General Description

The AD7548 is a 12-bit CMOS, current output, multi-
plying digital-to-analog converter (DAC) with a versa-
tile interface for microprocessors using 8-bit busses.
The AD7548 accepts data into its input-registers in
two bytes in either left- or right-justified format, least
ignificant byte or m ignificant byte first. Standard
and CSLSB or CSM inputs control the data
load operation. A separate L input controls trans-
fer of data from the input register to the DAC register
allowing for simultaneous update of all s in
multi-DAC systems. A data override input forces the
DAC output to full-scale or zero-code without alter-
ing the contents of the itg;ut registers. This permits
the user to perform DAC calibration conveniently
without having to load calibration data into the DAC.

The AD7548 works with a single +5V, +12V or +15V
power supply, and the electrical characteristics are
specified at all of these swgly voltages. All digital
inputs are TTL and +5V-CMOS compatible with any
of these supply voltages.

Maxim AD7548 uses low tempco thin-film resistors
which are laser trimmed to +%LSB linearity and
better than +1LSB gain accuracy. The digital inputs
are designed with improved ESD protection and can
typically withstand over 5,000V of ESD voltages.

The AD7548 is supplied in 20-lead narrow DIP, PLCC,
and Small Outline packages.
Applications

Process Control

Digitally Controlled Filters

Motion Controi Systems

Automatic Test Equipment

uP Controlled Systems

‘Programmable Gain Amplifiers
Programmable Power Supplies

/WA X1/

CMOS 8-Bit ..P Compatible 12-Bit DAC

Features
¢ 8-Bit Bus Compatible
& Versatile P interface with Selectable Data Format
and Data Override
¢ Fast Interface Timing—120ns min Write Pulse
Width
& Al Grades 12-Bit Monotonic Over Temperature
¢ +1LSB max Gain Accuracy
¢ Operstion specified at +5V, +12V or +15V Supply
Voitages
¢ Small Footprint Packages
¢ High ESD Resistance
Ordering Information
PART TEMP. RANGE PACKAGE® LINEARITY
AD7548JN 0°C to +70°C  Plastic DIP _ +1 LSB
AD7548KN 0°C to +70°C _ Plastic DIP _ +% LSB
AD7548JCWP  0°C to +70°C  Wide SO +1 LSB
AD7548KCWP  0°C to +70°C _ Wide SO +% LSB
AD7548JP 0°C to +70°C  PLCC +1LSB
AD7548KP 0°C to +70°C _ PLCC +% LSB
AD7548J/D 0°C to +70°C__ Dice +1 LSB
AD7548AQ  -25°C to +85°C  CERDIP +1 LSB
AD7548BQ  -25°C to +85°C  CERDIP +% LSB
AD7548SD  -55°C to +125°C__ Ceramic +1 LSB
AD7548TD -55°C to +125°C Ceramic +% LSB
AD7548SQ  -55°C to +125°C _ CERDIP +1LSB
AD7548TQ  -55°C to +125°C CERDIP +% LSB

*Maxim reserves the right to ship Ceramic in lieu of CERDIP packages.

Functional Diagram Pin Configuration
Top View
ouT lﬂ—u_-zl Rrs
AGND [Z] %) Vrer
DGND [E] [*] Voo
cswss (1] maxim [77] wh
or/boR [£] MAX7548 [%) csise
s cThL [£] (%] LDAC
<1 D& (msB) D87 (7] [ DBO (LSB)
— e pes [3] %] DB1
togic | e 085 3] [Z] DB2
e}t o84 [} o

See page 11 for Plastic Chip Carrier Pin Configuration

MAXIN

maxim is a registered trademark of Maxim Integrated Products.

Maxim Integrated Products 1
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CMOS 8-Bit /P Compatible 12-Bit DAC

ABSOLUTE MAXIMUM RATINGS
Voo to DGND
Vaer to AGND ...
Vare to AGND

AD7548J/K
AD7548A/B

AD7548

Digital Input Voitage to DGND .. AD7548S/T
Vour1to DGND ................. Storage Temperature
AGNDtoDGND..............coiiiiiiennnn. Lead Temperature (Soldering 10 sec)
Power Dissipation to +75°C (any package) ...... 450mwW

Derate above 75°C by ..........covvvvinnnnnn. 6mw/°C
Stresses above those listed under “Absolute M. " may cause p di to the di

Operating Temperature Ranges

.................. 0°C to +70°C

-25°C to +85°C
-556°C to +125°C
-65°C to +150°C
+300°C

These are stress ratings only, and

IuncnonaEI operation of the dewce at these or any other com;;nons above lhoso indicated in the operational s

P e to ab. rating conditions for extended periods may affect device reliabii

ELECTRICAL CHARACTERISTICS
(Voo = +5V, +12V or +15V; Vrer = +10V; Vout1 = AGND = DGND = QV; T =

f ections of the specifications is not
ity.

Tmin to Tuax unless otherwise noted.)

PARAMETER [ symsoL | CONDITIONS MIN  TYP  MAX [uNITs
STATIC PERFORMANCE
Resolution N 12 Bits
. . JAS +1
Integral Nonlinearity INL KB.T I LSB m
. . . . Guaranteed mono- |[J,AS +1 .
Differential Nonlinearity DNL tonic to 12 bits KBT % LSB
JAS Ta = +25°C +2
) Using internal "7 [ Ta = Tmin to Tmax +3
Gain Error FSE | feedback resistor Ta = +25°C E) LsSB
KB,T Ta = Tmin t0 Tmax +2 W
Gain Tempco °
AGain/ATemp. (Note 1) TCFS 2 35 lppm/°C
DC Supply Rejection - Ta = +25°C 40.001
AGain/ASupply PSR | AVpp = +5% Ta = Taun 10 Tiiax 0002 | ®%
DYNAMIC PERFORMANCE (Note 1)
To %LSB. OUT1 load: R. = 100Q; CL= 13pF;
Current Settling Time tS Ta = +25°C DAC register alternately loaded 1 us
with all 1s and all Os.
. VREF = QV. OUT1 load: RL = 100Q; CL = 13pF
Digital to Anaiog Q DAC . .
3 register alternately loaded with all 1s and 200 nV-s
Glitch Impuise all 0s.
AC Feedthrough at OUT1 FTE Vger = £ 10Vp.p at 10kHz. DAC register loaded 5 mv
(Note 2) with all Os. PP
Total Harmonic Distortion THD Zns:s= 6Vrus at 1kHz. DAC register loaded with -90 a8
Output Noise 10Hz to 100kHz. Measured between Res
Voltage Density en and OUT1. 1 15 nV/Hz
REFERENCE INPUT
Input Resistance RRer Vrer pin to OUT1 7 1" 15 kQ
Input Resistant Tempco _ °
(Note 1) TCR 200 ppm/°C
ANALOG OUTPUT
. Ta = +26°C +0.5 +5
OUT1 Leakage Current iLkG |DAC register loaded nA \
with all Os. JKAB (1 - to T +25
S,T A MIN MAX +100 .
OUT1 Capacitance c DAC register loaded with all Os. 40 70
(Note 1) OUT! IDAC register loaded with all 1s. 100 140 pF
2 /A XV
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(Vop = +5V, +12V or +15V; Vgrer = +10V; Voum = AGND = DGND = 0V; Ta

CMOS 8-Bit uP Compatible 12-Bit DAC

ELECTRICAL CHARACTERISTICS (continued)

= Tuin to Tmax uniess otherwise noted.)

PARAMETER [ symeoL | CONDITIONS [ win— TYP  MAX [uNITS
DIGITAL INPUTS
Input High Voltage Vh 24 v
Input Low Voltage Vie 0.8 v
Input Leakage Current Iin Digital inputs at OV or Vpp +1 MA
Input Capacitance .
(Note 1) Cin Digital inputs at OV or Voo 7 pF
SWITCHING CHARACTERISTICS (Notes 1, 3)
Data Valid Setup tos 160 ns
Data Valid Hold ton 10 ns
‘CSMSB or CSLSB to
WR Setup tcws 0 ns
‘CSMSB or CSLSB to
WR Hold town 0 ns
TDAC to WR Setup tuws 0 ns
LDAC to WR Hold tuwH 0 ns
‘WR Pulse Width twr 120 ns
POWER SUPPLY
Specifications are =
Vpp = +12V or +15V +11.4 +15.75 \'J
Vop Range Vop |guaranteed over -
these ranges. Vpp = +5V +4.75 +5.25 \'
All digital inputs at Vy. | Vop = +12V or +15V 3
Ipp Range lop or Vi Voo = +5V 2 mA
All digital inputs at OV | Vpp = +12V or +15V 1 mA
or Vpp Vpp = +5V 100 300 MA

Note 1: Guaranteed by design and not subject to test.
Note 2: Feedthrough can be further reduced by connecting the metal lid to DGND on the ceramic package.

Note 3: See Figure 5 Timing Diagram.
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Typical Operating Characteristics
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CMOS 8-Bit P Compatible 12-Bit DAC
Typical Operating Characteristics (continued)

-« +]
<
0 NONLINEARITY ERROR vs NONLINEARITY ERROR vs
SUPPLY CURRENT vs DIGITAL CODE REFERENCE VOLTAGE
SUPPLY VOLTAGE (Vpp = +5V OR +15V) (Vpp = +5V OR +15V)
< 1000 = 1080 1.00 T - 1.00 LI
_ x Ta = +25°C g oS -.\I;:E—F ?fu?v ‘3 075 Ta = +25°C
3 700 g 050 § 050
£ 600 £ o2 g oz Sy
£ o E o [t o
3 a0 & <
g 200 Vim-r2aV__—| & 025 § 025 =t =
& 20 | § -0.50 g-oso
100 __":‘% 2 .ors Z 075
° -1.00 -1.00 ‘
[ 5 10 15 ) 1024 2048 3072 4096 -1o-a-s—4-zozasa1om
Vop (VOLTS) DIGITAL INPUT CODE (DECIMAL) Vaer (VOLTS)
NONLINEARITY vs GAIN ERROR vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
128 [T 125 [ T
VREF = +10V VREF = +10V
g 100 _ 100
8 3
% 015 é 075
2 os0 £ 050
3 z
3 3
Z o025 025
0 °
) 5 10 15 0 5 10 15
Vpp (VOLTS) Vop (VOLTS)
Detailed Description
D/A Converter Ve, R R R

The basic AD7548 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 1
AGND depending on the status of each input bit. Ty g
Although the current at OUT1 and AGND depends on ! |
the digita_al input code, the sum of the two output : 1 !
currents is always equal to the input current at Vgee. (E‘Bsg) D80 DBS

> R
Y m—vwWA\oORes
|

1
i
| —oouT1
© AGND

VA

The current output can be converted into a voltage by
adding an external output amplifier (Figure 6). The
Vaer input accepts a wide range of signals including Figure 1. Simplified D/A Circuit of AD7548
fixed and time varying voltage or current inputs. If a

4 MAXIN
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CMOS 8-Bit uP Compatible 12-Bit DAC

current source is used for the reference input, then a
low tempco external resistor should be used for Reg
to minimize gain variation with temperature.

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

The OUT1 pin output capacitance, Coyry, iS code
dependent and is typically 40pF to 100pF. with all
switches to AGND and OUT1 respectively.

Equivalent Circuit Analysis

Figure 2 shows the equivalent circuits for the AD7548
analog section. The | gakage Current sources repre-
sent junction and surface leakage currents. The
equivalent output resistor of the DAC is R,, which
varies with digital input code from 0.8R to 2R (infinite
at zero code), where R is typically 11kQ. Capacitor
Cour1 represents the capacitances of the switches
used in the R-2R ladder. When inputs are switched
from iow to high, the capacitance at OUT1 changes
from about 40pF to 100pF. This capacitance is code-
dependent and is a function of the number of ON
switches that are connected to the output. Vy(Vree,D)
is the equivalent voltage source controlleJ by EVREF
and the digital input code (D).

R
Rre
Ro
AA- +—0 oumt
+ ILEAKAGE
Vr (VRer, D) + Cour1
T O AGND

Digital Circuit

The input buffer inverters act as level shifters convert-
ing TTL levels into CMOS logic levels. The AD7548
uses an internal voltage regulator for the input buffer
inverters to assure TTL compatibility with +5V to +15V
power supplies. This regulator also results in excep-
tional PSRR, and digital interface times that are inde-
pendent of the supply voltage.

The AD7548 digital circuitry contains a data steering
logic, input registers, DAC register with data-override
features that together form a versatile interface
between the DAC switches and an 8-bit wide data bus.

All digital inputs are ruggedized against electrostatic-
dischar%e (ESD) sensitivity and can typically with-
stand ESD voltages of over 5kV.

____ Digital Interface Information
Interface Inputs

DF/DOR (Pin 5)—Data Format/Data Override. This
input works together with the CTRL input to select
either right or left justified data format, or select either
zero-scale or full-scale override of DAC output. Use
of I_Datta Override does not affect data held in the DAC
register.

CTRL (Pin 6) — Control Input. See DF/DOR
description.

Table 1. Data Format and Override Control

DF/DOR | CTRL Function
0 v} DAC forced to zero scale (all zeros)
0 1 DAC forced to full scale (all ones)
1 1] Left-justified data format selected
1 1 Right-justified data format selected

Figure 2. AD7548 Equivalent Analog Output Circuit

CTRL (Pin 6)—Control Input (Refer also to DF/DOR)

> LSB | X X X X

CTRL “LOW” | MSB [«

| | |
'EFIi-JUSTIIFIED nlnﬂ

MOST SIGNIFICANT BYTE

LEAST SIGNIFICANT BYTE

CTRL “HIGH” X X X X MSB |

| [
men«niqus-n FIED DIATA »| LSB

X = DONT CARE

MAXKI/V
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AD7548

CMOS 8-Bit uP Compatible 12-Bit DAC

CSMSB (Pin 4)—Chip Select Most SIPnlﬂcnnt Byte.
Active low input. Loads input data intQ_the Input
Register when used in combination with WR, or into
both input_and DA sters when used in combin-
ation with WR and LDAC.

CSLSB (Pin 16)—Chip Select Least Significant Byte.
Active low input. Loads input data intQ_the Input
Register when used in combination with WR, or into
both Input DA isters when used in combin-
ation with WR and LDAC.

WR (Pin 17)—Write Input. Active low input. Loads
input data into the Input Register or into both Input

%ng RAC. Rgﬁ;g_ters sed in combination with
SMSB, CSLSB and LDAC.

LDAC (Pin 15)—Load DAC Input. Active low input.
Loads DAC Register with either the contents of the
Input Register or with the external input data.

Table 2. Data Load and Transfer Control

WR | CSM3SB | TSL8B | LDAC Function

0 1 0 1 Load LS Byte into
Input Register

0 1 0 0 Load LS Byte into
Input and DAC
Registers

0 0 1 1 Load MS Byte into
Input Register

0 0 1 0 Load MS Byte into
Input and DAC
Registers

0 1 1 0 Load input Register
contents into DAC
Register

1 X X X No data transfer

Automatic Transfer Mode

In this mode the data is transferred to the DAC
Register automatically when the Input Register is
loaded with %%xternal input data. As wn i
Figure 9, ;hg:g. is either connected to the CSMSB
or the CSLSB in this mode and transfers data in
8+4-bit format into the DAC register automatically.
The first write cycle (Figure 3) loads the first byte of
data into the Input Register, and the second write
cycle loads the second byte. As the second byte is
loaded into the Input Register, the contents of the
Input Register is also transferred into the DAC
Register.

Strobed Transfer Mode

If several AD7548s are used in a system, they can be
updated simultaneously by using the Strobed Transfer
Mode. As shown in Figure 13, a master strobe signal
connected to the LDA% input of each AD7548 trans-
fers the contents of the Input Registers to the DAC
Registers.

Three write cycles (Figure 4) are required to transfer
8+4-bit data to the DAS registers. The first two cycles
load the Input Registers with high and low bytes of
the input data sequentially. The third cycle loads the
DAC Registers with the contents of the Input
Registers. If there are multiple AD7548s in the
system, each DAC needs to be loaded individually
with data before the LDAC signal is activated.

DATA —( BYTE 1 Y BYTE 2 )

s 8 0 i

LOAD BYTE 1 LOAD BYTE 2

[ INPUT  INTO INPUT AND

REGISTER _ DAC REGISTERS

SFER BYTE 1

TO DAC REGISTER

OUTPUT

UPDATED

Figure 3. Automatic Transfer Mode

DATA _( BYTE 1 ).——(gwgz).—.—

LOAD BYTE 1 LOAD BYTE 2 TRAN:
INTO INPUT INTO INPUT DATA FROM
REGISTER REGISTER INPUT
REGISTER TO
DAC REGISTER
OUTPUT
UPDATED
Figure 4. Strobed Transfer Mode
VI X /0
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CMOS 8-Bit ..P Compatible 12-Bit DAC

tows towy
le— >}
CsmMsB sV
tcws o
has—
=SLol sV
ov
— tws S -
LOAC sV
o
WR twn — wn .'_-sv
u 'DHW
tos —’M‘_'m ipg -’H‘- o
DATA ——}
ov
NOTES:
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM
10% TO 90% OF +5V. & = t§ = 20ne. Vire + Vo
2. TIMING MEASUREMENT REFERENCE LEVEL IS: ——————
3. CSMSB (PIN 4) AND CSLSB (PIN 16) MAY BE INTERCHANGED.
4. FOR LEFT-JUSTIFIED DATA CTRL = +0V WITH DF/| = 45V,
FOR RIGHT-JUSTIFIED DATA CTRL = -5V WITH DF/ = 5V,

Figure 5. Timing Diagram

Data Override

The AD7548 output can be forced to zero-scalg_g;u
0s) or full-scale (all 1s) codes by using the DF/DOR
and CTRL inputs (Table 1). When the override func-
tion is used, the DAC Register contents remain
unchanged. The DAC output reflects the value of the
DAC Register contents when the override function is
removed. This is a convenience for the user since the
AD7548 can be calibrated without having to load
calibration codes into the DAC.

Circuit Configurations
Unipolar Operation

The most common configuration for the AD7548 is
shown in Figure 6. This circuit is used for unipolar
binary operation or 2-quadrant multiplication. The
code table for this mode is given in Table 3. Note that
the polarity of the output is the inverse of the refer-
ence voltage, Vree.

In many applications the gain adjustment will not be
necessary, especially with versions that guarantee
maximum +1LSB gain errors. In these cases and also
when the gain is trimmed at the reference source,
resistors R1 and R2 in Figure 5 can be omitted. How-
ever, 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. The full scale is adjusted by loading the DAC with
all 1s code (using the override function) and adjusting
R1 for VOUT1 = -V.N(4095/4096)

Vi X/

R22

——AAA

v°| - l N ct

18 |20 4

Voo Rrs ¥
outi\!

VouT1
VRer MAXIM A1 b

vin R12 AD7548 AGND/; mMAXIN
DB7-DBO DGND MAX400
3
714 1
= DIGITAL = ANALOG
INPUT = GROUND = COMMON

DATA

NOTES

1. CONTROL INPUTS OMITTED FOR CLARITY
2. Ry = Rz = 330 FOR ALL GRADES

3. SEE APPLICATION HINTS

Figure 6. Unipolar Binary Operation

Table 3. Unipolar Binary Code Table for Circuit

of Figure 3
DIGITAL INPUT
MSB LSB ANALOG OUTPUT
1111 1111 1111 _Vm(___IUES)
1000 0000 0000 _vm(m”"’:_“zvm
0000 0000 0001 -V,N(Jm

0000 0000 0O0OO 0

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 7, the
AD7548 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% or better for 12-bit
performance. The code table for the output, which is
2's complement is listed in Table 4. 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 5 shows the code relationships to
output voltage for the offset binary operation.
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R2? 20k)
s
VWA—
y R3
A Voer Maxin AAA .:z .
Vin R12 AD7548 AGND/Z 10K
DGND MAX400 Vout
3 Rre | MAX400
74
= 5K 10%

INPUT o
DIGITAL ANALOG
DATA  GROUND COMMON
NOTES
1. CONTROL INPUTS OMITTED FOR CLARITY

2. R = 100Q, R2 = 3302 FOR ALL GRADES
3. SEE APPLICATION HINTS

Table 5. Offset Binary Code Table

Figure 7. Bipolar Operation (Offset Binary Coding)

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

DIGITAL INPUT
MSB LSB | ANALOG OUTPUT
1111 1111 1111 +vHEF%
1000 0000 0001 +Vnep(5014§)
1000 0000 0000| o

0111 1111 1111 'VHEF(%@)
2048
0000 0000 0000 ‘Vnsr(m

Single Supply Operation

(Voltage Mode)

Figure 8 shows the AD7548 connected as a voltage
output DAC. Note that with this circuit the AD7548
operates with a single supply and generates a positive
voltage output without an output amplifier and without
having to use a negative reference. OUT1 is con-
nected to the reference input and AGND is grounded.
Vrer Pin, now the DAC output, is a voltage source with
a constant impedance equal to the reference input
resistance (typically 11kQ). This output shouid be
buffered with an op amp when a lower output impe-
dance is required. Reg pin is not used in this mode.

of Figure 4
DIGITAL INPUT
MSB LSB | ANALOG OUTPUT
0111 1111 1111 +v,N(§£
0000 0000 0001 +v,N(ﬁ’
0000 0000 0000| o
1111 1111 1117 -v,N(ﬁ)
1000 0000 0000 -Vmgzg%)

To adjust the circuit, load the DAC with a code of
1000 0000 0000 and trim R1 for a OV output. With R1
and R2 omitted, an alternative zero trim is to adjust the
ratio of R3 and R4 for Vo 14 = OV. Full scale can be
trimmed by loading the 826 with all Os or all 1s and
adjusting the amplitude of Vee or varying R5 until the
desired positive or negative output is obtained. In
many applications the gain adjustment will not be
necessary, especially when using parts with guaran-
teed maximum *+1LSB gain errors. In those cases and
also when the gain is trimmed at the reference source,
resistors R1 and R2 in Figure 7 can be omitted. How-
ever, if the trims are desired and the DAC is operated
over a wide temperature range, then low tempco
(<goggpm/°0) resistors should be used for R1
an X

+15V

Vour1

Voo
ouT1 VREF A
maxam A

aanpAD7548 1
DGND DB7-DB0

>
>

23

DATA

Figure 8. Single Supply Operation Using Voltage Switching
Mode

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

It should also be noted that the reference input (the
voltage at OUT1) must always be positive with respect
to AGND and is limited to no more than 2.5V when
Vpp is +12V to +15V. If the reference voltage is greater

VAKXV
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CMOS 8-Bit uP Compatible 12-Bit DAC

than 2.5V or Vpp is reduced, resistance mismatches in
the DAC’s internal NMOS switches result in degraded
integral (INL) and differential nonlinearity (DNL).

The output voltage of this circuit is:

Rt + R2
Vour: = (Vg (0) B2
(R1)

where D is a fractional representation of the digital
input word.

Microprocessor Interfacing
AD7548 to MC6809 Interface

Figure 9 shows the AD7548 interface circuit for the
MC6809 microprocessor, using the automatic transfer
mode (8+4-bit data). LDD and STD instructions are
used to fetch and store the high-byte first, then the
Iow-bg_te data. The even-order address selects the
SMSB input to load the high-byte data first.

selects CSLSB, and PPPP+1 selects both CSMSB
and LDAC control inputs transferring data into the
AD7548 using the automatic transfer mode.

—
Ao-Ats) ADDRESS BUS I
ADDRESS [, IGsise
s DECODE | «y v
jo———»{CSMSB DD
— — s —_
RAW| ENT o-;;_— iDAC . 5oR
o
__ “y CTRL]
EN2 o mMmaAXIMN
AD
E »{WH
YR bo-pB7
DO-D7 DATA BUS
Voo
153

WR

Figure 10. AD7548-MC6809 Interface (Strobed Transfer Mode)

|

AC-A15 ADDRESS BUS LY
RIW CSMSB Voo
a DF/DOR|
CTRL|
CSLSB
E LDAC
WR
MAXIMN
DB0-DB7
MC6809 AD7548*
DO-D7 DATA BUS {
* LINEAR CIRCUITRY OMITTED
FOR CLARITY

Figure 9. AD7548-MC6809 Interface (Automatic Transfer
Mode)

Figure 10 shows the strobed transfer configuration
with a dedicated decoder outgut assigned to each
chip select input. The LDAC signal is common
to both AD7548s and updates the DAC Registers
simultaneously.

AD7548 to 8085A Interface

Figure 11 shows a typical AD7548 interface circuit to
the 8085A microprocessor. Only two instructions are
required to both fetch and load the 12-bit data word
to the AD7548:

LHLD XXXX Fetch 12-bit data
SHLD PPPP Load 12-bit data

This code sequence automatically transfers 8+4-bit
right-justified data, PPPP and PPPP+1, from addresses
XXXX and XXXX+1. The four most significant bits
occupy the lower half of XXXX+1. Address PPPP

V1 X2V

AB-A15 ADDRESS BUS (
A0
ALE ADDRESS|
DECODE P Vop
8085A DF/DOR f
OCTAL
LATCH
WR
ADO-
AD7 ADDR DATA BUS ¢
*LINEAR CIRCUITRY OMITTED
FOR CLARITY

Figure 11. AD7548-8085A Interface (Automatic Transfer
Mode)
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CMOS 8-Bit P Compatible 12-Bit DAC

Application Information

Output Ampiifier Offeet

For best linearity, OUT1 and AGND should be termin-
ated 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 voitage. The resulting
error is:

Error Voltage = Vpg (1 + Reg/Ro)

where V,, is the op amp’s offset voitage and R, is the
output resistance of the DAC. R, is a function of the
digital input code and varies from approximately 11kQ
to 33kQ). The error voltage range is then typically
4/3Vgg to 2Vps, a change of 2/3Vog. An amplifier with
3mV of offset will, therefore, degrade the 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 Vog
should be no more than 1/10LSBs.

The output amplifier input bias current (IB) can also
limit performance since 1B x Rgg generates an offset
error. 1B should, therefore, be much less than the DAC
output current for 1LSB, typically 250nA with Vger =
10V. One tenth of this value, 25nA, is recommended
(MAX400 has 2nA max). 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 siﬂnal coupling from the Vrgr pin toOUT1.This is
normally a function of board layout and package lead-
to-lead capacitance. Signals can aiso be injected into
the DAC outputs when the digital inputs are switched.
This digital feedthrough is usually dependent on cir-
cuit board layout and on-chip capacitive coupling.
Layout induced feedthrough can be minimized with
%uard traces between digital inputs, Vgpgg, and
UT1 pins.

Compensation
A compensation capacitor, C1, will be needed when
the DAC is used with a high-speed output ampilifier.
The purgose of the capacitor is to cancel the pole
formed by the DAC output cagacitance. Coyt1 and
the internal feedback resistor, Rgg. Its value Ajepends
on the type of op amp used but typically ranges from

10

10pF to 33pF. Too small a vatue causes output ringing
while excess cag:citance overdamps the output. The
size of C1 can minimized and the output voltage
settling time improved by keeping the circuit board
trace and stray capacitance at OUT1 as small
as possible.

Grounding and Bypassing

Since OUT1, AGND and noninverting input of the out-
put 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 0.2Q) connection. The current at
OUT1 and AGND varies with input code, creating a
code dependent error if these terminals are connected
to ?‘round (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 AD7548 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 prac-
tice to connect active inputs to Vpp or DGND through
high valued resistors (1MQQ) 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,
or these pins must be tied together to avoid AC or
transient voltages between AGND and DGND from
injecting noise into the analog output, OUT1.

\Ad
PIN 1
L o] e Axa00
On
. /c1 LOCATION
Lo g PIN 1

NPUT ———— e
———C)

OUTPUT

AGND
Voo =2 L
NOTE |N%TR2|6KRD o o
UCE | o -] MAXIMN
FEEDTHROUGH | ° ?':g{lr_?sl- AD7548
o [+]
° o
o °

LAYOUT SHOWS COPPER SIDE (Le., BOTTOM VIEW)
GAIN TRIM RESISTORS R1 AND R2
OF FIGURE 6 ARE NOT INCLUDED.

Figure 14. Suggested Layout for AD7548 and Op Amp
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CMOS 8-Bit uP Compatible 12-Bit DAC
Chip Topography

Pin Configuration (continued)
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CMOS 8-Bit ..P Compatible 12-Bit DAC

LEAD #1
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