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FEATURES

¢ Fast Settling ........ 225nsec (8 Bits), 375nsec (10 Bits)
e Stable .................. Tempcos to =15ppm/° C Max
o Commercial, Industrial and Milltary Models Available

¢ TTL Compatible Logic inputs

® Wide SupplyRange ..................... 6V to +18V
¢ Available in Die Form

GENERAL DESCRIFTION

The DAC-100is a complete 10-bit resolution digital-to-anaiog
converter constructed on two monolithic chips in a single
16-pin DIP. Featuring excellent linearity vs. temperature
performance, the DAC-100 includes a low tempco voitage
reference, ten current source/switches and a high stability
thin-film R-2R ladder network. Maximum application flexi-
bility is provided by the fast current output, matched bipolar
offset and feedback resistors. Resistors are included for use
with an external op amp for voltage output applications.

Although all units kave 10-bit resolution, a wide choice of
linearity and temperature coefficient options are provided to
allow price/performance optimization.

ORDERING INFORMATION !

DAC-100

10-BIT CURRENT-OUTPUT
D/A CONVERTER

The small size, wide operating temperature range, and high
retiability construction make the DAC-100 ideal for aerospace
applications. Other applications include use in servo-
positioning systems, X-Y plotters, CRT displays, program-
mabie power supplies, analog meter movement drivers,
waveform generators and high speed analog-to-digitai
converters.

PIN CONNECTIONS

re (7] @ " [ie] Rg
v- [7] [75] FuLL SCALE ACu.
et E % v 16-PIN HERMETIC
aire [ ) e DUAL-IN-LINE
BiT8 & 1] siT3 P(A)CSK;'GE
8IT7 {7 BIT 4 (Q-Suttix)
BIT6 E 5] BITS

N.L*  TEMPCO*

%FS ppm/°C MILITARY TEMPERATURE INDUSTRIAL TEMPERATURE COMMERCIAL TEMPERATURE

MAX MAX Vg =25VA0V Vo = 22.5V/5V Vg =5V/10V Vo= +2.5V/5V Vo =25V/10V Vg = 22.5V/5V

+0.05 +60 DAC100ACQ5/883 DAC100ACQ6/883 DAC100ACQ7 DAC100ACQS8 DAC100ACQ3 DAC100ACQ4
«0.10 +30 - - DAC110BBQ7 DAC110BBQ8 - -

+0.10 =60 DAC100BCQ5/883 - - - DAC110BCQ3  DAC100BCQ4
=0.20 +60 DAC100CCQ5/883 DAC100CCQ6/883 DAC100CCQ7 - DAC100CCQ3  DAC100CCQ4
=0.30 +120 - - - - DAC100DDQ3 -

* Part number construction: The 1tst letier following DAC-100 (A-D) refers to the
nonlinearity specification; the 2nd letler (A-D) refers to the full-scale tempco; the
letter Q refers to the package; and the end numeral indicates the output voltage
and temperature,

SIMPLIFIED SCHEMATIC

t Burn-in is available on commercial and industrial temperature range parts in
CerDIP, piastic DIP, and TO-can packages. For ardering information, see 1880/91
Data Book, Section 2.

DIGITAL LOGIC INPUTS

OMSB1 OBIT2 OBIT3 OBIT4 BIT 5 BiT 6 BIT 7 CBITS BIT 9 ‘LSB 10
13 12 1 10 Tg Ts ?7 T‘S Ts ?4
oty 1 o PR P PR 8 IR SO IO $-—
208,88, 6T8, 68,418 é[é ) 5,0@ )
ot ! Arl I L#} o1 : (L

FULL g
SCALE O—
ADJUST

| 3 _ANALOG
T—’—O oUTPUT
|

*FOR 10V OR t5V OPERATION,

| Ag = 4.88k{2 (PACKAGE Q3,
as, a7)

FAR BV 0‘R +2.8V OPERATION,

BIPOLAR REF &)RB

Rg = 2.44kQ {PACKAGE 04,
Q6, 08)
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DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS (Note 1)
V+ Supply to V- Supply
V+ Supply to Output ...

. 0to +36V
Oto +18V

V- Supply to Output ... .. 0to-18Vv
Logic Inputs to Output -1V to +6V
Operating Temperature Range Q3, Q4 ... 0°Cto +70°C
Q5,Q6, Q7, QB .....ceeeeeieeticeereee e -55°C to +125°C
Junction Temperature ..........c..ccovvvvecvreveeennes -25°C to +150°C

Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 60 sec) ... . +300°C
PACKAGE TYPE G'A (Note 2) elc UNITS
16-Pin Hermetic DIP (Q) 94 12 °CW

NOTES:

1. Ratings apply to DICE and packaged parts, unless otherise noted.

2. ei 4 18 specified for worst case mounting conditions, i.e., e‘ 4 i specified for device

in'socket for CerDIP package.

ELECTRICAL CHARACTERISTICS at Vs=+15V,-25° C< To<+85° Cfor Q7 and Q8 devices; 0° C< Tao<+70° C for Q3 and
Q4; -55°C < Tp < +125°C for Q5 and Q6 devices, unless otherwise noted.

PARAMETER SYMBOL CONDITIONS DAC-100 MIN TYP  MAX UNITS
Resolution 10 — - Bits
Nonlinearity (£1/2LSB — 10 bits; A— — — *0.05
(For nonlinearity/tempco NL (+1/2LSB — 8 bits) B— — — +0.1 WFS
combinations, see Ordering (+1/2LSB — 8 bits) Cc— — — +0.2
information) (£3/4LSB — 8 bits; D— — - +0.3
—B — - +3
Fuli-Scale Tempco T c +Gg ppm/°C
- ircui c - - - -
(See Fuil-Scale Test Circuit) -D _ _ +120
10 +0.05% FS ALL - — 378
to +0.1% FS ALL - — 300
Settling Time Ty = 25°C ts to £0.2%FS ALL - — 225 ns
to £0.4% FS ALL - — 150
to £0.8% FS ALL —_ — 100
Connect FS Adjust to V-
Fuil-Range Oulput Voltage 10V Models {Q3, Q5, Q7) 10 — 1
(Limits guarantee adjustability . 5
K ) {See Full-Scale Test Circuit)
to exact 10.0 (5.0}V with a ViR v
R 5V Models {Q4, Q6, Q8)
2000 Trimpot® between Vi = 0.7V 5 555
Adjust and V-) N ’
{See Basic Unipolar Voltage Output Circuit)
Zero-Scale Output Volitage Vzs Vin=21V ALL — -~ 0013 %FS
Measured with respect to
i s Hi Al A — -
Logic Inputs: High Vink output pin LL 2 v
Logic Inputs: Low Vine Measurefi with respect to ALL _ _ 07 v
output pin
Logic Input Current, Each Input M Vin=010 +6V ALL - — 5 uA
Logic Input Resistance Rin V=010 +6V ALL — 3 —_ mg}
Logic input Capacitance Cin ALL - 2 — pF
Output Resistance Ro ALL — £00 - k0
Output Capacitance Co ALL - 13 - pF
Applied Power Supplies: V+ ALL +6 - +18 v
Applied Power Supplies: V~ ALL -6 - -18 Y
Power Supply Sensitivity Pss Vg =16V to+18V ALL — -  *0.10 % per Volt
Vg =15V Q3,Q4 - 200 300
Power Consumpticn Pp Vs =16V Q3 Q4 - 80 - mw
Vg=%15V Qs, 06, Q7, Q8 — 200 250
Positive Supply G - Vg =+15V Q3, Q4 — — 10 mA
ositive Supply Current Vg =+15v Qs, 6, 07, Q8 — ~ 83
e S Iy C - Vg =18V Qs3, Q4 ~— — -10 mA
Negative Supply Current Vs = ~16V Q5, 06, Q7, Q8 - — -833

NOTE:
For applications where long-term stabitity is criticat, an external voltage reterence
is recommended (see PMI REF-01/02).
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DAC-100 10-BIT CURRENT-QUTPUT D/A CONVERTER

DICE CHARACTERISTICS

DAR-01 ; DAI-01

ﬂ.%%iﬂ&i@i”""

DIE SIZE .090 X .064 inch, 5760 sq. mils DIE SIZE 0.080 x 0.067 inch, 5,360 sq. mlls
{2.286 X 1.701 mm, 3.888 sq. mm) (2.032 x 1.702 mm, 3.458 sq. mm)
1. Rg 2. V- 10. BIT4
2. v- 3. OUTPUT 11. BIT3
3. OUTPUT 4. BIT 10 (L.8SB) 12. BIT 2
15. FULL-SCALE ADJ 5. BIT9 13. BIT 1 (MSB)
18. Rg 6. BIT8 14, v+
7. BIT?7
R — Pads are connected to similarly 8. BiT6 R — Pads are connected to similarly
marked pads on DAI-01 9. BITS marked pads on DAR-01
Note: Pads 4 - 14, See DAI-01 Note: Pads 1, 2, 15, 16, See DAR-01
These die versi are available on special order; contact your PMI sales office.

WAFER TEST LIMITS at T = 25°C for the R-2R Ladder Network comprised of R1—R8, R12, R23, R34, R45 and R56 when
connected to an ideal DAI-01, uniess otherwise noted.

DAR-01-N DAR-01-G
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Nonlinearity VA1=3.2V — — *0.035 — —  *+0.05 %
WAFER TEST LIMITS at T, = 25°C, VR1 = 3.2V, unless otherwise noted.
DAR-01

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resistance A1 Absolute Measurement 2.56 — 3.84 k()
Ratio RC1 to R1 |deal = 1.00503 to 1 -1 — +1 %
Ratio R1to RS1 |deal = 1.29959t0 1 -1 - +1 %
Ratio R1to RS2 Ideai = 1.29959 to 1 -1 —_ +1 %
Ratio RB to R1 ideal = 1.92211 to 1 -1 — +1 %

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 iot assembly and testing.
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DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER

TYPICAL ELECTRICAL CHARACTERISTICS in common to all grades.

DAR-01
PARAMETER CONDITIONS MiIN TYP  MAX UNITS
Absolute Temperature Coefficient All Resistors — +180 — ppm/°C
Tracking Temperature Coefficient All Resistors with Respect to R1 - 3 — ppm/°C

WAFER TEST LIMITS at T4 =25°C when connected to an ideal DAR-01, unless otherwise noted.

DAI-01-N DAI-01-G
PARAMETER SYMBOL  CONDITIONS MIN  TYP  MAX MIN  TYP MAX UNITS
Nonlinearity NL Vg = 216V - - +0.05 — — *01 %
Internal Reference Vg =215V 6.6 — 6900 6.6 - 6900 v

Voltage

WAFER TEST LIMITS at Vg = 15V, T = 25°C when connected to an ideal DAR-01, unless otherwise noted.

DAI-01
PARAMETER CONDITIONS MIN TYP  MAX UNITS
Resoiution 10 — 10 Bits
Analog Output Current All Bits Low, V- Connected to FS Adjust 1840 — 2274 uA
Zero-Scale Qutput Current All Bits High, V- Connected to FS Adjust - —  *0.011 %les
Logic Input “0” Measured with Respect to Qutput —_— - 0.7 v
Logic Input “1" Measured with Respect to Output 21 — — Vv
Supply Current All Bits High, V- Connected to FS Adjust — - 8.33 mA
Power Supply Rejection Vg = 6V to +18V — —_ 0.1 Yoleg/V

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

TYPICAL ELECTRICAL CHARACTERISTICS at Vg =15V, and when connected to an ideal DAR-01, unless otherwise
noted.

DAI-01-N DAI-N-G
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Fuil-Scale Temperature Cosfficient (Note) - *60 — - +860 — rpm/°C

NOTE:

Full-Scale Temperature Coefficientis defined as the change in cutput voltage
measured in the basic unipolar voltage output test circuit shown on the
DAC-100 data sheet and is expressed in ppm between 25°C and either
temperature extreme divided by the corresponding temperature change.
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DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER

BASIC CONNECTIONS

BASIC UNIPOLAR VOLTAGE OUTPUT CIRCUIT

REDUCED RESOLUTION APPLICATION

TYPICAL SETTLING TIME
FOR 1/2 SCALE CHANGE
= 1.0ps

FULL SCALZ R1 {R1 = Rg)

ADJUST

*Rg =~ 4.8k FOR 10V MODELS (03, 05, Q7)
Rg = 2.4kl FOR 5V MODELS (Q4, 0B, 08)

8-8IT INPUT

BASIC BIPOLAR VOLTAGE OUTPUT CIRCUIT

BIPOLAR R

OFFSET

ADJUST

(R PV LU T
5000

v+ ‘
4 13121710987 65 4
? ?9999TYTPT |
0-2mA .Rs'R}\
DAC-100 () o8-
- op-01
3+

2 15
2000
FULL SCALE
ADJUST

Ve

APPLICATIONS INFORMATION

FULL RANGE OUTPUT ADJUSTMENT — The output cur-
rent of the DAC-100 may be reduced to produce an exact
10.000 (5.000) volt output by connecting a 20041 adjustable
resistance between the full-scale adjust pin and V—-. Adjust-
ment should be made with an input of all “zeroes.”

LOWER RESOLUTION APPLICATIONS — The DAC-100
may be used in applications requiring less than 10 bits of
resolution. All unused logic inputs must be tied to logic high
for proper operation. “Floating” logic inputs can cause
improper operation.

LOGIC CODING — The DAC-100 uses complementary or
inverted binary logic coding, i.e., anall “zeroes” input produ-
ces a full range output, while an all “ones” input produces a
zero-scale output. Each lesser significant bit's weight is one-
half the previous more significant bit's value. High logic input
turns the bit "OFF,” low logic input level turns the bit “ON".

LOGIC COMPATIBILITY — Theinput logic levels are directly
compatible with TTL logic and may also be used with CMOS
logic powered from a single +5 voit supply.

NONLINEARITY (NL) — The maximum deviation from an
ideal straight line drawn between the end points, expressed
as a percent of full-scale range (FSR) or given in terms of
LSB value. The end points are zero-scale output to full-scale
output for unipolar operation and minus full-scale to positive
full-scate for bipolar operation.

BIPOLAR OPERATION — The DAC-100 may be converted to
bipolar operation by injecting a half-scale current into the
output; this is accomplished by connecting the internal bipo-
lar resistor to a +6.4 volt reference. Trimming of the zero
output may be facilitated by placing a 5000} adjustable res-
istance in series with the +6.4 voits.

VOLTAGE AT OUTPUT PIN — The DAC-100 is designed to
be operated with the voltage at the output pin held very close
to zerovolts. Input logic threshold levels are directly affected
by output pin voltage changes; voltage swings at the output
may cause loss of linearity due ta improper switching of bits.
Large voltage swings may cause permanent damage and
should be avoided. Proper operation can be obtained with
output voltages held within £0.7 volts; a pair of back-to-back
silicon diodes tied from the output to ground is a convenient
way of clamping the output to this limit.
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DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER

TYPICAL APPLICATIONS

EXTERNAL REFERENCE CONNECTION

ANALOG SUM OF TWO DIGITAL NUMBERS

Ny

Vout
oP.01

Vour = Nt + N2

"Z?TT_?_????? \ $ ssnm

vfo_@ g
DAGC-160 /

2.5

Sv- =

DIGITALLY PROGRAMMED LEVEL DETECTOR

BINARY-CODED-DECIMAL D/A CONVERSION

2:830(2

90052
2%

9701
> CURRENT®

|

10012
1/2%

*CAN BE EXPANDED TO 3 DIGITS BY ADDITION OF A THIRD DAC AND
93 TO 1 CURRENT DIVIDER.

INTERFACING WITH CMOS LOGIC

The DAC-100 requires only about 1uA of input current into
each logic stage. This enables use with CMOS inputs as long
as one rule is observed; logic input voitages shouid not
exceed 6.5 voits or V+, whichever is smalier. To provide an
understanding of this rule, itis necessary to discuss the logic
input stage design.

LOGIC INPUT STAGE DESIGN

For simplicity, only one of the ten identical input circuits is
shown below. The DAC-100 uses a fast current-steering
technique that switches a bit-weighted current between the
positive supply (V+) and the analog output, which is usuaily
constrained to be at zero volits (virtual ground) by an external
summing ampilifier.

DAC-100 — LOGIC INPUT STAGE

1=ViN > VREF
0=V|N < REF

VREF o
VIN ©

ANALOG INPUT
0/+10V
— {10V DAC-100 MODELS}

v+

ANALOG
OUTPUT

> ZERO
ViN a VoLTS
1IN = BuA
MAXIMUM
Q4
[+ 0.7 VOLTS

“ON" CONDITION
ONLY

¢ i

128uA ! BITwEIGHTED

C) CURRENT
SOURCE
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DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER

Switching is accomplished by forward biasing Q4, diode-
connected transistor, for the bit “ON” condition and back
biasing Q4 in the “OFF” condition. For the “ON” condition
(Vin < 0.7 volts), Q3 is “OFF” — all of the bit-weighted cur-
rent, |4, flows from the analog output through Q4 and ulti-
mately to V~. in the “OFF” condition (V;y = 2.1 volts), Q3 is
“ON”, Q4 is back biased, and the bit-weighted current is
sourced from the positive power supply instead of the analog
output.

If Vinis too high, Q4’s emitter-base junction wili experience
reverse breakdown and a fault condition will occur. Equation
1 describes this condition:

1) BViH= Vg1 + Vez + Vges + BVEps = 7.7 volts

Using this relationship, it can be seen that a conservative
input voltage limit would be around 6.5 volts. When the 6.5V
input limit is observed, DAC-100 operation with CMOS
inputs is easily achieved.

16 VOLT POWER SUPPLY OPERATION

This is the most convenient method of interfacing the
DAC-100 with CMOS logic. At £6 volts the DAC-100 power
dissipation is only 80mW, which is very small considering the
inclusion of a complete internal reference. No interfacing
components are required with +5% power supplies, and the
CMOS logic and DAC-100 can use the same +6 voit power
supply. In this application the device is directly CMOS
compatible.

BLOCK DIAGRAM — CMOS TO DAC-100 INTERFACE

© +6V TO +1BV

out IN

5 VOLT :10%
REGULATOR

v+
-6V TO ~18V O— V- DAC-100
10 LOGIC INPUTS

ANALOG
QUTPUT

Vee
LEVE.
SHIFTING
BUFFER/

CONVERTERS
2 EACH
CD 4049A

OR
CD 4050A
Voo

LOW LEVEL
TTL QUTPUTS

*MUST BE CURRENT LIMITED TO AVOID DAMAGING
THE LEVEL SHIFTING BUFFER.

HIGH LEVEL CMOS INTERFACING

The block diagram below illustrates a convenient method for
interfacing CMOS input levels between 6.5 volts and 15 volts
with the DAC-100. Inexpensive and readily available CMOS
hex buffer/converters step down the high-levetinputsto TTL
levels that cannot exceed 5 volts — clearly satisfying the
input stage voltage rule.

In addition to level shifting, buffer/converters provide input
coding flexibility since they are available as inverting
(CD4049A) or non-inverting (CD4050A) devices. This gives
the user a choice between negative-true and positive-true
binary coding and allows the same basic DAC-100 to CMOS
interfacing method to be used in either type of application.

Since buffer/converter power consumption is very low, the
required +5 volts can be provided by a simple regulator or
even a resistive divider in some applications. In a multi-DAC
system, one central, inexpensive three-terminal IC regulator
can supply several levei shifting devices.

NOTE:

For a more complete explanation and detailed circuit connections, refer to
AN-14, “interfacing PMI D/A’s with CMOS t.ogic.”

BURN-IN CIRCUIT

) DAC-100

<>
> 102 nNoTEs:
I 1. RESISTOR IS Tk 1/4W METAL FILM, 1%.
2. ALL SHORTED DEVICE PINS TO BE MADE AT DEVICE.
—18v 3. ONLY +1BV, - 18V, AND GAOUND LINES ARE TO BE

CARRIED PARALLEL TO BOARD CONNECTORS.
4. 1092 RESISTORS ARE 1/4W CC, 5%.
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PMD

DAC-100 10-BIT CURRENT-CUTPUT D/A CONVERTER

SUCCESSIVE APPROXIMATION A/D CONVERTER (8-BIT)

+15v

NOT!

A/D CONVERTER".

LAR
ANALOG
REFEﬁlﬁgsg WPUT +15V
14 (F REQD) {1 |1
15 < by
b agmn
- < 3
FULL 2000 r@ v
SCALE 2 =
ADJUST M5B LS8
*—15V 13[12|11[10/9 (8|7 |6 |5 |4
LS8 BIT 8 - ;
BIT 7 +8Y 77
BIT 6
BIT 5 -—
BIT 4 =
BIT 3
+15V <—T_I——> +15V
BIT 2 -— 0.01uF L wuF
MSB BIT 1 ————— T B N,:"'"G
it A e L s onouns
) 50v BY
1shahizhzf1|sl5]4 |3 7 _15v —15v
, 1,
SERIAL gt AMZ502PC 8-8IT SAR 9
ouTPUT +5v 4—1—_1———» +5V
0.014F E 47uF
10 ? 2 9 sov lov POWEF.
START GROUND
CONVERSION | =
COMPLETE
CLOCK g
INPUT =

E:
FOR A COMPLETE TREATMENT OF SA ADC'S CONSTRUCTED WITH THE DAC-100,
REFER TO AN-11, “A LOW COST, EASY-TO-BUILD SUCCESSIVE APPROXIMATION

TRACKING (SERVO-TYPE) A/D CONVERTER

O +18V

———0 CLOCK IN
MAXIMUM CLOCK RATE = 3.5MHz

——t 0.02
3| c 8|c 8|c +5V TRACK HOLD 1—
uo 1 -15
1/2 7474 8284 o] 5284 ©
Tvee o~ |4 YD1 emown | UP/DOWN |2 - -
FLIP.FLOP |5 COUNTER |IN jl out| COUNTER = j_
2 caRRY 3 _ 0.02
hofa(s |4 toja|s e 55 T
+15
*1/4 7400 »
2400 0.02
» DIGITAL / ; ’
CLOCK 1 ouUTPUT
ouT 1_15
—i I
FOR CLOGK RATE =~ 3.5MHz C = 4700F

MAXIMUM FULL SCALE

SINE WAVE INPUT
15 4500Hz 17

NOTE:

POWER
GROUND
4148
ViN =0 TO +10V
RIN = 4Bk
ANALOG 16 5 2 ANALOG
INPUT 200 GROUND

FULL SCALE
ADJUST

— 0 -15V

FOR A COMPLETE TREATMENT OF TAACKING ADC'S CONSTRUCTED
WITH THE DAC-106, REFER TO AN-6, "'A LOW COST, HIGH PERFORM-
ANCE TRACKING A/D CONVERTER".
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