03/02/2023 12:22

PDF.js viewer

June 1999

&National Semiconductor

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

The DAC0800, DAC0802, DACO800C and DAC0802C are a

General Description

direct replacement for the DAC-08, DAC-08A, DAC-08C,

The DACOB00 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring

and DAC-08H, respectively.

Gk

typical settling times of 100 ns. When used as a muitiplying
DAC, monotenic performance over a 40 to 1 reference cur- Feature_s
rent range is possible. The DAC0800 series also features ™ Fast settling output current: 100 ns
high compliance complementary current cutputs to allow dif- = 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-to-full-scale current  w Full scale current drit:  +10 ppm/°C
matching of better than £1 LSB eliminates the need for @ High output compliance: —10V to +18V
full-scale trims in most applications while the nonlinearities Complementary current outputs
+0.1% inimi <
‘r’;rb:g;: r;“jgﬁgg-; o over temperature minimizes system er- o o0 t-ce directly with TTL, CMOS, PMOS and others
£ % i ® 2 quadrant wide range multiplying capability
The noise immune inputs of the DAC0800 series will accept - W? A THWEE S0 rgan s T:; 5%, t op+18\;'
TTL levels with the logic threshold pin, V-, grounded. P Sl g.. S +_
Changing the V. potential will allow direct interface to other ™ LOW power consumption: 33 m\W at £5V
logic families. The performance and characteristics of the ™ Low cost
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
DIGITAL INPUTS 9
mse L5E
Bl B2 B3 B4 BS BG B7 B s 2
kg &1k
TT???? ? wr § 1
Sh 5 6 7 & 0 10 11 12 4%
10V O—AAN—] 11 NEE—

| ‘5] 16 13 12 —0

VoyT TO 20 Vep

= -ﬁu JJ 1L

3
VT 001 uF '

Ordering Information

FIGURE 1. £20 Vp_p Output Digital-to-Analog Converter (Note 5)

DSO0SERE-T

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) | SO Package (M16A)
*0.1% FS O’'CsT, s+70°C DACOB02LCJ | DAC-08HQ | DACOB02LCN | DAC-08HP DACOB02LCM
+0.19% FS -B5'C =T, =+125°C | DACOS00L) | DAC-08Q
+0.19% FS O'CsT,=+70°C DACO800LCJ | DAC-08EQ |DACOS00LCN| DAC-08EP DACOBOOLCM

Note 1: Devices may be ordered by using either order number.

@ 1999 National Semiconductor Corporation DS005686
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Absolute Maximum Ratings (ot 2)

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

Supply Voltage (V* — V") 18V or 36V
Power Dissipation (Note 3) 500 mW
Reference Input Differential Voltage
(V14 to V15) V toV*
Reference Input Common-Mode
Range (V14, V15) V- to
Reference Input Current 5 mA

Logic Inputs V™ to V™ plus 36V
Analog Current Qutputs

(Vg- = —18V) 425 mA
ESD Susceptibility (Note 4) TBD V

Electrical Characteristics

The following specifications apply for Vo = ¥15V, lgee = 2 mA and Ty < Ta = Tyax unless otherwise specified. Output
characteristics refer to both I, and o+

Storage Temperature -65°C to +150°C
Lead Temp. {Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-in-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

Operating Conditions (ot 2)

Min Max Units
Temperature (T,)
DACO800L -b5 +125 ‘C
DACO0B00LC 0 +70 ‘C
DACO0802LC 0 +70 C

DACO802LC DACOD200L/
Symbol Parameter Conditions DACO800LC Units
Min Typ Max Min Typ Max
Resolution t} 8 8 8 8 8 Bits
Monotonicity 8 g a8 1 8 8 Bits
Monlinearity 101 +0.19 %FS
1= Setliing Time To %= LSB, All Bits Switched 100 135 ns
“ON” of "OFF", T,=25'C
DACO800L 100 135 ns
DACO0800LC 100 150 ns
tPLH, Propagation Delay Ta=25'C
tPHL Each Bit 35 g0 35 60 ns
All Bits Switched 35 60 35 60 ns
TCles Full Scale Tempco 10 50 10 150 ppmi*C
Voo Output Voltage Compliance Full Scale Current Change =1 18 -10 18 v
<32 LSB, Rgyur™20 MQ Typ
lrga Full Scale Current Veer=10.000V, R14=5.000 kQ 1.984 1.992 2.000 1.94 1.99 2.04 mA
R15=5.000 ki, To=25°C
lrss Full Scale Symmetry lesa—lrs2 0.5 +4.0 +1 8.0 WA
lzg Zero Scale Current 0.1 1.0 0.2 2.0 uA
lpsr Output Current Range V=-5V 0 2.0 21 0 20 21 mA
V7=-8V to —18V 0 2.0 42 0 2.0 4.2 mA
Logic Input Levels
Vi Logic “0" Vic=0V 08 0.8 v
Viy Logic “1° 20 2.0 v
Logic Input Current Vig=0v
i Logic “07 —10V=V=+0.8V -20 -10 -20 -10 uA
Iy Logic “1° V=V =+18V 0.002 10 0.002 10 LA
Vi Logic Input Swing VT=—15V =10 18 -10 18 Vv
VTR Logic Threshold Range Vg=+15V -10 135 -10 125 Vv
l15 Reference Bias Current 1.4 -30 -1.0 -3.0 LA
dirdt Reference Input Slew Rate (Figure 11) 4.0 8.0 4.0 3.0 mA/us
P5Slrs. | Power Supply Sensitivity 4 5V=\r=18V 0.0001 0.01 0.0001 0.01 %/%
PSSlps- -4 5V=\V =18V 0.0001 0.01 0.0001 0.01 %1%
lzer=1mA

www.national com
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Electrical Characteristics (continued)

characteristics refer to both loyr and lgyr

The following specifications apply for Vo = £15V, Iger = 2 mA and Ty = Ta < Tax unless otherwise specified. Cutput

DACOB02LC DACO200L/
Symbol Parameter Conditions DACOBOOLC Units
Min Typ Max Min Typ Max
Power Supply Current V=25V, lger=1 mA

I+ 23 38 23 38 ma

I- -43 -5.8 —43 -5.8 mA
V=5V, —15V, lper=2 mA

I+ 24 ER: 24 38 mA

I- -6.4 -1.8 -65.4 -7.8 mA
V5=115V, lrer=2 mA

I+ 25 38 25 38 mA

- -6.5 -7.8 -6.5 -78 mA

Pn Power Dissipation 15V, lger=1 mA 33 43 33 48 mw
5V,-15V, |rer=2 mA 108 136 108 136 mw
+15V, lzer=2 mA 135 174 135 174 mw

the device beyond its specified operating conditions

Note 3: The maximum junction temperature of the DAC0300 and DACO802 is 125°C. For

M package.
Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Connection Diagrams

Dual-In-Line Package

See Ordering Information

at elevated t

Small Outline Package

Note 2: Absoclute Maximum Rafings indicate limits beyond which damage fo the device may occur DC and AC electrical specifications do not apply when operafing

p es, devices in the Dual-In-Line J packags
must be derated based on a thermal resistance of 100°C/W. junction-to-ambient, 175°C/W for the molded Dual-In-Line N package and 100°C/W for the Small Cufline

Note 5: Pin-out numbers for the DACO80X represent the Dualdn-Line package. The Small Oulline package pin-out differs from the Dual-In-Line package

.;um:fﬁ'.'gt:—' . U L= compensation v \.../ 16|~8g LsB
Tout LR Vrer(#) = 2 158,
v l\anﬂn} VREr(')— 3 14 —B;
’I]Ll'l—n RERW COMPEMSATION—] 4 13|85
S iz e THRESHOLD CONTROL, Vo —{ 12|-B,
. . iour—{ 6 11}=B;
EJ—;l !lliﬁ V-— ! 10 _Bz
e i lour— 8 9f-5, uss
D3005666-14
DS00565E13 Top View
Top View
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Block Diagram (note 5)
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Typical Performance Characteristics
Full Scale Current LSB Propagation Delay vs I Reference Input
vs Reference Current o Frequency Response
111/ A T — .
5 -h’TMlu'ﬂwa! 1 L ! 10 |RIA= RIS= 1k —H-‘-I{I
= | ALL BITS HIGH b z m b 8 AL 500 TTT
E 5 - LIMIT FOR - ..;.: 10 | | BB |ALLEITS 0N {H— A
5 e e = Jlll 11 = & Pugso v [
E ! ' c . T 7] £ 21— ™
= / = | [ \
8 + g 200 ILSE=I’IHAI' a 1] 1 \
= 3 S I Pt A w 2 FITNON \
z T - i [[[[1ss=7 E \ A
2 2 = qo0 [t = g 1N
| | L L N 11| B, | T NN X
@ I AT FumTFoR T & s _ . I = "“ (= HEEA' _‘:\\
C o V=5V sl | Il LI 11 T I | LWAY \
f I L] LOT0Z 08500002 05 1 2 5 10 iy ] i L
(T | : 1 a 5 Igg - OUTPUT FULL SCALE CURRENT (mA) BBz 05 12 501
IREF ~ REFERENCE CURRENT (ma) L e FRECUENCY {MHz)
DS00SE6E-22 DSO05666-24
Curve 1: Go=15 pF. Vy=2 Vp-p centerad at 1v.
Curve 2: C=15 pF, V=50 mVp-p cenlered at
200 mV.
Curve 3: C=0 pF, V=100 mVp-p cenfered at
0V and applied through 500 connected to pin
14.2V applied fo R14
Reference Amp .
Common-Mode Range Logic Input Current V4 — Vi vs Temperature
vs Input Voltage %
! 20 [T L
35 | TA=Taain TO Traax 22 -
— M Faers-on = ’ 2 [ = I
% a2 319 t TR 11
- | s 2 95 b 1 |
E - £ Ry Bk 6
E 1= = - = =18 ~] |
3, |voowev v-s v =15V 2 a4l 4 | R e R b
= [ T [ aer-2ma 5 | T o O
g e | S 1111 0 —— il Sl S
2 12 IgEF = 1 mA o L 0%
2 r  —— g 1 & T8 04
s M L I S | e
(] | inzr,_: 02 mh ] T 2 :
. =
o L R - o | S0 0 s0 100 180
<ML Sk 2R e B 1Z2-10-8-5-4-202 4 B 81012141618 T - TEMPERATURE ( €}
V15 - REFERENCE COMMON-MODE VOLTAGE (V) ¥, - LOBIE (NPUT VOLTAGE (V) J——

DS005686-25

Note. Posifive common-mode range is always
(V+) — 1.5V,

DS00568E-26
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Typical Performance Ch

Output Current vs Output
Voltage (Output Voltage

Compliance)
28
ALLBITS "ON"  Tp = Ty TO Tiax
g o St ]
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L e IpgE = 02 mA ]
o U L T L1
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W - OUTPUT VOLTAGE (V)

DS0OS68E-28

Power Supply Current
vs

=

7 - —f-

§ L BITS HIGH OR LOW ] T
|

I+, 1=, POWER SUPPLY CURRENT {mA)
-

002 4 6 8 101214161820
Vg - POSITIVE POWER SUPPLY (V)

aracteristics (continueq)

Output Voltage Compliance
vs Temperature

JSHADED AREA INDICATE:
8 PEAMISSIBLE OUTPUT
VOLTAGE RANGE FOR
—f —W - ~15¥, Igep 2 2mA, ——1

0 |3 FOR DTHER -V DR Iggs. $—
SEE FIGURE
£ iy

o
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DSO0S666-29

Power Supply Current
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Bit Transfer
Characteristics

I
: L
12 [IRef - 2mA T

I = OUTPUT CURRENT (ma}

“12-10-B-6-4-20 246 B 101214 1610
Vi - LOGIC INPUT VOLTAGE (V]
DS005866-30

Note. B1-B8 have identical transfer
characleristics. Bils are fully swilched with less
than 2 LSB emor, at less than £100 mV from
actual threshold. These swilching points are
guaranteed fo lie befween 0.5 and 2V over the
operating temperature range (Vi o = 0V).

Power Supply Current
vs Temperature
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FIGURE 2.
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Ies =
" Rrer

Vgee = 10,000V
Rper = 5.000k
R15 = Rpzr

Cc = 0.01 uF

+VRer |, 255

256

Io + 1o = Iz< for all logic states
For fixed reference. TTL operation, typical values are:

Vg = OV (Ground)

Typical Applications

DIGITAL LNFUTS

wse L38
81 B2 B3 23 B8 86 B7 BB

IREF

—=Vagi [ 5 5 7 B & 10 11 12
.
VRer 14

Rrge
(R4}

RS TWREF

DACER0

D3005688-5

FIGURE 3. Basic Positive Reference Operation (Note 5)

Yiggp « 2mA Rpee
—AAA "
oW Te -
“ Ty DACIRDD 15
S k1 I o Vger O==—O==ANN—
L rrg i
' | seerx
= Gk
A\l
DSOOSERE-21 les = —Vaer % E
FIGURE 4. Recommended Full Scale Adjustment Prer 258
Circuit (Note 5) Naote. Rger sels lpg: R15 is for bias current canceliation
FIGURE 5. Basic Negative Reference Operation
(Note 5)
DHITAL INFUTE
wse 150
B B2 B3 B4 Bb 06 BT BR g
g = & ma O——]
-
B1 B2 B3 B4 B5 B6 B7 BB | I, mA | IomA Eo Ey
Full Scale fF f 11T 1T 1 % 1 1.992 0.000 | -9.960 | 0.000
Full Scale-LSB 11 1 1 1 1 1 0] 1984 0.008 | -9.920 | -0.040
Hailf Scale+LSB 1 0 0 0 0 0 0 1 1.008 0.984 | -5.040 | -4.920
Half Scale 1 0 0 0 O 0O O 0] 1000 0.992 | -5.000 | -4.960
Half Scale-LSB g v 1T 1 1T T 1 4 0.992 1.000 | -4.960 | -5.000
ZeroScaletlSB |0 0 0 O 0 0 0 1 0.008 1.984 | -0.040 | -9.920
Zero Scale 0O 0 0 0 0O 0O 0 O] 0.000 1.992 0.000 | -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)

www.national com
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Typical Applications (Continued)

fg
p— 10000
IagE - 2 mA Oueeeed 18
DE0OSESE &
B1 B2 B3 B4 BS B6 B7 B8 Es5 E4

Pos. Full Scale 11 1 1 1 1 1 1)]-9920 +10.000
Pos. Full Scale-LSB 1T 1 1 1 1 1 1 0|-9840| +9.920
Zero Scale+L.SB 1 0 0 0 0 0 0 1| -0080| +0.160
Zero Scale 1 0 0 0 0 0 0 O) 0.000 |+0.080
Zero Scale-LSB o1+ 1 1 1 1 1 1|+0080| 0.000
Neg. Full Scale+LSB |0 0 0 0 0 0 0 1| +9920)|-9.840
Neg. Full Scale 0 0 0 0 0 0 O OJ+10.000|-9920

FIGURE 7. Basic Bipolar Output Operation (Note 5)

5k
Vaer - 1V O—AAA—

where X is the input code and
Ry = AL = Raer

KR = ﬁ,_ within £0.05%. output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 BB Es
Pos. Full Scale Tt 1 1 1 1 1 1 1| +9960
Pos. Full Scale-LSB 1 1 1 1 1 1 0| +9.880
(+)Zero Scale 1 0 0 0 0 O 0 0| +0.040
(-)Zero Scale o0 1 1 1 1 1 1 1] -0040
Neg. Full Scale+LSB 00 0 0 0 0 0 1]|-9880
Neg. Full Scale 0 0 0 0 0 0 0 0] -9960

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

AL
—A—
Eg
DACES00 =0 070 +1pg- R
e 255
7 b ke FS = 266 REF

DS005686-15

For complementary output (operation as negative logic DAG). connect inverting input of op amp 1o 1 (pin 2). connect I (pin 4) to ground.

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

T www_national.com
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Typical Applications (continued)

Eg
O 070 - Igg - Ay

256

“Vnge

1V T 15

TTL oM
RRLF OPTIONAL RESISTOR A
FOR OFFSET INPUTS

Rin

Typical values: Ryy=5k +Vy =10V
FIGURE 11. Pulsed Reference Operation (MNote 5)

Vg = Vo + 14V
15V CMOS, HTL. HNIL
Vg = T BV

“VREF

ARer
Ver "
[l
REF RIS
(OPTIONALL
¥
N VN == O AAN—— 15
= HIGH INPUT
—
i IMPEDANCE
Vi —g—
R

DACOR0D

(a) lger = peak negative swing of |y,
FIGURE 13. Accommodating Bipolar References (Note 5)

255
Irs * 5 IREF

DS005686-20

For complementary output {(operation as a negative logic DAC) connect non-inverting input of op am fo }D (pin 2); connect Iy (pin 4} fo ground

FIGURE 10. Negative Low Impedance Output Operation (Note 5)

MNote. Do not sxceed negative logic inpul range of DAC.

FIGURE 12. Interfacing with Various Logic Families

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

www.national com 8
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Typical Applications (Continued)

cnpncmmcs\\q
HP5062-2800
SCHOTTKY DIODES
VoL
0.7V

FOR TURN “OFF”, ¥ = 0.7V

FOR TURN "ON", V) = 2.7V VL°—1

<
MINIMUM & Tk

01 uF

50 uF

RREF
*VREs O==AAA—] 14

Ri5

B9 1012 \-—— 100k
4 — Yy
I
DACDEDD ouT o)
D.UT) 18V
T0 DT

]

iH

<

-

o.f..rj)

(L1 Se—

B-BIT DIGITAL

FIGURE 14. Settling Time Measurement (Note 5)

5V STOP
v | CONVERSION

12 {11 J10)9 |8 |7 |6 |5
LS8 B7 BS B5 B4 B3 B2 M3E 2

cLOCK FREE
AUN
T! 10 2
15 CLK § 0,
OT Vee o
OM2502 M
SAR
Hano
00 01 02 03 04 05 06 a7
3 fa |5 & [ iz]ia]e
W
- O ANALDG v
mput ]
e
1w

VR in
DACORDS
VR~ YAl
v come  Vic

Note. For 1 us conversion time with 8-bit resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by

Qv 0.1uF

3 k] IIG _|_1

reducing R1, R2 and R3 {0 2.5 k22 and R4 {o 2 ML

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 5)
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Physical Dimensions inches (millimeters) unless otherwise noted
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& D.028 5
[0:84] ’ 0.005-0.020
R I0.13-051] T
0.037 £0.005
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MII?‘AT?(L—- H =l |—Tra0s013] TF | BLASS SEALAKT
' 0.020-0.080,, |
6,200 2 | [0.51-1.53] [E' 180 yax
[5.08] j 457
Wax TTP ' i T T.Dmt n.nn?
1 Fo.150 10 0.2540.05
¥ ! f[ga.su”"" ¥ / :&/
0.125-0.200 B | |
THP 9not 40 957's 59
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*— {o4szana] P [7.87=10:41] 1185 eV 1)
0100£0.010 [yp
[2.5420.25]

Molded Small Qutline Package (SO)
Order Numbers DAC0800LCM,
or DACO0B02ZLCM
NS Package Number M16A

0965 - 0,384
[ {3 804 10.00]

LI L R R A LA .

LEapnnARg

2270 .28 ‘
14780 - B9

Lo
VAL

=T}

R il 11

LEAD O e Tt )
1DEHT G010y
e
o 01500 157 .
T iBpo-see
0.0 -0.089 0053 —10.068
T —c oo < e R B0 - 0.010
BT BAK TYR * (B 0.254)
ALL LEADS
l
t } RS ==y =1 M P
\ —_ i PLANE
t I i l
0.008 0.0 - e 4050 0014 —0.020
0205 0,254 > - SRR a6 rem =
TR Lath | 0406 -1 270 L o
0.004 TYP ALL LEADS g E
N = i ey
ALL LFAN TIPS

Molded Small Qutline Package (SO)
Order Numbers DAC0800LCM,
or DACO0B02LCM
NS Package Number M16A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 = 0.780 s
(18.80= 19.61) ._..! m

LIFE SUPPORT POLICY

Molded Dual-In-Line Package

Order Numbers DAC0800, DAC0802

1. Life support devices or systems are devices or

NS Package Number N16E

E: INDEX
AREA
| c2s00010
| &35020.254)
PIN NO. 1 | S PIN NO. 1
IDENT IDENT
OPTION 01 OPTION 02 Gioes
0.13040.005 TEet
LAS0E0003 0080 ~ 40 1vp 0,300 0.320 {1851
O e M - B J\|"‘ OFTIONAL | rs0= 838 [ {
01450200 / \
{3.683-5.080) 4 E | 1
f 950450
|| soeg4 TP = ﬂL_—nm-nms v
ey muJ - i o ama I RaTUAR)
0.125 = 0.150 [ 003020015 (7.112)
{3.175- 3.810) P loTsz20.381) MIN
0.014=0.023 |____ 0.100 £0.010 (0.325%0-040
- -] 3257
56 =0r4] |._ oosz0010 siaE0zss) SRS NitE (REV F)
{1z 20254 ! (B.255*L91%)
P -

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein

2. A crtical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

significant injury to the user.

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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MNational does not assume any responsibility for use of any circuitry described, no circuit patent Bcenses are implied and National reserves the right at any time without notice to changs said cincuitry and specifications
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