National o ' - | \

Semiconductor

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog
Converters

General Description ,
The DACOBOO series are monolithic 8-bit high-spsed cur- The DAC0800, DAC0802, DAC0800C, DAC0801C and
rent-output digital-to-analog converters (DAC) featuring typi-  DACO0B02C are a direct replacement for the DAC-08, DAC-
cal settling imes of 100 ns. When used as a multiplying  08A, DAC-08C, DAC-08E and DAC-08H, respectively.
DAC, monotonic performance over a 40 to 1 reference cur-

rent range Is possible. The DAGOB0O0 series also features Features

differential output voltages of 20 Vp-p with simple resistor ® Full scale emor +1LSB
loads as shown in Figure 1. The reference-to-fuli-scale cur- ’

rent matching of better than + 1 LSB eliminates the nesd for ™ Nonlinearity over temperature +0.1%
full-scale trims in most applications while the nonlinearities ' Full scale current drift +10 ppm/°G
of better than +0.1% over temperature minimizes system ® High output compliance —10V o +18v

error accumulations. ® Complementary current oufputs

The nolse immune inputs of the DAC0800 series will accept B Interface directly with TTL, CMOS, PMOS and others
TTL levels with the logic threshold pin, Vic, grounded. W 2 quadrant wide range muitiplying capabllity

Changing the V| ¢ potential will allow direct interface to oth- B Wide power supply range +4.5V to £18V
er logic families. The performance and characteristicsofthe  m Low power consumption 33 mW at £5v
device are essentially unchanged over the full:4.5V to @ |ow cost

118V power supply range; power dissipation Is anly 33 mwW

with 5V supplies and is independent of the logic input

states.

Typical Applications
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FIGURE 1. £ 20 Vp.p Output Digital-ta-Analog COnverter (Note 4)
Ordering Information
Non-Lineatity Ter;perature Order Numbers _ _
ange J Package (J16A)* _NPackage (N16A)* | SO Package (M16A)

+0.1% F8 | —b5°C < Tp < +125°C | DAC0802LJ | DAC-0BAQ
+0.1%FS 0°C <Ta < +70°C | DACO802LCJ | DAC-08HQ | DAG0802LCN | DAC-08HP DAC0BOZLCM .
+019% FS | —55°C < Ta < +125°C| DACOB0OLJ | DAC-08Q
+0.19% FS 0°C < Ta < +70°C | DACOB00LCY | DAC-0BEQ | DACOBOOLCN | DAC-Q8EP DACO800LCM
+0.39% FS 0°C < Ta =< +70°C | DACOB0O1LCJ | DAC-08CQ | DAC0801LCN | DAC-08CP DAGC0801LCM

*Devices may be ordered by using either order number.
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DAC0800/DAC0801/DAC0802

Absolute Maximum Ratings (Note 1)

It Mllitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Oftice/Distributors far avaliabllity and specifications.

Supply Voltage (V+ — V=) +18V or 36V
Power Dissipation (Note 2) 500 mwW
Reference input Differential Voltage

(Vi4 toV15) V-toVv+
Reference Input Common-Mode Range

(V14,V15) V-toVt
Reference Input Current SmA
Legie Inputs V- to V— plus 36V
Analog Current Outputs (Vs— = —15V) 4.25 mA
ESD Susceptibility (Note 3) TBDV
Storage Temperature —65°Cto +150°C

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (ptastic)
Dual-in-Line Package {ceramic)
Surface Mount Package

Vapor Phase (60 seconds)
infrared (15 seconds)

Operating Conditions (note 1)

Temperature (Ta)
DAC0802ZL
DAC0800L
DACQ800LC
DAC0801LC
DAC0802LC -

Min Max Units

~55 +125 °C

—b5 +125 °C
0 +70 G
0 +70 *C
0 +70 °G

260°C
300°C

215°C
220°C

Electrical CharacteristiCs The following specifications apply for Vg = 16V, Irgr = 2mAand Tyiy < Ta <
TyAx unless otherwise spacified. Output characteristics refer to both lout and lour.

DAC0802L/ DAC0B00L/
Symbol Parameter Conditions pacosoatc | Dacosaorc | DACOSOILC | ynpe
Min | Typ | Max|Min| Typ | Max [Min]| Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 - Bits
Monotonlcity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity ) +0.1 +0.18 _ +0,39] %FS
ts Settling Time To +14 LSB, All Bits Switched 100 | 135 i 100 | 150 ns
HONII or IIOFF", TA= 25’0
DAC0800L 100 | 135 ns
_ DAC0800LC ) ~ | 100 | 150 7 1 ns
tPLH, Propagation Delay Ta=25°C
{PHL Each Bit 35 60 35 60 35 60 ns
All Bits Switched _ 35 | 60§ 35 60 | 35 60 ns
TClgg |Full Scale Tempco +10 | +50 +10 | +50 | £10 | +80 jppm/°C
Voc Qutput Voltage Compliance|Full Scale Current Change —-10 18 |—10 18 |—10 18 v
<14 LSB, Rour> 20 MO Typ ) _ , )
Irs4 Full Scals Current VRer=10.000V, R14=5.000 k2| 1.984| 1.992 |2.000|1.84] 1.69 | 2.04 |1.84 199 | 204 | mA
7 A15=56.000 kQ, To=25°C ) . 7 ) L
lrss Full Scale Symmetry  llrsg—Irsa i it 0.6 | £4.0} +1 | £8.0 +2 | #16 ] pA
Izs Zeoro Scale Current o _ 01 | 10 0.2 | 20 02 | 40 pA
IrsR Qutput Current Range —=-8V 0 20 21| 0| 20|l 21 | 0] 20| 21 mA
_[V-=—8Vio —i8V 0|20 i42]1 0] 20|42 0] 20| 42| mA
Logic Input Levels
ViL Logic 0" Vo= 08 0.8 0.8 Vv
ViH Logic " _ : 20 120 20 v
Logle Input Current Vig=0v
I Logic “'0" —10VZViy< +0.8V —-201—10 —-20| —10 —-20| —10] pA
i Logic "'1" 2V<Vns +18Y _ 0.002 107 0.002] 10 0,002] 10 pA
Vis Logic Input Swing —=—15VY ) -10] 18 |-10] 18 _|—10] | 18 Vv
VR Loglc Threshold Range Vg= 16V ) ~10 - 1185)—10 13.5 |—10 136| V
lig Reference Bias Current -1.0}-3.0 =10| —-30} -1.0 —_G,.Q pA
di/dt Reference Input Slew Rate | (Figure 12) 40| 8.0 40| 80 140]| 80 | mA/us
PSSles + {Power Supply Sensitivity  [4.8V<V+ < 18V ) 0.0001] 0.01 ._|0.c001] 0.0 0.0001] 0.01 | %/%
PSSleg -~ —-4,5V<V—<18V 0.0001] 0.01 0.0001] 0.01 | 0.0001| 0.01 | %/%
, lpgp=1mA :
Power Supply Current Vg= %5V, |ggr=1mA
I+ 23 | 3.8 23 38 23 2.8 mA
1= _ _ -431-68| |-43]|-68] |-403|-58] mA
Vg=5Y, — 15V, lggr=2 mA i
|+ 24 | 38 2.4 38 24 338 mA
= 7 —-64|—-78 [ 'f6.4 -7.8 —6.4 —f7.8 mA
Vg=1+15V,lpgp=2mA '
i+ 25 | 3.8 2.5 3.8 2.5 38 mA
= _ - —65|—-78 —65| ~7.8 ~85|-78]| mA
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Electrical Characteristics (continued)

The following specifications apply for Vg = +15V, ipgr = 2 mA and Ty < TA < Tpax unlsss otherwise specified. Output
characteristics refer to both loyT and TouT.

DAC0802L/ |  DACO80OL/
Symbol |  Parameter Conditions DAC0802LC DAcosooLe |  DACOSOILG |y
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Pp Power Dissipation | +5V,lggr=1mA 33 48 a3 48 a3 48 mw
BV, — 15V, lngr=2 mA 108 | 136 108 | 136 108 | 138 | mw
+15V, Ipgr=2 mA 136 | 174 185 | 174 | 135 | 174 | mw

Note 1; Absolute Maximum Ratings indicata limits beyond which damags to the device may gccur. DC and AC electrical specifications do not apply when operating
the device beyond ita specified operating conditions.

Note 2: The maximum Junction temparature of the DAC0800, DAC0801 and DAC06802 Is 125°C. For operating at slevated temperatuies, devices in the Dual-in-Line
J package must be derated based on a thermal resistance of 100°G/W, Junction-to-amblent, 175°C/W for the molded Dual-in-Ling N package and 100°C/W for the
Small Cutline M package.

Nate 3: Human body model, 100 pF discharged through a 1.6 kfd resistor.
Notse 4: Pin-out numbars for the DACO80X represent the Dual-In-Line package. The Smalt Outline packags pin-out differs from the Dual-in-Line package.

Connection Diagrams

Dual-In-Line Package Small Qutline Package
./
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See Ordering Information
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DAC0800/DAC0801/DAC0802

Typical Performance Characteristics
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Note, B1~E8 have identical transfer characteris-
fics. Bits are fully switched with less than 12 LSB
arror, at less than £ 100 mV from actual thresh-
old. These switching points are guarantead to He
between 0.8 and 2V cver the operating tempera-
ture range (Vi = OV).
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Typical Performance Characteristics (continued)
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Typical Applications (continued)
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FIGURE 3. Basic Poslitive Reference Operatlon (Note 4)
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FIGURE 4. Recommended Full Seale Adjustment Circult
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DAC0800/DAC0801/DAC0802

Typical Applications (continued) 7 I |

DIGITAL INPUTS

1pgs 2 A Qmmemmn

TL/H/5888-~17
BY B2 B3 B4 BS5 B6 B7 B8|lomA|igmA| Eo | Eg
Full Scale 1 1 1 1 1 1 1 1]1992]0000]|—-9960| 0.000
FulScale—18B |1 1 1 1 1 1 1 0 ]1.684}0.008|—9.920|—0.040
HalfScale-+LSB |1 0 0 0 0 0 0 111.008]0884|—5040|—4.920
Haif Scale i 0 0 0 0 0 O 0O]1.000]09892]—5000; —4960}
HalfScae—LSB |0 1 1 1 1 1 1 1]0892]| 1.000]|—4.960{ —5.000
ZeroScale+LSB| 0 0 0 0 O 0 O '1|0008]| 1984 |—0.040|—9.920
Zero Scale 0O 0 0 O _0 0 O 01]0000]|1.992; 0,000 | —9.960
FIGURE 6. Basic Unipolar Negative Operation (Note 4)
P + 10.000¥
Hiner = 2 MA Qe 14 DAL
TL/H/5636-6
- ‘|81 B2 B3 B4 BS B8 B7 B8] Egp Eo
Pos. Full Scale 1 111 1 1 1 1] —9920]-+10.000
Pos.FuliScale—LSB|1 1 1 1+ 1 1 1 0] -9.840] +9.920
ZeroScale+1SB {1 0 0 0 0 0 O {1} —0.080]| +0.160
Zero Scale i{i 0 0 0 0 0 0 0] 0000 | +0.080
ZeroScale—-L88 |0 t+ 1 1 1 1 1 1| +0080]| 0.000
Neg.FullScale+LSB|0 0 0 0 0 0 O 1| +9920| —9.840
|Neg. Full Scale 0 0 0 0 0 0 0 0]+10.000) —9.920

FIGURE 7. Basic Bigofar Output Operétlon (Note 4) '

L y 7 o 4% -
ACI LeHIG b0 tg =y (2B 4 2
Y wheri X:i::\put:c)iem
| Wy 2 e
== - - b R = A, = Raer

= TL/H/58868-18
if Ry, = Fi within £0.05%, output is symmetrical about ground
B1 B2 B3 B4 B5 86 B7 B8| Ep

Pos. Full Scale 1 1 1 1 1 t 1}+9960
Pos.FultScale—LSB| 1 4 1 1 1 1 1 0] +9880f

(+)Zero Scale i 0 0 0 0 0 O O]+0.040

(—)Zero Scale o 1 1t 1+ 1 1 1 t]|-—-0040
Neg.FullScale+LSB]| G 0 0 0 0 O 0 1}-—9.880
Neg. Fult Scale O 0 0 0 0 0 O O0]—9960

FIGURE 8. Symmetrical Of{set B!ﬁary Operation (Note 4)
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Typical Applications (continueq)
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o - = 266 TL/H/5686-19

For complementdry output (operation as negative logic DAC), connact invert-
Ing input of op amp to Ig (pin 2), connect Ig {pin 4) to ground,

FIGURE 9. Poslitive Low Impedance Output Operation (Note 4)

Eg.
b0 470 -Ips - AL

I 3255' -
Aot F8* Se5 IREF

R

For complementary output (operation as a negativa logic DAC) connect non-in-
verting Input of op am to lg (pin 2); connect Ig (pin 4) to ground.

FIGURE 10. Negative Low Impedance Qutput Operation (Note 4)

TL/H/5686-20
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ViH = 7.8V
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| : 1"
DACI | w ]
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| l W
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ol | w | Ll
o | an _l_u o | uu TAP
= | = 7 | _ﬁv Ve H15688 10
T values: Ay =5k, +ViN=10V -
TL/H/5688-9 ypical =Bk + Vi
Note. Do not exceed negative logic input range of DAC. ]
FIGURE 11. interfacing with Varlous Logic Famllles FIGURE 12, Pulsed Reference Operation (Note 4)
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DAC0800/DAC0801/DAC0802

Typical Applications (continued)

(a) Iger = peak negative swing of iy
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TL/H/56868-11

(b) + VRer must be above peak positive swing of Viy

1%
DACOMS

" P

TL/H/S688-12

FIGURE 13, Accommodating Bipolar References (Note 4)

FOR TURN “ON", Vy =23V
FOR TURN "OFF", V( =0.1V
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___04pfF
18V -8V =

FIGURE 14. Settling Time Measurement {(Note 4)

TL/H/5688-7
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Typical Applications (continued)

W 15 Vee U 7Y

_L:L’lgmmuuuunr

4 LM3s-10 OUT

9 by reducing R1, R2 and A3 lo 2.6 kt and R4 to 2 MA,

FIGURE 15. A Complete 2 us Converslon Time, 8-Bit A/D Converter (Note 4)

Nota. For 1 ps convorsion tima with 8-bit rasolution and 7-bit accuracy, an
LM381 comparator replaces the LM319 and the reference current is doubled

TL/H/56868-8
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