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PORT A 
PORT B 
PORT C 
CONTROL REG 
DIGITI 

EQU2000H 
EQU200lH 
EQU2002H 
EQU 2003H 
EQU2lH 
EQU22H 
EQU23H 
EQU24H 
EQU30H 
EQU3lH 
EQU32H 
EQU 33H 

DIGIT2 
DIGIT3 
DIGIT4 
INPUT 
COUNTER 
TEMPORARY 
BUFFER 

ORGOOOOH 
AJMP MAIN 

MAIN: ACALL INIT PPI 

AGAIN: MOY A,PI 
MOY BUFFER,A 
MOYINPUT,A 

CLRC 

MOY A,BUFFER 

SUBB A,#lOO 
JNC CONTINUE2 

JNBFO,CCW 
ACALL PUT AR CW 
SJMP CONTINUE 

CCW: ACALL PUTAR CCW 

CONTINUE MOY COUNTER,#2FH 
REFRESH DJNZ COUNTER,REFRESH 

SJMP AGAIN 
CONTINUE2 MOY DPTR,#PORT_A 

MOY A,#OOOlOOOOB 
MOYX @DPTR,A 
MOY COUNTER,#2FH 

REFRESH2: DJNZ COUNTER,REFRESH 
SJMP AGAIN 



EXIT: NOP 
SJMP EXIT 

INIT PPI: PUSH DPH 
PUSHDPL 
MOV DPTR,#CONTROL _REG 
MOVA,#80H 
MOVX @DPTR,A 
POP DPL 
POP DPH 
RET 

DELAY LOOP: PUSH DPH 
PUSHDPL 
PUSHACC 
PUSHPSW 

DEL LOOP: DEC Rl 
NOP 
NOP 
NOP 
CJNE RI,#OH,DEL_LOOP 

POPPSW 
POPACC 
POPDPL 
POPDPH 
RET 

DELAY 5S: PUSH DPH 
PUSHDPL 
PUSHACC 
PUSHPSW 

MOVR7,#OFH 
DEL2: MOV A#OFFH 
DEL3 MOV B,#OFFH 

DJNZB,$ 
DJNZ ACC.DEL3 
DJNZ R7,DEL2 

POP PSW 
POPACC 
POPDPL 
POPDPH 



RET 

DELAY 2S: PUSH DPH 

DEL4: 
DEL5: 

PUSHDPL 
PUSHACC 
PUSHPSW 

MOV R7,#lOO ;7H 
MOV A,#5 ;5H 
MOVB,#3 ;3H 

DJNZB,$ 
DJNZ ACC,DEL5 
DJNZ R7,DEL4 

POPPSW 
POPACC 
POP DPL 
POP DPH 
RET 

-----.---------------_.----------.. -----.---_.------------------------------, 
PUT AR CCW: PUSH DPH 

PUSHDPL 

MOV DPTR,#PORT_A 
MOV A,#OlH 
MOVX @DPTR,A 

MOVA,#2H 
MOVX @DPTR,A 

MOV A,#4H 
MOVX @DPTR,A 

MOV A,#8H 
MOVX @DPTR,A 

MOV A,#O 
MOVX (CyDPTR,A 

POP DPL 
POP DPH 
RET 

PUT AR CW: PUSH DPH 
PUSHDPL 



MOV DPTR,#PORT_A 

MOV A,#8H 
MOVX @DPTR,A 

MOV A,#4H 
MOVX @DPTR,A 

MOV A,#2H 
MOVX @DPTR,A 

MOV A,#lH 
MOVX @DPTR,A 

MOV A,#O 
MOVX @DPTR,A 
POP DPL 
POP DPH 
RET 

----------------------~-------------------------*.----------------------------, 
DELAY 1 S: PUSH DPH 

DEL44: 
DEL55: 

PUSH DPL 
PUSHACC 
PUSHPSW 

MOVR7,#2FH 
MOV A,#5H 
MOVB,#3H 

DJNZB,$ 
DJNZ ACC.DEL55 
DJNZ R7,DEL44 

POP PSW 
POPACC 
POP DPL 
POP DPH 
RET 

END 



ltures 
,mpatible with MCS-51~ Products 
Bytes of In-System Reprogrammable Flash Memory 

- Endurance: 1,000 WritelErase Cycles 
Ily Static Operation: 0 Hz to 24 MHz 
ree-Ievel Program Memory lock 
3 x 8-bit Internal RAM 
Programmable VO lines 
o 16-bit TimerfCounters 
Interrupt Sources 

,grammable Serial Channel 
N-power Idle and Power-down Modes 

;cription 
II,T89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K 
; of Flash programmable and erasable read only memory (PER OM). The device 
In ufactu red using Atmel's high-density nonvolatile memory technology and is 
'atible with the industry-standard MCS-51 instruction set and pinout. The on-chip 
, allows the program memory to be reprogrammed in-system or by a conven
nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash 

monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides 
lly-flexible and cost-efiective solution to many embedded control applications. 
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scription (Continued) 
AT89C51 provides the following standard features: 4 
tes of Flash, 128 bytes of RAM, 321/0 lines, two 16-bit 
,r/counters, a five vector twa-level interrupt architec
, a full duplex serial port, on-chip oscillator and clock 
Jitry. In addition, the AT89C51 is designed with static 
; for operation down to zero frequency and supports 
software selectable power saving modes. The Idle 
e stops the CPU while allowing the RAM, timer/count
serial port and interrupt system to continue function
The Power Down Mode saves the RAM contents t;ut 
~es the oscillatordisabling all other Chip functions until 
lext hardware reset. 

I Description 

)Iy vo~age. 

md. 

:J 

o is an 8-bit open drain bidirectional I/O port. As an 
ut port each pin can sink eight TTL inputs. When 1 s 
vritten to port 0 pins, the pins can be used as high-im
Ince inputs. 

o may also be configured to be the multiplexed low
r address/data bus during accesses to external pro
I and data memory. In this mode PO has internal pul-

o also receives the code bytes during Flash program
, and outputs the code bytes during program verifica
Extemal pullups are required during program verifica-

1 is an 8-bit bidirectional 110 port with internal pullups. 
:Jort 1 output buffers can sink/source four TTL inputs. 
n 1 s are written to Port 1 pins they are pulled high by 
ltemal pull ups and can be used as inputs. As inputs, 
1 pins that are externally being pulled low will source 
,nt (Ill) because of the internal pullups. 

1 also receives the low-order address bytes during 
I programming and program verification. 

2 is an 8-bit bidirectional 110 port with intemal pullups. 
'art 2 output buffers can sink/source four TTL inputs. 
n 1s are written to Port 2 pins they are pulleci high by 
Iternal pullups and can be used as inputs. As inputs, 
2 pins that are externally being pulled low will source 
nt (hl) because of the internal pullups. 

2 emits the high-order address byte during fetches 
external program memory and during accesses to 
nal data memory that use 16-bit addresses (MOVX 

AT89C51 

@ DPTR).ln this application it uses strong internal pullups 
when emitting 1s. During accesses to external data mein
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits 
the contents of the P2 Special Function Register. 

Port 2 also receives the high-order address bits and some 
control signals during Flash programming and verification. 
Port 3 

Port 3 is an 8-bit bidirectional 110 port with internal pullups. 
The Port 3 output 'Juffers can sink/source four TTL inputs. 
When 1s are written to Port 3 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (Ill) because of the pullups. 

Port 3 also serves the functions of various special features 
of the AT89C51 as listed below: 

Port Pin 
P3.0 

P3.1 
P32 
P3.3 

P3.4 

P3.5 

P3.6 

P3.7 

Alternate Functions 

RXD (serial input port) 

TXD (serial output port) 

INTO (extenal interrupt 0) 

INT1 (extenal interrupt 1) 

TO (timer 0 extenal input) 

T1 (timer 1 external input) 

WR (extenal data memory write strobe) 

RD (external data memory read strobe) 

Port 3 also receiVes some control signals for Flash pro
gramming and programming verification. 

RST 

Reset input. A high on this pin for two machine cycles 
while the oscillator is running resets the device. 

ALE/PROG 

Address Latch Enable output pulse for latching the low 
byte of the address during accesses to external memory. 
This pin is also the program pulse input (PROG) during 
Flash programming. 

In normal operation ALE is emitted at a constant rate of 
1/6 the oscillator frequency, and may be used for external 
timing or clocking purposes. Note, however, that one ALE 
pulse is skipped during each access to external Data 
Memory. 

If desired, ALE operation can be disabled by setting bit 0 
of SFR location 8EH. With the bit set, ALE is active only 
during a MOVX or MOVe instruction. Otherwise, the pin is 
weakly pulled high. Setting the ALE-disable bit has no ef
fect if the microcrontroller is in external execution mode. 

PSEN 

Program Store Enable is the read strobe to external pro
gram memory. 

(continued) 
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I Description (Continued) 
,n the AT82£ilis executing code from extemal pro-
1 memory, PSEN is activated twice each machine <::j

except that two PSEN activations are Skipped during 
I access to external data memory. 
pp 

rnal Access Enable. EA must be strapped to GND in 
r to enable the device to fetch code from external pro
\ memory locations starting at OOOOH up to FFFFH. 
, however, that if lock bit 1 is programmed, EA will be 
nally latched on reset. 

hould be strapped to Vee for internal program execu-

pin also receives the 12-volt programming enable 
ge (Vpp) during Flash programming, for parts that re
o 12-volt Vpp. 

to the inverting oscillator amplifier and input to the 
lal clock operating circuit. 

2 

ut from the inverting oscillator amplifier. 

;illator Characteristics 
.1 and XT AL2 are the input and output, respectively, 
inverting amplifier which can be configured for use 

lon-chip oscillator, as shown in Figure 1. Either a 
z crystal or ceramic resonator may be used. To drive 
evice from an extemal clock source, XTAL2 should 
ft unconnected while XTAL 1 is driven as shown in 
e 2. There are no requirements on the duty cycle of 
xternal clock signal, since the input to the internal 
ing circuitry is through a divide-by-two flip-flop, but 
1 um and maxim urn voltage h ig h and low time specifi-
1S must be observed. 

Mode 
l mode, the CPU puts itself to sleep while all the on
Jeripherals remain active. The mode is invoked by 
are. The content of the on-chip RAM and all the spe
unctions registers remain unchanged during this 

mode. The idle mode can be terminated by any enabled 
interru pt or by a hardware reset.' 

It should be noted that when idle is temninated by a hard
ware reset, the device normally resumes program execu
tion, from where it left off, up to two machine <::jcles before 
the internal reset algorithm takes control. On-Chip t>ard-

Figure 1. Oscillator Connections 

C2 
XTAL2 

XTAL1 

GI\O 

Notes: Cl, C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 10 pF for Ceramic Resonators 

Figure 2. External Clock Drive Configuration 

NC ------I 

EXTERNAL 
OSCILLATOR -----I 

SIGNAL 

XTAL2 

XTAU 

tus of External Pins During Idle and Power Down 
Ie Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3 

Internal 1 1 Data Data Data Data 

External 1 1 Float Data Address Data 

ler Down Internal 0 0 Data Data Data Data 

19r Down External 0 0 Float Data Data Data 

AT89C51 



are inhibits access to internal RAM in this event, but ac
ISS to the port pins is not inhibited. To eliminate the pos
Jility of an unexpected write to a port pin when Idle is 
rminated by reset, the instruction following the one that 
~okes Idle should not be one that writes to a port pin or 
external memory. 

ower Down Mode 
the power down mode the oscillator is stopped, and the 
;truction that invokes power down is the last instruction 
ecuted. The on-chip RAM and Special Function Regis
·s retain their values until the power down mode is tenni
ted. The only exit from power down is a hardware reset. 
lset redefines the SFRs but does not change the on
ip RAM. The reset should not be activated before Vee 

lck Bit Protection Modes 

Program Lock Bits 

LB1 LB2 LB3 Protection Type 

1 U U U No program lock features. 

AT89C51 

is restored to its nmmal operating level and must be held 
active long enough to allow the oscillator to restart and 
stabilize. -

Program Memory Lock Bits 
On the chip ara three lock bits which can be left unpro
grammed (U) or can be programmed (P) to obtain the ad
ditional features listed in the table below: 

When lock M 1 is programmed, the logiC level at the EA 
pin is sampled and latched during reset. If the device is 
powered up without a reset, the latch initializes to a ran
dom value, and holds that value until reset is activated. It 
is necessary that the latched value of EA be in agreement 
with the current logic level at that pin in order for the device 
to function properly. 

MOVC instructions executed from external...l!9gram memory are disabled from 
2 P U U fetching code bytes from internal memory, EA is sampled and latched on raset, and 

further programming ofthe Flash is disabled. 

3 P P U Same as mode 2, also verify is disabled. 

4 P P P Same as mode 3, also external execution is disabled. 

'ogramming the Flash 
9 AT89C51 is nonnally shipped with the on-chip Flash 
mary annay in the erased state (that is, contents = FFH) 
j ready to be programmed. The programming interface 
:epts either a high-voltage (12-voij) or a low-voijage 
;c) program enable Signal. The low voijage program-
19 mode provides a convenient way to program the 
B9C51 inside the user's system, while the high-VOltage 
gramming mode is compatible with conventional third 
ty Flash or EPROM programmers. 

l AT89C51 is shipped with either the high-voltage or 
-voijage programming mode enabled. The respective 
-side marking and device Signature codes are listed in 
following table. 

Vpp ~ 12 V 

AT89C51 AT89C51 
op-Side Mark xxxx xxxx-5 

vvww VYWw i 
(030H)=1EH (030H)=1EH 

I gnature (031H)=51H (031H)=51H 

(032H)=FFH (032H)=05H I 

The A T89C51 code memory array is programmed byte
by-byte in either programming mode. To program any 
non-blank byte in the on-chip Flash Memory, the entire 
memory must be erased using the Chip Erase Mode. 

Programming Algorithm: Before programming the 
AT89C51, the address, data and control Signals should be 
set up according to the Flash programming mode table 
and Figures 3 and 4. To program the AT89C51, take the 
following steps. 

1. Input the desired memory location on the address 
lines. 
2. I nput the appropriate data byte on the data lines. 
3. Activate the correct combination of control signals. 
4. Raise ENVpp to 12 V for the high-voltage program
ming mode. __ 
S. Pulse ALEfPROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed and 
typically takes no more than 1.5 ms. Repeat steps 1 
through 5, changing the address and data for the entire 
array or until the end of the object file is reached. 

Data Polling: The AT89C51 features Data Polling to indi
cate the end of a write cycle. During a write cycle, an at-

5 
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frogramming the Flash (Continued) 

mpted read of the last byte written will result in the com
ement of the written datum on PO.7. Once the write ey
e has been completed, true data are valid on all outputs, 
ld the noxt cycle may begin. Data Polling may begin any 
ne after a write cycle has been initiated. 

~ady/6usy: The progress.2f....Qyte programming can 
so be monitored by the RDY/BSY output signal. P3.4 is 
Illed low after ALE goes high during programming to in
:ate BUSY. P3.4 is pulled high again when program
ing is done to indicate READY. 

'Ogram Verify: If lock bits LB 1 and LB2 have not been 
ogrammed, the programmed code data can be read 
lck via the address and data lines for verification. The 
;k bits cannot be verified directly. Verification of the lock 
s is achieved by observing that their features are en
>Ied. 

lip Erase: The entire Flash array is erased electrically 
using the proper combination of control signals and by 

,Iding ALEJPROG low for 10 ms. The code array is writ-
1 with all "1"s. The Chip erase operation must be exe
ted before the code memory can be re-programmed. 

lash Programming Modes 

ALEI 
PSEN --

~ode RST PROG 

Vrite Code Data H L \...F 

(ead Code Data H L H 

Vrite lock Bit - 1 H L \...F 

Bit-2 H L \...F 

Bit - 3 H L \...F 

:hip Erase H L \...F 

:ead Signature 
H L H ,yte 

les: 1. The signature byte at location 032H designates 
whether Vpp = 12 V or V pp = 5 V should be used to 
enable programming. 

AT89C51 

(2) 

Reading the Signature Bytes: The signature bytes are 
read by the same procedure as a normal verification of 
locations 030H, 

031H, and 032H, except that P3.6 and P3.7 must be 
pulled to a logic low. The values returned are as follows. 

(030H) = 1 EH indicates manufactured by Atmel 
(031H) = 51H indicates 89C51 
(032H) = FFH indicates 12 V programming 
(032H) = 05H indicates 5 V programming 

Programming Interface 
Every code byte in the Flash array can be written and the 
entire array can be erased by using the appropriate com
bination of control signals. The write operation eycle is 
self-timed and once initiated, will automatically time itself 
to completion. 

All major programming vendors offer worldwide support 
for the Atrnel microcontroller series. Please contact your 
local programming vendor for the appropriate software re
vision. 

EAt 
Vpp P2.6 P2.7 P3.6 P3.7 

H/12V<1) L H H H 

H l l H H 

H/12V H H H H 

H/12V H H L L 

Hi12V H L H L 

H!12V H L L L 

H L L L L 

2. Chip Erase requires a 10 ms PROG pulse. 
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,ure 3. Programming the Flash Figure 4. Verifying the Flash 

+5V +5V 

AJDR. AD " A7 :1 Pl 

AT89C51 ~' 

v:l--J 
AT89C51 

'ctL "''' OOOOH/Oi'FFH 

~ 
P2.0· P2.3 

A8 . All 
P2.6 

SEE FLASH ---I P2.7 
PROGRAMMING . 
MODES TABLE P3.6 

P3.7 

r-..-----i XTAL 2 

I PGM 
PO r- DATA 

I 
ALE i--- PROG 

! 
i 

I 
EA I V,./'Ipp 

~"~,,:\ ";1 p, 0 P2.D . P2.~ 
A8 • All 

P2.6 

SEE FLASH P2.7 
PROGRAMMING 
MODES TABLE P3.6 

P3.7 

r-__ -----1 XTAL 2 

I 
4·24 MHz 1 

oh I 
I 

XTAL 1 

GND 

RST 

PSEN 

l '--___ ------'i----i XTAL 1 

Ish Programming and Verification Characteristics 
'21"C to 27"C, VCC = 5.0 ± 10% 

'mbol Parameter Min 
>p(1) Programming Enable Voltage 11.5 
,(1) Programming Enable Current 

CLCL Oscillator Frequency 4 

fGL Address Setup to PROG Low 48tCLcL 

-lAX Address Hold After PROG 48iCLCL 

fGL Data Setup to PROG Low 48tCLCL 

-lDX Data Hold After PROG 48tCLCL 

is,, P2.7 (ENABLE) High to Vpp 48tCLCL 

iGL VPP Setup to PROG Low 10 
1SL,11 \!pp Hold After PROG 10 

.G'i PROG Width " I 
'QV Address to Data Valid 

OV ENABLE Low to Data Valid 

IOV Data Float After ENABLE 0 

iBL PROG High to BUSY Low 

- Byte Write Cycle Time -
1. Only used in 12-vDlt programming mode. 

GND 

Max 

12.5 

1.0 

24 

110 

48tCLCL 

48tcLCL 

48tCLCL 

1.0 

2.0 

PO I (USE 10K 
I PULLUPS) 

I 
ALE 14---~ 

EA~--

RST V'H 

PSEN 

Units 

V 

mA 

MHz 

i 
I 
I 

! 
I 
I 

i 
I 

fls 

fls ! 

I 
~s I 

I 
! 

I 

fls 

ms 
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:Iash Programming and Verification Waveforms - High Voltage Mode 
P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALE/PROG 

EANpp 

P2.7 
(ENABLE) 

P3L. 
(RDY/BSY) 

!AVGL 

t SHGL 

" 
------------

~ 

PROGRAMMING 
ADDRESS 

-; 

~ .1 
DATA IN 

~ t[NGL ~HoxR 
tGHAX 

'\ " 1+---0 
i-tGLGH---. ~HSL 

Vpp "'LOGIC 1 --------------
= = = = = __ LP_Qg;;_c --------------

:'--tEHSH 
~LQV-

"-
tGHBL --t I-

BUSY 

twe 

VE Flc;r RI A ION 
ADDRESS 

.- tAVQV 

DATA OUT 

--------- ---------

:+-- f.-- tEHQZ 

V 

READY 

ash Programming and Verification Waveforms - Low Voltage Mode 
'1.0 - P1.7 
'2.0 - P2.3 

PORT 0 

ALE/PROG 

EANpp 

P2.7 
(ENABLE) 

P3L. 
:RDY/BSYI 

PROGRAMMING VERIFICATION 
ADDRESS ADDRESS - ~tAVQV 

DATA IN DATA OUT 

I--< fuvGL ~HDX H 
t AVGL tGHAX 

"- " t SHGL I-~LGH---< 

LOGIC 1 
//'////////7// ______ !'991~.P_ --------- ----------------------

----0 I--~HSH 
~LOV--t f.----1 ~tEHQZ 

"- V 
tGHBL --t I-

BUSY READY 

twc 
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Jsolute Maximum Ratings* 

)perating Temperature .. 

,torage Temperature 

lo~age on Any Pin 
vith Respect to Ground. 

. ....... -55°C to + 125°C 

.. -6S·C to +1S0°C 

. ..... -1.0 V to +7.0 V 

~aximum Operating Voltage .......................... 6.6 V 

)C Output Current ..... . . ............... 15.0mA 

c. Characteristics 

AT89C51 

"NOTICE: Stresses beyond 1I10se listed under "Absolute Maxi
mum Ratings" may cause pennanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions beyond those indi
cated in 1I1e operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

, -40°C to 85°C, Vee = 5.0 V ± 20% (unless otherwise noted) 

,mbol Parameter Condition Min Max Units 

I Input Low Vo~age (Except EA) -0.5 0.2 Vee-G. 1 V 

.1 I Input Low Vo~age (EA) -0.5 0.2 Vee-0.3 V 
, I Input High Voltage (Except XT AL1, RST) 0.2 Vee+0.9 Vee+0.5 V 

; 1 I InpLn High Voltage (XTAU, RST) 0.7 Vee Vee+0.5 V 

IL 
I Output Low Voltage") 

10l = 1.6 mA 0.45 V 
I (Ports 1,2,3) 

fl1 I 
Output Low V.lllli!s!l:~i 

IOl= 3.2mA 0.45 V (Port 0, ALE, PSEN) 

i Output High Volta9lL.-
10H = -60 uA, Vee = 5 V+ 10% 2.4 V 

'H I (Ports 1,2,3, ALE, PSEN) 10H = -25 uA 0.75 Vee V 

i 10H = -10 uA 0.9 Vee V 
I 10H = -800 uA, Vee = 5 V + 10% 2.4 V I Output High Vo~age 

H1 I (Port 0 in External Bus Mode) 10H = -300uA 0.75 Vee V 
! 10H = -80 uA 0.9 Vee V 

Logical 0 Input Current 
V,N = 0.45 V -50 uA (Ports 1,2,3) 

Logical 1to 0 Transition 
V,N = 2V -650 ~LA Current (Ports 1.2.3) 

Input L'li!.!s..age Current 0.45 < V,N -: Vee ±10 flA (Port 0, EA) 

:ST Reset Pulldown Resistor 50 300 Kil 

Pin Capacitance Test Freq. = 1 MHz, TA = 25°C 10 pF 

Power Supply Current 
Active Mode, 12 MHz 20 mA 

Idle Mode, 12 MHz 5 mA 

Power Down Mode'2 
Vee = 6V 100 [LA 

Vee = 3V 40 uA 
>. 1. Under steady state (non-transient) conditions. IOL 

must be externally limited as follows: 
Maximum totallOL for all output pins:!1 mA 
If IOL exceeds the test condition, VOL may exceed the 
related specification. Pins are not guaranteed to sink 
current greater1l1an the listed lest conditions. 

Maximum 10l per port pin:10 mA 
Maximum IoL per 8-bit port 
Port 0:26 mA 
Ports 1,2, 3:15 mA 

2. Minimum VCC for Power Down is 2 V. 

9 



.C. Characteristics 
nder Operating Conditions; Load Capacitance for Port 0, ALEIPROG, and P$EN = 100 pF; Load Capacitance for all 
1er outputs = 80 pF) 

dernal Program and Data Memory Characteristics 

i 12 MHz Oscillator 16 to 24 MHz Oscillator 
iymbol Parameter i Min Max Mir Max Units 

ItCLCL Oscillator Frequency 0 24 MHz 

.HLL ALE Pulse Width 127 2tCLCL-4D ns 

WLL Address Valid to ALE Low 28 tCLCL-13 ns 

.LAX Address Hold After ALE Low 48 tCLCL-20 ns 

.LN ALE Low to Valid Instruction In 233 4tCLCL-65 ns 

.LPL ALE Low to PSEN Low 43 tCLCL-13 ns 

>f..PH PSEN Pulse Width 205 3tcLCL-20 ns 

>f..IV PSEN Low to Valid Instruction In I 145 3lCLCL -45 ns 

'XIX Input Instruction Hold After PSEN 0 0 ns 

'XIZ Input Instruction Float After PSEN 59 tCLCL-10 ns 

'XAV PSEN to Address Valid 75 tCLCL-8 ns 

,VIV Address to Valid Instruction In 312 5lCLCL-55 ns 

LAZ PSEN Low to Address Float 10 10 ns 

LRH RD Pulse Width 400 6tCLCL-100 ns 

iLWH WR Pulse Width 400 6tCLCL-100 ns 

LOV RD Low to Valid Data In 252 5lCLCL-90 ns 

HOX Data Hold After RD 0 0 ns 

HDZ Data Float After RD 97 2tCLCL-28 ns 

_DV ALE Low to Valid Data In 517 8tCLCL-150 ns 

VDV Address to Valid Data In 585 9tCLCL-165 ns 

_WL ALE Low to RD or WR Low I 200 300 3tcLCL-50 3tcLCL +50 ns 

\/'/I;'L Address to RD or WR Low I 203 4tCLCL-75 ns 

INIX Data Valid to WR Transition 23 tCLCL-20 ns 

VWH Data Valid to WR High 433 7tCLCL-120 ns 

'HQX Data Hold After WR i 33 tCLCL-20 ns 

LAZ RD Low to Address Float I 0 0 ns 

RD or WR High to ALE High 
I 

43 123 tCLCL-20 tCLCL +25 ns 'HLH i 

AT89C51 



AT89C51 

xternal Program Memory Read Cycle 

I-~Hll--
ALE ---' "-

tAvll tlllV 
lplPH 

--t t llPl I-

"- lpuv 

-. /--tplAZ 
.-tpXAV-> 

hAX 
tpXlZ 

!"XIX---t 4-

PORTO r AD - A7 INSTR IN ) I- AD - A7 

tAVlV 

PORT 2 AS - A15 AS - A15 

dernal Data Memory Read Cycle 

tlHll~ 

ALE ~ 
--to I-tWHlH 

PSEN 
t lUN ~ 

~ 

I- tRlRh --to -

~ tllWl ----. 

~tLLAX~ 
r----- tRLrN f.---. !"HDZ ~tAvLl-

tRLAZ r-- - --10 I+- tRHDX 

RD 

PORT 0 =>- AO - A7 FROM RI OR DPl - DATA IN ~ AD - A7 FROM pel INSTR IN 

t AVWL 

t,"VDV 

PORT 2 P20 - P2.7 OR AS - A15 FROM DPH AS - A15 FROM PCH 

11 



dernal Data Memory Cycle 

t::=-tLHLL--t 

ALE 
---0 I- tWHLH 

~ t LLWL t WLWH --. 

WR 
I-lcLAx ---tI 

I+-- tAVLL ---0 tavwx- I.- ---0 
-- t WHOX 

r-tOVWH--t 

PORT 0 =>- AD ~ A7 FROM RI OR DPl DATA OUT >< AD ~ A7 FROM pel INsm IN 

t AVWL 

-
PORT 2 P2.D ~ P2.7 OR AS ~ A15 FROM DPH AS ~ A15 FROM PCH 

:ternal Clock Drive Waveforms 

Vee . 0~5V -+-:~-----, 

0.7 Vee 

~. lcHCX ~ ~ hCL 

f -~~ 
i~ 

~-- tCHCX --..! 

45V--/ 

teLCL "! 

ternal Clock Drive 
mbol Parameter Min Max Units 

CLCL Oscillator Frequency 0 24 MHz 

.CL Clock Period 41.6 ns 

ICX High Time 15 ns 

.CX Low Time 15 ns 

Rise Time 20 
I 

CH ns I 

ICL Fall Time 20 ns l 

AT89C51 



AT89C51 

erial Port Timing: Shift Register Mode Test Conditions 
cc = 5.0 V ± 20%; Load Capacitance = 80 pF) 

iymbol Parameter 

KLXL Serial Port Clock Cycle Time 

:;)VXH Output Data Setup to Clock Rising Edge 

KHQX Output Data Hold After Clock Rising Edge 

(HDX Input Data Hold After Clock Rising Edge 

<HDV Clock Rising Edge to Input Data Valid 

lift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

,WRITE TO SBUF, 

+ 
OUTPUT DATA 

, CLEAR RI , 
t 

INPUT DATA 

; Testing Input/Output Waveforms!!; 

0.2 Vee + O.9V 

TEST POINTS 

0.2 Vee - O.lV 

e: 1. AC Inputs during testing are driven at Vee - 0.5 V for a 
logic 1 and 0.45 V for a logic O. Timing measure
ments are made at V'H min. for a logic 1 and V'l 
max. for a logic O. 

12 MHz Osc Variable Oscillator 

Min Max Min Max 

1.0 12tcLCL 

700 1OtCLCL-133 

50 2tCLCL-33 

0 0 

700 10tCLCL-133 

SET Rli 

Float Waveforms II' 

V lOAD -----< Timing Reference 
Points 

Units 

I1s 

ns 

ns 

ns 

ns 

Note: 1. For timing purpuses. a port pin is no longer floating 
when a 100 mV change from load vo~age occurs. 
A port pin begins to floa1 when a 100 mV change 
from the loaded VOHNol level occurs. 

13 
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'rdering Information 

Speed 

! 
Powel I 

(MHz) Supply Ordering Code Package Operation Range 

12 

I 
SV±20% AT89CS1-12AC 44A Commercial 

AT89CS1-12JC I 44J (O°C to 70°C) 
AT89CS1-12PC I 40P6 
AT89C51-12QC I 44Q 

AT89CS1-12AI I 44A Industrial 
AT89CS1-12JI 44J (-40°C to 8S°C) 
AT89CS1-12PI 40P6 
AT89CS1-1201 440 

AT89CS1-12AA 44A Automotive 
AT89CS1-12JA 44J (-40°C to 125c C) 
AT89CS1-12PA I 40P6 
AT89CS1-120A 440 

S V± 10% AT89CS1-120M 4006 Military 
AT89CS1-12LM 44L (-55°C to 12S°C) 

AT89CS1-120MI883 4006 Militaryl883C 
AT89CS1-12LM!883 44L Class B, Fully Compliant 

(-55°C to 125°C) 

16 SV±20% AT89CS1-16AC 44A Commercial 
AT89CS1-16JC 44J (DOC to 70°C) 
AT89C51-16PC 40P6 
AT89CS1-160C 440 

AT89C51-16AI 44A Industrial 
AT89C51-16JI 44J (-40°C to 85°C) 
AT89C51-16PI 40P6 
AT89C51-1601 440 

AT89CS1-16AA 44A Automotive 
AT89C51-16JA 44J (-40"C to 125°C) 
AT89C51-16PA 40P6 
AT89C51-160A 440 

" 20 5 V:r 20% AT89C51-20AC 44A Commercial 
AT89C51-20JC 44J (DOC to 70GC) 
A T89C51-20PC 40P6 
AT89C51-200C 440 

AT89CS1-20AI 
I 

44A Industrial 
AT89C51-20JI 44J (-40°C to 85°C) 

! 
AT89C51-20PI I 

40P6 
A T89C51-2001 I 440 

AT89C51 



AT89C51 

dering Information 
,peed 

I 
Power 

:MHz) Supply Ordering Code Package Operation Range 

24 I SV±200/0 AT89CS1-24AC 44A Commercial 
A T89C51-24JC 44J (O°C to 70°C) 
AT89C51-24PC 44P6 
AT89CS1-240C 440 

AT89C51-24AI 44A Industrial 
A T89CS1-24J I 

I 

44J (-40°C to 8S0C) 
A T89CS1-24P I 44P6 
AT89CS1-2401 440 

Package Type 

~ . 44 Lead. Thin Plastic Gull Wing Quad Flatpack (TQFP,I 

)6 40 Lead, 0.600" Wide, Non-Windowed. Ceramic Duallnline Package (Cerdip) 

I 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 

44 Pad. Non-Windowed, Ceramic Leadless Chip Canrier (LCC) 

'6 40 Lead, 0.600" Wide, Plastic Duallnline Package (PDIP) 

I 44 Lead, Plastic Gull Wing Quad Ra1pack (PQFP) 

15 
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ADC0801, ADC0802, ADC0803, ADC0804, 
ADC0805 8-Bit fLP Compatible AID Converters 

General Description 
The ADC0801. ADCV802. ADC0803. ADC0804 and 
ADC0805 are CMOS P-blt successive aoproximation AID 
converters that use a differential potentiometric ladder
similar to the 256A products. These converters Bfe de
signed to allow operaticn with the NSCSOO ond INS80eOA 
derivative controt bus with TRI-STATE- 'JU1put latches di
rectly driving the data bys. These AIDs _r like memory 
~tions or 1/0 pcrts to the microprocessor a~ no incer· 
faCing logic is needed. 

Differential analog voltage inputs allow increasing the com
mon-mode rejection and offsetting the analog zero Inpul 
voltage valye. In addition. tha .onage r6ference il1p<lt CM 

be adjusted to allow encoding any smaller analog vottage 
span to the lull 8 bits ~i resolution. 

Features 
II Compatible with 8080 "p derivatives -no interfacing 

logic nceded - access time. 135 rls 
• Easy interface to nil microprocessors, or operates 

"stand alono" 

Typical Applications 

lilSUOO . . ". 
ZlO. ... , 
m 

8060 Interface 

[-
TLJH/567,-31 

Part 
Number 

ADCOS01 

ADCoe02 

ADCOB03 

ADCoe04 

ADCoe05 

II Diff6lential analog voltage input' 

• Logic inputs and outputs meet both MOS and TTL volt· 
ago level specifications 

• Works WIth 2.5V (!..M336) voltaye reference 

• On--<.:hip ctock generalor 
• OV to 5V analog input voltage range with single 5V 

sypply 

'" No zero adjust required 
II 0.3" standard width 2O-pin DI? package 

II 20-pin molded chip carrier or small oulHne pecka;le 

• Operates ratiometrically Of with 5 Voc. 2.5 Voc. or ana· 
log span adjus!ed voltage reference 

. Key Specifications 
II Resotution 8 bits 

• Total error 
• Conversion time 

1: 'I. LSa. '" 'I, LSIl and ± 1 LSa 

100 fLS 

... IT LIIISCIlUl101il 
ovtLII AlII, OU'IUD 
,l""lOt IIII.IIT 
VOL .".CI. 'IIAIilOI 
In aCTlQIIIU.! 

TUH/SG71-1 

Error Specification (IncluCles Full-Seal'!, 
Zero Error, and Non-Unearlty) 

Fun-
VREF/2~ 2.500 Voc VREF/2"" No Connection 

Scale 
(No Adlustments) (No AdJustments\ 

Adjusted 

1: 'I. LSB 

-1 
±Y2. LSB 

±'/,lSB 

I 
il LSB 

I ±1 LSB I 

, 
• " 

I 
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Absolute Maximum Ratings (Notes 1 & 2) 

II MUr..'Y I Aerospace lpecilled devtc"s .... required, 
contaC1 the N.tlon.1 SemlconduC1or Sales Offlcel 
Olatrlbutorr. lor .vallabillty and apeclflcatlo ..... 
Supply Voltage (VCC) (Note 3) 6,SV 

Storage Temperature Range 

Package Dissipation at T A -= 2SoC 

ESD Susceptibilitf (Note 10) 

-6S·C to + IS00c 

87SmW 

800V 

Voltage Operating Ratings iNotes 1 1\ 2) 
Logic Control Inputs -Q,3V to + '8V 
At Othe, In~ut and Outputs -0,2Vto 'Vee + 0,3y) Temper&ture Range T MIN S:TA S;7'.1AJC 

Lead Temp, (Soldering. 10 seconds) AOCOO01/02LJ -SS"CS:T"s:;. 125'C 

Dual-In-Une Package (plastic) 200"C AOC0901/02103/04LCJ -4Q'CS:TAS: +85"C 

Dual-In-Line Packago (ceramic) 300"C AOC0801/02/03/0SLCN "40"CS:T AS: +85"C 

Surface MOLOnt Package 
AOC0804LCN O"CS:T~S: + 70"C 

Vapor Phase (60 ,econds) 215"C 
AOC0802/03;04LCV O"C s: T" s: + 70"<; 
AOC0802/03/04LCWM O"CS:T",s: + 70"C 

Infrared (15 secor:ds) 220"C 
RangeolVcc 4_S Voc to 6_3 VO(: 

Electrical Characteristics i 

The loIlowing specifications apply lor Vcx:= 5 VOC. T MIN "T,,<cTMAX and IClK =640 kHz unloss otherwi.e specified' 

Parameter Condltlona Min Typ Max Units 

AOC0801: Total Adjusl<>d Error (Nole 8) Wrth Full-Scale Adj. ±y. LS8 
(See Section 2.S.2) 

AOC0802: Total Unadjusted Error (Note B) VR£F/2 - 2.500 Yoc ±14 lSI: 

AOC0803: Tolal Adjustod Error (Note 8) With Fun-Scale Adj. 
±~ LSI! 

(See Section 2.5.2) 

AOC0804: Total Unadju,Ied Error (Note 8) YREF/2 = 2.500 Yoc ±1 LSB 

AOC080S: Total Unadju.ted Error (Note 8) VREF/2-No Connection ±1 LS8 

VREr/2 fnpul Resist.nce (Pin 9) A0C0801/02l03fJ5 2.5 8.0 kn 
AOC0804 (Note 9) 0,75 1.1 kn 

Analog In~ut Voltage Ra,'Ig& (Note 4) V(+) orV(-) Gnd-O.OS "x+0.05 Voc 

DC Common-Mode Err.". Over AMlog Input '/oltage :t Y:. ±'Io LSt: 
Ranoe 

Power Supply s"nsilivity VCC-5YOC ±10%Over ±'A • ±'Io LSB 
AliowedYIN(+)andVIN(-) 1 
Voltage Range (Note 4) 

AC Electrical Characteristics 
The Iolfowing speci,lc&tions apply In( Vee -5 Voc and T A - 25"C unl.."s othe:wisB specified. 

Syrtlbol Parameter Conaltlons Min Typ ilia. Unit. 

Tc Conversion TIme I!d.K - 640 kHz (Note 6) 103 114 ,.. 
TC Conversion Time (Nota 5. 51 f!6 73 l/lel K 

lelK Clock Frequency Vee· 5V. (Note 5) 100 840 1460 kHl 
Clock Duty Cycle (Note 5) 40 60 % 

CR Conversion Aate in Free·RunnJng iN'rn tied tv WA wu;, 877J 9708 ccnv/s 
Mode CS = 0 Yoc. ISlK = 640 kHz 

IwiWIill Width 01 WR Input (Start Pulse Vl'ldth) CS = 0 Yoc (Nole 7) 100 ns 

tACC Access TIme (Delay from Falling Cl=loopF 135 200 ns 
Edge 01 m; to Output Data y.lid) 

t
'

H. toH rRI-STATE Control ~BY Cl = 10 pF. Rl = 10k 12S 200 ns 
from Ri'llng Edge 01 to (See TRI-STATE Test 
H~Z 518t£) Circuits} 

tWI, tAl D9~ fror., Falling Edge 
of W or FlU to Reset of INTR 

300 4S0 ns 

C,N I input Capacitance of Logic 5', 7.5 pF 
~ontrollnputs 

-
GOUT TRI-STATE Qufput 

I 
5 7.5 pF 

Capacitar,ce (Data Buffers) I 
CONTROL INPUTS (Note: eLK IN (Pin 4) is tt.A input of A. Schmitt trigger c.:ircuh and is therefore specified separately) 

VIN (1) Logical 'T' Input Yoltage 
I 

Yee- 5.25 Yoc [20 I I 
15 I Yoc 

(Except Pm 4 eLK IN) I 

, 

-

I 
I 

-

~ 
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AC Electrical Characteristics (Cor,rinued) 

The following specifications apply for Vee = fiVoc Clr.d T M!N .$.; T A. <;; T MAX. unlesf otherwise spvcified. 

Symbol I Parameter I Cond!tlons ! Min I Typ [Max 

CONTROL INPUTS (Note: eLK IN (Pin 4) is n,e input of a Schmitt trigger circuil and /<; theretore specified separately] 

Unit • 

V,,, (0) logic,,' "0" Input Voltage I VCC=4.7E Voc I 0.8 
(Exceot Pin 4 ClK IN) I : 
Logic;;>.! "1" Input Current Y,N = 5 Voc ± 0005 1 IL·I\OC 

~~:::,~~:" Input Current Y,N ~ 0 Voc -; -+-_-o-.oo-s-l---+-"-A-C'-C-l
i 

(AlIlnjluts) ___ L ___ ._L __ -lL. ___ I 

_~C~LO~C~Y.~,~IN~A~N~D~C~L~OC~K~R~-----r_----------r_--,_---,----,------' 

I 
ClK IN (Pin 4) Positive Going ______ -1 __ 

2
_. 7_-I-__ 3_.1_.-I~-3-.S-+_-V-oc--1 

_____ .\-. ~T~h::::est'old Voltage 

VT- ClK IN (Pin 4) Negative 1.5 1,8 2.1 Voc 

_____ ~~G~O~ing~~T~h~r~es~ho==~~V~O~~~A~ge~--L-----------+_-__ + ___ -I __ ~+_----I 
VH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc I 

________ ~~~T+~)~-~~~T~-~)--------~.-----------------4_----~----_4----_+-----1 
V OUT (0) logical "0" ClK R Oulput 

'/ollage 

VOUT (1) logical "1" ClK R Output 
VoIla~ 

10=360JLA 
Vee = 4.75 VOG 

10= -360 JLA 
Vee=4.75 Voc 

2.4 

0.4 

_O=A~T~A~O~UTPUT~~~S~A~N~O~INTR~~ _______ ~. ___________ -r ___ -r __ ---,---r------
VOUT (0) Logical '·0" Output 'Ioltage 

Data Outputs 
IN'THOutput 

Logical "I·' Output Voltage 

Logical "1" Output Voltage 

TRI-ST A TE Disabled Output 
Leakage (All Data Buffers) 

IouT-l.6mA. Vcc-4.7SVoc 
lOUT = t.~ mA, Vee ~ 4.75 Voc 

<40.' -360 I.A. VCC=4.7S Voc 

'0- - '0 "A, VCC= 4.75 Voc 

Vour=Ovoc 
Vour= 5Voc 

ISOURCE VOUT Snon :0 Gnd, T A = 2S"C 

_.::'S~IN:!!K~_.L __________ ...L""':V~OUT snon to Vee. TA = 2S"C 

POWER SUPPLY 

2.4 

4.5 

-3 

4.5 

9.0 

6 

16 

0.4 
0.4 

3 

lee Supply Current (Includes 
Ladaer Curren!) 

ADC090 1/02/03/04lCJ/OS 
ADCOE04LCN/lCV IlCWM 

tCLK - 640 kHz, 
"RF.F/2=NC. TA=2S"C 
and C!l= SV 

mAoc ) 

:;GI~-
Note 1: Absolute Maximum Ratings indicate HmIts beyOnd y,,'hich damage to the deviCe mey occur. DC and AC electrical specifiCallons do nnt apply when operating 
the ~ beyond its specifiGd operating condltlont. 

Note 2: All vottages am meaaured with respect to Gnd, unless ottwrwise specrtied. The 5eptIrate A Gruj point shou:d always be wired to thfJ 0 Gnd 

Noll. 3: A zener diode axiSl", internally, from Vc;c to Gnd and has • typiCal breakdown volta\l8 cl 7 Voc. 

Note 4: rex VIN! -)~ VIN<") the digital output code will be 0000 0000. Two on-chip diodes df. bed to each analr,g input (see blOck diagram) which wiD fOf'l./c.rd I 
conduct lor analog input voltages one diode drop bttIow ground or one diode drop gr&at6f than 'he Vee SU;JPIy. Be cMelul, during lesting at low Vee 19Y811'1 (4.5V). 
a. high level 'lnalog inputs t~V) can cause this input diot.ie to conduc1-especially .. ' elevated temoc(atures, and cau.,;e errors Inr analog inputs near full-scale. The 
f'\P8C allows 50 mV lorww bias 01 either diode. This nwarlS that Il5Iong as the llnalog VIN does not exceed t:16 supply vol~aqe by more '''an SO mV, the 0(:1plft. 

code will be correct To acttiwe an absofute 0 Vex; to 5 Yoc hpul voltage range wiU tflefefote require a rr'inl-mum ~uppfy voflago of 4.950 Voc Ovef tElmpe1"atu~e I 
variations, initial tolerance and loading. I 
Not. 5: Accuracy is !;l"Jafanleed al feLK - 6«<) kHz. At higher dock IlequerCiAs accuracy can dograde For lower cl0Ck frequencies, the duty cycle lim,ts ca,l t.e 
eX1ended qo long as the mnimum c\Qdl; high tima inteN!I' cY minimum clock low timo) intef"Yal 's no lefs than 275 ns 

Hate t: With an asynchrOf'ou •• tar1 pulse, up to 8 clock periods may be '&quIred belorelhu ''''OIl1al .-:100. phil "lOS aro propor!') 9.!arlltlo conV9fSlOfl pioces5. Tt,e 
start reaues' is infernally latched', see FlfJurfl R and section 2.0 I 
Note 1: The CS input ~ assumed 10 braclte' the WR strobe input and 'h8felore timing is dependent on the WA. pulse width. An arbitrarily wide pulse ¥ridth will hOI1 
the c:onver1er in a reset mcde and the start Of COf'I',erston is initiated by the 10..., to high trauSitic)n 01 the Wi1 pulse (see timing diagrams) j 
Note.: None 01 these AIDs requites a zero adjust (see section 2.5.1). To oI"ltalf'l zero code a' other af'lalog ,n;lul vollag'ls see se::tion <:'.5 and Figure 5. 

Hate t: The Vr.EF/2 pin It! tne cet'1ter poklt of a two 'sMtor oiYIdef connected 110m Vr;c 10 grOUI1.J Ea-.:h rO~I"tOf IS 2 2k. OXC&pllor Ihe ADC0804LCJ whefe ger.h 
, .. 'stor .. 16t!.. TOI.ll.dder input ' .... '-nee .. the .urn of tho two eq'.J8f r ...... or •. 

Hote to: HurMn body mocWt, 100 pF diecharged thoough a 1.5 kfl resistor. _____________ • ____________ _ 

3·t8 



I 

I 
I 
I 

I 
I 
1 

I 
, 

J.. 

-------------_________________________________________________________________ .u.~ ___ ~ 

Typical Performance Characteristics 
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~ 1.4 

logic Input Th,.eshold Voltage 
va. Supply Voltage 

~ WC-:ol ... .,;·USpt 

V 

; 
Il .... us 

1 

..co 5l' "'" 

'001 

,. 

I 

Vee - SU",lY VOL TAU IVocl 

fCLK va. Clock Capacitor 

., , ... 
\ 

\ 
II II. 

CLOCIC e"""CITOA I.F) 

Output CUrrer.:t vs 
1"emperature 

y c· 5 V 

~~~;E~TPUT~ 

I,iui,\ 1 
"OUT· .4 'DC 

1-"" 

-'SINK 
'lOUT· 0.' Yac 

I ... 

-50 -H 0 2S SO IS 100 m 

I,., - A~IBIUT ~EM"£RATURE n) 

... 
• oo 

1 
:;: 101 

'" 

"' 

,. 
o . 
.! Z.I .-. 
~ 1.1 

~ 
£ 1.2 

: u 

f 0.4 

Delay From Failing Edge of 
RD to Output Oala Valid 
VI. Load capacitance 

• ZIl" ...... 11 .. 

full-scale Error YO 
Conversion Time 

I TC ·'!11eu 

I 
1 

Vee· UV 

~I 
I Vec-U'V 

('N I 
~ 

.1 Ie II ,.. 12'1 14e 

Te. COflVtUUHlI TIME bolt 

Power Supply Current 
VI T emperalure (Note 9) 

4- Ab~ 
.u ~Ct·l1; 

:::i:tt ~ ~IWO"o • .. Ct· ...... 
'll 

_v,," 
-IVCC·I"~V 

~ l~l~·MG_Kt 
r-"lll 

50 -Z5 2~ so 1S 110 11S 

TA - AMIIENT Tf""ERATURl: reI 

.1-1." 

?: 

· 
~ 
> 
0 

u 

~ · · u 

" 
II 

" 
" 
1J 

ClK IN Schmitt Trip Levell 
VI. Supply Voltage 

J I I '-
I I I-- I 

v, • K" I I 

I I I 
_HOC <;; T A ~ ~115°C 

I 
I 

vy _ 
-I 
I "[ 

1.5 
U. u. u. u. . ... 

Vee - sum Y VOLTAGE (VittI 

Effect oj UnadJulted Offset Error 
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Typical Applications (Continued) 

6800 Interface 
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Typical Applications (Continued) 

Directly Converting a Low·Level 5!gn81 A ,uP Interfaced Comparator 

." 

'''''0- .... 1 -
" I· 

,. 
:&1 

VREF/Z""'-S mV 

llSB-lmV 

VOAC~VIN!o.(VDAC+25S mV) 

'" 

, .. ." 

For: VIN{+»VIN(-) 

Output-FFHEX 

For: V.fj(+)<VIN(-) 

Output -IXlHEX 

1 mV R.'Qlutlon with I'P Controlled Range 

" ,. 
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II ~otl 
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O;glt"'lng • Current Flow 
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Typical Applications (Continued) 

Sell-Clocklng Mullfple AIDs 
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E).ternal Clocking 

'I-ri"'~ f! .j~--::::'r~--~ 

100 kHz~ICll( ~ 1460- kHz 

~p Interlace 10, F,ee-Run~lng AID 

HUGI 

&II tl.IlI--p-.... ifcl l "t~~" 

'Ie" 

--;J; UI.' 

Ratiometric with VREF"/2 Forced 

"'1(-) '« 

1'u., 

~i, .. " Y~lfn 

r"' 

,. 

,. 
-=-

TL/H/S671-7 

> 
C o o 
CD o 
-" ..... 
> 
C 
o o 
CD 
o 
N ..... 
~ 
C o 
CI 
CD o 
(0) ..... 
~ o 
r.> 
CD o .... ..... 
> 
C o o 
CD o en 



, . 
H 

I' 
I: 

I 

L 

0

0

:

8 
r-------------------------------------------------------------~ 

Typical Applications (Continued) I 
~ J.lp CC'lmp.::Itlble Olfferentl.I~lnilut Comparator with Pre·Set Vas (with or without Hysteresis) 
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emit circuitry within the doned area If 

hysteresis is not needed 

< Handling ± 10V Analog I~put. Low..coat. J.LP Interfaced, Temperature-tOo·mgtt.a1 Converter 
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AID can be cahbraleJ w!'h 8 pre-set Input voltage, 
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~YPiCal Applications (Contlnu~d) 
I Handling ± 5V Analog Inputs 
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Typical Applications (Ccntinued) 

3·Decade Logarithmic AID Converter 

A. B, C. o· LM324A 

Nol.e Filtering the Analog Input 

fC· 20 Hz 

Uses Cheby:thev IrnpIeI'nerQtion for S1Mpw roII-ott 
u<Wty-gllWi, 2nd Ot(Ief. k:tw-pasa fitt6,r 

.Addtng • seo.rate tit. fat 8ftch channel fnct":IM 
svs'em response time if an ana!?g muftiplfilxQf 
is used 

Output Bulf~ro with AID Ddt. Enabled 

~+ 
!~ft 
L __ ~l_" __ ---.J 

00>- ___________________ .-l 

• MCO OU'llul 0,.1. II updlllftd 1 eLK P/IfKM1 

PlIOI' 10 ftrll(tftf:)n 01 INTn 
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Typical Applications (Coctinued) 
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Sampling an AC Input filgnal 

lOlJ# ........ l n-#ou 
fllf(. 

"" callTJlo·Trio .. 
-1',1-
d1:-C---~-----.J 

Note 1: OYerumpie ~ pouibIe (ketIP fs > 2f(-I!O)) to .aiminatelnput frequency folding 
(auslng) and to dow for the stl:irt responM of the fitter. 

N-ote 2: eon..def the .~Iude en-ort wNch ar. Introruc.d Nithin the passband of the fillel'. 

70% Pow., Saving' bf Clo<:k Gating 

--.... -----ICl.,. 

, .. ,. 
".-...... -1'"'" 
"' .... ~ ...... '-' 

'",' (Cornplete shutdown t.1kes :'::; ;jO seconds.) 

PC/we, Saving. by A/V and VREF Shutdown 
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~ r--F-U-n-c-t-io-n-a-I-O--e-S-C-ri-p-t-io-n----------------------------------------------l 
o othflr words, if we apply an analog input equal to the center· g 1.0 UNDERSTANDtNG AID ERROR SPECS value ± 'I. LSB, we guarantee that the AID will produce 'he 
<C A perleet AID transfer characteristic (staircase waveform) is COrrect digital code. The maximum range at the position of 
:;;: shown in Figure 1a. The horizontal scale i"i analog input fhe code transition is indi(:ated by the horizontal arrow and it 
~ voltage and ~he pnrth;'Jlar point~ laoeled are in steps of 1 i~ guaranteed to ba no more than 1,11 LSB. 
8 LSB (19.53 mV with 2.5V tied to the VREF/2 pin). The digital Th~ error curve of Figurs Ie shows a worst case error p:ot 
c output cudes that corrt1spond to these inputs era showr"I as for the ADC0802. Here we guarantee that if we ap;:>ly an 
~ 0-1, D, and 0 + 1. For the perfect AID, n'Jt only will center- analog input equal to tne LSB analpg voltc:.ge center-value 
M value {A -1, A, A+ 1" ,.) analog input~ prcduce the cor- the AID will produce thfl .:orrect digi!al code. 
g rect output ditigal code.;, but also each r;ser (the trans:tions Next to each tranSfEtr fUilction i3 shown the corresponding 
o between adjacent output codes) will be located ± '!. LSB I M I b mor f m'lIar with 6rror plots 
U away from each center-value. A. shown. the risers are ideal error p at any peop e may e I e a I I t th A '0 
C t"'.an transfer functions, The ana og input vo tage {) e , < and have no width. Correct digital output 'X)des will b-s pro- , 'd db 'th r mp a b the discrete output 
.... v'lded lor 3 renge of analog input vottage!. that extend ± 1/. IS prOVI e yel er a InoOaArCra N r y t th . 
N i'l stops Of 8 higtt resolution ,otice the. e error IS con-
~ LSB from the ideal center-values. Each tread (the range of tinucusly ~ispl3yed and includes the ql.t8ntization Unce!1e.in-

0
8 analog input vollege that provides the s~me digital O'Jtput ty of the AID. For example the errOr at point 1 of Figu", Is 

code) is therefore 1 LSB wide. is + 'Iz LSB because tho digital code appeared 'I. LSB in 
c( FIgUre tb shows a worst case arrer plot for the ADC0801. adva~e of th6 center-valuo of the tread, The error plots 
;:=: All center-valued Inputs are guaranteed to produce the cor- always havfl 8 constant negative slope ano the abrupt up-
g reel output codes and the adjacent risers are guaranteed to sida steps ar~ always 1 LSB In magnitude. 
o be no closer to the center·value points than ± y" lSB. In 

g Transfer Functton Error Plot 
c( .tl$l 1---------
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a) Accuracy = ± 0 LS8:.~ Perfect AID 
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T '--F-U-n-c-t-io-n-a-I-O-e-S-C-r--iP-t-io-n-(",,---n-t-in-u-e-dl------A-fu-n-c-ti-on-a-f-d-ia-gram of th9 AID converter is shown in Fig-

2.0 fUNCTIONAL OeSCRIPTION ur92. All of the package pinouts are st,own and the majC'r 

I 
I 

The AOC0601 series contains a circuit 9qllivalent of the log1c control paths are drawn in heavier weigt.t lines. 
256R network. Analog sw!tches are sErquenced by suecas- The converter is started by having ~ and ~ s1multa· 
sive 8IJproximation logic to match the analog dif:erence in· neously low. This sets the start flip-flop (F/F) and the result-
put voltage [V,N(+) - V'N(-)) to a corr.spondin~ tap on ing --1--lev.1 res.ts the B-bit sh'ft r.gist.r_ r.s.ls th.lnl.r-
Ih. R n.twork. Th. most significant bit is to.:ed f,rst and rupt (INTRI F/F and inputs a --1-- to the D flop, F/F1, which 
af,", B comparisons (64 clock cycl.s) a digital B-bit binary is at the input .nd of the B-bit shift r.g,st.r. Int.rnal clock 
cod. (1111 ~ 111 = full-!cafe) Is transf."ed to an output signals then transfor this --1-- to the 0 output of F/FI. The 
latch and thon an int.rrupt Is ass.rted (ll'lTR mak.s a high- AND gat •. G 1, comhines this --1-- output with a clock signal 
to-low transition). A conversion in process can be intE:trrupt- to provide R reset signal to ti19 start F/F. If the sel signal is 
ad by issuing a second slart command. The device may be no longer present (either vm or ~ is 8 "1") the start F/F is 
optlrated in tho free-running mode by connecting TN'TR to reset and the 8-bit shift register then can have the "1" 
the WR Input with 'OS - O. To ensure start-up under all pos- clocked if'l, which starts the conversion process. If the set 
sible conditions. an externa.l WR" pulse Is required during the sigi'lal were til still be presont, this reset pulse would have 
fIlS: power-up cycl.. no .ffect (both outp'Jts of tho start F IF would momGntarily 
On the high-to-Iow trans~lon of the ~ input the int.rnal be at a "1" I.vel) and the B-bit shift regist.r would continu. 
SAR latches ond the shift register stages are r .... t. As long to b. held in the r.set mod •. This logic th.refore aliOwa for 
as the C"S input and ~ :nput ramaln low, t~,. AID will re- .Iid. C"S and ~ signals and the converter will start after at 
main In a reSiet stata. ConY6f'Sion will slsrt from t to 8 ctoc}{ least one of these signals returns high and the Intarnal 
periods sftsr at toast OM of thess inputs mdk8S a /ow.fo- clocks CIIgain provide a I'ese~ signal for the start F/F: 
high transition. 

'1~. IIEstT SHiFt IIlGISTlII 
..-. 111S't' .. to GlllfSCEltTsnn 

nP'UT "RGTUTlO .. 
'GII "lllDGIC IIilPIITS 

IlIIrvT 

F TOtIllTEIIIII"l 
tllltllIT' 

IV .. )IV 

Vtt IVlIlfl~"~--i----r--l.l-1--------i 
UGGEII ... 
OICOGUI 

1+-+++++-.----1 

." 
VeOIlTI 

-Lf7I!W.<mr: 
DIGITAl OUTPIITS I L" "", 

TlU-$lAn<!';CO~TRDl --; ,- " 

n I~DTf~'~~:t:====~~rD=) ______ '-:.!:'~-!"~!r!!"~'~"~·~"l'Ll-- _______ ._".J" 

Note 1: CS Shown twice for clarity. 

Note 2: SAA .. Succ8"isive Approximation Register 

FIGURE 2. Block Diagram 
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Functional Description (C'.ontinued) 

After the "1" is clccked through the &-bit shift register 
(which comoletes the SAR search) it appears as the input Ie 
the D-lype latch, LA'':CH 1. As soon as this "1" is output 
from the shift registgr , the AND gate, G2, causes thl:l new 
digital word to transfer to the TRI-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high-to-Iow transition which causes the INTH F/F 
to set. An inverting buffer then supplies tha INTR input zig
nal. 

Note that this W Cu"ltrol of the INTR F IF remains low for 
8 of the external clock periods (as the ,n'ernal clocks run at 
'Ie of the frequency of the tixtemal clock). If the data output 
is continuously "nabled (I:S and 1m both held low), the 
IN'm output will still .ignal the end of coover.ion (by a high
to-low transition), because the S'r:T input can control the Q 

output of the INTR F/F even thoug!' the RESET input is 
constantly at a "1" level in this operating moos. This INTR 
output will therefore stay low for the duration of tho m 

. signal, which is 8 periods of the external clock frequency 
(assuming the AID is not started during this interval). 

When operating in the free-running or continuous conver
sion mode (fNfl'i pir. tied to vm and CS wired low-see 
al30 section 2.8), the START F/F Is SET by the high-to-Iow 
transition of the iNTR signa!. This res .. ts the SHIFT REGIS
TER which causes the input to It .. D-type latch, LATCH t, 
to go low. As the latch enable input is .till prosent, the 0 
output will gc high, ¥<hich then allows the INoR F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a fEW propagatio:l delays (approximately 300 
ns). 

When data is to be read. the combinatiun of both ~ and 
An bejng low will CaU$8 the INTR FIr:: to be ,-eset and the 
TRI·STA TE OUiput latches will be enablod to pro4ltte the 8-
bit digita~ outputs. 

2.1 DIgital ControllnJJuta 

The ~igital contro: inputs (mi. no, and WR) meet standard 
T2L logic volt8g~ levl:tls. These signals h"ve been ranamed 
when compared to the standard AID Start and Output En
able labels. In additicn. these inputs ar a active low to sllow 
an easy in!erface to mlcroproee1sor contrOl busses. For 
nOrl-microprcxessor based applications, Ihe ~ input (pin 1) 
can be grounded and the standard AID Start function is 
obtained by an active low pulse applied at the vm inpllt (pin 
3) and the Output Enable function Is caused by An active 
low pulse at the 1m input (pin 2). 

2.2 Analog Dillerenllal Voltage Input& And 
Common-Mode Rejection 

This AID /las additioflal applicati")ns flexibility due to the 
analog differentia! voltage inpct. The V1N{ -) inpu~ (pin 7) 
can be used to automatica(1y subtract a fixed voltage value 
from th6 input reading (tare correction}. This IS also useful in 
4 mA-20 mA current loop con\tersion. In addition, common
mode noise can be r~duced by use of the differential input. 

The time interval betwl3e" sampling V1N\ + ) and V1N( -) is 4-
'Iz clock periods. Th6 meximum error voltage due to this 

1 
Slight tlr.1e e,fference ~.tween the ,nput voltage S8mp16~1 
given by: 

(
4.5 ) .1 V .(MAX) ~ (Vp) (277fcm) - , 

feLK 

Nhere: 

!1Ve is the error voltage due to s3.mpling delay 

Vp is the ~eak value of the common-mode voltags 

fern i3 the common-mode frequency 

As an eXdmrla. to keep this error to 1/ .. lSB (- 5 mY) when 
operating with a 60 Hz common-mode. frequency, fern, and 
using a 640 kHz A/D ClOCk. tCLK. wou!d allow s, peak value 
of the common·-mocl£ Voltage, Vp, which is given by: 

or 

Vp ~ (t. V .(MAX) (feLK)] 
(2"tcm) (4.5) 

(5 x 10-3)(640,< t03) 
Vp 0 (6.28) (60) (4.5) 

which gives 

Vp'" 1.9V. 

The allowed range of e.nalog Input voltages usuaffy pla~e!\ 
more seVElrs restrictions on input common-mode ncise lev
els. 

A.n analog input voltage with a reduced span and a relatively 
large zero offset can be handled easily by making USEt of the 
differential input (see section 2.4 Reference Voltage). 

2.3 Analog Inputs 

2.3.1 Input Current 

Normal Mode 

Due to the internal switching action, dis:;lldCernent current~ 
wi!: flow at the analog inputs. This is due to on-chip stray 
capacitance !o o{1rccnd as shown in Figure S. 
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'ON ot sw 1 and SW 2 =- 5 kn 
r=rON C:STf1"-Y iii" 5 kO x 12 pF .. 60 ns 

FIGURE 3. Analog Input Imp.;.nce 
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I The voltage on this ca.pacitance is switched and will result in 
currents entering the VIN{ +) input pin and lea'iing the 
VIN~ -) input which will depend on the analog differential 

I input voltage levels. The~e curren! transient!; occur at the 
feading edge of the in~err~al clo.;ks. They ravidly decay and 
do not cause errors as th~ on·chip comparator is :;trobea at 
the end of the clock peri0u. 

F3ult Mode 

11 the voltage source aprlied to the VIN( -t } or VIN( -} pin 
exceeds the allowed QPOrating range of Vcc+ 50 mV. large 
input currerlls can flow th:ough a paras;tic diode to the Vee 
pin. If these currents can exceed the 1 rnA max: allowed 
spee, an axIerna! diode (IN914) should be added to bypass 
this current to the 'Icc. pin (with the current by-passed with 
this diodl3, the voltage at the VIN( +) pin can exceed the 
Vee voltage by the fNward voitage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average ~hose charges 
Rnd cause f: DC current to flow through t~e OUtput resist· 
ances oi the analog Signal sources. This charge pumping 
action is worse for contir,uous conversions Nith·the VIN( +) 
input voltage at full-scale. For continuous conv~rsions with 
a 640 kHz clock Irequency with the V'N( +) input at 5V, this 
DC curr~nt ;s at a maximum of approximately S p.A. There
for8, bypsss capacitGfs ~hould not be used 8t 1M 8""'09 
inputs 01' th~ V REFI2 pi" for high rosistance sources (;::- 1 
kfl). If input bypass capac.itors are necessary fo: noise filter· 
iog a.nd high source resi6tanee is desira,Jle to minimize ca
pacitor size, the detrimflntal effects 0: the voltage drop 
acrosr. !his input resistance. which is due to tho average 
value 01 the input currenr, can be eliminated with a full·scale 
adjustment while the given source resistor and input t1Ypass 
capacitor are both ;n place. Trus is possible tecause the 
average value of the input current is a precise linear func· 
tion of th& oifferential in(:,ut voltage, 

2.3.3 Input Source Resistance 

large values <,f source resistance where an input bypass 
capacitor is not used, will not CSUSB errors as the input cur· 
ronts settlo out prior to Ihe comparison lime. If a low pass 
filter is requir ad in the system, use a low votilued series resis
tor (~ 1 k!l~ for a passive RC section or add an op amp RC 
active low pass fillor. ror low source resis1ance apofica
lIon". (. 1 "II). It 01 "I hVI"'~UI (."pndlor ,lllh'1 IllpIII~ will 

~reven' noiso piCkup due 10 senes lead inductance 01 a long 
wire, A 100n series resistor can be used to isolate this ca
pacitor-both the Rand C are placed oulside the !eedback 
loop-from tho output 01 an op amp. If usod. 

2.3.4 Noise 

The leads to the analog inputs (pin 6 and 7) !)hould be kept 
8S short as po!)s;ble to minimize input noise coup!mg. 80th 
noise and undeSired dtqite.! clock coupling to th~se inputs 
can cau~;e system error~. The source reSistance for these 
inputs should. in genflral, be kept below 5 kn. LC\rger values 
of source resistance cen cause undesired system noise 
pickup. Input bypass ca::>acitors, placed from the analog in
puts to ground. will eliminate system noise pickup but can 
create aoa:og scale error s as these c:apaciiors will average 
the transient input switching currents of the AID (see sec· 
ti('n 2.3.1.).1 his scale errar dapends on both a la{ge SOurce 
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resistance and the use of an input ,bypass capacitor. This 
error <::an be eliminated by dOing a full-scC\!e adjustment of 
the A/G ~aJI'u5t VREt=12 for a proper full-scale reading-see 
section 2.5.2 on Full-Scale Adjustment) Witt] tile source re
sistance and inp!}t bypass c3.pacilOr in place 

2.'\ Re1erence VoltagE" 

2.4.1 Span Adjust 

For maximul""1 applications flexibility, these AIDs have been 
designed to a.;commodate a 5 VOC. 2.5 VOC or an adjusted 
voltage referenca. This has heen achievEd in the design of 
the Ie as shown in Agure 4. 

'I 

" , 
r r '","" 1 r- CIA CUlTS 

~r-}-
" ,- H"''''l I O~COD( CIACUITS 

~}-
A GHD,J. o tH;' ~. 

TLfH/5671-1!> 

FIGURE 4_ ·rlle VREFERENCE Design on the Ie 
NCttice that the reference voltage for the IC is either % of 
the vo{tage applied :0 rho Vee supply pin, or is dQual to the 
voltage that is externally iorced at the VAEF/2 pin. This al· 
lows for a ratiometric voltage reference using the VCr:. sup
ply. n S VI)~: Ipfmonr:n v(lllnr,o can 11<, u~od lor the Vcr. 
supply 01 .J vultu~J'J I,,:.s limn ~.~ Vue t;/Ul bcJ uppliocJ 10 Ihll 

VREF/2 input lor increased application flcxlbility. The inter
nal gain to the VAEF/2 input is 2, making the fulkicalo differ
ontial input vollago Iwico tho vOll8t:Jo 81 pin 9. 

An example of tho usc of an adjustod rcforenco voltage Is to 
accommodate a reduced span--or dynamic voltage range 
of the anaiog input voltage. If the analog inp'Jt voltage were 
10 range from 0.5 "DC to 3.5 Voc. instead of OV to 5 VOC. 
the spar. wO:.Jld be 3V as shown in Figure 5. With 0.5 Voc 
apoliej to the V1N( -) pin to absorb the offset, the reference 
voltage can be made equal to % of the 3V span Or 1.5 VOC. 
The AID now will encode tre V1N( +) signal from 0.5V to 3.5 
V with the O.SV input corresponding to zero and the 3.5 Voc 
input corresponding to full-scale. The full 8 tits of resolution 
are Iherqfore applied over ;hi5 reduced anaiog input voltage 
range, 
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Functional Description (Continued) 

l 
I 

"Add il VREF/2 :>: 1 Voc wilh LM3SB 
10 dr8w 3 mA to ground 

- I'V VIN(")M .... 

~ . Il.$W 
,; , t , 

VI~~V":'1r 
", ... ,.. JV 
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a) Analog Input Signal Example 

" l£"~.~~~~ "~-.:-.o-C-',"'/lMlSl T" + 1 "F 

A:lJ ADJ 

b) .4.ccommodatlng an Analog Input from 
O.5V (Digital Out = = OOHEX) to 3.5V 

(Digital Out = FF HEX) 

TL/H/S671-16 

FIGURE 5. Adapting the AID Analog Input Voltage. to Match an Arbitrary Input Signal Range 

2 .... 2 Reference Accurlcy Requlrementl 
The convertsr can be Operated in a ratiometric mode .w an 
absolute mode. In ratiometric converter 8pr,.lications, the 
magnitUde of the referenca voltage is a factor in both the 
output Of the source tran$ducer and the output ~I the AID 
conlferter and therefore cancers out in the finar d:gita( output 
code. The ADCo805 is spoclfied particula~y 'or use in ratio· 
metric applications with no adjustments reql,Oired. In aose
IUt.9 conversion applications. both the initial value end thEt 
temperature stability of thtJ reference voltage are important 
factors in the ar.curacy of the AID converter. For VREF/2 
voltages of 2.4 Voc nominal value, initial errors of ± 1 ('I 
mVoc will cawse conversion errors of ± 1 '-S8 due to the 
gain of 2 of ~he VREF/2 input. In reduced sptn application!., 
the initial value and tho ~tE..bility of the VREF/~ inpwt voltage 
become even m.)re important. For example, if the span is 
reduced to 2.SV, the analog input LSB voltage value is cor
rpspondingly reduced fronl 20 mV (5V span) to 10 mV and 
1 LSB at the VAEF/2 input becomes 5 mY. As can be seen, 
this reduces the allowed ;nitial tolerance of the reference 
voltage and requires correspondingly less absolute change 
with temperAture variations. Note that spans smaller than 
2 .... N place even tighter r0quirements On the initial accuracy 
and stability of the reference SOurce. 

In general, the magnitude of the referl.Jnce voltage will re
quire an initiaf adjustment. Errors aue to an improper value 
of reference voltage appear as full-seal€! errors in the AID 
tmnsfer function. Ie voltage regufators may UA used for ref
~rences if the dmbient temperature change~ arn not exces
sive. The lM336B 2.5V Ie reference diode (from National 
Semiconductor) has a te:nperature stability of 1.8 mV typ 
(6 mV max) over O°C:;;;TA~ +70°C. Other tarJ'lperatura 
rS'1ge parts are also available. 
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2.5 Error. and R.,ference Voltage AdJu~tm.ntc 

2.5.1 Zero Error 

The zero (11 the AID does not t"SQuire adjustment If the 
minimunl arlalog input voltage value, VIN(MIN), is not ground, 
a zero offset can bt1 done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltaga 
by biasing the A/O VIN( -) input at this V'N(MiNi value (see 
App!ications section). This utilizes the differentie.1 mode op
eration of the AID. 

The zero error of th~ AID converter relates to the location 
of the first riser of the transier function and can be mea· 
sured by grounding the VIN (-) input and applying a small 
magnitude positive voltage to the VIN (+) input. Zero error 
is tile difference between the actlJal DC input voltage thai i~ 
neces:il'lry to just .:ause an outpu~ digital code transition 
from 0000 0000 to 0000 0001 and the ideal Yt lSB value 
(,/, LSB = 9.8 mV for VREFi2 - 2.500 Voel. 

2.5.2 Full·Scale 

The ~ul'-scale adj;Jstmen1 cc:.n be made by applying a differ· 
ential input vol:age t!1at is 1'/2 LSB lass than the d&sir&c1 
analog full-scalo voltage rango and then &cljusting the mag· 
n!!ude 01 the VREFI2 input (rlf; 9 or t,le Vee supply if pin &- is 
not used) for a digital outpu', code that is just changing froOi 
1111 111010 l11 i 1111. 
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2.5.3 Adjusting for an Arbitrary Analc.g Input VOltage 

Rang'e 

I 
I 

I 

I 

If the analog zero voltage of the AID is shifted away frorn 
ground (for &xample. to accommodate an analog input sig
nal that do~s not go to grour.d) this new zero reference 
SilOUld be properly adiu~ted first. A VIN{ +) voltage that 
equals this desired zero r'3ference plus % 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 ob~afn the 
OOHEX to 01 HE::X code transiti0n. 

The full-scale a1justment should then be made (with the 
proper v",(-) voltage &pplied) by forcing a voltage to tho 
VIN( +) input which is given by: 

[ 
(V"AX - VMIN») 

VIN(+)fsadj-V"AX·-l.5 256 • 

where: 

VMAX - The high end ct the analog input range 

and 

VMIN = the low end (the offset zero) of the analog range. 
(Both are gmund reforenced.) 

T~e VREF/2 (or Ved voltage is then adjusi.ed to provide a 
code change Irom FEHEX to FFHEX. This com~letes the ad
fustment procddure 

2.6 Ctocklng Option 

The clock for the AID can be derived from the CPU cfock or 
an external RC can be tdded to provide self-clocking. The 
eLK IN (pin 4) makes U5~ of a Schmitt trigger as shown in 
Figure 6. 

. .1--
... 

1 
fCLK"UfiC 

R",0 kG 

TL/H/5671-17 

FIGUR!; 6. Self-Clocklng the AID 

Heavy capaciti\ e or OC loading of the clock R pin should be 
aI/aided a~ thi~ will di:.;turb norma! convorter operation. 
Loads les!> than 50 pF, such as driving up to 7 AID COllvert
ar clock inputs from a Single Clock R pin of \ convorter, are 
allowed. For larger clOCI<. ~ne loading, 8 CMOS or low power 
TTL buflor or PNP inpllt logic snould be used to minim;z8 
the loading on tho cloe .... A pin (do riot use a stanoard TTL 
buffer). 

2.7 Restart During a Conversion 

If the AID is restarted (1jS and WR" go low and return high) 
durin~ a convOfsion, the: converter is reset and a new con
version is started. The O'Jtput data latch is not updated jj the 

conversion in process is nct allowed to be comp:eted, t'1ere· 
fore the c1ata of the previol.ls conversion remains in thi~ 
latch. The ~ output simply remains dt t~p. "1" level, 

2.8 Continuous Conversions 

For operation in U"',e freo·running mode an irlitielizing pulse 
should be used, following power-up, to ensure Circuit opera
tion. in this application, the ~ input is grounded and the 
WR input is tied to the lNfR output. This WR and fNm 
nodo should be momentarily 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 memori6s, 
wi:! require a bus driver y,hen the total capacitancCt of tha 
data bus gets large. Other circuitry, whk-h is ~ied to the data 
bus, will add to the total ':8pacitive loading, oven in TRi
STATE (r.lgh impedanc~ mode). Backplane bussing also 
greatly adds to the stray capaCitance of the jata bus 

There are some alternatives avaiiable to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slews down the respons6 time, even thvugh DC 
$pecifications ar43 still met For systems operating with a 
relatively s\c'lw CPU clcck frequency, more time is available 
in which to estab!ish proper '09ic levels on the bus and 
therefore higher capacitive Ivads can be driven (see typical 
characteristics cun·es). 

At higher CPU ClOCk frgquencies time can be extended for 
YO read5 (and/or writes) by inserting wait states (8060) or 
using clock; extendi"g Circuits (5800) 

Finally, ;f time is short and t;<:tpacitive loading is high, exter
nal bus drivers must be used. These can be TAI·STATE 
buffers (low power Schottky such as the OM74LS240 seri~s 
is recommended) or special higher drive current products 
whch are designod as bus drivers. High current bipolar bus 
drivers with PNP inputs are recommended. 

2.10 Power Supplies 

Noise spikes on the Vee supply line can cause conversion 
errnrs as the comparator will respond to this noise. A low 
inouctance tantalum fiiter capaCitor should be used close to 
the converter Vee pin and values of 1 I-'F or gr.gater are 
recommended. It an unregulated voltage is availablC:l in tne 
system, a separate LM340LAZ-S.O, TO-92, 5V voltag~ regu· 
lator for the converter (:.md other analog circuitry) will great!y 
reduce digital noise on the Vee supply. 

2.1' Wiring and Hnok·Up Precautions 

Standard d.gita! wire wrap sockets are not sa~isfactory lor 
breadboarding thi: AID ccnverter. Sot:r.ets on PC boards 
can Le used and all lC'g!c signal wires anrj leads should he 
groupod and kept as I&r away as pos~ible tr:Jm the analog 
!>ignalloads. Exposorlleadf. to the analog inputs can C8(159 

undesired digital nOise ard hum pickup, therefore shielded 
leads may be Ilec",s~ry in many applications. 
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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 (ff used) shadd 
both be returned t,) digital ground. An'j VAE::F/2 bypliss ca· 
pacitCirs. analog input filter capacitors, or input signal Shield· 
ing should be returned to the analog ground point. A lest for 
proper grounding is to measure the zerCl error of the AID 
COnverter. Zero errors In excoss Of y. LSB can usually '='e 
tracpd to imprope-: board layout anY wiring (see section 
2.5.1 for measuring the zero 8rrlJf). 

3.0 TESTING THE AID CONVERTER 

There arc many degrees of complexit; aSsociated with test· 
ing af" AID con· .... ertH. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEOs 
to display the resulting digital output code as shown in Fig
ure 7. 

For ease I")f testing, the VR£F/2 (pir. 9) Should be supplied 
w~h 2.5BO Vo<; and a Vee supply voltag~ of 5.12 Voc 
shOuld be used. This provides 8n LS8 valuo of 20 mY. 

If a full-scale ddjustment is to be made, en Analog input 
voltage 0; 5.090 Voc (5.120-1 Y, LSB) should be awlied tn 
the VIN( +) pin with the V1N( -) pin grouMed. The value 01 
the VAEFI2 inpul voltage should than be adjusted until the 
digita! output code IS just ch&nging from 1111 1110 to 1111 
1111. This value 01 VREFI2 should then be used lor all the 
tests. 

Tne digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters. the 4. must significant (MS) 
and the 4 least 'ignificant (LS). Table I shows the fractionat 
binary equivalent vf these two 4-bit gr~s. By adding the 
voltag~s obtained from the "VMS" and "VLS" columns in 
Tab:e I, the nomil1al value of the digital di~lay (when 
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FIGURE 7. a.slc AID Tester 
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VnEF/2 = 2.560V) call be determined. For exampt6, ~or an 
output LED C:isplay of 10110110 or 86 (in hex), tho voltagE 
valu~s from the tdble are 3.520 -I- 0.1.20 or 3.640 Voc 
These voltage values represent tha center-values cf a po:-
teet A.tD ccnverter. The effects of quantization error have to 
Nt accountc'd for in the interpretation of the test result:i. 

For a higher speed test system, or to obtain ploned data. a 
digital·to·analog converter is needed fOI the te~t SSt-op. An 
accurate 10-bit DAC can serve as the preci!l'ion voltage 
source for the AID. Errors of the AID under test can be 
expressed as either analog voltages or differences :n 2 digi
fal words. 

A basic AID t~ster that uses a DAC ano provides the errtx 
e! en analog :>utput voltage is Shown in Figure 8. The 2 0,: 
amps can te eliminated if a lab DVM w:lh a numerical sub
Iraction feature i~ av:tilable to read the diffttrence vcltage, 
"A-C", directly. Tne analog input voltage can be supp/i9d 
by p low fre~uerlCY ramp generator and an X-V l=lott~r can 
~ used 10 prlJvide allalog error (Y axis) versus analog jnptt. 
(X axis). lhe construction d3tails of a tester of thiS tyPt' are 
;>fovided in the NSC application note AN-179. "Anal.:>g·tO
Digital Conv~rter Testing". 

I=or o~ration with a microprxessor Or a computer-based 
test system, it is more convenient to present the error£ digi
tally. This can be done with the ci·cuit of Figure 9, whAre the 
Qutput cooe transitions can be detected as the 10-Nt OAe is 
increm~nted. This provides Y. L88 steps for the 6-blt hID 
under test. If the results of thj~ test are c.uI01l'aticaJly plaNed ~ 
..,/ith the analog input on the X axis and the error (in LSS's) 
as the Y axiS, a useful transfer function of thE" AID under . 
test results. For accEl~tance test;ng, the plot is not neces-
sary ar.d the testing speed can be increased by establishing 
internal limits on th6 allowed error tor each coae. 

4.0 MICROPROCESSOR INTERfACING 

To dicuss the intarface with 8080A and 6800 IT!icroproces.. 
sors, 8 common $ample subroutine structure lS uS£d. The 
microprocessor starts the A/V, reads and stores the r~uHs 
of 16 succeSsive conversions, then returns to tM user't 
program. The 16 date bytes are stored in 16 successive 
memory locatton~. All Data and Addresses will be give., ir. 
hexaC:ecimal form. Software and hardwarEl details Bre pro~ 
vided ~eparately for each type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives (804e. 
8085) 

This converter has been designed tl) directly inter:ace With 
derivatives of t~e 8080 microprocessor. The AID Can be 
mapped into memory spa<.;e {using standard m6mory ar:!
dress <iecoding tor CS and the MEMR and MEMW strooosJ 
or it can De controlled as an I.le device by using the f,CIA 
dnd IIOw strobos and decoding the address bit!:. AO ---
A7 (or address bits .AB -. A15 as they will contair, the 
~ame 8-blt address !nIOr;natlon) to obla·I'"! the CS input .. Us
ing !he 110 srace pr(lVides 256 addrfional address~s and 
Illny nl!nw .1 r.ill1l Inr n I.rl nrlrtrnr.", dnn,'tnr hut tho ,inln rnn 

rll!!" j,,, ril/lill It, til" II .. , WIIIII"It>! I,) tllllh.o titUlO! !l,I> "ddl· 

[Ional rnumOIY fl:I('(Uf'.ce IIlstructlons, the AID should ue 
mllppod illto momolY 5paco. An exa:nple (If an AID In 1/0 
SpctCO IS stlOWfl 1/1 r'ql,{(j -{O 
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HEX BINARY 
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F 1 1 1 

i f E 1 1 1 
D 1 1 0 
C 1 1 0 

B 1 a 1 1 I 
A 1 0 1 

! I 9 1 0 0 
8 1 0 0 

7 0 1 1 1 
6 0 1 1 0 

= 0 1 a 1 
4 a 1 a ~ 
3 0 0 1 ~ , 
2 a 0 1 

1 0 a 0 ~ 1 0 0 0 0 

·Dj~l.y OIlIP(11 - VMS Group t 
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FIGURE 8. AID Tester with Analog Error Output 
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r DAC 

FIGURE 9. Ba.lc "Digital" AID Tester 
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TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

I 

FRACTIONAL BINARY VALUE FOR 

MSGROUP LSGROUP 

15/16 151256 I 
7/6 71128 

13/16 13/256 
3/4 3/64 

11/16 11/256 
SIS 5/128 I 

9/16 9/256 
1/2 1/32 

7/16 //256 
3/8 3/128 

5/16 21256 
1/4 1/64 

3/16 2/256 

1/8 1/1?A 
1/16 1/256 

Vt S Group 
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Tl/H/561'-19 

OUTPUl VOLTAGE 
CENTER VALUES 

WITH 

VREF/2 = 2.560 Voc 

VMS GROUP' VLSGROUP' 

4.800 0.300 
4.480 0.2RO 
4.160 0.260 
3.840 0.240 

3.520 0.220 
3.200 0.200 
2/880 0.1DO 
2/560 0.160 

2.240 0.140 
1.920 0.12C 
1.600 O.ICO 
1/280 0.06C 

0.960 0.060 
0.640 0.040 
0320 0.020 

0 0 
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Functional Description (Continued) 

0038 

0100 

0103 

CI06 
0107 
0109 

OlOC 
010E 

01~F 

OllO 

011:; 

0- • INT 041 

f7a"'WfI (21)-

lllfD (111-I -• ". 
-..~ 

&M(I]'· 

OIJn.,-

DU1111" 

011(1'· 

DIM 'I," 

Dltlllr 

DllrtD," 

DIll1)" 

I er V ~"J ~'" Vee 

l~ Ill! CUll 
1J 

" ... DIG • ClIt I,. 
17 .01 • lIT " • A,. .Il 

VII"_, DU 
It • 1 .. 

VUtl-) ... 
:-~·rt ... IIID un " 
IT '0.' tf.- v"un .It " • 11 

J, 
UIIIQ .Il 

1 Y 
I 

...015 Ill) f-
'UT Vee 

TO .. ---c 
f- .. .. • A0141lt) 
l-... n OMIUl 

.u. 13 AOllllil 

,1,01.2 1m 

,1,011(41) 

.lOll (1J 

,..... " COM, .. RArOR 

:~ 
• f- " : f- TO 

.L 

NOls 1: 'Pin tN.Jmt.Ms '01' the OPS228 s)"¥tem contr.;Mler . .,{hers a'. Itl£8080A... 

Ho'. 2: PIn 23 01 the INS622fN'1usl be bed to + l~V thrOltg" a 1 kH -8S1ltOf 10 gunarate the RST 7 
Instruction when an Interrupt Is aCknowledged as required by tho accomp'tnYlng suml'Jle program. 

FIGURE 10. ADC0801-INS8Q80/\ CPU Interteee 

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INSd080A CP'-II~TERFACE 

TL/H/5t.11··20 

C3 00 03 RST 7: JIIP LIl DATA 

2100 02 

310004 

7D 

FEOF 

CA J.~ 01 

D3 F.O 
FB 
00 

C3 01 01 

• 

START: 

RETURN: 

LOOP: 

CONT: 

(User program to 

process data) 

LD DATJI.: 

LXI H0200H 

LXI SP0400H 
MOV A, L 
cpr OF R 

JZ CONT 
OUT EOR 
E1 
NuP 

JMP LOOP 

IN EO H 

: HL pair 1;i11 point tc 
: dl\ta storage locations 
: Initia1ilo'.e steck pcinter (Note 1) 
: TE'st # ot bytes e"ltered 
;Ir#=16. JlIPto 
: user program 
; Start A/D 
: Enabl e interrupt 
; Loop until And ot 
; conversion 

If 
" I 
1 
11 , 
,1 
i ~ 
II 
It 
11 
i 
I 

0300 
0302 
Oj03 

0304 

DB En 

71 

23 
C3 OJ 01 

Mav M. A 

INX H 

JMPRETURN 

; Loc-,d dote. into accumulator 
; ~,:,ore datu 
; Increment stor,lge p'Jinter 

Note 1: The slack. pointer must be dimenSiondd beCauslJ 8 AST 7 instruc\,('!'1 pushes IIx PC 01'1\0 ,he stack. 

Hot. 4:: All add'fJ's UN::! were arbitrarily c~n 

I 
_J 
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I I Functional Description (Continued) 

The standard control bus Signals of the 8080 CS:. AC and 
WR! can be directly wired to the digital control Inputs of the 
AID and tne bus timino requirements ara msi !o allow both 
startir,g the converter 2nd outputting tha data onto the data 
bus. A bus driver should be used for larQer micropro..:essor 
systems where the data bus leaves the PC boar~ and/or 
must drive capacitive loads larger than 100 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The !ollowing sample pr~ram and associated hardware 
shown i'1 Figure 10 may be used to input data from the 
converter tt) the INS80AOA CPU chip sel (comprised of the 
INS8080A microprocessor, the INS8228 system controller 
and the INS8224 clock gen'3rator). For simpltcity. the A/D is 
controlled as an 110 dGYIce, specifically an 8-bit bi-direetion· 
81 port locate<1 at an arb"rarily ch.)sen port address, EO. The 
TRI·STATE outpul capabiliiV of the AID eliminates the need 
for 8 peripheral interlace device, however addrEfsl de....""Oding 
is still required to generatl3 the appropriate ~ for the con
verter. 

r.o" 
-tt 

.~ " 

.0> " 
DO' 

.. 
DO' " ... " ... ~ , .. " o- m ~1' 

.. • .. " .. 
III • 
'" " 

, 

It is important to note that in systems wh6:re the AID con
vertsr i5 1-of·8 or less 110 rrapped devices, no address 
deCoding circuitry is neces::;ar t. Each of ttlS A address bits 
(AO to A 7) can be directly used as CS inputs-onE'! tN each 
lID devi.:e. 

4.1.2 INS8048 Interfaoe 

The INSS04f1 Interface techni1ue with the ADCC801 series 
(see Figure 11) is Simpler than the B080A CPU interface. 
There are 24 lID lines and three tesi input li'1es in the 8048. 
With these extra I/O Hnes a'/ailable, one of the 1/0 lines (bit 
CJ of port 1) is used a, the chip select signal '-0 the AID, thus 
eliminating the use of an external address decoder. Bus 
control signals liD. WR and lNT of the 8048 are tied directly 
to the A/D. The 16 converted data words are s!ored at on
chip RAM locatio"s Irom 20 to 2F (Hex). The AD and WR 
lignal!: are genera tAd ny reading from and writing into Q 

dummy address, respectively. A sample interface program 
is shown below. 

~. :::t: 
"0 .. -tt l 'T''' .' 
TJ 011 ~ I, ou 

" Oil I 14 01-1 

Il OU 

I u ou 
11 01' AOC ... , 

,~ t~1I. R I,. .. 
J ~ .. • 
• om 
0 a A 'filO • 

" 
'''''~ 

• D tffD 

A'''UG l-; V,.'" i ~ -II 
IffruT l-":' VII,I-! 

.1." 
.". 

TlIH/5671-21 

FIGURE 11. INS8048 Interface 

SAMPLE PROGRAM FOR FIGURE fTINS8048 INTERFACE 

0410 JMP 10H : Program starts at oddr 10 
ORG 3H 

0450 JIIP 50H ; Interrupt. jump vect')r 
ORG 10H : M~.ln program 

99 FE ANL Pl, wOFEH : Chi;> sel~ct 
81 NOVX A,@Rl ; Read in the 1st data 

: to reset the Inlr 
8901 START: OhL Pl, #1 : Set port pin high 
B820 lIOV RO, #20H ; Data address 
B9 FF WOV Rl, JOFFI! ; !kmmy address 
BA lC MOV R2, #10~ ; Counter lor 16 bytes 
23 !l'F AGAIN: M?V A, #OFFH ~SetACCforlntrloop 
99 FE ANL Pl, #OFEI! :SendCS ('.::IilOofPl) 
31 MOVX @Rl, A : Send 'NR out 
05 iN I ; ZIlsble intf!rrupt 
9621 LOOP: JNZ LOOP . Wai t for interrupt 
F.A lB ~JNZ R2, AGAIN ; If 18 bytes are read 
00 IIOP ; go to user' 5 progrslr. 
00 NOP 

ORG 50H 
81 INDATA: MOVX A, @Rl ; Input data. Csstl1110w 
AO MOV @RO,A : Store in memory 
18 INC RO ; Increment storage counter 
8901 OnL PI, #1 ; Reset CS Signal 
27 CLR A ; Clear ACe to gel out of 
93 RETR : the interrupt loop 
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B ~nctional Description (Continue1) 

a I :.:lnterfaCing the Z·80 
§ The Z-130 control bus is slightly different from that of the 
o 8080. General AD and ViR" strobes are provided and seps-
co rate memory laquest, ~. and 1/0 ,"equest, 'i'C5'RQ, 5ig-
8 nals are used whi.:tl IIsve to be combinad witt, the general
e ized strobes to provide the equivalent 8080 signals. An ad-
~ vantaga of opera!inQ the AID in 1/0 space with the Z-SO is 
('I") thaUhe CPU will automatically insert on6 wa:t state (the RD 
~ and WR strobes are. extended one clock period) to allow 
8 more time for the 1/0 devices to respond. Logic to map the 
Q AID in 1/0 spacl3 is shown in Figure 13. 

< 
<:i o 
~ o 
Q 

~ .,... 
o 
co 

g 
< 

':~:l 
_14tlZ TUH/5671-~ 

FIGURE 13. Mflpplng the I<ID aa on 1/0 Device 
lor l"~ with the Z·80 CPU 

Additional 110 advsntages exist as software OMA routines 
are available and use can be made of the output data_ trans· 
fer which exists on the upper 8 address lines (A8 to A 15) 
during 110 input instructions. For exampla, MUX channel 
selection for the AID can be accomplished with this C'perat
ing mode. 

4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus fo: the 6800 microprocessor derivatives 
does not use the Fru and WR strobe signals. Instead it em· 
ploys a single R,'W iine I!nd additional timing, if needed. can 
be derived fom th(' ..,,2 ctock. All I/O d'3vk:es Ire memory 
mapped in the 6800 system, and 8 .:ioecial signal, VMA. 
indicates that the current address is valid. Figure 14 shows 
an intorface scoomattc where the AID is memory mapped in 
the 6800 system. For simplicity, the CS decoding is shown 
using YI OM8092. Note that in many A800 systems, an ElI-

ready decoded 4/5 line is brought out to the common bus A:t 
pin 21. This can be tied directly to the CS pin of the AID, 
provided that nf) other devit;es are ad1resscd 2.t HX ACC'R: 
4XXX or 5XXX. 

The following subrouthe performs essentj:'lJly the .same 
function as in the case of the e.080A interfC\ce and it can be 
c~lIed f,om anywhere in the user's program. 

In Figura 1Sthe ADC08C1 series is interfaced to the Me800 
microprocessor throug!1 (the arLitrarily chosen) Par: B of the 
MC6820 or MC6621 Peripheral Intertace Adapter. (PIA). 
Hare th~ C'S pin of th"! AID is grounded since the P!A is 
already memory mapped in the M680a system and 110 ~ 
decoding is necessary. AI~o n.:>tice that the AID output data 
lines are connected to the mlcropfOcessvr bus undAr pro-
gram control through the PIA and therefore the AID AD pin 
can be grounded. 

A S8rlple intertace program equivalent to the previous one 
i!i shown bekJ ... , Figure 15. The PIA Data and ContrOi Regis
ters 01 Port Bare locat&d at HEX addresses 8006 and 8007. 
respectively . 

5.0 GEIIERI<L I<PPLICI< TlONS 

The following applications show some interesting uses tor 
the AID. Tt.e fact that "me particular rnicroproceasor is used 
is not meant to be restrictive. Each of these applicatic,n cir
cuits would ha'Je its counterpart using any microploces~or 
that is desired. 

5.1 Multiple I<DC0801 Serl~a to MC6800 CPU Interlace 

To transfer analog data from several channels to a si,lgle 
microprocessor sys!em, a multiple converter scheme prt1-
sents ~everal advar.tages over the conventicnal multiplaxer 
single-converter ap):troac.:h. With tf"e ADCO~01 serie~, the 
tiiHerential inputs allow indrvidual span adjustment for each 
channel. FurtherrnC're. all analog input channels arf.! sensed 
simultaneously. which essentl'illy divioes the microproces
sor's total system servicing time by tt":e number of charnelS, 
Since aU conversions occur simultanoou-;Iy. This scheme is 
shown in Figure 16. 

,--________________ -+ IMrI41·,OIOO 

Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 
Note 2: Number or lett6!s in brackets refer to stenJard M5800 system common bus code. 

L..."':'_o§v 1'1 I~::J 

I~~"""'''' 
01 lUI ,ttl 

112 nil Ii) 

1111..1 IHI 

04 fltl i121 

f'-----... VMA (SI If! 

FIGURE 14. I<DC0801·MC6800 CPU Interlace 
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!: I Functional Description (Continued) 

I :lAMPLE PROGRAM FOR FIGURE 14 ADC0801·MC6800 CPU INTERFACE 
0010 DF 36 DATAI~ STX TE1IP2 ; Seve contents of X 
0012 CE 00 2C LDX #,002C ; Upon IRQ low CPU 

0015 FF FF F~ STX $FFF8 ; jumps to O'J2C 

0018 875000 STAA $5000 ; St.art ADC0801 
OOlB OE CLI 
OOlC 3E CONVRT WAl : Wa1 t for interrupt 

OOlD DE 34 LOX TEMPI 
OOlF 8C C2 OF CPX *,020F ; ISflnuldatostorodf 
0022 2714 BEQ ENOP 
0024 B7 50 00 STAA 15000 : Restarts ADC0801 
0027 08 INX 
0028 OF 34 STX TEMPl 
002A 20 FO BRA CONVRT 
002C DE 34 INTRPT LOX TEMPl 
002E B6 50 O~ LOAA $5000 ; Read data 
0031 A700 STAA X ; Store It at X 
0033 3B RTI 
0034 0200 TEIIPl FOB $0200 ; Starting address for 

; data storage 
0036 0000 TEIIP2 FOB $0000 
0038 CE0200 ENOP LOX *,0200 ; Relnl~1e.l1ze TEMPI 
003B DF34 STX TEl/Pl 
0030 OE 36 LOX TElIP2 
003F 39 RTS : Returr. from sut.routlne 

; To user' 5 program 
Nole 1: In order IOf the microptoc:esSOf to ~ subfoucines and intenl,lpts, ~ 51ae" pomll!h must I)(J ~;n rhe user's Pl'ugratn . 

Aft:A,lOG 
INPUTS 

L 

tb 

,FT 
rh-# 

, 
2 

~ • 
• 
• , 
• 

0;;-

... 

, .. 

13" 
\,../ Vee ~'V 

l1li eLK R II 

WR DID II 

CUI" D&1 17 

fIiTII "IZ ff 
A/D 

O.l IS VINf.' 

Y1NH 
014 I( 

A aND 01£ 1J 

VREFIl 01. 11 

01111 DGNO 

FIGURE :5. AOC0801-MC6820 PIA Inle-race 
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Functional Description (Continued) 

SAMPLI< PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTeRFACE 

0010 C": 00 38 OATAIN LOX 
0013 UFFF8 STX 
0016 b6 BO 06 LOU 
0019 4F CLRA 
OOlA B7 BO 07 STAA 
OOW b7 BO 06 STU 
0020 DE CLI 
0021 Ctl34 LOAB 
0023 8630 LOU 
0025 F' 80 07 CORVR! STAB 
OC23 B7 80 07 STU 
002b 3E "IAI 
002C OE4C LDX 
002E 8C 02 OF CPX 
0031 270F BEQ 
0033 (JB INX 
0034 OF 40 STX 
C036 20 ED BRA 
003B OE 40 INTRPT LOX 
003A B5 80 C6 LOU 
0030 /'700 STU 
003F 3B RIl 
0040 0200 nMF'l FOB 

0042 CE0200 ENDP LOX 
0045 D~40 STX 
0047 39 • RTS 

PlAORB EQU 
paCRB EQU 

The fo1lowir.g sct:.ematic and sample subroutine (DATA IN) 
may be! used to interlace (up to) 8 AOC0801's directly to the 
Me680D CPU. ThiS scheme call easify ba extor.ded to allow 
the jnt~rface of r"'Iore converters. In this configuration the 
converters are (arb:lrarily) located at HEX address 5000 in 
the MC6800 mamc·ry space. To save components. the 
clock signal is derived from just onE! RC pair on the first 
converter. This output drives the other AIDs. 

All the converters are started simultaneously with a STORE 
instruction at HEX e.ddress 5000. Note that any other HEX 
acidress 01 the form 5XXX win be dECoded by the circuit, 
pulling aU the tS inf,Juts low. This can easily be avoided by 
using a more defin:tive address decodir,~ scheme. All tt.e 
interruots are ORed together to insure that all AIDs have 
completec their conversion betora the microprocessor is in· 
terrupted. 

The subroutine. OA TA IN. may be call~d from anywhere ir. 
the user's program. Once called, this ~OUilne initializes the 

3-40 

#$0038 ; Upon IR~ low CPU 
$FFF8 ; jumps to 00:38 
PIAOHB : Cle'lr possible IRQ flags 

PIACRB 
PIAORB ; Set Port 1::1 as input 

#$3~ 

#$30 
PIACRB : Starts ADC0801 
PIACRB 

; Wait for interrup .... 
TEMPl 
#$020F : Is tinel data stored? 
ENOP 

TEMPl 
CONVRT 
TEMPl 
PIAORB ; R"ad data In 
X ; Store it at X 

$0200 ~ Starting address for 
; dete storage 

#$0200 ; Rain! tlal1ze TEMP! 
TEMPl 

; Return trom subroutine 
$8006 : To user' 5 program 
$BOC7 

CPU. starts all the converters Simultaneously and waits for 
the interrupt signal. Upcn receiving the interrupt, it reads the 
converters (from HEX addresses 5000 throl:gh 5007) and 
stores the data suc.::essively at (ar!>jlrarily chosen) HEX ad· 
dresses 0200 10 0207, hefore re\urning to the user's ~ro· 
gram. All CPU registe~~ then recover the original data they 
had beforE: servicing DATA IN. 

5.2 Autl)·Zeroed Differential Transducer Amplifier 
ar,d AID Converter 

The ditfuential ;npu~s of the kDC0801 3eries eliminato the 
r,eed to perform a differential to single ended conversio,l for 
a differential transducer. Thus, ond op amp can be eliminat· 
ed Stnce the dtfferential to single ended cotlversio:1 is pro
vided r.y the differential input of Ihu ADC0801 series. In gen· 
eral, a transducer preamp is requ;red to take advar;taga of 
the full AID converter input dynamic range. 
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Functional Description (Continued) 
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Note 1: Numbers in parentheses refer to MC6800 CPU pin out 
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Note 2': Numbers 01 letters in bracket~ re'er to standard M6800 aystem common bus clJda. TL/H/5671_2£ 

FIGURE 16.lnt<erfaclng Multiple AIDs In an MC6800 System 
SAMPLE PROGRAM FOR FIGURE 76 INTERFACING MULTIPLE AIDs IN AN Me6S00 SYSTEM 

ADDRE~S HEX CODE MN~M()NICS COMM~I-ITS 

0010 JF44 DATAIN STX TEMP ; Snve Con .. ents of X 
0012 r:1\ no 2.4 1.0X ~i"(H I'~'A ; 111'''11 1I,Q I.OW ITI' 

OUin 1'"11' FI" 1"tJ srx 11r'1"1"H ; Jump.:J to 002A 

0018 875000 StAA $5000 ; Starts all A/D' 5 
0018 OE CLI 
ODIC JK WA! ;WlIlll()" tntvrrupl 

0010 CE~a 00 LOX Ht~O()() 

0020 OF 40 STX INDEXI : Roo,t both INDEX 
0022 CE 02 00 LOX #$0200 ; 1 and 2 to starting 
0025 DF 42 STX IN~EX2 ; adJresses 
0027 DE44 LUX TEM'D 

0029 39 RTS ~ Re t.urn frem sub rout ine 
002A DE40 INTRPT 10;; INDEX] ; IlWEXl -+ X 
002C A6 00 LD.U X ; Read dati;! in from J../D at X 
002E 08 INX ; Increment X by one 
002F Dr 4C STX INDEn : x -+ INDEXl 
0031 bE 42 LDX rNDEX2 : INDEX2 -x 
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,--------------------------------------------------------------------------------, 
Functional Description (Continued) 

SAMPLE PROGRAM FOR FIGU!IE 16 INTERFACING MUL TIf'LE AID. IN AN MC6800 SYSTEM 
ADDRESS HEX CODE MNEMONICS COMMENTS 
0033 A700 STAA X ; Store data at X 
0035 800207 OI'X #$0207 : Have all AID' 5 been read ~ 
0038 2705 EEQ RETURN : Yes: branch to REtURN 
003A 08 INX ; Uo: increment X by one 
003B DF 42 STX INOEX2 : X ---+ INDEX2 

0030 20 EB BRA INTRPT : Branch to 002A 
003F 3B RETURN RTI 
0040 5000 INOEXl FOB $5000 ; Startlnz address for AID 
0042 0200 INDEX2 FOB $0200 ~ Starting addre~s for data st(.rage 
0044 0000 TEMP FDB $0000 

Note 1: In oroor lor tho mrCloprvco:.SQf to S8l'V1Ce subroutine!! and rr.'SHup'S •• he slack poinlOf musluu dUllonSI{",od If) 1110 USOf"S prC'yram 

For emplification of DC input signals, a major systtlm crror is 
the input offset voltage of the amplifiers u$ed for the 
preamp. Figure 17 is a yain of 100 diHerential pI a8mp 
whose offset voltage errors witl be cancelled by 3 zeroing 
subroutine which is performed by the INS8080A microproc· 
essor system. ThlJ total allowable input offset voltage e.-ror 
for this preamp is only 50 I'V for y" LSS error. This would 
obviously require very precise amplifiers. The expression for 
the differential output voltagu of the preamp is: 

SIGNAL GAIN ... 
( 

2R2) 
(VOS2 - Vos, - VO'>3 ± IxRx) 1 + fiT 

\. I '---v--' 
DC ERROR TERM GAIN 

wherQ Ix Is the current through re.lstor Rx. All of the offset 
error terms can be canc8lled by making ±lxRx- VOSf + 
VaS3 - VOS2' This is tho principle ot this auto-zeroing 
scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro
gramable Periphf3rallnterfaco (PPI) to control the auto zero· 
ing and input data from the IJOC0801 as shown in Figur3 18. 
The PPI is progrclmmed for basic I/O operation (mode 0) 
with Port A being <in input port and Ports Band C being 
oulp!;! ports. Two bits 01 Port C are used to alternately open 
or close the 2 ,,>witches at the input of the preamp. Switch 

SWl is closed I'J force the preamp's differential input to be 
Zf'fO dUring the zeroing subroutine and then opened and 
SW2 is then closed for conver:;ion of the actual differential 
input signal. Using 2 switches in this manner elimi,1ates can· 
(;ern for the ON resistance of the switches as they m ... st 
conduct only the input bras cur~ent of the inpl:t amplifiers. 

Output Port S i~ used as a successive approximation regis
ler by the 8030 and the binary scaled resistors in sories with 
each output bit create a olA converter. During the leroing 
subrO:Jtine, the voltage at Vx increases or decreases as re
quired to ,nake the diffmential output voltage equal to zero. 
This is a~complished hy ensuring that the voltage at the 
output rJf A 1 is approximately 2.5V so that a logic "1" (5V) 
on nny output of Port 8 wiff source current into node Vx thus 
raising tho voltage at Vx and making the output differential 
mOfe negative. Conversel~, a Jvgic '0" (OV) will pull current 
out of node VA and decrease the voltage, causing the differ· 
antial output to become more positive. For the resistor val· 
ues shown. Vx can rr:ove ± 12 mv .., .. ith e resolution of 50 
po V, which will null the offset error term to ~/" LSB of full· 
IC4'" for thd ADC080~.1t is important that the voltagetevet. 
~hat drive the auto-zero resistors be constant. A~so. for sym· 
mdtry, a logic swing o~ OV to 5V is convenient. To achieve 
this, 8 CMOS buffer is used for the logic output Signals of 
;>ort B and this CMOS package is powered with a stable 5>1 
~olJrce. Suifer ;:J.mplifier A 1 is nece!;sary so tha! it can 
source or sink the 01 A output r.urrert. 

i , 

/! , 

i; I 
!; I 

I 
I 
I 
I 
I 

I ,; I 
/1 , 

,I I 
, ! r 

I 
; i 

I 

~-------------------------------------~'i ~ 
3-42 



-----------------------.,~ 

10 
Functional Description (Continued) 
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Nott I: The , _"tori uMd In the ~ MCIOn Olin be ± 5% 1Otefanct. 

FIGURE 17. Gain 01100 Dillerential Tranociueor Preamp 
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FIGURE 18. Microprocessor Interface Circuitry for Differential Preamp 
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A flow chart for the zeroing subroutine is shuwn in Sgure 
19. It must be noted th:U the ADC0801 series will o~tput an 
all 7.8rO code when it r;onverts a negative mput [VIN(-) ;;,: 
VIN( +)J. AlsQ, a logic invarsio('l exists as al/ of the 110 ports 
are buffered Vlit~ inverting gates . 

Basically I if the data read is zero, the differential output voU
age is negat:ve, 80 8 l1it In Port B Is Cleared to pull Vx more 
negative which will make the output more pcsitive tor the 
next conversi,.,n. If the data read is not zero, the output voft
age is positive so a brt in Port B is set to make V x more 
positive and the output mere negative. Thl$ continues for 8 
approximations and the differential output eventually con
verges to within 5 mV of 2ero. 

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

Port A and the ADC080 I are at port address E4 

Port B is at pJrt address E5 

Port C Is ~t port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes 10 AODR:3C3D upon 

acknowledgement of an ;nterrupt froln the AUC0801 

5.3 MUltiple AID Converters In a Z-80 Interrl.lpt 
Driven Mode 

In data acquisition sysldms where more than one All) con
verter (or other peripheral device) will be interrupting pro
gram execution of a microprocessor, thete ;s obviously a 
need for the CPU to deterMine which devictJ requires servic· 
jllg. Figure 21 and the accompanying software is a method 
of determining which of 7 AOC0801 conVerters has COm
pleted a cor,v6rsion (lNT1\ asserted) and is requesting an 
interrupt. This circuit allows starting the AID convertdYs in 
any sequence. but will ir.put and store valid data from ths 
cOr/verters with a priority soquence ot AID f be~ng read first, 
Ale 2 second, etc., throUQh AID 7 which would have the 
lowest priority for data being read. Only the conv9rters 
whose INT i~ asserted will be read. 

The key t~ uecoding circuitry Is the DM74LS373. 8·bi! 0 
\ypEo flip-flop. When t~e Z-80 ac1<nowtedges the Interrupt. 
the program is 'fectored to a data input Z...a'J subroutine. 
This subroutine will re&d & peripheral status wore! from the 
DM74LS373 which contains the logic state of the I,m out· 
puts of all the converters. Each converter which initiates an 
inter:-upt will place a l0Qic "0" in a unique bit position in the 
status word and the subroutine wm determine the identity of 
the converter and ex&cutEt a data read. An identifier word 
(Which indicates whiCh AID the data came from) is staled in 
the next sequential memory location above the. location of 
the data so the prcgram CEon k!3ep track of the idantity of tr·,e 
data entered. 

L 
3·44 

T!.oIH/5671-:?13 

FIGURE 19. Flow Chart for Auto~Zero RoutIne 
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3DOO 
3D02 
3D04 
3D06 
3D07 
3D09 
3D08 
3000 
3DOE 
3DI0 
3D13 
3D15 
3D16 
3017 
30lA 
3rlB 
3DI0 
3D20 
3D21 
3023 
3D24 
3026 
3029 
30U 
302D 
3D2E 
3D2F 
3D30 
3~33 

3034 
3037 
3D38 
3D39 
303B 
3D30 

3C3D 
3C37 
3e41 
3C42 
3C43 
3C48 
3C48 

3E90 
D3E7 
260: 
7C 
D3E6 
0680 
3E7F 
4F 
D3E5 
31AJ130 
D~E4 

FB 
00 
C31630 
7A 
C600 
CA2D30 
78 
F600 
IF 
FEOU 
CA3'73D 
47 
C33330 
79 
BO 
4F 
C3203D 
A9 
C30D!D 
47 
7C 
EE03 
D3F.o 

DBE4 
EF.F~ 

57 
78 
ESFF 
C2lA3D 
C33!>30 

IIVI90 
Out Control Port 
leVinel 
NOVA,II 
OUT C 
MVl 8 80 
NYI A?F 
MOV C, A 
OUT B 
LXI SP 30AA 
OU~A 

IE 
NOP 
JkP Loop 
MOVA,O 
ADIOO 
JZ Sot C 
MOV A, B 
ORIOO 
RAR 
CPIOO 
J'Z. Done 
MOV B,A 
JIIP Iluw C 
1I0VA,C 
ORAB 
MOV C,A 
JIIP Snirt B 
XRAC 
JIIP Return 
M01D.A 
1I0V A,H 
XRI03 
O\;T C 

Pr~gJ·am tor processing 
proper data values 
INA 
XRIFF 
1I0V V,A 
MOVA.B 
ANI FF 
3NZ Auto-Zero 
JIIP Ilormal 

Note: An numerical va'ues are he)(~m.1 repl"asMtations. 

Aulo-Zero Subroutine 

Return 

Start 

Loop 

Auto-Zero 

Shirt B 

Set C 

Kowe 

Done 

Naopmal 

Read AID Subroutine 

; Program P?I 

: Close SWl open SW2 
; Inl tiallze SAR bit pointer 
: Initialize SAR code 

: Part B:: SAR code 
; Dimension 3-..ack pointer 
: Start AID 

; loop u:ltilIN! asserted 

; Test )./0 output data for ::;ero 

; Clear carry 
; Shi f~ • P 1n B right one place 
: Is B :!:ero? rfyes last 
: approxilr'ation has bl3en mu.de 

; Set bit In2thel 1s lnS8me 

;posll1onas-l- inB 

; Clear bit 1n C that 1s 1n 
; sama pOSition 8S·P 1n B 
: than output new SAR code. 
: Open SWI. close SW2 then 
: pro~et'ld w1 th program. Pl~eamp 
: is no'll zeroed. 

; R~ad AID data 
; Ir:vert data 

: Is B Reg = 0' If not stay 
; if'! auto z~ro subroutine 

FIGURE 20. SoHwar. lor Auto'Laroed Dllferentlal AID 
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-----------------------5.3 Multiple AID Converter. In 8 l-80. Interrupt Drlyell 
Mod. (Continued) 

The following n'Jles apply: 

1) It is assumed that the CPU automatically performs a RST 
7 instruction when a valid interrupt is acknowledgt'd (CPU 
is in interrupt mode 1). Hence. the subroutine starting ad
dress of X0038. 

2) The address bus from tre 2:-80 and the data bus to the Z-
80 are assumed to be inverted by bus drivers. 

3) A/O data and iderltifying words will be stored in sequen
tial memory locations $tartiqg at the arbitrarily {.;hc..se,""\ ad
(lrn~~ X ~r:OO 

II) IIIQ !llbek 1',,111:'" I!I1IflllJl1 (1I111nllniOllmj ~n II". IlIfWt filII 

gram as the HS r 7 instruction automatically PU:;!lLS thH 
PC onto the staci\ and the subroutine uses an additional 
6 stack addrosses. 
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5) The peripherals of concern are mapped in!o 110 s~3.ce 
with the follOWing port assignr nents: 

HEX PORT ADDRESS 
OC 
Cl 

02 
03 
04 
w, 

PERiPHERAL 

~M74C374 8-bit flip-flop 
AID 1 

AID 2 
AID 3 

A/D4 
AI[IS 

U: A/U I 

This port ar:1dress also sBrves as the AID identifying word in 
the program 
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FIGURE 21. Multiple AIDs with Z-eO Type Microprocessor 
INiERRUPT SERVICING SUBROUTINE 

SOURCE 
LOC OBJCODE STATEMENT COMMENT 
0038 15 PUSIiHL ; Save contents or all registers atrected by 
0039 C5 PUSH~C : this subroutine. 
003A F5 PUSHAF ; Assumed 11fT mode 1 earlier set. 
003B 210031 LD (RIo) .X~IOO ; Inl tI811&. m.mory pojnter .. h.r~ data w111 be storieS. 
00,. 0101 LD C. XOl : C resi:Jter w111 be port ADDR ot AID converters4 
0040 D300 OUT XOO, A ; Load peripheral status word Into 8-bit latch. 
0042 DFOO IN A, XOO ; Load. ste.tus word into accumulator. 
00« 47 LDB,A ; Save the status word. 
0045 79 rEST LOA.,e ; TElst to Saa it the 'ltatus of all AID's have 
0046 FE 08 CP, X08 ; been ch"ckec' .• It so. ext t subroutine 
0048 CA 6000 JPZ, DONE 
004B 78 LDA,B ; Test a single btt in status word by loo:ting for 
004C IF RRA ; a • P to be rotated into the CARRY (3n INT 
004D 4" LDB,A ; ls10adedasa ·1"). If CARRY ls setthen!oad 
004E DA 5500 JPC, LOAD ; cont~mts ot A/D at port ADDR ill C register~ 
0051 OC NEXT tNC C ; It CARRY is not set, incre:nent C register to point 
0052 C34500 JP,TEST : tv next J../D, then test next bi\. in status wc.rd. 
00~5 ED 78 r~OAD IN A, (CI ; Read data trom interru~tingA/Oand invert 
0057 EEFF XORFF ; the data. 
0059 7'; LD (HLI ,A : Store the data 
OG5A 2C !IIC L 
005B 71 LD (HLI ,C ; Store AID idunUfier (.AID port ADDRJ. 
005C 2C INC L 
OC5D C3 51 00 JP,NEXT : Test next b:t t 1n raatus word. 
0060, Fl nONE POPAF : Ro-establlsh £Ill registers as tbeywere 
0061 Cl POP BC : befortt the interrupt. 
0062 El POPHL 
0063 C9 RET ; Return t.) or..i.ginal program 
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'1- Ordering Inform.tlon 
TEMPRANQE ~CT07~C 

±Y.BiI 

".djusted 

ERROR 
± '!. Bit ADC0802LCWM 

Unadjusted 

±Yz Bit ADC0803LCWM 
Adjusted 

±lBij AOC08<J.4 LCWM 

Unadjusted 

PACKAGE OUTLINE M20B-Sman o.,tline 

TEMP RANGE 

± V .. Bit Adj'Jsted 

ERROR 
± % Bit Unadju.~ted 
± /'2 Bit Adjusted 
± 1 Bit Unadjusted 

P/ICKAGE OUTLINE 

Connection Diagrams 

ADC080X 
Ouaf-In-Une and Small Outline (SO) Packages 

cs -:l-Vec(OR VR,,) ... 
iiO t9 Q.kR 

Viii D80(LSB) 

Q.KIH ttlt 

IHTR DB2 
VII(_) DB3 

V,.(-) DB4 

DB5 

DB6 

UCNU OB7 ("56) 

TlI:~/5671-30 

~CT07~C 

AOC0802LCN 

AOC0603LCV 

AOCC804LCV 

V20A-Chip Carrier 

- 4~C TO + 85"C 

ADCOM1LCJ 

AOC08021.CJ 

ADC0803LCJ 

ADC0804LCJ 

J20A-Cavity DiP 

~CT07~C 

ADC08<J.4LCN 

-4~C TO +85"C 

ADC0801LCN 

AOC0802LCN 

ADC0803~CN 

ADC0805LCN 

N20"-Molded DIP 

--
- 55"C 1"0 + 125"C 

ADC0801LJ 

ADC0802L~ 

J 
J20A-Cav'ty DIP 

ADC080X 
~olded Chip Carrier (PeC) Package 

Q.kR 

VectOR VREf) 

CS 
Ro 
WR 

t2 

tt 

to 

9 

DB5 

DB6 

087 (W5B) 

o UNO 

Vm /2 

TL/H/5671-32 

Sew Ord.rln9 Informatlo;'! 
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