ANALOG 8-Bit, High Speed, Multiplying DY A Converter

DEVICES

(Universal Digital Logic Interface)

DACO8

FEATURES

Fast Settling Output Current: 85 ns

Full-Scale Current Prematched to =1 LSB

Direct Interface to TTL, CMOS, ECL, HTL, PMOS

Nonlinearity to 0.1% Maximum Over
Temperature Range

High Output Impedance and Compliance:
-10Vio +18 YV

Complementary Current Outputs

Wide Range Multiplying Capability: 1 MHz Bandwidth

Low FS Current Drift: 10 ppm/°C

Wide Power Supply Range: =4.5V to =18 V

Low Power Consumption: 33 mW @ =5V

Low Cost

Available in Die Form

GENERAL DESCRIPTION

The D AC 08 serdes of 8-bim onolithic digialto-analog convert—
ers provide very high-speed perfom ance coupled w ith ow cost
and outstanding applications flexibility.

Advanced circui design achieves 85 ns settling tim es w ith very
low “glitch” energy and at ow pow er consum ption.M onotonic
m ulipling perform ance is attained overaw ide 20 to 1 refer-
ence current range.M atching to w ithin 1 LSB betw een refer—

ence and fullscale currents elin nates the need for fiillscale
trim m Ing In m ost applications. D irect nterface to allpopular
logic fam illes w ith illnoise in m unity is provided by the high
sw Ing, ad jastable threshold bogic mput.

H igh volage com pliance com plem entary current outputs are
provided, ncreasihg versatility and enabling differential opera—
tion to effectively double the peak-to-peak output sw ing. In

m any applications, the outputs can be directly converted to vol—
age w thout the need foran extemalop am p.

A 1D AC 08 seriesm odels guarantee fi1ll 8-bi m onotoniciy, and
non lnearities as tight as+ 0.1% over the entire operating tem -
perature range are availbl. D evice perfom ance is essentially
unchanged overthe+t4.5V t0 118 V power supply range, w ih
33mW powerconsum ption attainable at+5 vV supplies.

T he com pact size and low pow er consum ption m ake the

D AC 08 atizactive for portable and m ilitary /Aerospace appli-
cations; devices processed to M IL-STD 883, LevelB are
availabl.

D AC 08 applications inclide 8-bi;, 1 UsA D converters, servo

m otor and pen drivers, waveform generators, audio encoders
and attenuators, analg m eter drivers, program m abl pow er
supplies, CRT display drivers, high-speed m odem s and other
applications w here ow cost, high speed and com plte Inputbut-
put versatiliy are required.
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DAC08-SPECIF CATIONS
BLECTRICAL CHARACTERISTICS (@ V. = 15V, Is = 2.0 mA ~55°C < Ty < +125°C for DACOS/08A 0°C < T, < +70°C for

DACOSC, E & H unless otherwise noted. Output characteristics refer to both lor and lgyr.)

DACO08A/H DACOSE DACO08C
Parameter Symbol | Conditions Min Typ Max Min Typ Max Min Typ Max Units
Resclution 8 8 8 Bis
M onotoniciy 8 8 8 Bis
N onlneariy NL t01 +0.19 +0.39( % Fs
Settlhg Tine I Tox1/2 LSB, 85 135 85 150 85 150 ns
ATIBis Swiched ON
OrOFF, T, = 25°C?
P ropagatdion D elay
Each Bit Tru T, =25°C? 35 60 35 60 35 60 ns
A 1B is Sw iched L 35 60 35 60 35 60 ns
FultScak T em pco? TCEs +10 +50 +10 +80 +10 +80 ppm fC
DAC08E +50
O utputVolage
Com pliance Voc FullScak Current
(T rue C om pliance) Change <12 LSB, =10 +18 =10 +18 =10 +18 \Y
Rogr > 20M Q typ
FullRange Current Trra Vgegr = 10.000V 1.984 1.992 2.000 [ 1.94 1.99 2.04 1.94 1.99 2.04 mA
R14,R15= 5.000kQ
T, = +25°C
FullRange Sym m etry Trrs Tera — Trr2 +0.5 +4 t1 +8 2 t16 YA
Zero-Scale Current Is 01 1 02 2 02 4 UA
O utput Current Range Tor1 R14,R15= 5.000 kQ 2.1 21 2.1 mA
lorz Vger = 150V,
V-=-10V
Vgegr = 1250V, 42 42 42 mA
v-=-12V
O utput CurrentN olse Tagr = 2MA 25 25 25 nA
Logic Input Levels
Logic “0” Vo, Vie=0V 0.8 08 0.8 A
Logic lnput “1” Vo 2 2 2 v
Logic Input Current Ve =0V
Logic “0” In, Vyg =-10V o +08V -2 -10 -2 -10 -2 -10 MA
Logic Input “1” Iy Vg =20V 18V 0.002 10 0.002 10 0.002 10 MA
Logic Input Sw hg Vs V-=-15V -10 +18 -10 +18 -10 +18 A
Logic T hreshold Range Visr vg=115v? -10 +13.5 | -10 +13.5 | -10 +135| Vv
Reference B asC urrent Ts -1 -3 -1 -3 -1 -3 UA
Reference Input digt Rgg = 200 Q 4 8 4 8 4 8 mA fis
Slew Rate Ry =100Q
Ce.=0pF SeeFastPuled Ref.nfo Folbwingl!
Power Supply Sensitvity | PSSTss |V+ = 45V 018V +0.0003+0.01 +0.0003 +0.01 +0.000320.01| %AL AAV+
PSSks- |[V-=-45V o -18V +0.002 £0.01 +0.002 *0.01 +0.002 *0.01| % AL AAV-
Thgrp = 1.0mA
Power Supply Current T+ Vg=25V, Lzp=1.0mA 23 3.8 2.3 38 2.3 38 mA
I- -4 .3 -58 -4.3 -5.8 -4.3 -5.8 mA
T+ Vg=+5V,-15vV, 24 3.8 24 3.8 24 3.8 mA
I- Tagr = 2.0mA 6.4 -7.8 -6 .4 -7.8 -6.4 -7.8 mA
T+ Vs=%15V, ker = 2.5 3.8 2.5 3.8 25 3.8 mA
I- 20mA 6.5 =78 -6.5 -7.8 -6.5 -7.8 mA
PowerD isspation Py t5V, Legr=1.0mA 33 48 33 48 33 48 mW
+5V,-15V, kgr =
20mA 108 136 103 136 108 136 m W
+15V, kegr = 2.0mA 135 174 135 174 135 174 mW
NOTES
G naranteed by design.
Specifications subgct to change w fthout notice.
—2— REV. A
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DACO8

TYPICAL ELECTRICAL CHARACTERISTICS (@ Vs= =15V, and Inee = 2.0 mA unless otherwise noted. Qutput

characteristics apply to both lor and Ioyr.)

All Grades

Parameter Symbol Conditions Typical Units
Reference Input Skew Rate d1dt 8 mA s
Propagation D elay [ T, =25°C,AnyBi 35 ns
Settlihg T in e t To+1/2 LSB,AllBis

Swiched ON orOFF, 85 ns

T, = 25°C
NOTES

ForDACOSNT & GT 25°C characteristics, see D AC 08N & G characteristics respectively.
Specifications subct to change w ithout notice

ABSOLUTE MAXIMUM RATINGS'
O perating T em perature

DACOSBAO ;0 teeeeeeeeeeeaanns —55°C to +125°C

DACO8HQ,EQ,CQ,HP,EP,CP,CS ..... 0°C to +70°C
Junction Temperatire (Tg) «veeeeeeennnn. -65°C to +150°C
Storage T em perature Q Package .......... —65°C to +150°C
Storage T em perature P Package .......... —65°C to +125°C
Lead T em perature (Soldering, 60 sec) ..., 300°C
V4 Suppyto V-Supply . .iviiii i i 36V
LogleTnputs v vvveiiii i it ii i V-toV-plus36V
VLl e et e e e e e e V-toV+
Analg Curmrent O utputs @Vg—=15V) ....... ... 425mA
Reference hput (Vi, toVig) v iiiiiiiiiiiii V-toV+
Reference Input D ifferential Voltage

(Ve IOV ig) ettt e et e et et e e eeeeeaaeann +18v
Reference nputCurrent () ..o vvviiiiininnnn. 50mA
Package Type 042 0, Units
l6PnHemeticDIP Q) 100 16 °ch
16Pn PlasticD IP ) 82 39 °cm
20ContactLCC RC) 76 36 °ch
16-PIn SO (S) 111 35 °cm
NOTES

Absolite m axinum ratings apply to both D ICE and packaged parts, unless
otherw ise noted.

%0, is specified for worst case m ounting conditions, ie., 84 is specified for device
in socket reerdip, P-D TP, and LC C packages; 0 is specified fordevice soldered
to printed circuitboard for SO package.

ORDERING GUIDE!

16-Pin Dual-In-Line Package Operating
Temperature

NL Hermetic Plastic LCC Range
0.1% DAC 08AQ 2 M IL
DACO08HQ DACO08HP coM

0.19% |DAC08Q? DACOSRC 883 | M IL
DAC 08EQ DAC 08EP coM

0.39% [DACO08CQ DAC08CP coM
DAC08C&? coM

NOTES

'Bum-in is availsble on com m ercial and industrial tem perature range parts in
cerdip, plastic D IP, and T O —can packages.

*F or devices processed in total com pliance to M IL-STD -883, add 883 after
part num ber. C onsul factory for 883 data sheet.

*For availbiliy and bum-in infom ation on SO and PLC C packages, contact
your local sales office.

REV. A 3—

PIN CONNECTIONS
16-Pin Dual-In-Line Package

(Q Suffix)
vic[[]e ™ 16] COMPENSATION
out [Z] [15] VREF (-)
v- [3] [14] VREF (+)
lout [2] [13] v+
mse 81 [5] [12] B8 LsB
B2 [§] 1] 87
83 [7] 0] 6
84 [3] s]es
16-Lead SO
(S Suffix)
vi[i]e =~ [§] BaLsB
Vaer (1 [2] 5] B7
Vaer (- 2] 2] Be
comp [4] [13] 85
vLcE 12| B4
tour 5] ok
v- [} [10] B2
our [® [o] B1MsB

DACO8RC/883 20-Lead LCC
(RC Suffix)

NC =NO CONNECT
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DAC08

WAFER TESTLUMITS(@ Vs= =15V, Igg== 2.0 mA To= 125°C for DACOSNT, DACOBGT devices; Ty= 25°C for DACOSN,
DAC08G and DACO8GR devices, unless otherwise noted. Output characteristics apply to both | orand layr.)

DACOSNT D ACO08N DACO08GT| DACO08G | DACO0BGR
Parameter Symbol Conditions Limit Limit Limit Limit Limit Units
Resolution 8 8 3 3 8 Bism In
M onotonicity 8 8 8 8 8 Bism In
N onlinearity NL t0.1 +0.1 +0.19 +0.19 +0.39 % FSmax
O utputVolage Voc Full-Scale C urrent +18 +18 +18 +18 +18 V m ax
C om pliance Change< 12 LSB -10 -10 -10 -10 -10 V min
Full-Scale C urrent Trga OF Vger = 10.000V 2.04 2 .04 2.04 204 2 .04 mA max
Trso Ris, Ris = 5.000 kQ 1.94 1.94 1.94 1.94 1.94 mA min
FulkScale Sym m etry Iess +8 +8 +8 t8 t16 YA m ax
Zero-Scale Current s 2 2 4 4 4 MA m ax
OutputCurrentRange | Ipst V-=-10V,
Vepp = +15V 2.1 2.1 2.1 2.1 2.1 mA min
V-=-12V,
Trso Vggr = +25V 42 42 42 42 42 mAmin
R4, Ri5 = 5.000 kQ
Logic Input “0” Vo 0.8 0.8 0.8 0.8 0.8 V m ax
Logic Input “1” Vu 2 Vmin
Logic Input C urrent Vic=0V
Logic “0” T Vy = -10Vto+08V | £10 +10 +10 +10 +10 MA m ax
Logic “1” Ty Vy =20V tol8V +10 +10 +10 +10 +10 MA m ax
Logic Input Sw ing Vi V-=-15V +18 +18 +18 +18 +18 V m ax
-10 -10 -10 -10 -10 V min
Reference RiasC urrent| Ijs -3 -3 -3 -3 -3 MA m ax
Power Supply PSSTpss V+ =45V 018V 0.01 0.01 0.01 0.01 0.01 % FSA Vmax
Sensitivity PSSTrs- -=-45V to-18V
Lkegr= 1.0mA
Power Supply Current | I+ Vg==x15V 38 3.8 3.8 3.8 38 mA max
Ler £<20MmA -78 -78 -78 -738 -78 MA m ax
PowerD issipation Py Vg=2%15V 174 174 174 174 174 mW max
Ler <20mA

NOTE

E lectrical tests are perfom ed at w afer probe to the lin its shown.D ue to variations in assem bly m ethods and nom alyield loss, yield after packaging is not guaranteed
for standard product dice. C onsul fctory to negotiate specifications based on dice ot qualification through sam ple ot assem bly and testing.

DICE CHARACTERISTICS
(+125°C Tested D ice Available)
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DAC08

+Vaer

c
_rl +18v

OPTIONAL RESISTOR

RREF | FOR OFFSET INPUTS

wd L

c1 l R1
1

16 15 14 13 12 11 10 9
16

TYPICAL VALUES:
Ry = 5k

l DAC-08
Vi = 10V = NO CAP

Figure 1. Pulsed Reference Operation

=
_L——| —o -svmin

25v— 8

R1 =9k
C1=0.001F
C2,C3 = 0.014F
0.5V—
—0.5mA— Figure 2. Burn-in Circuit
lout
—2.5mA—

REQ ~ 2009 200NSEC/DIVISION
R = 1002
Cc=0

Figure 3. Fast Pulsed Reference
Operation

ALL BITS SWITCHED ON

2.4v—
LOGIC INPUT
: U™ - 0.4v—
OmA - louT 24v
OUTPUT —1/2LSB—
SETTLING 0—
+1/2L88—
- 0.4v—
1.0mA oV
2.0mA - louT 8“‘3:
SETTLING TIME FIXTURE 50NSEC/DIVISION
' ' IFS = 2mA, R = 1kQ
(000010000} IREF = 2mA mmnnmy

SONSEC/DIVISION 1/2LSB = 4uA

Figure 4. True and Complimentary

Figure 5. LSB Switching
Output Operation

Figure 6. Full-Scale Settling Time

REV. A
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DAC08-Typical Performance Characteristics

5.0 I T LIMIT FOR
Ta = TmIN TO TMAX V- = =15V
ALL BITS “HIGH"
g 4.0
E
[
-4
w
€ 30
2
(=]
=
2
£ 20
2 | LIMIT FOR
. V- = -5V
v
g
1.0
0
[} 1.0 20 30 4.0 5.0

IREF, REFERENCE CURRENT (mA)

Figure 7. Full-Scale Current
vs. Reference Current

40 Y
L ALL BITS ON
36 |- TA = TMIN TO TMAX +—t
| | ] | [
32 NOTE: POSITIVE COMMON MODE |
2 RANGE IS ALWAYS (V+) —1.5V
E 28 !
E |
g 24 }
T V—=_18V V—= -5V V+ = +16V
3 20
e IREF = 2mA
S e
o
5
312
0.8 l[ IREF = 1TmA
0.4 IREF = 0.2mA —
o I T |
-14 -0 -6 -2 2 6 10 14 1B
Vq5, REFERENCE COMMON MODE VOLTAGE (VOLTS)
Figure 10. Reference Amp
Common-Mode Range
4.0 I [ ALL BITS ON
3.6 — 1 } }
TA = Tmin TO Tmax
3.2 |
z 28
£
C 24 +
2 V- =15V V— = -5V IREF = 2mA
r 2.0
o
s ||
2 16 + 1
-
g 1.2 " IREF = TmA
i
2
O o8 I( 1 [ %
R
0.4 _.._—Q—‘ IREF = 0.2mA
o LL | . [ [

-14 -10 -6 -2 2 6 10 14 18

QUPUT VOLTAGE (VOLTS)
Figure 13. Output Current vs.
Output Voltage (Output
Voltage Compliance)
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h, 1LSB = 61nA

o i il
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Igg, OUTPUT FULL SCALE CURRENT (mA)

Figure 8. LSB Propagation
Delay vs. Irs
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LOGIC INPUT CURRENT (1A)
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LOGIC INPUT VOLTAGE (VOLTS)

Figure 11. Logic Input Current vs.
Input Voltage

+28.0

+24.0
5 +20.0
2
2 +16.0
>
w +12.0 |— SHADED AREA INDICATES PER-
@ MISSIBLE OUTPUT VOLTAGE
Y +8.0 |— RANGE FOR V— = —15V, IREF <
<] 2.0mA.
2 +40 —
5 FOR OTHER V- OR IReF, SEE
& 0 |— OUTPUT CURRENT VS OUTPUT
3 VOLTAGE CURVE,

—4.0

-8.0

-12.0

-50 0 +50 +100 +150
TEMPERATURE (°C)

Figure 14. Output Voltage
Compliance vs. Temperature

o T T Tt
8 |F R14 = R15 = 1kQ2
6 | BL <5000
|~ ALL BITS “ON"
@ 4 VRis=0V
-]
5 - :
[}
3 \
© 2
>
e
< 1 \
)
&2 1. Cg = 15pF, V|N = 2.0Vpp
-8 CENTERED AT +1.0V LARGE
10 LARGE SIGNAL
- 2. Cp = 15pF, VIN = 50mVp-p \
-12 CENTERED AT +200mV
SMALL SIGNAL
—14 — —— —
0.1 0.2 0.5 1.0 240 5.0 10
FREQUENCY {MHz)
Figure 9. Reference Input
Frequency Response
2.0
~
1.6 \
@ \
3 1.2
g | \
O NS
-~
i
E 0.8
>
0.4
0

-850 0 +50 +100 +150
TEMPERATURE (°C)

Figure 12. ViV, c vs. Temperature

18 NOTE: B1 THROUGH 88 HAVE IDENTICAL TRANSFER

CHARACTERISTICS. BITS ARE FULLY SWITCHED, WITH
1.6 FLESS THAN 1/Z LSB ERROR, AT LESS THAN :100mV"
FROM ACTUAL THRESHOLD. THESE SWITCHING
1.4 POINTS ARE GUARANTEED TO LIE BETWEEN 0.8 AND.
’ 2.0 VOLTS OVER THE OPERATING TEMPERATURE
RANGE (Vi C = 0.0V).

1.2 I I .

1.0 | IREF = 20mA

08

0.6 B2

OUTPUT CURRENT (mA}

04

Vo= _gv 3\4 B3 BS
0‘2 I 3. 3

V. -15v| \l /
o Ll 1
—120 -80 —40 O 40 80 120 160
LOGIC INPUT VOLTAGE (VOLTS}

Figure 15. Bit Transfer Characteristics
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T T T | 00 T 1T T 1 1 100 T
9.0 | ALL BITS “"HIGH"” OR "LOW" . _|_ 9.0 | BITS MAY BE “HIGH" OR “LOW” 9.0 |- ALL BITS “HIGH” OR “LOW"
Foo E— E 8.0 } | +— % 8.0
E 7.0 " % 7.0 I—V\{ITH IREF = 2mA T E 7.0 Vo = —18V -
Z 60 € 60 T T T 1 & +
g g ’ I ] l 3 6.0 IREF = 2.0mA
> 5.0 > 5.0 I— WITHIREF = TmA | E 5.0
‘% 4.0 } % 4.0 —t 1 % 4.0
I—WITH IREF = 0.2mA _ | o«
‘g 30 I+ § 30 % 30 V+ = +16V "
220 Q 20 "+ <90
1.0 $ 1.0 1.0
0 I 0 0 i
0 20 40 60 80 100120 14.0 16.0 18.0 20.0 0 —4.0 -80  -120 -160  -20.0 50 o +50 +100 +150
V+, POSITIVE POWER SUPPLY (Vdc) -20  -80 -100 140 180 TEMPERATURE (°C)
V—, NEGATIVE POWER SUPPLY (Vdc)
Figure 16. Power Supply Figure 17. Power Supply Figure 18. Power Supply
Current vs. V+ Current vs. V— Current vs. Temperature
BASIC CONNECTIONS
MSB Lse
1 82 B3 B4 BS B6 B7 B8
IREF VREF() ?TTTT t -0
4+,
+VREF REF 145 6 7 8 9 10N 124
RREF
{R12}
R15 — —— 10
VREF{-) 15 , 2
r‘ 15 FOR FIXED REFERENCE,
TTL OPERATION,
= TYPICAL VALUES ARE:
IREF = PEAK NEGATIVE SWING OF )N
VREF = +10.000V
RREF ~ R16 +vrer RREF RREF = 5.000k
14 R15 = RREF
R15 Cc = 0.01uF
(OPTIONAL) VLG = 0V (GROUND)
VIN 15 -
VREF = 255 vie
HIGH INPUT _F
IMPEDANCE IFR " RREF * 256
+VREF MUST BE ABOVE PEAK POSITIVE SWING OF V|N 10 + 10 = IFR FOR
ALL LOGIC STATES
Figure 19. Accomodating Bipolar References Figure 20. Basic Positive Reference Operation
Ms8s LSB Bl B2 B3 B4 B5 B6 B7 B8 IgmA IgmA Eq Eo
B B2B3B4 B5B6 &7 B8 Eo FULL RANGE 1 1 1 1 1 1 1 1 1892 0000 -9.960 - .000
T T T f T 5,000k, HALF-SCALE+LSB 1 o 0 o0 ©o0 o© 0 1 1.008 0984 -5040 —4.920
'ZROED';; A 04 HALF-SCALE 1 o 0 0 O0 O 0 ©0 1.000 0992 -5000 -4.960
o™ soook; = HALF-SCALE-LSB 0 1 1 1t 1 1 1 1 0992 1000 -4960 -5.000
io 2 ZERO-SCALE+LSB 0 ©0 ©0 O 0 O O 1 0008 1984 -0.040 —9.920
ZERO-SCALE 0O 0 0 O O O O 0 0000 1992 0000 —9.960
Figure 21. Basic Unipolar Negative Operation
REV. A —7—
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DAC08

B1 B2 B3 B4 B5 B6 B7 B8 Ep Eo
POS. FULL RANGE 1 1 1 1 1 1 1 1 - 9920 +10.000
POS.FULLRANGE-LSB 1 1 1 1 1 1 1 0 - 9840 + 9.920
ZERO-SCALE +LSB 1 0 0 0 0 0 O 1 - 0.080 + 0.160
IREF(+) = ZERO-SCALE i1 0 0 0 0 0 0 O 0.000 + 0.080
2.000mA
ZERO-SCALE -LSB 0o 1 1 1 1 1 1 1 +0080 0000
NEG. FULL-SCALE+LSB 0 0 0 0 0 O O 1 + 9.920 - 9.840
NEG. FULL-SCALE 0 0 0 0 0 0 O O +10.000 - 9920
Figure 22. Basic Bipolar Output Operation
LOW T.C.
VREF 4.5k
+10V
RREF
14 14
IREF({+) = 2mA I v VY
= _VRer R15
10k 15 O —AMN—] 15
POT
AP:&?X LV NOTE. RREF SETS Ifs: R16 IS FOR
1 IFS ~ RRer BIAS CURRENT CANCELLATION.
Figure 23. Recommended Full-Scale Adjustment Circuit Figure 24. Basic Negative Reference Operation
10k
—AAMN
MSB LSB 5.0k2
B1 B2 B3 B4 B5 86 B7 B8 —AN——
+15V
Tz T T T L 15V B1 B2 B3 B4 B5S B6 B7 B8 Eg
5.000k$2
+10‘\/,06 o N\ ™ . POS. FULL RANGE 1 1 1 1 1 1 1 1 +4960
Q
REF-01 \5_0 S0k _ op-01 L—o ZERO-SCALE 1 0 0 0 0 0 O 0O 0.000
. ]
vi v— Cg vLcoz p NEG. FULL-SCALE+1LSB 0 0 0 0 0 0 O 1 -4.960
4 I—J l NEG. FULL-SCALE 0 0 0 0O O 0 O 0 -500
X L = L
- - 15V —15V - - —18v
Figure 25. Offset Binary Operation
—_8— REV. A
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DAC08

RL
A
- Qg
4
Eo
—0O
- I
2 0 TO +IFR * RL

— 'FR =§—EZIREF

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAC),
CONNECT INVERTING INPUT OF OP-AMP TO IQ (PIN 2}; CONNECT Ig (PIN 4}
TO GROUND.

Figure 26. Positive Low Impedance
Output Operation

VTH = VLC +1.4V
+15V CMOS
VTH = +7.6V

+15V

TTL, DTL
VTH = +1.4V

Eo

0 TO —IFs * RL

IfFR = %52 IREF

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAC},
CONNECT NONINVERTING INPUT OF OP-AMP TO Ig (PIN 2); CONNECT lo (PIN
4) TO GROUND.

Figure 27. Negative Low Impedance
Output Operation

ECL CMQS, HTL, NMOS

V+

2N3904

TOPIN 1
OoVie

6.2k

O-5.2v

TEMPERATURE COMPENSATING V| ¢ CIRCUITS

Figure 28. Interfacing With Various Logic Families

APPLICATIONS INFORMATION

REFERENCE AMPLIFIER SET-UP

TheD ACO08 isamultplying D A converter in which the output
current is the product ofa digital num ber and the hput refer—
ence current. T he reference currentm ay be fixed orm ay vary
from nearly zero to +4.0 m A . T he fiillscak output current is a
Inear function of the reference current and is given by:

ler = % X lger, wherelper = 114,
In positive reference applications, an extemal positive reference
volrage forces current through R14 mto the Vzgrp ) term nal
foin 14) ofthe reference am plifier. A frematively, a negative ref-
erencem ay be applied to Vigr ¢y at pin 15; reference current
flow s from ground through R 14 into Vyzzp ¢, as in the positive
reference case. T his negative reference connection has the ad-
vantage ofa very high in pedance presented at pin 15.T he vol—
age atpin 14 is equalto and tracks the voltage atpin 15 due to
the high gain ofthe intemal reference am plifier. R15 fom hally
equalto R14) isused to cancelbias current errors; R15 m ay be
elin hated w ith only am hor ncrease in error.

REV. A

Bipolar referencesm ay be accom m odated by offsetting Vygr or
pin 15. T he negative com m on-m ode range of the reference am -
plifierisgiven by:V¢y —= V-plus (igr X 1 kQ) plus25V .The
positive com m on-m ode range isV+ kess1.5V.

W hen adc reference isused, a reference bypass capacitor is rec—
ommended.A 50V TTL bgic supply is not recom m ended as a
reference. Ifa requlated pow er supply iIsused as a reference, R 14
shoul be split nto two resistors w ih the jinction bypassed to
ground w ith a 0 .1 UF capacitor.

Form ost applications the tight relationship between Ly and
L willelin hate the need ortrinm ing Liyp . If required,
fillscale trin m ing m ay be accon plished by ad jasting the value
ofR14, orby using a potentiom eter forR14.An in proved

m ethod of fi1llscal trin m Ing w hich elin hates potentiom eter

T C .effects is shown I the recom m ended fuilkscale ad jistm ent
circuit.

U sihg Jow er values of reference current reduces negative pow er
supply current and hcreases reference am plifier negative com m on—
m ode range. T he recom m ended range for operation w ith a dc
reference current is+02mA to +4.0mA.
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REFERENCE AMPLIFIER COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications w ill require the reference am plifier to
be com pensated usihg a capacitor from pih 16 to V-.T he valie
of this capacitor depends on the in pedance presented to pin 14:
forR14 valiesof1.0,2.5 and 5.0 kQ, m nin um valies ofC.
are 15, 37, and 75 pF . Larmger values ofR 14 require proportion—
ately ncreased valies ofC . forproper phase m argin, such that
the ratb ofC. @EF) toR14 (kQ)= 15.

For fastest response to a pulse, ow vallesofR 14 enabling am all
C ¢ values should be used. If pin 14 is driven by a high in ped—
ance such as a transistor current source, none of the above val-
ues w ill suffice and the am plifierm ustbe heavily com pensated
which w illdecrease overallbandw idth and skew mte.ForR14 =
1kQ and C. = 15 pF, the reference am plifier skwsat 4 m A fis
enabling a transition from Lgr = 0 to kgr = 2m A In 500 ns.

O peration w ith pulse hputs to the reference am plifierm ay be
accom m odated by an altemate com pensation schem e. T his
technigque provides ow est full-scale transiton tin es. An htemal
clan p allow s quick recovery ofthe reference am plifier from a
cutoff (kgr = 0) condition.Fullscak transition OmA to2mA)
occurs In 120 nswhen the equivalent in pedance atpin 14 is
200 Q and C = 0.This yields a reference skw mate of16 m A fIs
which is relatively independent of Ry and Vqy values.

LOGIC INPUTS

TheD AC 08 design incorporates a unigque logic mput circuic
which enables direct nterface to allpopular logic fam ilies and
providesm axin um noise In m uniy. T his feature ism ade pos—
sible by the large hput sw ing capability, 2 HA bgic hput cur-
rent and con plktely ad fistabk bgic threshold volage.ForVvV —=
-15V, the ogic nputsm ay sw ing between -10 V and +18 V.

T his enables direct nterface with +15V CM 0 S bgic, even
when theD AC 08 ispowered from a+5V supply.M ninum in-—
put bogic sw hg and m Inin um logic threshold volage are given
by:V-plis (Lgr X 1 kQ) plus 2.5 V. T he logic threshold m ay
be adjisted over a w de range by placihg an appropriate voltage
at the Jogic threshoX controlpin foin 1, Vic). T he appropriate
graph show s the relationship between V. and V;y overthe

tem perature range, w ith V¢, nom hally 1.4 above V. .For
TTL and D T L Interface, sin ply ground pin 1.W hen hterfacing
ECL,an Lizr = 1 mA is recom m ended . F or mterfacihg other
Jogic fam ilies, see preceding page. F or general set-up ofthe bgic
controlcircuit, it should be noted that pin 1 w ill source 100 pA
typical; extemal circuitry should be designed to accom m odate
this current.

F astest settling tin es are obtaihed when pin 1 seesa low in ped-
ance. Ifpin 1 is connected to a 1 kQ dwvider, forexam plk, it
should be bypassed to ground by a 0.01 UF capacior.

ANALOG OUTPUT CURRENTS

Both true and com plem ented output sihk currents are provided

where I, + g = Ig.Current appears at the “tre” (L) output

when a“1” (bgic high) is applied to each logic input. A s the bi-
nary count ncreases, the sihk current at pin 4 Increases propor-
tionally, 1 the fashion ofa “positive ogic” D A converter.W hen a

“0” is applied to any Inputbit, that current is tumed offatpin 4

and tumed on atph 2.A decreasig logic count increases 1, as

10—

I anegative or nverted ogic D /A converter. Both outputsm ay
be used sin ulaneously. If one of the outputs is not required it
m ust be connected to ground orto a point capabl of sourcing
Lrg; do not leave an unused output pin open.

Both outputs have an extrem ely w ide volage com pliance en—
abling fast direct currentto-volage conversion through a resis—
tor tied to ground or other volage source. Positive com pliance
is 36 V above V- and is independent of the positive supply.

N egative com pliance isgiven by V-plus (hgr X 1 KQ) plus2.5V.

T he dualoutputs enablk doublk the usual peak-to-peak bad

sw Ing when driving loads In quasi-differential fashion. T his fea—
ture is especially usefilin cablk driving, CRT deflection and in
otherbalnced applications such as driving center-tapped coils
and transfom ers.

POWER SUPPLIES

TheD AC 08 operates over a w ide range of pow er supply vol—
ages from a totalsupply of9 V to 36 V.W hen operating at sup-—
pliesof+5 V orless, kgr £ 1 m A is recomm ended. Low
reference current operation decreases pow er consum ption and
Increases negative com pliance, reference am plifier negative
com m on-m ode range, negative logic Input range, and negative
Jgic threshold range; consul the varius figures for guidance.
Forexam ple, operation at -4 .5V w ih Lizr = 2 m A isnotrec—
om m ended because negative output com pliance would be re—
duced to near zero. O peration from low er supplies is possble,
how ever at keast 8 V totalm ust be applied to msure um-on of
the ntemalbias netw ork.

Sym m etrical supplies are not required, asthe D AC 08 is quite
nsensitive to variations In supply volage. Battery operation is
feasble as no ground connection is required: how ever, an artifi-
cialground m ay be used to hsure ogic sw ngs, etc. rem ain be-
tw een acceptable lim its.

Pow er consum ption m ay be calculated as ollow s:

Py= (I+t) V+)+ (I) (V-).A uselilfeature ofthe D AC 08 design
isthat supply current is constant and independent of nput logic
states; this isusefilin cryptographic applications and further
serves to reduce the size ofthe power supply bypass capaciors.

TEMPERATURE PERFORMANCE

T he nonlinearity and m onotoniciy specifications ofthe D AC 08
are guaranteed to apply over the entire rated operating tem pera—
ture range. Fullscal output current drift is low , typically

+10 ppm fC, w ith zero-scale output current and drift essentially
negligiblk com pared to 1/2 LSB.

T he tem perature coefficient of the reference resistorR 14 should
m atch and track that of the output resistor form in um overall
fi1lkscale drift. Settling tim es of the D AC 08 decrease approxi-
mately 10% at -55°C ; at +125°C an increase ofabout 15%

is typical

T he reference am plifierm ust be com pensated by using a capaci-
tor from pi 16 to V-.For fixed reference operation, a 0.01 pUF
capacitor is recom m ended . F or variable reference app lications,
see previous section entitled “Reference Am plifier C om pensa—
tion forM ultiblying A pplications”.

REV. A
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MULTIPLYING OPERATION

The D AC 08 provides excellent m ultiplying perform ance w ith an
extren ely linear relationship between L and Ly Overa range
of4mA to 4mA .M onotonic operation ism antained overa
typicalrange of iy from 100 YA to 4.0mA.

SETTLING TIME

TheD AC 08 is capabl ofextrem ely fast settling tin es, typically
85 nsat zzr = 2.0 m A . Judicious circuit design and carefiil
board layoutm ust be em pbyed to obtain fullperform ance po—
tential during testing and application. T he logic sw itch design
enables propagation delays ofonly 35 ns for each ofthe 8 bits.
Settling tin e to w ithin 12 LSB ofthe LSB is therefore 35 ns,

w 1th each progressively larger bit taking successively longer. T he
M SB settles n 85 ns, thus determ hing the overall settling tin e
of 85 ns. Settling to 6-bit accuracy requires about 65 nsto 70 ns.
T he output capaciance ofthe D AC 08 mcluding the package is
approxin ately 15 pF, therefore the output RC tin e constant
dom inates settling tin e ifR;, > 500 Q.

Settling tin e and propagation delay are relatively nsensitive to
Jgic mput am pliude and rise and &lltim es, due to the high
gain ofthe logic sw itches. Settling tim e also rem ais essentially
constant for Lz values. T he principaladvantage of higher Ly
valies lies n the ability to attain a given output kevelw ith ower
Joad resistors, thus reducing the output RC tin e constant.

FOR TURN-ON, V| = 2.7V
FOR TURN-OFF, V| = 0.7V

MINIMUM
CAPACITANCE

M easurem ent of settling tin e requires the ability to accurately
resolve 14 YA, therefore a1 kQ Jad is needed to provide ad-
equate drive form ost oscilloscopes. T he settling tin e fixture
shown In schem atic labelled “Settling T In e M easurem ent’’ uses
a cascode design to pem tdriving a 1 kQ bad w ith less than

5 pF ofparasitic capacitance at the m easurem ent node. At kpp
valiesoflessthan 1.0 m A, excessive RC dam pihg ofthe output
is difficult to prevent whilk m ahtaining adequate sensitivisy.

H owever, them aprcarry from 01111111 to 10000000 provides
an accumate ndicator of settling tin e. T his code change does
not require the nom al6 .2 tim e constants to settle to w ithn
102% ofthe finalvalie, and thus settling tin esm ay be ob-
served at owervalies of pp .

D AC 08 sw chihg transients or “glitches” are very low and m ay
be fiirther reduced by an all capacitive loads at the outputat a

m inor sacrifice n settling tin e.

F astest operation can be obtained by usihg short keads, m lnin iz—
Ing output capaciance and lad resistor valies, and by adequate
bypassing at the supply, reference and V. term hals. Supplies
do not require large electrolytic bypass capacitors as the supply
current drain is lndependent of nput logic states; 0.1 UF capaci-
tors at the supply pins provide full transient protection .

+5V

¥ _=

0.7V :—%O.qu:
= Vin
516 17 |8 |9 |10]11]12
RREF 4,
+VREF
DAC-08
R15 45 2
13]3 _11_6

0.014F
Lo | '—}:

0.1uF l 0.1uF
; +15V 0 O —15v ::[

= 0.14F

£ L

— —15V' =

Figure 30. Settling Time Measurement
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OUTLINE DIMENSIONS

D Im ensions shown In inchesand mm ).

N-16
0.840 (21.33)
) 0745(1893)
A A s oA s oA a
’* *||o280 .11)
g || 0230 (6:10) 0.325 (8.25)
N Y Y Y Y Y 0.300 (7.62) 0-195 (4.95)
PIN 1 0.060 (1.52) |.__,| 0.115 (2.93)
0.210 (5.33) 0.015 (0.38)
MAXg A H H H A - 0.130
0.160 (4.06) _,l L (3.30)
TTTE G on -\ MIN
0.115 (2.93) "\ o > e 0.015 (0.381)
0.022(0.558) 0.100  0.070(1.77) SEATING 0.008 (0.204)
0014(0.356) (254 0.045(1.15) PLANE
BSC
Q-16
0.005 (0.13) MIN 0.080 (2.03) MAX
|
L
16 9 ;
0.810(7.87)
0.220 (5.59)
ol 8 t
H\I_rl’lrll_; e s e 0.320 (8.13)
|l«— 0.840 (21.34) MAX —»} 0.060 (1.52) 0.290 (7.37)
0.200 (5.08) 0.015 (0.38)
mAXg L H AH R H 0.150
0.200 (5.08) \I (3-51)
0.125(3.18) plla-  »i e - > 0.015 (0.38
SEATING 0.015 (0.38)
Sl T srmit Ty $E6R
X . 259 0.030(076) [
SO-16
0.3937 (10.00)
“—%. 3859 (9 su) ’
ﬁ
0.1574 (4.00) o 2550 (6.20)
0.1497 (5.80) : 8| 02284 (5.80)
PIN 1 0.0688 (1.75) 0.0196 (0.50)
0.0098 (0.25) 0.0532 (1 35) "I I" 0.0099 (0. 25)

e Y
L
17_*"* e = L

0.0500
SEATING 3 57y %ﬁg;‘g; 0.0099 (0.25) 0> g.0500 (1.27)
: i 0.0075 (0.19) 0.0160 (0.41)

E-20
0.200 (5.08)
BSC
0.358 (9.09) 0.100 (2.54) ("1-_09715;
l.— 0322 (8.69)4.| n_.:|54 “if) REF I«—-— 0.100 (2.54) BSC
SQ n % 0.015 (0.38)
r‘ e T 0.095 (2.41) & Aq["] CIEs2)% min
0.075 (1.90 20
C 0.308 0.011 (l: 2:)) ‘L9 ¥ 0.028 071
TOP (9.09) - d 0.022 (0.56)
F VIEW MAX 0.007 (0.18) BOTTOM F
sQ RTYP o5 0.050 (1.279)
0.075 (1.91) L)
L1 AR LAREImImIAIm
45° TYP
0.088 (2.24) 0.055(1.40)  0.150 (3.81)
0.054 (1.37) 0.045 (1.13) BSC
12—
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