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CMOS 12-Bit Buffered Multiplying DAC

General Description

The AD7545 is a 12-bit CMOS multiplying digital-to-
analog converter (DAC) with internal data latches.
Input data is loaded as a_single 12-bit word and
latched under the control of CS and WR inputs. When
CS and WR are low, the input data latches are trans-
parent and the DAC output responds to any changes
in the digital input.

AD7545 works with a single +5V or +15V power supply.
Electrical characteristics are specified at both of these
supply voltages. With a +5V supply, the digital inputs
are +5V TTL and CMOS compatible while high voltage
CMOS compatibility is maintained at +15V supply
range.

Maxim AD7545 uses low tempco thin-film resistors
which are laser-trimmed to result in linearity errors
that are typically +'% LSB and gain errors of maximum
+1 LSB (G grade).

The digital inputs are designed with improved protec-
tion against electrostatic discharge (ESD) damage
and can typically withstand to over 6,000V of ESD
voltages.

The AD7545 is supplied in 20-lead narrow DIP and
Small Outline packages.

Motion Control Systems
Automatic Test Equipment

uP Controlled Calibration Circuitry
Programmable Gain Amplifiers

Programmable Power Supplies

Functional Diagram

Applications
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Features
¢ 12-Bit Resolution
¢ +1LSB Gain Accuracy (G Grade)
& Single Supply Operation
¢ Improved ESD Protection
¢ CMOS/TTL Compatible for Vpp = +5V
¢ CMOS Compatible for Vpp = +15V
Ordering Information
PART TEMP. RANGE  PACKAGE* ERROR
AD7545JN 0°C to +70°C  Plastic DIP +2 LSB
AD7545KN 0°C to +70°C  Plastic DIP +1 LSB
AD7545LN 0°C to +70°C  Plastic DIP +% LSB
AD7545GLN 0°C to +70°C  Plastic DIP +% LSB
AD7545JCWP 0°C to +70°C  Small Outline 2 LSB
AD7545KCWP 0°C to +70°C  Small Outline 1 LSB
AD7545LCWP 0°C to +70°C  Small Outline % LSB
AD7545GLCWP  0°C to +70°C  Small Outline  +% LSB
AD7545JC/D 0°C to +70°C _ Dice +2 LSB
AD7545AQ -25°C to +85°C  CERDIP** +2 LSB
AD7545BQ -25°C to +85°C  CERDIP** +1 LSB
AD7545CQ -25°C to +85°C  CERDIP** +% LSB
AD7545GCQ  -25°C to +85°C  CERDIP** +% LSB
AD7545S8D -55°C to +125°C Ceramic +2 LSB
AD7545TD -55°C to +125°C Ceramic +1LSB
AD7545UD -55°C to +125°C Ceramic +% LSB
AD7545GUD -55°C to +125°C Ceramic +% LSB
AD75455Q -55°C to +125°C CERDIP** +2 LSB
AD7545TQ -55°C to +125°C CERDIP** +1 LSB
AD7545UQ -55°C to +125°C CERDIP"" +% LSB
AD7545GUQ  -55°C to +125°C CERDIP** +% LSB
*All d —20 iead packag
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**Maxim reserves the right to ship Ceramic packages in lieu of
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CMOS 12-Bit Buffered Multiplying DAC

ABSOLUTE MAXIMUM RATINGS (T, = +25°C unless otherwise stated.)

©

‘ Vppto DGND ... -0.3 to +17V Operating Temperature Ranges

m Digital Input Voltage to DGND .............. -0.3 to Vpp JK L Gl 0°C to +70°C
Vars, Vagr O DGND ..o oo +25V A B, C,GC .. -25°C to +85°C

N Vo t0DGND ... 0.3 to Vpp S T U Gu.... -55°C to +125°C

n AGND O DGND ..., -0.3 to Vpp Storage Temperature ................... -65°C to +150°C
Power dissipation to +75°C (any package) ....... 450mW Lead Temperature (Soldering 10 seconds) ....... +300°C

< Derate above 75°C by .................... ... 6mwW/°C

Stresses above those listed under "Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not
implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability.

Typical Performance Characteristics
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CMOS 12-Bit Buffered Multiplying DAC

ELECTRICAL CHARACTERISTICS b
(Vop = *5V, Vggr = +10V, Vg1, = OV, AGND = DGND. Over specified temperature range unless otherwise specified.) u
PARAMETER [symsoL | CONDITIONS [min | 7Y | max [UNITS | g
STATIC PERFORMANCE m
Resolution N 12 Bits &
Relative Accuracy INL JAS +2 LsB (3]
K.BT +1 LSB
LCuU +1/2 LS8
GL,GC.GU +1/2 LSB
Differential Non-Linearity DNL 10-bit Monotonic J.AS +4 LSB
12-bit Monotonic K.B,T +1 LS8
12-bit Monotonic LCU +1 LSB
12-bit Monotonic GL.GC,GU +1 LSB
Gain Error FSE JAS +20 LSB
(Note 1) K.BT +10 LS8
L,CU T, = +25°C +5 LSB
Over Temp. +6 LSB
GLGC,GU T, = +25°C +1 LS8
Over Temp. +2 LSB
Gain Tempco °
AGain/ATemp. {(Note 2) TCFS +2 *5 ppm/°C
DC Supply Rejection - o T, =+25°C 0.015 %/%
AGain/AVgy (Note 2) PSR | AVpp = +5% Over Temp. 003 | %%
DYNAMIC PERFORMANCE
Current Settling Time tg To +1/2 LSB. OUT1 Load is 100ohms.
(Note 2) CS = 0V.DAC output measured from falling 2 us
edge of WR.
Propagation Delay tep From digital inputs,
(Note 2) DB11-DBO0, change from Vp,
to OV or OV to Vpp, to 90% of T, = +25°C 300 ns
final analog output. OUT1 load
is: R = 100ohms/C = 13pF.
Digital to Analog - _ ° »
Glitch Impulse Q Vagr = AGND T = +25°C 400 nv-s
AC Feedthrough at OUT1 Vagr = £10V, 10kHz sinewave, -
(Note 3) FTE | pB11-DBO = OV. 5 mvp-p
REFERENCE INPUT
Input Resistance Rger Vger Pin to AGND 7 " 25 kohms
Input Resistance Tempco TCR -300 ppm/°C

Note 1: Using internal feedback resistor, RFB. DAC register loaded with 1111 1111 1111, Gain error is adjustable using the
circuits of Figures 3, 4 and 8.

Note 2: Guaranteed by design but not tested.

Note 3: In ceramic packages the feedthrough can be further reduced by grounding the metal lid of the package.

Note 4: Sample tested at 25°C to ensure compliance.

Note 5: See timing diagram for definitions of the switching times.

Vi XL /vi 2-99
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CMOS 12-Bit Buffered Multiplying DAC

ELECTRICAL CHARACTERISTICS (Continued)
(Voo = *5V, Ve = +10V, Vgyry = OV, AGND = DGND. Over specified temperature range unless otherwise specified.)

PARAMETER [symBoL | CONDITIONS [ miN | TP [ max [uNITS
ANALOG OUTPUTS
OUT1 Capacitance c DB11-DBO = 0V, WR = CS = OV 70 pF
(Note 2) oum DB11-DBO = V5, WR = CS = OV 200 pF
OUT1 Leakage Current kg |WR=CS=0V JK.LGL Ta = +25°C 10 nA
DB11-DBO = OV Over Temp. 50 nA
ABCGC T, =+25°C 10 nA
Over Temp. 50 nA
S, TU,GU T, = +25°C 10 nA
Over Temp. 200 nA
DIGITAL INPUTS
Input High Voltage Viu 24 \
Input Low Voltage Vi 0.8 Vv
Input Current Iin Vin = 0V or Vpp T, = +25°C +0.001 +1 HA
Over Temp. +10 HA
Input Capacitance c V,y = 0V; DB11-DB0 5 pF
(Note 2) Ny, = 0V; WR, CS 20 pF
SWITCHING CHARACTERISTICS (Notes 4, 5)
Chip Select to Write t Tp = +25°C 280 200 ns
Setup Time cs Over Temp. 380 270 ns
Chip Select to Write
Hold Time ten 0 ns
Write Pulse Width twr tes = twp ton = 0 Tp = +25°C 250 175 ns
Over Temp. 400 280 ns
Data Setup Time tos Tp = +25°C 140 100 ns
Over Temp. 210 150 ns
Data Hold Time ton 10 ns
POWER SUPPLY
Supply Current oo All digital inputs: V, or V|4 2 mA
: OV or Vpp, Ta = +25°C 10 100 uA
10V or Vgp Over Temp. 10 500 HA

Note 1: Using internal feedback resistor, RFB. DAC register loaded with 1111 1111 1111 Gain error is adjustable using the
circuits of Figures 3, 4 and 8.

Note 2:
Note 3:
Note 4:
Note 5:

2-100

Guaranteed by design but not tested.
In ceramic packages the feedthrough can be further reduced by grounding the metal lid of the package.
Sample tested at 25°C to ensure compliance.

See timing diagram for definitions of the switching times.
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CMOS 12-Bit Buffered Multiplying DAC

ELECTRICAL CHARACTERISTICS b
(Vpp = +15V, Vggr = +10V, Voyry = OV, AGND = DGND. Over specified temperature range unless otherwise specified.) u
PARAMETER [symBoL | CONDITIONS [ min T 1ve [ max [uNits | wg
STATIC PERFORMANCE u
Resolution N 12 Bits N
Relative Accuracy INL JAS +2 Ls8 (3]

K.B,T +1 LSB

L.CU +1/2 LSB

GL,GC.GU +1/2 LsSB

Differential Non-Linearity DNL 10-bit Monotonic JAS +4 LSB

12-bit Monotonic K.B,T +1 LSB

12-bit Monotonic L.CU +1 LS8

12-bit Monotonic GL,GC,GU +1 LS8

Gain Error FSE J,AS +25 LsSB

(Note 1) K.,B, T +15 LS8

L.CU +10 LSB

GL,GC,.GU Ta = +25°C +6 LSB

Over Temp. +7 LSB

Gain Tempco °

AGain/ATemp. (Note 2) TCFS 2 | #10 ppm/°C
DC Supply Rejection - 450 Ta = +25°C 0.01 %/%
AGain/AVpp (Note 2) PSR | AVpp = +5% Over Temp. 0.02 %/%

DYNAMIC PERFORMANCE

Current Settling Time tg To +1/2 LSB OUT1 Load is 100ohms. n
(Note 2) CS = 0V._ DAC output measured from falling 2 us
edge of WR.
Propagation Delay tep From digital inputs,
(Note 2) DB11-DBO, change from Vpp
to OV or OV to Vpp, to 80% of Ta = +25°C 250 ns

final analog output. OUT1 Load
is: R = 1000hms/C = 13pF.

i impuse > Q | Veer = AGND T, = +25°C 250 nv-s
'(C\'\(j:o;egt)jthrough at OUT1 FTE \[I)RBE1F1iDiB1(())\2 [1)(\)/.kHz sinewave, 5 mVp-p
REFERENCE INPUT
Input Resistance Rger Vger Pin to AGND 7 1 25 kohms
Input Resistance Tempco TCR _ -300 ppm/°C
ANALOG OUTPUTS
OUT1 Capacitance c DB11-DB0 = 0V, WR = CS = OV 70 pF
(Note 2) OuT1 | DB11-DBO = Vpp, WR = CS = 0V 200 pF
OUT1 Leakage Current lka WR = CS = 0V JKLGL Tp = +25°C 10 nA
DB11-DBO = OV Over Temp. 50 nA
AB,C.GC Ta = +25°C 10 nA
Over Temp. 50 nA
S,TUGU Ta = +25°C 10 nA
Over Temp. 200 nA
DIGITAL INPUTS
Input High Voltage Vin 135 v
Input Low Voltage Vi 1.5 \
Vi1 X2V 2101

This Material Copyrighted By Its Respective Manufacturer



AD7545

This Materi al

CMOS 12-Bit Buffered Multiplying DAC

ELECTRICAL CHARACTERISTICS (Continued)
(Vpp = +15V, Ve = +10V, Vur, = OV, AGND = DGND. Over specified temperature range unless otherwise specified.)

PARAMETER | symsoL | CONDITIONS [ min T 1ve [ max [uniTs
DIGITAL INPUTS (Continued)
Input Current Iin Vin = 0V or Vg Tp = +25°C +0.001 +1 HA
Over Temp. +10 HA
Input Capacitance c V\y = 0V. DB11-DBO 5 pF
(Note 2) N Vi = 0V; WR, CS 20 pF
SWITCHING CHARACTERISTICS (Notes 4, 5)
Chip Select to Write t Tp = +25°C 180 120 ns
Setup Time cs Over Temp. | 200 150 ns
Chip Select to Write
Hold Time ton 0 ns
Write Pulse Width twa tes 2 twr top = 0 Ty = +25°C 160 100 ns
Over Temp. 240 170 ns
Data Setup Time tps Tp = +25°C 90 60 ns
Over Temp. 120 80 ns
Data Hold Time ton 10 ns
POWER SUPPLY
Supply Current lop All digital inputs: V, or V 2 mA
: OV or Vpp. Ta = +25°C 10 100 uA
10V or Vpp Over Temp. 10 500 HA
Note 1: Using internal feedback resistor, RFB. DAC register loaded with 1111 1111 1111. Gain error is adjustable using the
circuits of Figures 3, 4 and 8.
Note 2: Guaranteed by design but not tested.
Note 3: In ceramic packages the feedthrough can be further reduced by grounding the metal lid of the package.
Note 4: Sample tested at 25°C to ensure compliance.
Note 5: See timing diagram for definitions of the switching times.

Detailed Description
D/A Converter

The basic AD7545 DAC circuit consists of a laser
trimmed, thin-film R-2R resistor array with NMOS
current switches as shown in Figure 1. Binarily
weighted currents are switched to either OUT1 or
AGND depending on the status of each input bit.
Although the current at OUT1 and AGND will depend
on the digital input code, the sum of the two output
currents is always equal to the input current at Vgee.

Either current output can be converted into a voltage
externally by adding an output amplifier (Figure 3).
The Vgper input accepts a wide range of signals in-
cluding fixed and time varying voltage or current
inputs. If a current source is used for the reference
input, then a low temperature coefficient external
resistor should be used for Rgg to minimize gain
variation with temperature.

The internal feedback resistor Rgg is compensated
with an NMOS switch that matches tﬁe NMOS switches
used in the R-2R array. This results in excellent supply
rejection and gain temperature coefficient.

The loyry pin output capacitance, Cqoyry, is code
dependant and is typically 70pF to 200pF. with all
switches to AGND and lgy74, respectively.

2R 2R 2R

3 S 9 RFB
) ¥ | l
| | | l
] | I I I ouT1
| I T S ; 0 AGND
| | 1 | 1
DB11 DB10 DB9 DB1  DBO
(MSB) (LSB)

Figure 1. Simplitied D/A Circuit of AD7545

Digital Circuit

The digital circuit for one bit is shown in Figure 2.
The digital CONTROL signal is HIGH when WR and
CS are both low. When WR and CS are tied low, the
digital input directly controls the D/A switches.

VI X1V
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CMOS 12-Bit Buffered Multiplying DAC

TO LADDER
A

—;\H

TO OUT1 TO AGND

— e

INPUT BUFFERS

CONTROL CONTROL

Figure 2. Digital Input Structure

The input buffer inverters act as a level shifter con-
verting TTL levels into CMOS logic levels. These input
buffers are CMOS/TTL compatible (0.8V and 2.4V) at
Vpp = +5V. The AD7545 also works with Vpn = +15V
w%ere the input buffers are CMOS compahgle (1.5v
and 13.5V) only. With the digital input voltages at 1V
to 6V the input buffers work in their linear regions
drawing current from the power supply. Therefore to
minimize high supply currents the digital input volt-
ages should be kept as close to the supply and ground
voltages (Vpp and DGND) as possible.

All digital inputs are ruggedized against electrostatic-
discharge (ESD) sensitivity and can typically withstand
ESD voltages of over 6kV.

t tcs + 'CH*I v
oD

P __* J_
SELECT 0
twr —-|
_ y—— VDD
WRITE
t 0

DH

r——los Voo

DATA IN Vin
(DBO-DB11) Xv"_ DATA VALID X .

MODE SELECTION

HOLD MODE:

Either CS or WR high, data bus
(DB0-DB11) is locked out; DAC
holds last data present when
WR or CS assumed high state.

WRITE MODE:

CS and WR low, DAC responds
to data bus (DB0-DB11) inputs.

NOTES:

Vpp = +5V, 1y = t = 20ns

Vpp = +15V, t; = t = 40ns

All input signal rise and fall times measured from 10% to
90% of Vop-

Timing measurement reference level is (Vi + ViL)/2.

2V /1 X1 /v

Circuit Configurations
Unipolar Operation

The most common configuration for the AD7545 is
shown in Figure 3. This circuit is used for unipolar
binary operation or two-quadrant multiplication. The

L
" MAX400

ANALOG

= COMMON
DB11-DBO *REFER TO TABLE A
TRIM GLN/GCQ/
RESISTOR | JN/AQ/SD |KN/BQ/TD |LN/CQ/UD GUD
Rt 500Q 2000 100Q 200
R2 1500 680 330 6.8Q

TABLE A. RECOMMENDED TRIM RESISTOR VALUES vs.

GRADES FOR Vpp = +5V

Figure 3. Unipolar Binary Operation

Table 1. Unipolar Binary Code Table for
Circuit of Figure 3

DIGITAL INPUT

MSB LSB ANALOG OUTPUT
4095

1 _ bt

1111 1111 1111 V'N(4oge
2048

1000 0000 0000 -v‘N(4—0§g = =172 Vyy
1

0000 0000 0001 Vi Wge)

0000 0000 0000 0

code table for this mode is given in Table 1. Note that
the polarity of the output is the inverse of the reference
voltage, Vgge.

in many applications the gain adjustment will not be
necessary, especially when using the “G” suffix parts
with guaranteed maximum +1 LSB gain errors. In
those cases and also when the gain is trimmed at the
reference source, resistors R1 and R2 in Figure 3 can
be omitted. However, if the trims are desired and the
DAC is operated over a wide temperature range, then
low tempco (<300ppm/°C) resistors should be used
for R1 and R2.

2-103
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AD7545

CMOS 12-Bit Buffered Multiplying DAC

The capacitor C1 provides phase compensation and
helps reduce the overshoot and ringing when using
fast amplifiers at the output of the DACs.

Bipolar Operation

With the circuit configuration shown in Figure 4, the
AD7545 operates in the bipolar, or 4-quadrant multi-
plying mode. A second amplifier and three matched
resistors, R3, R4 and R5 are required. These resistors
must be of the same material (preferably metal film or
wire-wound) for good temperature characteristics, and
they should match to 0.01% for 12-bit performance.

Voo ‘ > Ra
$ 20k

19 10k RS

N

A/
ViN R1*

A IN20K

This Materi al

AGND
DB11 DB10-DB0 /2 Voutr
MAXIMN R6
AD7545 5k
ANALOG o MAX400
Uy COMMON
(SEE TEXT)
*FOR VALUES OF R1 AND R2
DATA INPUT SEE TABLE A.

Figure 4. Bipolar Operation (2's Complement Code)

Table 2. 2’'s Complement Code Table for
Circuit of Figure 4

DIGITAL INPUT

MSB LSB ANALOG OUTPUT
2047

0111 1111 1111 +Vin (5525)

1

0000 0000 0001 +m(%ﬁ)

0000 0000 0000 0

17111 1111 1111 -V, —1

N\ 2048

2048

1000 0000 0000 Nw(mm

The code table for the output, which is 2's complement
is listed in Table 2. In multiplying applications, the
MSB determines output polarity while the other 11
bits control amplitude. The U1 inverter on the MSB
line converts the 2's complement input code to offset-
binary code. If this inversion is done in software using
an exclusive-OR instruction or the input code is in
offset binary, the U1 inverter can be omitted. Table 3
shows the code relationships to output voltage for the
offset binary operation.

2-104

To adjust the circuit with offset binary code, load the
DAC with a code of 1000 0000 0000 and trim R1 for a
0V output. With R1 and R2 omitted, an alternative
zero trim is to adjust the ratio of R3 and R4 for OV out.
Full scale can be trimmed by loading the DAC with all
“zeros” or all “ones” and adjusting the amplitude of
Vger Or varying R5 until the desired positive or nega-
tive output is obtained. In many applications the gain
adjustment will not be necessary, especially when
using the “G” suffix parts with guaranteed maximum
+1 LSB gain errors. In those cases and also when the
gain is trimmed at the reference source, resistors R1
and R2 in Figure 4 can be omitted. However,if the
trims are desired and the DAC is operated over a wide
temperature range, then low tempco (<300ppm/°C)
resistors should be used for R1 and R2.

_____ (Voltage Mode) Single Supply

The AD7545 can be conveniently used in single supply
(voltage mode) operation with OUT1 and AGND biased
at any voltage between DGND and Vpp. This is possible
since the ladder termination resistor is connected to
AGND. OUT1 and AGND must not be allowed to go
0.3V lower or higher than the DGND or Vpp, respec-
tively. Otherwise, internal diodes would turn on and a
heavy current flow from the supply, possibly destroying
the device.

Figure 5 shows the AD7545 connected as a voltage
output DAC. OUT1 is connected to the reference
input and AGND is grounded. Vgge pin, now the DAC
output, is a voltage source with a constant impedance
equal to the reference input resistance (typically
11kohms). This output should be buffered with an
op-amp when a lower output impedance is required.
Reg pin is not used in this mode.

Table 3. Offset Binary Code Table
DIGITAL INPUT

MSB LSB ANALOG OUTPUT
2047
11411 1111 1111 +VREF(2—04§)

;
1000 0000 000 1 +wg(ﬁﬁ)

1000 0000 0000 0

1
0111 1111 1111 -Vnss(m)
0000 0000 0000 -VREF(%

The input impedance of the reference input (OUT1)
for this mode is code dependent, and the response
time of the circuit depends on the behaviour of the
reference source with changing load conditions.

Two advantages of the voltage mode operation are
AKX/
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single supply operation and that a negative reference
is not required for a positive output. It should also be
noted that the reference input (the voltage at OUT1)
must always be positive and is limited to no more
than 2.5V when Vpp is 15V. If the reference voltage is
greater than 2.5V or Vpp is reduced, resistance mis-
matches in the DAC'’s internal NMOS switches result
in degraded linearity and differential nonlinearity
(DNL). Figures 6 and 7 show the typical dependence
of DNL on supply voltage, Vpp, and the reference
voltage, Vgee. If the DAC is o?fset from DGND by
biasing OUT1 and AGND at a voltage above DGND,
this will effect DNL and its effect will be the same as
reducing Vpp by the amount of the offset.

+H15V

L

Voo
maxim VRef [To—0° Vo

AD7545/
MAX7645
DGND DB11-DBO

T

15 VOLT CMOS DIGITAL INPUTS

REFERENCE 1
VOLTAGE

Figure 5. Single Supply Operating Using Voltage
Switching Mode

DNL
(LSB)

+2.0

+1.0

+5 +10 15
Vpo (VOLTS)

Figure 6. Differential Nonlinearity vs. Vy,, for Figure 4
Circuit. Reference Voltage = 2.5 Volts. Shaded
Area Shows Range of Values of Differential
Nonlinearity that Typically Occur for L, C and
U Grades.

Vi1 X2Vl

The unipolar and bipolar circuits in Figures 3 and 4
can all be converted to voitage output mode. For
example, Figure 8 shows the 2's complement bipolar
circuit of Figure 4 modified to work with an output
range of +2V to +8V around an offset ground potential
of +5V from a single supply, Vpp, of +10V to 15V. The
REFO2 reference is used to bias the AGND at +5V.
The R1 and R2 resistors form a voltage divider together

+5 +10
VRer (VOLTS)

Figure 7. Differential Nonlinearity vs. Reference Voltage
for Figure 4 Circuit. Vpp = 15 Volts. Shaded
Area Shows Range of Values of Differential
Nonlinearity that Typically Occur for L, C, and

U Grades.
MmAaAxXIMN Vpp = +10V TO +15V
AD7545
RS
Ri 18 [20 33pF L 20k
10k Voo Rrs R3
¥ oUTN N 10k
REF AA N
AG AT~ vo
DB10- AGND, 4 A2
2y |mse pBopanp/2 ] ¥ MAX400 | |5
VAA— MAX400
4 3 +5V R6
R2 L] 5k 5
2k = AKXV R4 ::
&| || rReFO2 [[2 Voo %
JC
J
CMOS DATA BUS
Vpp = +10V TO +15V

Figure 8. Single Supply “Bipolar” 2's Complement D/A
Converter
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with the DAC reference input resistor, supplying the
DAC with +2V input voltage. If the application requires
a wide temperature range, the +2V should be gener-
ated with an op-amp to avoid drifts due to tempco
matching of the DAC resistors to the external resistors.
Output voltage ranges can be produced by changing
R4 to change the offset, and (R1 + R2) to change the
gain (slope) of the DAC transfer function. To ensure
good linearity, the supply voltage, Vpp, must be kept
at least +5V above the OUT1 voltage.

Microprocessor Interfacing

The AD7545 directly interfaces to 8- and 16-bit
microprocessors using standard WR and CS control
signals and its 12-bit data latch.

Figure 9 shows a typical interface circuit for an 8-bit
processor. This application uses two memory ad-
dresses for the lower 8 bits and the upper 4 bits of
data to the DAC. A 4-bit external latch is required to
facilitate the interface.

For processors with 16-bit wide address busses and
8-bit data busses, such as 6800, 8080 and Z80, the 12
lower address lines can be used to supply data to the
DAC, as shown in Figure 10. The upper 4 bits contain
the address of the DAC that is selected. This arrange-
ment takes 4k bytes of address locations for each
DAC and the data is written with a single instruction
cycle into the DAC.

A5
ADDRESS BUS
*Ir3.c

ADDRESS [
DECODE

cPU AMAXIMN

DB8  AD7545

D7

8-BIT DATA BUS
Do P

*Qqp = DECODED ADDRESS FOR DAC
Q; = DECODED ADDRESS FOR LATCH

Figure 9. 8-Bit Processor to AD7545 Interface

Application Information
Output Amplifier Offset

For best linearity, OUT1 and AGND should be termi-
nated at exactly OV. In most applications OUT1 is
connected to the summing junction of an inverting
op-amp. The input offset voltage of the amplifier can
degrade the linearity of the DAC by causing OUT1 to
be terminated to a non-zero voltage. The resulting
error 1s:

Error Voltage = Vgg (1 + Regg/Ro)
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where Vqg is the op-amp’s offset voltage and Ry is
the output resistance of the DAC. Rg is a function of
the digital input code and varies from approximately
11kohms to 33kohms. The error voltage range is then
typically 4/3 Vog to 2 Vg, a change of 2/3 Vs, An
amplifier with 3mV of offset will therefore degrade the
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16-BIT ADDRESS BUS
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\/‘
ADDRESS 12
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DBO MmAaAXIMN
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Q—>{Cs
o7

DATA BUS
Do

Figure 10. Connecting the AD7545 to 8-Bit Processors via
the Address Bus

linearity by 2mV, almost a full LSB with a 10V reference
voltage. For best linearity, a low-offset amplifier such
as the MAX400 should be used, or the amplifier offset
must be trimmed to zero. A good rule of thumb is that
Vos should be no more than 1/10 LSBs.

The output amplifier input bias current (lg) can also
limit performance since lg x Rgg generates an offset
error. lg should therefore be much less than the DAC
output current for 1 LSB, typically 250nA with Vgge =
10V. One tenth of this value, 25nA, is recommenged
Offset and linearity can also be impaired if the output
amplifier noninverting input is grounded through a
“bias current compensation resistor”. This resistor
adds to the offset at this pin and should not be used.
Best performance is obtained when the noninverting
input is directly connected to ground.

Dynamic Considerations

In static or DC applications, the AC characteristics of
the output amplifier are not critical. In higher speed
applications, where either the reference input is an
AC signal or the DAC output must quickly settle to a
new programmed value, the AC parameters of the
output op-amp must be considered.

Another error source in dynamic applications is para-
sitic coupling of signal from the Vgge pin to OUT1.
This is normally a function of board layout and pack-
age lead-to-lead capacitance. Signals can also be
injected into the DAC outputs when the digital inputs
are switched. This digital feedthrough is usually de-
pendent on circuit board layout and on-chip capacitive
coupling. Layout induced feedthrough can be mini-
mized with guard traces between digital inputs Vger
and OUT1 pins.
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The DAC output follows the digital inputs when the
WR and CS pins are low. In those systems_where the
data is not valid for the full period where WR is low,
invalid outputs and voltage glitches can appear at the
DAC output. Adjusting the timing of the WR signal so
that it is low only when data is valid eliminates this
problem.

Compensation

A compensation capacitor, C1, may be needed when
the DAC is used with a high-speed output amplifier.
The purpose of the capacitor is to cancel the pole
formed by the DAC output capacitance Cq74 and the
internal feedback resistor, Rgg. Its value depends on
the type of op-amp used but typically ranges from
10pF to 3pF. Too small a value causes output ringing
while excess capacitance overdamps the output. The
size of C1 can be minimized and the output voltage
settling time improved by keepin% the circuit board
trace and stray capacitance at OUT1 as small as
possible.

Grounding and Bypassing

Since OUT1, AGND and noninverting input of the
output amplifier are sensitive to offset voltages, nodes
that are to be grounded should be connected directly
to “single point” ground through a separate, low
resistance (less than 0.2ohms) connection. The current
at OUT1 and AGND varies with input code, creating a
code dependent error if these terminals are connected
to ground (or a “virtual ground”) through a resistive
path.

A 1uF bypass capacitor, in parallel with a 0.01uF
ceramic capacitor, should be connected as close to
the DAC Vpp and DGND pins as possible.

The AD7545 has high-impedance digital inputs. To
minimize noise pick-up, they should be tied to either
Vpp or DGND when not used. It is also a good practice
to connect active inputs to Vpp or DGND through
high valued resistors (1Mohms) to prevent static
charge accumulation if these pins are left floating,
such as when a circuit card is left unconnected.

It is also recommended that two back-to-back diodes
be connected between the DGND and AGND pins in
those systems where these pins tie on the backplane.
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