Signetics

Linear Products

DESCRIPTION

The DACO08 series of 8-bit monolithic
multiplying Digital-to-Analog Converters
provide very high-speed performance
coupled with low cost and outstanding
applications flexibility.

Advanced circuit design achieves 70ns
settling times with very low glitch and at
low power consumption. Monotonic mul-
tiplying performance is attained over a
wide 20-to-1 reference current range.
Matching to within 1 LSB between refer-
ence and full-scale currents eliminates
the need for full-scale trimming in most
applications. Direct interface to all popu-
lar logic families with full noise immunity
is provided by the high swing, adjustable
threshold logic inputs.

Dual complementary outputs are provid-
ed, increasing versatility and enabling
differential operation to effectively dou-
ble the peak-to-peak output swing. True
high voltage compliance outputs allow
direct output voltage conversion and
eliminate output op amps in many appli-
cations.

All DACO08 series models guarantee full
8-bit monotonicity and linearities as tight
as 0.1% over the entire operating tem-
perature range. Device performance is
essentially unchanged over the £4.5V to
+18V power supply range, with 37mwW
power consumption attainable at *5V
supplies.

DACO08 Series
8-Bit High-Speed Multiplying

D/A Converter

Product Specification

The compact size and low power con-
sumption make the DACO08 attractive for
portable and military aerospace applica-
tions.

FEATURES

¢ Fast settling output current —
70ns

Full-scale current prematched to
+1 LSB

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

Relative accuracy to 0.1%
maximum over temperature range
High output compliance -10V to
+ 18V

True and complemented outputs
Wide range multiplying capability
Low FS current drift —

+ 10ppm/°C

Wide power supply range —
+4.5V to 18V

Low power consumption — 37mW
at +5V

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Hermetic Cerdip -55°C to +125°C DACO8F
16-Pin Hermetic Cerdip -55°C to +125°C DACO8BAF
16-Pin Plastic DIP 0 to +70°C DACO8CN
16-Pin Hermetic Cerdip 0 to +70°C DACO8CF
16-Pin Plastic DIP 0 to +70°C DACO8EN
16-Pin Hermetic Cerdip 0 to +70°C DACO8EF
16-Pin Piastic SO 0 to +70°C DACO8ED
16-Pin Hermetic Cerdip 0 to +70°C DACO8HF
16-Pin Plastic DIP 0 to +70°C DACO8HN
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PIN CONFIGURATIONS

F, N Packages

VLC [T 16] COMP
w 0E Ts] VREF-
v- [T 14] VREF +
0 DI jH v+
B| (MSB) (T 12] B8(LSB)
b2 Gi 111 B7
b3 Ci Tol b6
b4 m 11 b5
TOP VIEW
enilezcesy
D Packagel
v+ jT m  b8(isb)
Vref+) [7 m b7
vREF() [7 13 b6
COMPEN (T U b5
vLC QT 13 B4
o U m b3
v-CL m b2
lo QE H BAMSB)
TOP VIEW
DI0E0s

NOTE:
1. SO and non-standard pinouts.

APPLICATIONS

* 8-bit, ljus A-to-D converters

¢ Servo-motor and pen drivers
Waveform generators

Audio encoders and attenuators
Analog meter drivers
Programmable power supplies
CRT display drivers
High-speed modems

Other applications where low
cost, high speed and complete
input/output versatility are
required

Programmable gain and
attentuation

Analog-Digital multiplication
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8-Bit High-Speed Multiplying D/A Converter

BLOCK DIAGRAM

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING
Vr to Power supply voltage 36
v5-v 12  Digital input voltage V- fo V- plus
36V
Vie Logic threshold control V- to V+
Vo Applied output voltage V- to +18
>14 Reference current 5.0
vid, Reference amplifier inputs Vee to VCc
V15
Pd Maximum power dissipation Ta = 25°C
(still-air)1

F package 1190

N package 1450

D package 1090
Tsold Lead soldering temperature (10sec max) 300
Ta Operating temperature range

DAC08, DACO8A -55 to +125

DACO08C, E, H 0 to +70
tstg Storage temperature range -65 to +150

NOTE:

1. Derate above 25°C, at the following rates:
F package at 9.5mW/°C.
N package at 11.6mW/°C.
D package at 8.7mWw/°C.
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8-Bit High-Speed Multiplying D/A Converter DACO08 Series

DC ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which R15 is
returned.
VCc ~ £15V, IREF=2.0mA, Output characteristics refer to both lout and loUT unless
otherwise noted. DACO8C, E, H: Ta=0°C to 70°C. DAC08/08A: Ta =-55°C to

125°C.
DACO08C D&%)(%E
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Relative accuracy Over temperature range +0.39 +0.19 %FS
Differential non-linearity +0.78 £0.39 %FS
TClfs Full-scale tempco +10 £10 ppm/°C
voc Output voltage compliance Full-scale current change < 12 LSB  -10 +18  -10 +18 v
*FS4 Full-scale current VREF = 10.000V, R14, R15=5.000kE2 1.94 1.99 2.04 1.94 1.99 2.04 mA
ofss Full-scale symmetry S 4- <FS2 +2.0 16 +1.0 8.0 MA
s Zero-scale current 0.2 4.0 0.2 2.0 A
R14, Ris =5.000kn
SFSR Full-scale output current VREF = + 15.0V, V- =-10V 2.1 2.1 mA
range VREF = +25.0V, V- =-12V 4.2 4.2
Logic input levels
VIL Low B 0.8 0.8 v
VIH High VLC = ov 2.0 2.0
Logic input current VLC = ov
1 Low VIN=-10V to +0.8Vv -2.0 -10 -2.0 -10 MA
IH High VIN= 2.0V to 18V 0.002 10 0.002 10
Vis Logic input swing V- =-15V -10 +18 -10 +18 \%
VTHR Logic threshold range VS=+15V -10 +135 -10 +135 \%
115 Reference bias current -10 -3.0 -10 -3.0 ma
dl/dt Reference input slew rate 4.0 8.0 4.0 8.0 mA/jus
Power supply sensitivity eref = 1MA
PSSIFS+ Positive V+ =45 to 55V, V- =-15V; 0.0003 0.01 0.0003 0.01
V+ =135 to 16.5V, V- =-15V %FS/%VS
PSlfs- Negative V- =-45to -5.5V, V+ = + 15V, 0.002 0.01 0.002 0.01
V- =-13.5 to -16.5, V+ = +15V
Power supply current
I+ Positive _ _ 31 38 31 3.8
I- Negative Vs =25V, IREF= 1.0mA 43 58 43 58
I+ Posmye Vs = +5V, -15V, IREF= 2.0mA 31 3.8 31 38 mA
I- Negative -7.1 -7.8 7.1 7.8
I+ Positive _ _ 3.2 3.8 32 38
I- Negative V8= £15V, IREF=2.0mA 72 718 72 7.8
Pd Power dissipation +5V, IREF= 1.0mA 37 48 37 48
+5V, -15V, IREF=2.0mA 122 136 122 136 mw
+15V, IREF=2.0mA 156 174 156 174
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8-Bit High-Speed Multiplying D/A Converter DACO08 Series

DC ELECTRICAL CHARACTERISTICS (Continued) Pin 3 must be at least 3V more negative than the potential to which
R5 is returned.
Vce = +15V, Iref = 2.0mA, Output characteristics refer to both lout
and louff. unless otherwise noted. DACO8C, E, H: Ta= 0°C to 70°C.
DACO08/08A: TA=-55°C to 125°C.

DACO8H
SYMBOL PARAMETER TEST CONDITIONS DACOBA UNIT
Min Typ Max
Resolution 8 8 8 Bits
Monotonicity 8 8 8 Bits
Relative accuracy Over temperature range +01 %FS
Differential non-linearity +0.19 %FS
TClps Full-scale tempco +10 +50 ppm/°C
Voc Output voltage compliance Full-scale current change 12 LSB -10 +18 \
¥4 Full-scale current VrE-= 10.000V, R14, R15= 5.000k£2 1984 1992 2.000 mA
Ifss Full-scale symmetry A" IF2 +10 +4.0 MA
5 Zero-scale current 0.2 1.0 mA
R14, R)5= 5.000kE2
ofsr Full-scale output current range VREF = + 15.0V, V- =-10V 21 mA
VREF= +25.0V, V- =-12V 4.2
Logic input levels
Vi, Low Ve 0.8 \Y
Vs High © _ 2.0
Logic input current vV o=oVv
I Low VIN=-10V to +0.8V -20 -10 MA
IH High VIN= 2.0V to 18V 0.002 10
V,s Logic input swing V- =-15V -10 +18 \%
VjHR Logic threshold range VS= +15V -10 + 135 \%
*15 Reference bias current -10 -3.0 MA
di/dt Reference input slew rate 4.0 8.0 mA/jits
Power supply sensitivity Iref = 1mMA
PSSIFS+ Positive V+ =4.5 to 55V, V- =-15V; 0.0003 0.01
V+ = 135 to 16.5V, V- =-15V %FS/%VS
PSlfs- Negative V- =-4.5 to -5.5V, V+ = +15V; 0.002 0.01
V- =-13.5 to -16.5, V+ = +15V
Power supply current
I+ Positive Vg —- 5V, Iref = 1-0mA 31 3.8
I- Negative -4.3 -5.8
I+ Positive _ _ 31 3.8 mA
. Negative VS= +5V, -15V, Iref = 2.0mA 71 3%
I+ Positive _ _ 32 3.8
I- Negative Vs = £15V, Iref =2.0mA 72 78
Pd Power dissipation +5V, Iref = 1.0mA 37 48
+5V, -15V, Iref = 2.0mA 122 136 mw
+15V, Iref = 2.0mA 156 174
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8-Bit High-Speed Multiplying D/A Converter

AC ELECTRICAL CHARACTERISTICS

DACO8E

DACO08C DACO8

SYMBOL PARAMETER TEST CONDITIONS
Min  Typ Max Min Typ Max
To =12 LSB, all bits

ts Settling time switched on or off, 70 135 70 135
Ta=25°C
Propagation delay
tpLH Low-to-High Ta = 25°C, each bit.
tpHL High-to-Low All bits switched 35 60 35 60

TEST CIRCUITS

Vref

Figure 1 Relative Accuracy Test Circuit

Figure 2. Transient Response and Settling Time
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DACO8H
DACO8A

Typ

70

35

Max

135

60

UNIT

ns

ns
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8-Bit High-Speed Multiplying D/A Converter

TEST CIRCUITS (Continued)

vcc

NOTES:
(See text for values of C.)
Typical values R14 = R15 = 1k
VREF = + 2.0V
C = 15pF
V] and || apply to inputs through A8

Figure 3. Reference

DIGITAL
INPUTS

Current Slew Rate Measurement

VREF<+>

The resistor tied to Pin 15 is to temperature compensate the bias current and may not be necessary for all applications.
Al A2 A3 M A5 A8 A7 A8

In=Kl- +- + —
2 4 8

and AN='1" if An is at High Level
An='0O if An is at Low Level

May 5, 1988

Figure 4. Notation Definitions
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8-Bit High-Speed Multiplying D/A Converter DACO08 Series

TYPICAL PERFORMANCE CHARACTERISTICS

Output Current vs Output Voltage True and Complementary Output
(Output Voltage Compliance) Fast Pulsed Reference Operation Operation
ALL BITS ON

Ta =tmin 100 T.iax

'ouT
Vo-g=-ii5V V u —5V SREF = 2MA
I 0.5v
1 J 1 - 0.5mA
'ouT
REF - "TM
out
1 1
{
F=0.2mA.
(00000000) (11111111)

a.
-14 -10 -6 -2 0 2 6 10 14 18

OUTPUT VOLTAGE (V) 200ns/division

REQ=200a,RL=100n ,CC=0 OPOBOS

Full-Scale Current vs

Full-Scale Settling Time LSB Switching Reference Current
ALL BITS SWITCHED ON

5.0
< TA=TLNTOTma; .>.MIT FOR
ITEN
E ALL BITS “HIG H” I
BITS 24V K
LoGIc 2
INPUT 0.4V K
ov = 30
SETTLING+V2LSB o
81.A
'ouT n a 20
A LIMIT FOf
8 \ 51y
1 10
50ns/DIVISION 50ns/DIVISION 7&
IpS=2mA, Rj_=1kfl 72LSB=4pA 00 10 20 3.0 40 5.0
IrE F - REFERENCE CURRENT (mA)

OP0B130S

Reference Input Frequency

LSB Propagation Delay vs IFS Response
500
400
300
200

1LSB =78nA 1LSB=:7.8"A
0 MR
0© o p o o0 t 0.5 1.0 20 5.0

FREQUENCY (MHz)
- OUTPUT FULL SCALE CURRENT (mA)
[ezes e} OP0BLS0S
NOTES:
Curve 1 CC = 15pF, V|N=2.0V P-P centered at + 1,0V
Curve 2: CC = 15pF, V)N=50mV P-P centered at +200mV
Curve 3: CC = OpF, ViN= 100mV P-P centered at OV
and applied through 50f2 connected to Pin 14.
+2.0V applied to R-4.
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8-Bit High-Speed Multiplying D/A Converter

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Reference AMP Common-Mode Range

All Bits On Logic Input Current vs Input Voltage
<% TA=Tminto Tmx 8.0
5» i
s 20 v-I -15V V- = -5V V4 = 415V
b 16
t 12

JL_ - AJL i, 1.1,
-14-10 -6 -2 02 6’ 10 14 18
V15 - REFERENCE COMMON MODE VOLTAGE (V)
POSITIVE COMMON-MODE RANGE IS ALWAYS (V+) -13V. 12 -8 -4 0 4 8 12 16
LOGIC INPUT VOLTAGE (V)
QRBI70S

Output Voltage Compliance

vs Temperature Bit Transfer Characteristics

SHADED ABEAINPtC ATES \FEF = 20mA
f»eRMtssi$teo«Tm 10
voltage rahqe 6
V- * - 18V, I*eF $ 26mA . 08
¥m mmu V- orf8€F« so
SEE *QUT«JT CURRENT :? ’
vs. OUTPUT VOLTAGE" £ 04
* CURVE OHPREVIOUS - V- = -16V 83-
PACE 02-4AV- = - 5v
0EB
0 50 100 -12 -8 -4 8 12 16
TEMPERATURE (°C) LOGIC INPUT VOLTAGE (V)
CROB1208
NOTE:

B, through BO have identical transfer characteristics.
Bits are fully switched, with less than ¥2 LSB error, at
less than +100mV from actual threshold. These
switching points are guaranteed to lie between 0.8 and
2.0V over the operating temperature range

(VLC= 0.0V).

Power Supply Current vs V- Power Supply Current vs Temperature

BIT!S M>YBIEHIGH OR LOW | | ALL BITS HIGH OR LOW
I~ wiih iref=2mA v -15V I-

HTI'TI

1- WITH 'ref = 1ImA

‘REF =2.0mA

1- WITH ifligr =0.2imA
V-h= & 15V I+

r
0 -4.0 -8.0 -12 -16 -20 0 50 100
NEGATIVE POWER SUPPLY (Vdc) TEMPERATURE <°C)
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vth_vic VS Temperature

0 50 100
TEMPERATURE (°C)

Power Supply Current vs V+

ALLBfrsH IGH OR LOWF

) 2 4 6 8 10 12 14 16 18 20
V- - POSITIVE POWER SUPPLY (Vdc)

Maximum Reference Input Frequency
vs Compensation Capacitor Value

10,000
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8-Bit High-Speed Multiplying D/A Converter

TYPICAL APPLICATION

FUNCTIONAL DESCRIPTION

Reference Amplifier Drive and
Compensation

The reference amplifier input current must
always flow into Pin 14 regardless of the
setup method or reference supply voltage
polarity.

Connections for a positive reference voltage
are shown in Figure 1 The reference voltage
source supplies the full reference current. For
bipolar reference signals, as in the multiplying
mode, R15 can be tied to a negative voltage
corresponding to the minimum input level.
R15 may be eliminated with only a small
sacrifice in accuracy and temperature drift.

The compensation capacitor value must be
increased as value is increased. This is in
order to maintain proper phase margin. For
R14 values of 1.0, 2.5, and 5.0kE7, minimum
capacitor values are 15, 37, and 75pF, re-
spectively. The capacitor may be tied to
either Vee or ground, but using Vee increases
negative supply rejection. (Fluctuations in the
negative supply have more effect on accura-
cy than do any changes in the positive
supply.)

A negative reference voltage may be used if
R14 is grounded and the reference voltage is
applied to R15as shown. A high input imped-
ance is the main advantage of this method.
The negative reference voltage must be at

May 5, 1988

least 3.0V above the Vee supply. Bipolar input
signals may be handled by connecting R14to
a positive reference voltage equal to the peak
positive input level at Pin 15.

When using a DC reference voltage, capaci-
tive bypass to ground is recommended. The
5.0V logic supply is not recommended as a
reference voltage, but if a well regulated 5.0V
supply which drives logic is to be used as the
reference, R14 should be formed of two
series resistors with the junction of the two
resistors bypassed with 0.1y~ to ground. For
reference voltages greater than 5.0V, a clamp
diode is recommended between Pin 14 and
ground.

If Pin 14 is driven by a high impedance such
as a transistor current source, none of the
above compensation methods applies and
the amplifier must be heavily compensated,
decreasing the overall bandwidth.

Output Voltage Range

The voltage at Pin 4 must always be at least
4.5V more positive than the voltage of the
negative supply (Pin 3) when the reference
current is 2mA or less, and at least 8V more
positive than the negative supply when the
reference current is between 2mA and 4mA.
This is necessary to avoid saturation of the
output transistors, which would cause serious
accuracy degradation.

Output Current Range

Any time the full-scale current exceeds 2mA,
the negative supply must be at least 8V more
negative than the output voltage. This is due
to the increased internal voltage drops be-
tween the negative supply and the outputs
with higher reference currents.

Accuracy

Absolute accuracy is the measure of each
output current level with respect to its intend-
ed value, and is dependent upon relative
accuracy, full-scale accuracy and full-scale
current drift. Relative accuracy is the measure
of each output current level as a fraction of
the full-scale current after zero-scale current
has been nulled out. The relative accuracy of
the DACO8 series is essentially constant over
the operating temperature range due to the
excellent temperature tracking of the mono-
lithic resistor ladder. The reference current
may drift with temperature, causing a change
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in the absolute accuracy of output current.
However, the DAC08 series has a very low
full-scale current drift over the operating tem-
perature range.

The DACO8 series is guaranteed accurate to
within +12 LSB at +25°C at a full-scale
output current of 1.992mA. The relative accu-
racy test circuit is shown in Figure 1. The 12-
bit converter is calibrated to a full-scale
output current of 1.99219mA, then the
DACO08 full-scale current is trimmed to the
same value with R{4 so that a zero value
appears at the error amplifier output. The
counter is activated and the error band may
be displayed on the oscilloscope, detected by
comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used
to construct a 16-bit accurate D-to-A convert-
er. 16-bit accuracy implies a total of + 12 part
in 65,536, or +0.00076%, which is much
more accurate than the +0.19% specification
of the DACO8 series.

Monotonicity

A monotonic converter is one which always
provides analog output greater than or equal
to the preceding value for a corresponding
increment in the digital input code. The
DACO08 series is monotonic for all values of
reference current above 0.5mA. The recom-
mended range for operation is a DC refer-
ence current between 0.5mA and 4.0mA.

Settling Time

The worst-case switching condition occurs
when all bits are switched on, which corre-
sponds to a low-to-high transition for all input
bits. This time is typically 70ns for settling to
within 12 LSB for 8-bit accuracy. This time
applies when RI < 5000 and Cq < 25pF. The
slowest single switch is the least significant
bit, which typically turns on and settles in
65ns. In applications where the DAC func-
tions in a positive-going ramp mode, the
worst-case condition does not occur and
settling times less than 70ns may be realized.

Extra care must be taken in board layout
since this usually is the dominant factor in
satisfactory test results when measuring set-
tling time. Short leads, 100mF supply bypass-
ing for low frequencies, minimum scope lead
length, and avoidance of ground loops are all
mandatory.
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8-Bit High-Speed Multiplying D/A Converter DACO08 Series

SETTLING TIME AND PROPAGATION DELAY

Vs + = + 15V
[e]

TC122408

NOTES:

D-i, D2= IN6263 or equivalent

D3=IN914 or equivalent

C1=0QljtF

C2, C3=0.1nF

Ql = 2N3904

C4) C5= 15pF and includes all probe and fixturing capacitance.

BASIC DAC08 CONFIGURATION

MSB 2 3 4 5 6 7LSB

NOTE:
+Vref 255 )

IFS % ----------x -----—; 10 + lo = Ifs for all logic states
Rref 256
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8-Bit High-Speed Multiplying D/A Converter DACO08 Series

RECOMMENDED FULL-SCALE AND ZERO-SCALE ADJUST

NOTES:
Ri - low T.C
+

Rgc™O.l R< to minimize pot. contribution to full-scale drift
UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT

5k0 (LOW T.C.)
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8-Bit High-Speed Multiplying D/A Converter

UNIPOLAR VOLTAGE OUTPUT FOR HIGH IMPEDANCE OUTPUT

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY)

Positive full-scale
Positive FS-1LSB

+Zero-scale + 1L.SB
Zero-scale

Zero-scale -1 LSB
Negative full scale-1 LSB

Negative full scale

May 5, 1988
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a. Positive Output
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©O O pr OO kB Bk
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O O kB OO0 P P

oo.—xoo.—\._\g

O O R OO0 kL

V=10V

Be
1
0
1
0
1
1
0

Vout
-9.920V
-9.840V

-0.080V
0.000

0.080
+9.920
+10.000
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+10.000
+9.920

+0.160
+0.080

0.000
-9.840
-9.920



