ANALOG
DEVICES

14-Bit, 210 MSPS TxDAC®
D/A Converter

AD9744

FEATURES

High performance member of pin-compatible
TxDAC product family
Excellent spurious-free dynamic range performance
SFDR ta Myquist
B3 dBc at 5§ MHz output
B0 dBEc at 10 MHz output
T3 dBEec at 20 MHz output
SNR at 5 MHz output, 125 MSP5: 77 dB
Twos complement or straight binary data format
Differential current outputs: 2 mA to 20 ma
Power dissipation: 135 mW at 3.3V
Power-down mode: 15 mW at 3.3V
On-chip 1.2V reference
CMOS-compatible digital interface
2B-lead SOIC, 2B-lead TS50F and 32-lead LFCSP packages
Edge-triggered latches

GENERAL DESCRIPTION

The AD9744" is a 14-bit resolution, wideband, third generation
member of the TxDAC series of high performance, low power
CMOS d.l.gﬂ.a]-w-nmhg corverters (DACS]). The TxDAC Gamily,
umisti.nﬁ ufpin-:umpﬂlﬂﬂu B=, 1D-, 12-, and 14-hit DACS, is
specifically optimized for the transmit signal path of communi-
cation gysterns. All of the devices share the same interface options,
small outline package, and pincut, providing an upward or
downward component selection path based on performance,
resolution, and cost. The ADS744 offers exceptional 2 and de
performance while supparting update rates up to 210 MEPS,
The ADI744% bow power dissipation makes it well suited for
portable and low power applications. Its power disspation can
be further reduced to 2 mene 60 mW with a s]islﬂ: dew:ulﬂiun
in performance by lowering the full-scale current output. Also,
a power-down mode reduces the sandby power dissipation o
approximately 15 mW. A segmented current source architecture
it combined with a proprietary switching technigue to reduce
spurious components and enhance dynamic performance.

SPECIFICATIONS

AI] 9?44 DC SPECIFICATIONS
Toaw 1o Taaax, AVIDD = 3.3 W, DVDD = 3.3 W, CLEVDD = 3.3 ¥, lovms = 20 mA, unbess other wise noted.
APPLICATIONS Tahle 1.
Wideband communication transmit channel Parameter Min Typ Max Unit
Direct IFs RESOLUTION 14 Bins
Base stations DeC ACCURALY"
Wireless local loops Irtegral Linearity Erar (IML) -5 8 +5 L5E
Digital radio links Differential Nonlinearity (DML -3 )5 +3 LSE
Direct digital synthesis (DD5] AMNALDG OUTPUT
Instrumentation Diffsen Errar -0z +002 % of FSR
Gain Error (Without Internal Reference) —-05 +0.1 +05 % of FSR
Gain Error (With Inernal Reference) —-05 0.1 +05 % of FSR
FUNCTIONAL BLOCK DIAGRAM Full-Seale Output Current? 2 20 A
Owtput Compliance Ramge -1 +125 v
Owtput Resistance 100 o]
Ouitpiit Capacitance 5 pF
REFEREMCE DUTPUT
Relerence Valtage 1.14 1.20 1.26 v
Relerence Output Current? L[] nA
REFEREMCE INPUT
Input Compliance Range 0.1 1.25 v
Reference Input Resistance (External Reference) 7 k1
Small Signal Bandwidth 05 MHz
TEMPERATURE COEFFICIENTS
Figure 1. Offsen Drift 0 g ol FSAPC
Gain Drift (Withaut Internal Reference) +50 ppm al FSR™C
Eddge-triggered input ksches and 1 1.2 V temperatuse compensed Gain Drift (With Internal Reference) +100 ppm al FSRMC
band gap reference have been integrated to provide a compl Reference Valtage Drift 50 ppmmC
monolithic DAC solution. The digita] inputs support 3V POAWER SUPFLY
CMO5 logic Families. Supply Voltages
AVDD 7 i3 36 W
PRODUCT HIGHLIGHTS M 17 i3 16 Y
1. The AD¥T44 is the 14-bit member of the pin compatible TxDAC CLEVDD 27 33 16 v
family, which offers excellent INL and DML performance. Analeg Supply Current (Lusal 33 36 A
1. Data input supports twos complement or siraight binary data Diigital Supply Current {lpac)® B g9 A
codirg, Cloek Supply Current (lonos) 5 & A
3. High speed, single-ended CMOS clock input supports Supply Current Sleep Mode (o) 5 & A
210 M5PS conversion rate. Prenwwar Dissipa'ljm* 135 145 W
. Low power: Complete CMOS DAC function operates on Pawer Digsipations 145 W
135 mW froma 2.7 ¥ to 3.6 V single supply. The DAC full- Pawer Supply Rejection Ratis—AVDOS -1 +1 o af FSRA
sca|e ourrent can hE' I\Ed'I.EEd EIJT 'IJ'H'EF [T Wﬂﬂﬁﬂl‘l, i.l'ld a Pawwar s’upm, Rm:im Ra.m_mrnm —004 +0.04 o nr'st
sleep mode is provided for low power idle perinds. OPERATING RAMGE a0 TES T

5. Om-chip 1.1.|luu;e' reference: The AD9T44 incledes a 1.2V
temperature compensated band gap voltage reference.
6. Industry-standard 28-lead S01C, 28-lead TSSOF, and 32-lead

LFCSP packages.

'Protecied by LS. Fatent Numbors 5558145, 5689257, and 5703519,

1 Masured at BOUTA, driving a virnsal ground.
* Mosmiral full-scake cument, ke, i 32 s the e cument.

* An gorternal buffer amplifer with inpat bixs cument <100 i should be uwsed to drive any exemal lead.

* Maasuned a1 fooes = 75 MSFS and fon = 1 MHz

" Maasuned &5 unbuffensd woliage output vt Ly, = 20 and 50 0 R 3t HOUTA and KUTH, fupes = 100 M5PS and fo =80 MHL

* = 5% povrer supgly waration.
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DYNAMIC SPECIFICATIONS

T 10 Thpan, AVDID = 33 W, DVDD = 3.3V, CLEVDD = 3.3 W, Logmes = 20 mA, differential transformer coupled output, 5002 doubly

terminated, unless otherwise noted.

Tahle 2.
Parameter Min Typ Max Unit
CYMAMIC PERFORMAMNCE
Maxirmum Output Update Rate [fooo 210 MSPS
Owtput Settling Time (ts) (to 0.1%)" 1 ns
Owtput Prapagation Delay (eo) 1 [H
Glitch Impulse 5 Vs
Owitput Fise Time {10% to 9096} 25 s
Owrtput Fall Tirme (10% to 50%)" 25 s
Output Moise {lours = 20 ma)? 50 pAsHE
Owtput Moise (lours = 2 mA)? 30 pASHE
Moise Spectral Density? -155 dBmiHz
AC LINEARITY
Spurious-Free Dynamic Range to Nyguist
Taoa = 25 MSPFS; fogr = 1.00 MHz
0 dBFS Output 77 ap dBc
—& dBFS Ouitpat By dBe
=12 dBFS Qutput -¥3 dBc
=18 dBFS Outpiit B2 dBe
Tooo: = 65 MSPS; foyr = 1.00 MHz B3 dBc
Taoa: = 65 MSPS; four=2.51 MHz B4 dBe
oo = 65 MSFS; four = 10 MHz B0 dBe
fooo = 65 MSPS; four= 15 MHz 75 dBc
oo = 65 MSFS; four = 25 MH2 Td dBe
Tona = 165 MSPS; fgur= 21 MHz 73 dBc
Tooa: = 165 MSPS; fgur= 41 MHZ &l dBe
Taoac = 210 MSPS; fgur= 41 MHz GE dBc
oo = 210 MSPS; four = 69 MHz Gid dBe
Spurious-Free Dynamic Range Within & Window
Taoa = 25 MSPS; foyr = 1.00 MHZ: 2 MHz Span Bd an dBe
oo = 50 MSPS; foyr = 5.02 MHE: 2 MHE Span ap dBc
Taoa: = 65 MSPS; four = 5.03 MHZ: 2.5 MHz Span By dBe
oo = 125 MSPS; four= 5.04 MHE 4 MHz Span &Y dBc
Tatal Harmanic Distortion
oo = 25 MSPS; four = 1.00 MHz -84 -7 dBe
Taoa: = 50 MSPS; foyr = 2.00 MHz -7 dBe
Tooo: = 65 MSPS; foyr = 2.00 MHz -7 dBe
fooo = 125 MSPS; four= 2.00 MHz =7 dBc
Signal-to-Moise Ratio
fooo = 65 MSPS; four =5 MHE boures = 20 A B2 dB
Tooa: = 65 MSPS; four = 5 MHE lpums = 5 mA 8E dB
Taoa = 125 MSPS; four= 5 MHE: Loes = 20 mé r dB
oo = 125 MSPS; four= 5 MHE: bomws = 5 mdA 7B dB
foooe = 165 MSPS; four= 5 MHE; louars = 20 mad, 7D dB
fooa: = 165 MSPS; four= 5 MHE: bomws = 5 A T0 dB
Toco = 210 MSPS; fgyr =5 MHE; logyaes = 20 mad, 74 dB
Taoac = 210 MSPS; four= 5 MHE: Lomes = 5 A a7 dB

AD9744
Parameter Min Typ Mo Uniit
Multitone Poweer Ratio (8 Tones at 400 kHz Spacing)
looew = 78 MSPS; four = 15.0 MHE 1o 16.2 MHz
0 dBFS Dutput 66 dBc
—6 dBFS Outpaut GE dBe
=12 dBF5 Output 62 dBc
—18 dBFS Output &l dBe
' Mueasured singleended bmo 50 0 load.
? Ounpan notee Is measuned with a fulkscale cutput et to 20 mA with no conversion activicy. |t is 2 meagure of the themal notee only.
1 Modse spectral density Is the swrage noise power nomalized 103 1 Hz bandwidih, with dhe DAC consemming and producing an oulgt tone.
DIGITAL SPECIFICATIONS
T 1o Tuax, AVDD = 33V, DVDD =33V, CLEVDD = 3.3 V, lovres = 20 mA, unbess otherwise noted.
Tahle 3.
Parameter Min Typ Max Unit
DIGITAL INPUITS!
Lagic 1 Voltage 1 3 ¥
Lesgic 0 Woltage o D "
Logic 1 Current =10 +10 pA
Lesgic © Cuirrent -0 +10 )
Input Capacitance 5 pF
Input Setup Time [ts) 0 ns
Input Hodd Time [u) 15 ns
Latch Pulse Width [rew) 15 ns
OLK INPUTS?
Input Voltage Range ] 3 v
Common-fode Voltage 075 15 225 v
Differential Voltage 05 1.5 v

Vinchudes CLOCK pdn on SOICTS50P packages and CLE+ pin on LFCSP package in single-snded dock ingeut mode.

? Applicable 10 CLE+ and CLE= inguts shen configured for differential or PE

L clock Inpsut miodks.
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Figure 2. Timing Diagram:
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ABSOLUTE MAXIMUM RATINGS

Table 4.
With

Parameter Respectto | Min Max Unit

AVDD ACOM -0.3 +39 v

CVDD DCOoM -03 +39 v

COLKYDD CLECOM -03 +39 v

ACOM DCOM -03 +03 v

ACOM CLECOM -03 +03 v

D:COM CLECOM -03 +03 v

AVDD CcvVDD -39 +39 v

AVDD CLEVDD -39 +39 v

CVDD CLEVDD -39 +39 v

CLOCK, SLEEP DCOM -03 | DVDD+03 | v

Diigpital Inputs, C:COM -03 DVDD +03 | W
MODE

IOUTA, 1I0UTE ACOM -10 AVDD+03 |V

REFID, REFLD, F5 ACOM -03 AVDD +D3 |V
ADJ

COLK+, CLK-, CLECOM -03 CLEVDD+ |V
CMODE 0.3

Junction 150 =C
Temperalure

Storage —65 +150 =C
Tempeerature

Lead Temperatune 300 =C
{10 sec)

Streszes above thuse listed under Absohate Maximum Ratings
may cause permanent damage 1o the device. This is a stress
rating anly; functimal operation of the device ot these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absmbute
maxirmum rating conditions for extended periods may affect
device reliability.

THERMAL CHARACTERISTICS

Thermal impedance measurements were taken on a d-layer
board in still air, in accordance with ELAfESDS1-7.

Table 5. Thermal Resistance

Package Type B Uniit
Z8-Lead 300-Mil S0IC 559 A
28-Lead TSS0P 67.7 o
32-Lesd LFCSP 125 AN
ESD CAUTION

PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS
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1. COMHECT THE EXPOSED PAD THERMALLY TO & COMPER SROUMD PLARKE
FOR ERHARNCED ELECT| ERMAL PERFORMANCE.

ESD [electrostatic dischargel sensitive device,
Changed devices and drosl boards can discharge

‘ withaut  detection.  Althowgh this product feanses
patented or propristary peotection droultry, damage
M‘ may oocur on devices subjected to high energy ESD
Thersfore, proper B30 precautions should b= taken 1o
avaid perfommance degradation ar [ess al funcicnalny,

Figure 1 28-Lead SOK ond TES0F FICAL AMD: THI
Figure £, 22-Laad LFCSR

Table 6. Pin Function Descriplions

SOICTSSOP LFCSP

Pin Nao. Pin No. Mnemonic | Description

1 pra DE13 Mast Significant Data Bit M5B

2o 13 2B 32, DEl2 o DataBits 12to 1.

1.24w8 | DBl

14 9 DBO Least Ea'gnifif.an! Data Bin (LSB).

15 5 SLEEF Povser-Diown Control Inpul. Active high. Contains active pull-down dircuit; it may be left
uriterrninated il not used.

16 MNrA REFLD! Reference Ground when Internal 1.2 V Reference Used. Connect to ACOM for both internal
and external reference aperation modes.

17 3 REFID Reference Input/Dutput. Serves ad reference input when using external reference. Serves as
12 W reference autput when wiing intermal reference. Requires 0.1 1F capacitor 1o ACOM
when using internal reference.

18 24 F5 ADS Full-Scale Currernt Qutput Adjust.

12 MNFA NC Mo Internal Conmection.

n 19 22 ACOM Analog Comrmon.

Fil i IOUTE Complernentary DAC Current Output. Full-scale eurrent when all data bits are Ds.

2 21 13UTA DAL Current Output. Full-scale current when all data bits ane 15

23 M RESEAVED | Reserved. Do nol connect 1o common or supply.

24 17,18 AVDD Analog Supply Voltage (3.3 V).

25 16 MODE Selects Inpaut Data Format. Conmect 1o DCOM for straight binary, DVDD for wos cormplernent.

NiA 15 CMODE Clack Mode Selection. Connect to CLKCOM for sing le-ended clock receiver (drive CLE+ and
fleat CLE-). Connect 1o CLEVDD for differential receiver. Floan for PECL receiver (lemminations
or-chip)l.

26 10, 26 DCoM Digital Camman

7 3 DVDD Digital Supply Voltage (33 W),

28 MiA CLOCK Clack Input. Data latched on positive edge of clock.

MNiA 1z CLE+ Differential Clock Input.

N/A 12 al Differantial Cleck Input.

WA n CLEVDD Clock Supply Voltage {33 V).

MUA 14 CLKCOOM Clack Carmman.

MiA EPAD EFAD Expvsed Pad. Connect the expased pad thermally 1o a copper ground plane for enhanced
electrical and thermal performance,
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TYPICAL PERFORMANCE CHARACTERISTICS
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EVALUATION BOARD
GENERAL DESCRIPTION

The TxDAC family evaluation boards allow for easy setup and
testing of any TxDAC product in the SOIC and LFCSP packages
Careful attention to kyouwt and circuit design, combined with a
prototyping area, alborws the user 1o evaluate the ADS744 easily
amd effectively in any application where high resolution, high

spﬂd CONVErson is mq_uim]_

41

This board allows the user the flexibility 1o upemzﬂ'be ADST44
in varkus configurations. Possible output configurations inchsde
tm.rlsEun'uErum.plﬂL resisbor terminated, and sinu;lu amd
differential outputz. The digital inputs are designed to be driven
from various wond penerabors, with the an-board u'Pﬁun o add
a resistor network for proper load termination. Provisions are
also made 1o upemzﬂu' AD9744 with either the internal ar

external reference or to exercise the power-down feature.
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Figure 4 1. S0IC Evaluation Board==fower Supply and Digital inputs



