop Cell [PLL]

FLL

Clock Digtribution Uit [COU

......................................
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Exercise 7: PWM

On the Clock Bus 7-6 page

maximum input frequency of the local timer cells is fgp1a/2-

@& Configure Clock Distribution Unit (CDU)
Kai "7

Clack Bus 76 | Clock Bus 54 | Clock Bus 3:2 | Clock Bus 10

Clock Buz Signal ¥ [DFADT)

[ Clock coming frorm FPC4 [= 75,0000 MHz]
o Divided GPTAD clock,

MU CE I GPTAD clock / 271 [= 37,500 MHz; 0.0267 pi) |
Clock Bus Signal & [DFADE]

o Clock coming from FPCT [= 750000 MHz]

¢ Divided GPTAD clock

The Clock Distribution Unit is completely configured. Click the Close icon [#

Configure Clock Distribution Unit (CDU) dialog.
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H At Clock Bus Signal 7 (DFAO07) select Divided GPTAO clock and choose the Divide factor GPTAO clock / 2”~1. The

on the dialog toolbar to close the
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6. Set up the GPTAO properties. Local Timer
On the Local Timer page click LTCO to open the Local Timer Cell O properties.

@ General Purpose Timer Array 0 (GPTAD) r‘s_<|

™ &3 - 7

[riput F'ins] Clock, Generatinn] Global Timer Local Timer l Cutpuat F'ins] Funn:tin:nns] SHM ] F'arameters] Nu:ntes]

Local Tirer Cell [LTC)

LTCO LTCA LTC Z LTC 3 LTC 4 LTC & LTC & LTC ¥

........................

LTL§E LTCH LTC 10 LTC 1 LTC 12 LTC 13 LTC 14 LTC 15

LTC 16 LTC 17 LTC 18 LTC 13 LTC 20 LTC 21 LTC 22 LTC 23

LTC 24 LTC 25 LTC 26 LTC 27 LTC 28 LTC 24 LTC 20 LTC A

LTC 32 LTC 33 LTC 34 LTC 35 LTC 36 LTC 37 LTC 35 LTC 39

LTC 40 LTC #1 LTC 42 LTC 43 LTC 44 LTC 45 LTC 46 LTC 47

LTC 45 LTC 43 LTC 50 LTC 51 LTC 52 LTC 53 LTC 54 LTC 55

LTC 56 LTC &7 LTC 58 LTC 53 LTC EO LTC &1 LTC B2 LTC B3
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Exercise 7: PWM

On the LTCO page configure the cell as reset timer:

B Choose Enable LTCO cell after initialization (CEN),
Bl Select Timer with reset from adjacent LTC with higher order number. When the timer value in LTCO matches the

compare value stored in LTC1, the Event Out signal from LTC1 is activated and passed upstream to LTCO as the Event In

signal which then resets the timer to the value of FFFFy..
B Check Connect the input line to LTCO (LIMENO). The cell will be connected to the clock bus line 7 which we config-

ured in step 5.

B Check Enable rising edge of selected input signal (RED).

& Local Timer Cell 0 (LTCO)

™ &ta - ?

FLTCO l Data lnput ] Output Selection ]

LTCO Enable Cantral

tultiplexer Connechion

LTCO Mode Selection (MOLD)

(" Capture last timer [= hone)
(" Compare with last timer [= none]

{" Free running tmer
L%igher arder nurmbier

LTCO Register

LTCO Output Control Mode [OCH]

Tirner with rezet from adjacent LTC with

LTCO register value ] |I:I:-:I:IEIEIEI

|Ena|:||e LTCO cell after intialization [CEMN] j v Connect the input line ta LTCO [LIMEMO]

[nput Line Mode [ILA)

i |nput line is operating in edge sensitive mode

[ |hput line is operating in level sensitive maode
LTCO Mode Contral

v Enable rising edge of selected input signal [RED)]

| Enable faling edge of selected input signal [FED]
Coherent Update Enable / One Shot Mode Enable

| Toggle the logic state of the So output by an Ei event
| Enable 'One Shat Maode' (OS]

Select Qutput Line Control

|H|:|I|:| the LT CO output by an local event only j St shate of select

line output to 1[S00

| Force the selected action after intialization [014)

=)
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On the Data Input page of LTCO and select the internal input Clock?7 as data input line for LTCO.

@ Local Timer Cell 0 (LTCO) E|
Eai i
LTeo { Batainput | output Selection |
Drata input line zelection for LTCO [LIMGO and LIKLO)
Fort [nput's: GTC Input's: [rternal lnput's:
{7 Usze GPTAD INO [= none] T Use output of GTCO (" CLOCED
{7 Usze GPTAD INT [= none] [ Use output of GTCT (" CLOCK1
{7 Usze GPTAD IN2 [= none] [ Use output of GTC2 (" CLOCEZ
{7 Usze GPTAD IN3 [= none] [ Use output of GTC3 (" CLOCEZR
{7 Uze GPTAD IN4 [= none] " Usze output of GTC4 (" CLOCEA
{7 Uze GPTAD NG [= none] " Usze output of GTCS (" CLOCES
{7 Uze GPTAD_ING [= nane) T Usze output of GTCE (" CLOCEE
{7 Uze GPTAD IN7 [= none] T Usze output of GTC? (« CLOCEY
{7 Uze GPTAD IN32 [= none] Hote: JL-.E“'
O Uze GPTAD_INZ3 [= none] CLOCEY = GPTAD clack / 271 [= 37.500 MHz: 0.02E7 psz)
{7 Uze GPTAD IN34 [= none] (" PDLT fonward signal
{7 Uze GPTAD IN35 [= none] (" PDL1 backward signal
{7 Use GPTAD_INZE [= none] {7 CAMN_INT_0O15
(" Uze GPTAD_INS? [= none] " SCU_1ouUT
(" Uze GPTAD_IN3S [= none] O SCU_ouT2
™ Use GPTAD_IN3D [= none) ¢ SCU_IOUT3

The LTCO is completely configured as reset timer running at fgpta/2 = 37.5MHz. Click the Close icon [# on the dialog tool-
bar to close the Local Timer Cell 0 (LTCO) dialog.
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Exercise 7: PWM

Click LTC1 on the Local Timer page. On the LTC1 page configure the cell to compare mode:

B Choose Enable LTC1 cell after initialization (CEN),

H Select Compare with last timer (=LTCO),

B Check Enable low level of 'Select Line input' Si (SOL) and Enable high level of 'Select Line input' Si (SOH) to
enable Compare mode in all cases,

H Set the LTC1 register value (X) to the period value. Since the timer LTCO resets to -1 (FFFF) and then counts
through 0 up to (and including) the compare value, the compare value used to generate a periodic interval is somewhat
different than what might be expected. To generate a periodic interval of P clocks, the compare value must be set to (P-
2). To get a symmetric PWM P must be even. P = 37.5MHz/20KHz = 1875. The period P will be choosen as the next
higher even value 1876. The register is set to 1874 = 752,,. Enter 0x0752 in the text field and type Return.

@ Local Timer Cell 1 (LTC1)

™ &3 - 7

LTC1 Enable Contral tultiplexer Connechion
Enable LTC1 cell after initislization (CEM) = | | [

LTC1 Mode Selection [MOD] [rput Line kode [ILA)
(" Capture |last timer [= LTCO) -
~

¢ Compare with last timer [= LTCO)
LTCT Maode Caontrol

Timer with reset from adjacent LTC with v Enable low level of 'Select Ling input' Si [SOL]
O ¥ Enable high level of 'Select Ling input' Si [SOH]

(" Free running tmer

LTC1 Register Coherent Llpdate Enable / One Shot Mode Enable

-
LTCT reqizter value [ |IZI:-:EI.'-"52 %

| Enable 'One Shat Made' (OS]
The LTC1 is completely configured. Click the Close icon [# on the dialog toolbar to close the LTC1 dialog.
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Exercise 7: PWM

Click LTC2 on the Local Timer page. On the LTC2 page and configure the cell to compare mode:

B Choose Enable LTC2 cell after initialization (CEN),

H Select Compare with last timer (=LTCO),
B Check Enable low level of 'Select Line input' Si (SOL) and Enable high level of 'Select Line input' Si (SOH) to

enable Compare mode in all cases,
B Set the LTC2 register value to the mid period value -1+1876/2 = 937 = 3A9,. Enter 0OXx03A9 in the text field and type

Return.

@ Local Timer Cell 2 (LTC2)

™ &3 - 7

LTCZ Enable Contral tultiplexer Connechion

Enable LTC2 cell after initislization (CEM) w| | [

LTCZ Mode Selection [MOD] [rput Line kode [ILA)
(" Capture |last timer [= LTCO) -
~

¢ Compare with last timer [= LTCO)
LTCZ Maode Control

v Enable low level of 'Select Line input’ Si[SOL)

(" Free running tmer

T_imer with reset from adjacent LTC with
O ¥ Enable high level of 'Select Ling input' Si [SOH]

LTCZ Reqgister Coherent Llpdate Enable / One Shot Mode Enable
[

| Enable 'One Shat Made' (OS]

LTCZ reqgizter value [] |IZI:-:EIE'..-5'-.H %

The LTC2 is completely configured. Click the Close icon [ on the dialog toolbar to close the LTC2 dialog.
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Exercise 7: PWM

To configure the phase U using LTC3/LTC4 and LTC5/LTC6 click LTC3 on the Local Timer page.

On the LTC3 page configure the cell

to compare mode:

B Choose Enable LTC3 cell after initialization (CEN),
B Select Compare with last timer (=LTCO),
B Check Enable low level of 'Select Line input’ Si (SOL) and Enable high level of 'Select Line input’ Si (SOH) to

enable Compare mode in all cases,

=)

neon

B Choose Set the LTC3 output by an local event only as the Output Control Mode to set the output to high on a

compare match. The LTC3 register value will be calculated in the mid period interrupt routine.

& Local Timer Cell 3 [LTC3)

® &L - ¥

LTC3 Enable Caontral
Enable LTC3 cell after initialization [CEM) |

LTC3 Mode Selection [MOD]

" Capture last timer [= LTCO)
(+ Compare with last tmer [= LTCO]

(" Free running bmer

Timer with rezet from adjacent LTC with
higher order nurmber

LTC3 Reqizter

LTC3 register value [] |EI:-:EIEIEIEI

LTC3 Output Contral Mode [QCH)

M ultiplexer Connection

-

[rput Line Mode [IL)
[+

~

LTC3 Mode Cortrol
v Enable low level of 'Select Line input’ Si[SOL)

v Enable high level of 'Select Line input’ S5i [S0H]

Coherent Update Enable # One Shot Mode Enable
[

| Enable 'One Shot Mode' [O5HM)]

Bypazs Control

|Set the LTC3 output by an local event anly

| Force the selected action after intiahization [014)

The LTC3 is completely configured. Click the Close icon @| on the dialog toolbar to close the LTC3 dialog.
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Open the LTC4 to LTC6 and configure them also in compare mode
B LTC4: Choose Reset the LTC4 output by an local event or copy the previous cell action to set the output to pas-
sive on a compare match.

LTC4 Output Control Mode [OCHM] Bypazz Control

Enable bypazz

|Fleset the LTC4 output by an local event or copy the previous cell action %j
functionality [BF)

[ Force the zelected achion after initialization [014)

To configure the low side of phase U using LTC5/LTC6 configure the Output Control Mode:
B LTC5: Choose Reset the LTC5 output by an local event to set the output to low on a compare match,

LTCS Output Control bMode [OCk) Bypazs Contral
|Fhaset the LTCS output by an lozal event anly j
—
| Force the selected action after initialization [E[ﬁ'l]

B LTC6: Choose Set the LTC6 output by an local event or copy the previous cell action to set the output to high on
a compare match.

LTCE Output Contral Mode [OCH) Bypazs Control

Enable bypazz

|SEt the LTCE output by an local event ar copy the previous cell action ﬂ
% funchionality [BY'F)

| Force the selected action after initialization [014)

The high side and the low side of phase U are configured. Close the LTC3 to LTC6 dialogs.
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Exercise 7: PWM

For phase V open cell LTC7 to LTC10 and configure them also in compare mode:

B LTC7: Choose Set the LTC7 output by an local event,

LTCY Output Control Mode [OCH)

|SEt the LTCY output by an local event anly j
[%lﬁ]

| Farce the zelected action after initialization

Bypaszs Control

-

LTCE Output Control Mode [OCH)

|F|eset the LTC8 output by an local event or copy the previous cell action %j

| Force the selected action after intialization [014)

B LTC8: Choose Reset the LTCS8 output by an local event or copy the previous cell action,

Bypazz Control

Enable bypazz
functionality [BF)

LTCS Output Control Mode [OCK)

|F|eset the LTC3 output by an local event anly j

| Force the zelected action after initialization [Dl.ﬂ%

B LTC9: Choose Reset the LTC9 output by an local event

Bypazz Control

-

LTCT0 Output Control Mode [OCK)

|SEt the LTCT0 output by an local event or copy the previous cell action ﬂ

| Force the selected action after initialization [014)

B LTC10: Choose Set the LTC10 output by an local event or copy the previous cell action.

Bypazs Control

Enable bypazs
functionality [BYF)

Release 04/2007

Copyright © Infineon Technologies 2007. All rights reserved.
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The high side (LTC7/LTC8) and the low side (LTC9/LTC10) of phase V are configured. Close the LTC7 to LTC10 dialogs.
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For phase W open cell LTC11 to LTC14 and configure them also in compare mode:

B LTC11: Choose Set the LTC11 output by an local event,

LTC11 Output Control Mode [OCk) Bypazz Control

|SEt the LTC11 autput by an local event only j
-

| Force the selected action after intialization [014)

B LTC12: Choose Reset the LTC12 output by an local event or copy the previous cell action,

LTC12 Output Contral Mode [OCK] Bypaszs Control

|Heset the LTCTZ output by an local event or copy the previous cell action j Enable bypass

functionality [BYF
[ Force the zelected action after initialization [014) unctionality [BF)

B LTC13: Choose Reset the LTC13 output by an local event,

LTC13 Output Contral Mode [OCK] Bypaszs Control

|Heset the LTCT3 output by an local event only j
-

| Force the selected action after initialization [014)

B LTC14: Choose Set the LTC14 output by an local event or copy the previous cell action.

LTC14 Output Control Mode [OCK)

|SEt the LTC14 autput by an local event or copy the previous cell action

| Force the selected action after intialization [014)

%ﬂ

Bypazz Control

Enable bypazz
functionality [BF)

The high side (LTC11/LTC12) and the low side (LTC13/LTC10) of phase W are configured. Close the LTC11 to LTC14 dia-

logs.

To connect the data out of the cells to the port the Output Pins has to be configured.

Release 04/2007

Copyright © Infineon Technologies 2007. All rights reserved.
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On the Output Pins page open the OUTO, OUT1, OUTS8, OUT9, OUT10, OUT11 properties.

@ General Purpose Timer Array 0 (GPTAD)

™ &3 - 7

Configure GPTAD Input Finz
I:ILIThEI [= none) OUTT [= none) OUTZ [= none) QUT3 [= none| OUT4 [= none)
EILHJ@[= nione) OUTE [= hone| QUTY [= none) QUTE [= none) OUTa [= none|
OUTT0 [= none) OUT11 [= none) OUTTZ [= none) OUT13 [= none) OUT14 [= none)
OUT15 [= none] OUT1E [= none] OUTIY [= none) OUT18 [= none] OUT13 [= none|
OUT20 [= none) OUTZ21 [= none) OUTZZ [= none) OUT 23 [= none) OUT24 [= none)
OUT 25 [= none) OUT 26 [= none) OUTZY [= none) OUT 28 [= none) OUT 29 [= none)
OUT 30 [= none) OUT31 [= none) OUT3Z [= none) OUT 33 [= none) OUT 34 [= none)
OUT 35 [= none) OUT 36 [= none) OUT3? [= none) OUT 38 [= none) OUT 39 [= none)
OUT 40 [= none) OUTH [= none) OUT4Z [= none) OUT 43 [= none) OUT 44 [= none)
OUT 45 [= none) OUT 46 [= none) OUT4Y [= none) OUT 48 [= none) OUT 49 [= none)
OUTED [= none] auTE [= none| OUTEZ [= none) OUTEZ [= none] OUTHS [= none]
OUTES [= none)

Configure the OUTO pin to P2.8:

GPTAD_OUTO Pin Selection
(" Mo pin as GPTAD_OUTO zelected
(¢ Usze pin P2 8 as GPTAD output signal 0 [GPTAD OUTO)

[ PR =l Y| B oy Y R S FPrivctoome bd — =

Release 04/2007 Copyright © Infineon Technologies 2007. All rights reserved.
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Exercise 7: PWM

Configure the OUT1 pin to P2.9:

GPTAD_OUTT Pin Selection
(" Mo pin as GPTAD_OUTT zelected
(¢ Usze pin P29 as GPTAD output signal 1 [GPTAD OUTT)

M
Configure the OUT8 pin to P3.0:

GPTAD _OUTE Pin Selection
(" Mo pin as GPTAD_OUTS zelected

(¢ Usze pin P3.0 as GPTAD output signal 8 [GPTAD OUTS)
[
Configure the OUT9 pin to P3.1:

GPTAD_OUTA Pin Selechion
(" Mo pinas GPTAD_OUTY zelected
(¢ Usze pin P3.1 as GPTAD output signal 9 [GPTAD_OUTY)

Configure the OUT10 pin to P3.2:

GPTAD_OUTT0 Pin Selection
(" MNopinas GPTAD_ OUT10 selected
(¢ Usze pin P3.2 as GPTAD output signal 10 [GPTAD_OUT10)
[

Configure the OUT11 pin to P3.3:

GPTAD_OUTTT Pin Selection
(" Mo pinas GPTAD_ OUT11 selected
T“;UEE pin F3.3 az GPTAD output signal 11 [GPTAD_OUT11)
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Close the 6 Configure Alternate Pin Functions dialogs.
The Output Pins page displays the complete configuration of the output pins.

& General Purpose Timer Array 0 (GPTAD) E|
Eai | ?
Input Pl ] Clack Generation ] Global Tirner ] Local Tirmer DUtPUtPIHEI Functions ] 5RHM ] Farameters ] Motes ]
Configure GPTAD Input Pinz
OuTO [= PZ.8] ouTt [=P2.9] OUT2 [= none) OUT3 [= none) OuUT4 [= none
I:IUTE[:l’&nne] OUTE [= none] OUT? [= hone) auTa (= P30 ouTa[=P31]
ouT10=P32] ouT1t [=P33) OUTI2 [= none) OUT13 [= none) OuUT14 [= none)
OUTT5 [= none) OUT1E [= none) OUTTY [= none) OUTT18 [= none) OUT19 [= none)
OUT 20 [= none) OUTZ1 [= none) OUTZ2Z [= none) OUT 23 [= none) OUT 24 [= none)
OUT 25 [= none) OUT2E [= none) OUTZY [= none) OUT 28 [= none) OUT 29 [= none)
OUT 30 [= none) OUT 31 [= none) OUT 32 [= none) OUT 33 [= none) OUT 34 [= none)
OUT35 [= none] OUT36 [= none] OUTEY [= none) OUT38 [= none] OUT39 [= none]
OUT 40 [= none) OUTH [= none) OUT 42 [= none) OUT 43 [= none) OUT 44 [= none)
OUT45 [= none] OUTAE [= none] OUTAY [= none) OUTA48 [= none] OUTA43 [= none]
OUTHO [= none) OUTET [= none) OUTEZ [= none) OUTHZ [= none) OUTHY [= none)
OUTES [= none)

Release 04/2007

Copyright © Infineon Technologies 2007. All rights reserved.

Select the Local Timer page again and click LTC4, LTC6, LTCS, LTC10, LTC12, LTC14.

Page 7-22



\

. Infineon
Exercise 7: PWM

On the Output Selection page of each dialog
B Check Connect output to GPTA_OUTO (=2.8) on dialog Local Timer Cell 4 for the high side of phase U.

& Local Timer Cell 4 (LTC4) Ed
Kai i
LTC4 ] Data lnput  Output Selection l
Output Pin Selection tSC Dutput Selection
W Connect output bo GPTAD OUTO[= P2 8f [ Connect ouput to OUTE4 [MSCO_ALTING.S)
onnect output to GRPTAD_OUTT [= P2.9] | Connect ouput to OUTES [MSCO_ALTING.9)
| Connect output ta GPTAD_OUT 2 [= nane] | Connect ouput to OUTEE [MSCO_ALTING. 0]
| Connect output to GPTAD_OUT 3 [= nane] | Connect ouput to OUTE? [MSCO_ALTING.11]
| Connect output to GPTAD OUT 4 [= none] | Connect ouput to OUTES [MSCO_ALTING12]
| Connect output ta GPTAD_OUTS [= nane) | Connect ouput to OUTES [MSCO_ALTING.13)

B Check Connect output to GPTA_OUT1 (=2.9) on dialog Local Timer Cell 6 for the low side of phase U.

@ Local Timer Cell 6 (LTC#)

Eai i

LTCE ] Data Input  Output Selection l
Output Pin Selection FSC Dutput Selection
[ | Connect ouput to OUTE4 [MSCO_ALTIMNG.B)
I&Ei':':'{.-'-'r'{Hé'E:'E'E-Ii'iiii[iic"ic'&-"ij'if"T'ié;'lj:EiU'T'T"['!"ﬁi'éi [ Connect ouput to OUTES [MSCO_ALTING.9)

Connect output to GPTAD_OUTZ [= none) | Connect ouput to OUTEE [MSCO_ALTING.10]

| Connect output ta GPTAD_OUT 3 [= nane) | Connect ouput to OUTEF [MSCO_ALTING.11]
| Connect output to GPTAD_OUT 4 (= none] | Connect ouput to OUTES [MSCO_ALTING.12)
| Connect output to GPTAD OUTS [= none] | Connect ouput to OUTES [MSCO_ALTING.13]

Close the Local Timer Cell 4 (LTC4) and Local Timer Cell 6 (LTC6) dialogs.
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B Check Connect output to GPTA_OUTS8 (=3.0) on dialog Local Timer Cell 8 for the high side of phase V.

@ Local Timer Cell B (LTCB) El
ai | 9
LTI:E] Data lnput Output Selection l

tSC Dutput Selection

| Connect ouput to OUT72 [MSCO_ALTINT.O)
| Connect ouput bo OUT73 [MSCO_ALTINT. )

Output Pin Selection

Connect output bo GPTAD_OUTS (= P3.1)

| Connect output ta GPTAD_OUT10[=P3.2)
| Connect output to GPTAD_ OUTT1 [=P3.3)
| Connect output to GPTAD OUT12 [= none)
| Connect output ta GPTAD_OUT13 [= none)

| Connect ouput to OUT74 [MSCO_ALTING.2)
| Connect ouput to OUT7S [MSCO_ALTING.3)
| Connect ouput bo OUT7E [MSCO_ALTINT . 4
| Connect ouput to OUTFF [MSCO_ALTINT.G)

B Check Connect output to GPTA_OUT9 (=3.1) on dialog Local Timer Cell 10 for the low side of phase V.

@ Local Timer Cell 10 {(LTC10)
[ "7

LTC10| Datalnput  Output Selection |

Output Pin Selection FSC Dutput Selection

[ | Connect ouput to OUT72 [MSCO_ALTINT.O)

................................................................................................... ~ Connect auput to OLIT73 (MSCO_ALTINT 1)
| Connect ouput to OUT74 [MSCO_ALTING.2)
| Connect ouput to OUT7S [MSCO_ALTINT.3)
| Connect output to GPTAD OUT12 [= none) | Connect ouput to OUTFE [MSCO_ALTINT. 4
| Connect output to GPTAD OUT13 [= none) | Connect ouput to OUTFF [MSCO_ALTINT.G)

Close the Local Timer Cell 8 (LTC8) and Local Timer Cell 10 (LTC10) dialogs.

Connect output to GPTAD_OUTI0[=F3.2)
| Connect output ta GPTAD_OUT11 [=P3.3)
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B Check Connect output to GPTA_OUT10 (=3.2) on dialog Local Timer Cell 12 for the high side of phase W.

@ Local Timer Cell 12 (LTC12)
[ P

LTC12 | Datalnput  Output Selection |

Output Pin Selection tSC Dutput Selection

-
-

Connect output bo GPTAD_OUTI1 [=F3.3]
| Connect output to GPTAD OUT12 [= none)
| Connect output ta GPTAD_OUT13 [= none)

| Connect ouput to OUT72 [MSCO_ALTINT.O)
| Connect ouput bo OUT73 [MSCO_ALTINT. )
| Connect ouput to OUT74 [MSCO_ALTING.2)
| Connect ouput to OUT7S [MSCO_ALTING.3)
| Connect ouput bo OUT7E [MSCO_ALTINT . 4
| Connect ouput to OUTFF [MSCO_ALTINT.G)

B Check Connect output to GPTA_OUT11 (=3.3) on dialog Local Timer Cell 14 for the low side of phase W.

@ Local Timer Cell 14 (LTC14)
[ "7

LTC14 | Datalnput  Output Selection |

Release 04/2007

Output Pin Selection

-
-
-

Connect output bo GPTAD_OUT12 [= none]
| Connect output to GPTAD OUT13 [= none)

FSC Dutput Selection

| Connect ouput to OUT72 [MSCO_ALTINT.O)
| Connect ouput to OUT73 [MSCO_ALTINT.T)
| Connect ouput to OUT74 [MSCO_ALTING.2)
| Connect ouput to OUT7S [MSCO_ALTINT.3)
| Connect ouput to OUTFE [MSCO_ALTINT. 4
| Connect ouput to OUTFF [MSCO_ALTINT.G)

Close the Local Timer Cell 12 (LTC12) and Local Timer Cell 14 (LTC14) dialogs.

Copyright © Infineon Technologies 2007. All rights reserved.
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7. Set up the GPTAO properties. Service Request Node.

LTC1 and LTC2 are configured in period and mid period compare mode. To generate an interrupt on a compare match, the
appropriate Service Request Node (SRN) has to be configured.

On the SRN page click Service Request Node 22-23 (LTCO-7).

& General Purpose Timer Array 0 (GPTAD) E|
Eai i
[FpLat F'ins] Clock, Generatinn] EI:::I::aITimer] Lu:n::aITimer] Clutpat F'ins] Functions SRM ]F‘arameters] Hu:ntes]

Service Aequest Hodes

Service Request Mode O -1 [DCMO - 1]

Service Request Mode 2 - 3 [DCMZ - 3)

Service Request Mode 4 [PLL)

Semrvice Request Mode & [GTO - 1]

Service Hequest Node B - 3 [GTCO - 7)

Service Aequest Node 10 - 13 [GTCA - 15]

Service Hequest Node 14 - 17 [GTCTE - 23)

Service Request Mode 18- 21 [GTC24 - 31

......................................................................................................................

...................................................................................................................

Service Request NuI:u:Ie 22-Z23[LTCO - 7]

Service Request Mode 24 - 25 [LTCS - 18]

Hg

Service Aequest Node 26 - 27 [LTC1E - 23]

Service Hequest Mode 23 - 29 [LTC24 - 31]

Service Aequest Mode 30 - 31 [LTC32 - 39)

Service Hequest Mode 22 - 33 [LTC40 - 47)

Service Request Node 234 - 35 [LTC43 - Bh)

Service Hequest Mode 36 - 37 [LTCRE - B3]

Release 04/2007
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On the SRNs page enable the interrupt generation on the period and on the mid period compare match.
B Check Enable service request on LTC1 event (=compare with last timer),

B Check Enable service request on LTC2 event (=compare with last timer),

B Check Enable service request node 22 (SRE22).

@ Service Request Node 22 - 23 E|
Eai i
SHHEI [Ftermipts ] Functions ]
GPTAD Service Request Mode 22 Trgger Contral GPTAD Service Request Mode 23 Trgger Contral
B Enable zervice request on LTCO event - Enable zervice request on LTCS event
[= tirmer with reset] [= compare with [azt timer]
Enable zervice request on LTCT event Enable zervice request on LTCS event
[= compare with lagt timer) [= cormpare with lagt timer)
v Enable zervice request on LTCZ event - Enable zervice request on LTCE event
[= compare with [azt timer] [= compare with [azt timer]
- Enable zervice request on LTC3 event - Enable zervice request on LTCY event
[= compare with lagt timer) [= cormpare with lagt timer)
[ [
GPTAD Service Request Mode 22 Enable Contral GPTAD Service Request Mode &3 Enable Contral
v Enable service request node 22 [SREZ2Z] [

s
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On the Interrupts page and drag GPTAO SRN 22 from Level 0 to the CPU Interrupt level 3.

@ Service Request Node 22 - 23 El
Ea | 9

SRNs Intemupts | Functions |

CPU Interrupt [max. 255) |PEPIrﬂenupthnaa255] - Lewvel O [hon intermupting]

Level 15
Level 14
Level 13
Level 12
Lewel 11
Level 10
Lewvel 9
Lewvel B
Lewel ¥
Level B
Leveld |5TM SRAMO
Lewvel 4
Level 3 FGPTADSHM 22
Lewvel 2 %EE
Lewel 1

-

Mate: To change the level and the group of an interrupt zource, click onit, drag it to it new position and drop it
To et an interrupt source to the non interrupting lesel [Level O) click onit, drag it ta the 'Lewvel 0 ligt and drop it

Close the Service Request Node 22-23 dialog.
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On the Functions page

B Check the GPTAO vInit function.

& General Purpose Timer Array 0 (GPTAD)

™ &ta - ?

[rutialization Funchion

Source File

W GPTAD winit

Funchion Library [Part 1]

File name

GPTale

Funchion Librany [Part £)

\

ineon

The GPTA is completely configured to generate a complementary 3-phase PWM signal. Click the Close icon @ on the dia-

log toolbar to close the General Purpose Timer Array 0 (GPTAO) dialog.

Release 04/2007
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8. Modify the STM properties.

Open the System timer properties and select the CMPO page
B Change the Start Bit Location of CMPO to 20

& System Timer [STM)

® &L - ¥

Start Bit Location of CkPO

Loweszt bit number [0 ta 24) of STM which 1z compared with the content of register
CRPO kit 0 [MSTART) |2”%

Murnber of bitz [1 to 32] in regizter CMPO [ztarting frorm 0], which are used for the Ii
compare operation with ST [MSIZED) 1

Compare Register Size of CMPO

Compare Register 0

Required compare Real compare walue
value [CMPD) 000000001 (dependent of MSIZED) 000000007

The system timer interrupt is used to update the PWM values.

9. Generate the application framework

x]

-~
(Infineon

Click on the Generate Code icon ﬂ on the application toolbar to start the code generation process. Save and close the

DAVE project.

10. Add a new project to the Tasking Workspace

Open the Tasking EDE. Choose File > Configure Project Space... > Add new project and add a new project

c:\infineon\pwm\pwm.pJjt.

Release 04/2007 Copyright © Infineon Technologies 2007. All rights reserved.
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11. Add the application framework
In the Project Properties dialog click the Scan icon [[#]. A dialog appears. In the Pattern field, enter *.c; *.h. This will
select all generated files of the application framework. Select the project directory and click OK.

12. Set current project

Use the context menu in the workspace window to make the pwm project the current project.

13. Load the project options

Choose Project > Load Options. In the Filename field enter c:\infineon\tcl1796 intmem.opt.

14. Build the application
Click the Build icon on the Build toolbar. The Build process finishes successfully.

15. Add the user code

Add the following code to cpPTA0.c. Include the standard math library at (GPTAO_General,2).

// USER CODE BEGIN (GPTAO General,Z2)
#include <math.h>

// USER

CODE END

Define the following constants at (GPTAO_General,4).

// USER
#define
#define
#define

#define
#define

// USER

CODE BEGIN (GPTAO General,b4)

LTC_FREQ
PWM_FREQ
DEADTIME

DEADTIME CNTS

37500000 // = 37.5MHz
20000 // = 20.0kHz
1E-6 // = 1lus

((short) (LTC FREQ * DEADTIME))

PWM_ PERIOD CENTER CNTS ((short) ((LTC FREQ / PWM FREQ) / 2)) // same as GPTAO LTCXR0Z2

CODE END

Release 04/2007
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Declare the following global variables at (GPTAO_General,7). For the sinus a look up table is used to save time. Three cir-
cular buffers pointers are used to step through the elements of the array. Incrementing a circular buffer pointer that points
to the last element results in a pointer to the first element.

// USER CODE BEGIN (GPTAO General,?7)

#define SINE STEPS 360

short  near  circ duty[SINE STEPS]; // duty lookup table in a circular buffer
short _ near _ circ *dutyU, *dutyV, *dutyW;

const float pi = 3.14159;

// USER CODE END

In the GPTA vInit function disable the interrupt for LTC1 and LTC2 at (Init, 3). The PWM will be started by the first STM
interrupt.

// USER CODE BEGIN (Init,3)

GPTAO LTCCTRO1l REN = 0; // disable period interrupt
GPTAO LTCCTRO02 REN = 0; // disable mid period interrupt
// USER CODE END

Fill the duty lookup table and initialize the circular buffer pointer at (Init, 4)

// USER CODE BEGIN (Init,4)
for (int 1=0;i<SINE STEPS;i++)

duty[i] = (PWM PERIOD CENTER CNTS + 1) * 0.5*%*(sinf(i * 2*pi/SINE STEPS) + 1);
dutyU = &duty[0]; // set to sin(0°)
dutyV = &duty[SINE STEPS/3]; // set to sin(120°)
dutyW = &duty[-SINE STEPS/3]1; // set to sin(240°)

// USER CODE END
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Configure the period and mid period interrupts at GPTA0 visRN22 in file GPTA.c. Add the code for the period and mid
period interrupt at (SRN22, 2). At zero percent duty the low side must be set to active, i.e. ty, | should be ignored. This is
done by setting t,, | to -2 (=FFFEL), a value that is never reached.

// USER CODE BEGIN (SRN22,2)

unsigned int n;

if (GPTAO LTCCTRO1 REN)

{
GPTAO LTCCTRO1 REN = 0; // disable period interrupt
STM ICR CMPOEN = 1; // enable the stm interrupt

// update duty U

n = PWM PERIOD CENTER CNTS + *dutyU;
GPTAO0 LTCXR04 = n;

GPTAO_LTCXRO6 = n + DEADTIME CNTS;
//update duty V

n = PWM PERIOD CENTER CNTS + *dutyV;
GPTAO_LTCXRO8 = ny;

GPTAO_LTCXRIO = n + DEADTIME CNTS;
//update duty W

n = PWM PERIOD CENTER CNTS + *dutyW;
GPTAO_LTCXR]_Z = n;

GPTAO_LTCXR14 = n + DEADTIME CNTS;
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else

{
GPTAO LTCCTRO2 REN = 0;
GPTAO LTCCTRO1l REN = 1;

// update duty U

n = PWM PERIOD CENTER CNTS - *dutyU;

GPTAO_LTCXRO3 = ny;

GPTAO LTCXR05 = (n == PWM PERIOD CENTER CNTS)
((n < DEADTIME_CNTS)

// update duty V

n = PWM PERIOD CENTER CNTS - *dutyV;

GPTAO LTCXR07 = nj;

GPTAO_LTCXRO9 = (n == PWM_PERIOD_CENTER_CNTS)
((n < DEADTIME_CNTS)

// update duty W

n = PWM PERIOD CENTER CNTS -

GPTAO_LTCXRll = n;

GPTAO_LTCXR13 = (n == PWM_PERIOD_CENTER_CNTS)
((n < DEADTIME_CNTS)

*dutyW;

}
// USER CODE END

Release 04/2007

// disable mid period interrupt
// enable period interrupt

Oxfffe
Oxffff

Oxfffe
Oxffff

Oxfffe
Oxffff

n - DEADTIME CNTS) ;

n - DEADTIME CNTS) ;

n - DEADTIME CNTS) ;
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Enable the mid period interrupt in file MAIN. c before the forever loop at (Main,9):

// USER CODE BEGIN (Main,9)
STM_ICR CMPOEN = 1; // enable the stm interrupt

for(;;) // forever

// USER CODE END
In file STM.c define the *dutyuU, *dutyVv, *dutyW as extern and add to function sTM visSRNO (SRNO,3):

// USER CODE BEGIN (SRNO,3)

STM ICR CMPOEN = O; // disable the stm interrupt

GPTAO LTCCTRO2 REN = 1; // enable mid period interrupt

dutyU++; dutyV++; dutyW++; // circular step through the sinus lookup table
// USER CODE END
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At 0% duty LTC3 and LTC4 have the same compare value and the output is following the action request of the higher cell
LTC4, e.g. the high side is set to passive. LTC5S is -2 and therefor ignored, so that the low side is set to active.

At 100% duty LTC5 has a compare value of -1 and is set immediately. LTC6 is larger than the period in LTC1, so that a
reset is never happen. I.e. The low side is set to passive.

LTC1 e .
= LT3
= LTC4
= LTCE
LTCE = LTC1 « LTCH
o "-..,q_\\\ ,/-_
100%duty 0% duty
LTiC2 B

LTCE = -2

0 45 = 135 1580 225 270 315 360
Angle
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16. Build the application
Click the Build icon on the Build toolbar. The Build process finishes successfully.

17. Debug the application
Click the Debug icon @ on the Build toolbar to open the CrossView Pro debugger.

18. Connect an Oscilloscope
Connect the pins P2.8, P2.9, P3.0, P3.1, P3.2, P3.3 to a logic analyzer. Connect P2.10 to the trigger input.
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19. Run the appli
Click the Run icon &

Cinfineon

PWM

cation
on the CrossView Pro toolbar and see the logic analyzer output.

The cursor is adjusted to measure the dead time.

k|
‘W aveforms l State Ligtl Nntegl =[O S W E B BT | 5k 3 ':'i'{ '&l 'Te:f.}. % | Buffer Position:
Sample A ate j| A0mMHz j | Sample Period j| 20n5 j | Fre-Trigger Buffer j| A% | M eazurement & Source jl 01 |-
A . I LA R _ 1 B I
. Wire -40u= -30us= -10u= +10u= +20us= +a0u= +400=
Slgnal |D 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 * 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
TRG Db
- PWM 1001106 b 1001106 g 000k o 1001106 L 100110k .
DO
D1
D2
D5

Kl

[

Prefil complete, W aiting for tigger. .

Acguizition: 104K, Samples: 264K, D1 Freq: 19.930Hz 03 Penod: G0us [nterval T-»C: B00ns 01 Transitions A-xB: 0
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Exercise 7: PWM L/
PWM with coherent update

The exercise above uses 2 interrupts to set-up the t,, and t,¢ values of the low and high side. This system setup might be
critical when a interrupt is delayed by more than half a period and the interrupt routine set the new values in the deadtime
period. Then only one side will be set to a new value and this might cause a short.

Therefor in systems with heavy interrupt load another configuration is needed. Instead of using shadow registers which
are not available within the LTC a second set of LTCs can be set-up and the reset timer switches by HW from on set to the
other. This is called coherent update (CUD). The exercise solutions contains a project pwm_cud which implements such a
solution. This solution uses twice as much LTCs for each PWM, so that for a complementary 3-phase PWM 26 cells are used

instead of 15.
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ompare Valuej
LTC1

-~
Infineon

Hred/tes

HHeg/bfe?
—
High Side < dead time < dead time
Low Side | |
i .
|
0 toﬂ“,L ton,H toff,H ton,L T me
Cell SOL |SOH | Output Control Mode Port
Reset Timer LTCO - Toggle select line (SL) by HW on reset, Interrupt on reset to -
set-up ton,H,toff,Hston,Lston, L
Compare Period LTC1 |1 1 - -
Compare High SideOn | LTC2 |1 0 Set output by a local event -
Compare High Side Off LTC3 |1 0 Reset output by a local event or copy the previous cell action -
Compare High SideOn |LTC4 |0 1 Set output by a local event or copy the previous cell action -
Compare High Side Off [LTC5 |0 1 Reset output by a local event or copy the previous cell action P2.8
Compare Low Side Off [LTC6 |1 0 Reset output by a local event -
Compare Low Side On |LTC7 |1 0 Set output by a local event or copy the previous cell action -
Compare Low Side Off |[LTC4 |0 1 Reset output by a local event or copy the previous cell action -
Compare Low SideOn |LTC5 |0 1 Set output by a local event or copy the previous cell action P3.0

Release 04/2007
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