D /A L S ADC-ET Series
Monolithic A/D Converters

with Three-State Outputs

FEATURES

e Monolithic CMOS

¢ Three-state outputs
* 12-Bit accuracy

* No missing codes

® Low cost el ZONVE susy VALD
¢ Microprocessor-compatible @ @lD @ &

GENERAL DESCRIPTION .
The ADC-ET series devices are low cost |
I
3
orl

integrating A/D converters optimized for | |  2___ _______]
high accuracy, linearity and noise immu- — i ouTPUT
nity. They operate at low power consump- L contRoL [ATHES
tion, with sufficient speed to handle most - LocKc

industrial and instrumentation require- ANALOG (52 NOP AP compaRATOR | INTERNAL
ments. Discretely controllable three state weuT .
outputs aliow bus organized output con- zZo® + —
nections making these units ideal for .
microprocessor interfacing. ATLFER G3) I
Fabricated with monolithic CMOS tech- !
niques, each device is housed in a single I
24 pin dual in-line package. The converter
consists of an integrating operational am-
plifier, comparator, current switch, intemnal
clock, two counters, latching output buf-
fers and controt logic circuitry. Operation
of the circuit requires only a few external
passive components and connection to
external reference and power supplies.
Conversion is accomplished by an incre~
mental charge balancing technique which MECHANICAL DIMENSIONS
assures high linearity and noise immunity, INCHES (MM)

along with inherent monotonicity resulting pLasTIE
in no missing codes. At the completion of a PACKAGE PACKAGE
conversion, the binary coded result ap- 1255
pears in parallel form on discretely con- ’ﬁ Ny 3 | 31.9) :‘!
trolled latched outputs which are CMOS, ] "“,?." A L, Jreneelanacad
tow power TTL, or low power Schottky TTL Rrxt Gsa oL o
compatible. The controllable outputs may - ADC-ET1200 l 1 kdovovooroos
be switched to a high impedance or off e e § Y VU VUVUTUN Y T "2, 045 0.155
state by holding the ENABLE high. ®4 oEwT 0. 69

Conversion times are 1.8, 6, and 24 milli- A

seconds for the 8-, 10- and 12-bit units g P oose M 000 oo

respectively. Other typical specifications ] ¢ oo o0es G5

include linearity to % LSB and a gain ©9 ' )

tempco of 25 ppm/°C. The analog input cerom INPUT/OUTPUT CONNECTIONS
voltage range is programmable by means FUNCTION FUNCTIO
of an external resistor which sets the cur- 1.200 Ll P N
rent into the integrator at 10 A full scale. VI
Standard operating mode is unipolar but o:!; : sarn ohz0
bipolar operation can be implemented by (154 ADC-ETIO0 (15.8)
using an external operational amplifier to _]_ PAAAAAAAA A
provide an offset current from the refer-
ence. Power requirement is + 5V dc at 2
mA which, for intermittent duty applica-
tions, may be reduced to only 200 pA dur-
ing standby periods without affecting data

pata ||
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in the output latches. K modeis, they are i y to the
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ABSOLUTE AXIMUM RATINGS

PHYSICAL/ENVIRONMENTAL

FUNCTIONAL SPECIFICATIONS

Typical at 25°C, 5V Supplies, Rgias 100K, unless otherwise noted.

Operning Tomponmn Range

ANALOG INPUTS

RSuﬂlx . .
Pllsutth(.. ...... . —55°Cto +125°C
m .................. 24 Pin Plastic DIP
R&MSuffix............... 24 Pin Ceramic DIP
FOOTNOTES:

1. Nonlinearity for model ADC-ET128C only is typically -+ % LSB, 1% LSB
maximum.

2. For M suffix units only gain tempco is typically 40 ppm/°C, 80 ppm/°C max-
imum and zero drift tempco is + 80 xV/°C.

3.Vpp £ 1V, Vss £ 1V.

4. M suffix logic outputs can sink and source 500 zA.

Lt ‘1" Qutput Voltage . . . ..

Logic ‘0" Output Vohage . . . ..
Data Valid Output vorege

Type Analoginput ........... Single-Ended
Input CurrentRange ... .. ..... Oto +10 pA
ReferenceCurrent .. ... ... ... —-20 A
DIGITAL INPUTS .
3.5V minimum
1.5V maximum
Start ert Pulse Width . . . .. 500 nanoseg¢onds minimum
Propagation Delay . . . . 500 nanoseconds
OUTPUTS .
O Off State Current . . . . .. 0.1 uA typical, + 10 pA maximum

+4.5V minimum at - 10 A
+ 2.4V minimum at — 360 pA?
+ 0.4V maximum at 360 pA*
'Ijtlygag for Data Valid, Low When

ing
High During Conversion

Logical “1"" Vue..............
Logical "o"g:: ..............

Diff. Nonlinearity Tempco .....
Codes

8, 10, 12 Bits

... .Straight Bina
. .Oﬂsegt Bmaryry

1.8 milliseconds maximum
6 milliseconds maximium _

24 milliseconds maximum
+ Ya LSB typical,

+ % LSB maximum?

+ Va L.SB typical, ~

+ 1% LSB maximum

2.5 ppm/°C
ver &gemtmg Temp. Range

3 NoMissingCodes . ...........
l Initial Gain Ervor, (Adj. to Zero) . + 5% maximum
Gain Temperature Coefficient . . + 25 ppm/°C typical, +75 ppm/"C
maximumz2
Initial Zero Error (Adl to Zero) . :t 50 mV maximum
Zero Drift Tempco ........... V/°C maximum?
Power Supply Sensitivity .. .... + oogw% ‘maximum?
POWER REQUIREMENTS '
Voitage, Rated Performance ... + 5V dc

Voita RW .....
Suggy’ Q locc Current

+3.5V.dcto +7V dc

+ 5.0 mA maximum
+2.5 mA maximum
+3.5mA maximum

TECHNICAL NOTES

1. Tln ADC-ET series are CMOS devices and must be prop-
handled ;to prevent damage due to static discharge.
Pmper anti-static precautions should be taken, including
stdrage and transport in anti-static containers ar conductive
foam, and grounding of work stations, handling equipment
’ and personnel. Do not connect in circuits under *“‘power
*’: conditions. The input voltage should be applied after
pmver is on. Do not open the circuitry for the zero adjust,
reference or start convent pins while the power is on. It
should be noted that the top and bottom of the ceramic
package are connected to; the positive supply.

2. Nominal values of mput reference and offset resistors are
given in the resistor table. Due to the possible + 5% toler-
ance of the externat.refgrence and the +5%, — 3% toler-
ance of the converter.scale factor, the actual resistor.value
can vary by almost .+ 10%. Rg and Ry in the diagrams are
for trimming gain-and bipolar offset during calibration. It is
recommended thet-Rg be 1% of Ry (nominal) and that Ry

- be 1% of Rogr (neminal). They should both be. 100 ppm/°C
cermet tnmmlng pets. The. recommended - procedure for
selecting Ry and Rogris set to Rg and Ry to the center of
their ranges and choose a 1% metal film resistor which
gives the closest {it at the full scale peoint 1111. . ..111 for
Ry and one that gwes the cloeest fit to the zero scale point
0000. . .000 for Ry. .

3. The temperature stability’ of the ADC-ET converters

dapends directly or the converter itself, Ryy, Rper, Rorr
and Vger. Since the converter ie typically + 25 ppm/°C. Itis
recommended that a 10 ppm/°C réference be used along
"with 10 ppm/PC metal film resistors. for Ryy, Rrer and Roer
for best performance over temperature. .

4. Passive components used with the converter may have
tolerances as indicated here: C, is a +20% ceramic
capacitor; CwT is-a + 10% glass or ceramic capacitor; Ry,
Rgias and the two zero adjust resistors are + 10% carbon
composition type.

5. It is recommended that two 0.1 uF bypass capacitors be
used at the power supply pins as shown in the connection

- diagram. Cyyy should be connected as close as possibleto
‘pifis 14 and 15 and as far ds possible from any noisy lines.

6. Logic signals should not be routed under these devices or

near the input, reference or zero adjust pins.

7. All digital outputs will drive two low power TTL loads or one
low power Schottky TTL load. The outputs should not be
overioaded as this will affect the performance of the
converter.
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ADC-ET SERIES

TECHNICAL NOTES (Cont’d)

8. It should be noted that there is a propagation delay of ap-
proximately 500 nanoseconds between the time ENABLE
changes state and the time that the outputs change state.

9. Two’s complement coding can be implemented by inverting
the MSB signal.
10. ljy and Iggr, pins 14 and 13 respectively, connect to the
summing junction of an operational amplifier which requires
a current input. Voltage sources cannot be attached di-
rectly to them, but must be buffered by external resistors.
Refer to Test Circuit Diagrams. Analog input can be any
positive voltage when applied through the proper scaling
resistor.

11. Conversion accuracy is directly dependent on Vpgr. In
order to avoid degrading accuracy, Vpeg voltage regulation
must be +0.04% for 8-bit models, +0.01% for 10-bit
models and +0.0025% for 12-bit models.

DESCRIPTION OF OPERATION

When the START CONVERT input is strobed with a positive
puise of at least 500 nanoseconds duration, the busy line
latches high and a start up cycle of approximately 10
microseconds begins, during which the integrating capacitor is
discharged and both counters are reset. Conversion begins at
the end of an internal reset pulse.

During conversion, the sum of a continuous current, Iy and
pulses of an inversely signed reference current Iggr, is inte-
grated. iy is proportional to the analog input voltage and Iggf is
proportional to the reference voltage. A puilse of Iger is applied
as required to maintain the summing input of the integrating
operational amplifier near zero. The total number of pulses of
Irer required to maintain the summing input near zero is
counted and the binary coded result is latched into the outputs
at the end of conversion.

The end of conversion is signaled by a pulse generated by the
clock counter or by the data counter when an overfiow condition
occurs; this pulse disables further inputs into both counters and
begins a 10 microseconds shutdown cycle. During the shutdown
cycle, Data Valid goes low for 5 microseconds, while the result
of the latest conversion is being transferred to the outputs. Until
transfer is complete, the data at the outputs is not valid. At the
end of the shutdown cycle, Data Valid goes high indicating that
the outputs are latched with the result of the last conversion,
and the Busy Output goes low indicating the completion of the
conversion cycle and the availability of the converter for the next
conversion.

When the converter is employed in a free-running mode, the
START CONVERT input is held high (simply connect pin 21 to
pin 19), the Busy Output will go low for aproximately 2.5
microseconds to mark the completion and initiation of con-
secutive conversion cycles. It should be noted that once conver-
sion is initiated, the cycle cannot be interrupted; the START
CONVERT pin is disabled when the Busy Output is high, and
thus its logic state has no effect until completion of the conver-
sion cycle. After the completion of a conversion, the output data
remains valid for as long as power is applied to the circuit, or un-
til Data Valid goes low at the end of a conversion.
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TIMING DIAGRAMS
CLOCKED OPERATION

NEXT CONVERSION
AVAILABLE

- ‘/25
_ﬁ______,__,,.,,iﬁgc%’c‘«‘z

W e —— 7
e oj_lr 500 nsec. min. START CONVERSION DISABLED
u DL

CONVERSION TIME —--—— ="

BUSY CONVERTING SHUT DOWN

Lo- ! RESET 10,8ec. } 10 usac

"
o €4 - Fo
VAL o

"= NEW DATA
o o DATA FROM LAST CONVERSION LATCHED V 4 ATCHED

=
DATA CHANGING e 500 nsec

FREE RUNNING OPERATION

T
DATA g é —.l }f 5 atoc
VAD

" NEW DATA
0ATA
i DATA FROM LAST CONVERSION LATCHED V A ALy

7
DATA CHANGING — —={ Fo— 500 nsec
"

START CONVERT (PIN 21) IS TIED TO + 5V dc (PIN 19).

CODING TABLES

STRAIGHT BINARY
seiT 10 BIT 12 8T
SCALE 0TO + 10OV m 0TO + 10V COOE 0TO + 10V CODE
FS-1LS8 +9.96v 1"mirimm +9.990V 11111t 1N +9.9976V 111 1t
%FS +5.00 1000 0000 +5.000 10 0000 0000 +5.0000 1000 0000 0000
1Ls8 +0.04 0000 0001 +0.010 00 0000 0001 +0.0024 0000 0000 0001
[:] 0.00 0000 0000 0.000 00 0000 0000 0.0000 0000 0000 0000
OFFSET BINARY
8 BIT 10 BIT 12 87
SCALE +5V CODE +5V CODE 5V CODE
+FS-1 LS8 +4.96V 1M1t +4.990V 111111 1111 +4.9976V ARARERAREERL]
(1] 0.00 1000 0000 0.000 10 0000 0000 0.0000 1000 0000 0000
-FS + 1LSB -4.96 0000 0001 ~-4.980 00 0000 0001 —4.9976 0000 0000 0001
-FS -5.00 0000 0000 -5.000 00 000C 0000 ~5.0000 0000 0000 0000
RESISTOR TABLES
UNIPOLAR BIPOLAR Rin
RANGE RANGE (NOMINAL)
0TO +2Vv +1V 200K
0TO +5V +2.5V 500K
0TO +10V +5V 1 MEG
0 TO +20V + 10V 2 MEG
Rper Rorr
VRer (NOMINAL) (NOMINAL)
-1.22v 61K 244K
-2.5V 125K 500K
-6.4V 320K 1.28 MEG.
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ADC-ET SERIES OANEL

CONNECTIONS AND CALIBRATION

CONNECTION FOR UNIPOLAR-ORERATION 'CONNECHON FOR BIPOLAR OPERATION
Ryy. Rrgr ARE 1% METAL FILM RESISTORS. ARE 1% METAL FIM RESISYORS. |

L s S g e o

E&OWMNTHESSTOBSARE 10% CAR- o5VaC -5Vac éﬂmwusmsmmsusronsnmtmw

ALL TRMMING POTS ARE 100 pomisC CERMET um;votsm1mmmmr

SUPPLY BYPASS CAPAGITORS ARE CERAMIC o1 wv’mu&ss CAPACITORS ARE CERAMC

Cor 1S 10% GLASS OR CERAMIC CAPACITATOR. o : I :F_‘ "‘&Qs Corr 18 WOHMWMHWH‘OR 3

~VRer

COMPARATOR

START
CONVERT

*33 pF FOR ADCETBBC

33 pF FOR ADC-ET8BC

REDUCTION OF STAND-BY POWEﬁ REFERENCE CIRCUITS

JE— o | mumarEEes g rererence.

—WWWy

Gg)

THIS REDUCES POWER CONSUMPTION TO
ABOUT 200 sA DURING STANDBY.

ANALOG OUTFUT

CALIBRATION PROCEDURE : » sar o comenen

1. Connect the converter as shown in the connection diagrams
for eithet unipolar or bipolar operation. Deteriming the input
voitage range and select the redjuired input resistorsApply a
logic high to the start oonvert input (pin 21)' ng free-
mnning operation.

2. Zero and Offset Adjustments. Apply a precjson voltage
referencosourcofromtheanalogmmmtoground
Adjust the reference source to zero + % LSB for unipolar
operation or —FS + 1, LSB for bipolar operation. Adjust the
zero or offset potentlomd(orso that the output code flickers
between.000. . . .000 and 090 ..001.

3. e.mwmom Settheoutputofmereferencesmmeto
+FS - 1% LSB and adjust the gain trimming potentlometer
so that the output code 1ust flickers between 111... .110
and 111, ... 111,

—

i

29292382

DATA VO BUS
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5 OAEL ST ADC-ET SERIES

TYPICAL PERFORMANCE CURVES

CONVERSION THME CONVERSION TIME CONVERSION TIME
VS, Rguag V8. TEMPERATURE VS. SUPPLY VOLTAGE
10 1.4
= i) i -
Tt 18 \ 1 t
—  1,-25C 13— vpp -5V s Tp = 25°C
L Vop =5V Vss =~V 1.4
Vgg = -5V R
—— ss b 1.3
y § 1.2
¥ Y g 11 . . \
13 .
L1 10
1 °
1 — 09
// 0.8
> 08 0.7 NG
08
o8 05
04
07
2 3 4 s 6 7 8
s 100K ™ 55 -25 o0 25 S0 75 100 125 = Vgg (VOLTS)
Agiag (OHMS) TEMPERATURE (°C)
sueeLY cunReNT
SUPPLY .
VS. SUPPLY VOLTAGE Apus
w0
4 T T T
— Tie2sc
8
N
s b
i / <
& / E
b 3
} / -
2 7 2 E ,
3 [ Ta=2s%C
—  vpp v
2 Vgg = -5V
—
7
' ]
B
° 01
by P— . . - Py 10K 100K w
Vpo = Vgg (VOLTS) Raqag (OHMS)
OUTPUT SOURCE CURRENT OUTPUT SOURCE CURRENT
SUPPLY CURRENT VS. TEMPERATURE V8. SUPPLY VOLTAGE
VS. TEMPERATURE s
I T Voo = 7V
22 50 . Veg = -
A/ - 5V
‘oo -s5°C
Vgg = -5V BB R
N 45 Mo Py Vpo = 5V
i B i \ = Vg = -5V \
i \ E 0 °c N g 5 4 N
. ™~ ¢ N - N
81 ~] 3 s >S JJ— ‘o0
F] \\ K 125%C Vgg = -38V
[ 30— 3
18 Voo = 5V
Vgg = -5V
aspb— 2
- 20 1 \
-5 .25 O 25 50 75 100 125 0.1 1 ° 0.1 ' 10
TEMPERATURE (°C) lon (mAY lon (MA)
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ADC-ET SERIES

TYPICAL PERFORMANCE CURVES

D [O/ANEL

M ‘ oy imme
14 - 15
L ) Yoo = &V y N BRI
Vgg = —5V 1 Vpp = 5V
125 [ ”” 1 15—  vgg = -5V
e ‘."C- - _ 1.o——l Ilill-
P I”” |38 Vgo = 3.5V . I }
| g 125°C -ssc | g : Vgg = -agv ' l H
| 3 075 // 3 orsh— I -
g os 5 as
hb
0.25] = 0.2s Vor = IV
- \ vee -
0.1 o
01 1 0 0.1 1 10
oL (mA) oL (mA)
¥ tner : THREE STATE PROPAGATION DELAY
LR ll I 1.3
3.0 'c‘m “
3%0F - § .2
20 68oF 4 * "
5 90pF 3 1 § 1 /
1.0 soms: ptd
osp 3 - - 10
B i
= = 3 "7 LR
oapF 08
4 e
L | o7
TIIT 300 oF
3 T 1T e m o B e m w
2 s 1 20 50 100 200 500
TEMPERATURE {*C}
Ingr GA)
ORDERING INFORMATION
'ﬁ; ' , : ) ‘
MODEL o TEMP: NANGE : PACKAGE" .
ADC-ET8BC 0°C to +70°C Plastic
‘ADC-ET8BM . . -55°c to +125°C Cerdip-
ADC-ET10BC 0°C to: +70°C Plastic-
ADC-ETm ~55°C to +125°C Cel‘dip:
ADC-ET 0°C to' +70°C Plastic
ADC-ET : -259C to +88°C Ceramic
ADC-ET1 -55%Cto. + 125°C Ceramic
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