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DACO0800/DACO0801/DAC0802
8-Bit Digital-to-Analog Converters

General Descri ion The DACOBOO, DACOBOZ, DACOSOOC, DACO0801C and
pt DACO802C are a direct replacement for the DAC-08,

The DACO0800 series are monolithic 8-bit high-speed DAC-OBA, DAC-OSC, DAC-08E and DAC-OBH, respectively.
current-output digital-to-analog converters (DAC) featuring

typical setfling times of 100 ns. When used as a multiplying

DAC, monotonic performance over a 40 to 1 reference cur- Featu res

rent range is possible. The DACO800 series also features W Fast settling output current: 100 ns

high compliance complementary current outputs to allow dif-  w Full scale error:  +1 LSB

ferential output voltages of 20 Vp-p with simple resistor loads @ Nonlinearity over temperature: +0.1%

as shown in Figure 1. The reference-fo-full-scale current  w Full scale current dritt:  +10 ppm/°C

maiching of better than +1 LSE eliminates the need for g High output compliance: —10V 1o +18V

full-scale trims in most applications whilg ‘1h<‘e nonlineariies g Complementary current outputs

f;rb:;fg:j;ig;% over femperature minimizes system er- g | 4. t2ce directly with TTL, CMOS, PMOS and others

The noise immune inputs of the DAC0800 series will accept - fvzuadram wide rlange ml'_““ﬁl_ﬂr;gviapi?gy

TTL levels with the logic threshold pin, V|, grounded. W VVide power supply ra‘nge. - o =

Changing the V. potential will allow direct interface 1o other tow pov:er consumption: 33 mW at +5V
u Low cos

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

Typical Applications

v
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FIGURE 1. £20 V_ Ouiput Digital-to-Analog Converler (Note 5)

Ordering Information

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16A) (Note 1) | SO Package (M16A)
+0.1% FS 0°C < Ty <470°C DAC0802LCJ | DAC-08HQ | DACO802LCN| DAC-08HP DAC0802LCM
£0.19% FS -55°C < T, <+125°C | DACO800OLJ | DAC-08Q
+0.19% FS 0°CST,<470C DACO0800LCJ | DAC-0B8EQ | DACOS800LCN| DAC-08EP DACO800LCM
+0.39% FS 0°C=STh<470°C DACO801LCN [ DAC-08CP DACO801LCM

Note 1: Devices may be ordered by using either order number.
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Absolute Maximum Ratings (note 2)

It Military/Aerospace specified devices are required,
please coniact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage {V* - V) +18Y or 36V
Power Dissipation (Note 3) 500 mw
Reterence Input Differential Voltage

(V14 to V15) V- to V+
Reference Input Common-Mode

Range {V14, V15) VooV
Reterence Input Current 5 mA

Logic Inputs V-~ to V- plus 36V
Analog Current Cutputs

(Vg— = -15V) 4.25 mA
ESD Susceptibility {(Note 4) TBD V

Storage Temperature -65°C 1o +150°C

Electrical Characteristics

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

Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Conditions (Note 2)

Min Max

Temperature (T,)
DACO0800L -55 +125
DACO0800LC 0 +70
DACO0801LC 0 +70
DAC0802LC 0 +70

]

260°C
300°C

215°C
220°C

nits

0000

The following specifications apply for Vg = £15V, Iger = 2 mA and Ty € T € Taax unless otherwise specified. Cutput char-

acteristics refer to both |5 ;; and [T

DACDaD2LC DACOa00L/ DACDBDILC
Symbol Parameter Conditions DACOBOOLC Units
Min Typ | Max |Min | Typ | Max |[Min | Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monolonicity 8 a8 8 8 a8 8 8 a8 8 Bits
Nonlinearity 0.1 +0.19 H0.39 %FS
1s Setlling Time To +1: LSB, All Bits Switched 100 135 100 150 ns
“ON"™ or “OFF", T4=25'C
DACO0800L 100 135 ns
DACo800LC 100 150 ns
1PLH, Propagation Delay Ta=25"C
1PHL Each Bit 35 60 35 60 35 60 ns
All Bits Switched 35 60 35 60 35 60 ns
TCleg Full Scale Tempco 310 | 50 10 | *50 +10 | 80 |ppmC
Yoo Quiput Yolitage Compliance | Full Scale Current Change -10 18 | -10 18 |[-10 18 v
<12 LSB, Rgyur>20 MQ Typ
IFs4 Full Scale Current YRer=10.000V, R14=5.000 k& |1.984 | 1.992 (2000 [1.94 | 1.99 | 2.04 |1.94 | 1.99 | 2.04 mA
R15=5.000 kQ, T4=25"C
Ipsg Full Scale Symmeiry lega—lras 105 | x40 iR | 80 2 16 WA
lzg Zero Scale Current 0.1 1.0 0.2 20 0.2 40 pA
lrsp Output Current Range V-=_5V 0 20 21 0 20 Z2A1 0 20 Z2A1 mA
¥V =-8V 1o -18V 0 20 4.2 0 20 42 0 20 42 mA
Logic Input Levels
Vi Logic ‘0" Vi g=0V 0.8 038 038 v
Vi Logic *1" 20 20 20 v
Logic Input Current ¥ =0V
I Logic ‘0" —10VeY y<+0.8V 20 | -10 -20 | -10 20 | -10 LA
I Logic “1" 2V V<18V 0.002 | 10 0002 | 10 0002 | 10 HA
Vis Logic Input Swing YV =—15V -10 18 | -10 18 |-10 18 A
VTHR Logic Threshold Range Vg=115V -10 135 | -10 136 | -10 136 \
l45 Relerence Bias Current -1.0 | 3.0 -1.0 | -3.0 -1.0 | -3.0 pA
dl/dt Reterence Input Slew Rate | (Figure 71) 4.0 8.0 4.0 80 40 80 mA/Ls
PSSleg, | Power Supply Sensitivity 4.5V=Vi<18Y 0.0001 | 0.01 0.0001 | 0.01 0.0001 | 0.01 Yol%
PSSl —4.5V=Y <18V 0.0001 | 0.01 0.0001 | 0.01 00001 | 0.01 Yel%
lggr=1mA
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Electrical Characteristics (continued)

The following specifications apply for Vg = 15V, Iz = 2 mA and Tyyn < Ta < Tax unless otherwise specified. Output char-
acteristics refer to both I+ and I5 7.

DACDBD2LC DACOD800L/ DACOD8D1LC
Symbol Paramater Conditions DACD8sDOLC Units
Min | Typ | Max |Min | Typ | Max |Min | Typ | Max
Power Supply Current Vg=15Y, Ipgr=1 mA

I+ 23 3.8 23 38 23 3.8 mA

1- -43 | -68 -43 | -68 -43 | -5.8 mh
Vg=5V, —15V, Iggr=2 MA

I+ 24 3.8 24 38 2.4 3.8 mA

1- -64 | -7.8 -64 | -7.8 -64 | -7.8 mh
Vg=+15V, Ixgp=2 mA

I+ 25 3.8 25 38 25 3.8 mA

- -85 | -7.8 -85 | -78 -85 | -7.8 mA

Po Power Dissipation +5Y, |rgr=1 mMA 33 48 33 48 a3 48 mw
5V,—15V, lper=2 mA 108 | 136 108 | 136 108 | 136 | mw
15V, lpge=2 MA 135 | 174 135 | 174 135 | 174 mw

Note 2: Absclute Maximum Ratings indicate limits beyond which camage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: The maximum junction temperature of the DACD800, DACD801 and DACD802 is 125°C. For operating at elevated temperatures, devices in the Dual-In-Line
J package must be derated based on a thermal resistance of 100°CAN, junction-to-ambient, 175°CAV for the molded Dual-In-Line N package and 100°C/W for the
Small Outline M package

Note 4: Human bedy model, 100 pF discharged through a 1.5 k& resistor.
Note 5: Fin-out numbers for the DACOBOX represent the Dual-in-Line package. The Small Outline package pin-out differs from the Dual-In-Line package

Connection Diagrams

Dual-In-Line Package Small Outline Package
THRESHOLD 1 U 16

coNTROL v ¢ =] * [ COMPENSATION v e 16 |—Bg LSB

TouT — 2 vher ) Yrep(+)—{ 2 15 |-B;

v = ivﬂﬁm, VREF(-)— 3 14 —Bj

It == KER COMPENSATION—] 4 13|85

A 5] iBB 5B THRESHOLDCGNTRDL,E— 5 128y

layr=—16 11p—=B

it s ot *

33_7 i“ ¥V —7 10 =B,
; loor—® s}-g, Msp

B4 = =135
DS00SEEE-14
DSoosEeE-12 Top View
Top View

See Ordering Information
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Block Diagram (note 5)
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Note. Positive common-mode range is always

Typical Performance Characteristics

LSB Propagation Delay vs Ig
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Curve 1: =15 pF, V|y=2 Vp-p centered at 1V
Curve 2: C=15 pF, Viy=50 mVp-p centered at
200 mV.
Curve 3: C=0 pF, V=100 mVp-p centered at
0V and applied through S0 connected to pin
14 2V applied to R14
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Typical Performance Characteristics (continued)

Output Current vs Output Ouiput Voltage Compliance Bit Transfer
Voltagt_e (Output Voltage vs Temperature Characteristics
Compliance)
20
14
8 e on Ta = Tin T0 Tyax 18 J 1 ! ! ! I
~ 24 I } } I -l = z 12 | lggp=2ma
x - o £ .
2 V= 18 V- sv! | X & 12 [TI5HAGED AREA INDICATES: P Ell
= LT 5 4 | reAwvissiBLE ouTPUT z L [
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& 15 ———} | PR g 1 H] }
= = N -
E E S D&
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gonaezs Note. B1-B8 have identical transfer
characteristics. Bits are fully switched with less
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actual threshold These switching points are
guaranteed to lie between 0.8 and 2V over the
operating temperature range (V| o = OV)
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o, | i L 2 3 ALLOITS M T T, [ ALLemsmcHoR Lo
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FIGURE 2.
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+VREF
RREF

IFs =

VREF = 10000V
RReF = 5.000k
R15 = Rper

Cg = 0.01 pF

255

W —

266

lg + Tg = rg for all logic states
For fixed reference, TTL operation, typical values are:

Vic = oV (Ground)

“lgeF =2mA

AAA 18

10V

i
LOWTE
4.5k

smuL WAL
POT %

i
APPROX

= 5k

Typical Applications

DIGITAL INPUTS

IREF

——= "Vagr

N
VYREF

Rep

tR12)

R15  “VREF

DS005655-5

FIGURE 3. Basic Positive Reference Operation (Note 5)

DACDEDD

D2005E8E6-21

FIGURE 4. Recommended Full Scale Adjustment
Circuit {(Note 5)

Note:

Irg =

RACF

DACOAID

255

256

—VREF
Rrer

RRer sets kg R15 is for bias current cancellation

FIGURE 5. Basic Negative Reference Operation

{Note 5)
MGITAL INPUTS
MSE L3B
E1 82 BJ B4 BS Bp 87 B Eu
Iagr =2 mA O DACNEDD
DS005EE6-17
B1 B2 B3 B4 B5 B6 B7 B8| IomA | IomA Eq Eo
Full Scale i1 1 1 1 1 1 1] 1902 [ o000 | -9.960 | 0.000
Full Scale-LSB i 1 1 1 1 1 1 o 1984 | 0008 | 9920 | —0.040
Half Scale+LSB 1 0 0 0 0 0 0 1 1.008 0.984 -5.040 —4.920
Half Scale 1 0 0 0 0 0 0 0 1.000 0.992 -5.000 —4.960
Halt Scale-LSB [0 1 1 1 1 1 1 1| 0992 [ 1000 | -4960 | —5.000
ZeroScale«LSB [0 0 ©0 0 0 0 ©0 1| 0008 | 1.984 | —0.040 | -9.920
Zero Scale 0 0 0 0 0 0 o0 O0f oooo | 1.992 | 0.000 | -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)
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Typical Applications (continued)

+ 10.000¢

Hpgr=2ma Ot 14 DACHK0D
JRE

DE00BRER-B
B1 B2 B3 B4 B5 B6 B7 B8| Eg Eo
Pos. Full Scale 1 1 1 1 1 1 1 1] -9.920 [+10.000
Pos. Full Scale-LSB i 1 1 1 1 1 1 0| -9.840 | +9.920
Zero Scale+LSB i 0 0 0 0 O 0 1]-0.080]4+0160
Zero Scale i 0 0 0 0 O 0O 0] 0.000 |+0080
Zero Scale-LSB o 1 1 1 1 1 1 1| +0080]| 0.000
Neg. Full Scale+LSB 0 0 0 0 0 0 0 1] 49920 -9840
Neg. Full Scale 0 0 0 0 0 0 0 O0][+10000|-9920

FIGURE 7. Basic Bipolar Qutput Operation (Noie 5)

Sk
Vper = 10V QAN

DALUHOD s, = )

QEp = — —
o VREF( 50 756
where X is the input code and

R =RL = Rrer

D2005656-15

1 R = R within £0 08% output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 Ea
Pos. Full Scale i 1 1 1 1 1 1 1] +9.960
Pos. Full Scale-LSB i 1 1 41 1 1 {1 0] +9.880
{+)Zero Scale i 0o 0 0 0 0 0 0] +0.040
{-)Zero Scale o 1 1 1 1 1 1 1] -0040
Neg. Full Scale+LSB 0 0 0 0 0 O 0 1] -9880
Neg. Full Scale 0 0 0 0 0 O 0 0] -9960

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

RL
—VV—
o
-
4
Ea
DACO800 —O 170 +dgg- R
2 I - 255 X
G = = FS = 756 REF
DS005EE6-19

For complementary output (operation as negative logic DAC), connect inverting input of op amp to '\0 (pin 2), connect lg {pin 4} to ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 5)
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Typical Applications (continued)

UALIH0D

"VREs
L

RREF OPTIONAL RESISTOR
FOR OFFSET INPUTS

DaCpaon

NO CAP

DS005E86-10
Typical values: Rjy=5k+V =10V
FIGURE 11. Pulsed Reference Operation (Note 5)

IREF

DACO0800

DS005ESE-11

(a) lger = peak negative swing of ||y

tg

Q010 g Ry

2
iFrg=s — |
FS 256 REF

DSCO5EEE-20

For complementary output (operation as a negative logic DAC) connect non-inverting input of op am to Tg {pin 2); connect lg (pin 4) to ground

FIGURE 10. Negative Low Impedance Oulput Operation {(Note 5)

PMOS

| Vip=0v
T T | 129 TQ 15% b | e
Yry o LAY
| | LTt
I 10K |
DACORND I ", e |
we | o o '”‘F |
ke | = 5% TO -10V
—_— — '_ - _|_ -
54 DS + Tovowss T 10K £CL
VIH - 24V | VIH=5V | Yy = -128V
nACIE0D I I
[ |
| 62k | 2v3s4
413G | we |
1H3148
N1 | 16k 01 sF |
L 1L L | ]
= | - T | 5.2y Vi
DR005686-2

Vo = Vg + 14V
15V CMOS, HTL, HNIL

V= 7.8V

Note. Do net exceed negative logic input range of DAG

FIGURE 12. Interfacing with Various Logic Families

BREF
*rer O—WWA— 14

A5 DACOBID
(OFTIONAL)

ViR —Og—  O—AAN—] 15

HIGH INPUT -
IMPEDANCE

Rpgr = A15
D2005686-12

(b} +Vger must be above peak positive swing of V

FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (continued)

01uF
FORTURN “ON", vy =27V 4
FOR TURN “OFF ", V| 0.7V !
S0uF - i,‘;
L
v T 1
MINIMUM ¢ =
3
CAPACITANCE \1 v 0.1 uF
HP5082-2800 I & = nav
SCHOTTKY CIODES 1: i
VoL ke = Yaur o
0.7y O 1 ! 1% PROBE o
o i .
i < 04v
& T T-T-T-T-T-' -
. AReF 5 6 1 8 9100 12
VREF "
DACDSO0
a1 DT
15
13 3 16

I T
= O o =
18 ~15v
D=S005686-7
FIGURE 14. Setiling Time Measurement (Note 5)
v STOP
o I CONVERSION
CLOCK FREE
RUN
9 1l 2
16
W g vee CLK 3 [
001 ,4F ”’3‘:2“2 Y
L GND
0f 01 07 43 04 05 06 07
- 3|4 |8 |6 (2134
JR.1: )y S— Y
15¢
5V
BT DIGITAL pRALOG
WORD
15%
M 3
Mee O 19 5K T
R 1z |11 1]a [ [7 |8 |5 h
VREF Sk 4 [1SB7 87 &5 65 B4 B3 BZMSA \ p 1
' A
VR lo hd
DACORID
= VR~ [y4i Tk
| vt v—  COMP ViC
= 13 k] 16 1
» =
| Q15¢ 0.1 F
01 aF ]_
- 01 uF

- 15y

Nete. For 1 ps conversion time with 8-bit resolution and 7-bit accuracy, an LM3E1 co
reducing R1. R2 and R3 to 2.5 k2 and R4 to 2 MQ.

FIGURE 15. A Complete 2 ps Conversion

DS005EE6-8

mparator replaces the LM319 and the reference current is doubled by

Time, 8-Bit A/D Converter (Note 5)
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Physical Dimensions inches {millimeters) unless otherwise noted

MAX

HLL(:ELEDZ!HPS
Molded Small Outline Package {(SO)
Order Numbers DACOB00LCM,
DACO0801LCM or DAC0B02LCM
NS Package Number M16A

LN ; SLASS SEALENT
0.020-0.060 1yp
0,208 0.51-1,52
5.08] HETHT H 17[ ] [4,57] M4
i TYP L ‘ H : T u[bolzqtg.%g]z s
©.750 2550,
t ; [ 1 {3 }“__s”w TrP
9,125-0.200 | B Tsoreas | a% 5o
AL b 909 + 4 95915
[3.78-2.08] LT - TTP
102'%531 WAY —| e D 03 0-0410
BOTH ERDS 0.0184 0,003 3 -~
0,10040.010 Lo-451 008 " el
|2.54¢2.25 "7
Molded Small Outline Package (SO)
Order Numbers DACOB00LCM,
DACOB01LCM or DAC0802LCM
NS Package Number M16A
0986 0.3
r woa o ™
# 15 1 13 12 oW 8
T AA i
0.226 0.244
[5.791 —6.159] P
T
« FHOUBOL Y
LEAT HI.1 7 ! 2 4 4 3 § ? &
I0ENT
» 01500157
T
010 a0 0530088
Wz —veng 11.346- 1,750 e woe
B MAX TYP 0,102 0.284)
ALLLEADS — 3
L;J' v ' =11 SETING
A _74— f 1 PLANE
0.008 1.u10 : 0o L4 J ‘ 0.050 0.4 -0.020
{1.205 -0 %4 = *-% 03560 e = e
TUPALL LEATS 0.0n4 TYP ALL LEADS g baw
10.203) MILE REY 1
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DAC0800/DAC0801/DACO0802 8-Bit Digital-to-Analog Converters

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.843-0 870
0,090
i) 71 41-22.10
bos2 20— |~ l !
Dia e NOM | ) el ([ [0 [ (3]
23 T I
0.250 10.005
PIN NO. 1 IDENT D.z5h .00
\@ @ {6.350 0127}
0.280 e
.12 0030 Lf [l Lo e [sF (e [0 ]
| _
pam-naz0 | 7€

MAX 0.040
(7.620-B.128)
————— |

A —— 0.130 10.005

o s 1.016 e
l Tesl (1874 | ‘ ( m: } {3.302 z0.127) t
_*__ e 0.146-0.200

l {3.683-5.080)

85757 0.009-0.015 a4 o
022303817 L e |
‘ 0.075 -0.01 ‘ 1 }‘ 0018 0003 Da25-014p (D50B)
= - .
o2s Th ETTEET | {057 g7 151753686}
0900 0.010
1018 -
(ET o) {2540 - nzm*'l =

Molded Dual-In-Line Package
Order Numbers DAC0800, DAC0801, DAC0802
NS Package Number N16A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES COR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTCR CORPORATION. As used heresin:

1. Lite support devices or systems are devices or sys- 2. A critical compenent is any component of a life support
tems which, (a) are intended for surgical implant into device or system whose failure to perform can be rea-
the body, or (b} support or sustain life, and whose fail- sonably expected to cause the failure of the life support
ure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

1o the user.
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Nationa reserves the right at any time without notice to change said circuitry and specifications.



