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Voltage Adjustment Applications of the DAC-8800 TrimDAC®
An Octal, 8-Bit D/A Converter |

by Joe Buxton

The DAC-8800, amonolithic octal 8-bit digital-to-analog converter,
is a digitally-controlied voltage adjustment device. The DAC's
design makes it ideal for replacing trimming potentiometers in
- many applications. Not only does it replace potentiometers, but
the DAC has many advantages over them, such as solid state
reliability, very low drift over temperature and time, elimination of
shifts due to vibrations, and automating the adjustment process.
During manufacture of complex electrical systems, potentio-
meters must be manually adjusted taking considerable time and
cost for labor, or expensive robotic systems must be developed
forthe same purpose. However, the DAC-8800 can automate the
system’s voltage adjustments sothat a computer can now control
the calibration.

This application note first describes the basic architecture and
operating modes of the DAC-8800, including the reference input
range limits, the load that the DAC places onthe references, single
supply operation, and serial interfacing. The last half of this note
shows many basic circuits for using the DAC in a wide variety of
applications, such as two wire interfaces and stand-alone opera-
tion for systems not based on digital controllers. Also included
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FIGURE 1: DAC-8800 Biock Diagram

are techniques for adjusting the offset of operational amplifiers;
using two DAC outputs together for coarse and fine control of a
voltage; digitally changing the gain of a voltage-controlled
amplifier; and trimming voltage references.

BASIC ARCHITECTURE

As the functional diagram shows in Figure 1, the DAC-8800 has
eightindividual DACs divided into two groups of four, each group
having its own high and low reference inputs. Each DAC's output
is independently controlled by a serial interface through which
the 8-bit data word and 3-bit address are loaded.

Each of the DACs contains an R-2R ladder connected between
the high and low reference inputs as shown in Figure 2. The output
voltage is set by the position of the switches according to the
formula below:

Vout(D) = D x (VrerH ~ VRerL)/256 + Vperl
where D is the digital code.

As this equation shows, the output can vary from VgL 1o VagrH
in 256 steps. It is significant that, while the output voltage can
vary over this range, the DAC-8800's outputimpedance is always
equal to a constant Royr, the characteristic resistance of the
ladder. RoyTis typically 12kQ butcan vary between 8kQ2 and 16kQ
from device 1o device. The DAC's accuracy depends not on the
absolute value of the ladder resistors but rather on the relative
resistor matching. Thus, variations in output impedance do not
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FIGURE 2: DAC-8800 R-2R Ladder Network
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tect the linearity of the DAC. To easily understand the DAC, each
)utput can be thought of as a Thevenin equivalent circuit of a
roltage source in series with Royr as in Figure 3, where Rouris
12kQ. The digital code then varies the voltage source between
/--cL and VggpH.

v‘v‘vA © Vour
VagrH
TO
Vagel

-

FIGURE 3: Thevenin equivalent of each DAC output. Royr
s typically 12KkQ.

REFERENCE INPUT LIMITS

lhe switches in the R-2R ladder are N-channel enhancement
VIOSFETs with extremely low ON resistance. To ensurethe DAC's
inearity, the MOSFETSs’ gate-to-source voltage (Vgs) needstobe
jreater than the switches’ intrinsic threshold voltage, which for
he DAC-8800 is 2.5V. When the voitage falls below 2.5V the
VOSFETs’ ON resistance increases, which causes resistance
nismatching in the R-2R ladder. Any mismatching degrades the
secise R-2R ratios and thus decreases the linearity of the DAC.

inthe DAC-8800, the gate-to-source voltage is equivalentto the
roltage difference between Vpp and VperH, respectively. Fig-
sre 2 shows that VperH is connected to the drain of the MOSFET
switches, and, when the switches are on, the drain voltage is
sasically equivalent to the source voltage. The gate voltage is

n by CMOS logic, and when the switch is on, the logic con-

;the gate to Vpp. Thus, VerpH must be at least 2.5V below
Vpp. as shownin Figure 3 of the DAC-8800's data sheet. However,
'o guarantee the data sheet error specifications over -55°C to
+125°C, the gate-to-source voitage needstobe atleast 4V. There
is no similar limitation between the reference input and the
negative supply, Vss. Thus, the reference inputs can goto Vss.
An important note: because of internal protection diodes in the
DAC, VRerlL should not be allowed to go higher than VgegH.
Forward biasing these diodes allows large currents to flow be-
tween the two referencas, potentially resulting in permanent
damage to the DAC-8800.
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FIGURE 4: Igg/H variation versus digital code. One of four
DACs connected to VaeeH. The other 3 DACs are loaded
with zero code.

REFERENCE INPUT CURRENT CHANGES WITH DIGITAL
CODE

As the digital code changes, the resistance looking into the ref-
erence input changes significantly. Figure 4 shows the current
demand into the VgegH pin as a function of the digital code for
one of the four DACs referenced from that pin. This graph was
generated with the following conditions: Vpp = +12V, Vs = 0V,
VaerH = +5V, and Vpgel = OV. As can be seen, the load onthe
reference varies from zero to 400uA. With all four DACs operat-
ing, the load current can go up to a maximum of 1.6mA. Itis im-
portant to keep in mind that the current changes in abrupt steps.
Thus, in applications where speed is important, any device driving
the reference pin must be capable of handling these step current
changes. A fast recovery op amp (such as the OP-42) or refer-
ence is recommended.

THE DAC-8800 CANNOT BE USED AS A VARIABLE

RESISTOR

Atfirst glance the DAC-8800 might appear to be ideal for use as
a variable resistor from its output to VpggL, where VRgrl is tied
1o ground and VpegH left floating. However, its internal structure
was not designed for this. The reason is two fold. First, the resis-
tance from the DAC's output to Vrerl does not vary linearly with
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the digital code. Rather, it changes erratically, similar 1o the way
the reference current changes in Figure 4. These seemingly ran-
dom changes are due to various switches connected 1o VrerH
turning on in binary fashion rather than sequentially and creating
alternate current paths from the output to Vrerl.

Second, the NMOS switches are not bi-directional. In this vari-
able resistor configuration, the switches connected to VReeH
would actually have current flowing in reverse direction from the
source 1o the drain. They maintain their low ON resistance only
when current is flowing normally from the VpgeH side (the drain)
towards the output (the source). In backwards operation the
source voltage causes changes in theé ON resistance. Thus, any
change of the voltage on the DAC'’s output will change the ON
resistance and ultimately change the resistance to ground, even
atthe same digital code. Obviously, the DAC-8800 was designed
to work as a voltage attenuator, and not as a variable resistor.

AC MULTIPLYING MODE OPERATION

The DAC-8800 is designed primarily as a DC adjustment device.
Howevaer, it can aiso be used in multiplying mode by applying an

 AC signalto the reference input. In such applications, bandwidth,

off-isolation, and crosstalk are important to the circuit's perfor-
mance. The bandwidth of the DAC-8800 is limited by the ladder
resistance and the internal capacitance, which are both spacified
inthe data sheet. The typical resistance of 12kQ, combined with
the referencecapacitance of 75pF, limits the bandwidth to 177kHz.
Figure 5 shows actual network analyzer measurements of the
—3dB bandwidth, which for this particular part occurs at 30kHz.
The fact that the measured bandwidth is twice the typical points -
out how the bandwidth can vary due to varying capacitance and
resistance from device to device. The worst case bandwidth is
approximately 100kHz based on worst case resistor and capacitor
values of 16kQ and 100pF, respectively. Remember, as men-
tioned in the reference input limits section, VgeeH cannot go
below VagrL. Any AC signal into VaegrH must be biased to avoid
this condition.

The off isolation of the DAC-8800, shown in Figure 6, was mea-
sured using an AC signal for VggpH and measuring an associ-
ated DAC output with all the bits off. The off isolation reveals how
much of the input signal will feed through to the output. An inter-
esting correlation can be made between this graph and the
bandwidth graph of Figure 5, for the 1/16 scale measurement.
The 1/16 scale shows a 10dB rise in the gain above 100kHz. This
is actually due to the capacitive feedthrough of the DAC-8800.

The crosstalk versus frequency graph in Figure 7 was measured
as the crosstalk from one set of four DACs to the other set of
four DACs in the package. In other words, DACs A through D
were set to full scale, and a frequency dependent signal was in-
jected into their VgpH input. The crosstalk was then measured
on the outputs of DACs E through H. The graph shows DC
crosstalk of —120d8B rising up to -50dB at 100kHz, revealing ex-
cellent performance for DC and low frequency AC signals.
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FIGURE 8: DAC-8800 Single +5V Operation '

OUTPUT NOISE

The DAC-8800 exhibits basic broadband white noise of typically
18nV/v/HZ. its dominant noise source isthe resistor ladder. Thus,
the noise does not exhibit any measurabile 1/ noise.

SINGLE +5V SUPPLY OPERATION OF THE DAC-8800

The DAC-8800is ideal for single supply applications because its
output range includes ground. In fact, the DAC-8800 can work
weli with a single +5V only. Even with this low of a supply voltage,
VgrerH can be connected to a 1.23V bandgap reference (Figure
8). Although the 1.23V bandgap reference violates the 4V of
headroom requirement, the DAC is still within £1/2 LSB of total
unadjusted error. The 4V below the positive supply limit was set
with a safety margin of about 0.5V to account for operation over
the full operating temperature range.

The 1.23V bandgap reference voltage is derived from the TRIM
pin of a precision 2.5V reference device, the REF-43. The bufter
amplifier is needed because the TRIM pin's impedance is SOkQ2.
-~ The DAC-8800's reference inputs characteristically range from
12k0Q2 to 40kQ2 depending on the digital code, which would load

the trim pin excessively. The OP-290's low offset voltage of 75uV
and low temperature drift characteristics maintainthe reference’s
accuracy. The OP-290 also has the ability for its output to oper-
ateto ground with the addition of a load resistor; 10kQworks well.
The output amplifier is needed to buffer the DAC-8800’s high
output impedance when the output is connected to a low im-
pedance load.

SERIAL INTERFACING

The digital control of the DAC-8800 is a standard three-wire serial
interface with clock (CLK), load (L_ﬁl._agd serial data input (SDI)
(Figure 9). Additionally, an inverted CLK input pin is available for
negative edge triggered data loading. Either CLK or CLK can also
be used as a chip select pin. When loading data, 3 address bits
are loaded, MSB first, followed by 8 bits of data, again MSB first.
Thus 11 bits in all are loaded through the SDI pin to control each
DAC. The DAC-8800 can run on aclock as fast as 6.6MHz making
it possible to load all eight DACs in as little as 14 microseconds.
Furthermore, the DAC-8800 maintains TTL compatibility for
positive power supply voltages greater than or equal to +5V.
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FIGURE 9: DAC-8800 Serial interfacing
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TWO WIRE INTERFACES FOR PROCESS ENVIRONMENTS
High voitage isolation using opto-couplers is often necessary for
serial interfaces found in process control applications. In these
and other applications where minimizing the number of data lines
is desirable, two-wire signal interfaces can be used (Figure 10).
This simple circuit transiates the two-wire interface into the three
data lines required to load the DAC-8800. The LOAD signal is
generated using two retriggerable one-shots. Thefirstone-shot’s
timeout should be set longer than the clock period. Each suc-
ceeding clock pulse will retrigger the one-shot until all 11 bits are

" loaded into the DAC. Then the clock must pause long enough to

aliow the one-shot to time out. When the first one-shot’s output

s low, it triggers the second one-shot, which produces the
puise, and finishes the loading cycle.

There are some common pitfalls when using one-shots. For ex-
ample, the timeout set by the external resistor and capacitor can
vary over temperature and from part to part. Even more signifi-
cant is the variation due 1o resistor and capacitor tolerances. A
typical capacitor can vary by +10% which will cause an equiva-
lent £10% variation in the timing of the one-shot. To avoid the
problems of one-shots, a second method using a counter is
recommended (Figure 11a). The counter keeps track of the
number of clock cycies and, when all the data has been input to
the DAC, the external logic creates the LOAD pulse.
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FIGURE 11a: Isolated Two-Wire Serial Interface Using a Counter
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FIGURE 11b: Isolated Two-wire Serial Interface Timing Diagram

Refarring to the timing diagram (see Figure 11b), the counter is
incremented on every rising edge of the clock. Additionally, the
data is loaded into the DAC-8800 on the falling edge of the clock
by using the CLK input instead of the CLK input. The reason for
using the CLK input becomes apparent after considering the LOAD
pulse. The timing diagram shows that after the eleventh bit has
been clocked, the output of the counter is binary 1010. On the
following rizing CLK edge the output of the counter changes to
binary 1011, upon which NAND gate ‘X’ goes lowto generate the
TOAD pulse. The TOAD signal is connected to both the DAC's
D and the counter's pins. Since the counter has a syn-
chronous clear, the TOAD pulse remains low until the next CLK
pulse. NAND gates ‘Y’ and ‘Z prevent thetwaelith taliing CLK edge
n-nalled ‘LOAD' in the timing diagram) from clocking the DAC,

h would load false data into the DAC. Usir_r% the CLK input
anows sufficient time from the CLK edge to the L edge, and
trom the LOAD edge to the next CLK pulse, to satisfy the timing
requirements for loading the DAC-8800.

After loading one address of the DAC, the entire process can be
repeated to load another address. If the loading is complete then
the CLK must stop after the twelfth pulse of the final load. The
TLK input will be pulled high and the counter reset to zero. The
timing requirements of the system are the same as forthe DAC
alone, and can be found in the DAC-8800’s data sheet. Another
feature of this circuit is the R and C on the CLR pins of both the
DAC and the counter. This simple RC timing circuit will clearboth
chips upon system power-up. The 74LS161 was chosen because,
like the DAC-8800, it has an asynchronous clear. The RC time
constant should be set longer thanthe power supply turn-ontime.
The values shown inthe circuitgive atime constant of 10ms, which
should be adequate for most systems. This same two-wire inter-
face can be used for most three-input serial DACs.
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STAND-ALONE OPERATION PROVIDING NONVOLATILE
SETTINGS

Whenever a system with a DAC-8800 is powered on, the DAC-
8800 needs to have all eight of its data words loaded to set the
proper DC output voltages. In a system with a microprocessor or
microcontroller, this is a straightforward operation. However, in
some systems the DAC-8800 may be the only part with a digital
interface. In this case, the circuit shown in Figure 12a will auto-
matically load the DAC on system power-up. The core ofthe circuit
is a serial input/output EEPROM device (Uz), preprogrammed
with the appropriate data for the DAC. The counter labelled U,
counts through 8 addresses, which are serially shifted into the
EEPROM by Uy, a paraliel to serial shift register. The EEPROM
shifts out a 16-bit word associated with each address. Only 11 of
the 16 bits are actually shifted into the DAC before the LOAD pulse
arrives.

The second counter, U, in combination with the fiip-flop Ug, counts
the loading of the bits into the EEPROM and into the DAC-8800.
When all the bits are loaded the logic sends a LOAD pulse which
loads the DAC and increments the address on U,. The timing
diagram in Figure 12b gives a detailed description of the loading
of one address. The CLK INH logic inhibits the shift register dur-
ing certain CLK pulses because 9 bits need to be loaded into the
EEPROM and only 8 bits are available in the register.

When the system is powered-up, Ry and C, create a PWRUP
puise to asynchronously clear all of the counters and the DAC.
Afterthe puise goes high, the free running clock begins
10 load all 8 addresses. After the eighth address is loaded, the
clock is disabled to remove any digital switching noise in the ana-
log circuitry.
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DAC-8800 TEST FIXTURE
Figure 13 shows a fixture to test the DAC-8800. The circuit in-
cludes switches 10 set the address and data so that each DAC
can be loaded with any digital word. After the switches are set,
pressing the push-button activates the monostable multivibrator
which generates the clock signal to load the DAC register. The
counter selects the successive MUX channels, which switch the
“s in proper loading order. After ali eleven bits are loaded, the
,AD switch is manually toggled to generate a LOAD puise. The
~CIH switch should be high at ali times except to clear all eight
DACs, inwhich case CLR needs to be switched low and then back
to high. The CS switch should always be set lowto keepthe DAC
selected at all times. The DAC-8800's outputs are butfered by
OP-400 operational amplifiers; however, the outputs can be
configured many different ways for the actual tests required.
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CONDITIONS TO AVOID IN USING THE DAC-8800

The DAC-8800 is very resistant to the most common latch-up
conditions.(!) For example, it does not latch-up when the digital
inputs go high before the DAC is powered up. Nor is the DAC's
own power supply sequencing significant. However, a few con-
ditions still exist that are potentially destructive. In order to pre-
vent damage from latch-up and ESD, the internal DAC-8800
design includes large body diodes placed from many of the pins
toground or either of the supplies, as showninFigure 14. Looking
at the placement of the diodes, it is easy to understand what
conditions need to be avoided. The voltage across these diodes
should be less than 0.3V, or they will start to turn on.
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FIGURE 14: Diagram of diodes in the DAC-8800 designed
for ESD protection and latch-up prevention.

Even if one of the diodes does turn on the condition is not neces-
sarily destructive. For axample, the diodes from the digital inputs
to Vpp, and from ground to the inputs, were madse large enough
1o handle in excess of 200mA of current without being damaged.
All the other diodes can handle at least 100mA. Thus, if there is
any chance of any of the diodes forward biasing, the pin should
be current limited. In the case of the digital inputs, a small series
resistor can easily prevent more than 200mA from flowing.

APPLICATION CIRCUIT COLLECTION FOR THE DAC-8800
The DAC-8800 can be used for a wide variety of DC adjustment
Vlications. The main point that needs to be remembered is that
.o DAC-8800 output is basically a voltage source with a 12k
output impedance. Thus, a high impedance load can be directly
connected to the DAC's output, however with a low impedance
load, the DAC's output may need to be buffered.

Figure 15 suggests numerous basic trimming operations thatthe
DAC-8800 can be used for. Setting comparator trip points is a
prime exampie of using the DAC-8800 to directly drive a high
impedance load. The comparator's trip point can be digitally al-
tered for different signal conditions. Another example of a high
impedance load is controlling the gain of a video Voltage Con-
trolled Amplifier (VCA) by altering the collector current through
the differential pair. The DAC-8800 adjusts the base voltage of
the current source transistor thus changing the collector currents.
This in turn changes the transconductance of the differential pair
transistors, which directly changes the gain.

DIGITALLY-CONTROLLED VCA

The DAC-8800 can also be used in audio systems to control the
gain of alow distortion audio VCA such as the SSM-2014 (Figure
16). The SSM-2014 has over 100dB of dynamic range, and its
gain is logarithmically proportionaltothe controlvoltage, V¢. The
DAC can be connected directly to the control port of the VCA,
which has a gain sensitivity of ~30mV/dB. Areference range from
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FIGURE 15: Typical DC Adjustments Using the DAC-8800

+2.5Vio —1.2V willgive again range of -80dB to +40dB, andthe
SSM-2014 maintains flat gain and phase response to well above
the audio frequency range of 20kHz for all gains. The circuit has
a typical control feedthrough of 1 .3mV/V at 100Hz. To minimize
this effect, capacitor Cgis usedto siow down the DAC transitions.
Using 1.04F gives a pole at 13Hz, which will filter out most of the
glitch energy and any high frequency noise.
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FIGURE 16: Digital Gain Control Using a Voltage-Controlled
Amplifier



TRIMMING OP AMP OFFSET VOLTAGE

Afrequently encountered DC adjustment application is trimming
op amp offsets. There are many straight forward methods for
trimming; one of which is connecting the DAC-8800totheopamp's
null pins. The DAC-8800 can directly null op amps to the nega-
tive supply, provided the supply is ~12V or less in magnitude
(Figure 17). This limit is because of the maximum 20V limit across
the DAC. Since the positive supply needs to be at least +SV for
logic interfacing, the DAC-8800's negative supply is safe to around
~12V. The references used need to be near the voitage of the op
amp’strim pins, which is typically acouple hundred millivolts above
the negative rail. The figure shows reference values that work
well for trimming the OP-42 over a +40mV range. The actual
voltages can be created using resistor dividers from the negative
supply to ground and butfering the reference inputs with opamps.
In cases where the op amp is adjusted from the positive rail, one
of the alternative methods inthe following paragraphs is needed.
The reason for this is that the DAC-8800's output would need to
be able to go up to the positive supply. However, VpegH is limited
to 4V belowthe positive supply. Thus, the offsetcannot be directly
adjusted around the positive supply.

0 Vour

«11.5V O~—1 VperH

1178V O==—d VrerlL ——

FIGURE 17: Using the DAC-8800 for offset nulling directly
on the op amp's null pins.

A simpler method of offset nulling that gets around the supply
voltage limitation is to connect the DAC-8800's output in series
with a resistor 10 the summing node of the amplifier (Figure 18).
This adds a smali current that cancels the op amp’s offset voltage.
The series resistor should be large to provide a fine adjustment.
The noise of the DAC and the series resistor might at first appear
to be a problem, but it is actually attenuated by the 1kQ input
resistor. Therefors, the tkQ noise dominates. For the values in
Figure 18, the adjustment range is £50mV on the output. Figure
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FIGURE 18: Offset nulling by connecting the DAC-8800 to
the summing node of an amplifier.
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FIGURE 19: Offset nulling by connecting the DAC-8800 to
the noninverting node of an amplifier.

19 shows an aiternative method of offset nulling by adjusting the
voitage at the amplifier's noninverting input. The resistor divider
is recommended to provide for fine control of the offset. The ad-
justment range for the values in Figure 19 is t42mV. The small
resistor-to-ground aiso reduces the DAC's output noise to a point
where itis insignificant compared to the op amp’s own noise. With
Rz = 10Q, the input noise caused by the DAC reduces to
15pV/vHZ; the noise of R, is much larger than this.

in both nulling applications shown, a positive and negative refer-
ence is required; however, in certain systems, only one reference
may be available. Thus, the DAC-8800 can only adjust the offset
in one direction. if this is the case, the amplifier can be forced to
offset in either the positive or negative direction by connecting
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one of the offset pins to the appropriate power supply voltage.

Thenthe offset only needs to be adjusted in one direction, which

the DAC-8800 can easily do with just one reference. Typical op

amps have Vog adjustment ranges on the order of +5mV. Thus,

the adjustment range of the DAC-8800 needs only to adjust the
‘put offset by 10mV.

__.«the op amp is forced to offset in only one direction, the tem-
perature coefficient of Vog (TCVos) will almost certainly be al-
fected. For atypical op amp, TCVogis directly proportionalto the
offset voitage. Thus, if the offset voitage is larger to stant with,
then TCVgg will also be larger. For example, an op amp with a
simple NPN input stage will exhibit a TCVog equaltoVos divided
by the temperature in degrees Kelvin at which that offset was
measured. This translates to approximately 3uV/°C of TCVos
for every millivolt of Vos.

TRIMMING VOLTAGE REFERENCES

Figure 20 shows the DAC-8800 being used to trim a voltage
reference such as PMI's REF-01. The output of the DAC is con-
nected to the TRIM pin of the reference just as the wiper of a
potentiometer would be connected. This entire circuit can easily
be used in single supply applications because the DAC-8800's
output can go to Vgg. Furthermore, this method can be used for
all of PMI's references provided there is at least 4V of headroom
between Vpp and Vout- The adjustment range of this circuit is
the same as the £300mYV specified in the REF-01's data sheet.

Vour Voo=ViN
o
2 Vour VageH
Vin O—
REF-01
TRiM DACo80 &
[] >
g Vrerl. /
= o

Vour ADJUSTMENT RANGE: £300mV

FIGURE 20: Reference Trimming Using the DAC-8800

COARSE-FINE CONTROL

Two of the DAC-8800's outputs can be connected together, and
the resulting output is the average of the two unconnected outputs
(Figure 21). This can easily be seen by thinking of the Thevenin
equivalent circuit in Figure 3. The two output resistances in the
samepackage are well matched sothey form anaccurate resistive
divider, which averages the two DAC voltages. Such acircuitcould
be useful for performing a coarse-fine control, where one of the
references is set to 1/10 the other reference. For example, set-
ting VRerH 10 1.0V, Vgrly to ~1.0V, VerHa to 100mV, and
VRerlz to ~100mV gives an output adjustment range of +0.5V
10.05V. :
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+1V O-q VpgrH
DAC-8800

-1V O~ Vnert-

—0 Vour= 0.5V £ 0.05V

+0.1VO==ed VpuprH

DAC-8800

-0.1v O~ VrgrlL =

FIGURE 21: Coarse-Fine Control by Averaging the DAC-
8800 Outputs

This application is limited by the voltage difference between the
references. if Vpeg1 is too much larger than VReg2, the output
voltage goes above Ver2, andthe switches in VReF2starttoturn
on independent of the digital code, which causes a significant
error. ltcan even cause VRer210 increase by forcing current back
into the reference, causing nonlinearities. The actual threshold
for the switches turning on varies depending upon the common
mode voltage of the two references, but the worst case is 1.5V
between Vper1 and VRer2. Thus, the above example with VgerH
= 1.0V and VagrHz = 100mV works well, but increasing VRerH1
above 1.6V may cause the switches to start turning on. For
unipolar applications, this problem can be avoided by connect-
ing both the high references to ground and setting the low reter-
ences to, for example, —10.0V and —1.0V. Configured this way,
the outputcan never go above the high reference, and the switches
will never turn on independent of digital code.

An alternative method that avoids the aforementioned problem
is shown in Figure 22. Using this method, the output voltage can
never be greater in magnitude than any of the references. Toget
the maximum output voltage, set both V4 and V2 to VgerH, then
the equation simplifies as follows:

Vo = VrerH [ (2Rout + Rs) / (2Rour + Rs) | = VRerH

Thus, the maximum output voltage is equal to the reference of
the DACs. Another advantage isthatonly half as many references
are needed. One thing to be careful of is that the percentage
adjustment range of each DAC output will vary with changing
output resistances from device to device. In Figure 22, with RouT
= 12kQ, Rg = 96k sets the outputto be 10% of V4 and 90% of V,.
Howaever, if RoyTchangesto 8kQ, thenthe percentages become
7% and 93%, respectively. lf this is unacceptable, then Rg needs
tobe variable from atleast 64k 1o 128kQto coverthe entire output
resistance range of the DAC.
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FIGURE 22: Course-fine adjustment using the same
reference for both DACs.

Ancther method, shown in Figure 23, is current summing. Inthis
case, the DAC outputs are connected to the virtual ground of the
op amp, avoiding the problem of the switches being forced on.
The feedback resistor should be 12kQ to match the output im-
pedance of the DAC-8800. As in the above application, the feed-
back resistor may need to be varied from 8k(2to 16kQ depending
on variations in the DAC-8800's output resistance. Also remem-
ber that the op amp inverts the DAC's reference voitages, so a
5V high reference gives -5V at the output of the op amp.

AN ADJUSTABLE REFERENCE FOR ANALOG-TO-DIGITAL
CONVERTERS

in an analog-to-digital conversion circuit the DAC-8800 works
well asa digitally-controlied reference (Figure 24). Using the DAC,
the reference voltage can be adjusted for different ADC sensi-
tivities. The DAC-8800 output may need to be buttered by anop
ampbecauseoithetypical ADC's low reference input impedance.
For flash converters the typical input impedancs is usually well
below 1kQ, which is much too low for the DAC-8800’s output
impedance of 12k2. A separate DAC in the same package can
provide the negative reference as well, but  too has to be buffered
with an op amp.

As can be seen by the many different application circuits shown
in the above section, the DAC-8800 is a very versatile device. Of
course, the application sxamples shown here are only a small
selection of the many ditferent ways the DAC-8800 can be used.

FIGURE 23: Voitage summer by connecting the DAC-8800
outputs to the summing node of an amplifier.

+5V

1

'/

'/ ] %

Vot VOO 6 2VREF

- 4
DAC-8800 ADC-908
~10vO~] Vmerl S
e
Vgg = =10V

FIGURE 24: The DAC-8800 as a digitally-controlled variable
reference for ADCs. The DAC's output needs to be buffered

by an op amp.
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