DAC0808
DAC0807
DAC0806

8-BIT D/A CONVERTERS
■ RELATIVE ACCURACY: ±0.19% ERROR MA
XIMUM (DAC0808)
■ FULL SCALE CURRENT MATCH: ±1 LSBTYP
■ 7 AND 6-BIT ACC URAC Y
(DAC0807, DAC0806)

AVAILABLE

■ FAST SETTING TIME: 150 ns TYP
■ NONINVERTING DIGITAL INPUTS ARE TTL
AND CMOS COMPATIBLE
■ HIGH SPEED MULTIPLYING INPUT SLEW RA
TE: 8 mAI/iS
a POWER SUPPLY VOLTAGE RANGE: ±4.5V
to ±18V
■ LOW POWER CONSUMPTION: 33 m W @ ±5 V

PIN CONNECTION

DESCRIPTION
The DAC0808 series is an 8-bit monolithic digitalto-analog converter (DAC) featuring a full scale out
put current settling time of 150 ns while dissipa
ting only 33 mW with ± 5 V supplies. No reference
current (I r e f ) trimming is required for most appli
cations since the full scale output current is typi
cally ±1 LSB of 255 I r e f /256. Relative accuracies
of better than 0.19% assure 8-bit monotonicity and
linearity while zero level output current of less than
4 iifK provides 8-bit zero accuracy for Ir e f ^ 2 mA.
The power supply currents of the DAC0808 series
are independent of bit codes, and exhibits essen
tially constant device characteristics over the en
tire supply voltage range.
The DAC0808 will interface directly with popular
TTL, or CMOS logic levels, and is a direct repla
cement for the MC1508/MC1408.
June 1988
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DAC0808-0807-0806
ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Vs
VEE
Digital Input Voltage V 5 -V 1 2
Reference Current, I14
Reference Amplifier Inputs, V14, V15
Operating Temperature Range
DAC0808L
DAC0808LC/D1

+ 18
-1 8
- 1 0 V to + 18
5
V cc

V
V
V
mA
VEE

- 5 5 ° C < T a < +125
0 < T a s +75

°C
°C

- 65°C to +150

°C

Storage Temperature Range
ORDERING INFORMATION
Accuracy

Temperature
range

Plastic
DIP-16

Ceramic
DIP-16

SO-16

8 bit

0 to 75°C

DAC0808LCN

DAC0808LCJ

DAC0808D

7 bit

0 to 75°C

DAC0807LCN

DAC0807LCJ

DAC0807D

6 bit

0 to 75°C

DAC0806LCN

DAC0806LCJ

DAC0806D

8 bit

- 5 5 to 125°C

DAC0808LJ

-

-

BLOCK DIAGRAM

+ VS

A1

A2

A3

A4

A5

A6

A7

A8

THERMAL DATA

=—_s-e
2m

Thermal resistance junction-ambient max

Ceramic
DIP-16

SO-16

Plastic
DIP-16

150°C/W

120°CAA/

100°C/W
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DAC0808-0807-0806
ELECTRICAL CHARACTERISTICS
(Vs = 5V, V e e = -1 5 V , V r ef /R14 = 2 mA, Ta = T min to T m ax and all digital inputs at high logic level
unless otherwise noted.)
P a ra m e te r

Er

T e s t C o n d itio n s

tpLH
tpHL

Propagation Delay Time

TCI0

Output Full Scale Current Drift

MSB
V|H
V|L
MSB

Digital Input Logic Levels
High Level, Logic “ 1”
Low Level, Logic “ 0”

(Figure 9)

Digital Input Current
High Level
Low Level

(Figure 9)
V,h = 5V
V|L = 0.8V

Reference Input Bias Current
Output Current Range

(Figure 3)
(Figure 9)
VEE= - 5 V
VEE= -15 V , Ta = 25°C

*15

>0

Output Current
Output Current, All Bits Low
Output Voltage Compliance
Vee = - 5V
V ee Below -1 0 V

SRIref

M in .

Typ.

Relative Accuracy (Error Relative (Figure 10)
to Full Scale lo)
DAC0808L
DAC0807LC/D1
(Note 1)
DAC0806LC/D1
(Note 1)
Settling Time to Within 1/2 LSB Ta = 25°C (Note 2)
(Includes tpi_n)
(Figure 11)

Reference Current Siew Rate
Output Current Power Supply
Sensitivity

±0.19
±0.39
±0.78

%
%
%
ns

100

ns

150
30
±20

ppm/°C

2

Vref = 2.000V.
R14 = 10000
(Figure 9)
(Figure 9)
Er<0.19%, Ta = 25°C

(Figure 14)
- 5 V < V EE< -16.5V
(Figure 9)

Power Supply Voltage Range
Vs
V ee

Ta = 25°C (Figure 9)

All Bits High

U n it

%

TA = 25°C (Figure 11)

Power Supply Current (All Bits Low)
'S
IEE

Power Dissipation
All Bits Low

M ax.

0.8

Vpc
Vdc

0
-0.003

0.040
-0 .8

mA
mA

-1

-3

0
0

2.0
2.0

2.1
4.2

mA
mA

1.9

1.99
0

2.1
4

mA
fA

- 0.55, + 0.4
- 5 .0 , + 0.4

V
V

2.7

mfiJ/xs
pA/V

4

8
0.05

2.3
-4 .3

Vs = 5V.Ve e = -5 V
Vs = 5V.Vee = —15V
Vs = 15V.Vee= —5V
Vs = 15V.Vee= -15 V

22
-1 3

4.5
5.0
-4 .5 -1 5

5.5
-1 6 .5

33
106
90
160

170
305

mA

V
mW
mW
mW
mW

Note 1: All current switches are tested to guarantee at least 50% of rated current.
Note 2: All bits switched.
Note 3: Range control is not required.
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DAC0808-0807-0806
Fig. 1 - Supply Current vs
Temperature

Fig. 2 - Supply Current vs Supply
Voltage (Vee)

Fig. 3 - Supply Current vs Supply
Voltage (Vs)

Fig. 4 - Logic Input Current vs
Input Voltage

Fig. 5 - Bit Transfer Characteristics

Fig. 6 - Output Voltage Compliance
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Fig. 7 - Output Voltage Compliance
vs Temperature
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Unless otherwise specified: R14 =
R15= 1 kO, C = 15 pF, pin 1 6 toV EE;
Rl_ = 500, pin 4 to ground.

Fig. 8 - Frequency response

Curve A: Large Signal Bandwidth
Method of Figure 7, VREp = 2 Vp-p
offset 1 V above ground
Curve B: Small Signal Bandwidth
Method of Figure 7, R|_ = 2500,
Vref = 50 nnVp-p offset 200 mV
above ground.
Curve C: Large and Small Signal
Bandwidth Method of Figure 9 (no
op amp. R|_ = 500), Rs = 500,
V ref = 2V, Vs = 100 mVp-p centered
at 0V.

0.1 0 .2 0 .5
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DAC0808-0807-0806
Test Circuits
FIGURE 9. Notation Definitions

The resistor tied to pin 15 is to temperature com
pensate the bias current and may not be necessa
ry for all applications.
IO = K

A1
2

where K =
and A n =
An =

x

A 2 x A 3 ^ A 4 + A5 + A 6 + A7 + A8
4

~8~

16

32

64

128

256

V ref
R14
‘ 1” if A n is at high level
‘0 ” if A n is at low level

FIGURE 10. Relative Accuracy
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DAC0808-0807-0806
FIGURE 11. Transient Response and Settling Time

FIGURE 12. Positive VREF

FIGURE 13. Negative VREp
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DAC0808-0807-0806
FIGURE 14. Reference Current Slew Rate Measurement

REFERENCE AMPLIFIER DRIVE AND COMPEN
SATION
The reference amplifier provides a voltage at pin
14 for converting the reference voltage to a cur
rent, and a turn-around circuit or current mirror for
feeding the ladder. The reference amplifier input
current, I14, must always flow into pin 14, regar
dless of the set-up method or reference voltage po
larity.
Connections for a positive voltage are shown in Fi
gure 12. The reference voltage source supplies the
full current I14. For bipolar reference signals, as
in the multiplying mode, R15 can be tied to a ne
gative voltage corresponding to the minimum in
put level. It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.
The compensation capacitor value must be increa
sed with increases in R14to maintain proper pha
se margin; for R14 values of 1, 2.5 and 5 kO,
minimum capacitor values are 15,37 and 75 pF.
The capacitor may be tied to either V e e or ground,
but using V e e increases negative supply rejection.

APPLICATION INFORMATION
CIRCUIT DESCRIPTION
The DAC0808 consists of a reference current am
plifier, an R-2R ladder, and eight high-speed cur
rent switches. For many applications, only a
reference resistor and reference voltage need be
added.
The switches are noninverting in operation, there
fore a high state on the input turns on the speci
fied output current component. The switch uses
current steering for high speed, and a termination
amplifier consisting of an active load gain stage
with unity gain feedback. The termination ampli
fier holds the parasitic capacitance of the ladder
at a constant voltage during switching and provi
des a low impedance termination of equal voltage
for all legs of the ladder.
The R-2R ladder divides the reference amplifier cur
rent into binarily-related components, which are fed
to the switches. Nota that there is always a remain
der current which is equal to the last significant bit.
This current is shunted to ground, and the maxi
mum output current is 255/256 of the reference am
plifier current, or 1.992 mA for a 2.0 mA reference
amplifier current if the NPN current source pair is
perfectly matched.

r iZ

A negative reference voltage may be used if R14
is grounded and the reference voltage is applied
to R15 as shown in Figure 13. A high input impe
dance is the main advantage of this method. Com
pensation involves a capacitor to V e e on pin 16,
using the values of the previous paragraph. The
negative reference voltage must be at least 3V abo
ve the V e e supply. Bipolar input signals may be
handled by connecting R14 to a positive referen
ce voltage equal to the peak positive input level at
pin 15.
When a DC reference voltage is used, capacitive
by pass to ground is recommended. The 5V logic
supply is not recommended as a reference volta
ge. If a well regulated 5V supply which drives lo
gic is to be used as the reference, R14 should be
decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resi
stors with 0.1 yF to ground. For reference voltages
greater than 5V, a clamp diode is recommended
between pin 14 and ground.
If pin 14 is driven by a high impedance such as a
transistor current source, none of the above com
pensation methods apply and the amplifier must
be heavily compensated, decreasing the overall
bandwidth.

SGS-THOMSON
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DAC0808-0807-0806
OUTPUT VOLTAGE RANGE
The voltage on pin 4 is restricted to a range of - 0.6
to 0.5V when V e e = - 5 V due to the current swit
ching methods employed in the DAC0808.
The negative output voltage compliance of the
DAC0808 is extended to - 5V where the negative
supply voltage is more negative than - 10V. Using
a full-scale current of 1.992 mA and load resistor
of 2.5 kfi between pin 4 and ground will yield a vol
tage output of 256 levels between 0 and - 4.980V.
Floating pin 1 does not affect the converter speed
or power dissipation. However, the value of the load
resistor determines the switching time due to in
creased voltage swing. Values of R|_ up to 500fi
do not significantly affect performance, but a 2.5
kfi load increases worst-case setting time to 1.2 fis
(when all bits are switched ON). Refer to the sub
sequent text section on Settling Time for more de
tails output loading.

OUTPUT CURRENT RANGE
The output current maximum rating of 4.2 mA may
be used only for negative supply voltages more ne
gative than - 7V, due to the increased voltage drop
across the resistors in the reference current am
plifier.

ACCURACY
Absolute accuracy is the measure of each output
current level with respect to its intended value, and
is dependent upon relative accuracy and full-scale
current drift. Relative accuracy is the measure of
each output current level as a fraction of the fullscale current. The relative accuracy of the
DAC0808 is essentially constant with temperatu
re due to the excellent temperature tracking of the
monolithic resistor ladder. The reference current
may drift with temperature, causing a change in
the absolute accuracy of output current. However,
the DAC0808 has a very low full-scale current drift
with temperature.
The DAC0808 series is guaranteed accurate to wi
thin ±1 /2 LSB at a full-scale output current of 1.992
mA. This corresponds to a reference amplifier out
put current drive to the ladder network of 2 mA, with
the loss of 1 LSB (8 fiA) which is the ladder remain
der shunted to ground. The input current to pin 14
has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mis-match in the NPN current sour
ce pair. The accuracy test circuit is shown in Figu
re 10. The 12-bit converter is calibrated for a
full-scale output current of 1.992 mA. This is an op
tional step since the DAC0808 accuracy is essen
tially the same between 1.5 and 2.5 mA.
an

Then the DAC0808 circuits’ full-scale current is
trimmed to the same value with R14 so that a zero
value appears at the error amplifier output. The
counter is activated and the error band may be di
splayed on an oscilloscope, detected by compa
rators, or stored in a peak detector.
Two 8-bit D-to-A converters may not be used to con
struct a 16-bit accuracy D-to-A converter. 16-bit ac
curacy implies a total error of ± 1/2 of one part in
65,536, or ±0.00076% , which is much more ac
curate than the ±0.019% specification provided
by the DAC0808.

MULTIPLYING ACCURACY
The DAC0808 may be used in the multiplying mo
de with 8-bit accuracy when the reference current
is varied over a range of 256:1. If the reference cur
rent in the multiplying mode ranges from 16 /xA to
4 mA, the additional error contributions are less
than 1.6 nA. This is well within 8-bit accuracy when
referred to full-scale.
A monotonic converter is one which supplies an
increase in current for each increment in the bina
ry word. Typically, the DAC0808 is monotonic for
all values of reference current above 0.5 mA. The
recommended range for operation with a DC refe
rence current is 0.5 to 4 mA.

SETTLING TIME
The “ worst case” switching condition occurs when
all bits are switched “ on” , which corresponds to
a low-high transition for all bits. This time is typi
cally 150 ns for settling to within ± 1 /2 LSB for 8-bit
accuracy and 100 ns to 1/2 LSB for 7 and 6-bit ac
curacy. The turn off is typically under 100 ns. The
se timers apply when R l <500 ohms and Co < 25
PFThe test circuit of Figure 11 requires a smaller vol
tage swing for the current switches due to internal
voltage clamping in the DAC0808 A 1.0-kilohm load
resistor from pin 4 to ground gives a typical set
tling time of 200 ns.
Thus, it is voltage swing and not the output RC ti
me constant that determines setting time for most
applications.
Extra care must be taken in board layout since this
is usually the dominant factor in satisfactory test
results when measuring settling time.
Short leads, 100 *iF supply bypassing for low fre
quencies, and minimum scope lead length are all
mondatory.
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PROGRAMMABLE GAIN AMPLIFIER OR DIGI
TAL ATTEPUATOR
When used in the multiplying mode can be applied
as a digital attenuator. See Figure 15. One advan
tage of this technique is that if Rs = 50 ohms, no
compensation capacitor is needed. The small and
large signal band are now identical and are shown
in Figure 8C.
The best frequency response is obtained by not al
lowing l u t o reach zero. However, the high impe
dance node, pin 16, is clamped to prevent
saturation and insure fast recovery when the cur
rent through R14 goes to zero. Rs can be set for
a ± 1 .0 mA variation in relation to I14. I14 can ne
ver be negative.
The output current is always unipolar. The quie
scent dc output current level changes with the di
gital word which makes accoupling necessary.
CURRENT TO VOLTAGE CONVERSION
Voltage output of a larger magnitude are obtaina
ble with the circuit of fig. 16 which uses an exter
nal operational amplifier as a current to voltage
converter. This configuration automatically keeps
the output of the DAC0808 ground potential and
the operational amplifier can generate a positive
voltage limited only by its positive supply voltage.
Frequency response and setting time are primari
ly determined by the characteristics of the opera
tional amplifier. In addition, the operational amplifier
must be compensated for unity gain, and in some
cases over compensation may be desirable.
Note that this configuration results in a positive out
put voltage only, the magnitude of which is depen
dent on the digital input. The LM301 can be used
in a feedforwerd mode resulting in a full scale set
ting time on the order of 2.0 ^s.

voltage is developed with respect to the negative
voltage and appears as a common-mode signal to
the reference amplifier in the D-to-A converter. This
allows use of its amplifier as a classic current-tovoltage converter with the non-inverting input
grounded.
Since ± 1 5 V and +5.0V are normally available in
a combination digital-to-analog system, only the
- 5 . 0 V need be developed. A resistor divider is
sufficiently accurate since the allowable range on
pin 5 is from - 2 . 0 to - 8 . 0 volts. The 5.0 kilohm
pulldown resistor on the amplifier output is neces
sary for fast negative transitions.
Full scale output may be increasing Ro and raising
the + 15V supply voltage to 35 V maximum. The
resistor divider should be altered to comply with
the maximum limit of 40 volts across the LM723
C o may be decreased to maintain the same RoC o product if maximum speed is desired.

PROGRAMMABLE POWER SUPPLY
The circuit of figure 17 can be used as a digitally
programmed power supply by the addition of
thumb-wheel switches and a BCD-to-binary con
verter. The output voltage can be scaled in seve
ral ways, including 0 to +25.5 volts in 0.1 - v o lt
increments, ± 1 0 mV.

PANEL METER READOUT
The DAC0808 can be used to read out the status
of BCD or binary registers or counters a digital con
trol system. The current output can be used to dri
ve directly an analog panel meter. External meter
shunts may be necessary if a meter of less than
20 mA full scale is used. Full scale calibration can
be done by adjusting R14 or Vref (see fig. 18).

COMBINED OUTPUT AMPLIFIER AND VOLTA
GE REFERENCE

CHARACTER GENERATOR

For many of its applications the DAC0808 requi
res a reference voltage and an operational ampli
fier. Normally the operational amplifier is used as
a current to voltage converter and its output need
only go positive. With the popular LM723 voltage
regulator both of these functions are provided in
a single package with the added bonus of up to 150
mA output current. See Figure 17. The reference

In a character generation system fig. 19 one
DAC0808 circuit uses a fixed reference voltage and
its digital input defines the starting point for a stro
ke. The second converter circuit has a ramp input
for the reference and its digital input defines the
slope of the stroke. Note that this approach does
not result in a 16-bit D-to-A converter (see Accura
cy Section).
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TWO-DIGIT BCD CONVERSION
Two 8-bit, D-to-A converters can be used to build
a two digit BCD D-to-A or A-to-D converter (fig. 21).
If both outputs feed the virtual ground of an opera
tional amplifier, 10:1 current scaling can be achie
ved with a resistive current divider. If current out
put is desired, the units may be operated at full
scale current levels of 4.0 mA and 0.4 mA with the
outputs connected to sum the currents. The error
of the D-to-A converter handling the least signifi
cant bits will be scaled down by a factor of ten and
thus an DAC0806 may be used for the least signi
ficant word.

FIGURE 15. Programmable Gain Amplifier or Digital
Attenuator Circuit

FIGURE 16.

I A1
A2
A81
Vo=10V ( T + T + - » /

FIGURE 17. Combined output amplifier and voltage
reference circuit

FIGURE 18. Panel meter readout circuit

HO - 5K

(») D IG IT A L WORD FROM COUNTER/HEGISTER
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FIGURE 19. Digital summing and character generation

FIGURE 20. Analog product of two digital words (High Speed Operation)

V0 = -I0 1 R0 = - ^ ! A l R0
R14,

Iq2 =

IB) IVpl _ |B|

R142

R142

R0

\ R14>|

| |A|

Since R q = R142 and K =. ^ref

R14-j

|

Iq 2 = K [A] (B) |K can be an analog variable

FIGURE 21. Two-digit BCD conversion

(**) LEAST SIG NIFICAN T BCD WORD
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