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10-Bit, 170 MSPS
D/A Converter

AD9731

FEATURES

170 MSPS Update Rate

TTL/High Speed CMOS-Compatible Inputs

Wideband SFDR: 66 dB @ 2 MHz/50 dB @ 65 MHz

Pin-Compatible, Lower Cost Replacement for
Industry Standard AD9721 DAC

Low Power: 439 mW @ 170 MSPS

Fast Settling: 3.8 nsto 1/2 LSB

nternal Reference

GENERAL DESCRIPTION

The AD9731 is a 10-bit, 170 MSPS, bipolar D/A converter that is
optimized to provide high dynamic performance, yet offer lower
power dissipation and more economical pricing than afforded by
previous bipolar high performance DAC solutions. The AD9731
was designed primarily for demanding communications systems
applications where wideband spurious-free dynamic range (SFDR)
requirements are strenuous and could previously only be met by
using a high performance DAC such as the industry-standard
AD9721. The proliferation of digital communications into base
station and high volume subscriber-end markets has created a
demand for excellent DAC performance delivered at reduced
levels of power dissipation and cost. The AD9731 is the answer
to that demand.
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suppression over a dc-to-65 MHz analog output bandwidth.
This signal bandwidth addresses the transmit spectrum in many
of the emerging digital communications applications where
signal purity is critical. Narrowband, the AD9731 provides an
SFDR of greater than 79 dB. This excellent wideband and
narrowband ac performance, coupled with a lower pricing structure,
make the AD9731 the optimum high performance DAC value.

The AD9731 is packaged in 28-lead SOIC (same footprint

as the industry-standard AD9721) and super space-saving
28-lead SSOP; both are specified to operate over the extended
industrial temperature range of -400C to +85«C.
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AD9731-SPECIFICATIONS

Vrer = —=1.25V, unless otherwise noted.)

(+Vs=+5V, —Vs=—5.2 V/, CLOCK = 125 MHz, Rger = 1.96 k

for 20.4 mA lgyr,

Test
Parameter Temp Level Min Typ Max Unit
RESOLUTION 10 Bits
MAX CONVERSION RATE —400C to +850C v 170 MHz
DC ACCURACY
Differential Nonlinearity 250C I 0.25 LSB
Full VI 0.35 1.5 LSB
Integral Nonlinearity 250C I 0.6 LSB
Full VI 0.7 1.5 LSB
INITIAL OFFSET ERROR
Zero-Scale Offset Error 250C I 35 70 UA
Full VI 40 100 HA
11 in Error! 250C I 2.5 5 % FS
Full VI 2.5 5 % FS
ffset Drift ¢o fﬁs/eN s 0.04 UA/oC
FERENCE/CONTRQL AMP
Itxernal Refegencg Yotrage C 50C I -1.35 -1.25 -1.15 \Y%

a erenge r ft Fu v 100 wV/eC
Internal Referenge Sutput Luytrent’ Fyll =50 +500 UA
Amplifier Input Impé€ 2pw 50 kQ
Amplifier Bandwidth AL N I~ MHz

REFERENCE INPUT* V
Reference Input Impedance 250C .6
Reference Multiplying Bandwidth® 250C 5 MHz
OUTPUT PERFORMANCE %
Output Current® ° 250C \ 20 m
Output Compliance 250C v -1.5 +3 L Vv
Output Resistance 250C \Y 240 %
Output Capacitance 250C \% 5 p
Voltage Settling Time to 1/2 LSB (tgp)’ 250C \Y 3.8 ns
Propagation Delay (tpp)® 250C \Y 2.9 ns
Glitch Impulse’ 250C \ 4.1 pVs
Output Slew Rate!® 250C \Y% 400 Vs
Output Rise Time!? 250C \Y% 1 ns
Output Fall Time!° 250C \Y% 1 ns
DIGITAL INPUTS
Input Capacitance Full v 2 pF
Logic “1” Voltage Full VI 2.0 A%
Logic “0” Voltage Full VI 0.8 A%
Logic “1” Current 250C VI 8 50 UA
Logic “0” Current 250C VI 30 100 A
Data Setup Time (tg)!! 250C v 2 ns
Full v 2.5 ns
Data Hold Time (t)'? 250C v 1.0 0.1 ns
Full v 1.0 0.1 ns
Clock Pulsewidth Low (pwmn) 250C v 2 ns
Clock Pulsewidth High (pwyax) 250C v 2 ns
SFDR PERFORMANCE (Wideband) !*
AOUT =0 dBFS
2 MHz fOUT 250C A\ 66 dB
10 MHz foyr 250C \% 62 dB
20 MHz foyt 250C \% 61 dB
40 MHz fOUT 250C \Y% 55 dB
65 MHz foyr (Clock = 170 MHz) 250C \% 50 dB
70 MHz foyr (Clock = 170 MHz) 256C \% 47 dB
-2- REV. B
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ABSOLUTE MAXIMUM RATINGS *

Analog Output . ....... ..., -V to +Vg
FV S +6V
Digital Inputs . ........................ -0.7 V to +Vg
SV -7V
Analog Output Current ..............ovuuee.nn. 30 mA
Control Amplifier Input Voltage Range ........ 0OVto-4V
Reference Input Voltage Range ............... 0V to-Vg
Maximum Junction Temperature ................ 1500C
Operating Temperature Range ........... —400C to +850C
Internal Reference Output Current ............... 500 A
Lead Temperature (10 sec Soldering) ............. 3000C
Storage Temperature .................. —659C to +1650C
Control Amplifier Output Current ............. +2.5 mA

eyice at these or\an)
seftions of this spefifi

Exposure to absolute maximum rating
devig€reliabi

cqnditions for extgn

EXPLANATION OF TEST LEVELS

Test Level | Definition

I 100% production tested

II The parameter is 100% production tested at
250C; sampled at temperature production.

III Sample tested only

v Parameter is guaranteed by design and
characterization testing.

A% Parameter is a typical value only.

VI All devices are 100% production tested at 25¢C;

guaranteed by design and characterization testing
for industrial temperature range devices.

Texiperajur, Package
Model & Ra th'io\ns
AD9731BR —70:C to\%//é
AD9731BR-REEL —-400C to +
AD9731BRS —-400C to +850C
AD9731BRS-REEL | —40«C to +85«C
AD9731-PCB 00C to 700C

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the AD9731 features proprietary ESD protection circuitry, permanent damage may occur on
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are

recommended to avoid performance degradation or loss of functi

onality.

e

ESD SENSITIVE DEVICE
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PIN FUNCTION DESCRIPTIONS

Pin No. Mnemonic Function

1 D9(MSB) Most significant data bit of digital input word

2-9 D8-D1 Eight bits of 10-bit digital input word

10 DO(LSB) Least significant data bit of digital input word

11 CLOCK TTL-compatible edge-triggered latch enable signal for on-board registers

12,13 NC No internal connection to this pin

14 DIGITAL +Vg 5 V supply voltage for digital circuitry

15, 18,28 | GND Converter ground

16 DIGITAL -Vg —5.2 V supply voltage for digital circuitry

17 Rger Connection for external reference set resistor; nominal 1.96 kQ. Full-scale output
current = 32 (control amp in V/Rggt).

19 ANALOG RETURN Analog return. This point and the reference side of the DAC load resistors should be
connected to the same potential (nominally ground).
Analog current output; full-scale current occurs with a digital word input of all “1s.” With
external load resistor, output voltage = Iout (RLoap RintErRNAL). RINTERNAL 18
Comple epta aaldg current output; full-scale current occurs with a digital word input
oRall “Ps

22 egatjve

23 rmall¥ connected/tq
source
output curix
when using the 1nternal

24 CONTROL AMP OUT| Normally connected to REF IN 2
a reference for the current switch network.

25 REF OUT Normally connected to CONTROL AMP IN (Pin 26). Intg
nominally -1.25 V.

26 CONTROL AMP IN Normally connected to REF Out (Pin 25) if not connected to external reference:

27 DIGITAL Vg Negative digital supply, nominally -5.2 V.

REV. B

PIN CONFIGURATION

Do(MsB) [1] @ 28] GND
ps [2] 27| DiGITAL BV
o7 [3] 26| CONTROL AMP IN
D6 [4] 25| REF OUT
D5 [5] 24| CONTROL AMP OUT
D4[e] ppezay [EIREFIN
03[7] topview [22]aNALoGBvs
D2 E (Not to Scale) Zl louTs
o1 [} [20] g7
DO(LSB) [19] 19] ANALOG RETURN
cLock [ 18] GND
NC |12 ERSET
Ne [13 [16] DIGITAL BVg
DIGITAL +V g [14] 15] GND

NC = NO CONNECT
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THEORY AND APPLICATIONS

The AD9731 high speed digital-to-analog converter utilizes
most significant bit decoding and segmentation techniques to
reduce glitch impulse and deliver high dynamic performance
on lower power consumption than previous bipolar DAC
technologies.

The design is based on four main subsections: the decoder/
driver circuits, the edge-triggered data register, the switch net-
work, and the control amplifier. An internal band gap reference
is included to allow operation of the device with minimum
external support components.

Digital Inputs/Timing
The AD9731 has TTL/high speed CMOS-compatible single-ended
inputs for data inputs and clock. The switching threshold is 1.5 V.

decdder/driver section, the three MSBs are decoded to

omefer codeX lines. An equalizing delay is included
q gnificant\bits and the clock signals. This
jzes/ddta skew/aryd dafa setug i

pling of digital transitions is inevitable. Digital feedtt
be minimized by forming a low pass filter at the digital input by
using a resistor in series with the capacitance of each digital

input. This common high speed DAC application technique has
the effect of isolating digital input noise from the analog output.

Input Clock and Data Timing Relationship

SINAD in a DAC is dependent on the relationship between the
position of the clock edges and the point in time at which the
input data changes. The AD9731 is rising edge triggered, and so
exhibits SINAD sensitivity when the data transition is close to
this edge. In general, the goal when applying the AD9731 is to
make the data transition close to the falling clock edge. This
becomes more important as the sample rate increases. Figure 2
shows the relationship of SINAD to clock placement from the
AD9731 and a competitive part, both sampling at 125 MSPS.
The AD9731 has excellent performance as far as the narrowness
of the “window” in which it is sensitive to SINAD.

60 AD9731

50 \\
40 \—\
COMPET|T|ON\

) [\
\Y

10

SINAD b dB

0
b4 b3 b2 b1l 0 1 2 3 4

TIME OF DATA PLACEMENT RELATIVE TO
RISING EDGE OF CLOCK b ns

Figure 2. SINAD vs. Clock Placement; fe = 125 MSPS,
fOUT = 20 MHz
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References

The internal band gap reference, control amplifier, and refer-
ence input are pinned out to provide maximum user flexibility
in configuring the reference circuitry for the AD9731. When
using the internal reference, REF OUT (Pin 25) should be con-
nected to CONTROL AMP IN (Pin 26). CONTROL AMP OUT
(Pin 24) should be connected to REF IN (Pin 23). A 0.1 uF
ceramic capacitor connected from Pin 23 to Analog —Vs (Pin 22)
improves settling time by decoupling switching noise from the
current sink baseline. A reference current cell provides feedback
to the control amplifier by sinking current through Regr (Pin 17).

Full-scale current is determined by CONTROL AMP IN and
Rsrt according to the following equation:

Iour (FS) = 32(CONTROL AMP IN/Rgzy)

The internal reference is nominally —1.25 V with a tolerance of
+8% and typical drift over temperature of 100 ppm/eC. If
greater accuracy or temperature stability is required, an external
reference can be used. The AD589 reference features 10 ppm/=C
drift over the OwC to 700C temperature range.

modes of multiplying operation are possible with the
731. Signals with bandwidths up to 2.5 MHz and input

RseT

D0.6 TO B1.2V, CONTROL
2.5MHz TYPICAL AMP IN
Ry
) CONTROL
AMP OUT

) REFERENCE IN

0.1 FI

ANALOG bVg

Figure 3. Low Frequency Multiplying Circuit
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The REFERENCE IN pin can also be driven directly for wider
bandwidth multiplying operation. The analog signal for this mode
of operation must have a signal swing in the range of -3.3 V to
—4.25 V. This can be implemented by capacitively coupling into
REFERENCE IN a signal with a dc bias of =3.3 V (Ioyt =
22.5 mA) to —4.25 V (Ioyt = 3 mA), as shown in Figure 4, or by
dividing REFERENCE IN with a low impedance op amp whose
signal swing is limited to the stated range.

NOTE: When using an external reference, the external refer-
ence voltage must be applied prior to applying —Vs.

AD9731

23

FERENCH IN

)

Figure 4. Wideband Mw/rc t

Analog Output

The switch network provides complementary current outpu
IouT and Igyrg. The design of the AD9731 is based on statisti-
cal current source matching, which provides a 10-bit linearity
without trim. Current is steered to either Ioyt or IoyTg in pro-
portion to the digital input word. The sum of the two currents is
always equal to the full-scale output current minus 1 LSB. The
current can be converted to a voltage by resistive loading as
shown in the block diagram. Both Iyt and IoyTg should be
equally loaded for best overall performance. The voltage that is
developed is the product of the output current and the value of
the load resistor.

N

122V Yo

-10-

synthesis applications.
platform for analyzing performance
ditions. The AD9731 also provides a referencelfq
circuit board layout techniques.

An operational amplifier can also be used to perform the I-to-V
conversion of the DAC output. Figure 5 shows an example of a
circuit that uses the AD9631, a high speed, current feedback
amplifier. The resistor values in Figure 5 provide a 4.096 V
swing, centered at ground, at the output of the AD9631 amplifier.

10k
+ 10k
172
VWA —_ [
AD708 " ’W o
= pD708 > T ]
+ 200
R2

REF CONTROL
OuUT AMPIN

lout

AD9731

layout con-
i peed
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