(PMI

DAC-02/DAC-03/DAC-05

10-BIT-PLUS-SIGN VOLTAGE-OUTPUT
D/A CONVERTERS

Precision Monolithics Inc.

FEATURES

¢ Complete ........... Includes Reference and Op Amp
e Compact .................. Single 18-Pin DIP Package
¢ BipolarOutput ........ (£ 10V) Sign-Magnitude Coding
e DAC-03 — UnipolarOnly; ............... +5V or +10V
s Monotonicity Guaranteed

e Nonlinearity .................coiiiiiiiininn, +1LSB
® Fast ...ttt 2.0us Settling Time
e Stable .................. Full-Scale Tempco 60ppm/°C
e Low Power Consumption ................ 300mW Max
e TTL, CMOS Compatible Inputs

[ ]

MIL-STD-883 Class B Processing Available on DAC-05

ORDERING INFORMATION f

PACKAGE: 18-PIN HERMETIC DIP

tage reference, current steering logic, current sources, R-2R
resistor network, logic-controlled polarity switch, and high
speed internally-compensated output op amp. Monotonicity
guaranteed over the entire temperature range is achieved
using an untrimmed diffused R-2R resistor network. The buf-
fered reference input is capable of tracking over a wide range
of voltages, increasing application flexibility. The wide power
supply range, low power consumption, wide logic input
compatibility and sign-magnitude coding assures utility ina
wide range of applications including CRT dispiays, data
acquisition systems, A/D converters, servo positioning con-
trols, and audio digitizing/reconstruction systems.

The DAC-03 is similar in construction to the DAC-02/DAC-05
except for a unipolar only cutput. This device is intended for
low cost, limited temperature range applications, with the

MONO- same general specifications as its premium counterparts.
TONOCITY MILITARY
BITS TEMP* COMMERCIAL TEMP
10 DACOSAX  DACO2ACX DACO3ADX DACOSEX PIN CONNECTIONS
8 _— DAC02CCX DACO3CDX _—
7 _— DAC02DDX o
- ) mse e[| e 18] SIGN BIT

* For devices processed in total compliance to MIL-STD-883, add /883 after a2 2] 1 REF OUT

part number. Consult factory for 883 data sheet.
$Burn-in is available on commercial and industrial temperature range parts in 83 [2] 16] v+

cerdip, plastic dip, and TO-can packages. For ordering information, see 1988 B4 E 5} REF IN

Data Book, Section 2. g5 [5] 4] ANALOG OUTPUT 18-PIN DIP

86 [&] [73] ANALOG GROUND (X-Suftix)
g7 [7] 12) V-

GENERAL DESCRIPTION es [¢] 1] DIGITAL GROUND

The DAC-02 and DAC-05 are complete 10-bit plus sign D/A 89 (7] o] B10

converters on a single monolithic chip. All elements of a

complete sign-magnitude DAC are included; precision vol-
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ABSOLUTE MAXIMUM RATINGS (Note)
Cperating Temperature Range

DAC-05A ... ..., -585°Cto +125°C

DAC-02 and DAC-03, All

DAC-05E ..., 0°Cto+70°C
Storage Temperature Range ........... -65°C to +150°C
V+ Supply to Analog Ground .................. 0to +18v
V- Supply to Analog Ground .................. 0 to —18V
Analog Ground to Digital Ground ............. 0to 0.5V
Logic Inputs to Digital Ground ........ -5V ito (V+-0.7v)
Internal Reference Cutput Current ................ 300uA
Reference InputVoltage ....................... 0to +10V
Internal Power Dissipation ,..................... 500mw

ELECTRICAL CHARACTERISTICS at Vg = £15V, 0 < T,

and =55 = Ta = +125°C for DAC-05A, unless otherwise noted.

= +70°C for DAC-02 and DAC-05E, Ty

Lead Temperature (Soldering, 60 sec)
Cutput Short-Circuit Duration

(Short circuit may be to ground or either supply.)
NOTE: For ambient temperatures above 100°C derate 100mwW/°C.

.............

.................

300°C

Indefinite

OUTPUT VOLTAGE RANGE SELECTION TABLE

OUTPUT ADD AS
VOLTAGE SUFFIXTO
PRODUCT RANGE PART NO.
DACO02 10V 1
DAC03 0to +10V t
DACO3 0to +5V 2
DACOS 10V 1

= 25°C for DAC-03

PARAMETER SYMBOL CONDITIONS DAC-02 DAC-03 DAC-05 MIN TYP MAX UNITS
AC AD A/E 10 — -
Monotonicity CcC CD 8 — — Bits
DD 7 - —
AC AD — -  *01
Nonlinearity NL cC cD A/E ol — 02 % FS
ala} — — 104
AC/CC A — —  *60
ALL — 460 —
INT REF . ppm/°C
Full-Scale Tempeco T — 145 £100
[o) DD — — *150
ALL ALL — 30
EXT REF ALL — a0 ppm/°C
Settling Time ts To 1/2 LSB, 10V Step (Note 4) ALL ALL ALL -_ 2 — us
VER+ (SB High) ALL ALL +10 — +11.5
Fuil Range Output v Vep- (SB Low) ALL ALL -11.5 -  -10 Volts
Voltage (Note 1) FR DAC-03 +10V ALL +10 — +115
+5V ALL +5.00 — +5.75
SB High. All other logic ALL — *1 +5
inputs low. T, =25°C ALL - 1 %10 mV
Zero-Scale Offset Vzs ALL _ 45 €10
Ta=Min or Max ALL ALL — 2 +10 mvV
AC/CC — +1 +5
Zero-Scale Symmetry Vzss {Note 2) DD N/A — 1 *10 mv
ALL — 4  *10
- — 4 +
Ver+ — | VER-1 AC/CC N/A +30 160 my
) {Note 3) DD — 30 *80
Full Range Bipolar Symmetry Virs
Ta = Min or Max ALL — 120 170 mvV
Ta=25°C ALL — *10 +50 mv
Reference Input Bias Current g ALL ALL ALL - 100 - nA
Reference Input Impedance Z\N ALL ALL ALL — 200 - M
Reference Input Slew Rate SR ALL ALL i - 1‘2 - Vs
Reference Output Voltage VRer ALL ALL ALL - 87 — Volts
Each input
i ALL ALL ALL - o B
Logic Input Current lin “5V1o (V4 -0.7)V 10 A
Logic Input 0 VinL ALL ALL ALL — - 08 Voits
Logic Input 1 ViNH ALL ALL ALL 2 — —
1-17 8/87, Rev. B
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ELECTRICAL CHARACTERISTICS at Vg =215V, 0= Ta = +70°C for DAC-02 and DAC-05E, Ta = 25°C for DAC-03
and —55 < Ta < +125°C for DAC-05A, unless otherwise noted. (Continued)

PARAMETER SYMBOL CONDITIONS DAC-02 DAC-03 DAC-05 MIN TYP MAX UNITS
. SB High. All other AC/CC ALL — +7  +10
Positi | t I+
ositive Supply Curren fogic inputs fow. DD ALL — 47 +116 mA
AC/ ALL — — -
SB High. Ail other ce 9 10
Negative Supply Current - logic inputs (ow Do — -9 -18 mA
9 [ : ALL —  -10 -116
AC/CC — +0.015 0.
Vg ==12t0 18V 5 £005
Power Supply Sensitivit P bo ALL —10015 X041 % Veg/V
© PPl ¥ ss T4 = Min to Max ALL — £005 =01 o Vs
Ta=25°C ALL — .02 *£.05
AC/CC — 225 300
Power Dissipation P, four~ o ALL - 25 30 mwW
P d To=25°C ALL — 200 300
Ta = Min to Max ALL — 250 350
Output Drive Current lo Guaranteed by Vep test ALL ALL ALL — — 5 mA
NOTES:
1. Reference outputterminal connected directiy to reference input terminai, 3. Full-scale bipolar symmetry is the magnitude of the difference between
R = 2k(} for 10V devices, R = 1k{} for 5V devices, all logic inputs > 2.0V. Vegt and [Vegp |
2. Zero-scale symmetry is the change in the output voltage produced by 4. Guaranteed by design.

switching the sign-bit with all logic bits low Vg~ Vzg

BURN-IN CIRCUIT

+18V -18v

18 17 16 15 14 13 12 11 10

NOTE : PINS 14, 15, & 17 MUST NOT BE CONNECTED TO
A COMMON BUS BETWEEN DEVICES,

11-18 8/87, Rev. B



PMI DAC-02/DAC-03/DAC-05 10-BIT-PLUS-SIGN VOLTAGE-OUTPUT D/A CONVERTER

DICE CHARACTERISTICS

1. BIT1-MSB  10. BIT 10
2. BIT2 11. DIGITAL GROUND
3. BIT3 12. v-
4 BIT4 13. ANALOG GROUND
5. BIT5 14. ANALOG OUTPUT
6. BIT 8 15. REF IN

[ 7. BIT7 18. V+

W}EH 8 BITS 17. REF OUT

ch o 9. BIT9 18. SIGNBIT

For additional DICE ordering information, refer
to 1988 Data Book, Section 2.

NCTE:
Voltage output range programmabie by connecting

DIE SIZE 0.162 X 0.090 inch; 14,560 §q. mils "(10V) to analog output for 10 volt range. Jumps from é)

(4.114 X 2.286 mm, 8.405 sq. mm) "*(5V) to analog output for 5 volt range. % Bits 11 & 12 (not 2%

normally used) [_<

a4

[48)

WAFER TEST LIMITS at Vg =+ 15V, Ta = 25°C and + 10V full-scale output, uniess otherwise noted. E

DAC-02-N DAC-02-G O

PARAMETER CONDITIONS LIMIT LIMIT UNITS &

Resolution

ipol tput 13 1 O

{Bits 11 and 12 3ﬁ°;;?;u"‘“ut by 12 Bits MAX

Not Normally Used) P P <

Monoteonicity 9 8 Bits MIN 5

Nonlinearity +0.1 +0.2 % F§ MAX o'

Zero-Scale Offset Sign Bit High, All Other +10 +10 mvMAX

Inputs Low "4

Zero-Scale Symmetry +10V Full-Scale +5 +5 mV MAX ﬁ

Full-Scale Bipolar Symmetry 10V Full-Scale +60 +60 mV MAX G

Power Supply Rejection Vg=112V to =18V 0.05 0.05 %VEeg/V MAX 5
Power Dissipation lour=0 300 300 mwW MAX
Logic Input “0" 0.8 08 V MAX
Logic Input 1" 2 2 V MIN
Full Range Sign-Bit +11.5 +*11.5 V MAX
Output Voltage High or Low *+10 10 V MIN

NOTE:
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = + 15V and + 10V full-scale output, uniess otherwise noted.

DAC-02-N DAC-02-G
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS
Full-Scale Tempco TCVeg Internal Reference 80 60 ppm/°C
Settling Time (T =25°C) tg To £1/2 LSB 10 Volt Step 2 2 us
Logic Input Current N Ta=25°C 1 1 pA
NOTE:

When ordering DICE in this series, use DAC-02 numbers and grades above.

11-19 8/87, Rev. B



BT DAC-02/DAC-03/DAC-05 10-BIT-PLUS-SIGN VOLTAGE-OUTPUT D/A CONVERTER

\PMI)-

TYPICAL APPLICATIONS

The DAC-02's, DAC-03's and DAC-05’s logic input stages
require about 1uA and are capable of operation with inputs
petween -5 volts and V+ less 0.7 volt. This wide input voltage
range aliows direct CMOS interfacing in most applications,
the exception being where the CMOS logic and D/A converter
must use the same positive power supply.

in this special case, a diode should be placed in series with
the CMOS driving device's Vpplead as shownin Figure 1. The
diode limits Vp to V+ less 0.7 volt — since the output from the
CMOS device cannot exceed this value, the DAC’s maximum
input voltage rule is satisfied. Summarizing: in ali applica-
tions, the DAC-02, DAC-03 and DAC-05 require either no
interfacing components, or at most a single inexpensive
diode for full CMOS compatibility.

CMOS LOGIC INTERFACE CIRCUIT

R

DAC-02/03/05

VOLTAGE
OUTPUT

LOGIC INPUTS

INPUTS < V+ LESS
IN2148 0.7 VOLTS

DUTPUTS

CMOS DRIVING
DEVICE

Vss

L

CONNECTION INFORMATION

FULL-SCALE ADJUSTMENT CIRCUIT
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FULL-SCALE ADJUSTMENT
Full-scale output voltage may be trimmed by use of a poten-
tiometer and series resistor as shown; however, best results

will be obtained if a low tempco resistor is used or if pot and
resistor tempcos match. Alternatively, a singie pot of <72k}
may be used.

REFERENCE INPUT BYPASS

Lowest noise and fastest settling operation will be obtained
by bypassing the reference input to analog ground with a
0.014F disk capacitor.

GROUNDING

For optimum noise rejection, separate digital and analog
grounds have been brought out. Best results will be obtained
if these grounds are connected together at one point only,
preferably near the DAC-02, DAC-03 and DAC-05 package,
so that the large digital currents do not flow through the
analog ground path.

APPLICATIONS INFORMATION

LOWER RESOLUTION APPLICATIONS
For applications not requiring full 10-bit resolution, unused
logic inputs should be tied to ground.

UNIPOLAR OPERATION

Operation as a 10-bit straight binary converter may be
implemented by permanently tying the sign-bit to +5V (for
positive full-scale output) or to ground (for negative fuli-
scale output). In the DAC-03 only, Pin 18 unipolar enable is
tied to Pin 17.

POWER SUPPLIES

The DAC-02, DAC-03 and DAC-05 will operate within speciti-
cations for power supplies ranging from £ 12V to £ 18V. Power
supplies should be bypassed near the package with a 01uF
disk capacitor.

CAPACITIVE LOADING
The output operational amplifier provides stable operation
with capacitive loads up to 100pF.

REFERENCE OUTPUT
For best results, reference output current should not exceed
100LA.

USE WITH EXTERNAL REFERENCES

Positive-polarity external reference voltages referred to
analog ground may be applied to the reference input termi-
nal to improve full-scale tempco, to provide tracking to other
system elements, ortoslavea number of DAC-02's, DAC-03's
and DAC-05's 1o the reference output of any one of them.
This reference voltage should be between +5V to +7V for
optimum performance.

SIGN PLUS MAGNITUDE CODING TABLE
(DAC-02, DAC-03 and DAC-05)

SIGN-BIT MSB LSB
+ FULL SCALE 1 1111111111
+ HALF-SCALE 1 1000000000C
ZERO-SCALE (+) 1 0000O0CO0OO0O0O00Q
ZEROQ-SCALE () 0 00C00O0O0COCOOC
- HALF-SCALE 0 1 0000000O00C
- FULL-SCALE 0 111 1+1 11111
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