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Model DAC-IC8B
Low Cost, 8-Bit Monolithic
Digital-to-Analog Converters

D OATEL

FEATURES

e Low cost

o 8-Bit resolution

* Fast settling—300 nanoseconds
* 1- or 2-quadrant muitiplication
* +% LSB linearity m,?az 3 4 8 7“?‘
* DTL/TTL compatible inputs 0/06,0.0.0.0.0)
GENERAL DESCRIPTION P11 ]

The DAC-IC8BC and DAC-IC8BM are 8-bit
monolithic DAC’s with fast settiing current
outputs. The units are housed in a 16 pin
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ceramic DIP and require only an external
reference and output amplifier for fast
voltage output operation. A full scale out-
put change settles in only 300 nano-
seconds for current output operation and
600 nanoseconds for voltage output
operation using a fast monolithic output
amplifier (DATEL's AM-452). Digital input
coding is straight binary for unipolar opera-
tion and offset binary for bipolar operation
and is compatible with standard DTL/TTL
logic.

The DAC-IC8B converters consist of 8
fast-switching current sources, a diffused
R-2R resistor tadder network, a bias cir-
cuit, and a reference control amplifier. The
diffused resistor ladder gives excellent
temperature tracking resulting in a gain
temperature coefficient of —20 ppm/°C.
The monolithic fabrication results in ex-
cellent linearity and tempco, fast output
settling, and low cost. Linearity is +%
LSB.

An external reference current of 2 mA
nominal programs the scale factor for the
DAC,; this is done by means of an external
voltage reference source (such as Zener
diode) and a resistor. This reference cur-
rent can aiso be varied, resulting in one or
two quadrant multiplying operation. The
output voltage can be unipolar or bipolar
depending on whether an extemal offset-
ting current (derived from the reference) is
used. Output voltage compliance of the
DACis —0.6V to +0.5V; this can be made
as large as —5V to +0.5V by external pin
connection for cases where direct voltage
output from a load resistor is desired.

Power supply requirement is +5V dc and
-5V to — 15V dc. Model DAC-IC8BC has
an operating temperature range of 0°C to
70°C while DAC-ICBBM operates over
-55°C to +125°C. The two models are
pin compatible with industry standard de-
vices 1408L-8 and 1508L-8 respectively.
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DAC-ICBB

D [O/ATEL

- BBV -

.. —16.5V

.. +8.5V

. 5.0 mA
+Voe, ~Vee

1.0 watt

FUNCTIONAL SPECIFICATIONS
Typical at 25°C, Voc = +5V, Vee = —15V, and lrer = 2 mA unless
otherwise specified
INPUTS
g::ldwmnipohroutput ............. g tegsght B
u inal
z: bipolar Offset Binaryl'y
Input Logic Level, bltO .. +2:0Vito +5.5V at 40 A
lnputLoqlcl.wd, ..0Vto +0.8Vat -0.8 mA
Loading............ . 1 TTL load
Nomlml Reference Current
(+ S PP 2.0mA
Reference Current Range
(+ ) YN 0to 4.2 mA
Reference Bias 0umm )
(—Reference)................... —3 pA max.
OUTPUTS
‘Qutput Current, hEF 20mA ....... 20mA £0.1 mA
Output Current Range,
oV =c-5V i Rance, T 0t0o2.1mA
utput Current
Vee= —6t0 —15V .......cc...... 0to 4.2 mA
Output Current, all bitsOFF . . ........ 4 uA max.
-0.6to +0.5vV
-5.0Vto +0.5V

+% LSB 10 19%
-~ 20

+ %2 LSB (+0.19%) max.
+ 1, LSB ( +0.19%) max.

2.7 ax.
33 Wity
. z

Hmh:. Oumntsw Rate ........ 4.0 mA/usec.
POWER REQUIREMENTS
VccVolhg...v ..................... +5V dc 105V
VecCurrent...............ccouvuunn 22 mA m
VeeVoltage....................... -45Vto-165Vdc
VeeCurvent..............covvinns 13 mA max.

0°C to 70°C

-55°C to +125°C

m —65°C to +150°C..
Package, DAC-IC8BC .............. 16 Pin Plastic DIP
Package, DAC-IC8BM .............. 16 Pin Ceramic DIP
FOOTNOTE:

1. With zero and full scale adjustments made. ,

TECHNICAL NOTES

1. The General Connection Diagram shows the basic connec-
tions for the DAC-IC8B converter. The scale factor is set by a
reference current injected into pin 14. Pins 14 and 15 are the
input terminals to the reference control amplifier. When con-
nected as shown, pin 15 is grounded through R,s and pin 14
is at virtual ground. Therefore, the reference cumrent is detet-
mined by the ‘external voltage reference and Ri4: IREF -
Vrer/Ria. Rys should be a stable metal film resistor. Rys
used only to compensate for the input bias current into pm 15
(1 1A typical) and can be ‘shorted qut with negligible effect.
Rys, if used, should be equétto Ri4 and may be carbon com-
position type. An Iper of 2.0 mA is recommended for most
applications.

2. There is a second method of connecting the reference
shown in Two Ways to Connect Reference. A negative
reference can be apphied toipin 15. In this case only the bias
current must be supplied from the reference since pin 15 is a
high impedance input. Pin 14 is at the: negative voitage and
Iper still flows into pin 14. Again, Rys is used only to compen-
sate for bias current and may be omitted. There is an impor-
tant requirement for this conhection: the negative reference .
voltage must atways be 3 voits above Vge.

3. The reference, amplmer must._be externally compensated,
and this is done by capacitor C,, connected from pin 16 to
pin 3 (Vge). C may also be connected from pin 16 to ground,
but connection to pm 3 improves the negative supply rejec-
tion. The value of C; depends on R4, and typical values are

. given in the compensation table. Compensation is particu-
larly important when the DAC-IC8B is used as a multiplying
D/A converter. Proper compensation assures that output
peaking does not occur when the reference voltage steps to
a new value. If pin 14 is driven from a high-impedance current
source such as a transistor collector, then much larger
values of C, must be used and the bandwidth of the
reference amplifier is significantly reduced.

4. The Alternative Compensation Diagram shows another way

of achieving the desired compensatlon Here a 1.0K resistor
is always used at pin 14, but it is in series with andther R to
the reference voltage. The junction of the two resistors is
bypassed to ground by a 0.1 uF capacitor. For high frequen-
cies pin 14 always ‘‘sees’” a 1K resistance, thus allowing a
15 pF capacitor for C.. Rys, if used, should be the sum of
1.0K and R. Thie compensation scheme is useful - with
voltage references such as 6.2 or 6.4 volt Zener diodes.

5. It is recommended that pin 13 (Vcg). and pin 3 (Vge) always

be bypassed to ground with at least 0.1 »F capacitors located
close to the pins.

6. As shown in the General Connection Diagram, pin 1 may be

either connected to ground. or left open. This connection
determines the voltage oompllanee at pin 4 (loyT)- For pin 1
grounded, the output compliance is —0.6 to + 0.5 voit. This
is satisfactory when pin 4 is used to drive a current to voitage
converter and pin 4 is held at virtual ground. It is also
satisfactory for low values of Ry connected to pin 4 to directly
convert the output current to a voltage. The voltage com-
pliance may be extended to - 5.0 volts by leaving pin 1 open
and using a Vgg more negative than - 10 volts. in this way a
2.5K load resistor fmay be used at pin 14 to give an oatput
voltage range of 0'to —5 vols (withi reference current of 2
mA). As shown in thé table of Sattling Time vs Ry, the-output
settling time is constant (300 nsecondsy for R values from
0 to 500 ohms; thereafter it increases to 1.2 gseconds for
R, = 2.5K.

2-60 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

Printed fromww.freetradezone.com a service of Partm ner, Inc.

This Materi al

Copyrighted By Its Respective Mnufacturer



D OAN=L

DAC-IC8B

TECHNICAL NOTES (Con’t)

7. The accuracy of the DAC-IC8B is
specified for a reference current of 2.0
mA; the accuracy, however, is essen-
tially constant for reference currents
from 1.5 mA to 2.5 mA. Typically, this
device is monotonic. for all values of
soference current above 0.5 mA.
Reference currents up to 4.2 mA may
be used. When using a 4 mA reference
current, Vgg must be more negative
than -6 volts.

8. For fastest voltage output settling times
in either unipolar or bipolar modes, two
circuits using DATEL's AM-452
monolithic operational amplifiers are

HIGH COMPLIANCE OUTPUT

recommended. These circuits, with the
compensation shown, result in output
settling times of typically 600
nanoseconds for a 10 volt change to 1
LSB. This is the worst case settling time
which occurs when all bits are turned
on. For current output and R, less than
500 ohms, this time is 300 nano-
seconds; when all bits are turned off the
time is shorter, typically 100 nanosec-
onds. The two circuits shown also il-
lustrate a simple method of deriving
both reference current and offset cur-
rent from a precision 6.4 volt Zener
reference diode.

. Both one and two quadrant muiltiplica-

tion are also possible with the DAC-
CONNECTION DIAGRAMS

IC8B as shown in the two diagrams. V|y
is shown operating into pin 14; this
results in an input impedance of 2.5K.
Alternatively, Vi can be applied to pin
15 for a high impedance input as ex-
plained previously. The range of Vi is
then 0 to — 10V. For two quadrant mul-
tiplication V) is unipolar and the digital
input is bipolar with offset binary
coding. Voyr then varies over the
bipolar range of + 5 volts. In multiplica-
tion applications, it is recommended
that full scale Igeg be set to 4.0 mA; the
output is then monotonic as the

rreference current varies over 0.5 mA to

4.0 mA.

OUTPUT CONNECTIONS

0.2 R
wF T % AN~
L 3 10K1% 221K, 1%
ms8 1 ) 14 0+6.4V REF ‘our
0.1
20—
b : 5 —-o—'\‘/z\,ius VouTt
ot vour Vour R
0 TO -5V}
sO—{9
8 O—410
70—{11 =
Ls8 BO—412
3 SETTLING TIME VS. R
R, S.T.
o1 15pF o 3m .
uF T 500 300 nsec.
B |
= GENERAL CONNECTION DIAGRAM 1K 400 nsec.
25K 1.2 usec.
Ve (48W)
0.1 IREF * VREF/R14
i
T 13 Ris 'REF
Ms8 1 s
20—6
30—{7
40—8
sO—®
@OPEN
6O—]10 1 GND
10— 1 2
Ls8 8O—112 s 16 COMPENSATION TABLE
Ria Cc
1.0K 15 pF
2.5K 37 pF
5.0K 75 pF
0.1 Ce
F I For high comelisnce output (+0.5V to -5.0V}
— Vge -5T0-15V) Isave pin 1 open and use —10 to —15V for Vgg.
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DAC-IC8B D OATEL
CONNECTIQN DIAGRAHS

TWO WAV.S TO CONNECT REFERENCE ALTE;NATIVE COMPENSATION

i +V,
-*—Zy=Riy : cc

‘reF = VREF/R14

‘Rer = VRer/P1s
NOTE: -VRpgg must be 3 volts sbove Vg

“Vee
APPLICATION DIAGRAMS
ONE QUADRANT MULTIPLICATION TWO QUADRANT MULTIPLICATION
+5V +5V
0.9u4F :_E DJ,“FIF% :: ::JSV BE EXACTLY
- ! = "
ar 3 249K 1% MF sir 13 289 1% M
wse 1 0O—s 14 }—O—AAA——O V) [0 TO +10V} ms8 10—s 1" _O_MTFO Vin {010 410V}
20—e B—O—WN—) —AAN 20—s 15 ——MA,—_L < AAA-
310—{7 2k = et 3C—7 24 L b 243K 1%
a0—|s 4 f—O———a 40—{s Af—0 -
sO—9 —O 50— 2 ,
Vour
s§O—{10 1 10 Ta +10V) 60— 10 1 Vour {:5v1
7011 2 70— R 2480v .
= 24k0 tse 8 12 = 18k
LsB . 80—12 s 18| CARBON 5 16 j CARBON
0.3uF I7pF 0.1xF 37pF
= -5V = -1V
FAST, UNIPOLAR VOLTAGE OUTPUT FAST, BIPOLAR VOLTAGE OUTPUT
:I:J.I. SCALE sav GAIN A::'. .
v n“/ b AN~ ANA—O +18V
AAA VWA 8V - z::&
500 287 20x3 ‘l K
(X s ™ 0.1uF T %S OFFSET
.]_: "&‘:: INAGTH L & Ao Jp—
o - ur =3 ot SsoK 1%
13 Y = Y b —
[, s » 1.0k 1% wse 1 s 14 —O—~AAA— Lot fima =
e 0.1uF 240 20—s 15—O—-AAA—¢ ¥ AAA
20—1s 15 pAh AA I = 4.90% 1%
10—{7 = 307 .
«O0—]e o —O0—————{ 40— b our
Sout & sO—9 —0
s0-—19 510 S 7O . R Vour -5V TO +5V}
ol ' SRR Tl o] ¢ ST
70— 2 n 2 L anF -mv-(n.voun.sl ’ N 2 = = I"’”
Lsp 8 0O—-12 16 n J_: s8 8O0—{12 , 18| =
3 =
NOTE: +15V POWER SUPPLY
NOTE: + 15V POWER SUPPLY CONNECTIONS NOT SHOWN FOR
CONNECTIONS NOT SHOWN FOR AMPLIFIER.
0uF 15pF AMPLIFIER 0.taf; 150F
1:: Y = -5V
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DAC-IC8B

CALIBRATION AND CODING TABLES

. Select the desired output range by means of the feedback
resistor of the external operational amplifier and the exter-
nally programmed reference current.

. Zero and Offset Adjustments
For unipolar operation, set all digital inputs to ““0” (OV to
+0.8V) and adjust the output amplifier ZERO ADJUST-
MENT for zero output voltage. For bipolar operation, set all

digital inputs to “D” (0 to +0.8V) and adjust the OFFSET
ADJUSTMENT for the negative full scale voltage shown in
the Coding Table.

. Gain Adjustment

For either unipolar or bipolar operation, set all digital inputs to
“4” (+2.0 to +5.5V) and adjust the GAIN ADJUSTMENT
for the positive full scale voltage shown in the Coding Table.

i

UNIPOLAR OPERATION—STRAIGHT BINARY CODING BIPOLAR OPERATION—OFFSET BINARY CODING

INPUT CODE UNIPOLAR OUTPUT RANGES INPUT CODE BIPOLAR OUTPUT RANGES
MSB LSB [0TO +5V ][ 0TO +10V | 0TO -2mA | 0TO -4 mA MSB__ LsSB £5V +10V 11 mA +2 mA
CEEEEEEL] +4.980 +9.961V —1.982 mA —3.984 mA 11 1111 | +4.961V +9.922V ~0.992 mA ~1.984 mA
1110 0000 | +4.375 +8.750 -1.750 -3.500 1110 0000 | +3.750 +7.500 -0.750 -1.500
1100 0000 | +3.750 +7.500 ~1.500 -3.000 1100 0000 | +2.500 +5.000 -0.500 -1.000
1000 0000 | +2.500 +5.000 -1.000 -2.000 1000 0000 0.000 0.000 0.000 0.000
0100 0000 | +1.250 +2.500 -0.500 -1.000 0100 0000 | -2.500 -5.000 +0.500 +1.000
0000 0001 +0.020 +0.039 -0.008 -0.016 0000 0001 | -4.961 -9.922 +0.992 +1.984
0000 0000 0.000 0.000 0.000 0.000 0000 0000 | -5.000 -10.000 +1.000 +2.000
ORDERING INFORMATION
DAC-IC8B
OPER. TEMP. RANGE
C = 0°C TO +70°C
M = -55°CTO +125°C
ACCESSORIES
Part Number Description
TP500, TP1K, and Trimming Potentiometers
TP20K are available
from DATEL
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