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CMOS 16-Bit
Voltage Out DAC*

AD7546

FEATURES

Monotonic to 16 Bits Over Temperature
On-Chip Deglitch Switch

Unipolar and Bipolar Operation
Microprocessor Compatible

TTL/CMOS Compatible Latched Inputs
Voltage Output (Constant Output Impedance)
Low Cost

Low Power Consumption: 50mW typ

GENERAL DESCRIPTION

The AD7546 is a 16-bit voltage-output DAC W put dy
latches for interfacing to 16-bit microprocessors. It uses a
novel design consisting of a 12-bit R-2R DAC, operated in the
voltage switching mode, which is supplied with a reference
voltage from a 4-bit segment DAC under the control of the
four most significant bits. A monolithic CMOS device, the
AD7546 offers outstanding differential nonlinearity specifica-
tions and monotonicity from 14 to 16 bits.

An on-chip deglitch switch which is synchronized with the
latch loading signal is provided for use with track/hold circuits.

ORDERING INFORMATION

AD7546 FUNCTIONAL BLOCK DIAGRAM
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PIN CONFIGURATION

Temperature Range - Package
Relative Differential Plastic Ceramic Monotonic
Accuracy Nonlinearity 0to +70°C | -25°C to +85°C Range
+0.05% +0.006% AD7546]N AD7546AP (| 14 Bits
£0.012% +0.0015% AD7546KN AD7546BP 6| 16 Bits

PACKAGE IDENTIFICATION'
Suffix “D": — Ceramic DIP (D40A)
Suffix “N": — Plastic DIP — (N40A)

! See Section 19 for package outline information.

*Patent Pending.
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SPECIFICATIONS mggpiﬂir{f}l\?ﬁ;jg‘—w, A1, A2 = AD544K, unless otherwise noted)

Limit at Limit at
Parameter Tp = +25°C Ta-= Tativs Toaus, Units Conditions/Comments
ACCURACY
Resolution .
All Grades 16 16 Bits
Relative Accuracy ) o
AD7546]N, AD +0.05 +0.05 % FSR max? This is an end-point linearity specification
AD7546KN, BD $0.012 10.012 % FSR max assuming zero offset voltage for Al, A2.
Differential Nonlinearity ‘ ‘
AD7546]N, AD +0.006 +0.006 % FSR max Guaranteed monotonic to 14 bits (DB0 and DB1 = 0).
AD7546KN, BD +0.0015 +0.0015 % FSR max Guaranteed monotonic to 16 bits over temperature.
Gain Error’
Positive Full Scale -0.02 -0.02 % FSR max DAC latches loaded with FFFFy
Negative Full Scale -0.02 -0.02 % FSR max DAC latches loaded with 0000y
Gain T.C.*# *2 2 ppm of FS/"C max
dc Supply ch:cl:ion"'
AGain/AVpp 100 100 pVv per Vtyp Vpp = +14.5V to +15.5V
DYNAMIC PERFORMANCE _
Voltage Settling Time® 4 4 us typ To 0.01% of fl]'!a] value.
5 5 Hs typ To 0.003% of final value.
10 10 us typ To 0.00076% of final value. Measured using the
circuit of Figure 6.
> With +5V input logic levels.
0 i Chip select to WRITE setup time
0 Chip select to WRITE hold time
400 WRITE pulse width
200 300 Data setup time
tDH 100 15 Data hold time
REFERENCE INPUTS —~—__~"
Resistance
VREF+ | (s] VRI‘;F_ 201" 20 3 50
R1, R2 20/30/50
R1, R2 Match
AD7546]N, AD 0.5 0.5
AD7546 KN, BD 0.1 0.1
Voltage Range
VRer”* +5 +5 V max
VREF™ -5 -5 V max
ANALOG OUTPUT
Rouyrt (Output Resistance) 10/15/25 10/15/25 k2, min/typ/max
Cout (Output Capacitance)® 8 8 pF max
DEGLITCH SWITCH
RoN 300/600 450/900 Q typ/max Vsw = 4V, Igw = 1004A
ILEAKAGE, SW2 (pin 22) 1 10 nA max Off switch leakage. Vgwy = 34V, Vgyp = ¥4V,
LOGIC INPUTS
Vin 2.4 2.4 V min
ViL 0.8 0.8 V max
Ijy (Input Leakage Current) 1 1 MA max Vin = 0V or Vpp
Cpy (Input Capacilancc)s 8 8 pF max
Input Coding 16-Bit Unipolar Binary See Figure 7
16-Bit Offset Binary See Figure 8
POWER SUPPLY
Vbp +15 +15 v +5% for specified performance
Vss -3 -5 v 15% for specified performance
Ipp 4 4 mA max Vin = Vi or Viy o
Ipp 200 200 HA max Vin = 0V or Vpp, CS = WR = 0V
Iss 100 100 MA max )

NOTES
! Temperature ranges as follows: AD7546)N, KN; 0 to +70°C
AD7546AD, BD; -25°C to +85°C

*FSR is Full Scale Range.

® These gain error specifications have assumed an input offset voltage for A2 of OV, Actual gnin error figures should include
amplifier A2 input offset voltage.

#Gain TC specifications have assumed a zero input offset voltage drift with temperature for A2, Actual gain TC figures should
include amplifier A2 drift with temperature.

* Guaranteed but not tested.

'Vol:nge settling time will be a function of the time constant RC seen at the buffer amplifier inputs. The resistance component of
this ime constant is the equivalent output imped of the resi string and will vary depending on which segment is decoded.
Maxlrnum equivalent resistance occurs at mid-scale, Worst case settling thus occurs from zero to mid-scale or from full-scale to mid-scale.
?+15V logic can be used to reduce power dissipation but no lmpmvtmem is achieved in the timing specifications. All control signals

are measured with ty = tf = 20ns for +5V logic and timed from lH + VIL) . Data is timed from Vyp or Vi1 Sample tested at
+25°C to ensure conformance,

Specifications subject 1o change without notice.
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CAUTION:

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected;
however, permanent damage may occur on unconnected devices subject to high energy elec-
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective
foam should be discharged to the destination socket before devices are removed.

WARNING!
pr=

ESD SENSITIVE DEVICE

ABSOLUTE MAXIMUM RATINGS
(Ta = +25°C unless otherwise noted)

(Note that cavity lid on Ceramic Package is Electrically Con-
nected to Vpp)

Vpp (Pin40)to DGND . . ................. oV, +17V
Vgg (Pin21)toDGND. .. .................. ov, -7V
VRept (Pin 37)toDGND. . . . ............ Vbp, VREF™
VReg (Pin34)toDGND. . .............. Vss, VRer?

R1 (Pin 36

Al + (Pin 31), A2 + (Pin
VouTr (Pin 25)toDGND . .........
SW1 (Pin 24), SW2 (Pin 22) to DGND

Digital Inputs (Pins 2 -19) to DGND. . . . ... .. -0.3V, +17V
Power Dissipation (Package)
Plastic (AD7546]JN, KN)

Up to450 05 o own s vy saams o3 s i 1200mW

Derates above +50°Cby .. .. .. ......... 12mW/°C
Ceramic (AD7546AD, BD)

BN 100 B oo pn v sowans s son el 1000mW

Derates above +50°Cby .. . ............ 10mW/°C

*The absolute maximum rating refers to the voltage Vx-Vy
across the inputs of the 12-bit DAC. See Functional Diagram
of Figure 2.

STRESS

Stresses above those listed under ““Absolute Maximum Ratings”

ay cause permanent damage to the device. ThlS is a stress




ACCURACY SPECIFICATIONS

Two types of nonlinearity errors exist in D/A converters,
relative accuracy and differential nonlinearity. Relative ac-
curacy is the error resulting from departure of the DAC trans-
fer characteristic from the ideal straight line drawn between
measured zero and measured full scale.

Differential Nonlinearity (DNL) is the difference between the
measured output voltage change between two adjacent input
codes and the ideal change of 1LSB. A specified DNL of %1
LSB guarantees monotonicity (i.e. the output voltage will
never decrease for any increase in input code). To ensure that
the output voltage will always increase when the input code is
increased requires a DNL specification of less than £1LSB.
This point is illustrated in Figure 1.
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Figure 1b. +1LSB Differential Nonlinearity

Many applications require high resolution DACs with guaran-
teed monotonicity (but not necessarily with an equivalent
relative accuracy) for fine control of temperature, position
and other physical parameters. Good differential nonlinearity
is essential in such systems to maintain an even degree of con-
trol over the full range. Monotonicity is particularly important
in feedback systems where nonmonotonic behavior consti-
tutes positive feedback which may lead to catastrophic results.
To ensure monotonic behavior of a particular device, only
those bits which are guaranteed monotonic for that grade
should be exercised e.g., for the AD7546]N (14-bit monotonic),
DBO and DB1 should be tied LOW and DB2 - DB15 exercised.
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THEORY OF OPERATION OF THE AD7546

The traditional solution to achieving high resolution DACs
with guaranteed monotonicity is the R-2R ladder approach.
This technique usually constrains the converter to have
+1/2LSB nonlinearity in order to guarantee monotonicity,
which in turn requires very tight resistor matching and tracking.
The resistor ladder tolerance is most critical for the major
carry where, in a 16-bit DAC, the 15LSBs turn off and the most
significant bit turns on. If the MSB is more than 0.0015% low,
the converter will be nonmonotonic. Table I shows the maxi-
mum tracking error which can be allowed over a 60°C range to
maintain monotonicity, which is *£1LSB DNL. A standard
R-2R approach therefore imposes severe constraints on resistor
matching.

The design technique used in the AD7546 sidesteps the
penalty inherent in the R-2R design (i.e. that tight differential
ngnlinearity figures require tight nonlinearity figures). The
block diagram of the AD7546 is shown in Figure 2. The top
four bits of the 16-bit input data are decoded to select, via the
segment switches, one of the 16 voltage segments available
along the resistor chain. This voltage segment, VRep' - VREF
16 ’
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Initial Matching Required for: Tracking Required for:
Converter +1LSB DNL +1/2LSB DNL
Type +1LSB DNL +1/2LSB DNL (1/2LSB INITIAL DNL) | (1/4LSB INITIAL DNL)
Straight R-2R +0.0015% +0.00076% +0.127ppm/°C +0.063ppm/°C
Segmented 4 = "
Bits + 12 Bits +0.024% +0.012% +2ppm/°C +1ppm/°C

Table I. Resistor Matching Requirements for 16-Bit DAC

is used as a voltage reference to feed a 12-bit R-2R type D/A
converter operating in the voltage switching mode (Reference
1). From Figure 2 the reference voltage is the voltage between
Vx and Vy and is always equal to one voltage segment. The
output of the D/A converter may be expressed as follows:

3 VY + D(VX -'Vy)

Thus the 65,536 output Teve \
are composed of 16 groups of 4,096 dsep3e
major carry of the 12-bit DAC is repeated in each o
segments it requires sixteen times lower initial resistor ates
and tracking to maintain a given differential nonlinearity over
temperature. The resistors that determine monotonicity are in
the 12-bit DAC. The truth table for the switch decoder is
shown in Table II.

Segment Output
DB15 | DB14 | DB13 | DB12 | Switches Switches
1 1 1 1 815,816 518,520
1 1 1 0 S14, 515 §17,819
1 1 0 1 §13,514 §$18,S20
1 1 0 0 §12,513 $17,819
1 0 1 1 S11,812 518,520
1 0 1 0 §10,S11 S$17, 819
1 0 0 1 89,510 S$18,S520
1 0 0 0 S8, 59 517,519
0 1 1 1 §7,S8 §$18,820
0 1 1 0 S6, 57 §17,819
0 1 0 1 S5, 86 §18,520
0 1 0 0 5S4, S5 §17,819
0 0 1 1 S3,54 $18,S20
0 0 1 0 52,83 $17,819
0 0 0 1 §1, 52 S18,820
0 0 0 0 S0, S1 §17,819

Table Il. Truth Table for Switch Decoder

Since the input impedance of the D/A converter is low and
varies with code, two external amplifiers are used to buffer the
selected reference segment from the D/A converter. The buffer
amplifiers, A1, A2, could give rise to differential nonlinearity
if connected directly to Vi and Vy and stepped up the ladder.

For example consider Al and A2 to have input offset voltages
Vos1 and Vg3 respectively, then the first major carry from
segment O to segment 1 occurs as follows:

Segment 0: Vx = Vi +Vps1, Vy = Vg +Vos2
VOUT= Vo +V052 + (1 - 1,’212)
[(V1 +Vos1) - (Vo + Vos2)]
(V1-Vo)_ (Vos1 - Vos2)
Your™ Vi*Vesi~— 53 712
Segment 1: Vx = V3 +Vpgg1, Vy = V1 +Vos2

Vour= V1 +Vos2
or term generated by this segment change is:

(Vos1 - Vos2)

technique the first major carry from segment 0 to Segme
now occurs as follows:

Segment 0: Vx =V; + Vos1, Vy =Vp +Vos2
(Vi -Vo) (Vosi-Vos2)
Vour = V1 +Vos1 - 212 - 212
Segment 1:  Interchange amplifiers

Vx =V3 +Vogs: Vy

Vour = V1 + Vosi
The error term at the transition from one segment to another
is now (Vgg1 - Vos2)/4096 which gives very good differential
nonlinearity for reasonable offsets. At the next segment transi-
tion, Vx =V3 + Vgg1, Vy =V, + Vg2 and so on through each
segment. The amplifiers are interchanged via output switches
S§17 — S20, see Table II.

In the segmented DAC the precision of the resistor chain
determines integral nonlinearity only. If the resistor chain is
trimmed for perfect matching such that Vn+1=Vn=Vn-1=
Vsegment, then the resulting nonlinearity due to amplifier off-
set voltage corresponds to a gain error in adjacent segments of
Vos1 - Vosaz, see Figure 3. This term may be nulled to zero
with offset adjustment of one op amp.

=V1 +Vosi

This adjustment is facilitated by tying VgRgg+ and VRgg-

to ground, tying DBO through DB11 and DB13 through

DB15 to digital ground and toggling DB12. The AD7546
output (Vgyr, pin 25) will have a square wave at the toggling
frequency with an amplitude of Vgg1 - Vos2. This can be
adjusted to zero as mentioned.



V3| OFFSET VOLTAGES HAVE BEEN GREATLY,
INCREASED FOR ILLUSTRATION.
Vos1. Vosz ARE BOTH POSITIVE WITH
Vos1 > Vosz
v2 IDEAL TRANSFER
CHARACTERISTIC
DAC TYPICAL TRANSFER (ND OFFSETS),
OUTPUT | CHARACTERISTIC POSITIVE UNIPOLAR
VOLTAGE | (OFFSETS OPERATION
PRESENT)
V1
Vios1 - Viosz)
vo
\ . - . - ]
SEGMENT 0 SEGMENT 1 SEGMENT 2

DIGITAL INPUT

Figure 3. Positive Umpo!ar Transfer Characteristic
(VREp =0V, VREF = +4V) Exaggerated to Show
the Effect of Amplifier Offset Voltages

If offsets are equal in magnitude and sign, the result is a con-
stant offset shift in the D/A transfer function and the device
will have true 16-bit linearity.

current. (Thc offset voltage contribution to linearit)qa
already been dealt with on previous pages.) The following
two expressions deal with the relationship between device
linearity and input bias current.

For Differential Nonlinearity:

14 I R
MAX DNL (in LSBs) = . {sias) (R)

16 1LSB
For Relative Accuracy:
15 R
MAXNL (n1SBs) = « SBASI(R)
2 1LSB
Where Igjas = Input bias current for the noninverting
input terminal of A1 or A2 in amps
_ VREF+ - VREF-
1LSB = — N volts
N is determined by the required system
resolution up to N = 16.
R = R segment, typically 2k2

Low bias current op amps, BIFET or Super-Beta types, should
be used such as the AD542K, AD544K, AD517K, TL071,
TLO81. Table III lists some important parameters against
various op amps. Note that the AD7546 output settling time
is dependent upon the op amps used. The figures in column
two give the additional offset voltage contribution to nonline-
arity of Al and A2.

VOL. I. 9-244 DIGITAL-TO-ANALOG CONVERTERS

Maximum Settling Time (us)
Additional to *1/2LSB
Al, A2 Nonlinearity 14 Bits 16 Bits
2 X AD544KH +0.01% 15 35
1 X TLO72BCP
(Dual) 10.05% 5 10
2 X AD517]JH 10.003% 90 100
1 X AD644JH
(Dual AD544) +0.01% 15 35
2 X LF256 10.05% 5 10

Settling time measurements were made with a similar op amp to
buffer VoyT (A4 in Figure 8)

Table 11l. AD7546 Performance vs. A1, A2

DATA LOADING AND DEGLITCH SWITCH

The AD7546 timing specifications are included on Specifica-
tions page and illustrated here in Figure 4. Signals CS and WR
have the same interpretation as in normal microprocessor sys-
tems. When both CS and WR are low the input latches are
transparent and the DAC output voltage follows the input
data. With CS low, the input data is latched on the rising edge
of WR.

tews 'cwt_
__ 1 /
cs
0
W [——'—
WR ——
Sl
B [~ T~
=Y
= 118 Vi V)
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NOTE: T MEAS) TR E LEVEL I i

2

Figure 4. AD7546 Timing Wa

Included on the chip is an SPST switch intended for use in a
Track/Hold circuit to remove glitches from the DAC output
and simplify low-pass filtering of the reconstructed output
voltage. The switch is synchronized with the latch loading
signals, being open when both CS and WR inputs are low.
The internal logic of the AD7546 ensures that the switch
opens before data to the latches can change. To function as

a Track/Hold the switch is placed in series with the DAC out-
put as shown in Figure 5. Pin 23 is a no-connect pin which
should be grounded to minimize any feedthrough resulting
from stray capacitances at the two switch terminals. The
switch should be used with pin 24 as the input and pin 22 as
the output. When the switch is open the Hold capacitor stores
the previous output voltage of the DAC. The WR pulse should
be of sufficient duration to allow the DAC to settle to its new
analog output and for all glitches to have settled out. Driving
the WR input from a one-shot will ensure sufficient settling
ume.



When WR returns high the switch is closed, updating the output
voltage on the capacitor. Typical output waveforms using the
circuit of Figure 5 are shown below.

+ Aosa

AD7546

UNIPOLAR OPERATION

Unipolar (single quadrant) operation is obtained when one
end of the resistor chain is tied to ground i.e., when VRgp+ =
+VREF and VRgp- = OV or when Vggp+ = OV and VRgp- =
-VREF- A typical unipolar circuit configuration for the
AD7546 is shown in Figure 6a. In this positive unipolar appli-
cation Vgg has been set to OV and the AD7546 operates as a
single supply device. If a full scale output is required which is
different from the ideal Vggp - 1LSB then output amplifier
A3 of Figure 6a can be configured to provide the necessary
scaling. Figure 6b shows the additional components required
to boost the full scale output voltage to +10V with Vggp =
+4V. Any full scale gain error (introduced by R1, R2 tolerances)
can be trimmed out by adjusting Vggp. Note that R1, R2
should be the same type of resistor (preferably metal film)

so that their temperature coefficients match. The transfer
characteristic for the circuit of Figure 6a is shown in Figure 7.

Q +15V

AD75486

DB1E - DB

2-17
16-BIT
DATA BUS

FROM MICROPAOCESSOR

Figure 6a. Typical Unipolar Circuit Configuration for the
AD7546 (Positive Reference, VRefr+ = VREF. VREF- = 0V
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Figure 6b. Adding Gain Around A3 to Change Full Scale
Output Voltage of Figure 6a.
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Characteristic of Figure 6a,

to obtain a symmetrical transfer function around
shows the transfer characteristic of Figure 8.

Two equal trimmed resistors, R1 and R2, are included on the
AD7546 to allow one reference to be generated from the
other with the addition of an external amplifier (A3 in Fig-
ure 8). Note that Vggg* must always be more positive than
VREFT; operation is confined to two quadrants (1st and 3rd).
It is possible to use an ac reference signal with the AD7546
as long as Vggp+ always remains more positive than Vggg-.
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Figure 8. Typical Bipolar Circuit Configuration for the
AD7546
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SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. Index area; a notch or a lead one identific ark
A 0.225 5.72 is located adjacent to lead one.
b 0.014 0.023 0.36 0.58 6 2. The minimum limit for dimension b, may be 0.023"
b, 0.030 0.070 0.76 1.78 2,6 (0.58mm) for all four corner leads only.
c 0.008 0.015 0.20 0.38 6 3. Dimension Q shall be measured from the seating plane
D 2.096 53.24 2 to the base plane.
E 0.590 0.620 12.95 15.75 4 4. This dimension allows for off-center lid, meniscus
and glass overrun.
E, 0.520 0.630 13.21 16.00 3
5110 339 379 7 5. Applies to all four corners.

s i - . v 6. All leads - increase maximum limit by 0.003" (0.08mm)
L 0.125 0.200 3.18 5.08 measured at the center of the flat, when hot solder
L, 0.150 3.81 dip lead finish is applied.
Q 0.015 0.060 0.38 1.52 3 7. Thirty-eight spaces.
S 0.098 249 5
S, 0.005 0.13 5
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AT WHICH THE LEAD WIDTH EXCEEDS 0.040 (1.02) INCHE LEAD WIDTH EXCHEDS 0.040 (1.02) | E
Letter A -
Designators Product S
ADI PMI | Description Min Max Min Max  —Min / / Max / /
Q-8 z 8-Lead 0.405 (10.29) | 0.290 (7.37) 0.320 (8.13) | = 0‘200%
Ql4 Y 14-Lead 0.785 (19.94) | 0.290 (7.37) 0.320 (8.13) | 0.200 (5
Q-16 Q 16-Lead 0.840 (21.34) | 0.290 (7.37) 0.320 (8.13) ! 0.200 (5.08)
Q-18 X 18-Lead ___ 0.960 (24.38) | 0.290 (7.37) 0.320 (8.13) ‘ 0.200 (5.08)
Q-20 R 20-Lead T 1.060 (26.92) | 0.290 (7.37) 0.320 (8.13) ‘ 0.200 (5.08)
Q-24 W 24-Lead 1.280 (32.51) | 0.290 (7.37) 0320 8.13) | 0.200 (5.08)
Q-28 T 28-Lead 1.490 (37.85) | 0.590 (14.99) 0.620 (15.75) | 0.225 (5.72)
Q-40 40-Lead 2.096 (52.23) | 0.59 (14.93) 0.63 (16.00) \ 0.21 (5.33)

*For complete package dimensions see reference manual or data sheet.
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