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Abstract.

The two channels bedside ICU monitor , an inevitable device
for ICU section , manifests two quintessence of cardiac signals
concomitantly on the monitor. One channel displays cardiac signal with
cardiac rate and another does respiratory signal with respiratory rate.

Operating principle is amplifying the small low-frequency
cardiac signal {rom the patient’s body. The amplified signals are
converted from analog to digital for writing in RAM. Then these
digital signals are converted to be higher frequency analog signal for
scanning- on the monitor.

The advantage of this operating is the signal on the® monitor
which could display continuously like recording on the
electrocardiographic paper. Moreover, it could be frozen the waveform
for prognosis. The cardiac rate can be calculated from period of the
cardiac rate by microprocessor. The respiratory signal and respiratory
rate can be measured from impedance varying which it is detected from

the electrode and this signal displaying is look like cardiac signal.
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TUsUNTY

LD IX , 1800H
LD 1Y , 1S08H
LD A, B1H 3 SET PORT 8255
ouT (F3), A

LD A, O8H

OUT (FB) , A
LOOP  CALL WRITE

CALL  DELAY

CALL SCAN &

JR NEXT
NEXT 3 CALL WRITE

CALL  DELAY

CALL  SCAN B

JR LOOP

3 WRITE SUBRUTINE

LD A, 18H
ouT (FO ) , A
LD A, O8H

ouT (FO ), A

LD B , 24H
Al DEC B

JR NZ , Al

LD A 4 48J

ouT (FB ) , A
LD A , OBH
ouUT (F2 ) , A

LD Ay 2BH

3



3+ DELAYSUBRUTINE

A3 @

A4

SCAN A SUBRUTINE

buT
LD
DEC
JR
NOP
LD
oUT
LD
ouUT

RET

LD
NOP
DJ
LD

DEC

JR

RET

LB

ouT

LD

DEC

JR

CALL

LD

ouT

CALL

(FB ), A

A, 38H

NZ , A2

A, 68H
(F@ ) , A
A, 28H

(F@ ) 4, A

B , 1AH

NZ , A3

B , 4SH

NZ , A4

A, O1H
(F@ ) , A
B, 1EH

B

NZ , A

DELAY1

A, 05H
(F2 ), A

CHECK-COUNT

>7



NEXT 1:

A5

A6:

AB:

e
X

CALL

CALL

CALL

CALL

CALL

CALL

LD

NOP

DJNZ

LD

DEC

JR

LD

ouT

LD

ouT

LD

LD

LD

DEC

JR

LD

OouT

INC

DJNZ

LD

NZ , NEXT1
READ _DATA .
AVG_HEART
AVG_RESP
HEART_RATE
HEART_BCD

HEART_DISPLAY

B , B@H

ADS

B, ClH
B

NZ , A6

A, ( IX+18H )

CF1), A
A , 82H
(Fg2 ) , A
HL 4 1811H
B , O7H

C , 3CH

c

NZ , A7
A, ( HL )
(F1), A
HL

A8

B, 48H

I



AS

bec
JR
SET
LD
oUT

RET

SCAN B SUBROUTINE

B1

B2

B3

LD

ouUT

LD

DEC

JR

CALL

LD

ouT

CALL

JR

CALL

CALL

CALL

CALL

CALL

CALL

LD

NOP

DJNZ

LD

DEC

NZ , AS
2, C HL )
A, O8H

(FB) , A

A, 21H
¢ FO ) , A
B, 1EH

B

NZ , B1
DELAY1

A, 25H

( FB ) , A
CHECK_COUNT
NZ , NEXT2
READ_DATA
AVG_HEART
AVG_RESP
AVG_RATE
RESP_BCD

RESP_DISPLAY

B , AFH
B2
B, C2H
B



1D H, ( 1X45)
LD E, L
LD b, H

LD B , B4H

C3: SRL D
RR E
DJNZ C3
XOR A

SBC HL , DE
LD E, ( IX+0 )
LD D, ( IX+1 )
ADC HL , DE
LD { 1X+4 ) , L
LD ( 1X+5 ) 4 H

LD B, 84H

C4s SRL H
RR L
DJNZ C4
LD ¢ IYy+g > , L
LD ¢ 1y+41 ) , H
RET

AVG_RESP SUBROUTINE

LD L, ¢ 1Xt6 )
LD H, ( IX+7 )
LD E, L
LD D, H

C5: SRL D
RR E



JR  NZ, B3
LD A, ( IY+1PH)
QUT C(FB) , A

1D A, A2H

ouT (FB® ) , A

LD HL , 1S11H
LD B, 97H
LD C , 3CH
B3: DEC C
B4 JR NZ , B4
LD A, CHL)

OuT ( F1) , A
INC HL
DJNZ  BS
LD B , 48H

B6: DEC B
JR NZ , B6
SET @, ( HL )
LD A , OBH
ouT CF2 ), A
RET

CHECK_COUNT SUBROQUTINE

LD HL , 1B3@H

LD A, C( HL)

DEC A

JR Z, OUT

LD (BHL) , A
LD B , C8H

44.



Cl: bEC
JR
LD
c2: DEC
JR
NOP
NOP
NOP
OR
RET
OUT:  INC
LD
DEC
LD
AND
RET
READ_DATA SUBROUTINE
IN
LD
LD
LD
LD
LD
LD
LD
RET
AVG_HEART SUBROUTINE

LD

B

NZ , Ci

B , B3H

B

NZ , C2
@FH

HL

A, C HL )
HL

A, C HL )
POH

A, 60H

¢ 1X40 )
A, 61H

¢ IX+1 ) ,
A, 624

¢ 1X+2 ) ,
A, 63H

C IX+3 ) ,
L, ¢ 1X+4



binz  c5

XOR A

SBC  HL , DE

LD E, ( IX+2 )
LD D, ( 1X+3)

ADC HL , DE

LD ( 1X4+6 > , L
LD ( IX+7 > , H
LD B , @4H

C6: SRL H
RR L
DJNZ  C6
LD ¢ Iy+2 ) , L
LD ( 1IY+3 ) 4, H
RET

HEART_RATE SUBROUTINE

LD E ,( 1Y+ )
LD D, C IY+1 )
LD A, E

OR D

JR Z, ST

LD C, 60H

LD A , EAH

CALL DIV _16

LD CI1Y+4 ) , C
LD CIlY45 ) , A
RET

ST LD B , 5AH

4%



7 DEC B

JR NZ , C7

LD HL , 00ooH

LD ( 1Y44 ) , 00+
LD ( fY+5 ), 00+
RET

RESP_RATE SUBROUTINE

LD E, € 1Y+2)
LD D, C1Y+3)
LD A, E

OR D

JR Z , ST13

LD C , 30H

LD A, 75H

CALL DIV_1e

LD ( 1Y+6 ) 4, C
LD (e NETR) Gt
RET

S1s LD B , 55AH

C8: DEC B
JR NZ , C8
LD HL , 0000+
LD ¢ 1Yy+6 ) , 004
LD C 1Y+7 ) , OOH
RET

HEART_DISPLAY SUBROUTINE
LD A, ( 1Y+8 )

LD B, A



LD
LD
SRL
SRL
SRL
SRL
LD
LD
AND
LD
LD
LD
LD
LD
LD
RET
RESP_DISPLAY SUBROUTINE

LD
LD
AND
LD
LD
SRL
SRL
SRL
SRL

LD

PFH
C 1X+12H ) 4 A
A, B

A

¢ IX+11H ) 4 A
A, CIY+9 )

OFH

¢ IX+10H ) , A

( IX+13H ) , OAH
( IX+14H ) , oBH
¢ IX+15H ) , @CH
( IX+16H ) , ODH

( IX+17H > 4 @EH

A, C 1Y+0AH )
B, A

OFH

¢ IY+12H ) , A
A, B

A

(IY+11H), A

45



HEART BCD

RESP BCD

ip

LD
LD
LD
LD
LD
LD

RET

LD
LD
LD
LD
CALL
LD
LD
LD
LD

RET

LD
LD
LD
LD
CALL
LD

LD

A, (1Y+@2BH)

OFH

(IY+10H) , A
(1Y+13H),0AH
(1Y+14H),0BH
(1Y+15H),0CH ~
(1Y+16H) ,8DH

(1Y+17H),O0FH

A, (1T+4)
(1820H) , A
A, (1Y+5)
(1821H),A
HEX TO BCD
A, (1822H)
(1y+8),4A
A, (1823H)

(1Y+8),4A

A, (1Y+6)
(1820H),A
A, (1Y+7)
(1821H), A
HEX TO BCD
A, (1822H)

(1Y40AH) ,A

4.b.



ip
LD
LD

RET

HEX TO BCD SUBRUTINE

LOOP:

SHLB:

BCDADJ:

XOR

LD

LD

INC

LD

LD

LD

RL

INC

DJNZ

LD

LD

ADC

DAA

LD

INC

DJNZ

DEC

JR

RET

(1Y+QAH) ,A
A, (1823H)

(1Y+@BH) ,A

A

HL, 1822H
(HL),A
HL
(HL) 4A
C, 1PH
L,2eH
B,©®2H
(HL)
HL
SHLB
L,22H
B, @2H
A, (HL)

AyA

(HL)4A
HL
BCDADJ
Cc

NZ, LooP

43,



DIVE 16 SUBRUTINE"

LOOP 1t

AB1:

AB2:

LD

LD

RL

RLA

ADC

SBC

JR

ADD

JP

NOP

JR

CCF

DJNZ

RL

RLA

RET

HL, 92000
B, 18H

c

HL,HL
HL,DE
NC, AB1
HL,DE

ABZ -

AB2

LOOP1
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concerned with reading the previous conversion result and
starting the conversion by using the 1/O clock. The internal
system clock will drive the ‘‘conversion crunching®’ circuitry
so that the contro] hardware and software need not be
concerned with this task.

When CS is high, the Data Out pin is in a high-
impedance condition and the 1/O clock pin is disabled. This
feature allows each of these pins, with the exception of CS,
to share a control logic point with.its counterpart pin when
additional TLC548 or TLCS549 devices are used. This serves
to minimize the required contro! logic pins when using
multiple TLCS548 and TLC549 devices.

The control sequence has been designed to minimize the
time and effort required to initiate conversion and obtain the
conversion result. A normal control sequence is:

1. CS is brought low. To minimize errors caused by
noise at the CS input, the internal circuitry waits
for two rising edges and then a falling edge of the

" internal system clock after a CS (high-to-low)
transition before the transition is recognized. This
technique is used to protect the device against noise
when the device is used in a noisy environment. The
MSB of the previous conversion result will
automatically appear on the data out pin.

2. The negative edges of the first four I/0 clocks shift
out the 2nd, 3rd, 4th, and 5th most significant bits
of the previous conversion result. The on-chip
sample-and-hold begins sampling the analog input
afier the 4th falling edge. The sampling operation
basically involves the charging of internal capacitors
to the level of the analog input voltage.

3. Three more clock cycles are then applied to the /O
pin and the 6th, 7th, and 8th conversion bits are
shified out on the negative edges of these clock
cycles.

4. The final (8th) clock cycle is applied to the I/O
Clock pin. The on-chip sample-and-hold begins the
hold function upon the falling edge of this clock
cycle. The hold function will continue for the next
four internal system clock cycles. After these four
system clock cycles, the hold function ends and
conversijon is performed during the next 32 system
clock cycles, giving a total of 36 cycles. Afier the
8th 1/0 clock cycle, CS must go high or the 1/0
clock must remain low for at Jeast 36 system clock
cycles to allow for the hold and conversion
functions.

CS can be kept low during periods of multiple
conversion. Also, if CS is taken high it must remain high
until the end of conversion. Otherwise, a falling edge of CS
will cause a reset condition, which will abort the conversion
in progress.

A new conversion may be started and the ongoing
conversion simultaneously aborted by performing steps 1
through 4 before the 36 system clock cycles occur. Such
action will yield the conversion result of the previous
conversion and not the ongoing conversion.

For certain applications, such as strobing, it is necessary
to start conversion at a specific point in time. These devices
will accommodate these applications. Although the on-chip
sample-and-hold begins sampling upon the negative edge of
the 4th /O clock cycle, the hold function does not begin until
the negative edge of the 8th /O clock cycle, until the moment
at which the analog signal must be converted. The TLC548
and TLC549 will continue sampling the analog input until
the 8th falling edge of the 1/O clock. The control circuitry
or software will then immediately lower the I/O clock signal
and start the holding function to hold the analog signal at
the desired point in time and start conversion.

TL0808, TL0809 LOW-POWER CMOS
ANALOG-TO-DIGITAL CONVERTERS WITH
8-CHANNEL MULTIPLEXERS

The TLO808 and TLO809 are monolithic CMOS 8-bit A/D
converters. They will operate with a 3-V supply making them
ideal for battery type applications. Conversion time is 100 us
and they consume typically only 0.3 mW of power. They
feature latched three-state outputs and latched address inputs.
These A/D devices eliminate the possibility of missing codes,
nonmonotonicity, and the need for zero or full-scale
adjustment. The pin layout is shown in Figure 11-82. This
grouping of input and address lines permits efficient pc board
layout.

N DUAL-IN-LINE PACKAGE

57 Lo
1}INPUTS
0
il
B

INPUTS

N b W

START OF CONVERSION
END OF CONVERSION

}ADDRESS
C

'] ADDRESS LOAD CONTROL

2-5 ) 2-1.ms8)
OUTPUT CONTROL []2-2
CLK (] 2-3
vee B 2-4
REF + ) 2-8sB)
GND ] REF -
2-7 N 2-6

Figure 11-82. TL0808 and TL0809 Pinouts (Top View)

Description

The TLO808 and TLO809 are monolithic CMOS devices
with a 8-channe] multiplexer, an 8-bit analog-to-digital (A/D)
converter, and microprocessor-compatible control }ogic. See
Figure 11-83 for the functional block diagram and function
table. The 8-channel multiplexer can be controlled by a
microprocessor through a 3-bit address decoder with address
Joad to select any one of eight single-ended analog switches
connected directly to the comparator. The 8-bit A/D
converter uses the successive-approximation conversion
technique featuring a high-impedance threshold detector, a
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switched-capacitor array, a sample-and-hold, and a
successive approximation register (SAR).
The comparison and conversion methods used eliminate

the possibility of missing codes, nonmonotonicity, and the

need for zero or full-scale adjustment. Also featured are
three-state output latches from the SAR and latched inputs
to the multiplexer address decoder. The single 3-V supply
and extremely low power requirements make the TLOS08

and TLOB09 especially useful for a wide variety of

(12}

Principles of Operation

The TLO808/0809 each consists of an analog signal
multiplexer, an 8-bit successive-approximation converter,
and related control and output circuitry.

applications including portable battery and LCD applications.
Ratiometric conversion is made possible by access to the
reference voltage input terminals.

MULTIPLEXER FUNCTION TABLE

REF+ 16)
REF—(

0(26)

p——

27
1( )

228
Nl
4 (2)

(3)

5 2

644

ANALOG
INPUTS

INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
c B A | STROBE | CHANNEL
L L L 1 0
L L H 1 1
L H L t 2
L H H 1 3
BINARY-WEIGHTED H  RA\! t 4
CAPACITORS H L H t 5
H H L t 6
iy H H H 1 7
MAFRIR H = high level, L = low level
1 = low-to-high transition
THRESHOLD _—
4 DETECTOR (17) .8 (1sp) )
(14) .7
(15) ,_g
ouTpPUT | 18] ,_s DIGITAL
ANALOG Foard >
MULTI- LATCHES | (18) 24 OUTPUTS
PLEXER (18) ,-3
(200 ,_>
TIMING N 1) , 4 (ms8)
Pco:l:gm {7) END OF
CONVERSION

7 (5)

{10)

CLOCK
(6)

START CONVERSION
]

OUTPUT ENABLE

(25)

ADDRESS A(—zz)‘*
ADDRESS B——
ADDRESS C12—3L
ADDRESS LOAD (22)

CONTROL

ADDRESS
DECODER

>

-
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Figure 11-83. Functional Block Diagram (Positive Logic)




Multiplexer

See Figure 11-84 for the operating sequence timing. The
analog multiplexer selects 1 of 8 single-ended input channels
as determined by the address decoder. The Address Load
Control clocks the address code into the decoder on a low-
to-high transition. The output latch is reset by the positive-
going edge of the start pulse. Sampling also starts with the
positive-going edge of the start pulse and lasts for 32 clock
periods. The conversion process may be interrupted by a new
start pulse before the end of 64 clock periods. The previous
data will be lost if a new start-of-conversion occurs before
the 64th clock pulse. Continuous conversion may be
accomplished by connecting the End-of-Conversion output
to the start input. If used in this mode, an external pulse
should be applied after power-up to assure start up.

Converter

The CMOS threshold detector in the successive-
approximation conversion system determines each bit by
examining the charge on a series of binary-weighted
capacitors as shown in Figure 11-85. The conversion process
uses successive approximation, but it relies on charge
redistribution rather than a successive-approximation register
(and reference DAC) to count and weight the bits from MSB
to LSB.

¥

In the first phase of the conversion process, the analog
input is sampled by closing switch SC and al] ST switches,
and by simultaneously charging all the capacitors to the input
voltage. In the next phase of the conversion process, all SC
and ST switches are opened and the threshold detector begins
identifying bits by identifying the charge (voltage) on each
capacitor relative to the reference voltage. In the switching
sequence, all eight capacitors are examined separately until
all eight bits are identified, and then the charge-convert
sequence is repeated.

In the first step of the conversion phase, the threshold
detector looks at the first capacitor (weight = 128).
Node 128 is switched to the reference voltage, and the
equivalent nodes of all the other capacitors on the ladder are
switched to REF —. If the voltage at the summing node is
greater than the trip-point of the threshold detector
(approximately one-half the Vcc voltage), a bit is placed
in the output register, and the 128-weight capacitor is
switched to REF —. If the voltage at the summing node is
less than the trip point of the threshold detector, this
128-weight capacitor remains connected to REF + through
the remainder of the capacitor-sampling (bit-counting)
process. The process is repeated for the 64-weight capacitor,
the 32-weight capacitor, and so on, until all bits are counted.

ST LT

cLoCK
START .
CONVERSION 50%J \20% D
,"'—‘—“‘F— tw(s)
ADDRESS LOAD v
CONTROL V5 o g% )2
h . Lw(ALC) il
P+ ADDRESS STABLE LA
ADDRESS  50%) 50% |
] —f p—

e AL

ANALOG INPUT

]
x h | "anaLoG vaLuE

of o

b—t 4 INPUT STABLE

——1#

MULTIPLEX QUTPUT

D

-l
]
ANALOG VALUE K

|
i
(INTERNAL) ;
!
L
OEND OSFON T 0 50% }(50%
CONVERS! - | . —
—1d(EOC) —eqf !
ouTPUT ! feonv =
ENABLE o 50%/ L 50%
_ St ot
LATCH OUTPUTS . 90% 90%
HI-Z STATE 10% 10%

Figure 11-84. Operating Sequence

11-57 °




THRESHOLD
DETECTOR

S S A A Y A Y A

TO
OUTPUT
LATCHES

NODE 128 t;.qsn t:u—:n tzsn ﬁEFq» ﬁEH REF+ tﬁEH tsEH
REF—- REF— REF- REF- REF— REF- REF-— REF- REF—~
St St St STt St St

T 774

1 1

VIN

Figure 11-85. Simplified Model of the Successive-Approximation System

A/D CONVERTER APPLICATIONS

A/D converters are used in industrial control systems,
automatic testing systems, communications and signal
analysis systems, consumer appliance controls, displays, and
automotive applications. Digital methods, especially with
microprocessors, can provide powerful tools for dealing with
analog functions in all of these applications.

An expanding use of A/D conversions is’in digital
signal processing. Television stations use this highly
specialized technique to perform isolation and special effects
seen on sports telecasts. However, digital signal processing
is not limited to television. The medical community uses it
1o create and storc visual images from computerized CAT
scanners and ultrasound analysis equipment. Digital signal
processing is also used by the military in radar, sonar, missile
tracking, and secure communications. Geologists also use
these techniques in analyzing earth science data, and
astronomers apply the techniques in using radio telescopes.

Because the majority of applications for A/D
converters involve the use of microprocessors, primary
emphasis in this section has been directed toward interfaces
for A/D converters and a variety of popular MiCroprocessors.
Most of the applications present hardware confi gurations and
associated software that can be used with the following
nicroprocessor integrated circuits:

. Zilog Z80A and Z80

. Intel 8051 and 8052

. Intel 8048 and 8049

. Motorola 6805

- Motorola 6800, 6802, 6809, and 6809E
- Rockwell 6502 and 6522 VIA

AN bW N —
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These microprocessors are representative of devices
being used today and their inclusion in this book should not
be implied as recommendation, or that other devices should
not be considered for specific applications. Likewise, the
circuits and software are presented only as working examples
of each type of interface.

INTERFACE FOR ADC0803, ADC0804, AND
ADC0805 CONVERTERS TO ZILOG Z80A
AND Z80 MICROPROCESSORS
This application illustrates the circuit configuration and the
associated software that can be used to operate the ADCO80X
family of A/D converters with the ZILOG Z80A and Z80.
The A/D circuits are 8-bit successive-approximation A/D
converters that feature microprocessor-compatible control.
logic and parallel communication with the microprocessor
via the data bus. The configuration features are as follows:
1. Minimum circuitry
2. Low cost
3. Very fast communication between the micro-
processor and A/D converter
4. Optional microprocessor-interrupt acknowledge-
ment of the end of conversion
5. Differential analog voltage inputs, which reject
both common-mode voltages and the offset of the
zero-input analog voltage value
6. Optional on-board generation of the A/D clock
signal with an external resistor and capacitor.
The basic differences between the A/D converters in
this family are given in Table 11-9.




Table 11;9. Differences Between Devices in the
ADCO080X A/D Converter Family (Note 1)

0803 | 0804 | 0805 UNIT

Tota! maximum adjusted error (with full-scale adjust) | x+1/2 - - LS8
Total maximum unadjusted error (V,g(/2 = 2.5 V) - - - LSB
Total maximum unadjusted error (Vief/2 = open) - x1 x1 LSB
Operating free-air temperature range -40 o} -40 ’
to to to °C
85 70 85

NOTE 1: Conversion accuracies listed sre with Vee at 5 V and the clock frequency at 640 kHz.
If a faster clock is used, conversion time will decrease proportionately and the accuracy

will tend to decrease slightly.

Circuitry

Figure 11-86 shows the interconnection between the
microprocessor and the A/D converier. The A/D converter
write WR and read RD signals, which are generated by the
microprocessor, are not masked by an addressing scheme.
However, if additional 1/0 devices were placed on the data
bus, masking could be easily designed.

4 MHz

The SN74393 dual binary counter genérates a 500 kHz
clock signal for the A/D converter. Any binary counter may
be used instead of the SN74393. In addition, any clock signal
within the clock frequency specification may be used.
Another way to generate the clock signal is to use an external
resistor and capacitor in conjunction with the CLK IN and
CLK OUT pins of the A/D converter. The confi guration and
frequency equation for this method are shown in
Figure 11-87.

SN74393 +5V
I 1 14
CLK n 1CLK VCC LQ_J
L (2 (13)
5] 1CR 2CLK >
—-4—)- 10p 2CLR ((11;
R PPN 2Q
gal] 118 Al o)
®1 ] oc 208
—10p 2a¢
{7) {8)
GND 2Qp
Z80A/z80 ADC0803/0804/0805 '5“ v
+
. 2
&b f" cs Ve (OR REF) -'—O’J
\ i2) 'ﬁﬁ CLK OUT {19}
I B3) | wh DBO (LSB) %
iORQ @ 1o m DB %
_ D_ 5) } TR DB2 —:1“
) WR 6} Fing DB3
DBO j 221 PV DBa4 ::;) N
N\ ‘98’ ANLG GND DBS m‘
T\ 2 Rerr2 DBS TN
DATA J . . I DB7 (MSB)
BUS . —\ \
N\ ’f
\DB7 j
yd

7

Figure 11-86. Circuit Diagram for Z80A/Z80 to ADC0804/0805 Interface
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CLK OUT} 1
! |
R | | . 1
ClK = 373 Re
CLKIN: CLK: R = 10kQ
c
» L2 __1

Figure 11-87. Configuration and Equations for
On-Board Clock Generator

Timing Diagram

Figure 11-88 shows the timing diagram for the
interface. With a 500 kHz clock, the conversion time is
140.5 ps and the A/D INTR pin is reset when the RD signal
goes low,

1)
>

Software

The following software listing presents the software
for this interface. The software is minimal due to the
microprocessor-compatibility of the A/D converter. In
allowing time for conversion, the designer can use any delay
that is convenient, including a timer function. Another
method is to use the INTR signal.on the A/D converter to
start a microprocessor interrupt routine that reads the
conversion result. If an on-board clock generator like the
one shown in Figure 11-87 is used, the conversion time will
vary with the tolerances of the resistor and capacitor. In this
situation, the designer can allow a conservative delay to
assure that the conversion is complete before reading the
result. Another method might be to wait for an
acknowledgement of the INTR signal and use this to inform
the microprocessor of a completed conversion.

Software for Z80/Z80A, ADCO0803,
ADCO0804, ADCO080S, Interface

FF 00 WRITE: EQU FFH ;Interface write address
FF 00 READ: EQU FFH ;Interface read address
;The above addresses could be
;anything unless they are used
;to drive an address decode
;circuit, which addresses
;the A/D IC
0000 D3 FF START: OUT (WRITE), A ;Start conversion of analog
;channel; the contents of the
;accumulator are not important;
;the write pulse however, is.
;Before reading the conversion result, a slightly
;greater than 140 microsecond delay (with a 500 kHz
;A/D clock), to allow for conversion time, can be
;selected in any way which is convenient for the designer.
: OR
;The microprocessor can continue to perform main
;program software and the conversion result can be
;retrieved by an interrupt routine, which is initiated
:by the INTR(bar) signal, which signifies the end of
sconversion, on pin 5.
0002 DB FF IN A, (READ) ;Read conversion result
' ;into the A register
0004 - END

.
N Lt s e .
&R TN S



] ]

=1
WR
P <¢
T ' A4
INTR : I
{ Ly
! | ] e | |
1 | I - F I '
RD |
Bl ! !
g | P | 11
M A
| !
DATA BUS l !
l l Va4
I 1 i e T (11
° 1 | 162.5 | §
030, ( 152.75 |
0.65 140.5 153.15
NOTE: Faster conversion may be obtained with a faster clock. CONVERSION RESULT
Figure 11-88. Timing Diagram for Z80A/Z80 to ADC0803/0804/0805 Interface
INTERFACE FOR ADC0803, ADC0804, AND 6502 ADCOBO03
ADC0805 CONVERTERS TO THE yau S
ROCKWELL 6502 MICROPROCESSOR po-07 K ) bBo-DB7

This application shows the circuit configuration and
the associated software that can be used to operate this family
of A/D converters with the Rockwell 6502 microprocessor. 02 —T

7
The interface circuit diagram is shown in Figure 11-89. A14 .
===~ data conversion cycle begins by performing a write t A >’ 18P

Cs
CLK IN

A13

to the ADCOB0X with a Start (STA) accumulator instruction.

The conversion requires between 66 and 73 clock cycles. WA
The ADCO80X provides an interrupt request signal when the A15

conversion is complete. The circuit timing is shown in iRG INTR
Figure 11-90.

An alternate method for retrieving the conversion result
would be to use a wait state in a software delay loop until
the conversion results are read into the 6502 with an LDA
Instruction. A software listing for a typical interrupt service
routine is shown. Note that the circuit employs a minimum
of address decoding hardware; some applications ma) require
additional decoding hardware.

Figure 11-89. 6502 to ADC0803/0804/0805
Interface Circuit Diagram

161 -




: Register Assignments for ADC0803, ADC0804,

3 ) and ADCO0805 to 6502 Interface
WRITE: .EQU 8800H -
READ: .EQU 4800H
MAIN:
STA WRITE ;Start conversion

1SR: PHA ;Save contents of accumulator
LDA READ ;Read conversion results
STA DATA ;Store results in memory
PLA ;Restore accumulator
RTI ;Return to main program
l.‘L 84 us *}-'-l
e T m— fe——— 1 ps——— ]
—..-.__.I | Ve | |
R4
Cs
l(—420 ns-’l 14-420 ns 9]
L C r
r2 1
Wh—~ |
) 500 -
k—SOO ns——Dl :‘— y ns—b:
—d €.
rla
RD

>

{
4
N

I(———*H——300 ns

Figure 11-90. 6502 to ADC0803/0804/0805 Interface Timing Diagram

INTERFACE FOR ADC0808, ADC0809, TL0808,
T10809, TL520,TL521 AND TL522 CONVERTERS
TO ZILOG Z80A AND Z80 MICROPROCESSORS

This application presents the circuit configuration and
he associated software that can be used to operate this family
of A/D converters with the ZILOG Z80A and Z80. These
A/D, circuits are 8-bit successive-approximation A/D
-onverters that feature microprocessor-compatible control
ogic and paralle] communication with the microprocessor
/ia the data bus. This configuration features:

I. Minimum circuitry
2. Low cost

1-62

3. Very fast communication between the
microprocessor and A/D converter
4. Optional microprocessor-interrupt acknowledge-
ment of the end of conversion
5. Convenient control of the analog multiplexer.
Some of the basic differences between the A/D
converters in these families are listed in Table 11-10.
However, these are not the only differences. The TLO808
and TLO809 and ADC0808 and ADCO0809 have the same
pinout, but the TL520, TL521, and TL522 pinout is different
from the 0808 and 0809.
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Table 11-10. Differences Between
ADC/TL0808-ADC/TL0809 and TL520-TL522 A/D
Converter Families (Note 1)

Vce SUPPLY CONVERSION
{volts) (ps)
TLOBO8/TLOBOS 2.75V 1055V 100 pus
ADCO808/ADCO808 45Vto6V 100 s
TL520 3Vtob55V 70 us
TL521 3Vteb55V 100 ps
TLS22 2.75Vto 55V 200 ps

NOTE 1: The conversion times require 8 640 kHz clock. If faster
conversion is desired, a faster clock is required. Both
conversion time and conversion accuracy are specified in
the data sheets when using a 640 kHz clock. If 8 faster
clock is used, conversion time will decrease
proportionately and the accuracy may stay within the
640 kHz specification or decrease slightly.

. Figure 11-91 shows the interconnection points between
the microprocessor and the A/D converter for a typical
interface application.

Figure 11-92 shows the interconnection between the
microprocessor and the TLO808 and TLO809 and ADC0808
and ADCO0809 A/D converters. The interface will also work
with the TL520, TL521, and TL522 if the different pinout
is considered. The SN74393 dual binary counter is used to

generate a 500 kHz clock for the A/D converter. Any binary
counter may be used instead of the SN74393 or any clock
signal within the A/D converter clock frequency specification
may be used. The microprocessor-generated A/D control and
address signals are not masked by an addressing scheme;
however, if additional /O devices are placed on the data bus,
masking would be necessary. ’

Timing Diagram

Figure 11-93 is the timing diagram for the interface.
With a 500 kHz A/D clock, the conversion time for the
TLO808, TL0809, ADCO0808, or ADC0809 devices is 130 ps
with the EOC signal going low about 6 ps after activation
of the output enable signal.

Software

The associated program listing presents the software
routines for this interface. The coding is minimal due to the
microprocessor-compatibility of the A/D converters. This
code is written so that it may be easily incorporated into a
subroutine if desired. In allowing time for conversion, the
designer may use any delay which is convenient, including
a timer function, or the End of Conversion (EOC) signal on
the A/D converter to initiate a microprocessor interrupt
routine that reads the conversion result.

500 kHz —f CLK
5.000 V. — REF+
0.000 V —f REF -

ADDRESS
DECODE

START
WRITE

ADO —{ A
AD1 —{ B
AD2 —3 C

5 V supPLY — VcC

GND
crounp L |

EOC INTERRUPT
2-1}—» DB7 MSB
2-2 —» DB6
2-3 1 DBS
2-41— DB4
2-51-9 DB3
2-6 1—p DB2
2—7 }—» DB1
2-8|-p DBO LSB
\
IN7[— VINSB
o 0-5V
. ANALOG
. INPUT RANGE
INo[— VIN U

ADCO0808
ADCO809

Figure 11-91. Typical Interface Application
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;Interface Software for Z80A/Z80-TLO808 / TLO8G9 ICs
; -ADCO0808 / ADC0809 ICs
-TL520 / TL521 / TL522 ICs

1
’

?

READ: EQU FFH ;Interface read address; this
;address could be anything
;unless it is used to drive
;an address decode circuit,
;which addresses the A/D IC

START: LD C,00H ;Prepare to address analog
;channel 0; 01 would address

;channel 1, etc.

LOD08O0S: OuUT (O),C ;Start conversion of analog
;channel per C register

;Before reading the conversion result, a slightly

;greater than / microsecond delay (with a 500 kHz

;A/D clock), to allow for conversion time, can be

;selected in any way which is convenient for the

.designer.

; OR

;The microprocessor can continue to perform main

;program software and the conversion result can be

;retrieved by an interrupt routine, which is initiated

;by the End of Conversion (EOC) signal on pin 7 of the

;ADC0808/0809 and TLO0808/0809 ICs and on pin 22 of the

;TL520/521/522 1Cs.

7

IN A, (READ) ;Read conversion result
;into the A register

END



4 MHz

Z80A/280

DATA BUSJ

SN74393 45V
. L1 pep veeloe |
(2) (13)
1CLR 2CLK
(3) 12
] 1CA 2ctR
( 1ag 204
e (5 (10
iQc 20
(6) (9}
1Qp 2Q¢
N 8)
i GND 20p
TLO808/0809
ADC0808/0809
7I
SELLLJ PA g 25
" ¢ 21a inpuTsS 1 22
3) 126]
5 S INPUTS 0
e NEZ
124)
’ (‘:; 7 ADDRESS< B ‘_2_5_/
——T A 7] START OF CONV claar
END OF CONV ADDRESS |
@] _s LOAD conTROL | (21)
= 2=1zer N\
Tior] OUTPUT ENABLE 2-2 m
MULTIPLEXER A N SLK 2_3 119
PR /] +5V b1 ) REFC+ 2 ¥ (EETIN
INPUTS "/ 3 2-s [
i 2-6}=
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7

Figure 11-92. Circuit Diagram for Z80A/Z80 to TL0808/0809 ADC0808/0809 Interface
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CLOCK
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CONVERSION

%
|
| I L
1 | / ¥ —_—
ADDRESS A
1 l L C—
—'f I 7 S
I —5 5
ADDRESS 8 | | /
-’ L C
1 ' R4
. —55
ADDRESS C | | /
| 1 5 5
! ! : y
END OF i l
CONVERSION | y | iy
i M| ~37 I
| ' | |
OUTPUT | I | ' [
ENABLE 4 ! 1 X H |
[ ! 7 ¥y i ]
l ! |
1 ' LC 1 1 1
ki b R A 4 1 -
DATA BUS | 1 | | ﬂx |
— P | £C__ 3 € 1
1 | —27 f t t
| | | { | |
0 064 130 136 136.8 \ 142.7
0.76 ns —P

NOTE: Faster conversion may be obtained with a faster clock.

CONVERSION RESULT

Figure 11-93. Timing Diagram for 280/Z80A to TL0808/0809 ADC0808/0809 Interface

INTERFACE FOR ADC0808 AND ADC0809
CONVERTERS TO THE ROCKWELL 6502
MICROPROCESSOR

This application shows the circuit configuration and
the associated sofiware that can be used to operate the
ADCO0808 and ADCO0809 A/D converters with the Rockwell
6502 microprocessor. The interface circuit diagram is shown
in Figure 11-94. A data conversion cycle is initiated by
performing an STA instruction. This generates a start
conversjon pulse that clears the EOC Jine. The address in
memory where the accumulator stores its contents determines
which channel is selected for conversion. The conversion
requires approximately 65 clock cycles. The clock frequency
may vary from 10 kHz to 1.28 MHz, however, when it is
ibove 640 kHz the accuracy may decrease slightly. The
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circuit timing diagram is shown in Figure 1]-95.

Upon completion of the conversion, the EOC signal
is set and may be used to gencrate an interrupt signal for
the Rockwell 6502. Also, a software delay loop may be used
to achieve the proper delay until conversion is complete.

If the interrupt scheme is chosen, the interrupt service
routine must either start another conversion cycle that will
clear the EOC signal or disable the interrupts. If this is not
done, the Rockwell 6502 will remain in the interrupt service
routine loop. It may be desirable to add a flip-flop and an
AND gate to control the enabling and disabling of the EOC
signal. Structuring of the interrupt and the address decoding
scheme are both flexible and should be optimized for the
particular application. A software hstmg for an interrupt
service routine follows.




ADC0808

WRITEOQ
WRITE!

WRITE7

’

MAIN:

ISR:

6502

D0-D7

Register Assignments for ADC0808 and ADC0809
Interface to the Rockwell 6502

.EQU 4000H

.EQU 8000H

.EQU 8001H

.EQU 8007H

STA WRITEQ ;Start conversion, clear interrupt
PHA ;Save accumulator

LDA ADCO0808 ;Read conversion results into acc.
STA DATA ;Store conversion results

PLA ;Restore accumulator

PLP ;Pull status from stack

SEI ;Disable interrupts

PHP ;Push status back on stack

RTI ;Return to main program

ADCO0B08

N

3 2—-8 _ 2-1

7

A15

ALC

$2

A13

e
N
A14 —f—D‘)‘D—‘l— C START OF CONVERSION

CLK
OUTPUT ENABLE

i

J

IRQ

% END OF CONVERSION
A

AO

A1l

A2

Figure 11-94. 6502 to ADC0808 Interface Circuit Diagram
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END OF CONV

le——154s

OUTPUT ENABLE

—  le—14s

Figure 11-95. 6502 to ADCO0808 Interface Timing Diagram

INTERFACE FOR ADC0808, ADC0809, TL080S,
TLO0809, TLS20, TL521, AND TL522
CONVERTERS TO THE MOTOROLA 6800
MICROPROCESSORS

This application illustrates a circuit configuration and
the software that can be used to operate this family of A/D
converters with the Motorola 6800 family of
microprocessors. Figure 11-91 shows a typical interface
application. Figure 11-96 shows the interconnection between
the Motorola 6802 microprocessor and the TL0O808 or
TLO809 A/D converters. Although Figure 11-96 shows
circuitry for the TLO808/ADCO0808 and TLO809/ADC0809
A/D converters, the interface will also work with the TL520,
TL521, and TL522 devices if the different pinout is
considered.

The SN74393 dual binary counter is used to generate
a 500 kHz clock for the A/D converter. Any binary counter
may be used in place of the SN74393 or any clock signal
within the A/D converter clock frequency specification can
be used. The 6800 E clock or E clock equivalent, if within
the clock frequency specification, may also be connected
directly to the clock input of the A/D converter. When using
the Motorola microprocessors with clock frequencies greater
than 1 MHz, the designer must check to see that the A/D
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converter write and read timing specifications are met. The
microprocessor-generated A/D control and address signals
are masked by the 4000H-7FFFH addressing range. A more
efficient addressing scheme can easily be implemented if
desired. Table 11-11 provides information for adapting the
circuit of Figure 11-96 for use with other members of the
6800 family of microprocessors.

Timing Diagram

Figure 11-97 is the timing diagram for this interface.
With a 500 kHz A/D clock, the conversion time for the
TLO0808/TL0809 and ADC0O808/ADCO809 A/D converters
is 130 ps. The EOC signal falls approximately 6 us after
activation of the OUTPUT ENABLE signat.

Software
The software listing for this interface follows. The

software 1s minimal due to the microprocessor-compatibility
of the A/D converter devices. In allowing time for
conversion, the designer can use any delay which is
convenient, including either a timer function or the EOC
signal to initiate the microprocessor interrupt routine that

reads the conversion result.
e

— o A



0000

0003

0006

40 00

B7 40 00

B6 40 00

; Software for Motorola 680X-TL0O808 / TL0809 ICs

s -ADC0808 / ADCO0809 ICs
3 -TL520 / TLS21 / TL522 ICs
READ: EQU 4000H ;Interface read address; this

;address is selected to ensure
;that the read operation reads
;the-conversion result byte

;and does not read the program
;memory or on-board RAM (if
;the microprocessor is the
;6802) by mistake

START: STAA 4000H ;Address analog channel 0 and
;start conversion; 4001 would
;address channel 1, etc.
Before reading the conversion result, a slightly
;greater than 130 microsecond delay (with a 500 kHz
;A/D clock), to allow for conversion time, can be
;selected in any way which is convenient for the
;designer.
; OR
;The microprocessor can continue to perform main
;program software and the conversion result can be
;retrieved by an interrupt routine, which is initiated
:by the End of Conversion (EOC) signal on pin 7 of the
;ADCO0808/0809 and TLO808/0809 1Cs and on pin 22 of the
;TL520/521/522 1Cs.
LDAA READ ;Read conversion result
;into the A accumulator
END )
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NOTE A: Refer to Table 11-11 for information about other Motorola microprocessors.
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Figure 11-96. Circuit Diagram for TL0808/0809 Interface

Table 11-11. Considerations for Using

Other Microprocessors

MICROPROCESSOR

E CLOCK OR
E CLOCK EQUIVALENT

6800 ¢2 is equivalenmt to the
6802/6808 E pin
6802/6808/6802ns See Figure 11-96
6809 See Figure 11-96
6809E/68HCOSE See Figure 11-96 and

*‘Motorola 8-bit Microprocessor
and Peripheral Data Book'’ for
clock generator — pg. 3-277
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Figure 11-97. Timing Diagram for 680X to TL0808/00809 ADC(0808/0809 Interface

INTERFACE FOR ADC0831, ADCO0832, ADC(834,
AND ADC0838 CONVERTERS TO ZILOG Z80A
AND 780 MICROPROCESSORS

The ADCO0831, ADC0832, ADCO0834, and ADC0838
devices are 8-bit successive-approximation analog-to-digital
converters with serial input/output and configurable input
multiplexers with up to 8 channels. These A/D converters
are designed to easily communicate with microprocessors
in a serial fashion. The hardware configurations and the
associated software presented can be used to operate the
ZILOG Z80A and Z80 microprocessors with the ADCO0830
converters. The timing diagrams show the interaction
between the microprocessor and the A/D converter.

The ADCO0832, ADCO0834, and ADC0838 A/D
converters can be software configured in either the single-
ended or differential input mode. Additionally, the
differential * inputs can be interchanged through software
manipulation.

The serial interface features:

1. Low cost

2. Minimum circuitry

3. Fast conversion and communication between the
A/D converter and the microprocessor

4. Remote control advantages of serial A/D
converters.

Circuitry — ADC0832, ADC0834, and ADCO0838
Figure 11-98 shows the interconnection between the
microprocessor and the ADCO0832, ADCO0834, and
ADCO0838 A/D converters. The interconnection is identical
for all three A/D converters. The microprocessor DO pin
can be used to transmit to and receive digital data between
the ADC083X DI and DO pins, respectively. The SN74126
3-state buffer output is in the high-impedance state except
during a microprocessor read operation. The SN74174 quad
D-type flip-flop is used to synchronize and slow down the
write/read communication between the microprocessor and
ADCO083X so the ADCO083X timing specifications are
satisfied. Rather than NOR gates, OR gates may be used to
activate the flip-flops and 3-state buffer on the positive
transitions of the write WR and read RD strobes, instead of
on the negative transitions. However, if OR gates are used,
a SN74125 buffer must be used in place of the SN74126.

Timing Diagram — ADCO0838 Device

Figure 11-99 is the timing diagram for the Z80A and
Z80to ADCO838 interface. Addressing the analog channel,
performing conversion, and retrieving the conversion result
requires 260 us. The timing diagrams for the ADCO0832 and
ADCO0834 converters are similar except fewer input bits are
transmitted to the A/D converter. The 3-state buffer enable

11-71 -




fnfingsadTenid

lumaneaesiisifos tafoetndgyniala 2 doedgm  msoasuniTh
o o b’uttl«u d 1 L o n'-tu (H |
Viggntwngatiui Idfunanady 1§ aaareundiaeh AfiaTifunweyiaset nemedn
& o & ‘o 'a'
musedr  nriamnTd @177 uaeiafasflosnanluniimaaas maonsunTtasuf e
' a a & { 4 a 4
Hoprinesfifatiu 2m01msd Yseains rvame 01l amswr Aalaifien sowfle
d o a o { o v s o oo
WSy n  dosdBannsoindnienisiumgd maoeuBerindelasne 0 fdendinte

(3.4
ﬂi')U'HE)UWTBQRW'I n s



1onNa1587195 9

&

“
-

wi #oasfad 5 Smnsnihninind 1 i 97-149

vsefa  Hofauud 5 nquiinatiel 5 eneSanssirnand  anntuinaTuied
wiesau LA L emmnsatansedia 5 2529

We  pffaliens 5 msMdseunlaTasneafnimed Tuinsos lo.8.g. wof
wwaf 5 win 1-53

WAFNART LAAUTEAAST 3 TeuntTdendu g 1alulng 1o.8.9. 5 wih
1-60 '3 2529

gfotod cwos 400 sErIES 3 Fifayindu + fundedef 3 4 2521

Qﬁa1a%%wﬁwwa§n UAERUIEADINAT %Lgﬂgxﬂﬁu i Sandadefl 1 2529

THE TTL DATA BOOK FOR DESIGN ENGINEERS ; SECOND EDITION 1
TEXAS INSTRUMENTS INCORPORATED 3. U.S.A. j 1976

LANCE A. LEVENTHAL ; Z-80 ASSEMBLY LANGUAGE SUBROUTINES j
WINTHROP SAVILLE ;P 442-454

JAME W,COTTRON ; 280 APPLICATION j SYBEX ; 1983

WALTER G.JUNG ; IC TIMER COOKBOOK j; P 30-33

LINEAR APPLICATIONS HANDBOOK § NATIONAL SEMICONDUCTOR
CORPORATION j U.S.A. § 1980

DAVID F. STOUT , MILTON KAUFMAN ; HANDBOOK OF OPERATIONAL

AMPLIFIER CIRCUIT DESIGN j McGRAW-HILL BOOK COMPANY § 1976





