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;******************************************************************

; SPOKE BRAKING STRENG WITH MOTORCYCLE METER

;******************************************************************

ORG 0000H
STARTDIS:

MOV A,#00001111B

MOV PO, #OFCH
RELOOP:

MOV P2,A

LCALL DELAY1

RR A

CJINE A,#01111000B, RELOOP
STANDBY :

MOV PO, #0FDH

MOV P2, #00000001B

LCALL DELAY1

MOV 2CH, #00H

’-******************************************************************

;CHECK SWITCH CLEAR AND COMPARATOR MAX-MIN

,-******************************************************************

CHKLEFT:

MOV A,P3

ANL A,#00001000B

CJINE A, #08H,NORM
RUN:

MOV A,#00000001B
RESHO:

MOV PO, #01100010B

MOV P2,A

LCALL DELAY1

RL A

CJINE A,#00100000B, RESHO

MOV A, P3

ANL A,#00001000B

CJINE A, #00H, RUN

MOV R1, #03H
RELOAD:

MOV A, #0FH
CDOWN :

MOV PO, #0EH

MOV P2,A

LCALL DELAY1

LCALL DELAY1

RR A

CJINE A,#01111000B, CDOWN

DEC R1

CJINE R1, #00H, RELOAD

AJMP STANDBY
NORM:

MOV 2EH, P1

MOV A, #44H

SUBB A, 2EH
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MOV
ANL
CJNE
CHKCLEAR:
MOV
ANL
CJNE
COMPARAT:
CLR
MOV
MOV
SUBB
MOV
ANL
CJNE
MOV

;******************************************************************

7 PROCESSING-AND-DICIMAL ADJUST FROM HEX CODE

;******************************************************************

MAIN:
MOV
MOV
MUL
MOV
MOV
MOV
MOV
MOV
LOOP:
MOV
MOV
CJINE
CJINE
MOV
MOV
AJMP
RET
LOOP1:
DEC
LOOP2:
INC
MOV

A, ODOH
A, #10000000B
A, #10000000B, STANDBY

A,P3
A,#00000100B
A, #00H, STARTDIS

c
A,2CH

2DH, P1

A, 2DH

A, ODOH

A, #10000000B

A, #10000000B, LED7SEG
2CH, 2DH

A, 2CH

B, #27H
AB

24H,B
25H, A
26H, #00H
27H, #00H
28H, #10H

R7,25H

R6, 24H

R7, #00H, LOOP1
R6, #00H, LOOP3
2AH, 26H

2BH, 27H
LED7SEG

25H

27H

A,27H
A,#00001111B
A, #0AH, LOOP
27H,#11110000B
A,27H

A, 28H

27H,A
A,#11110000B
A, #10100000B, LOOP
27H,#00001111B
26H

A, 26H

A, #00001111B
A, #0AH, LOOP
26H,#11110000B
A,26H
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ADD
MOV

CJNE

AJMP
LOOP3:

DEC

MOV

AJMP

A, 28H

26H,A
A,#11110000B

A, #10100000B, LOOP
STARTDIS

24H
25H,#11111111B
LOOP2

;******************************************************************

;ADJUST TO LED 7 SEGMENT DISPLAY

,-******************************************************************

LED7SEG:
MOV
MOV
LOWBIT:
MOV
AJMP
CHKOVER:
CJINE
MOV
MOV
ANL
CJINE
AJMP
GO:
AJMP
HIGBIT:
MOV
CJINE
DISPLAY:
ANL
MOVC
MOV
MOV
LCALL
MOV
RL
MOV
CJNE
MOV
CONV:
SWAP
AJMP
CHKZERO:
ANL
CJNE
AJMP
DELAYO:
MOV
DEL1:
MOV
DEL2:
DJNZ
DJNZ
RET
DELAY1:

RO, #00000001B
DPTR, #TABLE

A, 2BH
DISPLAY

RO, #00010000B, HIGBIT
P2, #00000000B

A, P3

A, #00001000B

A, #00H, GO

CHKCLEAR

RUN

A, 2AH
RO, #00000100B, CHKZERO

A, #00001111B

A, @A+DPTR

PO, A

P2, RO

DELAYO

A, RO

A

RO, A

RO, #00000010B, CHKOVER
A, 2BH

A
DISPLAY

A,#11110000B
A, #00H, CONV
CHKLEFT
R6, #05H
R7, #50H

R7, DEL2
R6, DEL1
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DL1:

DL2:

DL3:

TABLE:

MOV

MOV

MOV

DJINZ
DJNZ
DJNZ
RET

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
END

R4, #00H
R3, #00H
R2, #02H

R2, DL3
R3, DL2
R4, DL1

OFDH
061H
ODBH
OF3H
067H
OB7H
OBFH
OE1lH
OFFH
OF7H
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&National Semiconductor

December 1994

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADC0801, ADC0802, ADCO0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R producls. These converlers are de-
signed to allow operation with the NSC800 and INS8080A
derivalive conlrol bus with TRI-STATE® output lalches di-
reclly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
facing logic is needed.

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

Differential analog voitage inputs

Logic inputs and oulputs meet both MOS and TTL voll-
age level specifications

Works with 2.5V (LM336) voltage reference

On-chip clock generatlor

0V to 5V analog input voltage range with single 5V
supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package
Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications

Features H Resolution 8 bils
®m Compatible with 8080 uP derivatives—no interfacing ™ Total error +% LSB. £% LSB and £1LSB
logic needed - access lime - 135 ns u Conversion time 100 ps
B Easy inlefface lo all microprocessors, or operales
*‘stand alone"
Typical Applications
vV
¢ * S AeEa
————0l &§ vee
— i oLk af
———-—-———PJO ) ¢ K TRANSQUCER
) INYR JrE L8 | e617 resocuTion
LN PTY) & | overany pesinen
A ole L P § f PSON oot nae
af" r Vigl+)
. PRACESSON <:> tle :‘3 o MO v::( ‘ ,:>nm T SEE SECTION 2.4.1
<% 084 -} 3
¢ :: 083 AGND J o ]_“'
<4 AN ADJ
by 17 z: VREpi —D-—ogie SECTION = -‘_TL
.. [T i
< 080 D GNOD
W ;;' TL/H/6671-1
ROgRJtariace Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
& fp——0 Full- "
Part Scale VRer/2=2.500 Vpc | VRer/2= No Connection
R |ty O Number 2 (No Adjustments) (No Adjustments)
o Adjusted
ay . Tpm——0 O ADC0801 | +1/ LSB
6046,
ere. O~ INTR ADC0802 +v,LSB
<: ADCO0803 | +14 LSB
DATA
ADCO0804 +1LSB
ADCO0805 +1LSB

TL/H/667T1-31




Absolute Maximum Ratings (votes 1&2)
It Military/Aerospace specitied devices are required,

Storage Temperature Range —65°C 1o + 150°C

please contact the National Semiconductor Sales Package Dissipalion at To=25°C 875mW
Office/Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V
Supply Voltage (Vce) (Note 3) 6.5V
Voltage ing Ratings (Notes 182

Logic Control Inputs —0.3Vto +18V oPeratmg g5 etes1 821

At Other Input and Oulputs

Lead Temp. (Soldering, 10 seconds)

~0.3V o (Voo +0.3V)

Temperalure Range
ADC0801/02LJ, ADC0802LJ/883 —55C<Tp< + 125°C

TMINETAZ Tmax

z - ‘ 3/04L.CJ —40°C<TA< +85°C
Dual-In-Line Package (plaslic) 260°C ADC0801/02/0 ZA :
Dual-In-Line Package (caramic) 300°C ADC0801/02/03/05LCN —40°C<Tp< +85°C
it ADC0804LCN 0°C<Ta< +70°C

uriace Moun! Fackage : ADC0802/03/04LCV 0°C=TaAZ +70°C
Vapor Phase (60 seconds) 21500 ADC0802/03/04LCWM 0°C<Ta< +70°C
Infrared (15 seconds) 220°C Range of Vg 45Vpg 106.3Vpg

Electrical Characteristics
The following spacifications apply for Vcg =5 Vpc, Tmins Tas TMax and foL =640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 1, LSB
(See Section 2.5.2) 4
ADC0802: Total Unadjusted Error (Note 8) | Vggr/2=2.500 Vpg 1% LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. ey LSB
(See Section 2.5.2) ¢
ADCO0804: Total Unadjusted Error (Note 8) VRep/2=2.500 Vpg =] LSB
ADCO0805: Total Unadjusted Error (Note 8) VRrer/2-No Connection +:1 LSB
VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kS
ADC0804 (Note 9) 0.75 1.1 k2
Analog Input Voltage Range {Note 4) V{+) or V() Gnd-0.05 Vcc+0.05 Vpc
DC Common-Mode Error Over Analog Input Voltage +6 +V Ls8
Range
Power Supply Sensitivily Vgo=5 Vpc £ 10% Over + % Y% LsB
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vog =5 Vpg and Ta=25°C unless olherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time foLk = 640 kHz (Nole 6) 103 114 us
Tc Conversion Time (Note 5, 6) 66 73 1/fo K
foLk Clock Frequency Voo =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS=0 Vpg, foLk = 640 kHz
lwW(WmL Width of WR Input (Start Pulse Width) CS=0Vpc (Note 7) 100 ns
tacc Access Time (Delay from Falling Cy =100 pF 135 200 ns
Edge of RD to Cutput Data Valid)
t1H toH TRI-STATE Conlrol (Delay Cy =10 pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi- tRi Delay from Falling Edge 300 450 ns
of WR or RD to Resel of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Butfers)
CONTROL INPUTS [Note: CLK IN (Pin 4)is the inpul of a Schmilt trigger circuit and is therefore specified separately]
Vin (1) Logical “1" Input Voltage Vec=5.25Vpg 2.0 15 Vpc
(Excepl Pin 4 CLK IN)
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AC Electrical Characteristics (continued)
The following specifications apply for Vog = 5Vpg and TMin = Ta = Tmax. unless olherwise specified.

Symbol I Parameter | Conditions l Min | Typ I Max ’ Units

CONTROL INPUTS [Note: CLK IN (Pin 4} is the input of a Schmitt trigger circuit and is therefore specified separately)

Vin (0) Logical “0" Input Voltage Vecec=4.75Vpo 0.8 Voc
(Except Pin 4 CLK IN)

i (1) Logical “1"" Input Current ViN=5Vpg 0.005 1 rADGC
(All Inputs)

Iin (0) Logical “0" Input Current Vin=0Vpc -1 —0.005 mApDC
(All Inputs)

CLOCK IN AND CLOCKR

VT+ CLKIN (Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Vollage

V1~ CLKIN (Pin 4) Negalive 1.5 1.8 2.1 Vpc
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 1.4 2.0 Vpc
Vi+)-(Vr-)

Vout ) Logical “0’* CLK R Qutput lo=1360 pA 0.4 Voc
Vollage Vec=4.75Vpg

Vout (1) Logical “1” CLK R Qutput lo=—360 uA 2.4 Vpc
Voltage Vec=4.75 Vpo

DATA OUTPUTS AND INTR

Vout (0) Logical “0” Output Voltage
Data Outputs louT=1.6 mA, Vcc=4.75Vpc 04 Voc
INTR Oulput louT=1.0mA, Vog=4.75Vpg 0.4 Voc

Vout (1) Logical “1” Outpul Voltage lo= —360 A, Vocc=4.75 Vpc 2.4 Vpc

Vourt (1) Logical “1” Qutput Voltage lo= —10 uA, Vec=4.75 Vpg 4.5 Vpc

louT TRI-STATE Disabled Oulput Vout=0Vpc 53 wApc
Leakage (All Data Buffers) Vout=5 Vpg 3 rApc

ISOURCE Vour Shortto Gnd, To=25°C 45 mApc

Ising Vout Shortto Vgg, TA=25C 9.0 16 mApc

POWER SUPPLY

Icc Supply Current (Includes foLk =640 kHz,
Ladder Current) VRer/2=NC, Tp=25°C

and CS=5v

ADCO0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO0804LCN/LCV/LCWM 1.9 2.5 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC eleclrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect 1o Gnd, unless otherwise spacified. The separata A Gnd point should always be wired 10 the D Gnd.

Note 3: A zener diode exists, internally, from Ve to Gnd and has a typical breakdown vollage of 7 Vpc.

Note 4: For Vin(—)= Vin{ +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Ve supply. Be careful, during testing at low Vg levels (4.5V),
as high level analog inputs (5V) can cause this inpul diode to conduct-especially at elevated temperatures, and cause erors for analog inputs near full-scale, The
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output
code will be correct. To achieve an absoluts 0 Vpg to 5 Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpg over temperature
variations, initial tolerance and loading.

Note 5: Accuracy is guaranteed al fo i = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duly cycle limits can be
extendad so long as the minimum clack high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to slart the conversion process. The
stant request is intemally latched, see Figure 2 and section 2.0.

Note 7: The TS input is assumed to bracket the WH strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold
the converter in a reset mode and the star of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5.

Note 8: The VRer/2 pin is the center point of a two-resistor divider connected from Vog to ground, In all versions of the ADC0801, ADC0802, ADCO803, and
ADCO0805, and in the ADC0804LCJ, each resistor is typically 16 kQ2. In all versions of the ADC0804 except the ADCOBO4LCJ, each resistor is typically 2.2 k{2,
Note 10: Human body model, 100 pF discharged through a 1.5 kil resistor.
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Typical Performance Characteristics

LDGIC INPUT THRESHDLD VOLTABE (V}

TpLk (kHz)

OUTPUT CURRENT (mA)

Logic Input Threshold Voltage
vs. Supply Voltage

1.8
-565°C < Tp < +125°C
[R]
L
v
18 e
15 ra
P
7
14
1.3

450 4.5 500 5.25 550
Vg —SUPPLY VOLTAGE (Vgel

foLk vs. Clock Capacitor

1000 — —
|
e
\R =10k
A=goe) | [N
AN
'\ \ \
Wl N
\ |
N
160 il
" 100 1000

CLOCK CAPACITAOR (pF)

Qutput Current vs
Temperature

T [¥ec =5 Ve

DATA QUTPUT_|_|
BUFFERS

3 | BRI
Isgunc
Vour's-wnr
N
I —-
~ -

o
pd

“ISINK

F VpuT = 04 Vor T

50 -25 0 25 ¢ 75 180 125
T — AMBIENT TEMPERATURE (°C)

DELAY (m)

LINEARITY ERRODR (LSBs)

Igg - POWER SUPPLY CURRENT (mApc)

400

25

20

Delay From Falling Edge of
RD to Output Data Valid
vs. Load Capacitance

Wi
7

0 200 40 608 300 1000
LOAD CAPACITANCE {gF)

Full-Scale Error vs
Conversion Time

Te=WigLK

\Vec =45V

Vep= 6.0V

/1,

<
eEfen <

40 oM a0 10 120 140
Tg. CONVERSION TIME {14

Power Supply Current
vs Temperature (Note 9)

- L]
- "‘--4.400!!00!‘____
- ."'co-?,’;j:
ey
BEaaakeRy
k= 1 A0 Ancpgge”Ce > 4
a— 217

M 2% 0 25 5 5 W0 125
Tp - AMBIENT TEMPERATURE (°C)

CLK IN THRESHOLO VOLTAGE (V)

OFFSET ERROR {LSBs)

LINEARITY ERROR LSBs")

CLK IN Schmitt Trip Levels
vs. Supply Voltage

35
4+
31
VT4 /"’
et
21
-55°C . Ty <+125°C
21
vro et
18 =+
1.5
451 475 5.00 525

.50

Vee - SUPPLY VOLTAGE [Vpc)

Effect of Unadjusted Offset Error
vs. VRep/2 Voltage

1 _F:

16 T
- Vylt] = Vi (=) = OV.
113 — ASSUMES Vgg = 2mV. +
THIS 5H0“$0¥HE NEED

FOA A ZERQADL IF

THE SPAN IS REOUCED. TTTT]
10 =
i
: !
§ i
q
2
B 11
0.01 [§] 14 §
VRer/2 (Vpg)
Linearity Error at Low
VRer/2 Voltages
2 RUC[WI 5, z(lv ';z)r
] TEAE = REF/4! —
ILS-E-—-ass =
{ZERO AND FULL- )
SFAI.E A?JUSKD)
1
T T T
05 1 458 VALUE (mV) -
| RPN | S 5
(12 Bisy 10 BITSH ’iﬁsr {0 8(Tst
el /] NI
AL /T TA \
(] |l |/I /1 T
L 1 126

VREeF/2 VALTAGE {Vpg)

TUH/6671-2
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TRI-STATE Test Circuits and Waveforms

tH tyn, CL=10pF toH toH, CL.=10 pF

Vee

<
I=)
o

DATA
ouTrUT

DATA

3
l ' DATA

1]
of

Timing Diagrams (Al timing is measured from the 50% voltage points)

START
CONVERSION

Vou
DATA
OUTPUTS QUTPUTS
GND L. I__ Voo
tr=:20 NS tr=20 ng

OUTPUT
_L Vee

—] |,’~—

10%

w—f o
—{ WERL [~— “BUSY”
TUAL INTERNAL S OATA IS VALID IN
" 2 ; QUTPUT LATCHES
STATUS OF THE > BOT BUSY
CONVERTER
e——— 1T00x 1Ak INTERNAL Tg——— =
(LAST DATA WAS READ)
[LAST DATA WAS NCT READ) L INT ASSERTED
—] 12 ¥k

Qutput Enable and Reset INTR

THTRAAESET
R Sk
& N i /

DATA TRISTATER

WM — — ————~— — e e T e——

—{ 1AQC |—

—{ UK. YH

Note: Read strobe must occur 8 clock periods (8/fcy k) after assertion of interrupt to guarantee reset of INTR.

TL/H/5671-4
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Typical Applications (continueq)

6800 Interface Ratiometric with Full-Scale Adjust
¥y
Vo)
o
XDR
o ot ey
=—ma 1
¢ > _ cc
. :" ¢ vyt : :
1 - *n
o, oe¢————————J W srden L I 1 !
& - T
e e = = = I |
L3 WA AD 1 ;"mn [}
| 1L |
K DATA I $u |l
|£ 1
Vi Vaerl [ : b :
| : R
= sadkine OPTIONAL
"""" FS ADJUST
Note; before using caps at Vi of VRep/2, =
ses seaction 2.3.2 Input Bypass Capacitors.
Absolute with a 2.500V Reference Absolute with a 5V Reference
v, Vep =
® ;0 cgv;ézs
(o]
= s
! |
ViNr) 0 O—] vyt vee L |
I = * ! I
I W0p¢ ﬁ'_\_“'"' : :En :
= b4 = | L I
Am I O G S|
Iy !
! Sa !
| b3 |
2 vye JL |
O Vit VRer/? Vigk) Yaer ! |
] -
by wi 0 Ly __J
w336 i) oruenaL
AD) FS ADIUST
*For low power, see also LM385-2.5 o .
Zero-Shift and Span Adjust: 2V=VN<5V Span Adjust: OV=V|y<3V
Yee
18 Vgl vee
1§Vl
" Vit vee
1D uF
T 5 Sia e
— — <
& & 2
mt ] e s o Es e T s =
r il an
| 102 LW§S |
| ¢ I
V) Vagp/? S 1ok S |
+|
e TV S :sm I gt VResl? e
I—- 1uF
SETSZERQ SETS VALTAGE SPAN l =
CO0E VOLTAGE, ¥ N | | see secenion 24) {
vy AA A
" 5] o R ] P
2V — —
EA ZEI\GDA‘DJ - -

TL/H/S6T1-5
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Typical Applications (contiued)

Directly Converting a Low-Level Signal A uP Interfaced Comparator

vee
Veg
(1773} w5
i iyt vee O——Jvyin Vee
Vi + +
i g Gk
>
= <
W V< sI2my &8 AD
1%

1/ZLM351

(U5
Oeed V1) VRepi?

Vinl ) VRer2 o>

.

K = = =
AAA, For: Vi +)> Vin(—)
1
Output = FFygx
» VRgr/2= 256 mV For: Ving+)<Vin(-)
— Output = 00K
1mV Resolution with uP Controlled Range
VREF/2+:128 mV. ;gﬂcc'
11L8B=1mV
Vpacs Vg (Vpag + 256 mV)
v Vi) vee
i
Yiu T 10uF L
<
1 L :: %
AD
91k
ELIT DAC o b—b- 2500 Ve
2500 Vo i s
MICRS-DACT 2 >
sscaig Vel g + shan M6
ADJ

Lt
n I 14F

04T, 5
ws  0<Vpac<2sv =

Digitizing a Current Flow

—~ lL0AD (28 FULL-SCALE)

v, 1
5vyg O—4—MN—9

100 Vee
T 18¥pe)

Vini-) Vee

11—

A/D

L
240 I 10 xF
-

[LRE

< Vint+ VagsR

TL/H/5671-6
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Typical Applications (continued)

Self-Clocking Multiple A/Ds v External Clocking
NG Opmed CLK A
CLKR Plem
et
AD :. Stk
feik ——cLk ¥
LK in
NC O———{ (LK R
g | 11
100 kHz < fork = 1460 kHz
w2
*Use a large B value | CLE Iy
to reduce loading
at CLK R output. v
IF MOAE THAN 8 ADDITIONAL

R/Ds, USE A CMOS EUFFER (NOT T21)

Self-Clocking in Free-Running Mode uP Interface for Free-Running A/D
O Viyi*} xR
13 WTR
Yo} g -..'Co = 0,001 uF
CLKIN T ; v
- L. RESET
£ il ;'7‘ fad STAGE
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wP Compatible Differential-Input Comparator with Pre-Set Vgg (with or without Hysteresis)
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“See Figure 5 1o select R value
D87 =*1" for ViN(+)> Vin( =)+ (VRer/2)
Omil circuitry within the dotled area if
hysteresis is not needed

Handling + 10V Analog Inputs
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Low-Cost, uP Interfaced, Temperature-to-Digital Converter
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Typical Applications (continueq)
Handling £5V Analog Inputs Read-OnlyInterface
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3-Decade Logarithmic A/D Converter

A,B,C, D= LM324A

v,
(1tmyT0 0V

1
2ERQ AD)
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Noise Filtering the Analog Input

ViNG)

Multiplexing Differential Inputs
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system response tims if an analog multiplexer PORT OR 4P
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Output Buffers with A/D Data Enabled Increasing Bus Drive and/or Reducing Time on Bus
<3 Gp—p———0| T
AD T0ub Tour
DATA® DATA BUS DATA QUT DATA BUS
TRISTATE® ) ¥
O - e e

*A/D output data is updated 1 CLK period

prior to assartion of INTR

1“1
g

?GT
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*Allows output data to set-up at falling edge of TS

TL/H/5671-10
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Typical Applications (continueq)

Sampling an AC Input Signal

s SANPLE
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" + SKIRY e HOLD B Viniet
1
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R RCTTY

— 118 [
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LOWPASS, MULTIPOLE conTROL Cx
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B e
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S . o e

Nate 1: Oversample whenevsr possible [kesp fs > 2f(—60)] to eliminate input frequency folding
(aliasing) and to allow for the skirt response of the filter.

Note 2: Consider the amplitude errors which are introduced within the passband of the filler.

70% Power Savings by Clock Gating
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P I Jo— O{% & €K
L 4, vcc
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1 = 1 nm o
X em K g 0K R
TasD L , £ W
3
WR e
et 12 MC8
Tawn (Complete shutdown takes = 30 seconds.}
Power Savings by A/D and Vggp Shutdown
—0 Vee
oN G Vped

Vee [—4-
e

! S
# CONTROL s =
“ CMO3 T0 DATA

WS RD an A/D DATA QUTPUT BUFFER o
VREF?
M3 2.3

"Use ADCO0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be diven 1o Vg with A/D supply at zero volts,
Buffer prevents data bus from overdriving output of A/D when in shutdown moda.
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

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

Figure 1b shows a worst case error piot for the ADC0801.
All center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than +14 LSB. In
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other words, if we apply an analog input equal to the center-
value * ¥, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than % LSB.

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

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is + 14 LSB because the digital code appeared ¥, LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Transfer Function Error Plot
+1 158
w
g /2138
{ of -
E o+ ;—T—; B
! g 0
=) i =
7y TT 4| “
& i 1
E0-1D) £9 | 112158
102 ! ;
H ] |
H H L -1 158
A-t A A+l YN | A A«1
AHALOG INPUT vy} ANALOG 18PUT (Vi)
a)Accuracy~ +0 LSB: A Perfect A/D
Transfer Function Error Plot
+11s8
RVITTY gn " S S _omn 8
g . HRLSE F=~F———~~— ST d
E LERN o - |
1 @«
=3 QUANT.
3 ! e 0 4 " YERROR
S o% 1 5
< b | '
g ) < ‘ J
S0-1} ) ! —JLS8 - - LS = =
H ; ' VAL s Y - - I..__:,...-._._
" : ' ] 2 '
: : . “1us8 ! I 5
¢ Tl ) A At1 A-1 A A+t
ANALOG INPUT (V;y) ANALOG INPUT (Vi)
b) Accuracy= + %, LSB
Transfer Function Error Plot
+1188
1 5 \
u Lol 8 o o
e NN
- ' ] «
E o o g e 3 b ... lawanr
| ’
2 ok R 1R B & : €HROR
2 el : i
2 1 : 105 I e
go-1 f AR 2 ; 4
! ; /
t h ]
i -1158 LR
A-1 A A+t A-1 A A+

ANALDG HPUT (Vi)

c) Accuracy= 1, LSB

ANALOG INPUT (V)
TL/H/S871-12

FIGURE 1. Clarifying the Error Specs of an A/D Converter
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Functional Description (continued)

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [ViN(+) — Vin(=)] to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
latch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WR input with CS=0. To ensure start-up under ail pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

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

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

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

“1" = RESET SHIFT REGISTER
0" = BUSY AND QUIESCENT STATE

IRPUT PROTECTION
FOR ALL LOGIC INPUTS

WL, cix

T0 INTERNAL
CIRCUITS
BV 230V g

v

(73]
ctK l-—l
b
A START CONVERSION
b mst
vee (VRer!O= <+ <+
> 4 <
i < < IF RESET = 07
g LADDER |4 sAR - leg—d  amiT /
VREER o | LATCH SHIFT R fmmmmnd
oeconer [ [CLCE N REGISTER | RESET
< <
. <
‘ W=
DAC S S8
] Viouti T Y'Y
o - Q
AGHD ey <
- Vee I )
LE D
LATCH
6
Vine O Jv lv AR EER |
4  XFER ;ﬂ iy
1 TRI-STAYE® by
Vine-) O QUTPYT LATCHES —J
—] I-(| x Wig k)

' < ITTT T I

1112 13 14 15 16 17 18

]
u CONV. COMPT. s

BIGITAL DUTPUTS :
1 TRI-STATEZ CONTROL —J I-— 8x g g
] Aot
3} E; RESET

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

TL/H/5671-13

FIGURE 2. Block Diagram



Functional Description (contined)

After the “1” is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type fatch, LATCH 1. As soon as this “1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting buffer then supplies the 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 internal clocks run at
1 of the frequency of the external clock). If the data output
is continuously enabled (CS 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 control the Q
output of the INTR F/F even though the RESET input is
constantly at a 1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the Q
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resuitingINTR output
pulse to only a few propagation delays (approximately 300
ns).

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

2.1 Digital Control Inputs

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

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
analog differential voltage input. The V|n(—) input {(pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also usefut in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval between sampling Vin(+) and Vin(—) is 4-
Y2 clock periods. The maximum error voltage due to this
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slight time difference between the input voltage samples is
given by:

4.5
AVe(MAX) = (Vp) (27fem) (@ )

where:
AVg is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
fem Is the common-mode frequency

As an example, to keep this error to 1 LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, fory,, and
using a 640 kHz A/D clock, fcyk, would allow a peak value
of the common-mode voltage, Vp, which is given by:

Ve = [AVe(max) (foLk)]
(2mfem) (4.5)

or

_ (56 X 10-3) (640x103)

W (6.28) (60) (4.5)

which gives
Vp =1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-maode noise lev-
els.

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

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 to ground as shown in Figure 3.
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—_—
| TINE i
ICHARGE ! I
I
I
! S |
Iniscrange | "oN |
P ¥ ] :"ls}tmv |
Vigl) sW2 I I
- e | —— l
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TUH/5671-14

ron Of SW 1 and SW 2 =~ 5k
rmron CsTRay ™ 5k 12 pF — 60 ns

FIGURE 3. Analog Input Impedance



Functional Description (continued)

The voltage on this capacitance is switched and will result in
currents entering the ViN(+) 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 internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

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

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vyy(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vyy(+) input at 8V, this
DC current is at a maximum of approximately 5 wA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vgrge/2 pin for high resistance sources (> 1
k{1}. Ifinput bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (= 1 k(1) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (= 1 k), a 0.1 uF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 100} series resistor can be used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k€. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2,3.1.). This scale error depends on both a large source
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resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust Vrer/2 for a proper full-scale reading—see
saction 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

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

Vec (YRer!
28
L
R"
‘b
9
Vaerr2 O % DIGITAL
& ]-_ CIRCUITS
>
T
|
3 ]'
1 ANALDG
A I PECIIR CIRCULTS
g
]
AGND |8 DGND 10
7 -

= 177
TL/H/5671-15
FIGURE 4. The Vgererence Design on the IC

Notice that the reference voltage for the IC is either % of
the voltage applied to the Ve supply pin, or is equal to the
voltage that is externally forced at the Vreg/2 pin. This al-
lows for a ratiometric voltage reference using the Ve sup-
ply. @ 5 Vpg reference voltage can be used for the Vg
supply or a voltage less than 2.6 Vpg can be applied to the
VRer/2 input for increased application flexibility. The inter-
nal gain to the Vrgp/2 inputis 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 Vpg to 3.6 Vpg, instead of OV to 5 Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Vpg
applied to the V)y(—) pin to absorb the offset, the reference
voltage can be made equal to 1, of the 3V span or 1.5 Vpc.
The A/D now will encode the Vn(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.



Functional Description (continued)

‘Addif VRgr/2 € 1 Vg with LM358

to draw 3 mA to ground.
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a) Analog Input Signal Example
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b) Accommodating an Analog Input from

0.5V (Digital Out = =004gx) to 3.5V
(Digital Qut=FFngx)

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

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC080S5 is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For VRer/2
voltages of 2.4 Vpc nominal value, initial errors of +10
mVpg will cause conversion errors of +1 LSB due to the
gain of 2 of the Vgeg/2 input. In reduced span applications,
the initial value and the stability of the Vggr/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the Vrer/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly fess absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stability of the reference source.

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

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

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

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the Vyy () input and applying a small
magnitude positive voltage to the Viy (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal ¥/, LSB value
(Y2 LSB = 9.8 mV for VRgr/2=2.500 Vpg).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 14, LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the VRer/2 input (pin 9 or the Vg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground)} this new zero reference
should be properly adjusted first. A Viy(+) voltage that
equals this desired zero reference plus 1%, LSB (where the
LSB is calculated for the desired analog span, 1 LSB =ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00HEgx to O1HEx code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage to the
Vin(+) input which is given by:
V -V
Vin (+) fsad] = Vpyax—1.5 [M]
256

where:

Vmax= The high end of the analog input range
and

Vmin =the low end (the offset zero) of the analog range.
(Both are ground referenced.)

The VReg/2 (or Vo) voltage is then adjusted to provide a
code change from FEygx to FFyex. This completes the ad-
justment procedure.

2.6 Clocking Option

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

\/
CLKR
1]

S fi “--—1
S SHENNRY
CLK IN]_ R =10 kf}

T %»—;m 1
e
AD

5

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

TL/H/S671-17
FIGURE 6. Self-Clocking the A/D

2.7 Restart During a Conversion

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

124

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

2.8 Continuous Conversions

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

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher GPU clock frequencies time can be extended for
1/O reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

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

2.10 Power Supplies

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

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and alt logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.
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A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any VRgf/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of /4 LSB can usually be
traced to improper board layout and wiring {see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

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

For ease of testing, the Vrep/2 (pin 9) should be supplied
with 2.560 Vpc and a Vg supply valtage of 5.12 Vpg
should be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120—-11%4 LSB) should be applied to
the V() pin with the Vin(—) pin grounded. The value of
the Vrer/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of Vggg/2 should then be used for all the
tests,

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (L.S). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS' and “VLS" columns in
Table I, the nominal value of the digital display (when
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TUH/5671-18
FIGURE 7. Basic A/D Tester
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VRer/2 = 2.660V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test resuits.

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

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis}.

For operation with a microprocessor or a computer-based
test system, it Is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides /4 LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB’s)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type ol microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an /0 device by using the I/0 R
and I/0 W strobes and decoding the address bits AO —>
A7 (or address bits AB —> A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the I/O space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 10.
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8-BIT
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ANALOG INPUT [oum
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FIGURE 8. A/D Tester with Analog Error Output

DIGITAL
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DAC1000
10817
DAC
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AL A/D UNDER

TEST

=

VANALOG OUTPUT

p—0 100X ANALOG
ERROR VOLTAGE

DIGITAL
OUTPUT

‘ TL/H/5671-19
FIGURE 9. Basic “Digital” A/D Tester
TABLE [. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CEREOVALUES
HEX BINARY WITH
VREF/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP* | VLS GROUP*

F T 1 1] 15/16 15/256 4.800 0.300
E S (R e 7/8 7/128 4.480 0.280
D 10000 i 13/16 13/256 4.160 0.260
C G S S o IR o) 3/4 3/64 3.840 0.240
B T I = 11/16 11/256 3.520 0.220
A Bl o YN S o 5/8 5/128 3.200 0.200
9 .0 "0 4 9/16 9/256 2/880 0.180
8 i 0 0 011/2 1/32 2/560 0.160
7 o 1 g [ | 7/16 7/256 2.240 0.140
6 (¢} 1 1 ] 3/8 3/128 1.820 0.120
5 (o Bl 2 o g 5/16 2/256 1.600 0.100
4 Qi c0-:10 1/4 1/64 1/280 0.080
3 To SEIRT - PR Y 3/16 3/256 0.960 0.060
2 {2 Jii o IO BEANS () 1/8 1/128 0.640 0.040
1 o 0 0 1 1/16 1/256 0,320 0.020
0 00,100 0 0

*Display Output=VMS Group + VLS Group
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&
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Note 1: *Pin numbers for the DP8228 system contraller, others are INSB080A.
Note 2: Pin 23 of the INSB228 must be tied to + 12V through a 1 kil resistor to generate the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program.

FIGURE 10. ADC0801~INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE

0038 C30003

° *

L] ®
0100 210002
0103 310004
0106 7D
0107 FE OF
0109 CA1301
olocC D3 EO
0l0E FB
O10F 00
0110 C30F 01
0113 .

L] L d

L] L]

L] L]

L] L ]

[ °
0300 DB EO
0302 77
0303 23
0304 C30301

RST 7+

*

*

START:

RETURN :

LOOF:

CONT:
L]
(User programto

process data)
L]

LD DATA:

JIMP

LXI H 0200H

LXI SP 0400H
MOVA,L
CPIOFH

JZ CONT

OUT EOH

EI

NOP

JMP LOOP

INEOH
MOV M, A
INXH

JMP RETURN

LDDATA

;HLpalrwill point to

TL/H/5671-20

;data storage locations

;Initialize stackpointer (Notel)

; Test #of bytes entered

s ATV =15 P to
suser program
;Start A/D

; Enable interrupt
;s Loopuntil end of
; conversiaon

; Load data into accumulator

; Store data

; Increment storage pointer

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.
Note 2: All address used were arbitrarily chosen.
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The standard controt bus signals of the 8080 CS, RD and
WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to 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 board and/or
must drive capacitive foads targer than 100 pF,

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and associated hardware
shown in Figure 10 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an 1/0 device, specifically an 8-bit hi-direction-
al port located at an arbitrarily chosen port address, EO. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address decoding
is still required to generate the appropriate CS for the con-
verter.
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It is important to note that in systems where the A/D con-
verter is 1-of-8 or less I/O mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(A0 to A7) can be directly used as CS inputs—one for each
170 device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figure 11) is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048.
With these extra I/0 lines available, one of the I/0 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 directly
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 generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below.

fo fza 1= 2¥oc
Veo 02 18 vee 184F
oufe s T
o8 < o
_ s [T
084 ;" Mo
o :17 3 ous
o8| {r] oy
1RS804E gy [ 10gr Aocosor
150 pF
v |-t L o ek iany }1
[y LN e ——
g ::7 LA 7 i
P10 Lales  acwo "ﬂ
ANALOG {——: Vit Wil
N WUt { = vy} =
_Lzu
® TUH/56T1-21
FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE
0410 JMP 10H : Programstarts at addr 10
ORG 3H
04 50 JMP 50H ; Interrupt jump vector
ORG 10H ;s Mainprogram
99 FE ANL P11, #OFEH ; Chip select
81 MovX A, GR1 ;Read in the 1st data
;toreset the intr
89 01 START: ORL P1, #1 ; Set port pinhigh
B8 20 MoV RO, #20H ; Data address
B9 FF Mov R1l, #0FFH ; Dummy address
BA 10 MOV R2, #10H ; Counter for 16 bytes
R3FF AGAIN: MOV A, #0FFH ;Set ACC for intr loop
99 FE ANL P1, #OFEH s Send 0S (bit 0ot P1)
91 MOVX GR1, A ; Send WR out
05 EN I ;Enable interrupt
$6 21 LOOP: JNZ LOOP ;Wait for interrupt
EA 1B DINZ R2, AGAIN ;If 16 bytes are read
00 NOP ; 8o touser's program
00 NOP
ORG 50H
81 INDATA: MOVX A, GR1 ; Input data, CSstill low
AO MoV 4RO, A ; Store inmemory
18 INC RO ; Increment storage counter
89 01 ORL P1, #1 ;Reset CS signal
27 CLR A ; Clear ACC to get out of
93 RETR s the interrupt loop
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4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and I/O request, IORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in I/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 tima for the I/0 devices to respond. Logic to map the
A/D in I/0 space is shown in Figure 13.

AD fic 2 Yy

10RG AD
R 3

]

MMTACI2 TL/H/6871-23
FIGURE 13. Mapping the A/D as an {/0 Device
for Use with the Z-80 CPU

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

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All 1/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using ', DM8092. Note that in many 6800 systems, an al-
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ready decoded 475 line is brought out to the common bus at
pin 21. This can be tied directly to the CS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

The following subroutine performs essentially the same
function as in the case of the 8080A interface and it can be
called from anywhere in the user's program.

In Figure 15 the ADC0801 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no cS
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

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

5.0 GENERAL APPLICATIONS

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

5.1 Muitiple ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneousty, which essentially divides the microproces-
sor’s total system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is
shown in Figure 16.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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0010
0012
0015
0018
001B
001C
001D
00L1F
0022
0024
0027
0028
0024
002C
Q02E
0031
0033
0034

0036
0038
003B
003D
003F
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SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

DF 36

CE 00 2C
IF FF F8
B7 50 00
OE

3E

DE 34

8C 02 OF
27 14
B7 50 00
08

DF 34
20 FO

DE 34

B6 50 00
A7 00
3B

02 00

00 00
CE 02 00
DF 34
DE 36
39

DATAIN

CONVRT

INTRPT

TEMP1

TEMP2
ENDP

STX
LDX
STX
STAA
CLI
WAI
LDX
CcPX
BEQ
STAA
INX
STX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX
STX
LDX
RTS

TEMF2
#%002C
3FFF8
35000

TEMPL
#$020F
ENDP
35000

TEMP1
CONVRT
TEMP1
35000
X

$0200

$0000
#30200
TEMPL
TEMP2

: Save contents of X
; Upon IRQ laow CPU

; jumps to 002C

; Start ADC0O801

;Wait for interrupt

s Is final data stored?

s Restarts ADCO801

; Read data

s Store it at X

; Startingaddress for

; data storage

s Reinitialize TEMPL

s Return from subroutine

s Touser's program

Note 1: In order for the microprocessor 10 service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.

CB1

€82

PBO

PB2
PB3
PB4
PBS
PBG
PB7

PIA

18,
v
Y 19
.
10k
AN
ol -/ Vee —012: sV
2o Ad CLKR
i 18 1
7 Lol 080 LN
P 17 1,
CLKIN 081
Y T Q! 082 “: :;5
6 A
ANALOG O Vi L »
INPUTS O - osaf 2
13

150 pE ™= : 4 A GND DBE " '::
s O Vers2 nas 2 2
l‘ AL os7 11:

i}

FIGURE 15. ADC0801-MC6820 PIA Interface

TL/H/5671-25
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Functional Description (continued)
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Note 1: R2 = 49.5 R1
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FIGURE 17. Gain of 100 Differential Transducer Preamp
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TEMP RANGE 0°CTO 70°C 0°C TO 70°C 0°CTO 70°C —40°C TO +85°C

1, Bit ADCO801LCN
Adjusted

+, Bit ADC0802LCWM ADCO0802LCV ADCO802LCN

ERROR L

Unadjusted

1Y, Bit ADCO0803LCWM ADCO0803LCV ADCO803LCN
Adjusted

+1Bit ADC0804LCWM ADCQ0804LCV ADCO0804LCN ADCO805LCN
Unadjusted

PACKAGE QUTLINE M20B—Small Qulline V20A—Chip Carrier N20A—Molded DIP

TEMP RANGE —-40°CTO +85°C ~585°CTO +125°C
* Y, Bit Adjusted ADC0801LCJ ADC0801LJ
ERROR + 1/, Bit Unadjusted ADC0802LCJ ADCO0802LJ,
1V, Bil Adjusted ADCO0803LCJ ADCO0802LJ/883
+ 1Bil Unadjusted ADC0804LCJ

PACKAGE OUTLINE

J20A—Cavity DIP

J20A—Cavity DIP

Connection Diagrams

ADC080X
Dual-In-Line and Small Outline (SO) Packages
8 Ny
[ [ 20f= V¢ (OR Vger)
RD—{2 19f—CLKR
WR—{3 184—D80(LSB)
CLKIN—{ 4 17}—DB1
INTR—{5 16}—=DB2
Vin(+) =16 15|—D83
Vin(=)—7 14f—DB4
AGND—8 13—DBS
Veer/2 9 12|—D86
DGND =10 11}—DB7(MSB)

TL/H/6671~-30

ADCO080X

Molded Chip Carrier (PCC) Package

CLKR
Ve (OR Vggr)
Cs
RD
WR

See Ordering Information

CLKIN
INTR
Yin(#)
Vyin(=)

— D85
— D86

— DB7 (MSB)
— DGND

— Veer/2

TL/H/5671-32
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Physical Dimensions inches (millimeters)

0.985
(zs m)

E&Wmﬁﬂﬂmﬁﬂﬁlﬂﬂ

0.025
{0.535)
RAD

0.220-0.310
{5.588 — 7.874)

'
Y A THIOIOEE

{0.127-0.508)
RAD TYP 0.6370.005
" 10.940£0.127)
0.005 0.055 0,005
0.180 < 02900320 I nam (139720321 ™ 0.020-0.050
(ka7 {7.366 ~s‘m)’l GLASS SEALANT . MIN PEBT5
]
R = == 0.200
f TTTHH A v
B S ¥ i
~93° £ 857 94° 0,180
0.008-0012 (3.810) ____6.125—2501
— = (0,203 Z0.305) MK (3.175-5.080)
0.310-0.410 0.060 0.018 4:0.903
T —1041) {1.524) (0.457£0.076)
MAX
BOTH ENDS D160 x0.010
{2.540£0.254)
J2OA (REV W}
Dual-in-Line Package (J)
Order Number ADC0801LJ, ADC0802LJ, ADCO801LCY,
ADC0802LCJ, ADCO803L.CJ or ADC0804LCJ
ADC0802LJ/883 or 5962-9096601MRA
NS Package Number J20A
0.495-0.512
{12.598-- 13.005)
li _20 175 15 314 13 120 1
CAAARAAARAA
| |
0.394-0.419
(10.008 -- 1C.5643)
0 30°TYP
LEAD WO 1}
IDENT .
R
1 298 45 6 7 3 1 W f
Dvﬂ\DMA‘
10.254)
- 01-02W
I {7301-7.5%)
00100028 ., | 0.093-0.104
wasaZoman < ‘“ %62 -2.642)
i ¥
r ‘ 82 MAKTYP 0.004-0.012
. 1 ALt hUlDS I {0.102 -0.305)
t;—:::..;l:.:U \ ‘—J L 1 2 L SEATING
e e B
0.009 -0.013 (g'——%—, ; 0,016 -0.050 —lgg;) ol | 030 0.014 0020 ryp
0.229 —0.330] - < E — — . 0.014 -6.020
T hLten ALLLEAD TirS ‘&;‘fu 1am GEL] L 0.3 -0.108)
0.008 ryp
{1.203) MBIV R
SO Package (M)

Order Number ADC0802LCWM, ADC0803LCWM or ADC0804LCWM
NS Parkana Nimhar M20R
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Physwal Dimensions inches (millimeters) (Continued)

—

1.013-1.40
0.092 X 0.030 (25.73-26.42]
2.337 % 0.762) 03220005 _
MAX DP | [0] [} [ve] [7] (7] (76} [} [33) [2] [in) f IGEXITR
IN RAD
PIN NO. 1IDENT @ 026010005
i s (6.6040.127) PIN NO. unzm\.
(7‘"2, OPTION 1 { T
L7 O W 0 O T [ OT ] 0]
0.300-0.320 o (;5%:) 0PTION 2
i ] o0co KOM 000y oPTiON2_ v 0130 0005
0065  (1.524) | (1.016) aun ——-m i
Gy TP Ve \ Sliea {
O | | \ 0.145-0.200
5 L Mo | iZowasoem
95%5° 0.009-0.015 90°+0.884° 1 {
10229-0381) i 0.020
] TYe 0.100+0.010 __i l__ T oazseonte s
| ow000ms (254020,254) 801810003 || {3775-355 - MIN
0225 *0.080 (524:0120) {0:457:0.070)
-0.015
016
(3'256 —0381)

H2AREV Gy
Molded Dual-In-Line Package (N)
Order Number ADCO801LCN, ADCO802LCN,
ADC0803LCN, ADC0804L.CN or ADCO8O5LCN
NS Package Number N20A
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Physical Dimensions inches (millimelers) (Continued)

0.350 £5-9%¢
e (a0 0157 [*7 0.045
89 Z0l00 0.017£0.004 L, 4s0x 208
PIN #1 IDERT [0.43£0.10] [1.14]
450 0,068
IND 119 [1.55}_\
4 18 —
[ 0 0.029£0.003 T f '
O 0 [0.7420.08] 0.310£0.020 .
O 0 (7.87£0.51]
8 [ 114
! :
Ll ==
Padalalicl s F|,—SeATinG pLane
1
0.020
0.050 —o e 0020 iy 1vp 0.390£0,005
' ".I (r.271""F (0.51] " [s.31¢0.13) VP
l 0.200 | 0.105£0.015
[5.08) TP 1T (2.67¢0.38] TYP
0.165-0.180 1yp
[4.19-4.57]
[aTo.004 [0.10] v208 (REV L)

Molded Chip Carrier Package (V)

Order Number ADC0802LCV, ADC0803LCV or ADC0804LCV

NS Package Number V20A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life supporl devices or systems are devices or
syslems which, (a) are intended for surgical implant
into the body, or (b) supporl or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected lo resull in a significant injury
to the user.

2. A crilical component is any component of a life

support device or syslem whose failure to perform can
be reasonably expected to cause lhe failure of the life
supporl device or system, or to affecl its safety or
effectiveness.

National Semiconductor
Corporation
1111 West Bardin Road

Adington, TX 76017
Tal: 1(800) 272-9953
Fax: 1(800) 737-7018

National Semiconductor
Europe
Fax: (+49) 0-180-530 85 86
Emall: cnjwge @tevm2.nsc.com
Deutsch Tel: (+49) 0-180-530 85 85
English  Tel: (+49) 0-180-532 78 32
Frangats Tal: (+49) 0-180-5632 93 58
Halano Tel: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.
13th Floor, Straight Block,

Ocean Centre, 5 Canton Rd.

Tsimshatsul, Kowloon
Hong Kong

Tek (852) 2737-1600
Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408
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Elektronischer
Drucksensor
Electronic pressure
sensor
Capteur de pression
électronique
PA
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Montage

Avant de monter / démonter le capteur, s'assutor que 3 pression
n'estpas appliguée au circuit
Monter i¢ capteur de pression'3 f'aide d’un montaqe procass appro-
pié {voir éliquette ~Port Size”)

Raccordement électrique
L'appareif doit étre monteé par un électricien.
Los réglements nationaux et internationaux relatiis a Finstailati
on de matériel électrique doivent dtre respoectes
Alimentation selon EN50178, TBTS, T8TP

Mettre Pinstallation hors tension avant ls raccordement.
Schema de branchement;

PA3xxx (4....20mA analogique) .
5 T s Branchoment
onaecteur
(e captedn
]

,@

PA9xxx (0 ... 10V analogique)

tranchement
cannecteut
(o1 ﬁaoteun

.

3
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Sicherheitshinweisa
Lesen Sie vor der Inbetriebiahme des Gerktes. die
Produktheschreibung. Vergewissern Sie sich, daB sich:das
Produkt uneingeschriinkt fir die betreffende Appllkadonen
eignet.
Die MiBachtung von Anwendungshinweisen oder technischen
Angaben kann zu Sach- und/oder Personenschiiden fihren.
Prifen Sie In allen Applikationen die Vertr¥glichkeit der
Produktwerkstoffe (s. Technische Daten) mit den zu messen-
den’Druckmedien.

Bei gasférmigen Druckmedien ist der Einsatzbereich generell
auf max. 25 bar begrenzt.

BestimmungsgemaBe Verwendung

Der Drucksensor erfaBt den Systemdruck und setzt thn in ein andloges
Ausgangssignal um,

* 4 . 20 mA (PA3xxx)

* 0 .10V (PA9Xxx)

Einsatzbereich

g pestell | MeBbereich el Berstdruck
2 PAxxx0 0 400 bar 600 bar 1000 bar
o PAxxx1 O 250 bar 400 bar 850 bar
PAXxx2 Q. 100 bar 300 bar 650 bar
PAxxx3 0 7S bar Y00 bar 350 bar
PAxxx4 Q... 10 bar 5Q bar 150 bar
PAxxxé Q2.5 bar 20 bar 50 bar
PAxxx7 0 . tbar 10 bar 30 bar
PAxxx9 1 Obar 10 bar 30 bar
Vermewden Sie statische und dynamische Uberdriicke, die den
A angegebenen Uberlastdruck uherschreiten
Schon bei kurzzeimiger Uberschreitung des Berstdrucks kann das
Gerdt zerstort werden {Verletzungsgefahr)!
Données techniques
Sortie-analogique PAZ0 .. . Tt s s . S5 R e . 20 mA
CIGIGElIeS, 7. =P, 4110 3 max (UB - 10 8) x50; 660 a UB = 24V
Sortie dnalogique PAQxxx .................. =~ P I FR 0. 10V
Charge [Qf. .. .. . FrNV . o) L W R SRR B PRI min.5000
Tension d'alimentation PA3wx [V]. . .. ... v 4.8 ..108..30DC
Tension d'alimemtation PAGso §V] .. ... .. LT 30 DC
Exactitude signal analogique [%] . . R A AT (RS <£10
BeptlabiaiNlar. .. ... 0. 0 F. .. <01
Dérive / température {% de I'etendue de mesure/par 10°C] Lio<20,3
dans la plage de température [°C] . ... ... ..., ... ..., ... +80
Température embiante {°C] ... ... ..., ... ... ... .. c.....-25..48B0
Température dufluide [°C]. . .. .. .. ... ... ... .... L...25..480
Protection PAoox0 ... PAX2 ... . .0 P67t
Protection PAox3 ... PAXXS .. ... . Lo IP 651+
Résistance d‘tsolateon [Mnl el > 100 (500 vV OC)
Tenue aux choes (gl » ..o . 1,50 (DIN 7 CEl 68-2-27, 11ms)
Tenue aux wb:anons{g} _ IO (DlN/CEI 68-2-6, 10 - 2000 Hz)
Boltier . e, @ oo FPM (Viton); PA; Pocan; INOX 304
{Matieres en contact avec le fluide FPM (Viton): céramique; INOX 303

Couleuts des fils conducteurs des connecteurs femelles ifm:
1= BN (hrun), 2 = WH (blanc), 3 = BU (bleu), 4 = BK tnair),
n.C = Non raccordée

*Protection renforcé (IP 68) avec connecteur IP68
**Protection renforcé (IP 68) avec connecteur IP68 et accessoirs de montage
(No de commande E30039).



Safety instructions

Please read the product description prior to installing the unit.
Please check that the product Is suitable for your application
without any restrictions.

If the operating instructions or the technical data are not
adhered to, personal injury and/or damage to property may
occur.

Please check in all applications that the product materials (see
Technical data) are compatible with the media to be mea-
sured.

For gaseous media the application is limited to max. 25bar.

Function and features
The pressure sensor detects the system pressure and converts it into
an analog output signal.

4 .. 20 mA (PA3xx)

Q ... 10 V (PAGxxx)

Applications:

Order no. | Measuring range n:;?;ﬁz‘:m Bursting pressure
PAXX0 0 ... 400 bar 600 bar 1000 bar
PAXXx1 0 ... 250 bar 400 bar 850 bar
PAXX2 D ... 100 bac 300 bar 650 bar
PAOX3 0. . 25bar 100 bar 350 bar
PAXX4 0... 10 bar 50 bar 150 bar
PAOXG Q.. 25bar 20 bar 50 bar
PAxxx7 0..1bard 10 bar 30 bar
PAxxx9 -1 .. Qkbar 10 bar 30 bar

Avoid static and dynamic overpressure exceeding the grven over-
load pressure.

Even if the bursting pressure i exceeded only for a short time
the unit can be destroyed {danger of injuries)!

Technical data

Analog output PA3xxx . ™ « B . 20 mA
load Q] ... . 5. 8. max. (UB - 10, 8) x 50 660 al u8 =24V
Analog output PAgxxx % e . ) ORTEOTY!
load(Q) . ... .. AR . T ... .min. 5000
Operating voltage PA3xxx [V] . ... ... .. .. 10.8 ... 30 DC
Operating voltage PA9xxx [V] ... ., . .. B 0.0 16 . 30 DC
Characteristics deviation (%).. . .. ...... .. ... ... . R0
Repeatability (%)...... 9 W, . .-.90...... ) (k. =0\
Temperature drift [% of value of measunng range/ 10 K] .<x03
in the temperature range [°C| . . . . ... +25..+480
Operating temperature {°C}. ... .. ... .. ... ..... ...-25..+80
Medium temperature [°C) . .. .. . . N 0. ......°25..+80
Protection PAxod ... PAXO2. ...... 0 . ... Ml o .. ... . PE7*

Protection PAxxx3 . . PAXxx9 W . 1P 6S**
Protection class £ 3 ) .« 1l
Insulation resistance [M£2] . > 100 (500 V DC)
Shock resistance [g) S0 (DIN/IEC 68-2-27, 11ms)
Vibration resistance (g} o 20 (OIN /1EC 68-2-8, 10 - 2000 Hz)
Housing material . .. . ... .. FPM (Viton); PA; Pocan; stainless steel (304515)
Materials (wetted parts) .. .. FPM {Viton); ceramics, stainless steel (303522)

*Increased protection (IP 68) with IP68 connector.
**Increased protection (IP 68) with I1P68 connector and mounting accessories
(Order no. £30039).
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Installation
Before mounting and removing the sensor, make sure that no
pressure . applied to the system.
Mount the pressure sensor on a suitable process connection (see type
label “Port Size™)

Electrical connection
The unit must only be connected by an electrician,
The national and international regulations for the instailation of
electrical equipment must be observed.
Voltage supply to EN50178, SELV, PELV.

Disconnect power before connecting the unit. E
Wiring:
PA3xxx (4 ... 20mA analog) i
connecior view
L8N (sensor)
1)
3
PA9xxx (0 ... 10V analag)
connector view
LN L+ (ser;sor)
R
o 3

Core colours of ifm sockets:
1 = BN {brawn}, 2 = WH {white), 3 = 8U (blue), 4 = BK (black),
nc = not connected

Remarque sur la sécurité

Avant la mise en service de I'appareil, veuillez lire la descrip-
tion du produit. Assurez-vous que le prodult est approprié
pour |'application concernée sans aucune restriction d'utilisation.

Le non-respect des remarques ou des données techniques
peut provoquer des dommages matériels et/ou corporels.
Pour toutes les applications, veuillez vérifier la compatibilité
des matiéres du produit (voir données techniques) avec les
fluides sous pression & mesurer,

Pour les fluldes gazeux sous pression, I'emploi est toujours
fimité & 25 bar maximum,

Fonctionnement et caractéristiques
Le capteur de pression détecte la pression du circuit et 1a convertit en
un signal de sortie anatoqique
. 20 mA (PA3xxx)
0 ... 10V (PA9xxx)

Applications
N° de Etendue de Surpression Pression
commande mesure admissible déclatement
PAXXX0 0. 400 bar 600 bar 1000 bar
PAXxx1 0 . 250 bar 400 bar 850 bar
PAXX2 0 . 100 bar 300 bar 650 bar
PAXxx3 0 .. 25 bar 100 bar 350 bar
PAXxx4 Q... 10 bar 50 bar 150 bar
PAX6 0. 2,5bar 20 bar 50 bar
PAXXX? 0. 1bar 10 bar 30 bar
PAXXX9 -1 .. 0 bar 10 bar 30 bar

Eviter les pics de pression statiques et dynamiques qui dépassent
la valeur de surpression indiquée. Méme si la pression déclate-
ment est dépassée brievement ['appareil peut

&tre détruit (danqer de blessures)!

BARNTA



Montage
Stellen Sie vor Ein- und Ausbau des Sensors sicher, dafl die
Anlage druckfrei st,
Befesuger: Sie den Drucksensor an einern entsprechenden ProzeB-
anschluB (s. Typaufkleber “Port Size").

Elektrischer Anschlul
Das Gerdt darf nur von einer Elektrolachkralt nstalliert werden
Befolgen Sie die nationalen und internationalen Vorschriften zur
Errichtung elektrotechnischer Anlagen.
Spannungsversorgung nach (NSQ178, SELV, PELV.

Schalten Sie die Anlage spannungsirer und schlieBen Sie das Gerdt
folgendermalen an,

PA3xxx (4 ... 20mA analog)}

Steckeransicht
fam Geral)

PAGxxx (0 ... 10V analog)

Steckeransicht

16N L+ (am Gerat)

Adernfarben bet ifm-Kabeldosen:
1= BN (braun), 2 = WH (weiB), 3 = BU (blau), 4 = BK (schwarz)
n.c. = nicht belegt,

MaBzeichnung
Scale drawing
Dimensions

M12x1

95

f

T e

ozt s I
2
2% ProzeBanschiu3

process conneclion
montage process
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DEUTSCH

Technische Daten

Analogousgang PASxxx . . .20mA
Birde [ . max_(UB - 10,8 x 50; 660 betua 24v
Analogausganq PAGxxx . S : = 0.0V
Barde [Q). .. . ) . . min, 5000
Betriebsspannung PA3xxx [V] il . 10,8 . 30DC
Betriebsspannung PA9xxx [V] i 2 . . .16...300C
Kennlinienabweichung [%]. S R B 4 3 <z 1,0
Wiederholgenauigkeit {%]. . ... ... ... ... ... ..., <01

TemperatureinfiuB [% vom Meﬁbermchsendwen/pro 10 K{. ket <£0,3
25 .

im Temperaturbereich [°C] . ... ... ... ... ... ... ...... . +80
Umgebungstemperatur [°C}. . . . . .-25.. 480
Mediumtemperatur [°C). . . . el e : .. ..-25..+80
Schutzart PAxoQ ... PAxxx2 e .IPB7
Schutzart PAxxx3 . PAXxx9 P 65*
Schutzklasse . B
Isolationswiderstand (M} » 100 (SOO \' DC)
Schockfestigkert [g] S0 (DIN/IEC 68-2-27, 1tms)
Vibrationsfestigkeit [g] ... 20(DIN/IEC 68-2-6, 10 - 2000 H2)
Gehdusewerksloffe | . kpm (Voton) PA; PBTP (Pocan); V2A (1.4301)

Werkstoffe im Kontakt

mit dem Medum FPM (Viton); Keramik; V2A (1.4305)

“Erhéhte Schutzart (IP 68) mit IP-68 Steckverbinder.
**Echshte Schutzart (IP 68) mit P-68 Steckverbinder und Montagezubehor
(Bestell-Nr. E30039).
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