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1 ZACwire™ Communication Protocol for the TSic™

ZACwire™ is a single wire bi-directional communication protocol. The bit encoding is similar to Manchester in
that clocking information is embedded into the signal (falling edges of the signal happen at regular periods).
This allows the protocol to be IargeALy insensitive to baud rate differences between the two ICs communicating.
In end-user applications, the TSic™ will be transmitting temperature information and another IC in the system
(most likely a pController) will be reading the temperature data over the ZACwire™.

1.1 Temperature Transmission Packet from a TSic"™

The TSic™ transmits 1-byte packets. These packets consist of a start bit, 8 data bits, and a parity bit. The
nominal baud rate is 8kHz (125usec bit window). The signal is normally high. When a transmission occurs,
the start bit occurs first followed by the data bits (MSB first, LSB last). The packet ends with an even parity bit.

ZACwire™ Transmission Packet
Start Bit

= H ﬂ Parity Bit Data Byte (Even)

MSB LSB

|:| Data Bit (Example: Bit 2)

Figure 1.1 — ZACwire™ Transmission Packet

The TSic™ provides temperature data with 11-bit resolution,’ which cannot be conveyed in a single packet. A
complete temperature transmission from the TSic™ consists of two packets. The first packet contains the
most significant 3 bits of temperature information, and the second packet contains the least significant 8 bits
of temperature information. There is a single bit window of high signal (stop bit) between the end of the first
transmission and the start of the second transmission.

2 DATA Byte Packet — 11-BitTemperature Output Start Bit

|

Data Byte Temperature High Data Byte Temperature Low

Parity Bit Data Byte

Data Bit (Example: Bit 2)

2 Stop Bit

.I:Iﬂn

Figure 1.2 — Full ZACwire™ Temperature Transmission from TSic™ (5 MSBs are Zero-Padded)

' Contact ZMD for possible customization for higher temperature resolution.
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1.2 Bit Encoding

. . . Bit Window
The bit format is duty cycle encoded: 125usec

(Nominal)
Start bit => 50% duty cycle used to set up strobe time Start Bit

Logic 1 l L
Logic0 => 25% duty cycle Logic 0
Stop Bit Stop " Bit : :
For the time of a half a bit width, the signal level is high. (High) _’—l—_

There is a half stop bit time between bytes in a packet.

Logic1 => 75% duty cycle

Figure 1.3 — Manchester Duty Cycle

An oscilloscope trace of a ZACwire ™ transmission demonstrates the bit encoding. The following shows a
single packet of 96Hex being transmitted. Because 96Hex is already even parity, the parity bit is zero.

M 2008 A 290V
1 10.00 %
—> <+
Tstrobe
Figure 1.4 — ZACwire™ Transmission
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1.3 How to Read a Packet

When the falling edge of the start bit occurs, measure the time until the rising edge of the start bit. This time
(Tstrobe) is the strobe time. When the next falling edge occurs, wait for a time period equal to Tstrobe, and
then sample the ZACwire™ signal. The data present on the signal at this time is the bit being transmitted.
Because every bit starts with a falling edge, the sampling window is reset with every bit transmission. This
means errors will not accrue for bits downstream from the start bit, as it would with a protocol such as RS232.
It is recommended, however, that the sampling rate of the ZACwire™ signal when acquiring the start bit be at
least 16x the nominal baud rate. Because the nominal baud rate is 8kHz, a minimum 128kHz sampling rate is
recommended when acquiring Tstrobe.

1.4 How to Read a Packet using a pController

It is best to connect the ZACwire™ signal to a pin on the uController that is capable of causing an interrupt on
a falling edge. When the falling edge of the start bit occurs, it causes the pController to branch to its ISR. The
ISR enters a counting loop incrementing a memory location (Tstrobe) until it sees a rise on the ZACwire™
signal. When Tstrobe has been acquired, the ISR can simply wait for the next 9 falling edges (8 for data, 1 for
parity). After each falling edge, it waits for Tstrobe to expire and then samples the next bit.

The ZACwire™ line is driven by a strong CMOS push/pull driver. The parity bit is intended for use when the
ZACwire™ is driving long (>2m) interconnects to the uController in a noisy environment. For systems in
environments without noise interference, the user can choose to have the uController ignore the parity bit.

Appendix A of this document gives an example of code for reading a TSic"™ ZACwire™ transmission using a
PIC16F627 uController.

1.4.1 How Often Does the TSic™ Transmit?

If the TS|cT'VI is being read via an ISR, how often is it interrupting the uController with data? The update rate of
the TSic™ is programmed to 10Hz (0.1ms response time). Servicing a temperature-read ISR requires about
2.7ms. Therefore the uController spends about 2.7% of its time reading the temperature transmissions.
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1.4.2 Solutions if a Real Time System Cannot Tolerate the TSic™ Interrupting the uController

Some real time systems cannot tolerate the TSic™ interrupting the pController. In this case, the uController
must initiate the temperature read. This can be accomplished by using another pin of the uController to
supply VDD to the TSic™. The TSic™ will transmit its first temperature reading approximately 65ms to 85ms
after power up. When it is time for the uController to read the temperature, it first powers the TSic™ using one
of its port pins. It will receive a temperature transmission approximately 65ms to 85ms later. If during that
time, a higher priority interrupt occurs, the uController can simply power down the TSic™ to ensure it will not
cause an interrupt or be in the middle of a transmission when the higher priority ISR finishes. This method of
powering the TSic™ has the additional benefit of acting like a power down mode and reducing the quiescent
current from a nominal 45pA to zero. The TSicTM is a mixed signal IC and provides best performance with a
low-noise VDD supply. Powering through a pController pin does subject it to the digital noise present on the
uController's power supply. Therefore it is best to use a simple RC filter when powering the TSic™ with a
pController port pin. See the diagram below.

220Q

This 1pControIIer powers

TSic™ with a port pin

through a simple RC filter. uController 0.1pF $ TSic™
ZACwire'™

Figure 1.5 — RC Filter for Powering TSic™ through the pController
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Appendix A: An Example of PIC1 Assembly Code for Reading the ZACwire™

In the following code example, it is assumed that the ZACwire™ pin is connected to the interrupt pin (PORTB,
0) of the PIC and that the interrupt is configured for falling edge interruption. This code should work for a PIC
running between 3-20MHz.

TEMP_HIGH

TEMP_LOW

LAST_LOC
TSTROBE

ORG

EQU
EQU

EQU
EQU
0X004

0xX24 ;; MEMORY LOCATION RESERVED FOR TEMP HIGH BYTE

0X25 ;; MEMORY LOCATION RESERVED FOR TEMP LOW BYTE

;; THIS BYTE MUST BE CONSECUTIVE FROM TEMP_HIGH

0X26 ;; THIS BYTE MUST BE CONSECUTIVE FROM TEMP_LOW

0X26 ;7 LOCATION TO STORE START BIT STROBE TIME.

;7 ISR LOCATION

rrrorrrrrr T LTI LI LI LTI LI LI r LI rrrrrrrrrrrrs

;; CODE TO SAVE ANY REQUIRED STATE AND TO DETERMINE THE SOURCE OF THE ISR ;;

;; GOES HERE.

WHEN THE SOURCE HAS BEEN DETERMINED, IF THE INTERRUPT WAS ;;

;; A ZAC WIRE TRANSMISSION THEN BRANCH TO ZAC_TX i

rrrorrrrrr o r LTI I LI LI r LTI LI LI LI r LI r o rrrrrrs

ZAC_TX:

GET_TLOW:

STRB:

BIT_LOOP:

WAIT_FALL:

MOVLW
MOVWE
MOVLW
MOVWE
CLRF
INCF
BTFSC
GOTO
BTFSS

GOTO

CLRF
CLRF
CLRF
BTESS
GOTO
INCFSZ
GOTO
GOTO

TEMP_HIGH
FSR

0X02
TSTROBE
INDF
TSTROBE, 1
STATUS, Z
RTI
PORTB, O

STRB

BIT_CNT
STRB_CNT
TIME_OUT
PORTB, 0
PAUSE_STRB
TIME_OUT, 1
RTI

WAIT_FALL

MOVE ADDRESS OF TEMP_HIGH (0X24) TO W REG

FSR = INDIRECT POINTER, NOW POINTING TO TEMP_HIGH
START TSTROBE COUNTER AT 02 TO ACCOUNT FOR
OVERHEAD IN GETTING TO THIS POINT OF ISR

CLEAR THE MEMORY LOCATION POINTED TO BY FSR
INCREMENT TSTROBE

IF TSTROBE OVERFLOWED TO ZERO THEN

SOMETHING WRONG AND RETURN FROM INTERRUPT

LOOK FOR RISE ON ZAC WIRE

IF RISE HAS NOT YET HAPPENED INCREMENT TSTROBE

MEMORY LOCATION USED AS BIT COUNTER
MEMORY LOCATION USED AS STROBE COUNTER
MEMORY LOCATION USED FOR EDGE TIME OUT
WAIT FOR FALL OF ZAC WIRE

NEXT FALLING EDGE OCCURRED

CHECK IF EDGE TIME OUT COUNTER OVERFLOWED

EDGE TIME OUT OCCURRED.
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PAUSE_STRB: INCF STRB_CNT, 1 ;7 INCREMENT THE STROBE COUNTER
MOVF  TSTROBE, 0 ;; MOVE TSTROBE TO W REG
SUBWE STRB_CNT, 0 ;7 COMPARE STRB_CNT TO TSTROBE
BTFSS STATUS, Z ;; IF EQUAL THEN IT IS TIME TO STROBE
GOTO PAUSE_STRB ;7 ZAC WIRE FOR DATA, OTHERWISE KEEP COUNTING
;; LENGTH OF THIS LOOP IS 6-STATES. THIS MUST
;; MATCH THE LENGTH OF THE LOOP THAT ACQUIRED TSTROBE
BCF STATUS, C ;7 CLEAR THE CARRY
BTFSC PORTB, 0 ;; SAMPLE THE ZAC WIRE INPUT
BSF STATUS, C ;7 IF ZAC WIRE WAS HIGH THEN SET THE CARRY
RLF INDF, 1 ;; ROTATE CARRY=ZAC WIRE INTO LSB OF REGISTER
;7 THAT FSR CURRENTLY POINTS TO
CLRF  TIME_OUT ;; CLEAR THE EDGE TIMEOUT COUNTER
WAIT_RISE: BTFSC PORTB, 0 ;; IF RISE HAS OCCURRED THEN DONE
GOTO  NEXT_BIT
INCFSZ TIME_OUT,1 ;7 INCREMENT THE EDGE TIME OUT COUNTER
GOTO WAIT_RISE
GOTO RTI ;; EDGE TIME OUT OCCURRED.
NEXT_BIT: INCF BIT_CNT, 1 ;7 INCREMENT BIT COUNTER
MOVLW 0X08 ;; THERE ARE 8 BITS OF DATA
SUBWE BIT_CNT,O ;; TEST IF BIT COUNTER AT LIMIT
BTFSS STATUS, Z ;; IF NOT ZERO THEN GET NEXT BIT
GOTO BIT_LOOP
CLRF TIME_OUT ;7 CLEAR THE EDGE TIME OUT COUNTER
WAIT_PF: BTFSS PORTB, 0 ;; WAIT FOR FALL OF PARITY
GOTO P_RISE
INCFSZ TIME_OUT, 1 ;; INCREMENT TIME_OUT COUNTER
GOTO WAIT_PF
GOTO  RTI ;; EDGE TIMEOUT OCCURRED
P_RISE: CLRF TIME_OUT ;; CLEAR THE EDGE TIME OUT COUNTER
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WAIT_PR: BTFSC PORTB, 0 ;7 WAIT FOR RISE OF PARITY
GOTO  NEXT_BYTE
INCFSZ TIME_OUT, 1 ;7 INCREMENT EDGE TIME OUT COUNTER
GOTO  WAIT_PR
GOTO RTI ;; EDGE TIME OUT OCCURRED
NEXT_BYTE: INCF FSR, 1 ;7 INCREMENT THE INDF POINTER
MOVLW LAST_LOC
SUBWEF FSR, 0 ;7 COMPARE FSR TO LAST_LOC
BTFSS STATUS, Z ;; IF EQUAL THEN DONE
GOTO WAIT_TLOW
N N N N N N RN N NN R
;; IF HERE THEN DONE READING THE ZAC WIRE AND HAVE THE DATA ;;
;; IN TEMP_HIGH & TEMP_LOW H
WAIT_TLOW: CLRF  TIME_OUT
WAIT_TLF: BTFSS PORTB, 0 ; WAIT FOR FALL OF PORTB,0 INDICATING
GOTO  GET_TLOW ; START OF TEMP LOW BYTE
INCFSZ TIME_OUT
GOTO  WAIT_TLF
GOTO RTI ; EDGE TIMEOUT OCCURRED
RTI: FRP IR iR R iR iR i i i i i i i i i it
;; RESTORE ANY STATE SAVED AT BEGINNING OF ISR ;;
FRP IR iR R iR iR iR i i i i i i i i i i it iiii
BCF INTCON, INTF ;; CLEAR INTERRUPT FLAG
BSF INTCON, INTE ;7 ENSURE INTERRUPT RE-ENABLED
RETFIE ;7 RETURN FROM INTERRUPT
AR NN
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Appendix B: An Example of 8051 C++ Code for Reading the ZACwire™

In the following code example, it is assumed that the ZACwire™ pin is connected to the PORT 0 pin
(0x80hex) of the uController 8051. This code should work for the uController 8051 running between 8 to
24 5MHz. This program example does not use interrupts. Contact ZMD for additional examples using

interrupts.

#define PWR_PIN
#define SIG_PIN
#define PORT

/

* FUNCTION MACROS

#define TSIC_INIT()

&= ~PWR_PIN; /* power *A\

SFRPAGE = CONFIG_PAGE; PORT_CONFIG |= PWR_PIN; PORT

PORT_CONFIG &= ~SIG_PIN; PORT |= SIG_PIN; /* signal */}

#define TSIC_ON()
#define TSIC_OFF()

#define TSIC_SIGNAL()

/

* FUNCTION MACROS

******************************************************************************/

// assuming MCU runs at (24.5 + 8) MHz
// used as blocking wait function
#define WAIT_60_US()

nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no
nop_();_nop_();_no

SFRPAGE = CONFIG_PAGE; PORT |= PWR_PIN;
SFRPAGE = CONFIG_PAGE; PORT &= ~PWR_PIN;
(PORT & SIG_PIN)

Tech Notes - ZACwire™ Digital Output, Rev. 2.3, October 17, 2006

P_();_nop_();_nop_();_nop_(); \
P_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
op_();_nop_();_nop_();_nop_(); \
P_();_nop_();_nop_();_nop_(); \
pP_();_nop_();_nop_();_nop_();
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/

* Function : getTSicTemp

* Description : reads from the TSic its output value
* Parameters : pointer for return value

* Returns  :read value

* Notes

: blocking function, assuming MCU runs at (24.5 = 8) MHz

******************************************************************************/

UINT16 getTSicTemp (UINT16 *temp_value16)

{

UINT16 temp_valuel = 0;
UINT16 temp_value2 = 0;
UINTS8 i;

UINT16 Temperature;
UINTS8 parity;

TSIC_ON();
WAIT_60_US(); // wait for stabilization
WAIT_60_US();

SFRPAGE = CONFIG_PAGE;
while (TSIC_SIGNAL());// wait until start bit starts

/I wait, TStrobe
while (TSIC_SIGNAL() == 0x00);

// first data byte
// read 8 data bits and 1 parity bit
for(i=0;i<9;i++)

{

while (TSIC_SIGNAL()); /I wait for falling edge

WAIT_60_US();
if (TSIC_SIGNALY())

temp_valuel |= 1 << (8-i); // get the bit

else
while (TSIC_SIGNAL() == 0x00);

// second byte
while (TSIC_SIGNAL());

// wait until line comes high again
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/I wait, TStrobe
while (TSIC_SIGNAL() == 0x00);

// read 8 data bits and 1 parity bit
for(i=0;i<9;i++)

{

while (TSIC_SIGNAL()); // wait for falling edge
WAIT_60_US();
if (TSIC_SIGNAL())
temp_value2 |= 1 << (8-i); // get the bit
else
while (TSIC_SIGNAL() == 0x00); // wait until line comes high again
}
TSIC_OFF(); // switch TSic off

// check parity for byte 1
parity = 0;
for(i=0;i<9;i++)
if (temp_valuel & (1 << i)
parity++;
if (parity % 2)
return FALSE;

// check parity for byte 2
parity = 0;
for(i=0;i<9;i++)
if (temp_value2 & (1 << i))
parity++;
if (parity % 2)
return FALSE;

temp_valuel >>=1; // delete parity bit
temp_value2 >>= 1; // delete parity bit
Temperature = (temp_valuel << 8) | temp_value2;
*temp_value16 = Temperature;

return TRUE; /I parity is OK

}

Tech Notes - ZACwire™ Digital Output, Rev. 2.3, October 17, 2006 Page 11 of 12 © ZMD AG & IST AG, 2006

All rights reserved. The material contained herein may not be reproduced, adapted, merged, translated, stored, or used without the prior
written consent of the copyright owner.



%
INNOVATIVE SENSOR TEGHNOLOGY

TSic™
Precision Temperature Sensor IC
Technical Notes — ZACwire™ Digital Output

/
* Function :cmdGetTSicValue
* Description : debug function

* Parameters : none

* Returns  : none

* Notes > none

******************************************************************************/

void cmdGetTSicValue (void)

{
UINT16 temp_value;
float Temp_float;
printf("cmdGetTSicValue\n");
TSIC_INIT(); // init the 1/O pins used for the TSic
TSIC_OFF(); // switch the TSic off until use
if (getTSicTemp(&temp_value))
{
Temp_float = ((float)temp_value / 2047 * 200) - 50; /I conversion equation from TSic's
data sheet
SFRPAGE_UART();
printf("temp %u, %2.1f\n", temp_value, Temp_float);
}
}

The information furnished here by ZMD and IST is believed to be correct and accurate. However, ZMD and IST shall not be liable to any
licensee or third party for any damages, including, but not limited to, personal injury, property damage, loss of profits, loss of use, inter-
ruption of business or indirect, special, incidental, or consequential damages of any kind in connection with or arising out of the furnish-
ing, performance, or use of this technical data. No obligation or liability to any licensee or third party shall result from ZMD or IST’s
rendering of technical or other services.
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