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PORT A EQU 2000H

PORT B EQU 2001H
PORT C EQU 2002H
CONTROL REG  EQU 2003H
DIGIT1 EQU 21H
DIGIT2 EQU 22H
DIGIT3 EQU 23H
DIGIT4 EQU 24H
INPUT EQU 30H
COUNTER EQU 31H
TEMPORARY EQU 32H
BUFFER EQU 33H

ORG 0000H

AJMP MAIN
MAIN: ACALL INIT_PPI

AGAIN: MOV A,P1
MOV BUFFER,A
MOV INPUT.A

CLR C
MOV A,BUFFER

SUBB A,#100
JNC CONTINUEZ2

INB F0,CCW
ACALL PUTAR_CW
SJMP CONTINUE

CCw: ACALL PUTAR CCW

CONTINUE: MOV COUNTER,#2FH
REFRESH: DJNZ COUNTER, REFRESH
SJMP AGAIN |
CONTINUE2: MOV DPTR,#PORT A
MOV A,#00010000B
MOVX @DPTR,A
MOV COUNTER #2FH
REFRESH?: DIJNZ COUNTER REFRESH
SJMP AGAIN



EXIT: NOP
SIMP EXIT

INIT_PPI: PUSH DPH
PUSH DPL
MOV DPTR #CONTROL_REG
MOV A #80H
MOVX @DPTR,A
POP DPL
POP DPH
RET

DELAY LOOP: PUSH DPH
PUSH DPL
PUSH ACC
PUSH PSW

DEL_LOOP: DEC RI
NOP
NOP
NOP
CINE R1,#0H,DEL_LOOP

POP PSW
POP ACC
POP DPL
POP DPH
RET

DELAY 58: PUSH DPH
PUSH DPL
PUSH ACC
PUSH PSW

MOV R7 #0FH
DELZ: MOV A #0FFH
DEL3: MOV B.#0FFH

DINZ B.$

DINZ ACC.DEL3

DINZ R7,DEL2

POP PSW
POP ACC
POP DPL
POP DPH



RET

DELAY 2S: PUSH DPH
PUSH DPL
PUSH ACC
PUSH PSW

MOV R7,#100 ;7H
DEL4: MOV A#5 :SH
DELS5: MOV B#3 :3H

DINZ B.$

DJNZ ACC,DEL5

DINZ R7,DEL4

POP PSW
POP ACC
POP DPL
POP DPH
RET

PUTAR_CCW:- PUSH DPH
PUSH DFL

MOV DPTR#PORT_A
MOV A #01H
MOVX @DPTR A

MOV A #2H
MOVX @DPTR,A

MOV A #4H
MOVX @DPTR A

MOV A #8H
MOVX @DPTR,A

MOV A #0
MOVX @DPTR A

POP DPL
POP DPH
RET

PUTAR_CW: PUSH DPH
PUSH DPL



MOV DPTR #PORT_A

MOV A #8H
MOVX @DPTR.A

MOV A #4H
MOVX @DPTR,A

MOV A #2H
MOVX @DPTR A

MOV A #1H
MOVX @DPTR,A

MOV A #0
MOVX @DPTR,A
POP DPL

POP DPH

RET

DELAY _1S:

DEL44:
DEL33:

PUSH DPH
PUSH DPL
PUSH ACC
PUSH PSW

MOV R7,#2FH
MOV A #5H
MOV B#3H

DINZB.$

DINZ ACC.DELS5

DINZ R7,DEL44

POP PSW
POP ACC
POP DPL
POP DPH
RET




tures

npatible with MCS-51™ Products

Bytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

ly Static Operation: 0 Hz to 24 MHz

ec-level Program Memory Lock

X B-bit Internal RAM

*rogrammable /O Lines

) 16-bit Timer/Counters

interrupt Sources

grammable Serial Channel

v-power ldle and Power-down Modes

cription

\TB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
of Flash programmable and erasable read only memory (PEROM). The device
nufactured using Atmel’s high-density nonvoiatile 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-
nonvotatile memory programmer. By combining a versatile 8-bit CPU with Flash
monotithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
ly-flexible and cost-effective solution to many embedded control applications.
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ck Diagram
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scription (Continued)

AT89C51 provides the foliowing standard features: 4
es of Flash, 128 bytes of RAM, 32 |/O lines, two 16-bit
ricounters, a five vector two-level interrupt architec-
a full duplex serial port, on-chip oscillator and clock
itry. In addition, the AT89C51 is designed with static
for operation down to zero frequency and supports
software selectable power saving modes. The ldle
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 but
es the oscillator disabling all cther chip functions until
iext hardware reset.

 Description

ly voltage.

ind.
)

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

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

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

!

1is an 8-bit bidirectional I/O port with internal pullups.
Jort 1 output buffers can sink/source four TTL inputs.
n 1s are written tc Port 1 pins they are pulled high by
ternal pullups and can be used as inputs. As inputs,
1 pins that are externally being pulled low will source
nt {IiL) because of the internal pullups.

1 aiso receives the low-order address bytes during
i programming and program verification.
}

2 is an 8-bit bidirectional /O port with intermnal pullups.
2ort 2 output buffers can sink/source four TTL inputs.
n 1s are written to Port 2 pins they are pulled high by
ternal pullups and can be used as inputs. As inputs,
2 pins that are extemally being pulled low wifl source
nt {iiL) 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

@ DPTR). In this application it uses strong internal putiups
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 I/O port with internal puliups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internai pultups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low wilf source
curmrent (Ij.) because of the puilups.

Port 3 also serves the functions of various speciai features
of the ATB9CS51 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD {serial output port)

P32 INTO {extenal intemupt 0)

P3.3 INT1 {extenal intemupt 1)

P3.4 TO {timer 0 extenal input)

P35 T1 {timer 1 external input)

P3.6 WR {extenal data memory write strobe)
P3.7 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
Fiash 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 disabied by setting bit 0
of SFR location 8EH. With the bit set, ALE is active only
during a MOVX or MCVC instruction. Ctherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontrolier is in external execution mode.

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

(continued}

———— AT 3
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) Description (Continued)

n the ATBICS1 is executing code from extemal pro-
1 memory, PSEN is activated twice each machine cy-
except that two PSEN activations are skipped during
 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 0000H up to FFFFH.
, however, that if lock bit 1 is programmed, EA will be
nally iatched on reset.

hould be strapped to Vg for internal program execu-

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

1

to the inverting osciflator amplifier and input to the
1al clock operating circuit.

2
ut from the inverting oscitlator ampiifier.

illator Characteristics

1 and XTALZ are the input and output, respactively,

inverting amplifier which can be configured for use
1 on-chip osciliator, as shown in Figure 1. Either a
z crystat or ceramic resonator may be used. To drive
ovice from an extemal clock source, XTALZ should
ft unconnected while XTAL1 is driven as shown in
e 2. There are no requirements on the duty cycle of
xternai clock signal, since the input to the intemal
ng circuitry is through a divide-by4two flip-flop, but
wm and maximum voltage high and low time specifi-
15 must be observed.

Mode

> mode, the CPU puts itself to sleep while all the on-
beripherals 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
interrupt or by a hardware reset.’

It sitould be noted that when idle is temminated by a hard-

ware reset, the device nommally resumes program execu-

tion, from where it left off, up to two machine cycles before

the internal reset algorithm takes control. On-chip hard-

Figure 1. Osciliator Connections
c2

-—"!’——-I—— XTALZ

Y

T 1
T—i XTALA
r o

Notes: C1, C2 = 30 pF + 10 pF for Crysials
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. Externai Clock Drive Configuration

NC —————— XTAL=

EXTERNAL
QSCILLATOR ——  XTAL?

SIGNAL
-[— GND

us of External Pins During Idle and Power Down

fe Program Memory ALE PSEN PORT0  PORTHt PORT2 PORT3
| Internal 1 1 Data Data Data Data
External 1 1 Float Data Address Data |
rer Down | Internal 0 0 Data Data Data Data
/ef Down | External 0 0 Float Data Data Data

AT89C51 meee———————————————————————
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ire inhibits access to internal RAM in this event, but ac-
ss to the port pins is not inhibited. To eliminate the pos-
ility of an unexpected write to a port pin when Idie is
minated by raset, the instruction foliowing the one that
'okes idle should not be one that writes to a port pin or
external memory.

ower Down Mode

the powar down mode the oscillator is stopped, and the
truction that invokes power dowa is the last instruction
zcuted. The on-chip RAM and Speciai Function Regis-
s retain their values untit the power down mode is termi-
ted. The only exit from power down is 2 hardware reset.
set redefines the SFRs but does not change the on-
p RAM. The reset shouid not be activated before Vcc

yck Bit Protection Modes

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

Program Memory Lock Bits

On the chip are 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 bit 1 is programmed, the logic level at the EA
pin is sampled and latched during reset. If the davice is
powered up without a reset, the latch initializes to a ran-
dom value, and holds that value untif 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.

Program Lock Bits

LB1 LB2 LB3 Protection Type
1 u U u No program lock features.
MOVC instructions executed from externai_program memory are disabled from
2 P U U fetching code bytes from intemal memory, EA is sampled and latched on resst, and
further programming of the Flash is disabled.
3 P P U Same as mode 2, also verify is disabled.
P P P Same as mode 3, also external execution is disabled.

ogramming the Flash

3 ATBICS1 is normally shipped with the on-chip Flash
moxy array in the eérased state {that is, contents = FFH)
1 ready to be programmed. The programming interface
:epts either a high-voltage (12-volt) or a low-voliage
;c) program enable signal. The low voltage program-
g mode provides a convenient way to program the
83C51 inside the user’s system, while the high-voitage
gramming mode is compatible with conventional third
ty Flash or EPROM programmers.

» AT88C51 is shipped with either the high-voltage or
-voltage programming mode enabled. The respective
-side marking and device signature codes are listed in
following table.

The AT89C51 code memory amray is programmed byte-
by-byte in either programiming mode. To pragram any
non-biank 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 contro! signals should be
set up according to the Flash programming mode table
and Figures 3 and 4. To program the AT83C51, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of controf signals.

4. Raise EA/VPP to 12 V for the high-voltage program-

vpp =12V Vpp=5V .
ming mode.
AT89C51 ATBICS1 5. Puise ALE/PROG once to program a byte in the Flash
ap-Side Mark XXXX XXXX-5 | array or the lock bits. The byte-write cycle is seff-timed and
Yyww YYWW f typically takes no more than 1.5 ms. Repeat steps 1
(030H)=1EH (030H)=1EH ( through 5, changing the addrgss a.nd‘ data for the entire
gnature (031H)=51H (031H)=51H | amay or until the end of the object file is reached.
(032H)=FFH (032H)=05H f Data Polling: The AT89C51 features Datq Polling to indi-
cate the end of a write cycle. During a write cycle, an at-
| m 5
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rogramming the Flash (Continued)

mpted read of the iast byte written will resutt in the com-
ement of the written datum on PO.7. Once the write cy-
> has been completed, rue data are valid on all outputs,
d the next cycle may begin. Data Polling may begin any
e after a write cycle has been initiated.

pady/Busy. The progress of byte programiming can
30 be monitored by the RDY/BSY output signai. P3.4 is
lled low after ALE goes high during programming to in-
cate BUSY. P3.4 is pulled high again when program-
ng is done to indicate READY.

ogram Verify: If lock bits LB1 and LB2 have not been
ogrammed, the programmed code data can be read
ck 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-
led.

iip Erase: The entire Flash amay is erased electrically
using the proper combination of control signals and by
iding ALE/PROG low for 10 ms. The code amay is writ-
1 with all “1"s. The chip erase operation must be exe-
ted before the code memory can be re-programmed.

ash Programming Modes

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) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12 V programming
{032H) = O5H indicates 5 V programming

Programming Interface

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

All major programming vendors offer worldwide support
for the Atme! microcontioller series. Please contact your
local programming vendor for the appropriate software re-
vision.

ALE/ EA/
fode RST PSEN PROG Vpp P2.6 P27 P3.6 P3.7
‘ 1)
Vrite Code Data H L ~r H/12V¢ L H H H
ead Code Data H L H H L L H H
Vrite Lock Bit - 1 H L ~ Hi12v H H H H
. 2)

Bit-2 H L -~ H/12v H H L L

Bit - 3 H L ~ Hit2v H L H L
hip Evase H L ~ HI12yV H L L L
‘ead Signature H L " H L L L L
yie

les: 1. The signature byle at location 032+ designates
whether Vpp = 12 V or Vpe = 5 V should be used ta
enable programming.

2. Chip Erase requires a 10 ms PROG pulse.

AT89C 51 m
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ure 3. Programming the Flash

Figure 4. Verifying the Flash

Y +5Y
AT89C51 Y ATB9C51 ¢
pooR. R8T P Ver |— ADDR. A0 AN by Vee J

OOOOH/Or-FFZS — P20 - P23 PO e gﬁ_l& OOOOHIOFFF!: L p2o. P2z PO ’—P‘(:l?sﬁé ?ng(A

——»{ P26 8- ATl s PULLUPS)

SEE FLASH ——»| P2.7 ALE l¢—— PROG SEE FLASH —# P27 ALE

OSRMNG ] oo rrocraine 1

—m P37 o P37 oV,

,—?— XTAL 2 EA — V, Vo XTAL 2 EA
| Tv
b MHz | L 4-24 MHZJ
= l
M XTAL 1 RST 44—V, ! XTAL 1 RST la— Vv,

beno FSEN ‘—; r GND PSEN 1_
iIsh Programming and Verification Characteristics
= 21°C 0 27°C, Vec = 5.0+ 10%
'mbol Parameter Min Max Units
() Programming Enable Voltage 1.5 12.5 \Y
(1) Programming Enable Cumrent 1.0 mA
CLCL Oscillator Frequency 4 24 MHz
/GL Address Setup to PROG Low 48tcLoL
4AX Address Hold After PROG 48icLcL
/GL Data Setup to PROG Low 48tcLcL
40X Data Hold After PROG 4BtcLoL
4S5 P2.7 (ENABLE) High to Vpp 481CLCL ]
1GL Vpp Setup to PROG Low 10 us li
st | Vpp Hold After PROG 10 us
GH PROG Width 1 110 533
QY Address to Data Valid 48tCLCL
Qv ENABLE Low to Data Valid 48tcLol
Qv Data Float After ENABLE 0 48tcioL
1BL PROG High to BUSY Low 1.0 us
z Byte Write Cycle Time 2.0 ms
. 1. Only used in 12-voit programming mode.
| M 7
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ash Programming and Verification Waveforms - High Voltage Mode

P10 - P17 ’ PROGRAMMING VERIFICATION
s . ™\
P20 - P23 1 ADDRESS ,»—‘j( ADDRESS >———
f‘— tavav
PORT 0 <4 DATA IN D DATA OUT p———
tD\/GL tGHL‘)X
tAVGL = tGf—!.t:o':
ALE/PROG N A
fswaL [+ —tioH
— ATV T
EAN p 1
_____________ e T ___L_____+______‘_.
—t le— t
P2.7 ErSH teLav fe— EHQZ
(ENABLE)
torer —
P3.4
(RDY/BSY) BUSY READY
twe

ash Programming and Verification Waveforms - Low Voltage Mode

3.0 - P17 ’ PROGRAMMING VERIFICATION
2.0 - P23 R ADDRESS J‘——:F ADDRESS >———
*— tavay
PORT 0 DATA IN j DATA OUT p——
A tvar  torox pll
tavee tamax
ALE/PROG N ¥
tsraL et
— LOGIC 1
EAVep vy . | _toeco} |
il fe— t
P2.7 tersn te v ’*— EHQZ
(ENABLE)
tGHBL‘_“
P3.4
'RDY/BSYi BUSY READY
tWC
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)solute Maximum Ratings*

yperating Temperature ... 55°C to +125°C
torage Temperature......................-65°C to +150°C

oltage on Any Pin

ith Respectto Ground .................. -1O0Vto+70V
taximum Operating Voltage .....................68V
G Output Current 15.0 mA

=. Characteristics
- -40°C t0 85°C, Vecc = 5.0 V £ 20% (unless otherwise noted)

*NOTICE: Stresses beyond those listed under “Absoiute Maxi-
mum Ratings™ may cause permanent damage to the device.
This is a stress rating only and functionat operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
impilied. Exposure 10 absolute maximum rating conditions
for extended periods may affect device reliability.

rmbol Parameter Condition Min Max Units
Input Low Voltage {Except EA) 6.5 0.2 Voe-6.1 v
| Input Low Voltage (EA) 05 0.2 Vce-0.3 v
! input High Voltage {Except XTALT, RST} 0.2 Veet09 Veet+0.5 v
1 Input High Vcltage {XTAL1, RST) 0.7 Voo Veo+0.5 A\
Output Low Vo!tage”’ -
L (Ports 1.2.3) lor = 1.6 mA 0.45 \%
Qutput Low Voltage' -
L (Port 0, ALE, PSEN) toL =3.2mA 0.45 \Y
. loy=-60 UA Vec =5V 10% 2.4 v
Cutput High Voltage —
" | (Poris 1,23, ALE, PSEN) lon=-25 A 0.75 Vee v
| lon =-10 pA 0.9Vvee \
ion = -BOO pA, Vee = 6V £ 16% 24 V
Qutput High Voltage OH ~ WA, Yoo - 075V v
H1 | (Por 0 in External Bus Mode) lon= 300 A 75 Vee
! lon = -80 uA 0.9 Vee \4
| Logical O Input Current _ i
| (Ports 1,2,3} Vin = 045V 50 HA
Logical 1 1o 0 Transition . _ )
! Current (Ports 1.2.3) Vin =2V 650 HA !
!
i input Leakage Curremt - +
| (Port 0, EA} 045 < Vin < Veo 10 A
ST | Reset Pulldown Resistor 50 300 Ko |
, " Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 oF |
| Power Suooly Current Active Mode. 12 MHz 20 mA
f Ry _ Idie Mode, 12 MHz 5 mA
o ing = 100 LA
- Power Down Mode'™™ Vec =6V : 44
Voo =3V 40 HA ]

va

. Under steady state {non-transient) conditions. loy

must be externally limited as follows:
iMaximum loL per port pin: 10 mA
Maximum loi per 8-bit port:

Maximum total IOL for all output pins: 71 mA
If IOL exceeds the test condition. VOL may exceed the
related specification. Pins are not guaranteed 1o sink
current greater than the listed test conditions.

Port 0:26 mA 2. Minimum VCC for Power Down is 2 V.

Ports 1,2, 3115 mA

w‘—ﬁ
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C. Characteristics

der Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
er outputs = 80 pF)

ternal Program and Data Memory Characteristics

} 12 MHz Oscillator 16 to 24 MHz Oscillator

ymbol Parameter ] Mir Max Mir Max Units
tcLoL | Oscillator Frequency 0 24 MHz
HLL ALE Pulse Width 127 2tcLcL-40 ns
WLL Address Valid to ALE Low 28 tCLCL-13 ns
LAX Address Hold After ALE Low | 438 tCLCL-20 ns
LIV ALE Low to Valid instruction In 233 4CLCL-85 ns
LPL | ALE Lowto PSEN Low 43 tcLcL-13 ns
LrH | PSEN Pulse Width 205 3teLoL-20 ns
tiv_ | PSEN Low to Valid Instruction fn 145 3tcLoL45 ns
XIX Input instruction Hold After PSEN 0 0 ns
X1z Input Instruction Float After PSEN 59 teLeL-10 ns
xAv | PSEN to Address Valid 75 toLoL-8 , ns
VIV Address to Valid Instruction In 312 SicicL-55 ns
LAz | PSEN Low to Address Float 10 10 ns |
LRH | RD Pulse Width 400 BtcLcL-100 ns
AwWH | WR Pulse Width 400 BtcLoL-100 ns
1ov_ | RD Low to Valid Data In 252 StoLoL-90 ns
HDX Data Hold After RD 0] 0 ns
HDZ Data Float After RD 97 2tcLcL-28 ns
DV ALE Low to Valid Data In 517 BtCLCL-150 ns
VDV Address to Valid Data In 585 AHCLCL-165 ns
WL | ALE Lowto RD or WR Low 200 300 3tcLot-50 3teLcLtso ns
VWL Address to RD or WR Low 203 AtcicL-75 ns
VWX Data Valid to WR Transition 23 toLcL-20 ns
wH | Data Valid to WR High 433 7tcLcL-120 ns
HQX Data Hold After WR 33 toLoL-20 ns
LAZ RD Low to Address Float i 0 0 ns
M4 | RD or WR High to ALE High i 43 123 toLoL-20 teLeL+25 ns

AT 8 C 51 s



xternal Program Memory Read Cycle

AT89C51

b —
ALE I\ /ﬁ_—_
v [ * tw e
— tue e
PSEN N e AN
£
- toraz t FA
tLLAX PXiz
tosax aa
PORT 0 > n0-A7 K INSTRIN D » po_ a7 ><
— tay
PORT 2 X AB - A15 W A8-AlS
ternal Data Memory Read Cycle
i
ALE h
- tyvhin
PSEN /
—— t o \_/
be— oy rH —1.
— tLLWl. %
RD A N ¥
l LLAX
ta L —> ¢ —ta v tRHDZ
RLAZ_’_. — tRHDX
PORT 0 >K A0 - A7 FROM Ri OR DPLY) K DATA INDDXAD - A7 FROM PCLY>— INSTR iN
tAVWL
— tavov — |
PORT 2 p P26 - P27 OR A8 - A15 FROM DPH A8 _ A15 FROM PCH
—

—
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ternal Data Memory Cycle

AlEL

tLHLL“"w
ALE N

WHLH

PSEN /

* tLLWL e tWLWH ™

*—tLLAx %

—— tAVLL—_' tQVWX ]

N A

l—

L~

tWH Qx

— tovwn —

PORT 0 K AG - A7 FROM RI OR DPL pDatA OUT K XA0 - A7 FROM PCL >—CINSTR IN
tAVWL
PORT 2 }( P20 - P27 OR AB - A15 FROM DPH X A8 - A15 FROM PCH

ternal Clock Drive Waveforms

tCLCH

*— Yonal

0.2 Ve - 0.1V - - N
45v 4 — N
— toiex —'{
* o —*
ternal Clock Drive
mbol  Parameter Min Max Units
CLCL Oscillator Frequency 0 24 MHz
oL Clock Period 418 ns
icx High Time 15 ns
OX Low Time 15 ns o
CH Rise Time 20 ns _J'
IcL | Fall Time 20 ns ‘_}

AT89C51 s es—————



e A T89C 51

rial Port Timing: Shift Register Mode Test Conditions
G = 5.0V 220%; Load Capacitance = 80 pF)

12 MMz Osc Variable Oscillator
ymbol Parameter Min Max Min Max Units
XL Serial Port Ciock Cycle Time 10 12tcLcL us
IVXH Output Data Setup to Clock Rising Edge 700 10tcLc-133 ns
HQX Output Data Hold After Clock Rising Edge 50 2tcLcL-33 ns
HDX input Data Hoeld After Clock Rising Edge 0 0 ns
HOV Ciock Rising Edge to Input Data Valid 700 1MCLCL-133 ns
1ift Register Mode Timing Waveforms
INSTRUCTION | 0 ! 1 | 2 [ 3 | 4 | 5 | 6 | 7 | 8 I
ae __JLILLILILIL e e e e e e e

ctock : N T S T S O B

tavxr le—
— |~— txn!:x

WRITE TO SBUF N0 1IX2 X3 X X5 X6 X177
¥ — [—t
QUTPUT DATA tempy ;«-——»l_” XHDX serm
. CLEARRI ,
INPUT DATA

> Testing Input/Output Waveforms'’  Float Waveforms "

02 Voo + 0.9V

Timing Reference
Points

TEST POINTS
0.2 Vee - DV

045V

e: 1. AC Inputs during testing are driven at Vee -0.5Viora  Note: 1. For timing purpuses. a port pin is ne tonger floating

logic 1 and 0.45 V for a logic 0. Timing measure- when a 100 mV change from lcad voltage oceurs.
ments are made at Vi min. for a logic 1 and Vi A port pint begins to float when a 100 mV change
max. for a logic 0. from the loaded Vor/VoL level ocours.

| m 13
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rdering Information

Speed 1 Powei
(MHz) Supply Ordering Code Package QOperation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT8IC51-12)C 44) {0°C to 70°C)
AT89CS51-12PC 40P6
AT89CE1-12GC 440G
ATB9CS51-12A¢ 44A Industrial
ATBICS51-12JI 44) (-40°C to 85°C)
ATBYCS51-12P! 40P6
ATBSC51-12Ql 44Q
ATBIC51-12AA 44A Automotive
ATBICS51-124A 444 {-40°C to 125°C)
AT89CS51-12PA 40P6
AT89C51-12QA 4Q
5v+10% ATBIC51-12DM 40D6 Military
ATB9CS51-12LM 44 {-55°C to 125°C) ]
AT89C51-12DM/883 40086 Military/883C
AT83C51-12LM/883 44L Class B, Fully Compliant
{-55°C to 125°C)
16 5V =20% ATBIC51-16AC 44A Gommercial
AT89C51-16JC 444 (0°C to 70°C)
ATB9C51-16PC 40P6
ATBSCS51-16QC 44Q
ATBACS51-16A! 44A industrial
ATBGCS1-18J1 44 (-40°C to 85°C)
AT89C51-16F| 40P6
ATR3CS51-18Ql L 44Q
ATBICS51-16AA 44A Automotive
ATBIC51-16JA 44 (-40°C to 125°C)
ATBACS51-16PA 40P6
ATB3C51-16QA | 44Q
20 5v=20% ATBICS1-20AC | aaa Commercial
ATBYC51-20JC | 44 (0°C to 70°C)
| AT89C51-20PC f 40P6
AT89C51-20QC . #Q
| AT89C51-20Al } 44A industrial
i ATBAC51-2041 ‘ 444 (-40°C 10 85°C)
ATBEC51-20P! F 40P6
ATBYC51-20Q | 44Q

AT 89 C 51 1m0 R
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lering Information

peed Power
ViHz) Supoly Ordering Code Package Operation Range
24 5V z20% ATB9CS51-24AC 44A Commercial
AT89C51-24JC 444 {0°C to 70°C)
AT89C51-24PC I 44ps
AT89C51-24QC , 440Q
AT89C51-24Al ‘ 44A Industrial
AT89C51-24J1 ! 444 {-40°C to 85°C)
ATBOCS1-24P| 44P6
ATB9C51-24Q1 44Q
Package Type
\ 44 Lead. Thin Plastic Gull Wing Quad Flatpack (TQFP)
¥ 40 Lead, (.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
! 44 Lead, Plastic J-Leaded Chip Carrier {(PLCC)
. 44 Pad. Non-Windowed, Ceramic Leadiess Chip Camier (LCC)
% 40 Lead, 0.600" Wide, Plasfic Dual Inline Package (PDIP)

A

44 Lead, Plastic Gull Wing Quad Flatpack {PQFP)




ADC0801/ADC0802/ADC0803/ADC0804/ADCOB05

National
Semiconductor
Corporation

ADC0801, ADC0802, ADC0803, ADC03804,
ADCO0805 8-Bit P Compatible A/D Converters

General Description

The ADCOB01, ADCG802, ADCO803, ADCOB04 and
ADC08B05 are CMOS £-bit successive aoproximation A/D
convertors that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operaticn with the NSCB00 and INS808CA
derivative control bus with TRI-STATE® output letches di-
ractly driving the data bus. These A/Ds appear like memory
lgcations or 170 perts 1o the microprocessor and no inwer-
facing logic is needed.

Citferential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog ze:o input
voltage value. In addition, the voltage reference input can
ba adjusted to altow encoding any smaller anatog voitage

m Differential analog voltaga inputs

u Logic inputs and outputs meet both MOS and TTL voit-
age level specifications

| Works with 2.5V (.M336) voltaye reference

& On-Ghip clock generator

& 0V 1o 5V analog input voltage range with single S5V
supply

M No zero adjust required

R 0.3" standard width 20-pin DI? package

B 20-pin molded chip carrier or small outline packagze

m Operates ratiometricatly or with 5 Vpc, 2.5 Vpg, or ana-
log span adjusted voltage reference

L ARG T gl i U e e _.""""‘4

span to the {ull 8 bits i resclution. i Key SPECi fications L
Features ™ Resolution ’ . 8 bits i
m Compatible with 8080 P derivatives—no interfacing & Totalemor t% LSB, +% LSBand £1L58 A
logic nceded - access tima - 135 s & Conversion time 100 ps
‘m Easy interface to all microprocessors, or operates :-*
“stand alone™ ‘;
Typical Applications ~
W
o i
e Vee Ll —
k enals ;
L] . s W TRANEOUCER ;
- mT bk ok’ 5T RESOLUTION Z
1 b3 [t 1
Y gl 1 ou 3 [ € | voLvaut aanct p!
o Dl M vt >uulnmm SE6 SESTION 240 3
Mo Y om i | . -
-— 2dan aono | L——*r ' M
- LU P § _ SPANAD 3
(L0 VA p—aQ SEE SECTION = H
4 d
-+ LLE PP [ X1T }L\’ i
W 77 TLH/SGT -1
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
“ 9 Part SF:::’ VRer/2=2.500 Vpc | Yrep/2 = No Connection
N
e WD I-—-—-vu Number Adjusted (No Adjustments) {No Adjustments) '
Wi W p———g e ADC0301| £V, LS8 !
[ 1N
tre SOSM F ADC0802 +1/,LSB
ﬁ____ ADC0803 | £ 14 LSE
DATA
, ADC0804 £1188 ;
L————J —J ADC0805 +11SB
TL/H/ISB71-01 -
}
L—
3.1 )
3
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Absojute Maximum Ratings motwes122)
If Milkary/Aerospace specified devices ars required, Storage Temperature Range —-65°Cto +15¢°C
contact the National Semiconductor Sales Office/ Package Dissipation at T4 =25°C 875 mwW
Distributors for avallability and specHicationy. ESD Susceptivility (Note 10) 8OOV
Supply Voltage (Vi) (Note 3) 6.5V
Voltage ti i iNotes 1 &
Logie Control Inputs —-0.3Vto +18Y g:;::ur:r;?ngat gS Notes i) €TasT
¢ t ~0.2Vto (Vg + 0.3 MINSTAS ' tax
) At Othe Inputaanutpus 0.2Vto (Voo +0.3V) ADC0Q01/02LJ SSCKTaS 4 125G
iLaad Temp. (Soidering, 10 seconds}
Dual-In-Line Package {plastic) 280°C ADC0901/02/03/04LCJ —40'C<Ta< +85'C
Dual-In-Line Packago (caramic) 300°C ADC0801/02/03/05LCN ~40*CLTo< +85C
ADCOBO4LCN O‘CSTAS +70°C
Surface Mount Package . ADC0802/03,04LCV O'CSTAS +70°C
Vapor Phase (60 caconds) 215°¢ ADC0802/03/04LCWM 0'CSTAS +70°C
Infrared (15 secor.ds) 220°C Range of Vo 45Vpc 1083 Ve
Electrical Characteristics i
The following specifications apply for Vor =5 Voe, TMINSTA < Tmax and fo k= 640 kHz unloss otherwice specified .
Parameter Conditions Min Typ Max | Units
ADCO0801: Total Adjustad Error (Note 8) Wwith Fult-Scale Adj. £ LS8
{See Section 2.5.2) b
ADCDB02: Total Unadjusted Error (Note B) Vaer/2=2.500 Vpg % LSE
ADCO0803: Total Adjusted Etror {Mote 8) With Full-Scala Adj. ey Lsn
(See Section 2.5.2) 2
__ADC0804: Totat Unadjusted Emror (Note 8) | Vger/2=2.500 Vpe +1 LSB
ADCOBOS: Total Unadjusted Error (Note 8) Vrer/2-No Connection %1 Lsa
VRer/2 Input Resistance (Pin 9) ADC0801/02/03,05 25 B.0 kf)
ADCO804 (Note 9) 0.75 1.1 ko
Analog Input Voltage Range (Note 4) V(+) or V(=) Gnd-0.05 Voo +0.05 Voe
OC Common-Mode Eror Over Analog Input YYottage 1 Vi % Lse
Range
Power Supply Sansilivity Voo =5Voc £10% Over Ve % LEB
Allowed Vin(+) and Vi (—)
Voltage Range (Mote 4)
AC Electrical Characteristics
The following speciiications apply for Voo =5 Vpe and Ta =25°C unless othe wise specified.
Symbo! Parsmaeter Conditions Min Typ Max Units
Tc Conversion Time foyk = 640 kHz (Note 6} 163 114 us
Tg Convaersion Time (Note 5, 8) a8 73 ol
foLk Clock Freyuency Vo= 5V, (Nota 5) 100 840 1460 kHa
Clock Dutv Cycle {Note 5} 40 60 %
CR Conversion Rate in Free-Running INTH tied tc WA with 8770 9708 conv/s
Mode T5=0 Vpc, fo k=640 kHz
tw AL Width of WH input (Stari Puise width) | £3=0Vpc (Note 7) 100 ns
tace Access Time (Delay from Falling CyL=100pF 135 200 ns
Edge ot RD to Qutput Data Valid)
tith toH TRI-STATE Controt {Delay C_=10pF, R_= 10k I 125 200 ns
from Rising Edge of RD to {Sea TRI-STATE Test
Hi-Z Swate) Circuits}
vt bRy Delay frora Falling Edge ~ 300 450 ns
| of WH or FD to Ribsat of INTH |
Cin T input Capacitance of Logic 5t 7.5 pF ‘
_ ContrcLlrlputs ~ o
Court TRI-STATE Sutput 5 7.5 pF
Capacilance (Data Buffers) l | _
CONTROL INPUTS {Note: CLK IN (Pin 4) is the input of & Schmitt trigger circuiv and is therefore specified separately] .
ViN () Logical 1" input Voltage | Voo =5.25 Vo 2.0 15 e
{Excapt Pn 4 CLK IN) | |
317
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un
o - .
3| AC Electrical Characteristics (coutinues
8 The following specifications apply for Voo = SVpc ard Tpmin < Ta S Tmax, unless otherwise spucified.
S Symboi 1 Parameter l Cond!tions [ Min I Typ l Max l Units
i —_
8 CONTROL INPUTS [Nota: CLK IN (Pin 4} is the input of & Schmitt trigyer circuit and 1s therefore specified separately]
1 .
8 Vi (0) Logical 0" input Voltage Voc=4.78 Vo 08 o
2 {Except Pin 4 CLK IN)
P Iy (1) Logicel *1" Input Current Vin=5 Vo 0.005 1 rApc
8 (At Inpuuts)
8 Iin (D) Logical 0" Input Current Vin=0Vpc -1 —0.005 HApG
2 (All Inputs)
R CLOCY.IN AND CLOCK R
S| v+ CLK IM (Pin 4) Positive Going 2.7 3.1 a5 Voo
; 8 Threshoid Voltage
1: g Vy-— CLK IN (Pin 4) Negative 1.5 1.8 21 Voo
| f : Going Threshold Voltage .
i 8 Vi CLK IN {Pin 4) Hyslerasis 0.6 1.3 20 Vpe
b 8 VTH)=(v1)
. 2 Vout (O Logica! “0" CLK R Output Io=360 uA ‘ 04 | Vpo
. Yoltage Voo =4.75Vpz
‘ Vout (1) Logical "1" CLK R Output o= —360 pA 2.4 Voo
i Voltage Voo =4.75Vpe
DATA OUTPUTS AND INTR
k Vour (O) Logical 0" Output Yoltage .
:i Data Cutputs oyt =1.6 MA, Vco=4.75Vpe 0.4 Vo
: INTR Output lout=1.0MA, Ve —=4.75 Ve 0.4 Voo
f Vourt (1} Logical *t™ Output Voltage dp=: —360 A Voo =4.75Vpe 24 Vpe
' Vaut (1) Logical 1" Qutput Voltage lo=—10 pA, Vec=4.75 Vpe 4.5 Ve
louT TRI-STATE Disabled Output Vout=0Vvpc ) -3 rADG
Leakage (Al Data Buffers) Vour=5Voc 3 BADG
1SOURCE YouT Short o Gnd, To=25C 4.5 6 mApg
IsINK Vout Shortto Voo, Ta=25°C 9.0 16 mApe
POWER SUPPLY
| lec Supply Current {includes foLx = 640 kHz,
H Ladaer Current) VREF/2=NC, T =25°C
and C8=5v
ADC0901/02/03/04LCJ/05 1.1 18 mA
ADCOEQ4LCN/LCV/LCWM L 1.9 , 25 mA
Note 1: Absolute Maximum Ratings indicate limits bayond which damage to the device may occur. DC and AC alactrical specifications o nrt apply when oparating
the device beyond its specified operating conditions.
Note 2: All voltages are moeasured with respect to Gnd, uniess othurwise specified. The separate A Gnd point shou'd aiways be wired to the D Gnd.
Note J: A zener diode exisis, internally. from Yeg to Gnd and has a typical broakdown voltage cf 7 Vpg.
Note 4: For Vin(—)2 Vin(+) the digital outpul code will be 0000 0000. Two on-chip dicdes are tied 1o each analeg input (see block diagram) which will torward
conduct for analog input voltages one diode drop below ground or one dicde drop greater than *he Vice supply. Be careful, during tasting at low Vog levels (4.5v),
a8 high lavel analog inputs (5V) can cause this input diode 10 conduct - especially at slevated temperatures, and cause errors fnr analog inputs near fuil-scate. The
spac allows 50 mv forward bias of either dioge. This muans (hat as long as ihe analog Vi does not exceed the supply voltage by more than 50 mv, the output
code will ba correct. To aciieve an atsolute 0 Vg to 5 Vpc input voltage range will therefore require a minimum supply voitage of 4,950 Vpg over temperature
variations, initial folerance and loading. .
Note 5. Accuracy is guaranteed at Ioik = 5640 kHz. Al higher clock fiequer cias accuracy can degrade. For lawer clock frequencies, the duty cycle limits can te
extended 30 long as the minimum clock Mgh time interval o« minimum clock low tima intenval 18 no less than 275 ns. .
Hote §: With an asynchronous start pulse, up to 8 clock periods may be 1aquired before tha Imomal ~lock phasas are propor 10 giarl the CONveraon piocess. The
start reouest is internally iatched, see Figure 2 and section 2.0,
Note 7: The IS input is assumad io bracket the WH strobe input andt *herefore timing is dependent on the WH pulse width. An arbitrarily wide pulse width will hot4
the converier in 4 resel mcde and the start of comr.arsion is initisted by the low to high transition of the WH pulse (See timing diagrams).
Note 8: None of these A/Ds requites a zerd adjust (see section 2.5.1). To ohtain zero code at othar araiog input voltagas see section 2.5 and Figure 5.
Note &: The Vrep/2 pin te the center point of a two resistor civider connected trom Ve 1o ground. Each resistor is 2.2k, oxcept lor the ADCO804LUS where sach
i Ton'stor i 16k, Total ladder inpul resletance (s the sum of the two equal resislors.
Hote 10: Human body modl, 100 pF discharged though & 1.5 kil resistor.
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Logic Input Threshold Voltage

Typical Performance Characteristics

Delay From Falilng Edge of
RD 1o Output Data Valld

CLK IN Schmitt Trip Levels

319

vs. Supply Voltage vs. Load Capacitance vs. Supply Voltage
5 r 500 ST
R REZARNEG - 18 [ j T
O = n et ]
a ’ P ‘o E ) vy, -] !
2 LA _ 7] z sl
FRRTY Y z > 17—t ry o
- » L a ~$5°C < Tp < +125°C
@ a m 7 o 117
= = T
£ o ¥ ] P RN o
o
2 ™ — } z vr- | L4
Z N SRR
] ] " = " o il
s | 1 1 e
= 1 10 15
[X s L1 ] [ ¥4 (X7 ¢ M W N W 4.5 (%) (1] [ ¥4 [ 1]
Vo - SUPPLY VOLTAGE (¥ge) 1OAG CAPACITANCE (of} Ve - SUPPLY VOLTAGE (Vo)
Full-Scale Error vs Effect of Unadjusted Oftsot Error
fcLk vs. Clock Capacitor Conversion Time vs. Yper/2 Voltage
AL T 17T T t " T v
b1 o R U1 Te= Ay Vini+) = Vipt=t e v, 4
) W ] I ASTUMES Voo = 2 mV. -
ARl L0 z _ [ THiS SHOWS THE NEED 4+
R - 30 b T | & W YTFORAZERDADLIF  TTTT
— X = | <] F TME SPAN IS REDUCED. T1T]
£ g ¢ Ve - 46V £ ™
i \ \ - 4 +—+ = ']
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5 ! Al L ] E '
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\ = !
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CLOCK CAPACITOA (pF) Te. CONVERSION TIME Ly VR tvgg!
Cutput Currerit vs Power Supply Current Linearity Error at Low
Temperature vs Temperatlure (Note 9) Vage/z Voltages
a - 14
][]vc:-sv s =~ 17T T TT T 1T 1 77
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T N T oATH ou'rrur ) b PR Ve it < ™
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Ty - AMBIENT TEMPERATURE (°C) Ta - AMBIENT TEMPERATURE (°C} Vg“fz VOLTAGE (Vu:)
TL/H/5671-2
I

$0800GY/¥08000V/£63000Y/208000V/108303Y




ADC0801/ADC0802/ADC0803/ADCG804/ADC0805

TRI-STATE Test Circuits and Wavetorms

tin ty, CL=10pF tou top, CL=10pr
voe Yee
Yoo .
vie —— |
44
o or1a o
s ouTryT taD
AD R OATA
vuteul
[ 1" . Vo ~__k“ vee
0ATA [ 0ATA
ouTeUTS \__ putuls
— e o = oy —— ———— voL
L=20ns . 4=20ns B |V TL 74 P

Timing Dija Grams (Ai timing is measured from tho 50% voltage points)

START
CORVERSION

—l Wl [—— JBusv

- ,_____\
?( X~ DATA IS VALID W
ACTUAL INTERNAL l . . 'i
STATUR OF THE NoT Susy’ QUTAUT LATENES
CONVERTER l
:——~ 1700 V0 - INTERNAL Tg ———
(LAST DATA WS AEAD) '
mr
{LAST GATA WAY 0T AEAD) INT ASSEATEN
-~ — -
ST T T

Output Enable and Reset INTR

. j TR AESET

" \ (—

IDl’E

DATA - mem MR AN R dnke W TR'-ST‘TE;
oubors - }'__ _________
e |-

== UK O

Mots: Read strobe must occur 8 glock periods (8/1c; ¢} after assarticn of interrpt 'o guara tee resat of INTR.

TL/H/S6T S -4
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Typical Applications (continued)

6800 Interface

Ratlometric with Full-Scale Ad|ust

$0800QV/y08000Y/£0800GY/Z08900V /125000y

Yot
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o
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-—————
@ H —:
" %:)"—’q il 4 e T |
Wik 4 M it ' d I
[ D — I . 1 aw ! ‘:a 1
e . @ SR T '
o = =T 3 ! i
[T ) — n m LaZm 1t
! 'i 1
BATA ) 2 f
] <L ]
4Vt pept 4 : = :
3 [
= b orTionaL
':r" L AQST
Nota: betors using cups at Vi, or Vpge/2, &
306 section 2.3.2 Input Bypass Capacitors.
Absolute wiih a 2.500V Reference Absolute with a 5V Reference
L/ .
ol "5v::|"
Tt
i
Or——q vy it} vee Cormreet Wiy fe) vee 4 l
I‘ I,.- ; :
MWaf :r Hat ' ‘:n i
= $ - = toyo
i " i S |
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130 vpe [ ]
O— vt Yaun O { vt Vagsn [ :
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: - | Ppp—— |
=T 1 -0
“Fovt low powor, aea alao LM385.2 5 = =
Zero-Shift and Soan Adjust: 2V < V) <5V Span Adjust: V<V |y <3V
Voo
uﬁ.t. vee
T [(R7Y2]
. Yigtl vee I
'™ _L . Yyyle) Ve
, T
L] +
- T 'n Wit L
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- + T 3
- . e
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| 1
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ADCO0801/ADC0802/ADC0803/ADC0804/ADCO305

Typical Applications (continuec

Directly Converting a Low-Level S'gnal

vee
5 ¥pel

?
. 4 Viniet vee J
Yin _L
T LIS
WV ey a0
1T LM I
Yini-k Yags? '
‘i _T' " ‘
El ) ™ -~ =
14 Y00 O A, AL —A
"
o
we A " VRer/2= 256 mv
1 mV Resqlution with uP Controlied Range
Vpep/2=128 mV ""‘c:c.
1LS8=1mvy
Voac £ Vins (Voac + 256 mv)

A pP interfaced Comparator

Voo
]

O———tv it Yie
* R
(173 .
T |
- H

AD

O vyt

Yaer? -—]
3

For Vin(+ 1> Vin(—)
Qutput=FFuex
For: Vin(+}<Vin( =)
Output = COHEx

-—cug gae™

azun Ve

Digitizing a Current Flow

Ve - ~ o "oap QAFUILCALL)
'"“1 o e AAA }
- Yir
i L™
L ¥ee L
.J.‘
Hi I wut n _L
L -
- = [
VA
172 LMIse
i3 b‘ v a - [T
TERQ & e Yinee ReF’ "
any & L= €5
L Tet agr
4 T
> tim = = =
4
"L

TL/H/56 -8
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Typical Applications (continueq)

Self-Clocking Multiple A/Ds w External Clocking
B Qe ] ELE A fan
- = ' -1{-- PR R LB
,""’ R R A S L ]
[41 8.} fuRm D o L] —_(>‘.
S m*
A :.
e g lun
S |
(30 4 )
. o O——vrqilan
Nt
100 kHZ <1g) < 1460 kHzZ
Vit
“Usa a large A value +cuam
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ADCO0801/ADC0892/ADC0803/ADC0804/ADC0O805

Typical Applications (continued)

pP Compatibje Differential-lnput Comparator with Pre-Set Vg (Wwith of without Hysteresis)
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Handling + 10V Analog Inputs

Low-Cost, uP Intertaced, Temperature-to-Digital Convertes
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Typical Applications (Continued)
Handling 1 5V Analog Inputs
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Typical Appliications Centinued)

3-Decade Logarithmic A/D Converler
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Typical Applications (cortinued)

Sampling an AC Input Signal
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functionai Description

1.0 UNDERSTANDING A/D ERROR SPECS

A pertect A/D transter characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is anaiog input
voitage and ‘he particular points fabeled are in steps of 1
158 (19.53 mV with 2.5V tied to the VRep/ 2 pin). The digita!
output codes that correspond to these inputs ara shown as
D—1, D, and 3+ 1. For the perfect A/D, not only will center-
value {A—1, A, A+1,. . . .)analog inputs prcduce the cor-
ract output ditigal codes, but also each r'ser {the trans:tions
between adjacent output codes) will be tocated 4 LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will bs pro-
vided lfor a range of analog input voltages that extend V4
LSB from the ideal ceniar-values. Each tread (the range of
anaiog input voltage that provides the sume digital output
code) is therefore 1 L.SB wide.

Figure 1b shows a worst casa errer plot for the ADCO801.
All center-valued inputs are guarantesd to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than 11/ LSB. In

Transfer Function

other words, if we apply an analog input aqual to the center-
value t Y, LSB, we guarantes that the A/D will produce the
corract digitai code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to ba no more than '; LSB.

Tha arror curve of Figurs 1c shows a worst case errof piot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to tne LSB analpg voltage center-value
thg A/D will produce the correct digital code.

Next to each transfer fuaction i3 shown the corresponding
arror plot. Many paopie may be more familiar with error plots
than transfer functions. The analog input voltage 1o the A/D
is provided by either a linoar ramp or by the discrete output
stops of a high resotution DAC. Notice thet the error is con-
tinucusly displayed and includes the quantization uncertain-
ty of the A/D. For example the error at paint 1 of Figure 1&
is +14, LSB becausse the digital code appeared % LSB in
advance of the center-valua of the tread. The eTor piots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot

+1 50

[OOSR

[ERENSU

an At - e

-

b b S A i il [T

g BEIT)
FRA ] -
] ' H
- [Nl l—v—: : ] i
5 P
CRES —_— N s
RS ; 5
h ! I ;
S VR S
At ’ Ay T {
- i
ANALIG INPUT TV, ANALDR INMUT 1w gt i
a) Accuracy = 1 0 LSB: & Perfect A/D i
Transter Function Error Piot g
e 5
By §
H L AR 7
E oo b ——.-j 3
£ B £ '
3 Ll I £ 1 .
z H i g i
g [ . ] 2 : -
: I . i i , ' - LSE H
i | 3
. - -1 LSt
X A-1 A Ay A=t A Ay
' ANALOG INPUT (V) ANALOG INPUT (¥ ) ,’
b) Accuracy = 1 Y, LSB :
Transfer Function Error Plot $
+1 LS8
P 1 A I s_ 1N __ R
s i
'?: § . ] ‘r\ ] _Tuuuu
] < w‘ ' 'rm:an
ot h
- 1l
: [N
o ¢ il
A
1458 \l .
A-1 A A A LY A+ %
AMALOG INPUT (Vyy} ANALDG INPUT (W)y] :
c) Accuracy = t+ V4 LSB TLASETI-12
FIGURE 1, Clarlfying the Error Specs of an A/U Converter ;
e —




Functional Description (contirveq)

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series cortains a cifcuit equivalent of the
256R neiwork. Analog swiichas are sequénced by succes-
sive approximation logic to match the analog ditference in-
put voltaga [Vin(+) — Vin{—)) to a corresponding tap on
the R network. The most significant bit is tesied first and
after 8 comparisons (64 clock cycles) a digital B-bit binary
code (1111 1111 = full-ecale) Is transterred to an output
latch and then an interrupt Is asserted (INTR makes a high-
to-low transition). A conversion in process can be intorrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WR input with T8 =0. To ensure stari-up under all pos-
sible conditions, an external WR pulse Is requirec during the
first power-up cycle.

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

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

The converter is started by having CS and WA simuita-
neously low. This sets the start flip-flop {F/F} and the result-
ing "1™ level rosets the B-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a 1" to the D flop, F/F1, which
is at the input end of the 8-bit shiit register. Internal clock
signals then transter this 1" to the Q output of F/F1. The
AND gate. G1, combines this “1" output with a clock signal
to provide & reset signal 1o 1he start F/F. If the sel signal is
no longer present (sither WR or CSis a “1") the start F/F is
reset and the 8.bit shift register then can have the 1"
clocked in, which starls the conversion process. If the set
signal were to still be present, this reset pulse would have
no effect (both cutputs of tho start £/F would momentarily
be at a "'1" level) and the 8-bit shift register would continue
to be held in the reset moda. This logic therefore allows tor
vide TB and WH signals and the converter will start after at
ieast one of these signals returns high and the Internal
clocks again provide a rese: signal for the start F/F.

17 = RESET SRIFT AECISTER
"W MUY ANG QUIFSCENT STATE

INPUT *ROTECTION
FOR ALL LOGIC JePUTS
T ax
T0 INTERANAL l l
LTS
Wanv ¢
FiF 1
[
LK 1-1 ~
Y \ START CoMVERSION
" e
¥ec MagelO~ 1 I l
b o '
:: o IF RESET = "V
1 LADDER AR Ly /
VReFn O > — ANO LATEH ¥T A =g
oECODER MatE D REGISTES | AEBEY
23 5 | I Ill
] Veoun) —1 3
- - o
A Gho K
= vé,; * |
(L]
LATEH {
come [
' ¥ L
¥Yinge} O - + AR] L 4
- ) XFER
7 TRISTATEY [ G2 iiag
YiM{ -~ G OUTPYT LATCHES
— =l 0
ol LY LS L4 L
R RN ! b
Y h ——y T
e
DIGITAL DUTPYTS S
1 \ TRISTATE® CONTROY e TR T
L1} T RESET
i TL/HIS671-13

Note 1: CF shown twice for clarity.
Note 2: SAR = Successive Approximation Register.

FIGURE 2. Block Diagram
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ADC0801/ADCG802/ADC0803/ADC0804/ADC0B05

Functional Description (Continusa)

After the “1" is clccked through the b-bit shift register
(which completes the SAR search) it appears as tha input t¢
the D-type latch, LATCH 1. As soon as this “1" is output
from the shift register, the AND gate, G2, causes the naw
digital word 10 transter to the TRI-STATE output lalches.
When LATCH 1 is subsequently snabled, the Q output
makes a high-to-low transition which causes the INTR F/F
1o setl. An inverting buffer then supplies tha INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the intarnal clocks run at
4 of the fraquency of the uxternal clock). if the data output
is continuously enabled (TS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can controf the Q
output of the INTR F/F even though the RESET input is
constantly at a “*1” level in this operating mode. This INTR
output will therefore stay low for the duration of the 5ET

_signal, which is 8 periods of the externel clock frequency

(assuming the A/D i3 not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pir. tied to WR and TS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the TNTH signa!. This ressts the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the laich enable input is still present, the O
output will gc high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTR output
pulse to only a few propagation delays (approximately 300
ns).

When data is to be read, the combination of both T3 and
RD being low will cause the INTR F/F to be reset and the
TRI-STATE ouiput talches will be enabled to proVie the 8-
bit digita! outputs.

2.1 Digltal Control Inputs

The cigital contro! inputs (T3, A0, and WR) meet standard
T21. logic voltage levels. These signals hove been ranamed
when compared to the standard A/D Start and Cutput En-
able labels. In additicn. these inputs ara active low to allow
an easy interface to microprocessor control busses. For
non-microprocessor based applications, the T3 input (pin 1)
can be grounded and the standard A/D Stant function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Eneble function is caused by an active
low puise at the RO input (pin 2).

2.2 Anslog Differential Voltage Inpute and
Common-Moede Rejection

This A/D has additional applications flexibility due to the
analog differentia! vo'tage input. The Vi(—) input (pin 7)
can be used to automaltically subiract a tixed voltage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can ba raduced by use of the differentiai input.
The time interval betwaen sampling Vit + } and V([ —) is 4-
Y4 clock periods, The meximum error voltage due to this

siight tire cifference betwean the input voltage samples is
given by:

4.5
AVa(MAX) = (V) (27 fem) (ER )

where:

AV is the error voltage due to sampling delay

Vp is the peak value of the common-mode voitaga

fem 13 the common-mode frequency
As an exampie, to keep this error to ¥, LSB {~ 5 mV) when
operating with a 60 Hz common-mode frequency, fom, and
using a 640 kHz A/D clock, fo i, would allow a peak valua
of the common-mode voltage, Vp, which is given by:

Ve = BVemax) (foue] :

(2miem) (4.5
or
(5 X 10~3) (640109
P T (6.28) (60) (4.5)

which gives

Vpa= 1.9V,
The allowed range of analog Ir(put voitages usually places
more severa restrictions on input common-mode neise lev-
als,
An analog input voltage with a reduced span and a reiatively
large zero offset can be handled easily by making use of the
differential input {see section 2.4 Reference Voitage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance o arcund as shown in Figure S.
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FIGURE 3. Analog Input Impedance




Functional Description continueq)

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

Fautt Mode

If the voitage source applied to tha V|y(+ ) or Vin(—) pin
exceeds the allowed operating range of Voo + 50 mV _large
input currents can flow through a parasitic diode 1o the Voo
pin. if these currents can exceed the 1 mA max aflowed
spec, an axiernal diode (1N914) should be edded to bypass
this current 1o the Yoo pin (with the current bypassed with
this dioda, the voitage at the Viy(+) pin can exceed the
Ve voltage by the forward voitage of this diode).

2.3.2 Input Bypass Capacltors

Bypass capacitors at the inputs will average hase charges
and cause & DC current to fiow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with-the Viy(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Viy(+) input at 5V, this
DC current is at a maximum of approximately & pA. There-
tare, bypass capaciters should not be used &t the angiog
nputs or the Vieee/2 pin for high rosistance sources (> 1
kf1). If input bypass capacitors are necessary fo: noise filter-
ing and high source resistance is desiraola to minimize ca-
pacitor size, the detrimental effects of the voitage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input d¥pass
capacitor are both in piace. This is possible Lecause the
gverage value of the input cumrent js a precise linear func-
tion of the aifferential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance whera an input bypass
capacitor is not used, will not cause errors as the input cur-
ronts settla out prior to the comparison lime. If a low pass
fitter is required in the system, use a low valued saries resis-
tor {< 1 k) for a passive RC section or add an op amp RC
aclive low pass filter. For low source resistance applica-
Honn, (-0 1RO a0 1 pl byprann capaeitor at tha inputa will
prevent noise pickup due o senes lead inductance of a long
wire. A 1004} series resistor can be used 1o isolate this ca-
pacitor—both the R and C are placed oulside the feadback
loop—from tho oulpul ot an op amp, If used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) shou!d be kept
as short as poscible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errars. The source resistance for these
inputs shou'd, in general, be kept below 5 k1. Larger values
of source resistance cen cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
craate ana.og scale errors as these capaciors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error dapends on both a large source

resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/ adjusi Vree /2 for a proper full-scale reading—see
saction 2.5.2 on Fuii-Scale Adjustment) with the source re-
sistance ang input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted
voltage reference. This has been achieved in the dasign of
the IC as shown in Figure 4.

Yee (Vpee!
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Yagr2 O DIGITAL
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AKALOG
CIRCUITS

AGKD {3 GEND |1
7

TL/H/B6T1-15
FIGURE 4. The Vpererence Design on the IC

Nctice that the reference voltage for the IC is either 43 of
the voitage applied o the Ve supply pin, or is equal to the
voltags that is externally iorced at the Vgeg/2 pin, This al-
lows for a ratiometric voltage reference using the Voo sup-
ply. a 5 Vi rotironco vollaga can b usod for the Ve
supply Of g voltago loss than 2.5 VG can Lo applied 10 ho
VRefF/2 input tor increased application fiexidility. The inter-
nal gain to the VReg/2 input is 2, making the full-scale differ-
ontial inpul voltaga twica tha voltage at pin 9.
An example of the use of an adjustod reforenco voltage is 1o
accommodate a reduced span—or dynamic vollage range
of the anaiog input voltage. If the analog input voltage were
to range from 0.5 ¥p¢ 1o 3.5 Vg, instead of OV to § Vpe,
the spar. would be 3V as shown in Figure 5. With 0.5 Vpg
apolied to the Viy( -) pin to absorb the offset, the reference
voltage can be made equal 1o V% of the 3V span or 1.5 Ve,
The A/D now will encode the Vy( ) signal from N.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vg
input corresponding to full-scale. The full 8 tits of resolution
are therafore applied over ihis reduced anaiog input voltage
range.
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ADCO0801/ADC0802/ADC0803/ADC0804/ADCOBUS

Functional Description (centinueq)

*Add it VRge/2 £ 1 Vg with LM358

lo draw 3 mA (o ground.
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b) Accommodating an Analog Input from

0.5V (Digital Qut = =00,,gx) to 3.5V
(Digital Qut=FFyex)

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

2.4.2 Reference Accuracy Requiremants

The converter can be oparated in a ratiometric mode gr an
absolute mods. In ratiometric converter apglications, the
magnitude of the reference voltags is a factur in both the
output of the source transducer and the output of the A/D
canverter and therafore cancels out in the final digital cutput
code. The ADC080S is spocified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversicn applications, both the initia! value and the
temperaturs stability of the reference voltage are important
factors in the arcuracy of the A/D converter. For VRep/2
voltages of 2.4 Vpc nominal value, initial errors of +10
mVpg will cause conversion errors of +1 1.SB due to the
gain of 2 of the Vrge/2 input. in reduced span applications,
the initial value and tha stability of the Vres/Z input voitage
becoms even more important, For example, if the span is
reduced 1o 2.5V, the analng input LSB volage value is cor-
respondingly reduced from 20 mV (5V span) t0 10 mV and
1 LS8 at the Vrer/2 inpul becomes 5 mV. As can be seen,
this reduces the allowed nitial tolerance of the raference
voltage and requires cofrespendingly less absolute change
with temperature variations, Note that spans smaller than
2.5V place aven tightar requiraments on the initial accuracy
and stabiiity of the reference source,

In general, the magnitude of the referance voltage will re-
quire an initial adjustmant. Errors que to an improper value
of reference voltage appear as full-scale: errors in the A/D
transfer function. IC voitage regulators may he used for ref-
erances if the ambient temperature changas are not exces-
sive. Tha LM336B 2.5V IU. reference diode (from Mational
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV inax) over 0°C<T4<+70°C. Other temperature
range parts are also avaiable,

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zevo Error

The zaro o tha A/D does not require adjusiment. If the
minimum ar.alog input voltage value, Vinaiy, is not ground,
a zero offset can be done. The converter can be made to
output 0000 COOC digital code tor this minimum input voltage
by biasing the A/D Vin(~) input at this Vinp;; Value (see
Applications section). This utitizes the differential mode 2p-
eration of the A/D.

The zero errar of the A/D converter relates to the location
of the first riser of the transier function and can be mea-
sured by grounding the Vy (=} input and applying a smail
magnitude positive voltage to the Vi (+) input. Zero error
is tive Ciffarerice batwean the actual DC input voltage that is
necassary to just cause an outpu: digital code transition
from 0000 0000 to COCO 0001 and the ideal 14 LSB valus
(Y2 LSB = 9.8 mV for Vpgp/2=2.500 Vpcl.

2.5.2 Full-Scale

The ‘ull-scale adjustment can ba made by applying a differ-
ential input vollage that is 1Y%, LS8 lass than the desired
analog full-scals voltage range and then adjusting the meg-
nuude of the Vper/2 input {pin 8 or the Vg supply if pin § s
not used) for a digital outpu' code that is just changing from
1111 111010 33135 1111,
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Functional Description (Continued)

2.5.3 AdJusting for an Arbitrary Analcg input Voftage
Range ’

If the analeg zero voitage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vin(+) voltage that
equals this desired zero raterence plus Y4 LSB (where the
LS8 is calculated for the desired analog span, 1 LSB=ana-
log span/256) is apmied to pin & and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00HEX to 014y code transition,
The {ull-scale adjustment should then be mads {with the
proper V() voltage appiied) by forcing a voltage o the
Vin(+) input which is given by:

Vin (+) 18 adj = Viax-—-1.5 [ (—V-L‘AXES—V’!@]

where:
Viax = The high end cf the analog input range
and

Vimin=the low end (the offset zero) of the analog range.
(Both are ground refaranced.)

The VRer/2 (or Vo) voltage is then adjusied to provide a

code change from FEy ey to FRygx. This completes the ad- .

fustment procedure.

2.6 Clocking Option

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

-~
./
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, 1
< 1, O e
"< CLKTY1RC
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e
I e
TUIMIS6T1-17

FIGURE 6. Self-Clocking the A/D

Heavy capacith e or DC toading of the clock R pin should be
avoided as this will disturb norma! convarter operalion,
Loads lgss than 50 pF, such as driving up to 7 A/D convert-
ar clock inputs from a single clock R pin of | converter, are
aliowed. For larger clock line lpading, a CMOS or low power
TTL bu'ter or PNP input legic snould ba used to minimize
the loading on tha clock R pin {do riot use a stanoard TTL
buffer).

2.7 Restart During a Conversion
If the A/D is restarted (25 and WR go fow and return high)

during a convearsion, the convertar is reset and a new con-
version is started. The output data latch is not updated ii the

conversion in process is nct allowed to be compileted, there-
fore the data of the previpus conversion remains in this
latch. The TNTH output simply remains at the 1" level,

2.8 Continuous Cenversions

For operation in the tree-running mode an initizlizing puise
should be used, tollowing power-up, to ensure circuit opera-
tion. in this application, the TS input is grounded and the
WH input is tied to the INTR output. This WA and INTR
nodc should be momentarity forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

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

At higher CPU ciock fr2quencies time can be extended for
O reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (5800) ’
Finally, if ime is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers (low power Schotthy such as the DM74LS240 series
is recommended) or special higher drive current products
which are designed as bus drivers, High current bipplar bus
drivers with PNP inputs arg recommended.

2.10'Power Suppiles

Noise spikes on the Vg supply line can cause conversion
emors as the comparator will respond to this noise. A low
inauctance tantafum filter capacitor should be used close 1o
the converter Vec pin and values of 1 uF or greater are
recommended. }f an unregulated voltage is available in tne
system, a separate LM3400LAZ-5.0, TC-82, 5V voltags regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vi supply.

2.11 Wiring and Hook-Up Precautions

Standard diwita! wire wrap sockets are not satisfactory for
breadboarding this A/D cenverter. Sockets on PC boards
can be used and all logic signal wires and leads should he
grouped and kep! as far away as possible from the analug
signal leads. Exposod ieads to the anaiog inputs can cause
undesired digilal noise ard hum pickup, therefore shielded
leads may be necassary in manv applications.

508000V /$0802AV/€0800AV/20800AY/108030Y
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Functional Description (coniinued)

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

3.0 TESTING THE A/D CONVERTER

There are many dagrees of compfiexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known aralog input voltage to the converter and use LEDs
to display the resutting digital output code as shown in Fig-
twre 7.

For ease nf testing, the VReg/2 (pir 9) should be supplied
with 2.560 Vpe and a Voo supply voltage of 5.12 Vpe
should be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, en analog input
voltege of 5.080 Vpg (5.120~ 114 LS8} should be applied ta
the ViN(+) pin with the Vin(—) pin grounded. The value of
tha Vgep/2 input voltage should then be adjusted uniit the
digita! output code 1$ just changing from 1111 1110 t0 1111
1111. This value of Vrer/2 should then be used for alt the
tests. -

Tre digital output LED display can be decoded by dividing
the 8 bits into Z hex characters, the 4 mest signiticant (MS)
and the 4 least! significant (LS). Table | shows the fractional
binary equivalent of these twe 4-bit grouns. By adding the
voltages obtained from the “VMS" and "VLS" columns in
Table I, the numinal value of the digital did¥lay (when
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FIGURE 7. Baslc A/D Tester

Vner/2 = 2.560V) can be detarmined. For exampls, ‘or an
output LED cisplay of 1011 0110 or B6 (in hex), the voltage
values from the tuble are 3.520 + 0.120 or 3.640 Vpg.
These voltage values represent tha center-values cf a pe--
fect A/D converter. The effacts of yuantization error have to
ba accounted for in the interpratation of the {est results.
For a higher speed test system, or 10 obtain plohted data, a
digital-to-analog converter is needed for the {est set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
ag en analog output voltage is shown in Figure 8. The 2 op
amps can te eliminated if a lab DVM with a numerical sub-
iraction feature is available to read the difference vcltags,
“A-C", directly. Tne analog input vollage can be supplied
by & low frecuercy ramp generator and an X-Y glotter can
be used lo provide analog error (Y axis) versus analog inpu:
(X axis). The construction dxtails of a tester of this type are
provided in the NSC application note AN-179, “Analog-to-
Digital Converter Testing”,

For operation with a micropracessor or a computer-based
tast syslem, it is more convenient to present the errore digi-
tally. This can be done with the ci-cuit of Figure 9, where the
aulput coce transitions can be detected as the 10-bit DAC is
incremanted. This provides ¥, LSB steps for the 6-bit A/D
under test. if the results of this test are zutomatically plotted
vith the analog input on the X axis and the arror (in LS8's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plet is not neces-
sary ard the testing speed can be increased by establishing
interna! limits on the allowed arror for ezch coge.

4.0 MICROPROCESSOR INTERFACZING

To dicuss the interface with 8080A and 6800 microproces-
sors, & common sample subroutine structure is used. Tha
microprocessor starts tha A/D, reads and stores the recults
o 16 successive conversions, then returns to tha user's
program. The 16 date bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexacecimai form. Software and hardware details are pro-
vided separalely for each type of imicroprocessor.

4.1 Interfacing 8080 Micropracessor Derivatives (8048,
8085)

This converter has been designed to directly inter'ace with
derivatives of the B080 microprocessor. The A/D can be
mapped intc memory space (using standard memory ad-
dress decoding for TS and the MEMR and MEMW strobes}
or it can pe controlled as an 1/C device by using the 7O R
and I/OW strobas and decoding the address bits A0 —-
A7 (or address bits A8 — A13 as they will contain the
same B-bit address (ntormation) to obtain the (o] input, Us-
ing the /0 space provides 256 additional addresses and
may allow g timyg ler A bit addrose doco<dar but the data can
oidy hompod To e aceditialator o detko ugo ofF e add
tienal memory relererca instruchions, the A/D should be
mapped nto memory space. An example of an A/Din 170
spaco s shown m Figura (0,
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Functional Description (continues)

ANALOG INMUT o L
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FIGURE 8. A/D Teater with Analog Error Output

= DIGITAL
ouThUT

FIGURE 9. Baslc “Digital” A/D Tester

TABLE |. DECODING THE CIGITAL OUTPUT LEDs

=y YaNALOG oUTPUT

TL/H/S6T1-19

I OUTRUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
VREp/2=2.560 Vpo
MS GROUP LS GROUP VMS GROUP* | VLS GROUP®
F 111 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4,480 0.280
D 11 0 1 13718 13/256 4.160 0.260
c 1 1 0 0 3/4 - 3/64 3.840 0.240
B t oo 1 i 11716 117256 3.520 0.220
A 1 0 1 0 5/8 5/128 | 3.200 0.200
9 1 6 0 1 8/16 9/256 2/880 0.100
8 1 0 0 0l 12 1/32 2/560 0.160
7 0 1 1 1 7/16 7/256 2240 0.140
<] 0 1 1 o] 3/8 3/128 1.820 0.12C
£ 0 1 s} 1 5718 2/256 1.600 G.100
4 0 1 0 0 1/4 1/64 1/280 0.08C
3 0 0 1 1 ‘ /16 3/256 0.960 0.06C
2 o] 0 1 V] 1/8 1/128 0.640 0.040
1 0 0 0 1 1/16 1/256 0.320 0.020
0 0 0 0 0 0 0
*Diaplay Oulpnd = YMS Group 1 VIS Group
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Functional Description (continued)
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FIGURE 10. ADC0601-INS8)80A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS3080A CPU INTERFACE

TLIH/SLT1-- 20

Note 1: The slack poinier must be dimensionad becausu a RST 7 instructicn pushas the PC onto 1ha stack
Nate 2: All adgrass used wers arbitrarily chosen

3-36

0038 C3 0003 RST 7: JIMFP LD DATA

L] L] *
i . o .
‘ 0100 210002 START: LXI H 0200H ;HLpairwill point tc
| idata storage locatlions

0103 310004 RETURN : LXI 5P 0400 ;Initialive stackpcinter (Nota 1}

CLO8 7D MOVA,L ;Test #of bytes entered

0lo7 FEOF CPI OF H# s If¥=16. JMP to

0109 CA L1201 JZ CONT yuser program

0loC D3 FO OUT EQH ;Start A/D

0l0E FB EI 1 Enable interrupt

019F 00 LOOP: HUP s Loopuntil end ot

0110 C30F01 JWP LOOP ;conversion

0113 . CONT: .
L[] . L] L]
. . {User programto . i
. . process data) . "
. . L) L] i
- - L] .

0300 DB EO LD DATA: INEOH ;Load datae into accumulator 1

0302 T/ MOV M, & {Store data ,

03503 23 INXH ; Increment storage painter

0304 C3 0301 JMP RETURN

»




Functional Description (continueq)

The standard control bus signals of the 8180 C§, RC and
WR) can be directly wired 1o the digital control inputs of the
A/D and tne bus timing requirements ara met o allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC boar¢ and/or
must drive capacitive ioads larger than 100 pF.

4.1.1 Sample 8080A CPU interfacing Circultry and
Program

The ‘ollowing sample prouram and associated hardware
shown in Figure 10 may bs used to input data from the
converter o the NS8080A CPU chip set {comprised of the
INS8I80A microprocessor, the INS8228 system controller
and the INS8224 clock gensrator). For simpiicity, the A/D is
controlled as an 1/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, EQ. The
TRI-STATE output capabititv of the A/D eliminates the need
for & peripheral interface device, however addruss dacoding
is still required to generate the appropriate CF tor tha con-
verter.

it is irnportant to note that in systems where the A/D con-
verter is 1-0f-8 or tess /O mapped devices, no addrass
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as TS inputs—one lor each
1/0 device.

4.1.2 IN58048 interface

The INSS048 nterface technique with the ADCCBO1 series
(see Figure 11) is simpler than tha 808CA CFU interface.
There are 24 1/0 lines and three test input lines in the 8048,
With these extra /0 lines available, one of the 170 lines (bit
0 of port 1} is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus
control signals RD, WR and INT of the 8048 are tied directty
to the A/D. The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are genarated by reading from and writing into a
dummy address, respectively. A sample interface program
ie shown below.

[w 13 .L $¥ac

T L T T
oot [ on =
oz} 153
[ 3] '“ 0%}
T L E——] T
onlen 085
TP 0%

INSEBLY ppy :“ oay ADCESR)
158 pF
L] :' 2 : wR LK g ]_-
< TWTR -
rapt Lela agnp 1:
AALOG [-—, el s
- INPUT | merd V=1 =
_Ln

TL/H/5671-21

FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR F/GURL 17INS8048 INTERFACE

04 10 JMP
ORG
04 50 JNP
ORG
99 FE ANL
81 MOVY
89 01 START: OKL
B8 20 Mov
B9 FF MoV
BA 1IC MOV
23 FF AGAIN: MV
95 FE ANL
3l MOVX
05 EN
86 21 LOOP: JINZ
EA 1B DINZ
[slv} nor
00 NOP
ORG
81 INDATA: ¥ovx
AO Mov
18 INC
§9 01 ORL
27 CLR
93 RETR

10H : Programstarts at gddr 10

IH

60H ; Interrupt jump vector

10H + Main pregram

Pl, #0FEH ;1 Chip select

A, @Rl ; Read inthe 1st data
itoreset the intr

Pl, #1 i Set port pinhigh

RO, #20H ; Data address

R1, #0FFH ; Dummy address

Rz, #104 s Counter for 16 bytes

A, #0FFH rSet ACC for intrloop

P1, #0FEH :Send CS (bit O of P1)

@RL, A : Send R out

; Zuable Interrupt

LOOP ,Wait for interrupt

R2, AGAIN ; If16 bytes are read
.gotouser's program

50H

A, @R1 ; Input data, CSstill low

@RO, A ; Store inmemory

RO ; Increment storage counter

Pl, #1 ; Reset CS signai

; Clear ACC to get out of
:the interrupt loop

$0802Qv/0802QV/€0862AY/208020V/ 108000V




ADC0801/ADC0802/ADC0803/ADC0804/ADCOB0O5

TR s

Functional Description (continveq)

4.2 Interfacing the 2-80

The Z-80 control bus is slightly different irom that of the
8080. General AD and WR strobes are provided and sepa-
rate memory tequest, MAEQ, and 1/0O request, IORQ, sig-
nals are used which nave to be combined with the general-
ized strobes to provide the equivalent BO8Q signais. An ad-
vantage of operating the A/D in 1/0 space with the Z-80 is
that.the CPU! will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the (/0O devices to respond. Logic to map the
A/D in 1/Q spaca is shown in Figure 13.

“'—:gDeﬂ(’,V

Ll R A
W !
"
TSR TLAH/SET1-22
FIGURE 13. Mapping the A/D as an I/0 Device
for U'sa with the Z-80 CPU

Additional I/0 advsntages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on tha upper B address lines (AB to A15)
during 1/0O input instructions. For exampla, MUX channel
selection for the A/D can ba accomplished with this cperat-
ing mode.

4.3 Intertacing 6800 Microprocessor Derivatives
(6502, etc.)

The contral bus for the 6800 microprocessor derivatives
doas not use the Al and WR strobe signats. lnstead it em-
ploys a single R/W iine and edditional timing, if needed, can
be derived fom the $2 clock. All /G davices ¥ memory
mapped in the 6800 system, and a soecial signal, VMA,
indicates that the current address is valid. Figure 14 shows
an intarface schematic whera the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using 4, DMB092. Nete that in many 6800 systems, an al-

ready decoded 475 line is brought out to the common bus at
pin 21. This can be tied directly to the TS pin of the A/D,
provided that no other devices are addressed 2t HX ACCR:
4UXY. or SXXX.

The following subroutine periorms essentially the same
function as in the case of the R080A interface and it can be
called from anywhere in the user's program.

In Figure 15 the ADCOBC1 series is interfaced 1o the MB800
microprocessor through (the arbitrarily chosen) Port B of the
MC6EB20 or MCE821 Peripheral interface Adapter, (PIA).
Here the C5 pir of tha A/D is grounded since the P'A is
already memory mapped in the MEE00 system and no C3
decoding is necessary. Also natice that the A/D output data
lings are conneclad 1o the microprocessor bus under pro-
grarn control through the PIA and therefore the A/D RO pin
can be grounded.

A sample interiace program equivalent to the previous one
is shown baelowr Figure 15. The PlA Data and Controi Regis-
tars of Port B ara located at HEX addresses 8006 and 8007,
rospectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. Tr.a fact that une particular microprocessor is used
i3 not meant to be restrictive. Each of these application cir-
cuits would have its counterpart using any microprocescor
that is desired.

5.1 Multiple ADC0801 Series to MC66800 CPU interface

To transfer analog data from several channeis to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventicnal muitiplaxer
single-converter apgproach. With the ADCOB01 series, the
difierential inputs allow individual span acjustment for each
channel. Furthenincre, afl analog input channels are sensed
simultansously, which essentially divioes the microproces-
sor's total system servicing time by the anumber of charneis,
since all conversions occur simultaneously. This schems is
shown in Figure 16.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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Functional Description (continued)

SAMPLE PROGRAM FOR F/GURE 14 ADC0801-MC6800 CPU INTERFACE

Q010 DF 36 DATAIN STX TENP2 ; Seve contents of X

0012 CE 0O 2C LDX #3002C ; Upon TRQ low CPU

0015 FFFFF3 STX $FFF8 + Jumps to 092C

0018 B7 50 00 STAA $5000 ; Start ADCO801

0018 QE CLI

001C 3E CONVRT WAT s Wait for interrupt

001D DE 34 LDX TEMPL

Q0L1F 8CC20F CcPX #3020F :Is ringl deta stored?

0022 27 14 BEQ ENDP

0024 B7 5000 STAA $5000 s Restarts ADCO8OL

0027 08 INX

0028 DF 34 STX TEMP1

0024 20 FO BRA CONVRT

002C DE 34 INTRPT LDX TEMP1

Q0ZE B6 50 0C LDAA $5000 ; Read date

0031 A7 00 STAA X s StoreitatX

0033 3B RTI

0034 0200 TEMPL FDB 30200 ; Starting address for
; data Storage

0036 00 00 TEKP2 FDB 30009

0038 CE 02 00 ENDP LDX #$0200 ;Reinitielize TEMPL

003B DF 34 STX TEMP1

003D DE 36 LDX TEMP2

003F 39 . RTS :Returr from subroutine

; Touser's program
Hote 1: in order for the microprocessor to senvice subroutines and inferrupts, the s1ack pointe: must e dimansioned .n the user’s prugram.
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FIGURE 5. ADC08G1-MC6620 PIA Interface
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ADCO0801/ADC0802/ADC0803/ADC0804/ADCO805

Functional Description (continued)

SAMPLE PROGRAM FOR F/GURE 15 ADC0801-MC6320 PI1A INTERFACE

0010 C£00 38 DATAIN LDX
0013 FFFFF8 STX
0018 6 80 06 LDAA
0018 4F CLRA
00lA B7 8007 STAA
001D B7 80 06 STAA
0020 & cLl
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F78007 CONVRT STAR
ocas B7 80 07 STAA
0025 38 WAI
002¢C DE 40 LDX
002E 8C 02 OF CPX
0031 27 OF BEQ
0033 08 INX
€034 DF 40 STX
co36 20 ED BRA
0038 DE 40 INTRPT LDX
0034 B5 80 C6 LDAA
003D 4700 STAA
003F 38 RTI
0040 02 00 TEMFL FDB
0042 CE 02 00 ENDP LDX
0045 DF 40 SIX
0047 39 * Rr§
PTAORB EQU
PIACRB EQU

Tha following schematic and sampla subroutine (DATA IN)
mav be used to interface (up to) 8 ADC0801's directly 10 the
MC6800 CPU. This schema can easity ba axtarded to allow
the intarface of more convertars. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6E800 memcry space. TO save components, the
clock signal is derived from just one RC pair on the first
converter. This cutput drives the other A/Ds.

All the converters are started simultanecusly with a STORE
instruction at HEX zddress 5000. Nota that any other HEX
adadress oi the form 5XXX will be decoded by the circuit,
pulling all the CF inputs low. This can easily ba avoided by
using a more definitive address decodirg scheme. All the
interruots are ORed together to insure that all A/Ds have
completed their conversion befora the imicroprocessor is in-
terrupted.

The subroutine, DATA IN, may be called from anywhere ir.
the user's program. Once called, this -ouwine initializes the

#30038 : Upon IRG low CPU
$FFFS ; Jumps to 0038
PIAORB :Clesr possible IRQ flags
PI1ACRB
PIAORB ; Set Port Bas input
#8341
#33D
PIACREB s Starts ADCO801
PIACRB
i Wait for interrupt
TEMP1
#§020F s Is final data stored?
ENDP
TEMP1
CONVRT
TEMP1
PIAORB ; Read datain
X ;StoreftatX
$0200 3 Starting address for
;data storage
#30200 ;Reinitialize TENFL
TEMP1
t Return from subroutine
$3006 : Touser's program
$80C7

CPU. starts all the converters simuyltaneously and waits for
the interrupt signal. Upcn receiving the interrupt, it reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successivaly at (arbitrarily chosen) HEX ag-
dresses 0200 to 0207, hefore reiurning to the user's pro-
gram. All CPU registery then recover the original data they
had before servicing DATA IN.

5.2 Autn-Zetoed Differential Transducer Amplifier
ard A/D Converter

The diffcrential inputs of the ADC0801 series eiiminate the
r.eed to partorm a differential to single ended conversion for
a differentiaft transducer. Thus, ona op amp can bae eliminat.
ed since the differential to single ended conversion is pro-
vided by the differential input of the ADCOB01 series. In gen-
eral, a transducer preamp is required 1o take advanrtaga of
the full A/D converter input dynamic range.
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Functionai Description (continueq)
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FIGURE 16. Interfacing Muitiple A/Ds in an MCEBOC System
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6500 SYSTEM

TL/H/5671-28

ADDRESS HEX CODE MNEMONICS COMMENTS
2010 JF 44 DATAILN STX TEMP : Save Conientsof X
0012 TR 00 24 nx #RO0TA s Upon TRQ LOW 10
ooth FEPEFY STX | g s Jumps Lo 0024
0018 B7 50 00 STAA 35000 ; Startsall A/D's
0018 OE CLI
oolcC JE WAl sWolt for inturrupt
001D CENJ 00 LDX #E8000
0020 DF 40 STX INDEX1 : Resnt both INDEX
op22 CE Q200 LDK #$0200 vland 2to starting
0025 DF 42 STX INDEX2 ; addresses
0027 DE 44 LDX TEM®
0029 39 RIS ; Return frem subroutine
0024 DE 40 INTRPT LDX INDEX) ; INDEX1 — X
0oz2¢ A6 00 LDAA X ; Read data infromAfDat X
002E 08 INX ; Increwent X by one
QO2F DF 45 STX INDEXY ;X — INDEX1
0031 DE 42 LDx INDEX2 ; INDEX2 — X
3-41
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ADC0801/ADC0802/ADCG803/ADCO804/ADCOB0S5

Functional Description (Continued)

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

ADDRESS HEX CODE MNEMOHNICS COMMENTS
0033 A7 00 STAA X ;Storedataat X
0035 8Cc 0207 crPX #30207 ;Have all A/D's been read?
0038 2705 BEQ RETURN ; Yes: brancn to RETURN
0034 08 IRX s Ho: increment X by one
0038 DF 42 STX INDEX2 : X — INDEX2
003D 20 EB BRA INTRPT ; Branch to 002A
003F 3B RETURN RTI
€040 50 00 INDEX1 FDB $5000 ;Starting address for A/D
0042 02 00 INDEX2 FDB $0200 1 Starting address fordatastorage
0044 0000 TEMP FLB $0000

HNate 1: In ordor 1of tho MICIOPIJUCE: SOF 10 S8NvICE SUDroUtinas and ir18rupls, 1N STACK POINIEr MUS! bu JHTMINSIL WY IN Ko wsYr's pregram

For amplification of DC input signals, a major System efror is
the input offset voltage of the amplifiers used for the
preamp. Figure 17 is a yain of 100 differential piearnp
whose offse* voltage errors will be cancelled by a zeroing
subroutine which is performed by the INSBOB0A microproc-
essor systemn. Tha tota! allowable input offsat voltage e:ror
for this preamp is only 50 pV for ¥, LSB emor. This would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

2R2
Vo = Vin{+) - Vin(-)] [1 + ﬁ] +

—

SIGNAL GAIN

2R?2
Vos, ~ Vos, — Vosg  IxAx) (1 + T?T)

< - et N
DC ERROR TEAM GAIN

whars Iy Is the current through resistor Ry. All of the offset
error terms can be cancelled by making tIxRx= Vog; +
Voss — VYosez This is the principle of this auto-zaroing
scheme,
The INS8080A uses the 3 I/0O ports of an INSB255 Pro-
gramable Peripharal Interface {PP1) to control the auto zero-
ing and input data from the ADCO0B01 as shown in Figura 78.
The PPl is programmed for basic I/C operation (mode 0)
with Port A being an input port and Ports B and C being
oulput ports. Two bits of Pont C are used to alternately open
or ctose the Z switches at the input of the preamp. Switch

SW1 is closed 1o force tha preamp's differential input to be
zerg during the zeroing subroutine and then opened and
SW2 is then closed for conversion of the actual differential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in sories with
each output bit create a D/A converter. During the zeroing
subroutine, the voitage at V, increases or decreases as re-
quired to .nake the differential output voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of Al is approximately 2.5V so that a logic *1" (5V)
on any output of Port 8 will source cutrent into node Vy thus
raising tho voltage at Vx and rnaking the cutput ditferential
more negative. Conversaly, a logic "0" (0V) will pult current
out of node Vy; and decrease the voltage, causing the differ-
antial output to become more positive. For the resistor val-
uas shown, Vy can move 12 my with e rasolution of 50
1V, which will null the offset error tarm to 1/ LSB of full-
scaly for the ADC0801. it is important that the voltage tevels
that grive the auto-2ere resistors be constant. Alsa, for sym-
metry, a logic swing of OV to 5V is convenient. To achieve
this, a CMOS tuffer is used for the logic output signals of
Port B and this CMOS package is powered with a stable 5V
source. Buifer amplifier A1 is necessary so tha! it can
source or sink the D/A output current.

N>
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Functional Description (Continueq)
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Nots 3: The # resistors used in the autn-zero section can be 5% tolerance.
FIGURE 17. Gain of 100 Differentlal Transducer Preamp
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ADC0801/ADC0802/ADC0802/ADCO804/ADC0305

A flow chart for the zeroing subroutine is shown in Sigure
79. 1t must be noted that the ADCOB01 series will output an
all zero code when it converts a negativa mput [Vi(—) >
Vin( +)1. Also, a logic inversion exists as all of the 1/Q ports
are buffered with inverling gates.

Basically, if the data read is zero, the differential output voit-
age i5 negative, 30 a bLitin Port B is ¢leared to pull Vx more
negative which will make the output more pesitive tor the
naxt conversinn. If the data read is not Zera, the output voit-
age is positive so a bit in Port B is sat to make Vx more
positive and the output more negative. This continues for 8
approximations and the differential output eventually con-
verges to within & mV of 2ero.
The actual progrem is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular:

Port A and the ADC0801 are at port address E4

Port B is at port address ES

Port C is at port address E6

PP1 control word port is at port address £7

Program Counter automatically goes lo ADDR:3C3D upon

acknowledgement of an interrupt froin the ADC0801

5.3 Multiple A/D Converters in a Z-80 interrupt

Driven [Aode
In data acquisition systermns where more than one A/Q con-
verter (or other peripherel device) will he interrupting pro-
gram execution of a microprocessor, there is obviously a
naed for the CPU to determine which devicw requires servic-
ing. Figure 27 and the accompanying software is a method
of determining which of 7 ADC0801 conveners has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D conventd¥s in
any sequence, but will irput and store valid data from the
convarlers with a priority suquence of A/D 1 being read first,
A/L 2 second, etc., through A/D 7 which weuld have the
lowest priority for data bsing read. Only the convarters
whose INT is asserted will be read.
The key to decoding circuitry is the DM?4L8373, B-bit D
type flip-fiop. When the 2-80 acknowledges tha interrupt,
the program is vectored to a data input Z-89 subroutine.
This subroutine will read & peripheral status word from the
DM?74L$373 which contains the logic state of the INTR out-
puts of all the convartars. Each converter which initiates an
interrupt will place a logic 0" in a unigue bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
{which indicates which A/D the data came from} is stoied in
the next sequential memory location abova the location of
the data so the prcgram can keep track of the identity of the
data entared.

START ZERGING
SUBRQUTINE

CLESE SWT
PR SR

—
INITIALIZE SAR
BT POINTER
RECE-X"W

1

INITIALIZE SAR
CODE INREG €
REGL = X IF

!

JUTPUT FIRST
SER COOE
X80

-+

STAWT A/D AND | -
HEAD BATA

QA" REG B WITH
REG C TN CLEAR
HTINPORT &
WHEN REAMPLIZD

SHUT“1"INREG s
RICHT TO PUNT TD
NEXTBIT

PRLAW (3 ZERQED

AN PROPER iNPUT

CONVERSIONS CAN
Bt NONE

“EXCLUSIVE-DR™

REG EWITHREGC

TO FET NEXT HIT
INPORT B

QUTPUT NEW SAR
L CODE TO PORT A

TLIH/5671-28

FIGURE 19. Flow Chart for Auto-Zero Rautine
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3DR0
3002
3D04
3008
3D07
3D0S
3DOB
3DoD
3DOE
3010
3D13
3D15
3016
3D17
3D1a
301B
301D
3n20
3D21
3Da3
D24
3026
3D29
3D2A
3b2D
3D2E
3D2F
3D30
3033
3D34
3D37
3D38
3D39
3D3B
3D3D

3C3D
3C3F
3041
3C42
3043
3045

3C48
Note: Al

3ES0 MVI 90
D3E7 Out Contral Port
2601 MvLncL
7C MOV A,H
D3E6 Qur e

0680 MVIBB0o
3E7F MVIA?F
4F MOV C, A
D3ES QUT B
3J1AA3D  LX1 SP 3DAA
D3E4 OUT A

FB 1E

[s]o] NOF
C3163D  JMP Loop
TA MOV A,D
C800 ADI 00
CA2D3D JZSetrC
78 MOV A,B
Fe00 ORI 00

1F RAR

FEQU CPI 00
CA373D  JZDone

47 MOV B,A
C3333D JNP Mew(C
75 MOVA,C

BO ORAB

4F MOV C A
C3203D JIMPSnift B
A9 XRAC
C30DZD  JMP Return
47 MOV DB.A

7C MOV ALH
EEQ3 XRI 03
D3Fs OUTC

L]

L]

-

Przgram for processing
proper data values

DBE4 INA
EFF® XRIFF
87 MOVD,A
78 MOV A,B

E&FF ANI FF
C21A3D JNLZAuto=Zero
C33D3D  JINPligrmal

¥&'ues are hexaducimal reprasantations.

FIGURE 20. Sottware for Auto-Zeroed Differentlal A/D

Auto-Zero Subroutine

Return

Start

Loop

Auto-7ero

Shift B

Set C

New C

Done

Nagmal

Read A/D Subroutine

; Program PPL

; Close SW1 open SW2
; Initiallze SARbit polinter
;Initialize SAR code

s Fort B= SARcode
; Dimension 3tack pointer
; Start A/T

;Loopuntil IRT asserted

; Test A/D output data for cero

;Clear carry

;Shite *1" inBright one place
sIsBzero?If yes last
sappreximationhas beenmade

50800QV/vC8CIAV/E03000Y/£0302AV/L0£0DQOV

;SetbitinCthat isinsame
i posSitionss"l*inB l

;Clearbit inCthat isin
: Sama positionas "1" inB l
; than output new SAR coda,
:Open SW1, close SW2 then
;prozeed withprogram. Preamp
s 1s nawzerced.

; Read A/D data
; Invert data

:IsBReg=0?If not stay
; ir auto zero subroutine

5.2 Multiple A/D Converters in a Z-80® Interrupt Driven
Mode (Continued)
The following nates apply:
1} 1t is assumed that the CPU automatically performs a RST

7 instruction when a valid intarrupt is acknowledged (CPU
is in interrupt mode 1). Hence, the subroutine starting ad-
dress of X0038.
2) The address bus from the Z-80 and the data bus to the Z-
80 are assumed to be inverted by bus drivers.
3) A/D data and identifying words will ba stored in sequen-
tial memory locations starting at the arbitrarily chosen ad-
drass X 3EO0
4} Tho otack pointorn tount o Slonanoioessd <o s e e
gram as the HST 7 instruclion automatically pushes the

PC onto the stack and the subroutine uses an additional

6 stack addrosses.

5) The peripherals of concern are mappec into /0 space
with the following port assigninents:

HEX PORT ADDRCSS PERIPHERAL
oC MM74C374 8-bit flip-flop
G A/DA1
02 A/D 2
03 A/D3
04 A/D4
05 AIDS
i prlEn
u/s AL/

the program.

This port address also sarves as the A/D identifying word in

3-45

B e

T A
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' FIGURE 21. Multipte A/Ds with Z-80 Type Microprocessor
INTERRUFPT SERVICING SUBROUTINE
SQURCE

LOC OBJCODE STATEMENT COMMENT
0038 E5 PUSE HL ; Save contents of all reglstersaffected by
0039 C5 PUSH BC s this subroutine.
0034 FS PUSH AF s ASSumed INT mode 1 earlier set.
003B 21003E LD (HL) ,X3800 ;Initimlige memory pointarwheredatawill be stored.
N03E DEDL LDC, X01 sCregisterwil) beport ADDRof A/D converters.
0040 D300 OUT X00, A s Load peripheral status word into 8-bit latch.
0042 DROO INA, X00 ;Load stetus word into accumulator.
0044 47 LDB.A ; Save the status word.
0045 79 IEST IDA,C ; Test to Seeif the statusof 2ll A/D's have
0046 TFEOB CP, X08 ; been chacked. If so, exit subroutine
0048 CA 6000 JPZ, DORE
0048 78 LDA,B i Test asingle bit instatus word by looking for
J04C 1F RRA 7a"l" tobe rotated into the CARRY (an INT
004D 47 LDB,A ;1sloadedasa ™1™}, If CARRY 15 set then load
004E DA 5500 JPC, LOAD ;contents of A/D at port ADDRin C register.
0051 oOC NEXT INCC i If CARRY is not set, increment C registertopoint
0052 €3 4500 JP,TEST Itenext A/D, thentest next bii 1nstatus word.
0035 ED 78 T.0AD INA, (C) ;Read data from interruptingA/D and invert
0057 EEFF XORFF ;the data.
0059 77 LD (HL) ,A ;Store the data
Q054 2¢ INcL
005B 71 LD (HL) ,C i Store A/D1duntifier (A/Dpourt ADOR} .
005€C 2¢ INCL
ocsD €3 5100 JP,NEXT : Test next blt in 5tatus word,
0060 - F1 DONE  POPAF iRo-establishull registers as they were
oogl Cl POP BC ibefore the interrupt.
0082 El POP HL
0083 CO RET iReturnto original program

. - WA Yo S
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Ordering Information

TEMP RANGE rCTO 70°C rcTo70°C 0°cCTO70°C -40°C TO +85°C
1Y/, Bit ADCOBO1LCN
Adjusted
1, Bit ADCO802LCWM ADC0802LCV ADCO0802LCN
ERROR
Unadjusted -
+ 1% Bit ADCO803LCWM ADCO603LCY ADCO803LCN
Adjusted
+ 1Bit ADCO804LCWM ADCCB04LCY ADCOB04ALCN ADCOBOSLCN
Unadijusted
PACKAGEOUTLINE | M20B—Small Outine | V20A—Chip Carrier N20A—Molded DIP
TEMP RANGE —40°C TO +85°C —55°CTO +125°C
+ V4 Bit Adjusted ADCOROILCY ADCO801LJ
ERROR 1 % Bit Unadjusted ADC0802L.CJ ADCO0802L,
1 Bit Adjusted ADCOBO03LC
+ 1Bit Unadjusted ADC0804LCJ
PACKAGE OUTLINE J20A—Cavity DiP J20A—Cavity DIP

Connection Diagrams

50800QV/¥08000V/£08000AV/20800QY/108000Y

ADC080X ADCO080X
Dual-In-Line and Smalt Qutline {S0) Packages Moided Chip Carrier (PCC) Package
sl 20 VYer. (OR Vger} . ‘J’ ? ? ? f
ff_z 19}~ 0KR 17 16 15 14
wr={3 18}—060 (L58) CLKR 13 85
QLKIN=]4 17—t Vog (OR Vpee) 12 t—DBE
TR ~15 18}—Da2 s 11 |~ D87 (MS8) ;
V(46 1503 fib 10 |~ O GND :'
V(=17 14}—Da4 WR 9 |- Vape/2 hE
"
AGND-43 13}—pes 6 7 8 ¥
—{e 12}~oe6 11 .
Voer/2 2 ZETT g i’
LoND-410 11}—087 (usB) x|z % N
L&) b >> ~L
TLA4/5671-30 TU/H/SET 132
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