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DAC-08

Specifications and Applications
Information

HIGH SPEED 8-BIT MULTIPLYING D-TO-A CONVERTER

The DAC-08 series is a monolithic 8-bit high speed multiplying digital-to-
analog converter, capable of settling to within 172 LSB (0.19%) in 85 ns.
Monotonic multiplying performance is retained over a wide 40-to-1 reference
current range. Full scale and reference currents are matched to within 1LSB,
therefore eliminating the need for full scale trim in most applications.

Dual complementry current outputs with high voltage compliance provide
added versatility and allow differential mode of operation to effectively dou-
ble the peak-to-peak output swing. In many applications, output current-to-
voltage conversion can be accomplished without requiring an external op
amp. Noise-immune inputs permit direct interface with TTL and DTL levels
when the logic threshold control, Vi ¢, (Pin 1) is grounded. All other logic
family thresholds are attainable by adjusting the voltage level of Pin 1. Per-
formance characteristics are virtually unchanged over the entire *4.5 V to
+18 V power supply range. Power consumption is typically 33 mW with
+5.0 V supplies.

The DAC-08 is available in several versions, with nonlinearity-as tight as
+0.1% (= 1/4 LSB) over temperature. All versions are guaranteed monotonic
over 8 bits. For an extra margin of performance, Motorola utilizes thin-film
resistors permitting very accurate resistive values which are extremely stable
over temperature.

High performance characteristics along with low cost, make the DAC-08
an excellent selection for applications such as CRT displays, waveform gen-
eration, high-speed modems, and high-speed analog-to-digital converters.
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MAXIMUM RATINGS (T = 25°C unless otherwise noted)
Rating Symbol Value Unit
V+ Supply to V-Supply — 36 v
Logic inputs — V- to V- Plus 36 \
Logic Threshoid Control Vic V- to V+ v
Analog Current Outputs lout See Figure 7 mA
Reference Inputs {(V14, V15) VREF V-to V+ v
Reference input Differential Voltage (V14 10 V15) VREF(D) +18 A
Reference Input Current (114) IREF 5.0 mA
Operating Temperature Range Ta °C
DAC-08AQ, Q ~-5510+125
DAC-08HQ, EQ, CQ, HP, EP, CP, ED, CD 010470
Storage Temperature TA -65to +150 °C
Power Dissipation Pp 500 mwW
Derate above 100°C RgJA 10 mwW/°C
ELECTRICAL CHARACTERISTICS (Vg= 15V, Iger = 20 mA, Tp = -55°C to +125°C, unless otherwise noted.)
DAC-08A DAC-08
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Resolution — 8 8 8 8 8 8 Bits
Monotonicity — 8 8 8 8 8 8 Bits
Nonlinearity, Ta = 0°C to +70°C NL - — +0.1 — — +0.19 %FS
Settling Time to +1/2 LSB, Figure 24 ts - 85 135 — 85 150 ns
{All Bits Switched On or Off, TA = 25°C){Note 1)
Propagation Delay, T = 25°C {Note 1) ns
Each Bit PLH - 35 60 . 35 60
Al Bits Switched tPHL | — 35 60 - 38 60
Full Scale Tempco TCigg — +10 +50 — *10 +80 ppm/°C
Output Voitage Compliance Voc -10 - +18 -10 - +18 \
Full Scale Current Change < 1/2 LSB,
Agut > 20 megohm typ.
Fuli Range Current IFR4 |1.984] 1.892 2,000 1.94 1.99 2.04 mA
{VREF= 10.000V; R14.R15=5.000k(}, Ta=25°C}
Full Range Symmetry {IFpg - IFR2) IERS — +0.5 +4.0 — *1.0 +8.0 uh
Zero Scale Current Izs — 0.1 1.0 —_ 0.2 20 pA
Output Current Range mA
V-=-50V IOR1 (o} — 21 Q —_ 21
V-=-80Vio-18V IOR2 0 — 42 o — 42
Logic input Levels (V| c=0V) v
Logic 0" Vg — — 0.8 _ - 0.8
Logic "1 Vi 20 — — 20 — —
Logic Input Current (V c=0 V) uA
Logic Input "0” (Vi = -10 V1o +0.8 V} he — -2.0 ~-10 — -2.0 -10
Logic Input "1” (Vjn = +2.0 V1o +18 V) I — | o002 10 — | 0002 10
Logic input Swing, V-=-15V Vis -10 — +18 -10 — +18 \
Logic Threshold Range, Vg= 115V VTHR -10 — +13.5 -10 — +13.6 \
Reference Bias Current H5 — -1.0 -3.0 — -1.0 -3.0 wA
Reference Input Slew Rate Figure 19 (Note 1) di/zdt | 40 8.0 - 4.0 8.0 - mA/us
Power Supply Sensitivity {Iggf = 1.0 mA) %/ %
V+=45Vio 18V PSSiFg+ | — | £0.0003 [ +0.01 — | +0.0003| +0.01
V-=-45Vto-18V P8Sipg_ | — +0.002 +0.01 — +0.002 +0.01
Power Supply Current mA
Vg=+5.0V, IReF = 1.0 mA I+ - 23 38 - 23 38
- — -4.3 -58 — -43 -58
Vg=+50V,-15V, Iggr= 20 mA I+ — 24 38 — 24 38
- — -6.4 -7.8 - -6.4 -7.8
Vg=*15V, IRgr= 2.0 mA + — 25 38 — 25 38
I- — -6.5 -7.8 — -6.5 -7.8
Power Dissipation Pp mwW
Vg =250V, Iggr= 1.0 mA — 33 48 — 33 48
Vg=+5.0V,~15V,IRgr = 20 mA — 103 136 — 108 136
Vg=215V, Iggr= 2.0 mA - 135 174 — 135 174
Nate 1. Parameter is not 100% tested; guaranteed by design.
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ELECTRICAL CHARACTERISTICS (Vg = =15V, IRgr = 2.0 mA, Ta = 0°C to 70°C, unless otherwise noted.)
- DAC-08H DAC-08E DAC-08C
Characteristic Symbol | Min | Typ Max | Min | Typ Max | Min | Typ Max Unit
Resolution - 8 8 8 8 8 8 8 8 8 Bits
Monotonicity — 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity, Tpo = 0°C to +70°C NL — — +0.1 | — — *019| — — +0.39| %FS
Settling Time to =1/2 LSB ts — 85 135 — 85 150 — 85 150 ns
(Al Bits Switched On or Off,
(TA = 25°C) Figure 24 (Note 1)
Propagation Delay, Tp = 25°C (Note 1) ns
Each Bit tPLH — 35 60 — 35 60 — 35 60
All Bits Switched tPHL — 35 60 — 35 60 — 35 60
Full Scale Tempco TClgs - *10 +50 | — +10 +50 | — +10 +80 | ppm/°C
Output Voltage Compliance Voc | -10; — +18 | -10| — +18 [ -10| — +18 v
Full Scale Current Change
< 1/2 LSB,
Rout > 20 megohm typ.
Full Range Current IFRa |1.984] 1.992 | 2.000 | 1.94 | 1.99 204 | 194 | 199 2.04 mA
(VREF = 10.000 V;
R14, R15 = 5.000 kQ)
Ta = 25°C
Full Range Symmetry (IFR4 - IFR2) IFRS — | £05 | 40| — | 1.0 | +80 | — | =20 | £16.0} uA
Zero Scale Current Izs — 0.1 1.0 — 0.2 2.0 — 0.2 4.0 pA
Output Current Range mA
V- = -50V IOR1 0 —-_ 2.1 0 — 21 0 - 21
V- = -80Vto -18V 10R2 0 — 42 0 — 42 0 — 4.2
Logic Input Levels (V) c = 0V) \
=~ Logic *'0” ViL - — 08 | — - 08 | — — 08
Logic 1" VIH 2.0 — — 2.0 — — 2.0 — —
Logic Input Current (V| c = 0 V) nA
Logic Input “0"*
{Vin = —10Vto +0.8 V) L — -20 | -10 | — -20 | =10 | — -20 ) -10
Logic Input “1”
(Vin = +2.0Vto +18 V) iH — | 0.002 10 — | 0.002 10 — | 0.002 10
Logic Input Swing, V— = —16V Vis -10 — +18 | -10 - +18 | —10 — +18 \J
Logic Threshold Range, Vg = =15V VTHR | —10 —_ +135| -10 — +135]| -10 - +13.5 \Y
Reference Bias Current 115 - -10 | -30 | — -10 | -30| — -10 | -3.0 pA
Reference Input Slew Rate dl/dt 4.0 8.0 — a0 8.0 —_ 4.0 8.0 —_ mA/us
Figure 19 (Note 1)
Power Supply Sensitivity %/%
(IREF = 1.0 mA)
V+ =45Vto 18V PSSIFs +| — |+0.0003] +0.01( — {+0.0003] £0.01 [ — |+0.0003] +0.01
V- = -45Vto -18V PSSlpg—| — | +0.002| x0.01| — | +0.002| +0.01| — | +0.002| +0.01
Power Supply Current 1+ — 2.3 38| — 23 38| — 23 38 mA
Vg = 6.0V, IRgf = 1.0 mA 1- — -43 | -58 | — -43 | -25.8| — -43 | -5.8
1+ — 24 38 — 24 38| — 24 38
Vg = +60V, ~15V,IRgr = 20 mA| |- — -64 | -78 | — -64 | -78 | — -64 | -78
1+ — 25 38 — 25 38| — 25 38
Vg = +15V, IRgr = 2.0 mA 1- - -65 | -78 | — -65 | -78 | — -65 | -7.8
Power Dissipation Pp mw
Vg = +6.0V,IggF = 1.0 mA - 33 48 — 33 48 — 33 48
Vg = +50V, —15V, IRgf = 2.0 mA — 108 136 - 108 136 - 108 136
Vg = +15V, IRgf = 2.0 mA — 135 174 — 135 174 — 135 174
Note 1. Parameter is not 100% tested; guaranteed by design.
-~
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TYPICAL PERFORMANCE CURVES
FIGURE 1 — FULL SCALE CURRENT versus FIGURE 2 — REFERENCE AMP
REFERENCE CURRENT COMMON MODE RANGE
5.0 I 32 T T
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.. 40 TA = Tryin 10 Tmax [ min T Tmax
I All Bits “0n’” \ 5 24 i
g \ E - = =
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g ° Voz-15Y z l I 'ReF = 2.0 mA
3 Z 16
= ]
a 20 = 12
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@ V-=-50V & o8 4 IRF = 1.0 mA
= 1 | |
04 IREF = 0.2 mA
0 o LL 1
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Ipgr. REFERENCE CURRENT (mA) V15, REFERENCE COMMON MODE VOLTAGE (V)
NOTE: Positive Common Mode Range is Always (V+) -1.5 V
FIGURE 3 — REFERENCE INPUT FREQUENCY RESPONSE FIGURE 4 — LSB PROPAGATION DELAY versus Ifg
8o T 11 50 T [
40 b—4R14=R15=1kQ b R }
R <5000 SR !
20— an gits “on” _ 400 rr o+ t
& } E i i i
2 M Tapty \ = | :
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-14 hi] {
0.1 0.2 05 1.0 20 50 iy 0.005 0.01 0.02 005 01 02 a5 10 20 50 10
f, FREQUENCY (MH2) fpg. GUTPUT FULL SCALE CURRENT {mA}
Curve 1 — Co = 15 pF, Vj, = 2.0V p-p Centered at +1.0 V {Large-Signal)
Curve 2 — Cg = 15 pF, Vi = 50 mV p-p Centered at +200 mV (Smali-Signal}
FIGURE 5 — LOGIC INPUT CURRENT versus
INPUT VOLTAGE FIGURE 6 — V1 - V¢ versus TEMPERATURE
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TYPICAL PERFORMANCE CURVES
FIGURE 7 — QUTPUY CURRENT versus
OUTPUT VOLTAGE FIGURE 8 — OUTPUT VOLTAGE COMPLIANCE
{Output Voltage Compliance} versus TEMPERATURE
32 T
All Bits “0n”
28
TA = Trnin 10 Tmax
g IREF = 2.0 mA
£ Vo= 15V V-= 50V REF = 25 s
g % g
E 15 5
R g
g [
& 12 IREF = 1.0 mA ——— &
5 5
= 08 |L
04 IRgF = 0.2 mA ——
1 1
o U 1 —
M 10 -6.0  -20 2.0 6.0 10 14 18 ~50 -25 0 25 50 75 100 125
OUTPUT VOLTAGE (V) TEMPERATURE (°C)
FIGURE 8 — BIT TRANSFER CHARACTERISTICS FIGURE 10 — POWER SUPPLY CURRENT versus V+
14 [T 8.0 : ] T
1 T A i L }
1.2 —FIger = 2.0 mA 10 Al Bits “High” or “Law’ \
T -
P E 50 —H
% 10 B1 = B
= ] £ 50— t——1 —
&= 08 3
§ > 40 - -
= 08 &
£ 82 7 30— e T
3 04 g _
83 g 20 —
02 Vo315V &
% V- 50V B4 0
P Y = .
-12-10-8.0-6.0-40-2.00 20 406080 10 12 14 16 18 i} 20 40 60 80 10 12 14 16 18 20
LOGIC INPUT VOLTAGE (V) Y+, POSITIVE POWER SUPPLY {Vdc)
NOTE: B1-B8 have identical transfer characteristics. Bits are fully switched
with less than 1/2 L8Berror, atless than 100 mV from actual
threshoid. These switching paints are guaranteed to lie between
0.8 V and 2.0 V over operating temperature range (Vo= 0 V)
FIGURE 12 — POWER SUPPLY CURRENT
FIGURE 11 — POWER SUPPLY CURRENT versus V- versus TEMPERATURE
8.0 T T T T T T 80 T T
Bits May Be “High™ or “Low” | ! All Bits "High™ or “Low”
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E 5.0 = B0
= .
g 2
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> 40 = - It 1 Z 40
z T g
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© B N =3 B
o \ 1+ a.
1.0 1.0
0 0
g -20 -40 -60 -80 -10 -i2 -14 -16 -18 -20 -50 ~28 0 % 50 75 100 125
V-, NEGATIVE POWER SUPPLY {Vdc) TEMPERATURE {°C}
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BASIC CIRCUIT CONFIGURATIONS

FIGURE 13 — RECOMMENDED FULL SCALE FIGURE 14 — POSITIVE LOW IMPEDANCE
ADJUSTMENT CIRCUIT OUTPUT OPERATION

RL

Vo
O
Oto+ipg - R

e~ 235 s
FR™ 756

if complementry output {Negauive Logic DAC) operation s
desired, connect snverting mput of op amp to I Pin 2} and

ground gy Pin 4)

FIGURE 16 — NEGATIVE LOW IMPEDANCE FIGURE 16 — BASIC POSITIVE REFERENCE
OUTPUT OPERATION OPERATION

MSB LS8
B2 B4 B6 B8

4% VRer
{REF —» (4)
Oto-lgR " R +VREF O—AAM—O o)
15 6
R15 VREF

IF ~E IREF
R~ 256 = )

If complementry output (Negative Logic DAC) is desired, con-
nect noninverting input of op amp to ig (Pin 2) and ground lg
(Fin &) 01 uf 0.1 uF
T &7
o+ io = IFR for 'VREF 255
all logic states IFR= — x
Rrer 256
FIGURE 17 — BASIC NEGATIVE REFERENCE )
OPERATION For tixed reference, TTL operation, typical values are
VReg = +10.000V Ce=0.01uF
MSB LSB Agge 5 5.000k Vi =0V (Ground)
R15 = Rpgp

B2 B4 B6 B8

RREF
_:_[_—’\/V\r— 14
~-VREE O—AMA\—15
Ri15
-V
IFR= ﬂ. x ﬁ
RREF 256

NOTE: Rper sets full scale current Igg; R15 is for bias current
cancellation.

@ MOTOROLA Semiconductor Products Inc.
6



Appendix DAC-08 Motorola data sheet

BASIC CIRCUIT CONFIGURATIONS

FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES

*VREF
*VREF
'REF+ RREF o—AM—{ 14
RREF DAC-08
Vin O 14 Vin £, o—A— 15
Rin DAC-08 R15
15
{Optional)

= RRer = R15 +VREF must be above peak positive swing of Vi,
IREF = Peak Negative Swing of ljn

FIGURE 19 — PULSED REFERENCE OPERATION

*VREF
Q

Optional Resistor
for Offset inputs g RREF

ovd L

Typical Values: Rjn 5.0k, +Vjn = 10V

FIGURE 20 — BASIC UNIPOLAR NEGATIVE OPERATION

E0 5.000k
IREF 0———— O
— -

2.000 mA _
E0 5.000 k
O

B1 B2 B3 B4 B5 B6 B7 B8 IgmA igmA Eg Eo

1.992 0.000 -9.960} -0.060
1.008 0.984 -5.040| -4.920
1.000 0.992 -5.000| -4.960
0.992 1.000 -4.960| -5.000
0.008 1984 -0.040|-9.920
0.000 1.992 0.000{ -9.960

Full Range 1 1
Half Scale +LSB 1 0
Half Scale 1 0
Half Scale -LSB o 1
Zero Scale + LSB 0o 0
Zero Scale 0 0

(=
O == O ==

— @ MOTOROLA Semiconductor Products Inc.
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BASIC CIRCUIT CONFIGURATIONS

FIGURE 21 — BASIC BIPOLAR OUTPUT OPERATION

IREF O—nmrd{
-

2.000 mA
O
+10.000V
B1 B2 B3 B4 BS B6 B7 BB Ep Eo

Pos Full Range 1 B ] -9.920} +10.000
Pos Full Range -LS8 o1 1 1 LI B ¢ -9.840f +9.920

Zero Scale +LSB 1t 6 0 0 0 0 0 1 -0.080f +0.160

Zero Scale 16 0 0 0 0 0 O 0000} +0.080

Zero Scale -LSB o 1 1 1 1 1 Tt +0080f 0.000
Neg Full Scale «LSB 0 0o 0 0 0 0 0 1 +9.9201 -9.840
Neg Full Scale 0O 0 0 0 0 0 O O +«10000] -9.920

FIGURE 22 — OFFSET BINARY OPERATION

10k 50k
AAA A
+15Y msB Ls8
Tz “5V
5.000k [g7 55
c1ov pac-og 'O 4
MC1404U10 50k ; 741 Eo

m& )

v+ V- G Vg

_E ‘[ _L -15V

o]
+15V 15V
Bl B2 B3 B4 B85 B6 B7 B8 Eg
Pos Fuil Range 1 1 1 1 1 1 1 1] -4960
Zero Scale 1.0 0 0 0 0 © 0 0000
Neg Full Scale+11SB 1 O 0 0 © O 0 0 1] -4960
Neg Full Scale 0O 0 0 0 0O O O Of}f-5000
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FIGURE 23 — INTERFACING WITH VARIOUS LOGIC FAMILIES

15 V CMOS, HTL, HNIL 10 V CMOS
TTL, DTL VIH =76V VIH = 50V
VIH = +14V
+18V 10V
DAC-08 9.7k 6.2k
p—o Vic Vic
v
Lc 62k ~0.1uF 36k 0.1 uF
5.0 V CMOS PMOS 10K ECL
VTH = 28V VIH =0V VTH = —1.29V
1N4148 = 13k =
Vic 1N4148 2N3904
1N4148 Vic
1N4148
1N4148 10k
Vic
-5.0V10o-10V 39k
-5.2V

NOTE: Do not exceed negative logic input range of DAC
Vi =V c+14V

Motoroia reserves the right 1o make changes without further notice to any products herein to improve reliability, function or design. Motorola does
not assume any liability arising out of the application or use of any product or circuit described herein; neither does it convey any license under its
patent rights nor the rights of others. Motorola and @ are registered trademarks of Motorola. Inc. Motorola. inc. is an Equal Employment Opportunity/
Affirmative Action Employer.
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