KDA0800/KDA0801/KDA0802 LINEAR INTEGRATED CIRCUITS

8-BIT D/A CONVERTERS

The KDAOBOO series are monolithic 8-bit high-speed current-output
digital-to-analog converters (DAG) featuring typical settling times of
100ns. When used as a multiplying DAC, monotonic performance over
a 40 to 1 reference current range is possible. The KDA08QO series also
features high compliance complementary current outputs to allow
differential output voltages of 20 V,, with simple resistor loads. The
reference-to-full-scale current matching of better than + 1 LSB eliminates
the need for full-scale trims in most applications, while the nonlinearities
of better than +0.1% over temperature minimizes system error
accumulations.

The noise immune inputs of the KDAGBOQ series will accept TTL levels
with the logic threshold pin, V¢, potentially allowing for direct inter-

face to all logic families. The performance and characteristics of the
device are essentially unchanged over the full + 4.5V 1o +18V power
supply range; power dissipation is only 33mW with +5V supplies and
is independent of the logic input states.

16 DIP

L

FEATURES ORDERING INFORMATION
¢ Fast setiling output time: 100ns
¢ Full scale error: =1 LSB Device Package | Temperature Range | Nonkinearity
¢ Nonlinearity over temperature: +0.1% KDAOSOOCN +0.19%FS
* Full scale current drift: +10 ppm/°C
« High output compliance: — 10V to + 18V KDAQSO1CN | 16 DIP 0~+70°C +0.39%FS
¢ Complementary current outputs KDAO802CN +0.1%FS
« Interface directly with TTL, CMOS, PMOS

and others

» 2.quadrant widerange multiplying capability
« Wide power supply range: +4.5V to =18V
* Low power consumption: 33mW at =5V

* Low cost

* Standard 16 DIP package
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KDAO0800/KDA0801/KDA0802

LINEAR INTEGRATED CIRCUITS

ABSOLUTE MAXIMUM RATINGS

Characteristics Symbol Value Unit
Supply Voltage Vec +18 or 36 \
Power Dissipation Py 500 mwW
Reference Input Differential Voltage (V14 to V15) Vin V-~Vv+ \'
Reference Input Common Mode Range (V14, V15) Vin V-~V+ \"
Reference Input Current - 5 mA
Logic Inputs Vin V- ~V-+36 \
Operating Temperature Range Topr 0~ +70 °C
Storage Temperature Range Tetg -65~ +150 °C

ELECTRICAL CHARACTERISTICS

(Vs = 215V, le1=2mA, Trn<TagTra Unless otherwise specified. Qutput characteristics refer to both loyr and Tours)

Ch teristi S | Test Conditi KDA0800 Unit
aracteristic mool est Conditions n
y Min | Typ | Max '
Resolution B 8 8 Bits
Monotonicity 8 8 8 Bits
KDAQ802 +0.1
Nonlinearity KDAO800 +0.18 | %FS
KDAO0801 +0.39
. . To *=1/2 LSB, all bits switched
Settling Time B ts “ON” or “OFF", Ta=25°C 100 150 ns
Propagaticn Delay
Each Bit toun, tou, | Ta=25°C 35 60 ns
All Bits Switched 35 60 ns
%Full-scale Te;ppco TCles +10 +50 | ppm/°C
. Full scale current change
Output Voltage Compliance Voc <112 LSB, Rour >20MQ Typ -10 18 )
Ve =10V, R14 =5KQ
i Full-scale Curreﬁ Irsa R15=5KQ, Ta=25°C 194 | 199 2.04 mA
Full-scale Symmetry lrss lrsa — les2 +1 +8.0 pA
‘T Zero-scale Current I2s 02 2.0 pA
V- =5V 0 2.0 2.1 mA
»Output Current Range lesr V_=—8Vio —18V 0 20 42 mA
Logic Input Levels
Logic “0” Vi Vic=0V 20 0.8 v
Logic “1” Viu v
Logic Input Current Vig=0V
Logic “0" I -10V<Vin< +0.8V -20 -10 uA
Logic 1" I 2VgVing + 18V 0.002 10 uA
Logic Input Swing Vis V- =-~15V -10 18 v
Logic Threshold Range Viua Vs= =15V -10 135 \
Reference Bias Current lis -1.0 | =30 uh
Reference Input Slew Rate dl/dt 4.0 8.0 mA/us
Power Supply Sensitivity PSSles, | 4.5V<V + <18V 0.0001 | 0.01 %1%
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KDA0800/KDA0801/KDA0802

LINEAR INTEGRATED CIRCUITS

ELECTRICAL CHARACTERISTICS (continued)

. KDA0800
Characteristic Symbol Test Conditions R S R B ¥ 111§
Min Typ Max
-45V<V - <18V _ o/ /0
PSSles - s = 1MA 0.0001 | 0.01 Yol %o
Vg= =5V, ler=1MA
1+ - 23 38 mA
- — -4.3 -58 mA
Vs =5V, — 15V, l=2mA
Power Supply Current I+ - 24 38 mA
- —_ -6.4 -78 mA
Vs = =15V, L =2mMA
I+ - 25 38 mA
- — -65 -78 mA
+ 5V, ly= 1MA — 33 48 mw
Power Dissipation Po 5V, — 15V, ler=2mMA — 108 136 mw |
+ 15V, l=2mA — | 135 174 ] mw |

TYPICAL APPLICATIONS

DIGITAL INPUTS

PIN CONFIGURATION

Vi [ ] 16| COMP
11 J
MSE LS8 Ve 255
B1B2B3B4B5B6B7B8 les= 295
\ = Rer 256 ot [ 2| [15] Vaen-)
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Vel O Y 0 logic states =] 1| VREF(+)
Ris v | (DACSOO For fixed reference,  our [4 | KDA0800 (3] v+
w013 TTL operation, KDA0801
—Q lo .
/% R typical values are:  msB 31E KDA0S02 12] B8 LSB
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Fig. 1 Basic Positive Reference Operation
Top View
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ez = Vet 255 Note: Ry sets les: R15 is
FS= R ~ 256 for bias current cancellation

Fig. 2 Recommended Full Scale Adjustment Circuit

Fig. 3 Basic Negative Reference Operation
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KDA0800/KDA0801/KDA0802 LINEAR INTEGRATED CIRCUITS

TYPICAL APPLICATIONS (Continued)

DIGITAL INPUTS

S LS
B1B2B3B4B5B6B7B8 Eq

+lrer=2mAO—14  KDAOS0O

Eo m
B1 B2 B3 B4 B5 B6 B7 BB | lomA | Io mA Eo [
Full-scale 11 1+ 1 1 1 1 1 1.992 0.000 - 9.960 0.000
Fuil-scale - LSB 11t 1 1 1 1 0 1.984 | 0008 | -9.920 | -0.040
Half-scale + LSB 1 0 00 0 0 0 1 1.008 0.984 -5.040 | —4.920
Haif-scale 1t 0 0 0 0 0 0 0 1000 | 0992 | -5.000 | —4.960
Half-scale - LSB o 1 1 1 1 1t 1 1 0.992 1.000 -4960 | ~5.000
Zero-scale + LSB 00 0 0 0 0 0 1 0.008 1984 | -0.040 | -9.920
Zero-scale 0 0 0 0 0 0 0 O 0.000 1.992 0.000 -9.960
Fig. 4 Basic Unipolar Negative Operation
- N +10V
+let =2MAQ—114
B1 B2 B3 B4 B5 B6 B7 BS Eo Eo

Pos. Full-scale

Pos. Full-scale - LSB
Zero-scale + LSB
Zero-scale
Zero-scale — LSB

Neg. Full-scale + LSB

Neg. Full-scale |

-9.920 +10.000
—-9.840 +9.920
-0.080 +0.160
0.000 +0.080
+0.080 0.000
+9.920 —9.840
+10.000 -9.920

O OO = = o
QO =+ 00 = =
OO0 =4 0Q = =
OO+~ Q0O =
QOS2 00 =
QO - OO0 = -
OO 200 = =
(= = I = I

Fig. 5 Basic Bipolar Output Operation
AL 5K
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VREF = 10V O—AAMW—]

5K

-
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—255 2X
Eo=Vrer 256 * 258"
KDAOB0D where X is the input code and

YW RL=RL=Rper
gl msk I Ru=R( within +0.05%, output is symmetrical
about ground
B1 B2 B3 B4 B5 B6 B7 B8 Eo
Pos. Full-scale LI T S R R R B | +9.920
Pos. Full-scale - LSB 1111 1 1 1 0 +9.840
(+) Zero-scale 10 0 0 0 0 0 O +0.040
(-) Zero-scale g 1 1 1 1 1 1 1 -0.040
Neg. Full-scale+LSB | ¢ 0 0 0 0 0 0 1 ~9.840
Neg. Full-scale 0 0 0 0 0 0 0 O -9.920

Fig. 6 Symmetrical Offset Binary Operation
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KDAO0800/KDA0801/KDA0802

LINEAR INTEGRATED CIRCUITS

TYPICAL APPLICATIONS (Continued)

Re

0 TO+Irs*RL

e 255
Fs§256 ref

For complementary output

(operation as negative logic DAC), connect
inverting input of op amp to lo (Pin 2),
connect I (Pin 4) to the ground.

Fig. 7 Positive Low impedance Qutput Operation

Vin= VLC + 1.4V
15V CMOS, HTL, HNIL

PMOS
V\'H = 76V | ViH=0V
TTL, DTL 12V TO 15V 15V ' IN4148
Vi + 1.4V Q | IN4148
10K 91K \
KDAOSBDO v Vi
8.2v BL;K | 10K
OVic |zENER ;0'1“':"
I Rl l-svT0 - 107
SVCMOS 10VCMOS | sav v
VrH=2.8V Vi =5V V1= —1.29v

KDA0800

IN4148

IN4148

I | -5.2v Vic
Do not exceed negative logic input range of DAC.

Fig. 9 interfacing with Various Logic Families

(a) 11> peak negative swing of I

+ Vref

Iret
lin
ViN—O— 14
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l‘
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0 TO-Irg*R

Eo

Irs= 25, REF
KDA0BOO 256

For complementary output

{operation as a negative logic DAC) connect
non-inverting input of op amp to lo (Pin 2);
connect lo (Pin 4) to the ground.

Fig. 8 Negative Low Impedance Output Operation

+VREF

{ OPTIONAL RESISTOR LJ
Rref

FOR OFFSET INPUTS

NO CAP

Typical values: Ry =5K, + V=10V

Fig. 10 Pulsed Reference Operation

(b) + V. must be above the peak positive swing of Viy

RAret

+Vagr O—MA—1 14

Vin Ry (OPTIONAL) KDA080O
15
R RrotxR15
KDA080O HIGH INPUT
/)E s IMPEDANCE
Fig. 11. Accommodating Bipolar References
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KDA0800/KDA0801/KDA0802 LINEAR INTEGRATED CIRCUITS

TYPICAL APPLICATIONS (Continued)

FOR TURN “ON", v, =2.7v Y- O—1—]
FOR TURN "OFF", Vi =0.7V 0.14F ov
MINIMUM & 5“‘!:;7
CAPACITANCE & 1%
N 0.14F
HP5082-2800 ;
SCHOTTKY DIODES 0.4v
Vour ov
Veu 0.7V 1 PROBE gy
ViN
—0.4v
o
RReF I I I I I I l
5678 9101112
+Veer O—AW— 44 4
KDA0B0O
R15 (DUT)
3 3 16
% 0.014F
L 0.1uF L 0.14F
o /;I;
By -8V )
Fig. 12 Settling Time Measurement
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3141516 [11]12]13]14
LsB ‘
15V 15V sV
8-BIT DIGITAL —0 ANALOG
WORD INPUY
R4
MSB 3.9M
12|11]wofe |87 65
LSB B7 B6 B5 B4B3 BZMSB\, 2
VR+ o
KDAOBOQ
< v
- -
< R

lo,
% V+ V- COMP Vi ¢ 4
ce i /J71
i $
;0.1‘& 15V

0.14F

O - 15V
Note. For a 1us conversion time with an 8-bit resolution and a 7-bit accuracy,
a KA361 comparator replaces the KA319 and the reference

current is doubled by reducing R1, R2 and R3 to 1.25KQ and R4 to 2Mq.
Fig. 13 A Complete 2 us Conversion Time, 8-Bit A/D Converter
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