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DAC0800/DAC0801/DAC0802

NNational Semiconductor

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

General Description :

The DACOB00 series are monolithic 8-bit high-speed cur-  The DAC0800, DAC0802, DAC0800C, DAC0801C and
rent-output digital-to-analog converters (DAC) featuring typi- DAC0802C are a direct replacement for the DAC-08, DAC-
cal settling times of 100 ns. When used as a multiplying 08A, DAC-08C, DAC-OBE and DAC-08H, respectively.
DAC, monotonic performance over a 40 to 1 reference cur-

rent range is possible. The DAC0800 series aiso features Features

high compliance complementary current outputs to aflow Fast sattling output current 100 ns
differential output voltages of 20 Vp-p with simple resistor Full scale error +1 LSB
loads as shown in Figure 1. The reference-to-full-scale cur- Nonifineari temberat £0.1%
rent matching of better than + 1 LSB eliminates the need for onlinearity over er_npera ure : e °
full-scale trims in most applications while the nonlinearities Full scale current drift ‘ $10 ppm/°C
of befter than +0.1% over temperature minimizes system High output compliance " —10V to +18V

Complementary current outputs
interface directly with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability

error accumulations.

The noise immune inputs of the DACOBOO series will accept
TTL levels with the logic threshold pin, Vig, grounded.

Changing the V| ¢ potential will aliow direct interface to oth- Wide power supply range +4.5Vto £18V
er logic families. The performance and characteristics of the Low power consumption : 33 mW at 5V
device are essentially unchanged over the full+4.5V to Low cost
+ 18V power supply range; power dissipation is only 33 mwW
with £5Y supplies and is independent of the logic |nput
states.
Typical Applications
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FIGURE 1. * 20 Vp_p Output Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Linearity Ten;perature Order Numbers
ange J Package (J16A)* N Package (N16A)* SO Package (M16A)

+0.1% FS 0°C < Ta < +70°C DAC0802LCJ | DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+0.19% FS | —55°C < Tp < +125°C| DAC0800LJ | DAC-08Q
+0.19% FS 0°C < Tp £ +70°C DAC0800LCJ | DAC-08EQ | DACOBOOLCN | DAC-08EP DAC0800LCM
+0.39% FS 0°C £ Tp < +70°C DACO0801LCN | DAC-08CP DAC0801LCM

*Devices may be ordered by using either order number.
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Absolute Maximum Ratings (ote 1) . Q
It Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 -seconds) ®
please contact the National Semiconductor Sales Dual-In-Line Package (plastic) 260°C 3
Office/Distributors for avaitability and specifications. Dual-In-Line Package (ceramic) 300°C 5
Supply Voltage' (V+ — V—) +18V or 36V Surface Mount Package § >
Power Dissipation (Note 2) 500 mwW Y?PW thge (60 5300""3) 2;303 Q
Reference Input Differential Voltage nirared (15 seconds) . 2 8
(V14to V15) V-toV+ . ™ urd
Reference Input Common-Mode Range Operating cond'_tlons (Note 1) S
(V14,V15) V- ioV+ . Min Max Units >
Reference Input Current 5mA Temperature (Ta) 8
Logic Inputs V~— toV~ plus 36V DACO0800L -55 +125 °C @
Analog Current Outputs (Vg— = —15V) 4,25 mA DACO800LC 0 +70 °C S
ESD Susceptibility (Note 3) . TBDOV DACO801LC 0 +70 oG
Storage Temperature —65°Cto +150°C DACOBO2LE 0 +70 °c
Electrical Characteristics The following specifications apply for Vg = %15V, Ingr = 2mA and Ty < Ta <
Tmax unless otherwise specified. Output characteristics refer to both ioyt and IoyT-
DACO0800L./
Symbol Parameter Conditions DAC0802LC DACO800LC DACOBOILC | ;e
] Min | Typ [ Max |Min| Typ | Max [Min|{ Typ | Max
Resolution 8 8 8 8 8 8 8 8 [:] Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity +0.1 +0.19 +0.39] %FS
ts Settling Time To =1, LSB, All Bits Switched 100 | 135 100 | 150 ns
“ON” or “"OFF", To=25°C
DACO0800L 100 135 ns
DAC0800LC 100 | 150 ns
tPLH, Propagation Delay Tpo=25°C
tPHL Each Bit 35 60 35 60 35 60 ns
All Bits Switched 35 60 35 60 35 60 ns
TClgs  |Full Scale Tempco +10 | £50 +10 | 50 +10 | £80 [ppm/°C
Voc Output Voltage Compliance| Full Scale Current Change -10 18 [—10 18 [-10 18 "
< LSB, RouT>20 MQ Typ
IFsa Full Scale Current VRer=10.000V, R14=5,000 k(1|1.984] 1.992 |2.000|1.94] 1.99 | 2.04 |1.94] 1.99 | 2.04 mA
R15=5.000 k{2, Tp=25°C
IFss Full Scale Symmetry IFsa—IFs2 +0.5|+4.0 +1 | +8.0 +2 | 16| pA
Izg Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 HA
ISR Output Current Range V- =-5vV 0 20 21| 0 2.0 21 0 2.0 2.1 mA
V—=-8Vto —18V 0 20 | 42| O 2.0 4.2 0 2.0 4.2 mA
Logic Input Levels
Vi Logic “0” . |vig=0v 0.8 0.8 0.8 v
ViH Logic “1” 2.0 20 20 \
Logic Input Current V=0V
i Logic “0” ~10V< VNS +0.8V -20|-10 -20} ~-10 -20( 10| pA
i Logic “1” 2VSV NS +18V 0.002| 10 0.002| 10 0.002| 10 pA
Vis Logic Input Swing V—=—-15V —10 18 [—10 18 |—10 18 \
VIHR Logic Threshold Range Vg=t15V —-10 135(—-10 13.5 | —10 13.5 \
I15 Reference Bias Gurrent —1.0|—-3.0 —-1.0| —3.0| —1.0] -3.0] pA
dl/dt Reference Input Slew Rate |(Figure 12} 4.0 | 80 40| 8.0 40| 8.0 mA/us
PSSlgs + Power Supply Sensitivity  |4.5V<V+ <18V 0.0001{ 0.01 0.0001| 0.01 0.0001| 0.01 | %/%
PSSlgg— —45V<V—<18V 0.0001| 0.01 0.0001| 0.01 0.0001]| 0.01 | %/%
IRep=1MA
Power Supply Current Vg= %5V, Iggp=1mA
1+ : 2.3 3.8 23 3.8 2.3 3.8 mA
1= —43|—-58 —4.3| —58 —43| —58| mA
Vg=5V, —15V, IRgp=2 mA
I+ 24 | 38 2.4 3.8 2.4 3.8 mA
= —6.4{-78 —6.4| —-78 —64| -78| mA
Vg=+15V, Iggr=2mA
I+ 25 | 38 25 38 25 3.8 mA
|- —65]|-78 —65| —7.8 —685| —7.8] mA
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Electrical Characteristics continued)
The following specifications apply for Vg = =15V, Iggr = 2mA and Tyiny < TA < TMAx unless othenmse specified. Output
characteristics refer to both lgyt and loyT.

DAC0800L/ \ .
Symbol Parameter Conditions DAC0802L.C DACO0800LC DAC0801LC Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Pp Power Dissipation +5V, Iggp=1mA 33 48 33 48 33 48 mw
§V,—15V, lggr=2mA | 108 | 136 108 | 136 108 | 136 | mw
+15V, Iger =2 mA 135 | 174 135 | 174 135 | 174 | mw

Note 1: Absoiute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical spacifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125°C. For operating at d ires, devicas in the Dual-In-Line
J package must be derated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the moided Dual- In-Llne N package and 100°C/W for the
- Small Outiine M packags.

Note 3: Human body modet, 100 pF discharged through a 1.5 k( resistor.
Note 4: Pin-out numbers for the DACOB0X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

DAC0800/DAC0801/DAC0802

Connection Diagrams

Dual-In-Line Package : Small Outline Package
' -
conTROL Voo ] @ ) S coupNsATION v 16—Bg LSB
ouT — —Vnsr(-) ' _ Veer(+)— 2 1518 ‘L
v '—VREF(f) VREF(-)_ 3 141—Bg
. COMPENSATION—] 4 13}=8g
tour= v THRESHOLD CONTROL, V, 5 121=B
MSB Bi-il E-BI LS8 'I_.LE 6 11 B‘
’ ouT ] 53
£ it :
B2 8 . v—{7 1018,
7 10
83 = p=—B& IOUT— 8 ] —-B' MSB
frpul 2 ss ’
TL/H/5686-14
Top View
. TL/H/5686-13
Top View ’
See Ordering Information
Block Diagram (note 4)
MsH LS8
vt Vig [ ] [H ] s [3 o .8
. T‘l.‘» T1 Tﬁ ?I ?1 Tl TI ?w Tn Tu
1 | 1 1 | 1 1 1 1 1
| BiAS _ I .
NETWORK ] N _ o 4 Slour.
» 1 i
:m::: TR TR TR LR LTSRS
Vaget) ol ot -= -— - e == =
‘lusrl-)oE " :
REF
AMP

TL/H/5686-2
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Typical Performance Characteristics

Full Scale Current
vs Reference Current
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Note. Positive common-mode range is
always (V+) ~ 1.5V

Output Current vs Output
Voltage (Qutput Voltage
Compliance)
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Logic Input Current
vs Input Voltage
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Vi - LOGIC INPUT VOLTAGE (V)

Output Voltage Compliance
vs Temperature

SHADED AREA INDICATES;
8 |—3 PERMISSIBLE OUTPUT
VOLTAGE RANGE FOR
4 | -V=-15V, lger <2mA.

| FOR OTHER -V OR Ingf,
SEE FIGUAE
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Curve 1: Cc=15 pF, V|y=2 Vp-p
centered at 1V,
Curve 2: Cc=15 pF, Viy="50 mVp-p
centered at 200 mV.
Curve 3: Co=0 pF, V=100 mVp-p
at OV and applied through 50 € con-
nected to pin 14.2V applied to R14.
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VtH — Vic vs Temperature
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Bit Transfer
Characteristics
IENEERAN

T 1 |
12 'RE]FTZ"'A i

05 T B2
Y !

0.4 t % 857
j~ —v=-6v 83
i ranEAN SETEarE
B RN = -
-12-18-8-6-4-20 24 6 8 101214 1618
V) — LOGIC INPUT VOLTAGE {V)
TL/H/5686-3

19 - OUTPUT CURRENT {mA)

Note. B1-B8 have identical transfer characteris-
tics. Bits are fully switched with less than 1, LSB
error, at less than £ 100 mV from actual thresh-
old. These switching points are guaranteed to lie
between 0.8 and 2V over the operating tampera-
ture range (Vi c = OV).

M L501124 0093633 154 W

3-9

20800va/10800vQ/00800VQ




DAC0800/DAC0801/DAC0802

TL/H/5686-5

*lpgp ~2mA
A —] 14
LOWTE
“ | 45k DACISOY
S0k =V
et 15
- | nerrox
= &

TL/H/5686-21

FIGURE 4. Recainmmended Full Scale Adjusiment Circuit
{Note 4)

Typical Performance Characteristics (Gontinued) : .
Power Supply Current Power Supply Current Power Supply Current
vs TV vs ~V vs Temperature
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. . . FIGURE 2
Typical Applications (continued)
DIGITAL INPUTS
Mse Lss IFs & X VREE 255
81 B2 B3 B4 BS B6 87 B RReF 256
Io + To = lgs for all
logic states

For fixed reference, TTL operatlon,
typical values are:
Vags = 10.000V
Rper = 5.000k
" R15 = RRer
Cc = 0.01 uF
Vi ¢ = OV (Ground)

FIGURE 3. Basic Positive Reference Operation (Note 4)

Raer

RIS
“Vaer O—O==AAA—{

TL/H/5686-16
255
256

Note. Rpgr sets Irs; R15is
for bias current cancellation

-V
s = YREF
RReF

FIGURE 5. Basic Negative Reference Operation (Note 4)
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Typical Applications (continued)

DIGITAL INPUTS

D B
M88 LSE
81 B2 83 B4 85 BG 87 B8

IREF = 2 MA Ored DACDE0D

—

TL/H/5686-17

B1 B2 B3 B4 B5 B6 B7 B8|lgmA|lgmA| Eg Eo
Full Scale 11 1 1 1 1 1 1][1992]0.000|-9.960| 0.000
FuliScale-LSB [ 1 1 1 1 1 1 1 0 |1.984]0.008|—-9920(-0.040
HalfScale+LSB {1 0 0 0 0 0 O 1 |1.008|0.984|—5040|—4.920
Half Scale 1 0 0 0 0 0 0 0]1.000]0.992]|—5000[—4.960
HalfScale=LSB | 0 1 1 1 1 1 1 1|0992|1.000]|—4.960|—5.000
ZeroScale+LSB/ 0 0 0 O 0 0 O 1 {0.008] 1984]—0.040]|—-9.920
Zero Scale 0 0 0 0 0 O O O0/}]0.000]1992| 0.000 |—9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 4)

p—O +10.000V

*1qeF = 2 MA Ot DACOUI0

—_—

TL/H/5686-6
Bi B2 B3 B4 BS B6 B7 B8] Eg Eo
Pos. Full Scale 1t 1 1 1 1 1 1 1] —9920]+10.000
Pos. FullScale—=LSB |1 1 1 1 1 1 1 0] —9.840| +9.920
ZeroScale+LSB |1 0 0 0 O 0O O 1} —0.080( +0.160
Zero Scale t 0 0 00 06 0 0} 0.000 +0.080
Zero Scale—LSB o1 1 1 1 1 1 1] +0080]| 0.000
Neg. Full Scale+LSB| 0 0 0 O 0 0 0 1| +9.920] —9.840
Neg. Full Scale 0 0 0 0 0 0 0 0]+10.000| —9.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)

Bk

5k Ig 4
VRes = 10V O=AAA—
DAC0800 OEg = vper (% + %)
Sk
where X is the input code and
o 2
= RL = RL = Ragr

- TL/H/5686-18
If R = R within +0.05%, output is symmetrical abaut ground

B1 B2 B3 B4 B5 B6 B7 B8] Ep

Pos. Full Scale 11 1 1 1 1 1 11+98960
Pos.Fult Scaie~LSB |1 1 1 1 1 1 1 0| +9880
(+)Zero Scale 1t 0 0 0 0 0O 0 O0]f+0040
(—)Zero Scale c 1 1 1 1 1 1 1]|-0.040
Neg. Full Scale+LSB| 0 0 0 0 O 0 0 1| -9880

Neg. Fuil Scale 0 0 0 0 0 0 0 0]—9960
FIGURE 8. Symmetrical Offset Binary Operation (Note 4)
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DAC0800/DAC0801/DAC0802

R|.
Eg
DAC0800 p—O 0T0+1gg - Ry
255 |
= —— IREF
fo = 256 TL/H/5686-19

For complementary output (operation as negatlve logic DAC), connect invert-
ing input of op amp to Ig (pin 2), connect Ig (pin 4) to ground.

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

Eq
O 0T0-lgg- Ry

Ipg = 255 I”
F§= 256 REF

: o = = ) TL/H/5686-20
For compiementary output (operation as a negative logic DAC) connect non-in-
verting input of op am to Tg (pin 2); connect I {pin 4) to ground.

FIGURE 10. Negative Low Impedancg Output Operation (Note 4)

Vi =Vic+ 1.4V
15V CMOS, HTL, HNIL
ViH =76V
PNMOS
V=V

AL

T OTL 12V T0 15V
Vi 4y 1NG188

*VRer

a OPTIONAL RESISTOR
— -L ——— ““%[run OFFSET INPUTS

DACO%00

e
NO CAP =
JL
TL/H/5686-10
. Typical values: Ry = 5k, + Vjy=10V
TL/H/5686-9
Note. Do not exceed negative logic input range of DAC. .
FIGURE 11. Interfacing with Various Logic Families FIGURE 12. Pulsed Reference Operation (Note 4)
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Typical Applications (continueq)

(a) Iger = peak negative swing of Iy

(b) + Vrer must be above peak positive swing of Vi

*Vaer
IREF
RRer
™ *Vper O—MA— 14
—_—
A1s
v (OPTIONAL}
i —o— v Vi —R_g— 15
IN HIGH INPUT
DACO0B0D IMPEDANCE

DACO300

RREF = R15

I

TL/H/5686-11 )
FIGURE 13. Accommodating Bipolar References (Note 4)

0.1 uF
FOR TURN "ON”, V| = 27V . I |
FOR TURN “0FF”, VL =0.7V Vi 04
S0uF = 5V

+

e
MINIMUM @ Tk
CAPACITANCE \ o >

HP5082-2600 |
SCHOTTKY DIODES I
< ——
VgL P4 =
oV bR !
v‘.;. 0.1 gF ’_‘
' T Hhy |
W = q:ZI( = (:15h
<
. RREF 56 7 8 91011 12 \+— |
Vier O==AAA~ 12 4 Ol— N/
!
DAC08D0 our o)
(D.U.T) 15V
R15 T0D.LT
15 2
13 16

0.0 uF

0.1uF

-
-[::--4i 1?—-—-—-{5{::
I

15V

FIGURE 14. Settling Time Measurement (Note 4)

TL/H/5686-12

TL/H/5686-7

20800vaQ/10800VQ/00800VA
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Typical Applications (continued)

SV STOP .
P I CONVERSION
FREE

DAC0800/DAC0801/DAC0802

W o__r".‘vcc ok § 0 o
oM2502 7
0.01,F mase o
Henn
00 01 02 63 04 05 05 07
= 0
[Ty, S— Y
W
v
8-8IT DIGITAL © ANALoG
WORD T
ol <
msB "
njojsfs 2 ]s Is
7868584 B3BIMSBN,

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

o
DACOR0C
old
v-  cowe Vic
E) 16 -Ll
1 Srov
I_ (X3 l
- QtuF Note. For 1 us conversion time with 8-bit lution and 7-bit an
- Q LM361 comparator replaces the LM319 and the referance current is doubled

by reducing R1, R2 and R3 to 2.5 kf} and R4 to 2 MQ.
TL/H/5686-8
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