ANTE S DAC-IC10B Series
@ - FE'HE[L" Low Cost, 10-Bit Monolithic
Digital-to-Analog Converter

FEATURES

¢ 10-Bit resolution

¢ Straight binary coding
e Current output

e 250 Nanosecond settling time wss DIGITAL INPUTS -
e TTL/CMOS-compatible BrNO. 1 2 & 7 8 9
 Low cost QOOOOOEARE®
GENERAL DESCRIPTION HEEEEERENR

The DAC-IC10B is a low cost, 10-bit mono- ouTPuT
lithic DAC with fast output current settiing FAST CURRENT SwiTCHES 2) cumnen

time. It is packaged in a 16-pin ceramic
DIP and requires only an external refer- TTTTT 1 E] T
ence and operational amplifier for voltage
output operation. A full-scale change in ATINMED 2R
output current settles in 250 nanoseconds,
and with a fast 1.C. operational amplifier +rer ()
(such as DATEL’s AM-452) a 10V output
change can settle within 1 microsecond. -rer (=) -
Digital input coding is straight binary for
unipolar operation, and offset binary for
bipolar operation; the logic inputs are com-
patible with TTL or CMOS.

This converter is manufactured with mono-
lithic bipolar technology. The circuit incor- ~Vee
porates 10 fast switching current sources
which drive a diffused resistor R-2R net-
work. The ladder network is laser trimmed
by cutting aluminum links. The circuit also
contains a reference control amplifier and
‘a bias circuit. An external reference cur-
rent of 2 mA is required at the + Refer-
ence input terminal; this is accomplished
by an external voltage reference and a
metal film resistor. INPUT/OUTPUT
Other characteristics of the DAC-IC10B in- MECHANICAL DIMENSIONS CONNECTIONS

clude linearity to + ', LSB and guaranteed INCHES (MM)
monotonic performance. The gain temper-
ature coefficient of this unit is typically
—20 ppm/°C. Output voltage compliance .
is —2.5V to +0.2V, permitting direct driv- DATEL

ing of a 625Q resistor for a voltage output.

The reference input current can be varied PIN 1 .

from 0.5 mA to 2.5 mA to give monotonic g | oommax Y
operation as a one- or two-quadrant o8
multiplier.

{
Power supply requirement is + 5V dc and 200 MAx. | 0 BTTIN
-~ 15V dc. The DAC-IC108B is available in —‘— . " BTem
three models covering two temperature 2 BT 9N
ranges, 0°C to +70°C and -55°C to 0.02 MAX. - y 1 BT 10N
+125°C. o8 —.".- —-l I- 5 — 8 — :; ::;C:Ensucs
16 +REFERENCE

BIAS CIRCUIT
REFERENCE 00 < 2000 14) +Veo

L
AMPLIFIER r

é

-VEE
GROUND
OUTPUT GURRENT
81T 1IN (MSB)
BT2IN
BT3IN
BITam
r BTSMN
° BTEm

g
dNB G AN -

DATEL, inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356 255

Printed fromww.freetradezone.com a service of Partmner, Inc.
This Material Copyrighted By Its Respective Manufacturer



D OAT=L,

FUNCTIONAL SPECIFICATIONS

Typical at 25°C, Voc = +5V, Vege = — 15V, lpgr = 2.0 mA.

Nominal Reference Current,

INPUTS
ga?luﬂonu 'POh O ............. 18? Bit?It B
, Uni rOutput ........ raight Binary
Mg, 3ip Output ......... Offset Binary
Input Logic“1”.......... +2.01t0 +15V at +20 A
InputLevel, Logic 0" .......... 0to +0.8V at —-.02 mA

Pin1t6 ..................... 2.0 mA
Reference CurrentRange ....... 0.5 mAto 2.5 mA
Reference Bias Current, )

Pints ............. arresann -5 pA maximum
OUTPUTS
(o] Current

.0 mA +£0.2 mA

Output Current Ra to 5.0 mA
Output Cuyrerit, All . 2.0 pA maximum?
Output Voitage Compliance . —-25t0 +0.2V
Output Capacitance 5 pF
PERFORMANCE
Linearity Ervor, B,BM .......... + %2 LSB, maximum

BC............. + 1 LSB, maximum

Differential Linearity Ervor
Monotonicity, :bB .

. +%LSB

. At 25°C

~.. Full Temperature Range?

GainTempco ................. —20 ppm/°C,

60 ppm/°C maximum3
Reference Current, Slew Rate . ... 20 mA/microseconds
Reference Current Settling ...... 2.0 microseconds*
Output Current Settling ......... 250 nanosecondsS
UpdateRate .................. 4 MHz
Power Supply Sensitivity........ 02%/% maximum
POWER REQUIREMENTS

+5V dc +0.25V
. +4 mA maximum
. —15V dc +£0.75V
- 18 mA maximum

PHYSICAL/ENVIRONMENTAL

Operating Tomsgemture Range

AC-IC10B, 0°C to +70°C

DAC-IC10BM . —55°Cto +125°C
Storage Temperature Range . —65°Cto +125°C
Package ..................... 16-Pin Ceramic DIP
FOOTNOTES: ‘

. 4.0 A maximum for DAC-IC10BC only.

1
2
reference current from 0.5 mA to 2.5 mA.
3. 70 ppm/°C maximum for DAC-IC10BM only.
4. Zero to 4 mA output change to rated accuracy.
5. Full scale change to '; LSB.

. All converters in this series typically retain rated monotonicity for values of input

TECHNICAL NOTES

1. The General Connection Diagram shows the basic connec-
tions for the converter. The scale factor is set by a reference
current injected into pin 16. Pins 15 and 16 are the input ter-
minals to the reference control amplifier. When connected as
shown, pin 15 is grounded through Rys and pin 16 is at virtual
ground. Theretfore, the reference current is determined by
the external voltage reference and Ryg: Iner = Vper/Rie. Ris
shouid be a stable metal film resistor. Rss is used only to
compensate far the input bias current into pin 15 (1 pA
typical). Rys, if .used, should be equal to Rys and may be a
carbon compodition type. An Iger 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 refer-
ence can be applied to pin 15. In this case only the bias cur-
rent must be supplied from the reference since pin 15 is a
high impedance input. Pin 16 is at the negative voitage and
Irer stilt flows into pin 16. Again, Rys is used only to compen-
sate for bias current. There is an important requirement for
this connection: the negative reference voitage must
always be 3 voits above Vge.

3. lout is inverse!’y proportional to the reférence input current

{lner) times the digital word. Scaling of the applied reference
can be represented as follows: ’
: Veer  An
Rper 27
where n = 10 (10-bit DAC)
‘ A, = digital code
Note: 1) The largest digital code for a 10 bit DAC is 1023.

2) The reference current is scaled by a factor of 2
within the DAC.

Example:

lour = -2

25V 1023
lour FS) = —2 =22V 1028
our (FS) 1.25K 1024

= -3.996 mA (nominal)
lour (ZERO) 25V, 0

-2 2=V 9

1.25K 1024
0 mA (nominal)

4. The reference amplifier is internally compensated. The

minimum reference current supplied from a current source is
0.5 mA for stability.

5. The voltage on pin 3 is restricted to a range of —2.5V to

+0.2V. This compliance voltage is guaranteed at 25°C and
nearly constant over temperature.

- 6.-Full-scale output current of 3.996 mA is guaranteed for input

reference currents to pin 16 between 1.9 and 2.1 mA.

- 7. Itis recommended that pin 14 (V¢¢) and pin 1 Vgg) always be

bypassed to ground with at least 0.1 xF capacitors located
close to. the pins.

8. The accuracy of the converter is specified for a reference

current of 2.0 mA; the accuracy, however, is essentially con-
stant for reference currents from 1.5 mA to 2.5 mA. Typically,
this device is monotonic for all values of reference current
above 0.5 mA.
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5> OAEL o DAC-IC10B

TECHNICAL NOTES (Cont’d.) CONNECTION FOR DIRECT VOLTAGE OUTPUT

9. For fastest voltage output settling times in either unipolar or +5VDC
bipolar modes, two circuits using DATEL AM-452 monolithic
operational amplifiers are recommended. These circuits,

with the compensation shown, resulit in output settling times = 0.14F
of typically 550 nanoseconds for a 10V change to 1 LSB. BIT
This is the worst case settling time which occurs when all bits MSB 1 T 4 e 125KMF |ggp
are turned on. For current output and R;_less than 500 ohms, 20 5 +
this time is 250 nanoseconds; when all bits are turned off the 30 s 5 12K 26V
time is shorter, typically 100 nanoseconds. The two circuits 40— 7 v -
shown also illustrate a simple method of deriving both 50—8 = =
reference current and offset current from a-precision 6.4V 6 o—J9 3 0t0-2.5V
Zener reference diode. 7 o—q10 62562
10.Both one and two quadrant multiplication are also possible 8 o— 1

with the converter as shown in the two diagrams. Vyy is 9 o—12 2 —‘C’j_ =
shown operating into pin- 16; this results in an input im- LsB 0 0—]13 4 =
pedance of 2.5K. Alternatively, V|y can be applied to pin 15
for a high impedance input as explained previously. The 0.1uF
range of Vi is then 0 to — 10V. For two quadrant multiplica-

— MF-Metal Film

tion Vyy is unipolar and the digital input is bipolar with offset
binary coding. Voyt then varies over the bipolar range of -15v
+5V. In multiplication applications, it is recommended that

| full scale Iger be set to 2.0 mA; the output is then monotonic

as the reference current varies over 0.5 mA to 2.0 mA.
GENERAL CONNECTION DIAGRAM

‘ +5VDC
; TWO WAYS TO CONNECT REFERENCE Iper = VRer/R
0.1uFI 'REF REF/T118
L - - L
Ms8 1o—{4 14 16
20—5 Ry
30—]6 15 —O—N\Arj_ ;;
40— 7 1 _REF
50—]8 -
6 o—19 3—o—=—0lgyr
7 o—10 -
8 o—f1

9 o—{12 2o
Lss 10 0—{13

MF-Metal Film
- 15vDC
CONNECTION FOR BIPOLAR VOLTAGE OUT
+5vDC
DIGITAL 4-TO-20 MA OR .
n 1-TO-5 VOLT CONVERTER g M e 51
-F k—d - T
BIT ¥ Ris +VRerF -
MSB 1 0—{ 4 14 16 A AWK [
20—15 Ris = wW N 1000
RyS [ 2mA
3 & 5 O—" VWV ‘ Ry vaer ’wv
40— 7 = -
5 O 8 5.11FK 1 DAC-1C108 MPS A08
60— 9 3 ——
7 0 10 0to4mA 25V
8 O— 11 J
- 9 o—|12 2 R{R 1
1Ry 410 20mA
LSB 10 0—]13 _l A+ Ry v { l
e < Yto5V
0.1uF = )
= RLOOP = 25092
VREF __ VREF  _
1 = R =2MA  —p—=2mA
! -15v DC = =
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DAC-IC10B DEAENEL

-APPLICATION DIAGRAMS

ONE QUADRANT MULTIPLICATlON . JWO QUADRANT MULTIPLICATION
+5v +5Y L,
0.9uF 0.uF. .
< I
B u 499K 1%MF ) o [ 490K Y% MF
MSB 10-—{4 16 [——0-AAA——O Vi (0 TO + 10V} MSB  10——q4 L8 VINIOTO + 10V}
20— —_oJ\N\:] AAA- ° 5 SN
3 o] : * bl ZAm TN ME :o——- : ® [ 1___‘ %z 249K 1% MF
40—]7 pac 3 - a0—47 3 Py
K108
50—1{8 DN 50——{8 108
so—° . ::%uw» s0—19 . Your! £8V)
70— 10 2 —01 . 70——110 2 —01
so—{n = = so—{n =. 1.8K1%MF
so—u2 90— 12
LS8 00— 13 ) Ls8 wo—” : =
0. WF I:l_: 0.1F I-[
= —1sv = _sv
FAST, UNHPOLAR VOLTAGE OUTPUT FAST, BIPOLAR VOLTAGE OUTPUT
GAIN ADJ. +68.4V ' ) GAIN ADJ.
v . R v
500 287 [ Md
0.1F Ir 2‘(: m: 0.14F IF z&x
L 7} Lok 1% | 2™ = (1 - 4 :»: 7( l% s
MSB 1 O——nqa 13 01 240K 1% mMse to—J4 1. o 2mA
20— 15 20—45 F |
sole ro]s b “"‘_Tl“’ 2.40K1%
40— 7 3 40——17 3
so—{s .&‘.f; N s50—18 (€108 four L o
eo—Js Vour 60— 9 = Vour | -5V T0 +5v)
S 2| oy P o7k QUTPUT SETTUNG 70— 2 a7or  moNSEC 10758
s 4 L l = SEONSEC. TO 1158, O _°j= L I ToF = X .
so—q12 N ’H 12 - =
AMPLIFIER AMPLIFIER
0.%F i—:——i o,.w IL_T
-18v T -sv
CALIBRATION AND CODING TABLE
. Select the desired output range by means of the feedback INPUT CODE BIPOLAR' ’ NARY CODING
resistor of the external operational amplifier and the exter- MSB LsB [ 38 !'E;w ‘! ! :!: 1E mA £2mA
nally programmed reference current. 11 1111 1111 | +4.900V [ + 9.960V | -0.988mA | -1.996 mA
2. Zero and Offset Adjustments/Fol unipolar opdration, set all 100 ol ramme |t I | coke 21eo
digital inputs:to “0” (OV to +0.8V) and adjust the output 10 0000 0000 0.000 0.000 0.000 ° 0.000
amplifier ZERO ADJUSTMENT for zero output voltage. For 3(1, w % —5 x - g% +g.g +: g
bipolar operation, set all digital inputé to “0” (0 to +0.8V) ' -4 -9 +0.296 +7
and adjust the OFFSET ADJUSTMENT for the negative full- 00 0000 0000 | -6:000 | -10.000 | +.000 £2.000
scale voltage shown in the Coding Table.
3. Gain Adjustment/For either unipolar or bipolar operation, set
all digital inputs to “*1’* (+ 2.0 to +5.5V) and adjust the GAIN
ADJUSTMENT for the positive full-scale voltage shown in the ;
Coding Table. ) ORDERING INFORMATION
INPUT CODE UNIPOLAR qpmﬂou—smm BINARY OPERATING
MSB LSB [0TO +5V [OTO +10V [0TO —2mA [ Oto —4 mA MODEL NO. ’ TEMP. RANGE
17 1911 1111 | +4.995V +9.990 —1.998 mA ~3.996
11 1000 0000 | +4.375 +8.750 -1.750 -3.500 DAC-IC10BC 0°C to +70°C
11 0000 0000 | +3.750 +7.500 -1.500 ~3.000 DAC-IC10B 0°C to +70°C
10 0000 0000 | +2.500 +5.000 -1.000 ~2.000 _
01 0000 0000 | +1.250 +2.500 -0.500 ~0.100 DAC"C1°BM 55°C to +125°C
00 0000 6001 | +0.005 +0.010 -0.002 -0.004
00 0000 0000 0.000 0.000 0.000 0.000
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