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Interfacing the LTC1290
to the 8051 MCU

Sammy Lum
Tim Rust

Introduction

This application note describes the hardware and soft-
ware required for communication between the LTC1290
12-bit data acquisition system and the MCS-51 family of
microcontrollers (e.g., 8051). The four wire interface is
capable of completing a 12-bit conversion and transferring
the data to the 8051 in 116ys. Configuration of the 8051
and the LTC1290 will be discussed as it applies to this in-
terface. Schematics, code, and timing diagrams will be
discussed. Finally, a summary of results including data
throughput rates will be provided.

Interface Details

The serial port of the 8051 does not support the syn-
chronous, full duplex format used by the LTC1290. There-

fore it is necessary for the user to construct a serial port
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using four lines from one of the parallel ports available on
the 8051. The lines are set or cleared using the bit manipu-
lation features of the 8051. This provides a very flexible
serial port but the data shift rate is three to four times
slower than that available from microcontrollers with ded-
icated serial ports.

The LTC1290 has two clock lines: ACLK and SCLK. ACLK
controls the A/D conversion rate while SCLK controls the
data shift rate. These lines may be tied together or run
separately. The 8051 provides a pin (ALE) which can be
used to drive the ACLK of the LTC1290 (option 1). Alterna-
tively, tying the clocks together saves one line that has to
go between the LTC1290 and the 8051 (option 2). However,
this implementation slows the data throughput rate due
to additional code. The schematic of Figure 1 shows both
of these options.
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Figure 1. Schematic
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Application Note 36A

Hardware Description

The code for this interface was developed on an 8051
evaluation board.

Due to the weak pullups of the 8051, excess loading
should be avoided when examining the output of the
microcontroller,

The timing diagram of Figure 2 was obtained with an
HP1631A logic analyzer using separate ACLK and SCLK
(option 1). The 8051 clock rate was 12MHz, producing a
2.0MHz clock on the ALE pin.

The analog section of the schematic in Figure 1 is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet.

Software Description

The software simulates a serial port through bit manipula-
tion instructions of the 8051. Additionally, the software
generates a delay during which time the A/D conversion
takes place.

The code sets up bit one of port one as an input by setting
it high. (Due to the weak pullup of the 8051, the Doyr pin of
the LTC1280 can then drive the pin high or low.)

SCLK is initialized to a low state and CS is initialized to a
high state. A Diy word of $0E is then loaded into the ac-

cumulator. An examination of Figure 3 and the data sheet
will show that this configures the LTC1290 for CHO with re-
spect to CH1, unipolar, MSB first and a 12-bit word length.
Next CS goes low. If the user is tying ACLK and SCLK to-
gether (option 2) it is then necessary to generate two clock
pulses to meet the deglitcher requirements. With separate
clocks (option 1) the NOP is necessary to allow sufficient
time for the deglitcher before starting to shift the data.
Data is moved from the P1.1 pin (Doyr of the LTC1290) to
the carry register and shifted one bit at a time into the ac-
cumulator. At the same time, the 8-bit Dy word is shifted
from the accumulator into the carry register and output on
P1.2 (Dyy of the LTC1290).

After the eight MSBs have been shifted, the contents of
the accumulator are stored in R2. The final four bits are
then shifted into the accumulator, placed in the most sig-
nificant bits and stored in R3. The data is left justified at
this point with the MSBs in R2 and the LSBs in R3. CS is
then raised and time (52 ACLK cycles) for the LTC1290 to
do its next conversion must be allowed before the next
read can be performed. If separate clocks are being used
(option 1), quite often the microcontroller will have other
tasks to accomplish and this time can be used produc-
tively. Otherwise, a routine such as the one labeled DELAY
can be used. With the clocks tied together (option 2), it is
necessary for the 8051 to manually clock the LTC1290 52
times and this free time is then lost as shown in Figure 7.
An example of this routine is labeled LOOP 1.
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Figure 2. Timing Diagram for Option 1
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Application Note 36A

If right justified data is required, the MSBF bit of the Diy
word could be cleared and the bits reversed (in this case
producing a Dy word of $0A). Also it would be necessary
to swap the rotate left and rotate right instructions.

ol ool ol 1] 1 1]0

sD | os | st | s2 | UNI | MSBF | WL1 | WLD

Figure 3. Dy Word for LTC1290

msb
mss[ 11 [ 10 [ 9|8

7]06]5][4] R

Isb
s 32 [1 0] filedwithos | RS
Doy from LTC1290 stored in 8051 RAM

Figure 4. Memory Map

Power Shutdown

Figure 8 shows what occurs during a power shutdown and
subsequent power up of the LTC1290. In(Da dummy con-
version is performed prior to power shutdown in order to
obtain the data from the previous conversion. In this
example we are requesting a 12-bit word length MSB first.
In@) power shutdown is requested by inputing the appro-
priate Djy word ($0D). The bottom trace is the LTC1290
supply current which shows the current going from a nom-
inal value of 5mA to 5uA. In (@ power up occurs and the
device is ready for conversion. The Doyt word is not valid
until the next cycle, @ The analog input to the LTC1290
was a constant DC voltage. As one would expect the Doyt
word in@is the same as in(D.

Summary

A four wire interface between the LTC1290 and the 8051
with a combined data conversion and transfer time of
11645 was demonstrated. It was shown that the ACLK of
the LTC1290 can be run separately from the SCLK by tying
the ACLK to the ALE of the 8051. Alternatively, the two
clock pins can be tied together (saving one line at the ex-
pense of speed). The data can be either left justified or
right justified in the microcontroller's memory through the

proper choice of software and LTC1290 data format. The
code shown applies to all MCS-51 family members. The
same technique can be used on any parallel port
processor.

Reference

Hoover, Guy and Rempfer, William, “Interfacing the
LTC1090 to the 8051 MCU,” Application Note 26A, Linear
Technology Corp.

LABEL MNEMONIC COMMENTS
Mov P1, 402H BIT 1 PORT 1SET ASINPUT
CLR P1.3 SCLK GOES LOW
SETB P1.4 €S GOES HIGH
CONT MOV A, HOEH Dy WORD FOR LTC1290
CLR P14 TS GOES LOW
MoV R4, #08H LOAD COUNTER
NOP DELAY FOR DEGLITCHER
LOOP Mov C, P11 READ DATA BIT INTO CARRY
RLC A ROTATE DATA BIT INTO ACC
MoV P1.2,C OUTPUT Dy, BITTOLTC1290
SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
DJNZ R4 LOOP  NEXTBIT
MOV R2, A STORE MSBs IN A2
Mov C,P1.1 READ DATA BIT INTO CARRY
CLR A CLEARACC
RALC A ROTATE DATA BIT INTO ACC
SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
Mov C, P11 READ DATA BIT INTO CARRY
ALC A ROTATE DATA BIT INTO ACC
SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
Mov C, P11 READ DATA BIT INTO CARRY
ALC A ROTATE DATA BIT INTO ACC
SETB P13 SCLK GOES HIGH
CLR P13 SCLK GOES LOW
MoV C,P1.1 READ DATA BIT INTO CARRY
RRC A ROTATE RIGHT INTO ACC
RRC A ROTATE RIGHT INTO ACC
RRC A ROTATE RIGHT INTO ACC
RRC A ROTATE RIGHT INTO ACC
MOV R3, A STORE LSBs IN R3
SETB P13 SCLK GOES HIGH
CLR P1. SCLK GOES LOW
SETB P14 CS GOES HIGH
MOV RS, #0BH LOAD COUNTER
DELAY DJNZ  R5DELAY  GOTODELAYIFNOT DONE

Figure 5. 8051 Code for Option 1 (ACLK Tied to ALE)
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LABEL MNEMONIC
MOV P1, #02H
CLR P13
SETB P1.4

CONT MOV A, #0EH
CLR P14
SETB P1.3
CLR P1.3
SETB P13
CLR P13
MOV R4, #08H

Loop MoV C P11
RLC A
MoV P1.2,C
SETB P1.3
CLR P13
DUNZ R4, LOOP
MOV R2 A
MOV C,P1.1
CLR A
RLC A
SETB P1.3
CLR P13
MOV G, P11
ALC A
SETB P13
CLR P13
MOV C,P11
RLC A
SETB P1.3
CLR P1.3
MoV C, P11
RRC A
RRC A
RRC A
RRC A
MOV R3, A
SETB P1.3
CLR 1.3
SETB P14
Mov R4, #34H

LOOP1 SETB P13
CLR P1.3
DINZ R4, LOOP 1

COMMENTS
BIT 1 PORT 1 SET AS INPUT
SCLK GOES LOW
CS GOES HIGH
Dy WORD FOR LTC1290
CSGOESLOW
SCLK GOES HIGH
SCLK GOES LOW
SCLK GOES HIGH
SCLK GOES LOW
LOAD COUNTER
READ DATA BIT INTO CARRY
ROTATE DATA BIT INTO ACC
OUTPUT Dy BIT TO LTC1290
SCLK GOES HIGH
SCLK GOES LOW
NEXT BIT
STORE MSBs IN R2
READ DATA BIT INTO CARRY
CLEARACC
ROTATE DATA BIT INTO ACC
SCLK GOES HIGH
SCLK GOES Low
READ DATA BIT INTO CARRY
ROTATE DATA BIT INTO ACC
SCLK GOES HIGH
SCLK GOES Low
READ DATA BIT INTO CARRY
ROTATE DATA BIT INTO ACC
SCLK GOES HIGH
SCLK GOES LOW
READ DATA BIT INTO CARRY
ROTATE RIGHT INTO ACC
ROTATE RIGHT INTO ACC
ROTATE RIGHT INTO ACC
ROTATE RIGHT INTO ACC
STORE LSBs IN R3
SCLK GOES HIGH
SCLK GOES LOW
CS GOES HIGH

LOAD COUNTER

SCLK GOES HIGH

SCLK GOES LOW
GOTOLOOP 1 [FNOT DONE

Figure 6. 8051 Code for Option 2 (ACLK Tied to SCLK)
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Figure 7. Timing Diagram for Option 2

Figure 8. Power Shutdown
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TECHNOLOGY

Interfacing the LTC1290
to the MC68HCO0S MCU

Sammy Lum
Tim Rust

Introduction

This application note describes an interface between the
LTC1290 12-bit data acquisition system and the Motorola
SPI family of single chip microcomputers (e.g., 68HGCOS).
The simple four wire interface is capable of completing a
12-bit conversion and shifting the data to the 68HC05 in
40us. Configuration of the LTC1290 and the 68HCO05 will be
discussed as it applies to this interface. Schematics,
code, and timing diagrams will be shown. Finally, a sum-
mary of the key points of this interface will be given, in-
cluding data throughput rates.

Interface Details

The LTC1290 has two clock lines: ACLK and SCLK. ACLK
contrals the A/D conversion rate while SCLK controls the
data shift rate. Data is transferred in a synchronous, full
duplex format over Dy and Doyr.

The Motorola Serial Peripheral Interface (SPI) is a syn-
chronous, full duplex, serial port built into the 68HCO05 that
allows the user to construct a simple communication path
to the LTC1290. SPI provides clock, data in and data out
lines that are compatible with the LTC1290. The only
additional line required is one programmable output pin
(CO) to control CS on the LTC1290. The schematic of
Figure 1 shows how the two devices are connected.

LTC1290 MCBEHCOS

B | — SCLK SCK
ANALOG ¢ @

INPUTS : Dy MOS
.

— Doyr +] MIS0

Figure 1. Schematic
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Hardware Description

The 68HC05 was emulated and the code for this interface
was developed on a Motorola M68HCO5 EVM.

S3 (Pin 34) of the 68HC05 must be held high to enable the
SPI properly for this interface.

The timing diagram of Figure 2 was obtained with an
HP1631A logic analyzer using a 4MHz ACLK. The 68HC05
clock was 4MHz.

The analog section of the schematic in Figure 1 is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet.

Figure 2. Timing Diagram
Software Description

The software configures and controls the SPI of the
68HC05. Additionally, the software manipulates CO (CS of
the LTC1290) and generates a delay during which time the
LTC1290 performs a conversion.

The code first configures the Serial Peripheral Control
Register (SPCR) of the SPI. The SP!I interrupt is disabled.
The SPI outputs are enabled. The SPI is configured as a
master. Finally, the SPI clock is set to normally low, for
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data transfer on the rising edge and for a frequency equal
to half the internal processor clock (one fourth the crystal
frequency).

Port C is configured as all outputs by placing ones in the
data direction register of port C. A Dy word that config-
ures the LTC1290 for CHO with respect to CH1, unipolar,
MSB first and a 16-bit word length is stored in memory lo-
cation $50. Figure 3 shows how the Dy word is composed.

CO is made to go low. Dy for the LTC1290 is loaded into
the SPI data register. Storing Dy in the data register
causes the transfer to begin. After waiting for the first
eight bits to be transferred (8 NOPs) the status register of
the SPI is examined. This clears the SPIF bit of the status
register and allows the data register to be read, which is
the next step. The first eight bits containing the MSBs
from the LTC1290 are then stored in $61 of the 68HCO5 as
shown in Figure 4. The LSBs are transferred in the same
manner and stored in $62 of the 68HCO05. Notice in Figure 5
that only 6 NOPs are used in transferring the LSBs. This is
because after 6 NOPs, time is consumed by the BSET
command which sets the CO pin of the 68HCO05. The data
at this point is left justified.

oo oo [ 11171
SO | O5s | st | S2 | UNI | MSBF [ wLi | wLo
Figure 3. Dyy Word for LTC1290

msb
mse 11 [ 10987 6[5]4a] 36t
Isb
1B 3[2[ 1[0 Tiledwithos | $62

Dour from LTC1290 stored in MCB8HCO05 RAM
Figure 4. Memory Map

At this time 52 ACLK cycles must be allowed for the A/D to
perform its next conversion. Usually the processor will
have other tasks to perform during this time. If this is not
the case a string of NOPs or a simple delay loop can be
used to generate this delay.

The code was written for the 68HCO5. By changing the ad-
dresses of the special function registers however, the
code should run on all of Motorola’s SPI processors in-
cluding the 68HC11.

Power Shutdown

The LTC1290 can be shutdown by inputing the appropriate
Dyy word (0D). A dummy conversion prior to a request for
power shutdown is required because the data from the
previous conversion will be shifted out as a 10-bit word
during the power shutdown request. Upon power up the
LTC1290 is ready for conversion and the Doyt word will be
valid on the second request for conversion.

Summary

A four wire interface between the LTC1290 and the
68HCO5 with a combined data conversion and transfer
time of 40us was demonstrated. The interface used the
serial (SPI) port of the 68HCO05. The 12 data bits of the
LTC1290 are shifted MSB first in two 8-bit transfers. The
datais stored left justified in the 68HC05's internal RAM.

Reference

Hoover, Guy and Rempfer, William, “Interfacing the
LTC1090 to the MCBBHCO5,” Application Note 26B, Linear
Technology Corp.

LABEL MNEMONIC COMMENTS
LDA #50  CONFIGURATION DATA FOR SPCR
STA $0A LOAD DATA INTO SPCR (S0A)
LDA #FF  CONFIG. DATA FOR PORT G DDR
STA $08 LOAD DATA INTO PORT C DDR
LDA #30F  LOAD LTC1290 Dy, DATA INTO ACC
STA $50 LOAD LTC1290 Dy, DATA INTO $50
START  BCLR 0302  COGOESLOW (CS GOES LOW)
LDA $50 LOAD Dy, INTO ACC FROM $50
STA $0C LOAD Dy, INTO SP1. START SCK
NOP 8NOPs FORTIMING
LDA $0B CHECK SPI STATUS REG
LDA $0C LOAD LTC1290 MSBs INTO ACC
STA $61 STORE MSBs IN 561
STA $0C START NEXT SPI CYCLE
NOP 6 NOPs FORTIMING
BSET 0502  COGOES HIGH (CS GOES HIGH)
LDA $0B CHECK SPI STATUS REGISTER
LDA $0C LOAD LTC1290 LSBs INTO ACC
STA $62 STORE LSBs IN §62

Figure 5. 68HCO5 Code
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LY YR

Interfacing the LTC1290/LTC1090

to the TMS370 MCU

Guy Hoover
Sammy Lum
Tim Rust

Introduction

This application note describes an interface between the
LTC1290 12-bit data acquisition system and the TMS370
family of microcontrollers (e.g., TMS370C050). The simple
four wire interface is capable of completing a 12-bit con-
version and shifting data to the TMS370C050 in 42ps.
Configuration of the LTC1290 and the TMS370C050 will be
discussed as it applies to this interface. Schematics,
code, and timing diagrams will be shown. The LTC1090
10-bit data acquisition system is also compatible with this
interface. Next the power shutdown feature of the
LTC1290 will be discussed and a summary of the key
points of this interface will be given, including data
throughput rates.

Interface Details

The LTC1290 has two clock lines; ACLK and SCLK. ACLK
controls the A/D conversion rate while SCLK controls the
data shift rate. Data is transferred in a synchronous, full
duplex format over Dyy and Doyr.

LTC1290 TMSIT0C050

CS TIEVT
SCLK pe SPICLK

Oy e SPISIMO
Doyt 5 SPISOM
ACLK T2IC2/PWM

Figure 1. Schematic

September 1989
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The TMS370C050 has a Serial Peripheral Interface (SPI)
which is a synchronous, full duplex, serial port that allows
the user to construct a simple communication path to the
LTC1290. SPI provides clock, data in and data out lines
that are compatible with the LTC1290. The only additional
line required is one programmable output pin (T1EVT) to
control CS on the LTC1290. The TMS370C050 has two on
board timers and one of them can be used to provide
ACLK through pin T2IC2/PWM. The schematic of Figure 1
shows how the two devices are connected.

Hardware Description

The code for this interface was developed on a TMS370 ap-
plication board. The TMS370C050 was used in the micro-
processor mode which requires MC (pin 6) be tied high.
External memory was used to store the program.

The timing diagram of Figure 2 was obtained with an
HP1631A logic analyzer using a 25MHz ACLK. The
TMS370C050 clock was 20MHz.

Figure 2. Timing Diagram
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The analog section of the schematic in Figure 1 is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet.

Software Description

The software configures and controls the SPI of the
TMS370C050. Additionally, the software manipulates
T1EVT (GS of the LTC1290), generates ACLK via pin
T2IC2/PWM and generates a delay during which time the
LTC1290 performs a conversion.

The System Control and Configuration Control Register 2
(SCCR) is first configured so the system is operating in
the privilege mode. Next the code configures the Timer 2
module to generate a 2.5MHz ACLK. The T2 Compare Reg-
isters are loaded with a one. This will generate an ACLK
with a frequency equal to one half the internal proces-
sor clock (one fourth the crystal frequency). Next the
T2IC2/PWM pin is enabled to toggle. Then the pin is con-
figured as an output with the T21IC2/PWM function.

Next the SPI clock is enabled then the SOMI and SIMO
functions are enabled. The SPI Configuration Control
Register (SPICCR) is set for eight bit character length, an

SPI clock that is 1/16 of the crystal frequency, input data
transfer on the rising edge, output data transfer on the
falling edge and initialization of the SPI. The SPI Opera-
tion Contol Register (SPICTL) is set to disable the SPI
interrupt, enable transmission and place the SPI in the
master mode. Finally the SPI is enabled.

The T1EVT pin on Timer Module 1is configured as an out-
put pin and CS is made to go low or high by placing a “0"
or “1"in the T1EVT DATA OUT bit of the Timer 1 Port Con-
trol Register 1 (T1PC1). A Dy word that configures the
LTC1290 for CH7 with respect to COM, unipolar, MSB first
and a 16-bit word length is shown in Figure 3.

T1EVT is made to go low. Dyy for the LTC1290 is loaded
into the serial data register (SPIDAT). Storing Dy in
SPIDAT causes the transfer to begin. After waiting for the
first eight bits to be transferred (3 NOP's) the first eight
bits containing the MSB's of the LTC1290 are read from
the receive data buffer register (SPIBUF) and stored in
register 20 as shown in Figure 4. The SPI INT FLAG in the
SPICTL register is reset when the data is read from the
SPIBUF. The LSB's are transferred in the same manner
and are stored in register 21. The data at this point is
stored left justified.

‘1 R ERERERERE
so | os | st | s2 | uw | MsBF | wir | wio
Figure 3. Dy Word for LTC1290

msb
ms 1110987 [6][5]4] noxo
Isb
LB 3 | 2[ 1] 0] Cfiledwithos | Rozt

Figure 4. Memory Map
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At this time 52 ACLK cycles must be allowed for the A/D to
perform its next conversion. Usually the processor will
have other tasks to perform during this time. If this is not
the case a string of NOP's or a simple delay loop can be
used to generate this delay. The code is shown in Figure 5
and a delay loop has been chosen for the A/D conversion.

LABEL MNEMONIC COMMENTS
MOV #001h,PO12 ;CONFIGURATION DATA FOR SCCR2
‘CONFIGURET2IC2/PWM  PIN FOR ACLK
MOV #000h,P0B2 ;LOAD MSB DATA FOR COMPARE REG

MOV #001h,POB3
MOV #070h,P06C
MOV #030h,POGE

;LOAD LSB DATA FOR COMPARE REG
;CONFIGURATION DATAFOR T2CTL3
CONFIGURATION DATA FOR T2PC2

MOV #002h,PO3D
MOV #032h POSE
MOV #OCFh,P0O30
MOV #006h PO31

ENABLE SPI CLOCK

;ENABLE SOMI AND SIMO
;CONFIGURATION DATA FOR SPICCR
;CONFIGURATION DATA FOR SPICTL

MOV K0OFh,PO30 ENABLESPI

START MOV  #001h,PO4D T1EVT GOES LOW (TS GOES LOW)
MOV  #0FFhP033  :LOAD D, INTO SPIDAT START SCLK
NOP :ANOP'S FORTIMING
MOV PO37R020 ‘STORE MSB'S IN REGISTER 20

MOV #000h,P039 ;START NEXT SPICYCLE

NOP JINOP'SFORTIMING

MOV P037,RO021 STORE LSB'SIN REGISTER 21

MOV #005h,PO4D T1EVT GOES HIGH (CS GOES HIGH)

;AID CONVERSION  DELAY LOOP

MOV #002h,R023 ;LOAD DATA IN DELAY COUNTER
DELAY DEC R023 ;DECREMENT COUNTER

CMP  #000hRO23 ;COMPARE COUNTERWITH ZERQ

JNZ DELAY JIF NOT ZERO RETURN TO DELAY

JMPL  START ;RETURN FOR NEXT SPI CYCLE

Figure 5. TMS370C050 Code

Power Shutdown

The TMS370C050 can be placed in one of three power re-
duction modes by configuring the SCCR2 register and
issuing the IDLE command. Placing the TMS370C050 in
the HALT mode reduces the supply current to its minimum
power down value of 50xA. Therefore incorporating this
with the power shutdown feature of the LTC1290 (typically
5uA In shutdown) it is possible to build a system that
draws very low current when not in use. Figure 6 shows
such a sequence. An external interrupt is required for the
TMS370C050 to exit from the HALT mode. Then three
conversion cycles are required to obtain the required data
from a measurement and then enter the power shutdown
mode again. The data is valid on the second conversion.

Figure 6. Power Shuidown
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The third conversion is required because when power
shutdown is requested (Dy=#0FD) the data from the
previous conversion is output as a 10-bit word. The bottom
trace shows the supply current for the LTC1290 during
shutdown and then during conversion. Note there is no
wait required for the LTC1290 to start a conversion after
exiting from the shutdown mode. The time required for
applying an external interrupt, making a measurement,
storing the data and entering the shutdown mode is ap-
proximately 125u. The code is shown in Figure 7.

LABEL MNEMONIC COMMENTS
DATA  T7FFBh 'SET INTERRUPT 3 VECTORWHEN
.BYTE  70h,00h ;PROCESSOR COMES OUT OF HALT MODE
JEXT 70000
JINTERRUPT SERVICE ROUTINE EXECUTED
;WHEN PROCESSOR COMES OUT OF HALT
MODE
MoV #005h,P019 ,CLEARINTERRUPT FLAG
RTI JRETURN FROM INTERRUPT
BEGIN MAIN PROGRAM
EINT ;ENABLE INTERRUPTS

MOV #005h,P04D ;CSGOES HIGH
MOV #001hP012 :CONFIGURATION DATA FORSCCR2

;CONFIGURE T2IC2/PWM PIN FOR ACLK
MOV #000h,P062 ;LOAD MSE DATA FOR COMPARE REG.
MoV #001n,P063 ;LOAD LSB DATA FOR COMPARE REG.
MOV #070n,PO6C ;CONFIGURATION DATA FORT2CTL3
MOV #030h,POGE ;CONFIGURATION DATA FORT2PC2

MOV #002h,PO3D ;ENABLE SPI CLOCK

MoV #032h,POZE ENABLE SOM| AND SIMO

MOV #0CFh,P030 ;CONFIGURATION DATA FOR SPICCR
MOV #006h,P031 ;,CONFIGURATION DATA FORSPICTL
MoV #00Fh PO30 ENABLE SPI

START EINT {ENABLE INTERRUPTS
MoV #002h,R025 ;SET LOOP REG. TO 2(WILL LOOP 2 TIMES)

LOOP MOV #001h,P04D :TIEVT GOES LOW (CS GOES LOW)
MOV #0FFh,PO33 ;LOAD Dy INTO SPIDAT START SCLK
NOP ANOP'S FORTIMING
MOV PO37,R020 STOREMSE'SIN REGISTER 20

MoV #000h,PD39 ;START NEXT SPICYCLE

Summary

A four wire interface between the LTC1290 and the
TMS370C050 with a combined data conversion and data
transfer rate of 42us was demonstrated. The interface
used the serial (SPI) port of the TMS370C050. The 12 data
bits of the LTC1290 are shifted MSB first in two 8-bit trans-
fers. The data is stored left justified in the TMS370C050's
internal registers. By using the power reduction mode of
the TMS370C050 and the power shutdown feature of the
LTC1290 a low power system was shown to make a meas-
urement in 12545 when active.

LABEL MNEMONIC COMMENTS
NOP 3NOP'SFORTIMING
MOV P037,R021 ;STORE LSB'SIN REGISTER 21
MOV #005,P04D ;T1EVT GOES HIGH (CS GOES HIGH)
;A/D CONVERSION DELAY LOOP
MOV #002h,R023 ;LOAD DATA IN DELAY COUNTER
DELAY DEC  R023 :DECREMENT COUNTER
CMP  #000h,R023 ;COMPARE COUNTER WITH ZERO
INZ DELAY JF NOT ZERO RETURN TO DELAY

DINZ  RO025LOOP ;RETURN FOR NEXT CONVERSION

/START POWER SHUTDOWN CONVERSION
MOV #001h,PO4D ;T1EVT GOES LOW (CS GOES LOW)
MOV #0FDh,P039 ;LOAD Dy, FOR POWER SHUTDOWN

NOP JANOP'S FORTIMING
MoV PO3TR022 ,CLEARSPIBUF

MOV #000,P039  START NEXT SPICYCLE
NOP 3 NOP'S FORTIMING
MoV P027,R022 CLEAR SPIBUF

MOV #005h,P04D T1EVT GOES HIGH (CS GOES HIGH)

MoV #0CO0h,PO12 ;PUT TMS370C050 IN HALT MODE
IDLE
JMPL

START JAFTER EXTERNAL INTERRUPT JUMPTO

;START

Figure 7. Power Shutdown Code
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TECHNOLOGY

Interfacing the LTC1290
to the COP820C MCU

Sammy Lum
Tim Rust

Introduction

This application note describes the hardware and software
required for communication between the LTC1290 12-bit
data acquisition system and the National Semicon-
ductor COP800 microcontroller family which uses the
MICROWIRE/PLUS serial interface. The simple four wire
interface is capable of completing a 12-bit conversion and
shifting the data in 37ys. Configuration of the LTC1290 and
the COPB20C will be discussed as it applies to this inter-
face. Schematics, code, and timing diagrams will be shown.
Finally, a summary of the key points of this interface will be
given including data throughput rates.

Interface Details

The LTC1290 has two clock lines: ACLK and SCLK. ACLK
controls the A/D conversion rate while SCLK controls the
data shift rate. Data is transferred in a full duplex format
over Dy and Doyr.

The National Semiconductor MICROWIRE/PLUS is a syn-
chronous, full duplex, serial port built into the COP800
family that allows easy interface to the LTC1290.
MICROWIRE/PLUS provides clock, data in and data out
lines that are compatible with the LTG1290. One additional
line (G1) is required to control the CS pin on the LTG1290.
The schematic of Figure 1 shows how the two devices are
connected.

LTC1260 COPBZOC
— [ S G1
d S—— SCLK & SK
ANALOG{ @
INPUTS | o Dy | 50
-
j— Doys s Bl

Figure 1. Schematic

September 1989

@ MICROWIRE/PLUS™

T T T

COPBOO

.
o

Hardware Description

The actual interface was done using the COP820C, a mem-
ber of the COP800 family. All code shown here should work
with any of the COP800 family.

The code for this interface was developed on a COP820
evaluation board operated in the emulation mode.

The timing diagram of Figure 2 was obtained with an
HP1631A logic analyzer using a 4MHz ACLK. The COP820C
clock was 10MHz. To obtain a 37us transfer time it is neces-
sary to run the COP820C at 20MHz which requires a high
speed version of the part.

The analog section of the schematic in Figure 1 is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet,

U]

e
I.'l__' ]—

_l_ ST e 20 B0 e

S | By A e T

Figure 2. Timing Diagram
Software Description

The software configures and controls the MICROWIRE/
PLUS serial interface of the COP820C. Additionally, the
software manipulates G1 (CS of the LTC1290) and gener-
ates a delay during which time the LTC1290 performs a
conversion.
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The code first loads the LTC1290 Djy word into memory
location $F0. This Dy word configures the LTC1290 for
CHO with respect to CH1, MSB first, unipolar and 16 bits
as shown in Figure 3. Next port G is configured for
MICROWIRE™ master mode and G1 is configured as an
output. The control register is initialized so that SO and SK
are outputs. The port G data register address is loaded
into the B register. At this point the COP820C is initialized
and the data transfer process is ready to begin.

The Dyy word for the LTC1290 is then loaded into the ACC
from location $F0. G1(C8) is cleared and Dyy is transferred
into the MICROWIRE shift register. The BUSY bit of the
PSW register is set which starts the transfer of the first
eight bits. A delay consisting of 15 NOPs waits for the
data shift to finish at which time the Doyt word from the
LTC1290 is loaded into the ACC. The busy bit is set again
which causes the transfer to continue. Then, the Doyt
word in the ACC is stored in location $F3. The busy bit is
cleared which halts the transfer. G1 (CS) is set and the
contents of the MICROWIRE shift register are swapped
with those of the ACC. The contents of the ACC are then
stored in $F4. The data at this point is left justified as
shown in Figure 4.

52 ACLK cycles must be allowed between transfers for the
AID to perform its next conversion. The instructions, after
G1is set, take enough time so that no additional delay is
required by this program.

oo oo 1] 1] 1]
80 | os | st | s2 | uNl [ MSBF | wLt | wLo
Figure 3. Dyy Word for LTC1290

MSB
mse [ 11 [10[o 8[7]6]5[4a] F3
LSB
8 [3]2]1]ofofofo]o F4

Doyt from LTC1290 stored in COP820C RAM
Figure 4. Memory Map

LABEL MNEMONIC COMMENTS
LD (FO)-0F LOADOF INTO FO(Dpy)
LD(Ds)-32 CONFIGUREPORTG
LD(EE)-8 CONFIGURE CONTROL REG.
LD(B)-D4 PORT G DATA REG. INTO B
LOOP LD (A)—=(FO) LOAD Dy INTO ACC
RBIT1 G1RESET (CS GOES LOW)
X (A)—~(E9) LOAD Dy INTO SHIFT REG.
LD (B)-EF LOAD PSW REG ADDRIN B
SBIT2 TRANSFER BEGINS
NOP 15 NOPs FORTIMING
X (A)-—~(E9) LOAD Dgyr INTO ACC
SBIT2 TRANSFER CONTINUES
NOP 15NOPs FORTIMING
X (A)-—~(F3) LOAD Dgyr IN ADDRF3
LD(B}~-D4 PUT PORT G ADDRIN B
SBIT1 G1SET (CS GOES HIGH)
X (A)-~(E9) LOAD Dgyr INTO ACC
X (A)-—(F4) LOAD Dgyr IN ADDR F4
Figure 5. COP820C Code
Power Shutdown

The LTC1290 can be shutdown by inputing the appropriate
Dy word (0D). A dummy conversion prior to a request for
power shutdown is required because the data from the
previous conversion will be shifted out as a 10-bit word
during the power shutdown request. Upon power up the
LTC1290 is ready for conversion and the Doyt word will be
valid on the second request for conversion.

Summary

A four wire interface between the LTC1290 and the
COPB20C with a combined data conversion and transfer
time of 37us was demonstrated. The interface used the
MICROWIRE/PLUS serial port of the COP820C. The 16
data bits of the LTC1290 are shifted MSB first in two 8-bit
transfers. The data is stored left justified in the
COP820C's internal RAM.

Reference

Hoover, Guy and Rempfer, William, “Interfacing the
LTC1090 to the COP820C MCU," Application Note 26D,
Linear Technology Corp.

MICROWIRE and MICROWIRE/PLUS are trademarks of National Semiconductor Corp.
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Application Note 36E

TECHNOLOGY

Interfacing the LTC1290
to the TMS7742 MCU

Sammy Lum
Tim Rust

Introduction

This application note describes an interface between the
LTC1290 12-bit data acquisition system and the TMS7000
family of microcomputers (e.q., TMS7742). The simple four
wire interface is capable of completing a 12-bit conversion
and shifting the data to the TMS7742 in 102ys. Configura-
tion of the LTC1290 and the TMS7742 will be discussed as
it applies to this interface. Schematics, code, and timing
diagrams will be shown. Finally, a summary of the key
points of this interface will be given including data
throughput rates.

Interface Details

The LTC1290 has two clock lines: ACLK and SCLK. ACLK
controls the A/ID conversion rate while SCLK controls the
data shift rate. Data is transferred in a full duplex format
over Diy and Doy.

The TMST7742 contains a synchronous, full duplex, serial
port that allows the user to construct a simple com-
munication path to the LTC1290. The serial port provides
clock, transmit, and receive lines that are compatible with
the LTC1290. The only additional line required is one pro-
grammable output pin (AQ) to control CS on the LTC1290.
The schematic of Figure 1 shows how the two devices are
connected.

Hardware Description

The TMS7742 was chosen because it contains 4k of
EPROM which can be programmed using a standard

LTC12%0 TMST742
— 5 AQ
8 SCLK | SCLK
ANALOG -
INPUTS | Oy XD
L
— Dour RXD

Figure 1. Schematic

February 1990
| CD—
Texas Instruments
TS

EPROM programmer. Any member of the TMS7000 family
which contains a serial port should be able to use this
code with only modifications to the peripheral register
numbers.

The timing diagram of Figure 2 was obtained using an
HP1631A logic analyzer. ACLK of the LTC1290 was 4MHz
and the TMS7742 clock was SMHz.

The analog section of the schematic of Figure 1is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet.

Software Description

The software configures and controls the serial port of the
TMS7742. Additionally, the software manipulates A0 (CS
of the LTC1290) and generates a delay during which time
the LTC1290 performs a conversion.

The code first disables all interrupts and initializes the
stack. Next the serial port is configured. Tx is enabled, the
serial port is reset, and the SMODE register is configured
for eight bits, no parity, and one stop bit. The SCLK rate is

Figure 2. Timing Diagram
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set to the processor clock frequency divided by 4. The Dy
word of the LTC1290 is next loaded into the ACC. This Dy
word (SDF) configures the LTC1290 for CH7 with respect to
COM, unipolar mode, LSB-first and a 16-bit word length.
Examine Figure 3 to see how this is constructed keeping
in mind that the TMS7742 transmits data LSB-first.

A subroutine SXTNBIT is called next. This is a routine that
does the actual data shifting. A0 (CS) is cleared. Then, the
LTC1290 Dyy word is placed into the transmit buffer. The
serial port is turned on and the data is shifted while the
processor idles in a loop. The first eight bits containing
the LSBs are then placed in the B register. The procedure
is repeated for the next eight bits which contain the four
MSBs and the result is placed in the A register. AQ (CS) is
then set and the subroutine returns to the original pro-
gram. The data in the A and B registers is then stored in RS
and R6.

At this time 52 ACLK cycles must be allowed for the AID to
perform its next conversion. Enough time is consumed by
this program however that no additional delay for the
conversion is required. Branching back to the label LOOP
starts the next conversion.

11 lol 11717 1]1]ps
WLO | WLt | MSBF | UNI 52 51 QIS SiD

Figure 3. Dy Word for LTC1290 Stored in TMS7742 RAM

LSB
LBl 7 . 6|54 3/2[1][0]Rrs

fill with zeroes MSB
MsB 0 oo o |11 ]10/9][8]Rns

Douyr from LTC1290 stored in TMS7742 RAM
Figure 4. Memory Map

Power Shutdown

The LTC1290 can be shutdown by inputting the appropri-
ate Dy word (9F). A dummy conversion prior to a request
for power shutdown is required because the data from the
previous conversion will be shifted out as a 10-bit word
during the power shutdown request. Upon power up the
LTC1290 is ready for conversion and the Doyt word will be
valid on the second request for conversion.

Summary

A four wire interface between the LTC1290 and the
TMS7742 with a combined data conversion and transfer
time of 102us was demonstrated. The interface used the
serial port of the TMS7742. Because the serial port trans-
fers data LSB-first, care must be taken to properly con-
struct the Dy word so that the bits are transmitted in the
proper order to the LTC1290. The 12 data bits of the
LTC1290 are shifted LSB-first in two 8-bit transfers. The
data is stored right justified in the TMS7742's internal
RAM.

Reference

Hoover, Guy and Rempfer, William, “Interfacing the
LTC1090 to the TMS7742 MCU,"” Application Note 26E,
Linear Technology Corp.

LABEL MNEMONIC
START DINT

COMMENTS

[ISABLES ALL INTERRUPTS
MOVP %24 P0 DISABLE INTERRUPT FLAGS
MOVP Y% »02 P16  DISABLE INTERRUPT FLAGS
MOV %>B08  ADDRESSOF STACK
LDSP PUT ADDRESS INTO POINTER
MOVP  %>DFP5  CONFIGUREPORT A
MOVP Yo 08, P ENABLETx BY SETTING B3 =1
MOVP %>00,P17  P1TPOINTSTOSCTLO
MOVP % >40,P17  RESET THE SERIAL PORT
MOVP % >0C,P17  CONFIGURE THE SERIAL PORT
MOovP 4 >00,P21 TURN START BIT OFF
MOVP  %>D0P17  ENABLE THE SERIAL PORT
MOVP  %>00P20  SETSCLKRATE (TIMER3)
MOVP  %>C0P21  STARTTIMER

LOOP MOV % >DFA LOAD LTC1290 Dy WORD IN A

CALL SXTNBIT AOUTINE THAT SHIFTS DATA
MoV BRS PUT FIRST B LSBs IN RS
MoV A RS PUT MSBs IN R6
BR @LOOP NEXT CONVERSION

SXTNBIT ANDP % >FEP4 A0 CLEARED (C5 GOES LOW)
MOVP  AP23 PUT LTC1290 Dy INTO TXBUF
MOVP % >40P21  SCLK OFF (TIMER 3 DISABLED)
MOVP % >17P17  ENABLE SERIAL PORT
MOVP % >C0P21  SCLKON (TRANSFER BEGINS)
MOVP % >14P17  TXEN GOESLOW
MOV Y >02,A LOAD COUNTER

WAIT1 DINZ AWAITY LOOP WHILE SHIFT OCCURS
NOP DELAY
MOVP  P22B PUT Dgyr FROM LTC1200IN B
MOVP  AP23 LOAD TXBUF
MOVP % >d0,P21  SCLK OFF (TIMER 3 DISABLE)
MOVP % >17P17  ENABLE SERIAL PORT
MOVP % >C0P21  SCLKON(TRANSFERBEGINS)
MOVP % >14P17  TXEN GOESLOW
MoV fo02A LOAD COUNTER

WAIT2  DUNZ  AWAM2 LOOP WHILE SHIFT OCCURS
NOP DELAY
MOVP  P22A PUT Dpyy FROM LTC1290 IN A
ORP %>01P4  AQSET (CS GOES HIGH)
RETS RETURN TO MAIN PROGRAM

Figure 5. TMS7742 Code
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TECHNOLOGY

Interfacing the LTC1290
to the COP402N MCU

Sammy Lum
Tim Rust

Introduction

This application note describes the hardware and software
required for communication between the LTC1290 12-bit
data acquisition system and the National Semi-
conductor COP400 microcontroller family which uses the
MICROWIRE serial interface. The simple four wire interface
is capable of completing a 12-bit conversion and shifting
the data in 100gs. Configuration of the LTC1290 and the
COP402N will be discussed as it applies to this interface.
Schematics, code, and timing diagrams will be shown.
Finally, a summary of the key points of this interface will be
given including data throughput rates.

Interface Details

The LTC1290 has two clock lines: ACLK and SCLK. ACLK
controls the A/D conversion rate while SCLK controls the
data shift rate. Data is transferred in a full duplex format
over Diy and Doyr.

The National Semiconductor MICROWIRE interface is a
synchronous, full duplex, serial port built into the COP400
family that allows the user to easily interface to the
LTC1290. MICROWIRE provides clock, data in and data
out lines that are compatible with the LTC1280. One addi-
tional line (GO) is required to control the CS pin on the
LTC1290. The schematic of Figure 1 shows how the two
devices are connected.

LTC1290 copan2

ANALOG
NPUTS

Figure 1. Schematic

September 1989
) [ o @: MICROWIRE™ }
> COP400

Hardware Description

The actual interface will involve using the COP402N, a
member of the COP400 family. All code shown here should
work with any of the COP400 family.

The code for this interface was developed on a COP400
evaluation board which allows an external EPROM to be
used in place of the internal processor ROM.

The timing diagram of Figure 2 was obtained with an
HP1631A logic analyzer using a 4MHz ACLK. The COP402N
clock was 4MHz.

The analog section of the schematic in Figure 11is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet.

MO

SRR
UYL

Figure 2. Timing Diagram
Software Description

The software configures and controls the MICROWIRE
serial interface of the COP402N. Additionally, the software
manipulates GO (CS of the LTC1290) and generates a delay
during which time the LTC1290 performs a conversion.

The code first initializes the B register and then loads the
LTC1290 Dyy word into the RAM of the COP402 one nibble
atatime. As shown in Figure 3 the Djy word configures the
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LTC1290 for CHO with respect to COM, unipolar, MSB first,
and 12 bits. SO is configured as an output. The carry is set
so that when an XAS instruction is generated the shift
clock (SK) will begin clocking data.

The first nibble of the Djy word is loaded into the ACC and
GO (CS) is cleared. The Dy nibble is loaded into the shift
register and the data begins to shift. The second nibble of
the Diy word is loaded into the ACC. One NOP Is allowed
for timing and then the contents of the ACC are swapped
with those of the shift register. The MSBs of the LTC1290
Doyt word are now in the ACC. This data is then stored in
memory location $13. The ACC is loaded with null data
from RAM and another swap between the ACC and the
shift register is executed. The next Doyr nibble is stored in
$14. The carry is cleared so that on the next XAS instruc-
tion the shift clock will stop. The XAS instruction is
executed and the final nibble of the LTC1290 Doyt word
containing the LSBs is loaded into the ACC. GO (CS) is
taken high and the A/D begins its next conversion cycle.
The third Doy nibble Is stored in location $15. The B regis-
ter is then reinitialized so that when the loop is run again
the data will always be stored in the same memory loca-
tions. The Doyt data from the LTC1290 is now in a left
justified format as shown in Figure 4.

52 ACLK cycles must be allowed between transfers for the
AID to perform its next conversion. The instructions, after
GO is set, take enough time so that no additional delay is
required by this program.

$10 $11

11000 1 1 1 0

SiD Q1S S1 | 82 UNI | MSBF | WL1 | WLO

Figure 3. D;y Word for LTC1290

MSB
T 0] 9] 8] s

(7 [ 6 [ 5 ] 4| s

LSB
[a 21 Jo0] $65

Douyr from LTC1290 stored in COP402 RAM
Figure 4. Memory Map

LABEL  MNEMONIC COMMENTS
CLRA MUST BE FIRST INSTRUCTION
LBI 10 BR=1BD=0INITIALIZE B REG.
STIl 8 FIRST Dy NIBBLE IN $10
STIl E SECOND Dy, NIBBLE IN §11
STIl 0 NULL DATAIN$12,B=§13
LEI c SET ENTO(1100) BIN

LOOP sC CARRY SET
LDD 10 LOADFIRST Dy NIBBLEIN ACC
oal 0 G0 (CS) CLEARED
XAS ACC TO SHIFT REG. BEGIN SHIFT
LOD 11 LOAD NEXT Dy NIBBLE IN ACC
NOP TIMING
XAS NEXT NIBBLE, SHIFT CONTINUES
XIS 0 FIRST NIBBLE Dgyr TO§13
LOD 12 PUTNULL DATAIN ACC
XAS SHIFT CONTINUES, Dgyr TOACC
XIS 0 NEXT NIBBLE Doy TO $14
RC CLEARCARRY
CLRA CLEARACC
XAS THIRD NIBBLE Dy TOACC
Gl 1 G0 (CS) SET
XIS 0 THIRD NIBBLE Dy TO $15
LBl 13 SETBREG. FORNEXT LOOP

Figure 5. COP402 Code
Power Shutdown

The LTC1290 can be shutdown by inputing the appropriate
Dy word (D for the second nibble). A dummy conversion
prior to a request for power shutdown is required because
the data from the previous conversion will be shifted out
as a 10-bit word during the power shutdown request. Upon
power up the LTC1290 is ready for conversion and the
Doyt word will be valid on the second request for
conversion.

Summary

A four wire interface between the LTC1290 and the
COP402N with a combined data conversion and transfer
time of 100xs was demonstrated. The interface used the
MICROWIRE serial port of the COP402N. The 12 data bits
of the LTC1290 are shifted MSB first in three 4-bit trans-
fers. The data is stored left justified in the COP402N’s in-
ternal RAM. The code demonstrated will work on any
member of the COP400 family.

Reference

Hoover, Guy and Rempfer, William, “Interfacing the
LTC1090 to the COP402N MCU," Application Note 26F,
Linear Technology Corp.

MICACWIRE is a trademark of National Semicanductor Carp,

AN36F-2

LY AR



Application Note 360

TECHNOLOGY

Inferfacing the LTC1290
to the Z-80 MPU

Sammy Lum
Tim Rust

Introduction

This application note describes an interface between the
LTC1290 12-bit data acquisition system and the Z-80 mi-
crocomputer. The Interface is capable of completing a
12:bit conversion and shifting the data to Z-80 in 260ys.
Configuration of the LTC1290 and the Z-80 will be dis-
cussed as it applies to this interface. Schematics, code,
and timing diagrams will be shown. Finally, a summary of
the key points of this interface will be given, including
data throughput rates.

Interface Details

The LTC1290 has two clock lines: ACLK and SCLK. ACLK
controls the A/D conversion rate while SCLK controls the
data shift rate. Data is transferred serially in a syn-
chronous, full duplex format over Dyy and Doyr.

The Z-80 does not have a serial port, Therefore it is neces-
sary for the user to construct a serial port with TTL gates
as shown in the schematic of Figure 1.

i SCLK

Figure 1. Serial Interface Requires Four 74LS Chips

February 1990

Hardware Description

CSis setorcleared by placing a 1 or a0 on address line AQ
and writing to an /0 port that has an even address of 128
or higher. The LTC1290 SCLK is generated by reading from
an 10 port that has an address greater than 128. Data is
clocked into the LTC1290 one bit at a time by placing the
desired bit on D7 of the Z-80 and writing to any memory
location. The serial data output of the LTC1290 is fed into
DO of the Z-80 through the 74LS126. The 74LS126 prevents
the LTC1290 from writing to the data bus of the Z-80 except
when the microprocessor requires data from the A/D. The
ACLK of the LTC1290 is also the clock for the Z-80.

The code for this interface was developed on a Multitech
MPF-1 single board development system.

The timing diagram of Figure 2 was obtained with an
HP1631A logic analyzer. The Z-80 clock rate was 1.79MHz.
Using a Z-80B and running it at a 6MHz clock rate, it is
possible to reduce this time to approximately 100us. This
would require generating ACLK externally or dividing
down the ¢ signal.

Figure 2. Throughput Time is Limited by the Z-80 MPU. A 12-Bit
Conversion Result is Transmitied Every 260,s.
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The analog section of the schematic of Figure 1 is omitted
for clarity. For a complete discussion of the analog con-
siderations involved in using the LTC1290 please see the
data sheet.

Software Description

The software serially shifts the Dyy configuration word to
the LTC1290 while simultaneously reading the previous
data back. Additionally, the software waits while the
LTC1290 performs its next conversion before attempting
the next data exchange cycle.

The Z-80 code is shown in Figure 5. First the C register is
cleared. The D register is loaded with the Dyy word (FEH)
for the LTC1290. This word as shown in Figure 3 config-
ures the input MUX of the LTC1290 to accept a signal on
CH7 with respect to COM, perform a unipolar conversion
and shift the data out MSB-first as a 12-bit word. Next CS
is brought low by writing to I/O port 128 (80H). The MSB of
the D register containing the Dy word is the output on bit
7 of the data bus of the Z-80. The first bit of the LTC1290
Doyt word is then read into the A register. The act of read-
ing this bit also generates an SCLK pulse. The Doyr bit is
then shifted into the carry bit and from there it is rotated
into the LSB of the B register. This process is repeated
seven more times until the Dyy bits have been shifted out
and the 8 MSBs of the Doyt word have been shifted into
the B register. The last four bits of the Doyt word are then
shifted through the carry bit into the LSB position of the C
register. Then it is rotated right through the carry bit into
the four MSB positions of the C register. CS is then
brought high. The 12-bit Doyt word is now stored left justi-
fied in the Z-80 as shown in Figure 4.

KRR EEEERRRER
| SID 0Is S1 52 UNI | MSBF | WL1 | WLO

Figure 3. Dyy Word for LTC1290 Stored in D Register of Z-80
MSB

(w987 ]6[5]4] reeB
LSB
[3 ] 2 [ 1] 0 |FILLEOWTHZEROS ~REGC

Doy from LTC1290 stored in Z-80 registers
Figure 4. Memory Map of Z-80

After the last SCLK pulse is ended, 52 ACLK cycles must
be allowed for the LTC1290 to perform the desired AID
conversion. During this time CS is taken high. The soft:
ware must ensure that this occurs.

Power Shutdown

The LTC1290 can be shutdown by inputting the appropri-
ate Dyy word (FDH). A dummy conversion prior to a request
for power shutdown is required because the data from the
previous conversion will be shifted out as a 10-bit word
during the power shutdown request. Upon power up, the
LTC1290 is ready for conversion and the Doyt word will be
valid on the second request for conversion.

Summary

An interface between the LTC1290 12-bit data acquisition
system and the Z-80 microprocessor with a combined data
conversion and transfer time of 26045 was demonstrated.
The interface used four 74LS chips to interface the two de-
vices. The 12 data bits of the LTC1290 are shifted MSB-
first one bit at a time. The data is stored left justified in the
Z-80's internal registers.

Reference

Hoover, Guy, “Interfacing the LTC1090 to the Z-80," Ap-
plication Note 260, Linear Technology Corp.

LABEL MNEMONIC COMMENTS

BEGIN LD C.O0H INITIALIZE REG C
LD DFE LOAD Dy INREGD
ouT  @HA  CSGOESLOW
BLOCKY LD HLLD QUTPUT Dy, BIT
IN A(BOH)  READ Dgyy BIT AND DUTPUT ONE SCLK
RAA SHIFT DATA TO CARAY
AL ] SHIFT DATA TO REG B
ALC D SHIFT Dy, WORD LEFT
REPEAT CODE LABELLED BLOCK! SEVEN TIMES FOR A
TOTAL OF EIGHT
BLOCKZ N . |BOH)  READ Digr BIT AND OUTPUT ONE SCLK
ARA SHIFT DATA TO CARRY
AL [ SHIFT DATA TOREGC
REPEAT CODE LABELLED BLOCK2 THREE TIMES FOR A
TOTAL OF FOUR
AR C SHIFT REG C DATA RIGHT
RR [ SHIFT AEG C DATA RIGHT
AR C SHIFT REG C DATA RIGHT
RA c SHIFT REG C DATA RIGHT
ouT  (BH 5 GOES HIGH

Figure 5. Z-80 Code
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