DAC-08B
High Speed, 8-Bit Monolithic
Digital-to-Analog Converter

D OANEL

FEATURES

* 85 Nanoseconds settling time
* -10 to + 18V compliance

® 4+4.5to +18V supply

* 8-Bit resolution

e 1- or 2-Quadrant multiplication
* Low cost

GENERAL DESCRIPTION

The DAC-08BC and DAC-08BM provide.

very high speed performance coupled with
low cost and application flexibility. These
units have guaranteed full 8-bit
monotonicity with nonlinearity of 0.19%
over the full operating temperature range.
High-speed current steering switches
achieve 85 nanoseconds settling time with
a very low glitch for full-scale changes. A
large output voltage compliance range
(-10 to +18V) allows direct current to
voltage conversion with just an output
resistor, omitting the need for an opera-
tional amplifier in many cases.

The DAC-08 consists of 8 fast-switching

current sources, a diffused R-2R resistor -

ladder, a bias circuit, and a reference con-
trol amplifier. The diffused resistor ladder
gives excellent temperature tracking,
resulting in a gain temperature coefficient
of 10 ppm/°C. The monolithic fabrication
results in excellent linearity and tempco,
fast output settling and low cost. Linearity
is +1% LSB.

An external reference current of 2 mA
nominal programs the scale factor of the
DAC. This reference current can also be
varied, resulting in one or two quadrant
multiplying operation. The output voitage
can be unipolar or bipolar dependent upon
the connection of the two complementary
output sink currents.

DAC-08 applications include fast A/D con-
verters, waveform generators, audio en-
coder and attenuators; CRT display
drivers, and high-speed modems.

Power supply requirements are 4.5V to
+ 18V. Operating temperature range is
0°C to 70°C for the DAC-08BC and
-55°C to +125°C for the DAC-08BM.
These models have equivalent specifica-
tions and pinouts to industry standard
DAC-08's.

Do

FAST CURRENT SWITCHES

PP Il AP

Vaer(+) (14 ’\> P
VﬁF(—) 5 =
s | '}

come -Veg

MECHANICAL DIMENSIONS
INCHES (MM)

1815 1413 12 11 109

LAY DAC8 I&Q
L—“IJZLS- 4 586 78
‘I wlle o.om__—.?.

SEATING

0.100

INPUT/OUTPUT
CONNECTIONS

b
2
i

12 BIT 8 N (MSB)

1“4 VREF+

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

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

23



DAC-08B . D CYAYNEL
ABSOLUTE MAleiNi RATINGS - ' TECHNICAL NOTES
Voc s'-TP'Y 38V, s 1. The DAC-08 series is a multiplying D/A converter in which the
D'g“" nput VW :¥:§ :g :‘\,{gg plus 36V output current is a product of the digital word and the input
nm}éﬁé&iﬁﬁ&i vomg. I “VeE to +Voo reference current. Excellent performance is obtained for Ipgr
Reference inputCurrent ............... 5.0 mA from 4.0 mA to 4.0 zA. Monotonic operation is maintained
from 4.0 mA to 100 gA. The full-scale output current is a
linear function of the reference current and is given by:
255 . " -
lgg = — x|, l s ¢ etatP|n14
FUNCTIONAL SPECIFICATIONS Fs = 256 * 'ner (Iner is current at fin 14)
Typical at 25°C, Vg = + 15V, lrer = 2.0 mA unless otherwise noted. 2. Reference Amplifier Set-up ita regulated power supply is

used as the reference, a resistor divider should be used with
the junction by-passed to ground with a 0.1 uf capacitor. TTL
logic supplies are not recommended to be used as the
reference. AC and dc reference applications will require the
reference ampllfler to be com) ted using a capacitor
(Cc¢) from pin 16 to VEE For fixed reference application (dc),
a 0.01 uF capacitor is recommendeéd. For AC reference ap-

INPUTS

g:g(l)lutl%ni ........
ng, Un r
Coding,Blpgg:O
Input Logic Level,

Anput Logic Level, BROFF(‘0") ..... ... +Obég “"Aﬁ’(imum at plications, the value of C¢ depends on the impedance pres-
Nominal Refe: ent . 20 MA ent at pin 14. For Rper values of 1.0, 2.5 and 5.0 KQ,
Refe::anlcg a;,':"c'i;ﬁ“m ................ _15‘,,;\ minimum values of C¢ are 15, 37 and 75 pf respectively.
Reference inputSlewRate ............. 8 mA/usec. Larger values of R;4 require proportionately increased values
OUTPUTS of Cg for proper phase margin. See Graph on Reference In-

put Frequency Response. Low Rpgg valtes enable small Cc

achieving highest throughput on Vger. If pin 14 is driven by a

gumtg:t' gﬂ::::’é:ﬁg: %:;:A_' sV ..., 3'?: 2m 1A miAo.os mAz high impedance such as-a ‘traneistor current source, the
Output Current Range, Veg = -7 amplifier must be heavily competisated which will decrease
t0-18V .......vnuuenn. Verseenas 0to 4.2 mA overall bandwidth and slew rate. For Rper = 1.0 KQ and C¢
Output Current, all bits OFF ............ ni,.gxlzm"l"“n:yp'ca' +2.0 A = 15 pf, the reference amplifier slews at 4.0 mA/micro-
: second, enabling a transition from lzer = 0to Igep = 2.0 MA
Fuill-ScaleSymmetry.................. rﬁ elx ?m"tf mtypucal +8.0 p)A in 500 nanoseconds.
Output Voitage Compliance ............ ~10to +18V 3. Interfacing Various Logic Familles. The DAC-08 design in-
PERFORMANCE corporates a unique logic input circuit which enables direct

interface to all popular logic familles and provides maximum
+ 15 LSB (+0.19%) poise immqnity. A large input swing qapabilit_y allows ad-
maximum justable logic threshold voltage and200 xA maximum source
+ %, LSB (1£0.19%) current on pin 1. Mimimum input fogic swing and minimum
’;“i‘/’"'l‘_”é‘é“( £0.19%) logic threshold voitage is: given by Vee + (lrer X 1.0 KQ) +

b i 2.5V. Logic threshold is adjusted by appropriate voltage at

o + 10 ppm/°C typical ) " P g
+ 50 ppm/°C maximum Vic- The Interfacing Various Logic Families Diagram shows

RelativeAccuracy ....................
Nonlinearity ............ccvvneinunns

Differential Nonlinearity
Full-Scale Tempco ..........

Settling Time, 2mAto 14LSB........... ?goniesgéwrﬁlemum appropriate connections. Fastest settling times are obtained
PropagationDelay.................... 60 nsec. maximum when V¢ sees a low impedance. Use 0.01 uxF by-pass
Power Suppl X Seasitivity, - ) capacitors whenever possible.

lRer = TMA .....cloeniciee... .. +0.002%/% : 4. Analog Output Currents. Both true and complemented out-

put sink currents are provided, o + lp = lgg. Both outputs
can be used simuitaneously. If one of the outputs is not re-
quired, it must be connected to ground or a point capable of
sourcing Irs. Do not leave unused output pin (Ig or Ig)
open. The compliance voltage is the voltage swing on output

POWER REQUIREMENTS

Vcc ................................ +4.5Vto +18V
................................ —-4.5Vto —18V
Power Supply Current,

Iner = 1.0MAV = £5V .......... A r;aai?thn?B mA pin without affecting DAC accuracy. Positive compliance is

pow,, Supply Current 36V above Vg and is independent of V +. Negative com-
{Rer = ngmAV = +5V -15V ....... +3..8, -7.8mA pliance is Vgg + (IREFX 1 KQ) +2,_5V»

V= $15V oiiiiiiiienneins T%x;;mu_";g mA 5. Settling Time. The DAC-08-is capable of extremely fast set-

’ maximum tling times, typically 85 nanoseconds at lggr = 2.0 mA.

Judicious circuit design and carefiil board" layout must be

PHYSICAL/ENVIRONMENTAL employed to obtain full performance The output capacitance

of the DAC including.the package is approximately 15 pf,

Operating Temperature Range therefore the. output’ RC time constant dominates at

DAC-08BC ...........cc.0.n.. PP 0°C to +70°C R > 500 Q.
08BM . ........c.ciiiiriaena.ns -55°C to +125°C L
Storage Temperature Range ...... TRRPR —65°C to +150°C Settling time remains essenhally constant for Iggr values
Package...............ooeiiinianans 16 Pin Dip down to 1.0 mA, with gradual increases for lower Ipgg values.

The switching transients (glitches) are very low and may be
further reduced by small capacitive loads at the output. Set-
tling time will be increased slightly.

FOOTNOTES

1. For TTL, DTL Interface, VL.C = OV. For other digital interfaces see TECHNICAL
NOTE 3.

2. loyt (Pin 4) + g7 (Pin 2) = Qutput Current
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DAC-08B

TECHNICAL NOTES (Cont’d)

6. Power Supplies. The DAC-08 operates over a wide range of
power supply voltages from a total supply of 9V to 36V. When
operating at supplies of +5V or less, lggr < 1 mA is recom-
mended. Low reference current operation decreases power
consumption and increases negative compliance, reference
amplifier negative common mode range, negative logic input
range, and negative logic threshold range. For example,
operation at — 4.5V with lpgr = 2 mA is not recommended
because negative output compliance would be reduced to
near zero. Operation from lower supplies is possible, how-
ever at least 8V total must be applied to insure turn-on of the
internal bias network. It is recommended that Ve and Vge
always be bypassed to ground with at least 0.1 uf capacitors.

Symmetrical supplies are not required, as the DAC-08 is

quite insensitive to variations in supply voltage. Battery

operation is feasible, as no ground connection is required;
however, an artificial ground may be useful to insure logic
swings, etc. remain between acceptable limits.
Power consumption may be calculated as follows:
Pg = (1+)V+)+(1-)V-) + (2 Igep)(V - ). A useful feature
of the DAC-08 design is that supply current is constant and
independent of input logic states; this is useful in cryp-
tographic applications and further serves to reduce the size
of the power supply bypass capacitors.

7. Temperature Performance. For most applications, a
+10.0V reference is recommended for optimum full scale
temperature coefficient performance. Full scale trimming

may be accomplished by adjusting Igrer (changing value of
RREF)' RREF and RL should be selected for similar

temperature coefficient to minimize accuracy error. Setting
time of the DAC decreases approximately 10% at —55°C
and increases 15% at +125°C.

APPLICATION DIAGRAMS
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BASIC NEGATIVE REFERENCE OPERATION
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.. APPLICATION DIAGRAMS (Cont’d)
ACCOMMODATING BIPOLAR REFERENCES
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CURVE 1: Cc = 150F. Vy = 2.0V, , CENTERED AT + 1.0V,

CURVE 2: Cc = 15pF. Viy = S0mV, , CENTERED AT + 200mV.

CURVE 3: Cc = OpF. Ve = ¥00mV, , CENTERED.
CONNECTED TO PIN 14. + 2.0V APPLIED TO Rys.

INTERFACING VARIOUS LOGIC FAMILIES
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APPLICATION DIAGRAMS (Cont’d)

BASIC UNIPOLAR NEGATIVE OPERATION
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SEE CODING TABLE
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VOLTAGE OUTPUT OPERATION

5K

OFFSET
BINARY
£10V
4
DAC-08BC Eo
DAC-088M
2
IREF =2 mA
STRAIGHT
BINARY
070 + 10V
4
DAC-088C f
2
Ingr = 2mMA TT

BASIC BIPOLAR OUTPUT OPERATION
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SEE CODING TABLE

RECOMMENDED FULL SCALE ADJUSTMENT CIRCUIT

LOWT.C.
+10v 4.5K

VRer IRep(+) = 2mA

CALIBRATION AND CODING TABLES

CALIBRATION PROCEDURE

BIPOLAR OPERATION—OFFSET BINARY CODING

For 10k load resistors from pins 2 and 4 to + 10V.

1. Select the desired output range by means of the feedback
resistor of the external operational amplifier and the exter- INPUT CODE Eo Eo
nally programmed reference current. 1111 1111 - 9.922 +10.000
2. Zero and Offset Adjustments ' o0 0000 - 7.500 | + 7.578
For unipolar operation, set all digital inputs to *°0’’ and adjust :g 0000 - g% I g‘g;'g
the output ampfifier zero adjustment for zero output voitage. 0100 0000 + 5'000 — 4922
For bipolar operation, set all digital inputs to “‘0”” and adjust 0000 0001 + 9'922 _ 9-844
the offset adjustment for the negative full-scale voltage 0000 0000 +10.000 _ 9922
shown in the Coding Table. - .
3. Gain Adjustment
For either unipolar or bipolar operation, set all digital inputs to
1" and adjust the gain.adjustmernt for the positive full-scale
voltage shown in the DAC-08B Coding Table.
UNIPOLAR OPERATION—STRAIGHT BINARY CODING
For Sk load resistors at pins 2and 4 _ ORDERING INFORMATION
INPUT CODE Eo Eo lo lo
1111 1111 ~9.961 0.000 | 1.992 | 0.000 OPERATING
1110 0000 -8.750 | -1.211 | 1.750 | 0.242 MODEL NO. TEMP. RANGE PACKAGE
1000 0000 | -5.000 | -4961 | 1000 | 000z | |DACO8BC 0°C o +70°C Plastic
0100 0000 | -2.500 | -7.461 | 0.500 | 1.492 DAC-08BM =55°Cto +125°C Ceramic
0000 0001 -0.039 -9.922 0.008 1.984
0000 0000 0.000 -9.961 0.000 1.992
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