DACO0830 Series Application Hints  (continued)
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FIGURE 9.
2.6 Full-Scale Adjustment resistors, their temperature coefficients ideally would have to
In the case where the matching of Ry, to the R value of the match that of the internal DAC resistors, which is a highly im-
R-2R ladder (typically +0.2%) is insufficient for full-scale ac- practical constraint. For the values shown in Figure 10, if the
curacy in a particular application, the Vger voltage can be resistor and the poteonuomeFer each had atemperature coef-
adjusted or an external resistor and potentiometer can be ficient of £100 ppm/"C maximum, the overall gain error tem-
added as shown in Figure 10 to provide a full-scale adjust- perature coefficent would be degraded a maximum of
ment. 0.0025%/°C for an adjustment pot setting of less than 3% of
R

The temperature coefficients of the resistors used for this ad-
justment are of an important concern. To prevent degrada-
tion of the gain error temperature coefficient by the external
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DACO0830 Series Application Hints
(Continued)

2.7 Using the DAC0830 in a Voltage Switching

Configuration

The R-2R ladder can also be operated as a voltage switch-
ing network. In this mode the ladder is used in an inverted
manner from the standard current switching configuration.

DIGITAL
INPUT

The reference voltage is connected to one of the current out-
put terminals (Ioyr, for true binary digital control, Io, is for
complementary binary) and the output voltage is taken from
the normal Viee pin. The converter output is now a voltage
in the range from 0V to 255/256 Vgee as a function of the ap-
plied digital code as shown in Figure 11.
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FIGURE 10. Adding Full-Scale Adjustment
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This configuration offers several useful application advan-
tages. Since the output is a voltage, an external op amp is
not necessarily required but the output impedance of the
DAC is fairly high (equal to the specified reference input re-
sistance of 10 kQ to 20 kQ) so an op amp may be used for
buffering purposes. Some of the advantages of this mode
are illustrated in Figures 12, 13, 14, 15.

There are two important things to keep in mind when using
this DAC in the voltage switching mode. The applied refer-
ence voltage must be positive since there are internal para-
sitic diodes from ground to the Igyr, and loyr, terminals
which would turn on if the applied reference went negative.
There is also a dependence of conversion linearity and gain
error on the voltage difference between V.. and the voltage
applied to the normal current output terminals. This is a re-
sult of the voltage drive requirements of the ladder switches.
To ensure that all 8 switches turn on sufficiently (so as not to
add significant resistance to any leg of the ladder and
thereby introduce additional linearity and gain errors) it is
recommended that the applied reference voltage be kept
less than +5V and V¢ be at least 9V more positive than
Vger. These restrictions ensure less than 0.1% linearity and
gain error change. Figures 16, 17, 18 characterize the ef-
fects of bringing Vgegr and V¢ closer together as well as
typical temperature performance of this voltage switching
configuration.
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FIGURE 11. Voltage Mode Switching

+15V Vgg
Veer = 2.5Vpc
LM336
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* Voltage switching mode eliminates output signal inver-
sion and therefore a need for a negative power supply.

« Zero code output voltage is limited by the low level output
saturation voltage of the op amp. The 2 kQ pull-down re-
sistor helps to reduce this voltage.

e Vgs of the op amp has no effect on DAC linearity.

FIGURE 12. Single Supply DAC
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DACO0830 Series Application Hints  (continued)
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e Slewing and settling time for a full scale output change is ~ 1.8 us

FIGURE 13. Obtaining a Bipolar Output from a Fixed
Reference with a Single Op Amp
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FIGURE 14. Bipolar Output with Increased Output Voltage Swing
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DACO0830 Series Application Hints

(Continued)
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* Only a single +15V supply required
e Non-interactive full-scale and zero code output adjustments

® Vyax and Vy must be = +5VDC and = 0V.

1
® Incremental Output Step= 256 (VMAX — VMIN)-

D 255,
* Vout :g(VMAX’ VMIN) +ﬁVMIN

Gain and Linearity Error
Variation vs. Supply Voltage
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Note: For these curves, Vger is the voltage applied to pin 11 (IgyT) with
pin 12 (IoyT2) grounded.

FIGURE 16.

CODE (D)

CHANGE IN ERROR (%)

DS005608-14

FIGURE 15. Single Supply DAC with Level Shift and Span-
Adjustable Output

Gain and Linearity Error
Variation vs. Reference Voltage
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DACO0830 Series Application Hints

(Continued)

Gain and Linearity Error
Variation vs. Temperature
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FIGURE 18.

2.8 Miscellaneous Application Hints

These converters are CMOS products and reasonable care
should be exercised in handling them to prevent catastrophic
failures due to static discharge.

Conversion accuracy is only as good as the applied refer-
ence voltage so providing a stable source over time and tem-
perature changes is an important factor to consider.
A*“good” ground is most desirable. A single point ground dis-
tribution technique for analog signals and supply returns
keeps other devices in a system from affecting the output of
the DACs.

During power-up supply voltage sequencing, the =15V (or
-12V) supply of the op amp may appear first. This will cause

the output of the op amp to bias near the negative supply po-
tential. No harm is done to the DAC, however, as the on-chip
15 kQ feedback resistor sufficiently limits the current flow
from oy, When this lead is internally clamped to one diode
drop below ground.

Careful circuit construction with minimization of lead lengths
around the analog circuitry, is a primary concern. Good high
frequency supply decoupling will aid in preventing inadvert-
ant noise from appearing on the analog output.

Overall noise reduction and reference stability is of particular
concern when using the higher accuracy versions, the
DACO0830 and DACO0831, or their advantages are wasted.

3.0 GENERAL APPLICATION IDEAS

The connections for the control pins of the digital input regis-
ters are purposely omitted. Any of the control formats dis-
cussed in Section 1 of the accompanying text will work with
any of the circuits shown. The method used depends on the
overall system provisions and requirements.

The digital input code is referred to as D and represents the
decimal equivalent value of the 8-bit binary input, for ex-
ample:

Binary Input D
Pin 13 Pin7 Decimal
MSB LSB Equivalent
1 1 1 1 1 1 1 1 255
1 o 0O o0 O 0 o 0 128
0 0 0 1 0 0 0 0 16
0 o 0 O O0O o0 1 0 2
0 0O 0 O O o0 oO 0 0
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