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CONTROLLED-TEMPERATURE BY MICROCONTROLLER FOR

STERILIZER
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ABSTRACT .

This thesis presents a sterilizer using a microcontroller in temperature control.
It consists of a heater and a Resistance Temperature Detector (RTD) used in detecting
temperature. The Resistance Temperature Detector sensor is applied to microcontroller MCS-
51. The microcontroller processes , converts digital singnals to analog signals and transmits
the signals to temperature control circuit which has on-off controlls. The temperature showm

is meresy one percent in error.
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2.6.1 moslumidauaza1m1lsunoU(Thermocouple Hardware and Fabrication)
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(V) Butt-welded thermocouple element

() Thermocouple element, twisted and welded with asbestos insulation

S 217 L G ek Oy i I

() Butt-weld thermocouple element with double-bare insulators
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(9) Butt-welded thermocouple element with fish-spine insulators
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(R) Two butt-welded thermocouple element with 4- hole insulators
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2.6.3 auIuveuneslunlita (Thermocople Insulators)
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I

34H=AA
35H,36H,37H=00
CLR,TFO CLR,TF1

v

SET CONTROL
PORT
A=I/P B=0O/P

v

PORT B=00

.

INITIAL LCD

7

SET
TEMPERTURE

NO ¢*

SET TIME

< TME257 >

NO

~ L ° A v A d
: ?J‘IJ'YI V.1 Nﬁfni'ﬂ1\111&'[!9\3!?]58\1‘3“!15915?\7]Nﬂ'ﬁlﬁ"lﬂﬂ

NO

nn
YES OR NO

YES
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T0 1

PORT B=FFH

B=FFH

o

YES
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TLGENEY
I SEC

(1)}

TEMPERTURE

AnnANm

3

S : 2
11 v.2 Famsinuvsanssasiire lsameamsunng

TIME
N

YES|  PORT
a1=00 B=00PORT
B=FFH
NO
B=00
A
JUMP START
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ORG 0000H

COMMAND EQU OEOCOH ;LCD COMMAND
READBUSY EQUOEOC1H LCD READ BUSY FLAG
WRITEDATA EQU 0EOC2H ;LCD WRITE DATA
READDATA EQU OEOC3H ;LCD READ DATA

STIME EQUOFFH  ;LIMIT TIME
STEMP  EQUOFFH  LIMIT TEMP

TIME_HIGH EQU 0ECH ;
; TIME_HIGH EQU OFFH ;SET TIME BASE
TIME_LOW EQU OFFH ;
TMX EQU 563
ST™M EQU 4
ADJ_TEMP EQU 65
SSTART:
: MOV P3,#0
; CLRINTO
MOV P1,#0FFH
MOV 34H #0AAH
MOV 35H,#00
MOV 36H #00
MOV 37H,#00
CLRTFO
CLRTRO

MOV B,#100
KKK:
MOV DPTR,#0EOE3H
MOV A #90H
MOVX @DPTR,A

MOV DPTR,#0EOE1H



MOV A #00H
MOVX@DPTRA
DJNZ B,KKK
CALL INIT
CLRP3.2

LRX: MOV 31H,#0

MOV DPTR#TEMP ;
CALL IN_MEM ;
CALL SCAN ;

MOV RO,#4AH
MOV R4 #0

LR3:
CALL TKEY
MOV A,30H
CJUNE A #2AH,S0
JMP LRX

S0: CJNE A#23H,51
JMP XYY

S1: SUBB A #30H
X1:
XCHA,31H
MOV B,#10
MUL AB
MOV R4,B
CJNE R4,#0,LRX

ADD A,31H
JC LRX
MOV 31H.A

;CLEARPORT B
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oA e SmemgeE GG R wwame  RW TER

MOV B #STEMP
; DIV AB
; JNZ LRX
SUBB A,B
JNC LRX
MOV @R0,30H
CALL SCAN
INC RO
JMP LR3
XYY:

LRX1: MOV 32H#0
MOV DPTR #TIME
CALL IN_MEM
CALL SCAN
MOV RO,#4AH

LR31:
CALL TKEY

MOV A,30H
CJNE A #2AH,S01
JMP LRX1

S01: CINE A #23H,511
JMP XYY1

S11:
SUBB A #30H
X11:
XCHA,32H
MOV B,#10
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MUL AB

MOV R4,B
CJNE R4,#0,LRX1

ADD A,32H
JC LRX1
MOV 32H,A

MOV B #STIME
, DIVAB
i JNZLRX1
SUBB A,B
JNC LRX1
MOV @R0,30H
CALL SCAN
INC RO
JMP LR31

XYY1:

MOV DPTR #YESNO
CALL IN_MEM
CALL SCAN
CALL TKEY
MOV A,30H
CJNE A#Y' W
JMP READY1
VV: CINE A#N' . XYY1

JMP SSTART

READY1:
MOV DPTR #SET
CALL IN_MEM



GH:
GG:

CALL SCAN

MOV A #1

CALL DELAY_SEC
MOV DPTR#READY
CALL IN_MEM
CALL SCAN

MOV A #3FH

CALL DELAY_MS

.power on

MOV DPTR,#SSTEMP
CALL IN_MEM
CALL SCAN

JB TFO,COUNT_DOWN
CALL RTEMP
CALL RTIME

MOV A #OFFH
CALL DELAY_MS

MOV A,31H
SUBB A,33H

JC XOFF

CALL DIMER_ON
JMP GH

XOFF: MOV A,34H

CJNE A #0AAH,REX
JMP RUNTIME

REX: CALL DIMER_OFF

JMP GH
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COUNT_DOWN:
CLRTRO
CLRTFO
MOV 4CH #7FH
INC 36H
MOV A,36H
CJNE A#STM,N100
INC 37H
MQV 36H,#0
MOV A37H
CJNE A#TMX,N100
INC 37H
DEC 32H
MOV 37H,#0

N100: MOV A,32H
SETB TRO
CJNE A#0,GG
CALL DIMER_OFF
MOV DPTR,#POWER_OFF
CALL IN_MEM
CALL SCAN
MOV 35H.#11H
CALL TKEY
CLR TRO
JMP 0000H

RUNTIME:
MOV 34H,#0
MOV TMOD ,#01
MOV THO#TIME_HIGH  ,65536-10000
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MOV TLO#TIME_LOW  ;LOAD 10 mS
SETB TRO
JMP REX

DIMER_ON:
MOV DPTR#0EOE1H ;SEND OFFH FORM PORT B TO ON DIMER
MOV A #0FFH ;
MOVX @DPTR,A )
SETB INTO
RET

DIMER_OFF:
MOV DPTR #0EOE1H ;SEND OFFH FORM PORT B TO ON DIMER
MOV A #00H ;
MOVX @DPTR.A ;
CLRINTO
RET

RTIME: MOV A,32H
MOV 4DH,#20H
MOV 4EH,#20H
MOV 4FH,#20H
MOV RO, #4FH
CALL HE
RET

\READ DATAFROM A >D

RTEMP:
MOV DPTR #0EOEOH ;READ TEMP FROM A=>D FROM PORT A
MOVX A@DPTR
SUBB A #ADJ_TEMP



HE:

; ADD A#ADJ_TEMP

MOV 33H,A JINPUT DATA FROM A=>D TO MEMORY 33H

MOV 40H,#20H
MOV 41H #20H
MOV 42H,#20H
MOV RO,#42H
CALL HE

RET

MOV A33H
MOV RO,#42H START MEM DEC

KVY: MOV B#10

DIV AB

PUSH ACC
MOV A.B
ADD A #30H
MOV @R0,#20H
MOV @RO,A
DECRO
POP ACC
ORL A,#00H
JNZ KVY
CALL SCAN
RET

;IN PUT KEY BOARD
TKEY:

MOV 30H,#0
MOV DPTR #TABLE_KEY

TK1: MOV P1,#11111110B



oy

CALL CKX
MOV P1,#111110118B
CALL CKX
MOV P1,#11101111B
CALL CKX

MOV P1#10111111B
CALL CKX

MOV A,30H
ORL A #00
JZ TKEY
RET

SET_DATA:

MOV A #00H
MOVC A, @A+DPTR
MOV 30H,A

NO_D: NOP

JNB P1.1,NO_D
NOP

JNB P1.3,NO_D
NOP

JNB P1.5,NO_D
NOP

JNB P1.7,NO_D
NOP .

RET

CKX:

MOV A 35H
CJNE A #11H,MSX
CALL TSP
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MSX: JNB P1.1,SET_DATA

INC DPTR
JNB P1.3,SET_DATA
INC DPTR
JNB P1.5,SET_DATA

' INC DPTR
JNB P1.7,SET_DATA
INC DPTR

i RET

JMP SSTART

SCAN: PUSH DPH
PUSH DPL
PUSH 00

MOV A #80H
CALL BLOCK2

: MOV B#8
MOV RO,#40H
Li:
! MOV A@RO
CALL WRITE
INC RO
I DJNZ B,L1

=

MOV A #0COH
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CALL BLOCK2

MOV B #8

MOV RO,#48H
LX: MOV A#O

MOV A.@R0

CALL WRITE

INCRO

DJNZ B,LX

POP 00
POP DPL
POP DPH

RET

IN_MEM:
:DPTR IS OFFSET DATA TO 40 ==> 4FH
PUSH DPH
PUSH DPL
PUSH 00
MOV R2,#16
MOV RO, #40H

IN1: MOV A #0
MOVC A @A+DPTR
MOV @RO.A
INC DPTR
INC RO
DJNZ R2,IN1

POP 00
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POP DPL
POP DPH
RET

BLOCK2:
;A SELECT BLOCK
PUSH DPH
PUSH DPL
MOV DPTR #COMMAND
MOVX @DPTR.A
CALL WAITBF
POP DPL
POP DPH
RET

WRITE: PUSH DPH
PUSH DPL
MOV DPTR#WRITEDATA
MOVX @DPTRA
CALL WAITBF
POP DPL
POP DPH
RET

WAITBF: PUSH DPH
PUSH DPL



MOV DPTR #READBUSY
RDY1: MOVXA@DPTR

JB ACC.7,RDY1

POP DPL

POP DPH

RET

INIT: PUSH DPH
PUSH DPL
MOV DPTR,#COMMAND

MOV A#38H  DISPLAY 5*7 DOT 1 LINE
MOVX @DPTR,A
CALL WAITBF

MOV A#0FH
MOVX @DPTR,A
CALL WAITBF

MOV A #6
MOVX @DPTR.A
CALL WAITBF

MOV A#1
MOVX @DPTR,A
CALL WAITBF

POP DPL
POP DPH
RET
TSP:
MOV B #01H
LK1:
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CLRT1

MOV A#01

CALL DELAY_MS
SETB T1

CALL DELAY_MS
DJNZ B,LK1

MOV B #01H
LK2: CLRT1
MOV A #02
CALL DELAY_MS
SETB T1
CALL DELAY_MS-
DJNZ B,LK2
RET

TABLE_KEY: DB "N*0#Y789X456X123"
TEMP:  DB'TEMP=7? 3

TIME: DB TIME=? "

YESNO: DB" YES OR NO *

SET: pB* OK *°

READY: DB" POWERON "

CLE: DB" *

SSTEMP: DB*" C',0DFH," TIME= °
POWER_OFF: DB "<- POWER OFF ->*

;PROGRAM DELAY TIME
;USED REGISTER A
;SUB DELAY_SEC AND DELAY_MS

DELAY_MS:
PUSH ACC
PUSH B



MOV B,#0

DD:
DJNZ B,$ ;500 uS AT 12 MHZ
DJNZ B,$ ;500 uS AT 12 MHZ
DJNZ ACC,DD

POP B
POP ACC
RET

DELAY_SEC:
PUSH ACC
PUSH B
MOV BA

DDD:
MOV A #250
CALL DELAY_MS ;250 mS
CALL DELAY_MS ;500 mS
CALL DELAY_MS ;750 mS
CALL DELAY_MS ;1000 mS
DJNZ B,DDD
POP B
POP ACC
RET

END
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
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National
Semiconductor
Corporation

ADCO0801, ADC0802, ADC0803, ADC0804,
ADCO0805 8-Bit nP Compatible A/D Converters

General Description .
The ADCO0801, ADC0802, ADCO0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or, 170 ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Features

u Compatible with 8080 puP derivatives—no interfacing
logic needed - access time - 135 ns

m Easy interface to all microprocessors, or operates
“stand alone”

s Diflerential analog voltage inputs

= Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

B Works with 2.5V (LM336) voltage reference

® On-chip clock generator

® OVto 5V analog input voltage range with single 5V

supply

No zero adjus! required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-

log span adjusted voltage reference

Key Specifications

nu Resolution 8 bits
®» Total efror +1,LSB, £, LSB and +1LSB
m Conversion time 100 ps

Typical Applications
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Typical Performance Characteristics
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Absolute Maximum Ratings (Notes182)

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.

Supply Voltage (Vcg) (Note 3)
Voltage
Logic Control Inputs
At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package {ceramic)

Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Electrical Characteristics

The following specifications apply for Vcc=5 Vpc, TMINS TAS Tmax and fcLk =640 kHz unless otherwise specified.

Storage Temperature Range
Package Dissipation at To=25°C
ESD Susceptibility (Note 10)

-65°Cto +150°C

875 mwW

800V

TMINSTAS Tmax

-55°C<Tas +126°C

—~40°C<Tp< +85°C

—40°C<TA< +85°C
0:C<Tp< +70°C
0°C<Tp< +70°C
0"C<TA< +70°C

4.5Vpc 10 6.3 Vpe

6.5V
03V10 £ 18V Operating Ratings (Notes 182
-0.3V 1o (Voo +0.3V) Temperature Range

ADC0801/02LJ

260°C ADC0801/02/03/04LCJ

300°C ADC0801/02/03/05L.CN
ADCO0B04L.CN

. ADC0802/03/04LCV
215°C ADC0802/03/04LCWM
220C Range of Vco

Parameter Conditions Min Typ Max Units
ADCO0801: Totat Adjusted Error (Noto 8) With Full-Scate Adj. 1V, LsB
(SeeBection 2.5.2) .
ADCO0802: TotalUnadjusted Error (Note 8) VRer/2=2.500 Vpc Y, LS8
ADCO0803: Totatl Adjusted Errof (Note 8) With Full-Scale Adij.
- : E /A LS8
-. (See Section 2.5.2)
ADC0804: Total Unadjusted Error (Note 8) Vgaer/2=2.500 Vpc +1 LS8
ADCO0805: Total Unadjusted Error (Note 8) VRer/2-No Connection 1 LSB
Vgee/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADC0804 (Nots 9) 0.75 1.1 kQ
Analog Input Voltage Range {Note 4) V(+) or V(—) Gnd-0.05 Vcc+0.05 Voc
DC Common-Mode Error Over Analog Input Voltage t Ve ES7A LSB
- Range
Power Supply Sensitivity (" Voo =5 Vpg £10% Over Ve +v LSB
- Allowed Vin( +) and Vi —)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vec=5 Vpc and Ta= 25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc ConversionTime  ~ foLk = 640 kHz (Note 6) 103 114 ns
Tc Conversion Time {Note 5, 6) 66 73 1/fak
fok Clock Frequency Voo =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle {Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode €S=0 Vpc, feux =640 kHz
WNTIL Width of WR Input (Start Pulse Width) TS =0 Vpc (Note 7) 100 ns
tace Access Time (Detay froin Falling Cy =100 pF 135 200 ns
Edge of RD to Output Data Valid)
11, toH TRI-STATE Control (Delay Cy =10 pF, R =10k 125 200 s
from Rising Edge of RD to {See TRI-STATE Test
R Hi-Z State) Circuits) .
twi. R Delay from Falling Edge R 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
) Control tnputs
Cout TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is theretore specified separatelyl
Vin (1) Logical “1" Input Voltage Vce=5.25 Vpe 2.0 15 Vpc
{Except Pin 4 CLK IN)

$0800QV/#0800QV/£08000V/208000V/108000V



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

82
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Typical Applications (continued)

6800 Interface
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Typical Applications (continued)

Directly Converting a Low-Level Signal

A puP Interfaced Comparator
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Typical Applications (continueg)

Self-Clocking Multiple A/Ds
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Typical Applications (Continued)

uP Compatible Differential-Input Comparator with Pre-Set Vog (with or without Hysteresis)
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Handling £+ 10V Analog Inputs
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Low-Cost, nP Interfaced, Temperature-to-Digital Converter
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Typical Applications (continueq)
Handling 1 5V Analog Inputs
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter
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Typical Applications (Continued)

Sampling an AC Input Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfoct A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vper/2 pin). The digital
output codes that correspond to these inputs are shown as
D—1, D, and D+ 1. For the perfect A/D, not only will center-
value (A—1,A, A+1,. . . .) analog inputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located +Y, LS8
away from each center-value. As shown, the risels are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend Y2
LSB trom the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 15 shows a worst case error plot for the ADCOBO1.
All center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than *1%, LSB. In

other words, if we apply an analog input equal to the center-
value * Y. LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than 14, LSB.

The error curve of Figure 1¢ shows & worst case error plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is + Y LSB because the digital code appeared ', LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Transfer Function Error Plot
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FIGURE 1. Claritying the Error Specs of an A/D Converter
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Functional Description (Continued)

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) — Vin{(—)] to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) Is transferred to an output
latch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-funning mode by connecling INTR to
the WA input with TS = 0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition. L 4 .

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing 1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this *1” to the Q output of F/F1. The
AND gate, G1, combines this "1 output with a clock signal
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR or CGis a *1”) the start F/F is
reset and the B-bit shift register then can have the *1"
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset pulse would have
no effect (both outputs of the start F/F would momentarity
be at a 1" level) and the 8-bit shift register would continue
1o be held in the reset mode. This logic therefore allows for
wide CS and WR signals and the converter will start after at
teast one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.
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Functional Description (continued)

After the “1” is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this 1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transter to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting buffer then supplies the TNTR input sig-
nal.

Note that this SET control of the INTR F/F remains low tor
8 of the external clock periods (as the internal clocks run at
14, of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held iow), the
TNTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a 1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—see
also section 2.8}, the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is stili present, the O
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTR output
pulse to only a few propagation delays (approximately 300
ns).

When data is to be read, the combination of both TS and
D being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digital Control inputs

The digital control inputs (CS, RD, and WH) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to allow
an easy Interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
low pulse at the RD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additiona! appfications flexibility due to the
analog differential voltage input. The Vin(—) input (pin 7)
can be used to automatically subtract a fixed voitage value
trom the input reading (tare correction). This Is also usefulin
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval between sampling Vin(+) and Vin(—) is 4-
1, clock periods. The maximum error voltage due to this

slight time difference between the input voltage samples is
given by:

4.5
AVg(MAX) = (Vp) {27rfcm) ('CL—K )

where:

AV, is the error voltage due to sampling delay

Vp is the peak value of the common-mode voltage

fem is the common-mode frequency
As an example, to keep this error to '/, LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fcm, and
using a 640 kHz A/D clock, Ic k. would allow a peak value
of the common-mode voltage, Vp, which is given by:

Vp = 1aVepmax) (foLk)]

(2 tcm) (4.5)

or

(5 % 10 *3) (640x 103)
P 7 T16.28) (60) (4.5)

which gives

Vp=1.9V.
The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively,
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Relerence Voltage).

2.3 Analog Inputs
2.3.1 Input Current "

Normal Mode

Duse 10 the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.

| SR P

|
U R S

TU/H/ISET1-14

tonof SW 1 and SW2 = 5k
r=ron CsTRAY ™ S X2 X 12pF = 60 ns

FIGURE 3. Analog Input Impedance
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Functional Description (continued)

The voltage on this capacitance is switched and will result in
currents entering the Vin(+) input pin and feaving the
Vin(—) input which will depend on the analog differential
input voltage levels. These current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

If the voltage source applied to the Vin(+) or Viy(—) pin
exceeds the allowed operating range of Vcc + 50 mV, large
input currents can flow through a parasitic diode to the Vce
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the current bypassed with
this diode, the voltage at the Vn(+) pin can exceed the
Vg voltage by the forward voltage of this diode].

2.3.2 Input Bypass Capacltors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock fequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 pA. There-
tore, bypass capacitors should not be used at the analog
inputs or the Vper/2 pin for high resistance sources > 1
k). I input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due lo the average
value of the input current, can be eliminated with a full-scale
adjustment whtTe the given source resistor and input bypass
capacitor are both in place. This is possoble because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 k) for a passive RC saction or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 kN2), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due o series lead inductance of a Jong
wire. A 1000 series resistor can ba used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—{rom the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 ki}. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust VRer/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.
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" pEcogt CIACUITS
$
1’ }—
1
>
<
5 F
AGND [3 0 GCHD [10

‘ TUH/S6T1-15
FIGURE 4. The Vaerenence Designon the IC

Notice that the reference voltage for the IC is either Y, of
the voltage applied 10 the Voo supply pin, or is equal to the
voltage that is extemally forced at the VRer/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply. a 5 Vpg reference voltage can be used for the Vcc
supply or a voltage less than 2.5 Vpc can be applied to the
VRer/2 input for increased application flexibility. The inter-
nal gain to the VRee/2 input is 2, making the full-scale differ-
ential input voltage twice the voitage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voltage were
1o range from 0.5 Vpc to 3.5 VDC- instead of OV to 5 Vpc,
the span would be 3V as shown in Figure 5. With 0.5 Vpc
apptied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to ' of the 3V span or 1.5 Vpc.
The A/D now will encode the Viy(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpc
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.

$0800QV/+08000V/£08000V/20800AV/1+0800QV
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Functional Description (continued)

*Add # VRep/2 < % Voc with LM358

1o deaw 3 mA to ground.
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b) Accommodating an Analog Input from

0.5V (Digital Out = =00pgx) to 3.5V
(Digital Qut =FFuex)

FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiomelric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the Initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Vper/2
vottages of 2.4 Vpc nominal value, initial errors of +10
mVpg will cause conversion errors of 1 LSB due to the
gain of 2 of the VReg/2 input. In reduced span applications,
the initial vakie and the stability of the Vrer/2 input voltage
become even more important. For example, if the span is
reduced 1o 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (SV span) to 10 mV and
1 LSB at the Vaer/2 input becomes 5 mV. As can be seen,
this reduces the altowed Initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stabifity of the reference source.

in general, the magnitude of the réference voltage will re-
quire an initial adjustment. Errors due to an improper value
of referance voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°C<Ta< +70°C. Other temperature
range parts are elso available.

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vinguiny. is not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vin{(—) input at this Vinany) value (see
Applications section). This utilizes the differential mode op-
eration of the A/D. -

The zero esror of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding thd Viy (—) input and applying a small
magnitude positive voltage to the Vyy (+) input. Zero ermror
is the differencé between the actual DC input voltage that is
necessary o just cause an output digitai code transition
from 0000 0000 to 0000 0001 and the ideal ¥ LSB value
(%2 LSB = 9.8 mV for VRer/2=2.500 Vpc).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a difler-
ential input voltage that is 11, LSB less than the desired
analog futi-scale voltage range and then adjusting the mag-
nitude of the Vrer/2 input (pin 9 or the Voo supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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Functional Description (Continued)

2.5.3 Adjusting for an Arbltrary Analog Input Volitage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vin(+) voitage that
equals this desired zero reference plus Y, LSB (where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00pex to O1yyex code transition.

The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage 1o the
Vin{+) input which is given by:

Vmax = V
Vin (+) fsadj = Vyax—1.5 M]
256
where:
Vmax=The high end of the analogfinput range
and ¢

VMmin = the low end (the oltset zero) of the analog range.
(Both are ground refgrenced.)
The VRer/2 (or Vo) voltage is then adjusted to provide a
code change from FEpex to FFHEx This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking..Jhe
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

i

. N\

CLXR

" rl
% quﬂ—-‘— 2
1» 1.1RC

ouxm] &c__,_,m R=10 kN

4 B
an
TUH/SETY-1T7

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock fine loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
butler).

2.7 Restart During a Conversion

It the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The outpul data latch is not updated if the

conversion in process is not allowed to be completed, there-
tore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, 1@ ensure circuit opera-
tion. In this application, the CS input is grounded and the
WR input is_tied to the INTR output. This WR and INTR
node should be momentanly forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handie this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacilive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
170 reads (and/or wriles) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
bulfers {low power Schottky such as the DM74L.S240 sesies
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended. -

2.10 Power Supplies

Noise spikes on the Vg supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Voc pin and values of 1 uF or greater are
recommended. it an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
tator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vcg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and al logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shieided
leads may be necessary in many applications.

$0800QV/¥0800AQV/£0800AV/208000V/10800QV
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Functional Description (Continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any Vper/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be retumed to the analog ground point. A test for
proper grounding is to measure the zero emor of the A/D
converter. Zero errors in excess of ¥, LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
ure 7.

For ease of testing, the Vrer/2 (pin 9) should be supplied
with 2.560 Vpc and a Voo supply voltage of 5.12 Vpo
should be used. This provides an LSB value of 20 mV.

It a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120-1Y, LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the VRer/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of Vrer/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS” and “VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

VRer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
toct A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.

For a higher-speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
axpressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction leature is available to read the ditlerence voltage,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis). The construction details of a tester of this type are
provided in the NSC application note AN-179, “Analog-to-
Digital Converter Testing".

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This cap be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides Y, LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotied
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the pjot is not neces-
sary and thae testing speed can be increased by establishing
internal. imits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with B080A and 6800 microproces-
sors, & common sample subroutine structure is used. The
microprocessor staris the A/D, reads and stores the results
of 16 successive conversions, then retumns to the user's
program. The 16 data byles are stored4n 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Mleroprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped Into memory space (using standard memory ad-
dress decoding for TS and the MEMR and MEMW strobes)
or it can be controfied as an I/O device by using the 7O R
and [70 W strobes and decoding the address bits A0 —
A7 (or address bits A8 — " A15 as they will contain the
same B-bit address information) to obtain the T3 input. Us-
ing the 170 space provides 256 additional addresses and
may aliow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 10.
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Functional Description (Continued)
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FIGURE 10. ADC0801-INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE
03 RST 7: JINP LD DATA

S
*
L
02 START : LXI H 0200H ;'HL pairwill point to
. . ;dsta storage locations
04 RETURN: LXX SP 0400H s Initialize stack pointer (Notel)
MOVA, L s Tost #of bytes pntorod
CPIOFH ; ;If#=18. INP to
oL JZ CONT - suser program
OUT EOH : Start A/D
EI 1 Enadble interrupt
LOOP: ROP sLoopuntil end of
o1 JMP LOOP s conversion
4 . CONT: °
L] L] [ ]
. {(User program to 4
. process data) b
* L .
> L ] *
LD DATA: INEOH : Load date into accumulator
MOV M, A :Store data
INXH : Increment storage pointer
0l JMP RETURN
must be di joned b aRST?7 pushes the PC onto the stack.

W oh

TL/H/5671-20
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Functional Description (Continued)

The standard control bus signals of the 8080 CS, RD and It is important to note that in systems where the A/D con-
WR) can be directly wired to the digital control inputs of the verter is 1-ol-8 or less I/0 mapped devices, no address
A/D and the bus timing requirements are met to allow both decoding circuitry is necessary. Each of the 8 address bits
starting the converter and outputting the data onto the dala (A0 to A7) can be directly used as CS inputs—one for each
bus. A bus driver should be used for larger microprocessor 1/0 device.

systems where the data bus leaves the PC board and/or

must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figure 17} is simpler than the 8080A CPU interface.

Program There are 24 1/0 lines and three test input fines in the 8048.
The foliowing sample program and associated hardware With these extra I/0 lines available, one of the 1/0 lines (bit
shown in Figure 10 may be used to input data from the 0 of port 1) is used as the chip select signal to the A/D, thus
converter 1o the INS8080A CPU chip set (comprised of the eliminating the use of an external address decoder. Bus
INS8080A microprocessor, the INSB228 system controller control signats RD, WR and INT of the 8048 are tied directly
and the INS8224 clock generalor). For simplicity, the A/D is to the A/D. The 16 converted data words are stored at on-
controlled as an 1/0 devics, specifically an 8-bit bi-direction- chip RAM locations from 20 to 2F (Hex). The RD and WR
al port located at an arbitrarily chosen port address, EO. The signals are generated by reading from and writing into a
TRI-STATE output capability of the A/D eliminates the need dummy address, respectively. A sample interface program
for a peripheral interface device, however address decoding is shown below.

is still required to generate the appropri?te CS for the con-

verter.

-~

0410
04 50

99 FE
81

8901
B8 20
B9 FF
BA 10
23 FF
99 FE
91
05
9621
EA 1B
00
00

81
AO
18
89 01
27
93

¢

START:

AGAIN:

LOOP:

INDATA:

0 In e

Vee gualeld e Veo T""
o8 "': :: o8 =
onrles —lou
on e i
oule on
onshet? 71 o
™ ‘ll 12 o

wsis gy [ 42 Vlon asces
18058
S Y/ e \ Rl
| 2y cem) —-
wr :l 3 W =
P Yoles acwo I'.
‘ -uoq
ANALOG [-—; Vit
N wret | Uyt =
_Ln

TU/H/ISET1-2Y

FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR F/IGURE 111INS8048 INTERFACE

JMP
ORG
JKP
ORG
ANL
MovX

ORL
MoV
MOV
MOV
MoV
ANL
MOVX
EN
JNT
DJIRZ
NOP
NOP
ORG
MOVX
MOV
INC
ORL
CLR
RETR

108 : Program starts at addr 10
3H
50H ; Interrupt jump vector
108 ; Main program
Pl, #OFEH : Chip select
A, GR1 s Read in the 1st data
:toreset the intr
Pl, #1 ; Set port pinhigh
RO, #20H ; Data address
R1, #OFFH ; Dummy address
R2, #10H : Counter for 16 bytes
A, #OFFH s Set ACC for intr loop
" Pl, #OFEH ; Send CS (bit O of P1)
@R1, A : Send WR out
I : Enable interrupt
LOOP s Wait for interrupt
R2, AGAIN ;: If 16 bytes are read
; g0 to user's program
50H
A, @RY : Input data, CSstill low
@RO, A : Store inmemory
RO : Increment storage counter
PL, #1 : Reset CS signal
A ; Clear ACC to goet out of

s the intorrupt loop

§0800QV/¥08020Vv/£0800QV/20800AV/10800QY
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Functional Description (continued)

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request, 1ORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 170 space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the 170 devices to respond. Logic to map the
A/D in I/0 space is shown in Figure 13.

s A5 2 Ay
ORE [y
R
WwR
[rriT= TU/H/5671-23

FIGURE 13. Mapping the A/D as an 1/0 Device

for Use with the Z-80 CPU
Additional /0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input instructions. For exampie, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode. .

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All 1/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using %2 DM8092. Note that in many 6800 systems, an al-

ready decoded 475 line is brought out to the common bus at
pin 21. This can be tied directly to the TS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

The following subroutine performs essentially the same
function as in the case of the BOBOA interface and it can be
called from anywhere in the user's program.

In Figure 15 the ADCOB01 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 .or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no cs
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprucessor bus under pro-
gram contro! through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one
is shown below Figure 15. The PIA Data and Control Regis-
ters of Port B are located at HEX addresses 8006 and 8007,
respectively.

5.0 GENERAL APPLICATIONS

The foliowing applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be restrictive. Each of these application cir-
cuits would have its counterpart using any microprocessor
that is desired.

5.1 Multiple ADC0801 Series to MC6800 CPU interface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
dilferential inputs allow individua! span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor’s lotal system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is
shown in Figwe 16.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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Functional Description (Continued)

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

0010 DF 36 DATAIN STX TEMP2 : Save contents of X

0012 CEQ0 2C LDX #3$002C ; Upon IRQ low CPU

0015 FF FF F8 STX $FFF8 ; Jumps to 002C

0018 B7 50 00 STAA $5000 ; Start ADCO80Y

001B OE CLl

001C 3E CONVRT WAI . ;Wait forinterrupt

001D DE 34 LDX TENPL

001F 8C 02 0F cPX #$020F ;Is final data stored?

0022 27 14 BEQ ENDP

0024 B7 50 00 STAA $5000 ; Restarts ADCO801

0027 08 INX

0028 DF 34 STX TENP1

0024 20 FO BRA CONVRT

002C DE 34 INTRPT LDX TEMP1

002E B6 50 00 LDAA $5000 ; Read data

0031 A7 00 STAA X ;StoreitatX

0033 3B RTI

0034 0200 TEMPL FDB $0200 ; Starting address for
S ; data storage

0036 00 00 TEMP2 FDB $0000 .

0038 CE 0200 ENDP LDX #$0200 ;Reinitialize TEMPL

0038 DF 34 SIX TEMPY

003D DE 36~ LDX TEMP2

003F .. 39 RTS hy ; Return from subroutine

; Touser's progran
Note 1: In order-lor the microprocessor 1o service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.
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FIGURE 15. ADC0801-MC6820 PIA Interface
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Functional Description (continued)
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FIGURE 16. Interfacing Multiple A/Ds in an MC6800 System
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM
COMMENTS

: Save Contents of X
s Upon TRQ LOW CPU

s Jumps to 0024
:StartsallA/D's

Note 2 Numbers of lelters in brackets refer 10
ADDRESS HEX CODE
0010 DF 44
0012 CEO02A
0015 FPFFFF8
0018 B7 50 00
001B OE
001C 3E
001D CE 50 00
0020 DF 40
0022 CE 0200
0025 DF 42
0027 DE 44
0029 39
0024 DE 40
002C A8 00
002E 08
002F DF 40
0031 DE 42

DATAIN

INTRPT

MNEMONICS
SIX
LDX
STX
STAA
CLI
WAI
LDX
STX
LDX
STX
LDX
RTS
LDX
LDAA
INX
STX
LDX

TEMP
#$002A
$FFF8
$5000

#35000
INDEX1
#30200
INDEX2
TEMP

INDEX1
X

INDEX1
INDEX2

At 813N

:Wait for interrupt

. ; Reset both INDEX

;:land2t

o starting

; addresses

TU/H/58T1-26

: Return from subroutine
; INDEXY — X
; Read data in fromA/Dat X
; Increment X by one

+ X — IN

DEX1

: INDEX2 — X

$0800QV/¥08000V/€08000V/20800QV/ 108000V
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Functional Description (Continued)

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS
0033 A7 00 STAA
0035 8C 0207 CPX
0038 27 05 BEQ
003A 08 INX
003B DF 42 STX
003D 20EB BRA
003F 3B ° RETURN RTI
0040 50 00 INDEX1 FDB
0042 0200 INDEX2 FDB
0044 0000 TEMP FDB

COMMENTS
X ;StoredataatX
#30207 :Have all A/D's beenread?
RETURN :Yes: branch to RETURN
: No: increment X by one
INDEX2 :+ X — INDEX2
INTRPT ; Branch to 002A
$5000 : Starting address for A/D
$0200 :Starting address for data storage
$0000

Note : In order lor the microprocessor 1o service subroutines and interrupts, the stack peinter must ho dirmensioned in the user’s program,

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the
preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelled by a zeroing
subroutine which is performed by the INS8080A microproc-
essor system. The total allowable input offset voltage error
for this preamp is only 50 uV for %, LSB error. This would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

R
Vo = [Vin(+)—Vin(~)] [\ + %13 +

SIGNAL GAIN

(Vos; — Vosy — Vosy * xAx) (‘ Ay
T , AV AN )
DC ERROR TERM GAIN

where ly is the current through resistor Ry. All of the ofiset
error terms can be cancelled by making *IxRyx= Vosy +
Vosa — Vosz. This is the principle of this auto-zeroing
scheme.

The INS8080A uses the 3 1/0 ports of an INSB255 Pro-
gramable Peripheral Interface (PPI) to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 18.
The PP is programmed for basic 170 operation (mode 0)
with Port A being an input port and Ports B and C being
output ports. Two bits of Port C are used to alternately open
or close the 2 switches at the input of the preamp. Switch

2R2) .

SW1 is closed to force the preamp’s differential input to be
zero during the zeroing subroutine and then opened and
SW2 is then closed for converssion of the actual differential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at V, increases or decreases as re-
quired to make the differentia! output voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of At is approximately 2.5V so that a logic 1" (5V)
on any output of Port B will source current into node Vy thus
raising the voltage at Vy arid making the output differential
more negative. Conversely, a logic “0" (0V) will pull current
out of node Vy and decrease the vollage, causing the differ-
ential output to become more positive. For the resistor val-
ues shown, Vyx can move %12 mV with a resolution of 50
RV, which will null the offset error term to %, LSB of full-
scale for the ADC0801. It is important that the voltage levels
that drive the auto-zero resistors be coristant. Also, fofsym-
metry, a logic swing of O\to 5V is convenient. To achieve
this, a CMOS buffer is used fdr the logic output signals of
Port B and this CMOS package is powered with a stable 5V
source. Buffer amplifier At is necessary so that it can

.source og sink the D/A output current.
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Functional Description (Continued)
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A fiow chart for the zeroing subroutine is shown in Figure
19. It must be noted that the ADC0801 series will output an
all zero code when it converts a negative input [Vin(—) 2
Vin{+)). Also, a logic inversion exists as all of the 1/0 ports
are buffered with inverting gates.

Basically, if the data read is zero, the ditferential output volt-
age is negative, so a bit in Port B is cleared to pull Vx more
negative which will make the output more positive for the
next conversion. if the data read is not zero, the output volt-
age is positive so a bit in Port B is set to make Vyx more
positive and the output more negative. This continues for 8
approximations and the differential output eventually con-
verges to within 5 mV of zero.

The actual program is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular:

Port A and the ADCO801 are at port address E4

Port B is at port address ES

Port C is at port address E6

PPI control word port is at port address E£7

Program Counter automatically goes to ADDR:3C3D upon
acknowledgement of an interrupt from the ADC0801

5.3 Multiple A/D Converters in a Z-80 Interrupt
Driven Mode

in data acquisition systems where more than one A/D con-
verter {or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit aliows starting the A/D converters in
any sequence, bul will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
lowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to daecoding circuitry Is the DM74L.S373, 8-bit D
type flip-flop. When the Z-80 acknowledges the interrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine will read-a peripheral status word from the
DM74LS373 which contains the logic state of the INTH out-
puts of ali the converters. Each converter which Initiates an
nterrupt will place a logic “0" in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered.

START ZEROING
SUBROUTINE

INITIALIZE SAR
ST POINTER
LI AR & )

!

MTIALIZE SAR
CODEINREGC
REGC=XIF

.

OUTPUT FIRST
SAR COOE
FOAT Y= X 90

START A/0 AND
READ DATA

SHIFT 1" INREG B
RIGHT TO POINT TO
NEXT BT

OPEN SW1
CLOSE $w2

!

PREAMP I8 2ENOED

AND PROPER MPUT

CONVERSIONS CAN
OF DONE

YES BREGS

ZERO?

“EXCLUSIVE-OR™

RECBWITHAEGC

VO SET MEXT 01T
WPORT Y

!

OUTPUT NEW SAR
CORETOPORT S

|

“0A" REG BWITH
REG C 70 CLEAN
MITINPORT B
WHEN REAPPLIED

TUH/SET1-28

FIGURE 19. Flow Chart for Auto-Zero Routine
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INTERRUPT SERVICING SUBROUTINE

LoC
0038
0039
003A
003B
003E
0040
0042
0044
0045
0046
0048
004B

* 004C

004D
004E
0051
0052
0055
0057
0059
005A
005B
005C
005D
0060
0061
0062
0063
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ES

cs5

FS
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor .
SOURCE i
STATEMENT COMMENT
PUSH HL ; Save contents of all registers affected by .
PUSH BC : this subroutine.
PUSH AT s Assumed INT mode £ earlier set.
LD (RL) ,X3EQO : Initialize memory pointer where datawill be stored.
LD C, XOL :Cregisterwill be port ADDRof A/D converters.
OUT X00, A : Load peripheral status word into 8-bit latch.
INA, XOO s Load status word into accumulator.
LDB,A : Save the status word.
TEST LDA,C : Test to see if the status of all A/D's have
cp, X08 : been checked. If so, exit subroutine
JPZ, DONE
LDA,B :Tost a single bit instatus word by looking for
RRA ;a”"1l" tobe rotated into the CARRY (an INT
LDB,A s4sloadedas a®1"), If CARRY is sot then load
JPC, LOAD ; contents of A/Dat port ADDR inCregister.
NEXT INCC : If CARRY is not set, increment C register to point
JpP,TIEST : tonext A/D, then test next bit instatus word.
LOAD INA, (C) : Read data from interrupting A/D and invert
XOR FF ; the data.
LD (HL) ,A ; Store the date
INCDL
LD (HL) ,C : Store A/D identifier (A/D port ADDR).
INCL
JP,NEXT : Test next bit instatus word.
DONE POPAF :Re~establishall registers as they were
POP BC ;before the interrupt.
POP HL
RET :Return to original program

c9
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LM124, LM224,
LM324, LM324A

L2902 '

Specifications and Applications
Information

QUAD LOW POWER OPERATIONAL AMPLIFIERS

The LM124 Series are low-cost, quad operational amplifiers
with true differential inputs. These have several distinct advan-
tages over standard operational amplifier types in single supply
applications. The quad amplifier can operate at supply voltages
as low as 3.0 Volts or as high as 32 Volts with quiescent currents
about one fifth of those associated with the MC1741 {on a per
amplifier basis). The common mode input range includes the neg-
ative supply, thereby eliminating the necessity for external biasing
components in many applications. The output voltage range also

QUAD DIFFERENTIAL
INPUT

OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

¢ ! J SUFFIX N SUFFIX
includes the negative power supply voltage. e CERAMIC PACKAGE PLASTIC PACKAGE
e Short Circuited Protected Outputs - CASE 632-08 CASE 646-06
. . {LM224, LM324,
o True Differential Input Stage LM2902 Only)
e Single Supply Operation: 3.0 to 32 Volts
e Low Input Bias Currents: 100 nA Max (LM324A % ek
L pu . ‘a ¢ ! ) &’ PLASTIC PACKAGE
e Four Amplifiers Per Package P CASE 751A-02
e Internally Compensated S0-14
o Common Mode Range Extends to Negative Supply
e Industry Standard Pinouts PIN CONNECTIONS
Out 3 Out
FL 1 || .
MAXIMUM RATINGS (Tp = +25°C unless otherwise noted) inputs 2] h3) Inputs
LM124 T\ G ) 4
LM224 v VEE.
Rating Symbo!l | LM324,A tM2902 | Unit cc 4 0 e
Power Supply Voltages Vdc Inputs [5] @ Inputs
Single Supply Vee 32 26 2 :] 3
Split Supplies Vee. VEE +16 =13 Out [¢] b
(¥}
Input Differential Voltage Range (1) VIDR +32 =26 Vdc 2 & 2] 0; '
Input Common Mode Voltage Range VICR -03t032 | -03t026 | Vdc {Top View)
Input Forward Current (2) T3 50 — mA
Vi< -03V)
QOutput Short Circuit Duration ts Continuous - ORDERING INFORMATION
Junction Temperature = pr Device | Temperature Range Package
Ceramic Package 175 LM124J ~551t0 +125°C Ceramic DIP
Plastic Packages 150 LM2902D S0-14
Storage Tenmiperature Range Tstg °C LM2902J —40 to +85°C Ceramic DIP
Ceramic Package ~65to +150 N
Plastic Packages -55to +125 LM2502N Plastic DIP
Operating Ambient Temperature Ta °C LM224D S0-14
{!:nnge LM224J ~251t0 +85°C Ceramic DIP
124 -65t0 +125 _ :
LM224N
LM224 -25t0 -85 — 22 Plastic DIP
LM324 0to +70 — LM324A0 SO-14
LM324A 0to +70 - LM324AN Plastic DIP
LM2902 —_ -40to +85 LM324D o
(1) Sptit Power Supplies. - Oto +70°C S0-14
(2) This input current will only exist when the voltage is negative at any of the input leads. LM324J Ceramic DIP
Normal output states will reestablish when the input voltage returns to a voltage greater
than ~ 0.3V, LM324N Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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SRR { SN RN
:'REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry
(One-Fourth of Circuit Shown) Output COmmon':? Four
B0 v i, O . ) .Amr:)lil iers ,
i I % Vee
V] - 9‘-3/] Il a22 1
ats R | Iyl 1= !
: I I Q13 | I |
] ]
J/ 40 k $ l |
Qi9 - I |
5 pF Q12 ] Qza !
- It
1t 25% : Q23 I
M ]
; | |
' | |
Q18 Q20 | |
lnputs

* - Qg . l.

—},011 !
r =T S |
o] Q17 Q21 | |
ae j]a2s 1

. . - b B E Are aeT |
N : P - Wl
o as V. H 2.4 )
/i g . Q7 £ KQ‘O l 4.k |
Q3 Qa 02? ’,c:a . 26 |

) — : :ﬂ VEEg/Gnd

LARGE SIGNAL VOLTAGE
- FOLLOWER RESPONSE ~~

++

"t
T
¥

4l i llll-.lLlA Ll 4
++

1 V/Div,

i
T

'5.0' 14/ Div.

CIRCUIT DESCRIPTION

The LM124 Series is made using four ‘internally com-
pensated, two-stage operational. amplifiers: The first stage

SINGLE SUPPLY

3.0V to Vec(Max.)
== vecc

19979998

of each consists of differential Jnput devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but also performs the level shifting and trans-
conductance reduction functions. By reducing the trans-
conductance a smaller compensation capacitor (only-5 pF)
can be employe&, thus saving chip area. The transcon-
ductance reduction is accomplished by splitting the col-
lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.

Each amplifier is biased from an internal-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.

SPLIT SUPPLIES

=1.5V to Vcc(Max.)

IAAARAAA]

=1.5V t6 VEE(Max.)
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FIGURE 7 — VOLTAGE REFERENCE

FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

APPLICATIONS INFORMATION

FIGU

R1
Vo = 2.5V{1 +-—
{ R2)

1
v =-—V
ref 2 vcee

FIGURE

FIGURE 11 — BI-QUAD FILTER

Viet O—9—ANA—4

RE 8 ~ WIEN BRIDGE OSCILLATOR

S50 k
AL

10k

'_‘.Vo

fom -
° 2wRC
For f,=1kHz

R=16k2
C=0.01puF

10 — COMPARATOR WITH HYSTERESIS

Hysteresis
Vow
]
Vo :
'
]
¥ 1
Rk ViaL ! Vinu
Vret

R1 .
VinL = 575 R3 (YOL = Vrer) * Vres

At
[ N - + V
Vinu =53 a5 {VOH = Vret) + Vigs

R1
= (Von - Vor )
He3vh/3 WVon oL

AW 1
fom o
R ° 2nRC
1" 100 k
v 1 —t ———AM———¢ R1=QR
in R2 c A1 1
—{(—9—aAr—d A2 _— Vret = 3 Vce
R Tep
O
100k
o o B3=TyR2
o o Ci=10cC
O -
Vief For fo= 1kH2
Q=10
v ——@ Bandpass A3 A
rof > Output AAA Tep=1
2R1
R2 ‘1' TN =1
v B o1
M Notch Output R=1
) e sokn
+. C = 0.001 uF
R1= 1.6 M2
Vit Where TBp = Center Frequency Gain A2 = 1.6 M

TN = Passband Notch Gain A3 = 1.6 MR
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LM158, LM258,
M358, LM2904

Specifications and Applications
Information

Quad Operational

Low Input Bias Currents
Internally Compensated

Amplifiers,

these dual

Short Circuit Protected Qutputs
True Ditferential Input Stage
Single Supply Operation: 3.0 to 32 Volts

DUAL LOW POWER OPERATIONAL AMPLIFIERS

Utilizing the circuit designs perfected for recently introduced
operational amplifiers
feature 1) low power drain, 2) a common mode input voltage range
extending to ground/Vgg, 3) Single Supply or Split Supply operation
and 4) pin outs compatible with the popular MC 1558 dual operational
amplifier. The LM158 Series is equivalent to one-half of an LM124.

These amplifiers have several distinct advantages over standard
operational amptifier types in single supply applications. They can
operate at supply voltages as low as 3.0 Volts or as high as 32 Volts
with quiescent currents about one-fifth of those associated with th;
MC1741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage
range also includes the negative power supply voltage.

Common Mode Range Extends to Negative Supply
Singte and Split Supply Operation
Similar Pertormance to the Popular MC 1558

DUAL DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

MAXIMUM RATINGS (T4 = +25°C unless otherwise noted)

H SUFFIX
METAL PACKAGE
CASE 601-04

inputs 8

Veg/Gnd
(Top View)

J SUFFIX Ff@

LMmi1s8
LM258
Rating Symbol LM358 LM2904 Unit
Power Supply Voltages Vdc
Single Supply Vee 32 26
Split Supplies Vee. Vee -16 =13
Input Differential Voltage Range (1} ViDR : 32 =26 Vdc
Input Common Mode Vohage Range (2) VicR -0.31032}| -031026 Vde
input Forward Current (3} ILiF 50 - mA
(V) <« -0.3 vV}
Output Short Circuit Duration 15 Continuous
Junction Temperature T, °c
Ceramic and Metal Packages 175
Plastic Package 150
Storage Temperature Range Tsig °c
Ceramic and Metal Packages -65 to +150
Plastic Package -5510 +125
Operating Ambient Temperature Range Ta oc
tmM158 -5510 +125 -
LM258 -25 10 +85 -
LM358 0to +70 -
LM2904 - ~-40 10 +85

(1) Split Power Supphies

13V Thas

than 03V

121 For Supply Voltages less than 32 V for the LM15872538:388 and 26 V for the L\M2904,
the al:s;lnle M3xanum input voltage 1s equal 10 the supply voltage,
BUT Cuerent avill only exist when the voltage i1s negative at any ol the input teads.

Normat output states will reestablish \when the input voltage returns to a voltage greater

CERAMIC PACKAGE [V} )
CASE 693-02 8 4
b
N SUFFIX
PLASTIC PACKAGE
CASE 626-05
D SUFFIX
PLASTIC PACKAGE @
CASE 751-02 8 WIs2.-
SO-8 1
)
Output A E E Vee
2 r 7| Oupur B8
Inputs A 3 vy
5 g
E j Inputs B
VEe/Gnd |4 5
(Top View)
ORDERING INFORMATION
Temperature
Device Range Package
LM158H . Metal Can
LM158J ~5510 +125°C 1 amic DIP
LM2904D S08 -
LM2904H Metal Can
LM2904J —40to +85°C I amic DIP
LM2904N Plastic DIP
LMZ58D SO-8
LM258H Metal Can
LM258J =2510 +85°C T amic DIP
LM258N Plastic DIP
LM358D SO-8
LM358H . Metal Can
LM358J 0to +70°C Ceramic DIP
LM358N Plastic DIP
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REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circustry
: . . Common to Both
{One-Hall of Circuit Shown) Output e e s
7 . '
i 1 ° Vee

VI Q15 ",] ' a22 |

Qi1e R——-— k—q Q14 ] - }

Q13 l ,_r I

| |

40 & | I

Q19 ! i |

5 pF Q12 ! I Q24 !

¢ 43 : 023 '

2 |

T H !
ais Q20 : :
Inputs 3] }JO‘ j ‘ '
—dt NP | j_ |

a I I

o— Q17 21 oS s 0 !
| I !

[ | Qi
02\{ GA V. Il 24§ |l
r‘ Q7 Q10 g

A ! !

Q3 Qa 02? ]oa ) j 2% ql- i

’ y = : ‘ : :o Vgg/Gnd
LARGE SIGNAL VOLTAGE CIRCUIT DESCRIPTION

F WER RESPONSE No & . .
OLLOWER The LLM158 Series is made using two internally com-

i i pensated, two-stage operational amplifiers. The first stage
ng:;i;dc_ of each consists of differential input devices Q20 and
Ta = 25°C Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4.

The first stage performs not only the first stage gain

-+

W .

P M
L) LA LI N I LA I LA S I N S

é [EUTIFUTEL TUUTL FIUTE NI JEVIN FUVIN PR D1 FRREL SETE function but also performs the level shifting and trans-
> \ ] / conductance reduction functions. By reducing the trans-
. . ] conductance a smaller compensation capacitor (only 5 pF)
/ can be employed, ‘thus saving chip area. The transcon-
3 ductance reduction is accomplished by splitting the col-

lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
_ferential to single-ended converter. The second stage con-
'sists of a standard current source load amplifier stage.
Each amplifier is biased from an internal-voltage regu-
lator which has a low temperature coefficient thus givirig
each amplifier good temperature characteristics as well as
excellent power supply rejection.

5.0 us/Div.
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APPLICATIONS INFORMATION

FIGURE 7 — VOLTAGE REFERENCE

—o v

R1
Vo~ 2.5 Vit + —
o~ 25 R2,

FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

el O
O
O
—ANV
a Rl
Rt
AV
b R1
O
O
2 O

e = C (1 ¢2a+Db)(e2-el)

S |
Veef =3 VeC

FIGURE 8 — WIEN BRIDGE OSCILLATOR

Viet 0

2

50 k
10k
— A4
—o Vo
1

lg = mr—m—m

27 RC
For to~1kHz
R 16 k§2
R C= 001 uF

FIGURE 10 - COMPARATOR WITH HYSTERESIS

FIGURE 11 —~ BI-QUAD FILTER

Hysteresis
VoH
~
V
Vo : N
]
t
'
v
oL VinL ! Vinn
Vret

(VoL — Vret! * Vret

y R1
A\ \ S
inL " g7+ R2

y R1
inH® 37V R2

(VOH = Vret) * Viet

R1

—_— —{Vou - Vou!
He s \VoH oL

L 1
A to= -—
2nRC
100 k
‘—'—‘{e‘_ ————AN——-—¢ R1=QR
¢ R1
R2 = —
Tep
O
100 k
o AAA o R3I=T, R2
O O Ci=10C
O For fo=1kHz
Vret ]
® Q=10
¢——® Bandpass A3 Vit
Vret > Output Tgp = 1
R1 vvYy .
R2 % Tt
MV - % c
LM3s8 b—|C———@ Notch Output
+
Veet Where Tgp = Center Frequency Gain

Tn = Passband Notch Gain

1
Veet = 2 Vee

R = 160k
C = 0.001 uF
R1= 1.6 MQ2
R2 = 1.6 M2
R3 = 1.6 MQ
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SEMICONDUCTOR &=
TECHNICAL DATA

6-Pin DIP Optoisolators
Triac Driver Output

These devices consist of gallium-arsenide infrared emitting diodes, optically coupled
to a silicon bilateral switch.
They are designed for applications requiring isolated triac triggering.

UL Recognized File Number E54915 A\

Output Driver Designed for 240 Vac Line

Viso Isolation Voltage of 7500 V Peak

Similar to MOC3010 and MOC3011

Standard 6-PIN Plastic DIP

VDE approved per standard 0883/6.80 (Certificaté number 41853), with additional

approval to DIN IEC380/VDE0806, IEC435/VDE0805, IEC65/VDE0860, VDE110b, covering

all other standards with equal or less stringent requirements, including IECZON.

VDEO0113, VDE0160, VDE0832, VDE0833, etc. 883

e Special lead form available (add suffix “T" to part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads. £

® Various lead form options avallable Consult “Optoisolator ‘Lead Form Opnons" data

sheet for details.

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

MOC3020
MOC3021
MOC3022
MOC3023

6-PIN DIP
OPTOISOLATORS
TRIAC DRIVER OUTPUT

CASE'730A-02
PLASTIC

" Rating | symbol Value | nit
INFRARED EMITTING DIODE
Reverse Voltage VR 3. Volts
Forward Current — Continuous 13 60 / mA
Total Power Dissipation @ Tp = 25°C Pp 100 mw
Negligible Power in Triac Driver N
Derate above 25°C 1.33 mwW/rC
OUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 400 | Volts
Peak Repetitive Surge Current ITsm 1 A
(PW = 1 ms, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 300 mw
Derate above 25°C 4 mwWrC
TOTAL DEVICE )
1solation Surge Voltage (1) Viso 7500 Vac
(Peak ac Volitage, 60 Hz, 5 Second Duration) .
Total Power Dissipation @ Tp = 25°C Pp 330 mwW
Derate above 25°C .44 mw/rC
Junction Temperature Range Ty -40to +100 *C
Ambient Operating Temperature Range TA -40to +85 °C
Storage Temperature Range . Tstg —40 to +150 *C
Soldering Temperature (10 s) . —_ 260 °C

COUPLER SCHEMATIC

IZ} 6
z \,Es
30 4

1. ANODE_
2. CATHODE
NC
4. MAIN TERMINAL
5. SUBSTRATE

DO NOT CONNECT
6. MAIN TERMINAL

(1) Isolation surge voltage, VisQ. is an internal device dielectric breakdown rating.
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MOC3020, MOC3021, MOC3022, MOC3023
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Figure 3. Trigger Current versus Temperature
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CIRCUIT IN FIGURE 7
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Figure 5. dv/dt versus Temperature

Vde f 1 | RTEST f
' R = 10kQ
|
: ;‘_’. ¢—————o0
PULSE { Crest
INPUT MERCURY <100
WETTED iv
ReLAY N
L —0
APPLIED VOLTAGE
WAVEFORM
ovours———L -} — e — — ——

dv/dt

5
- [ [ ]
z 1 1 L3N]
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o
g N
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b
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~
<
=
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= \\.\
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Figure 4. LED Current Required to Trigger versus
LED Pulse Width
12
|
’ STATIC
)0
£ TEST CIRCUIT IN FIGURE 7
= 8
[
=
o .-
& 6
3
.4
2
0 0.4 0.8 12 1.6 2

R(, LOAD RESISTANCE (k(1}

" Figure 6. dv/dt versus Load Resistance

1. The mercury wetted relay provides & high speed repeated pulse to
the D.U.T.

2. 100x scope probes are used, to aliow high speeds and voltages.

3. The worst-case condition for static dv/dt is established by triggering
the D.U.T. with a normal LED input current, then removing the
current. The variable RTEST 2llows the dv/dt to be gradually
increased until the D.U.T. continues to trigger in responss to the
applied voltage pulse, even after the LED current has been removed.
The dv/dt is then decreased until the D.U.T. stops triggering. TRC is
measured at this point and recorded.

Vmax = 400V

083 Vinay _ 252
RC TRC

Figure 7. Static dv/dt Test Circuit
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Temperature/resistance relationship R

R (0) = 100,000 £}

x = 0.003850
c °C
EPT-68 0 1 4 3 4 H 6 7 8 9 0 £iPT68
330 222,65 222,00 22335 22270 22406 22441 224,76 22511 22546 25.81  226.17 330
340 226.17 226,52 226,87  227.22 227,57 227.92 228,27 228,62 228,97 229,32 229,67 340
350 229.67 230,02 230,37 230.72 231,07 23142 231,77 232,12 23247 23282 23317 350
360 233.17 233,52 233.87 234,22 234,56 23491 23526 23561 23596 236,31 236,65 360
370 236,65 237.00 237,35 237,70 238,04 23839 238,74 239.09 23943 239,78 240.13 370
280 240.13  240.47 240.82 241,17 241,51 241.86 242.20 242.55 242,90 25324 243,59 380
390 24359 243,93 244.28 24462 244,97 24531 245.66 246,00 246,35 246,69 247,0 390
400 247.04 24738 24773 248,07 24841 248,76 249,10 249.45 24979 250,13 250,48 400
310 25048 250.82 251,16 251,50 251,85 252.19 252,53 252,88 253.22 253.56 253.90 410
120 253,90 254.24 254.59 254,93 28527 255.61 255,95 256.29 256,64 256,98 257,32 420
430 257.32 | 257.66 258,00 258,34 258.68 259,02 259.36 259.70 260.04 260.38 260,72 430
440 260,72  261.06 261,40 261,74 262,08 26242 26276 263,10 26343 263,77 264,11 440
480 264.11 26445 264,79 265.13 26547 26580 266.14 26648 266.82 267,15 267,49 450
460 26742  267.83 268,17 268,50 268,84 269.18 269.51 26985 270,19 270,52 270.86 460
470 270.86 27120 27153  271.87 272,20 272,54 272,88 273,21 27355 273,88 274.22 <70
480 27422 27455 274,86 27522 T275.56 275.89 276.23 276556 276,89 277.23 277.56 480
+190 27756 27790 27823 27856 278,90 279.23 27956 2712.90 28023 280.56  280.90 490
300 280.30 281.23 28156 281.89 262,23 282,56 282,89 283.22 283,55 283,89 284,22 €00
3i0 284.22 28455 23488 28521 28554 29587 286,21 286,54 296,67 287,20 287,53 510
520 28753 287.86 288,19 288,52 288,85 289.18 289.51 259.84 290,17 29050 290.83 520
£30 290.83 291,16 291,49 291.81 292,14 29247 292,80 293.13 29346 293,79 294,11 $30
340 294,11 29444 29477 295,10 29543 29575 296,08 29641 296,74 297.06 297.39 540
350 29739 297,72 298.04 298.37 298,70 299,02 299.35 299.68 300.00 300.33 300,65 €50
SG0 300.65 30098 301,31 301,63 301.96 30228 30261 30293 30326 30358 303.9% 560
57¢ 303.91  304.23 30456 204.88 305.20 30553 305.85 306.18 106,50 306.32 307.15 370
330 307.15 30747 30779 308,12 30844 308,76 309.09 309.41 309,73 31005 310.38 £80
530 210,38 310.70 311,02 211,34 311,67 311,99 31231 31263 31295 31327 313.59 390
600 313.92 21424 314,56 314.83 31520 31552 31584 316.16 31648 316,80 600
§10 31712 31744 317,76 318,08 31840 318.72 319.04 31936 319.68 319,99 610
520 32031 32063 320.95 32127 321,59 22191 322.22 32254 12286 323.:8 520
630 32349  323.81  324.13 324453 324.76 326,08 32540 325.72 326.03 326,35 630
640 326.66 32698 32730 327,61 32793 32825 328.56 328,88 329,19 32951 640
650 329.82 330,14 33045 33077 331,08 33140 33171 33203 33234 332,66 650
350 33297 33328 33360 333.91 33423 33454 334.85 13517 33548 33579 660
870 236.11 33642 33673 337.04 33736 337.67 33798 338.29 33861 33892 670
530 339.23  339.54 339.85 340.16 34048 24079 34110 34141 341,72 342,03 380
390 34234 34265 242,96 43427 343,58  343.89  344.20 344,51 344,82 34513 630
700 34544 134575 34606 34637 346,68 346.99 34730 47,60 147.91 348,22 700
10 348,53  348.34 349.15 34945 34976 350.07 350,38 350,69 350.99 351,30 710
“720 35161 35191 38222 352,53 352.83 353,14 35345 35375 354.06 354,37 720
720 354.67 35498 355.28 38559 35590 356.20 356.51 356,81 357.12 35743 730
740 357.73 358.03 258.3¢ 358.64 358.95 359.25 359.55 259.86 360,16 360.47 740
730 360,77 36107 261.38 J61.€8 36198 26229 362.59 262.89 363,19 352.50 750
760 363,80 264.10 36440 36471 365.01 36531 36551 36591 366.22 266.52 -
770 266.82 267.12 36742 367,72 3268.02 36832 368.63° 1368.53 369.23 1369.53 770
780 369.83 370,13 370.43 37073 37103 37133 37163 73193 37222 37252 780
720 372.32 37312 37342 37372 374.02 37432 274.€1 37491 37521 75.51 790
200 37551 37531 37610 37640 27670 277.00 3V7.29 3ITT53 37789 378.19  378.48 200
310 378.48 137878 379.06 379.37 379.67 379.97 22026 280.56 280.85 38115 281.4S 310
220 23145 381,74 28204 332,33 382.63 382,92 382,22 333.51 283,81 384,10 334.40 320
a0 324.40 384,69 384,98 18528 385,57 18587 336,16 386.45 386,75 387.04 187.34 330
340 237.24 28763 287.22 388.21 388,51 388.80 1289.09 389.39 389,68 289.97 390.26 340
250 220.286

Rég:stancescnms/Resisiances/onms
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% (0) = 100,000 Q
== 3.003850
B -0
ZiPT63 9 I 2 3 4 5 3 7 3 3 0 ZiPT53
-200 18.49 -200
-180 . 22,80 22,37 2134 21,51 21.08 20.65 20,22 19.73 i9.35 18,53 18.49 -130
-180 i 27.08 26.65 26.23 25,30 2537 24.95 24.52 24,09 23.66 23.23 22.80 -i80
=170 R 9% 7] 30.80 20.47 30.05 29,63 29,20 28,78 28.35 27.93 27.50 27.08 -i70
-160 35.33 is.11 34,63 34,27 33.85 33.43 23.01 32,53 22,16 3174 31.32 -i50
-150 Rt XA 39,30 38,38 38.46 38.04 37,83 37.21 36,72 36.37 25.25 23,33 -130
-i40 ! 43.87 4345 43.04 42.63 42,21 41.73 41.33 10.26 40.55 40.13 32N -is0
-130 ; 48.00 47.53 47.18 46.76 46.35 45.34 45,52 45.11 4.70 44.28 43.87 -1
=120 8211 51.70 61.29 50.88 50.47 50.06 43.64 49.23 48.82 48.41 48.00 -120
-i10 58,19 35.78 55.38 34.97 54.56 $4.15 53.74 33.33 52,92 52.52 3L -110
-100 50.25 39.85 59.44 53,04 $8.63 58.22 §7.32 57.41 57.00 36.80 $6.19 ~i00
-30 s 8430 83.90 63.49 63.09 62.68 62.28 S1.£7 61.47 §1.06 60.66 50.25 -20
-30 ;6833 67.92 67.52 67.12 56.72 56,31 €5.91 63.51 45,11 84.70 34.30 ~30
=79 ’ 72,23 71.93 71,53 7113 70,73 70.33 63.93 59.53 §3.13 58.73 68.33 -70
50 | 7533 75.93 75.53 75.13 74,73 74.33 73.93 73.53 73.13 72,73 72.33 -0
=50 ! 20.31 79.91 79.51 72.11 78,72 78.32 77.82 77.52 7713 76,73 78.33 -50
-10 84.27 83.88 83.43 83.08 32.69 32.29 81.89 81,50 31.10 80.70 80.31 4
=30 i 8322 87.83 87.43 87.04 86.64 36.25 35.85 2546 §5,06 34.67 84,27 -3
-20 P 3218 91,77 91.37 30,93 30,59 90.19 29.80 39.40 89.01 88,62 32.22 ~-20
-10 96.09 95.69 95.30 94,21 94.52 94,12 33.73 33.34 32,95 92,55 92,16 ~10
1] 100.00 99.61 29,22 38.83 98.44 98.0¢ 37.65 37.26 56.87 36.43 26,09 ]
4] 100,00  100.39 100,78  101.17 101,56 301.95 102.34 102,73 103,12 0351 103.90 b
10 103.90  104.29 104,68 105,07 10546 105.85 :06.24 106.53 107.02  107.40 107,79 10
20 107.79  108.18 108,57 108.96 10935 109.73 110.12 110.51  110.9Q 111,28  111.67 29
36 111,57 11206 11245 11283 113.22 11361  113.99 114.18 11477 11515 11554 30
10 115,54 11593 11631 11670 11708 11747 117.85 118.24  118.62 11901 11340 40
30 119.40  119.78 12016 120,55 12093 121,32 121.70 :22.09 12247 12286 123.24 50
50 123.26 123,62 12401 12439 12477 125.16 12554 125,92 12631 126,69 127,07 60
70 127.07 12745 127,84 128.22 128,60 12898 12937 129.75 130.13 130,51  130.89 K
80 ! 13089 13127 13155 132.04 13242 13280 12318 13356 13394 13432 134.70 80
30 134.70 135,08 13546 13584 136.22 136,60 $36.98 137.36 13774 13812  138.50 90
100 138.50 138,88 139.26 139,64 140,02 140.39 140,77 14L15 14153 14191 142,29 100
110 142.29 142,66 14304 14342 14380 144.17 144.55 144.93 145,31 14568 146,06 110
120 146,06 14644 14681 147.19 14757 147.94 14832 148.70 149,07 14945 149,82 120
130 149,82 150.20 15057 15095 15133 151.70 152,08 15245 15283 153,20 153.58 130
140 153.58 153,95 15432 15470 155,07 15545 155.82 156,19 156,57 156.94 157,21 140
150 1§57.31  157.69 158.06 i58.43 158.81 159.18 159.5§ 159.93 160,30 180.67 161,04 150
pixy ISLO4 161,42 161,72 1S2.3€ 152,53 16290  183.27 163,65 18402 154,23 12475 50
170 16476 165,13 16550 165.87 166.21 166.61 166,38 167,35 167,72 168.09 16846 17c
180 163.46 168,83 169.20 169.57 169.94 170.31 170.68 171,05 17142 171,79 17216 80~ -
i30 17216 172,53 17290 17326 173.63 174.00 174.37 17474 17510 17547 17584 190
200 175,84 17621 17657 17694 17731 177.68 178.04 178.41 178,78 17914 179.51 200
210 179.51 179,68 18024 180,61 18097 181.34 19171 18207 18244 18280 183.17 210
220 183,17 183,53 183.90 184.26 134.63 18499 38536 185.72 186,09 186,45 186.82 220
230 18632 187,18 18754 187.91 138,27. 188.63 189.00 183,36 189.72 190.09 190,45 230
240 19045 190,81 191,18 191,54 191,50 19225 193.63 19299 19335 19371 194,07 240
250 194,07 194,44 19490 195.!6 19552 195838 196.24 196,60 19696 197.33 19769 250
260 { 19769 19805 19841 19877 195.13 19949  199.85 200.21  200.57 200.93 201.29 260
270 I 20129 201.65 202,01 202.36 202,72 20308 203.44 203.80 204,16 204.52 204.88 270
280 204.88 205,23 20559 20595 206.31 206.67 207,02 207.38. 20774 208.10 208.45 280
290 20845 208.81 20917 20952 209.88 210.24 21059 21095 21131 211,66 212,02 290
200 21202 21237 21273 31309 21344 213.80 214.15 214.51 21486 21522 21557 300
310 21557 21593 21628 216.64 21699 217.35 217.70 218.05 21841 21876 219,12 310
220 219.12 21947 219.82 220,18 220,53 220,88 221,24 221,59 221,94 22.29 22255 320
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MOTOROLLA, Digital/Analog_and Analog/Digital Conversion Hand book,1983

TECHNOLOGICAL PROMATION ASSOCIATION, Seminar of temperature control

system , November 7th - 11th,1983
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