ANALOG
DEVICES

FEATURES

Improved Replacement for Industry Standard 1408/1508

improved Settling Time: 250ns typ

Improved Linearity: £0.1% Accuracy Guaranteed Over
Temperature Range (-9 Grade)

High Output Voltage Compliance: +0.5V to -5.0V

Low Power Consumption: 157mW typ

High Speed 2-Quadrant Multiplying Input: 4.0mA/us
Slew Rate

Single Chip Monolithic Construction

Hermetic 16 Pin Ceramic DIP

Low Cost

PRODUCT DESCRIPTION

The AD1408 and AD1508 are low cost monolithic integrated
circuit 8-bit multiplying digital-to-analog converters, consisting
of matched bipolar switches, a precision resistor network and a
control amplifier. The single chip is mounted in a hermetically
sealed ceramic 16 lead dual-in-line package.

Advanced circuit design and precision processing techniques
result in significant performance advantages over older indus-
try standard 1408/1508 devices. The maximum linearity error
over the specified operating temperature range is guaranteed
to be less than %4 LSB (-9 grade) while settling time to *%LSB
is reduced to 250ns typ. The temperature coefficient of gain

is typically 20ppm/°C and monotonicity is guaranteed over
the entire operating temperature range.

The AD1408/AD1508 is recommended for all low-cost 8-bit
DAC requirements; it is also suitable for upgrading overall
performance where older, less accurate and slower 1408/1508
devices have been designed in. The AD1408 series is specified
for operation over the 0 to +75°C temperature range, the
AD1508 series for operation over the entire military tempera-
ture range of -55°C to +125°C.

8 Bit Monolithic
Multiplying D/A Converter

PRODUCT HIGHLIGHTS

1. Monolithic IC construction makes the AD1408/AD1508 an
optimum choice for applications where low cost is a major
consideration.

2. The AD1408/AD1508 directly replaces other devices of
this type.

3. Versatile design configuration allows voltage or current out-
puts, variable or fixed reference inputs, CMOS or TTL
logic compatibility and a wide choice of accuracy and tem-
perature range specifications.

4. Accuracies within *%4LSB allow performance improvement
of older applications without redesign.

5. Faster settling time (250ns typ) permits use in higher speed
applications.

6. Low power consumption improves stability and reduces
warm-up time.

7. The AD1408/AD1508 multiplies in two quadrants when a
varying reference voltage is applied. When multiplication is
not required, a fixed reference is used.

8. The AD1408/AD1508 is available in chip form; please con-
sult factory for details.

9. The device is packaged in a hermetically-sealed ceramic 16
lead dual-in-line package. Processing to MIL-STD-883 level
B is available.
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SPECIF|CATIONS {typical @ +25°C and V(g = +5.0V dt, VEE = -15V d unless otherwise noted)

MAXIMUM RATINGS

RATING SYMBOL VALUE UNIT
POWER SUPPLY VOLTAGE VCC +5.5 V dc
Vik -16.5 V de

DIGITAL INPUT VOLTAGE Vg thru VIZ +5.5,0 V de
APPLIED OUTPUT VOLTAGE A +0.5,-5.2 V de
REFERENCE CURRENT Ly 5.0 mA
REFERENCE AMPLIFIER INPUTS Vi Vs Veer Vi V de
POWER DISSIPATION

(Package Limitation) 1000 mwW

Derate above Ty = +25°C Py 6.7 mW/°C

OPERATING TEMPERATURE RANGE

AD1408 Series T 010 +75 °c

AD1508 Series Ty -55 t0 +125 °c
STORAGE TEMPERATURE RANGE TS’TG -65 to +150 °C

ELECTRICAL CHARACTERISTICS

Vepr 0
(Ve = +5.0V de, Vg = -15V de, IREY - 5 0mA, AD1508 Series: T, = -55°C to +125°C

AD1408 Series: Ty = 0to +75°C un%sls4otherwise noted. All digital inputs at high logic level.)

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT

RELATIVE ACCURACY
(Error Relative to Full Scale 1)

AD1508-9, AD1408-9 E, — - 0.1 %
AD1508-8, AD1408-8 E - — +0.19 %
AD1408-7 E - - *0.39 %

SETTLING TIME
to Within 1/2LSB {Includes tp ]

(Ty = +25°C) tg - 250 - ns

PROPAGATION DELAY TIME

Ty =+25°C LHPHL - 30 100 ns
OUTPUT FULL SCALE CURRENT DRIFT TC!O - -20 - ppm/ C
DIGITAL INPUT LOGIC LEVELS (MSB)

High Level, Logic “1” Vi 2.0 — — Vdc

Low Level, Logic “0" ViL — — 0.8 V dc
DIGITAL INPUT CURRENT (MSB)

High Level, Vg = 5.0V Ly — 0 0.04 mA

Low Level, V|, = 0.8V I — -0.4 -0.8 mA
REFERENCE INPUT BIAS CURRENT

(Pin 15) Iis - -1.0 -3.0 BA
OUTPUT CURRENT RANGE

Vgg = -5.0V br 0 2.0 2.1 mA

VEE = -6.0V to -15V Ior 0 2.0 4.2 mA
OUTPUT CURERENT

VgEF = 2.000V, R14 = 100082 Iy 1.9 1.99 2.1 mA
OUTPUT CURRENT

(All Bits Low) o (min) — [\] 4.0 UA

OUTPUT VOLTAGE COMPLIANCE
(E; <0.19% at T, = +25°C)

Vgg = -5V Vo - - -0.6, +0.5 Vde
Vg below -10V Vo — - -5.0, +0.5 Vdc
REFERENCE CURRENT SLEW RATE SRl - 4.0 — mA/us
OUTPUT CURRENT POWER SUPPLY
SENSITIVITY PSS, - 0.5 2.7 HAIV
POWER SUPPLY CURRENT
(All Bits Low) Iee — +9 +14 mA
Iep - -7.5  -13 mA
POWER SUPPLY VOLTAGE RANGE
(Tp = +25°C) Veer +45  +5.0 455 Vv de
VEER -45 =15 -16.5% Vde

POWER DISSIPATION
All Bits Low

Vg = -5.0V de Py - 82 135 mw

Vgp = 15V de Py - 157 265 mw
All Bits High

Vg = -5.0V de Py - 70 - mW

Vgp = -15V dc Py - 132 - mw

Specifications subject to change without notice.
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APPLYING THE AD1408/1508

Reference Amplifier Drive and Compensation

Figures 22 and 2b are the connection diagrams for using the
AD1408/AD1508 in basic voltage output rnodes. In Figure 2a, a
positive reference voltage, Vg, is converted to a current by
resistor R14. This reference current determines the scale
factor for the output current such that the full scale output
is 1LSB (1/256) less than the reference current. R15 provides
bias current compensation to the reference control amplifier
to minimize temperature drift; it is nominally equal to R14
although it needn’t be a stable precision resistor. This con-
figuration develops a negative output voltage across R; and
requires a positive Vppp.

If a negative VREF 18 to be used, connections to the reference
control amplifier must be reversed as shown in Figure 2b. This
circuit also delivers a negative output voltage, but presents

a high impedance to the reference source. The negative VREF
must be at least 4 volts above the Vg supply.

Two quadrant multiplication may be performed by applying

a bipolar ac signal as the reference as long as pin 14 is positive
relative to pin 15 (reference current must flow into pin 14), If
the ac reference is applied to pin 14 through R14, a negative
voltage equal to the negative peak of the ac reference must be
applied through R15 to pin 15; if the ac reference is applied to
pin 15 through R15, a positive voltage equal to the positive
peak of the ac reference must be applied through R14 to pin 14.

When a dc reference is used, capacitive bypass from reference
to ground will improve noise rejection.

The compensation capacitor, C, provides proper phase margin
for the reference control amplifier. As R14 is increased, the
closed-loop gain of the amplifier is decreased, therefore C must
be increased. For R14 = 1.0k£2, 2.5k and 5.0k§2, minimum
values of capacitance are 15pF, 37pF and 75pF respectively.

C may be tied to either Vgp or ground, but tying it to ViE
increases negative supply noise rejection. If the reference is
driven by a high-impedance current source, heavy compensa-
tion of the amplifier is required; this causes a reduction in
overall bandwidth.

Output Current Range

The nominal value for output current range is 0 to 1.992mA
as determined by a 2mA reference current. If Vg is more
negative than -7.0 volts, this range may be increased to a maxi-
mum of O to 4.2mA. An increase in speed may be realized at
increased output current levels, but power consumption will
increase, possibly causing small shifts in linearity.

Pin 1, range control, may be grounded or unconnected. Al-
though other older devices of this type require different
terminations for various applications, the AD1408/AD1508
compensates automatically. This pin is not connected inter-
nally, therefore any previously installed connections will
be tolerated.

Output Voltage Range

The voltage on pin 4 is restricted to a +0.5 to 0.6 volt range
when Vi = -5V. When Vi is more negative than -10 volts,
this range is extended to +0.5 to -5.0 volts. If the current into
pin 14 is 2mA (full-scale output current = 1.992mA), a 2.5k2
resistor between the output, pin 4, and ground will provide a
0 to -4.980 volt tull-scale. If R; exceeds 50082 however, the
settling time of the device is increased.

(NC} 1 — * b— 16 COMPEN
GND 2 —f t— 15 Vgeg (-)
Vee 3— F— 14 Vgeg (4)
o 4 — b—13 Vce
(MSB) A1 5 — F—12 A8 (LSB)
A2 6 — F— 11 A7
A3 7 — — 10 A6
A4 8 — F— 9 A5
TOP VIEW

Figure 1. Pin Connections
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a. Connections for Use with Positive Reference
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b. Connections for Use with Negative Reference

Figure 2. Basic Connections
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Voltage Output

A low impedance voltage output may be derived from the out-
put current of the AD1408/AD1508 by using an output ampli-
fier as shown in Figure 3. The output current I flows in Ry,
to create a positive-going voltage range at the cutput of amplifier

Al. R may be chosen for the desired range of output voltage;

the complete circuit transfer function is given in Figure 3.

If a bipolar output voltage range is desired, Rgp, shown dotted,

must be installed. Its purpose is to provide an offset equal to
one-half of full-scale at the output of Al. The procedure for
calibrating the circuit of Figure 3 is as follows:

Calibration for Unipolar Outputs (No Rgp)

1. With all bits “OFF”, adjust the A1 null-pet, R1, for
Vour = 0.00V.

2. With all bits “ON”, adjust Rggr for Vouq = (Nominal
Full Scale) — 1LSB = +9.961 volts

Calibration for Bipolar Outputs (Rgp installed, R1 not
required)

1. With all bits “OFF”, adjust Rgp for Vg =-F.S. =
~5.000 volts

2. With Bit 1 (MSB) “ON”’, and all other Bits “OFF”,
adjust Rggp for Voyp = 0.000V.

3. With all bits “ON”, verify that Eqyr = +5.000V—

+5V
o1wF & R, = 2““ = 1.25kQ
= 5.00k2
J_I I"_ov ¢ - 15pF
cc Rgp = 2.50kQ
13 Vges (-) R,

A1 (MSB) Q= 15

5 —o———an—
Vi (+) R, =
A2Q-—< REF 'REF +25v
b 14 V1 Apsso +5V
A30-— 7 1
1
A40-—1 8 Api4ne/ Rgp -
9 (SEE TEXT)

A5Q-—| 9 AD1508
Ro

A60-— 10

A70-— 11
A8 (LSB)O-—]12

COMPQ--q4 16
3 2
C V

(SEE TEXT)]"

0.1uF
-15v

+15V

Vagr ([ AL, A2, A3 A4 A5 A6, A7, AB
2 a 8 16 @ 32 64 128 256

Vout = Rrer

ADJUST Ve, Rer OR Rg SO THAT WITH ALL DIGITAL INPUTS

AT LOGIC “1”, Vg7 = 9.961 VOLTS:
25 10111 1 1 1]
Vout = 7353 (5"9’[ T tEt etz Te timt 256]‘9'961 VOLTS

Figure 3. Typical Connection Diagram, AD1408/AD 1508,

1LSB = 4.961V. Voltage Output, Fixed Reference
mSB Ls8 OUTLINE DIMENSIONS
A1 A3 A4 A5 A6 A7 A8 . . o
Dimensions shown in inches and (mm).
A q ] of
4
CURRENT SWITCHES 16-PIN DUAL-IN-LINE
-
RERRRRA I o {
2 ALTERNATE miminioioioisais]
R-2R LADDER BIAS CIRCUIT [—O0 GND IDENTIFIERS <o 0.325 (8.26)
i 022 (559]
I [
VRer (4 I_ll_lul_ll_lul_luj'
o * EEDN 0.825 (20.96)
14 Vee i ~— 07351842 >
15 0.035 (0.89)
151, NPN 022 (5567 m
V {-) CURRENT |46 MAX
REF | REFERENCE SOURCE  |-—0 COMPEN 5 . \
CURRENT AMP PAIR 01 (2:54) \ 0,015 (0.38)
3 . 0.008 (0.2)
[¢ 0.07 (1.78) . -
Vee 0.105 ( m 203 (076) “0'306 gt
095 242) 0023 0.023 (0.58) 0294 (7.47)
Figure 4. Simplified Block Diagram 001310361

A7 A6 A5 A4 A3 A2

IT---III- pe |

0.074

(1.88) Vaer (+)

Vier ()

k I
N comp GND

0.096 (2.44)

THE AD1408/AD1508 iS AVAILABLE IN CHIP FORM
GUARANTEED TO -7 LEVEL PERFORMANCE.
CONSULT FACTORY FOR APPLICATION AND
PRICING DETAILS.

Figure 5. Chip Dimensions and Pad Layout.
Dimensions shown in inches and {mm).
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AD1408/AD1508 ORDERING GUIDE

TEMP.
MODEL ACCURACY RANGE
(+% F.S.) (°c)
AD1408-7D 0.39 0 to +75,
AD1408-8D 0.19 0to +75
AD1408-9D 0.10 0 to +75
AD1508-8D 0.19 -55 to +125
AD1508-9D 0.10 -55 to +125
AD1508-8D/
883B 0.19 -55 to +125
AD1508-9D/
8838 0.10 -55 to +125




