UICYs:
ANALOG 14-Bit, 100 MSPS+
DEVICES TXDAC™* [¥ A Converter

ADI764

FEATURES FUNCTIONAL BLOCK DIAGRAM
Member of Pin-Compatible TxDAC™ Product Family 5V
125 MSPS Update Rate 0.ApF

14-Bit Resolution [v —

Excellent SFDR and IMD REFLO compP1 |avop  acom
Differential Current Outputs: 2 mA to 20 mA €| ADO764

Power Dissipation: 190 mW @5 Vto45mW @3V OWF | perg SOpF .
Power-Down Mode: 25 mW @5V ¢ Y re ape . e ﬂo_]
On-Chip 1.20 V Reference [ - ARRAY (%
Single +5 V or +3 V Supply Operation Hs”i +5V 0—Q DVDD Nz IoUTA
Package: 28-Lead SOIC pcom | SESMENTED sl o [ioute
Edge-Triggered Latches

APPLICATIONS CLOCK LATCHES

Communication Transmit Channel:

Basestations DIGITAL DATA INPUTS (DB13-DB0)

ADSL/HFC Modems D ifferential current cutputs are provided to support shgle-

Instrumentation ended or differential applications. M atchihg between the two
current cutputs ensuresenhanced dynam ic perform ance I a
PRODUCT DESCRIPTION differential cutiput con fguration. T he current outputs m ay be
The AD 9764 isthe 14-bitresolntion m em berofthe TxXD AC™ tied directly to an ocutput resistorto provide two com plem en-

seres ofhigh perform ance, low powerCM O 5 digtaHo-analg tary, shgleended volage cutputs or #d directly Into a tans-
converters DACS). The TxD AC™ fam ily, which consistsofpn fm er. T he output volage com pliance mrnge 81 25 V.

com patible 8- 10— 12—, and 14-biD AC 5, Is specifically
optin ized forthe tranan it signal path ofcom m unication
system s. A llofthe devices share the sam e nterface cptions,
an all cutlne package and pmout, providing an upward or
dow nw ard com ponent selection path based on perform ance,
wsolition and cost. The AD 9764 offers exceptional ac and de
perbm ance while supporting update rates up to 125 M SPS.

T he cn—chip rErence and controlam plifierare configured for
m axin um accuracy and fexdbility. The AD 2764 can be driven
by the on—chip efrence orby a varety cfextermal reference
voltages. T he ntemal control am plifier, which provides a w ide
(>10:1) ad1stm ent span, allow s the AD 2764 fall-scale current
to be adjisted overaZm A to 20 m A range whikm anhtaining
excelent dynam It pertorm ance. T hus, the AD 9764 m ay cperate

The AD 9764"s flexble sngle-supply operating range 0f2.7V o at reduced power Jevels orbe adjisted overa 20 dB range to
55V and bw powerdissipation are well sutted forportable and provide additional gain mnging capabilities.

low power applications. Its pow er dissipation can be further
rduced o amere 45 mW wih a slightdegradatbon In perfom ance
by low ering the f1Tkscale curent output. Also, a pow erdown

TheAD 9764 iz available 1 a 28-Jead SO IC package. It is
gpecified Hroperation over the hdustial tem perature range.

m ode reduces the standby pow er dissipation to approxin ately PRODUCT HIGHLIGHTS

ZimW . 1.TheAD 9764 isamem berofthe TxD AC™ product Em ily that
The AD 9764 ism anutkchured on an advanced CM O S process. proviles an upw ard ordownw ard com ponent skction path

A segm ented current source archifecture is com bined with a based on resolution (8 to 14 bits), perfom ance and cost.
proprietary sw fiching technigue to reduce spurious com ponents 2.M anufactured on aCM O S process, the AD 9764 uses a

and enhance dynam ic pertom ance. E dge-triggered mput proprietary sw fching technigue that enhances dynam ic
latchesand a 1 .2 V fem perature com pensated bandgap refer- perform ance beyond that previcusly attainable by higher
ence have been hiegrated to provide a com pletem onolithic powerfcostbipolarorBIC M O S devices.

DAC solution.FExbl supply options support+3V and +5V 3.0 n-chip, edgetriggered nputC M & § latches readily nterfice
CMOS bgic fom les. to+3V and +5V CM O S Iogic #m iles. The AD 9764 can
The AD 9764 i a currentoutputD AC w ith & nom hal fillscalke supportupdate ratesup to 125 M SP3.

output current c£20 m A and > 100 kQ cutput In pedance. 4.7 flexble shglesupply operating range of2.7V to 5.5 V, and

awide ullsca® currentad istm ent gpan cf2m A tw 20m A,
allow s the AD 9764 1o operate at reduced pow er evels.

5.The currentoutput(s) cfthe AD 2764 can be easily config-
REV 0 ured hrvarious shglk-ended ordifferential circu it topologis.

*T XD AC isatradem arc ofAnabg [ evices, Tne.
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AD3764- SPECIFICATIONS
DC SDEGFICK"% (Twn to Tume, AVDD = +5 V, DVDD= +5V, loyrs= 20 mA unless otherwise noted)

UIC

Parameter Min Typ Max Units
RESOLUTION 14 Bis=
DC ACCURACY'
Integral Lineartty E rror (IN L)
Tn = +25°C -4.5 2.5 +45 L3B
Tum © Tuax 645 +6.5 L5B
D ifferentialN onlheardty O N L)
Ta= +25°C -2.5 1.5 +2.5 LsB
Tum © Tuax 45 +4.5 LsSB
ANALOG OUTPUT
O ffeet Error -0.025 +0.025 % ofFSR
G an Eror @ ihout mtemal Reference) -10 t2 +10 % ofFSR
Gan Eror @ ih IntermalR eference) -10 1 +10 % ofFSR
FulkSceke O utput € urent’ 2.0 20.0 mA
O utput C om pliance Range -10 125 v
O utputResistance 100 76
Output C apacitance 5 pE
REFERENCE QUTPUT
Reference Volage 1.08 120 132 V
Reference O utput C umrent® 100 nA
REFERENCE INPUT
Input C om pliance Range 01 125 v
Reference Input Resistance 1 M £
3m all Simal Bandw idth @ A Ceoupr)” 1.4 MHz
TEM PERATURE COEFFICTENTS
O ffeet D ritt 0 ppm ofF SR PC
G ahn D rift W thout Intemal R eference) +50 ppm ofF SR C
G an D rift W ih Intemal R eference) +100 ppm ofF SR C
Reference Volage D rift +50 ppm fC
POWER SUPPLY
Supply Volages
AVDD® 2. 5.0 55 v
DVDD 2.7 5.0 55 v
Analog Supply Current (Lypp ) 25 30 mA
D igital Supply Curent (T, ypp 1° 1.5 2 mA
Suppl Curent Sleep M ode (Liypp ) 5.0 8.5 mA
P owerD issation® 5V, Lyrps = 20 M A) 133 160 mW
PowerD dssipation” 5V, Lyrps = 20 M A) 190 mW
PowerD issipation” 3V, Lyps = 2 MA) 45 mW
Power Supply Repction Ratb®~ AVD D -04 +04 % ofFSRA
P ow er Supply Regction Rato®~ DVDD -0.05 +0.05 % of FSR AV
OPERATING RANGE -40 +85 °c

NOTES
M easured at T T A, driving a virual ground .

1 om inalfulberale current, Toyregy 18 32 ' the Tyge current.

30 g an externalbuffer am plifier to drive any extemal bad.

‘Reference bandw dth isa finction ofextemaleap atC oM P1 pin and signal kevel

*For operation bebw 2V, i is recomm ended that the output rureent be mduced to 12 m A or kss o m aintain optin um perfom ance.

oM eamured at Trgop = 25M SPS and §yp = 1LOMH zZ.

"M easured as unbufersd volage output with Tyypes = 20mA and 80 QR gy at U TA and T B, fargpr = LOOM SPS and fyr = 40 M H z.

£+ 5% Power aupply variation.
Specifications sub ot to change w ithout notice.
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(T to Ty, AVDD= +5V, VDD = +5 V, lgrs = 20 mA, Differential Transformer Coupled Output,

DYNNV“ C 93 ECl Fl Cm.l 0\550 €2 Doubly Terminated, unless otherwise noted)

Parameter Min Typ Max Units
DYNAM IC PERFORM ANCE
M axin um CutputU pdate Rate (G rocr) 100 125 M SPS
Cutput Settlng Tin e ) (o 0.1% )? 35 ns
Output P ropagation D elay {5y ) 1 ns
G htch Im pulse 5 pv-s
OuputRieTine 10% to 90% ) 2.5 ns
OutputFallTine (10% to 90% ) 2.5 ns
OUupULN odse (I yops= 20 M A) 50 pa NHz
OUpULN odse (lyops= 2 MA) 30 pa ANHz
AC LINEARITY
SpuriousF ree D ynam o R ange to N youist
forocr = 25 M SPS; Hyr = 1.00MHz
0 dBFS O utput
= +25°C 75 82 dBc
Tum © Tyag 73 dBc
-6 dBFS Output 85 dBc
-12 dBFS Output T dBc
-18 dBFS Output 10 dBc
frroer = 50M 8PS; fyr=1.00MHz 80 dBc
foroer = SOM SPS; Hyr=2.51MHz 77 dBc
forocr = SOM SPS; Hyr=5.02MHz 70 dBc
frrocr = S0OM SPS; Hyr=202MHz 58 dBec
Spuricust ree D ynam I R ange w thth a W mdow
ferocr = 25 M 8PS; £yr=100MHz;2M H z Span
Ty =+25°C 78 86 dBe
Tum © Tuax 76 dBc
ferocr = D0M SPS; Hyr=502M Hz;2M Hz Span 84 dBc
ferocr = 100M SPS; Hyr = 504 M Hz;4 M H z5pan 84 dBc
T otalH am onic D dstortion
forocr = 25 M SPS; Hyr = 1.00MHz
Tn=+25°C -78 =74 dBc
Tum © Tyax -72 dBc
forocp = 50MHzZ; Hur=200MHZ =75 dBc
frrocg = 100 M HzZ Hhor=200MHzZ =75 dBec
M ultitcne PowerRati (8 Teonesat 110 kH z Spacihg)
forocr = 20M 8PS; {yr=2.00MHzt0299M Hz
0 dBFS O utput 13 dBc
-6 dBFS Output 76 dBc
-12 dBFS Output 73 dBc
-18 dBFS Qutput 64 dBc

NOTES
M easured singk-ended intw 50 Q bad.

Specifications sub et o change w ithout notice.

REV. 0
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DIGTAL SPECIFICATIONS (T to Tus, AVDD= +5V, DVDD = +5V, loyrs = 20 mA unless otherwise noted)

Parameter Min Typ Max Units
DIGITAL INPUTS
Logic ™" Veoltage 8 DVDD = +5V 35 5 Vv
Logio ™" Veoltage 8 DVDD =+3V 2.1 3 Vv
Logio ™" Veoltage 8 DVDD =+5V 0 1.3 Vv
Logic ™" Voltage 8 DVDD =+3V 0 0.9 Vv
Logic "1 Current -10 +10 HA
Legic “0" Current -10 +10 LA
Input C apaciance 5 PE
Tnput Setup Tine (&) 2.0 ns
InputHoH Tine (§) 15 ns
Latch Pulse W Idth (G py) 35 ns
Specifications sub pct to change w ithout notice.
DBO-DB11 }(xxxx
Ig ty
£
CLOCK 7 Yo NF
= tpp e
PD ter 4
IOUTA r BEY
|ou9rg )_L 0%
0.1%
¥
Figure 1. Timing Diagram
ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE
With
Parameter Respectto | Min Max Units Temperature Packa.ge. Pac!(age
M odel Range Description Option*
AVDD ACOM 0.3 +6.5 v ]
DVDD DCOM 03 65 v AD 9764AR | -40°C to +85°C |28Lead 300m iSO I (R-28
ACOM DCOM 03 103 v AD 9764 EB | Evalation Beard
AVDD DVDD €5 +65 v R = S allo utlne 0 .
CLOCK,SLEEF DCOM -0.3 DVDD +03 |V
D irtal Inputs DCOM -0.3 DVDD +0.3 [V THERMAL CHARACTERISTICS
DUTA,IDUTBEB ACOM -1.0 AVDD + 0.3 |V Thermal Resistance
COMPL,COMPZ ACOM -0.3 AVDD + 0.3 |V 28-Lead 300m ilsC IC
KREFIO,FSAD J ACOM 0.3 AVDD +0.3 |V 0 = 71.4°C M
REFLO ACOM 03 +0.3 v 0 = 23°C M
Junction T en peratirs +150 °c
Storage T en perature —-65 +150 °c
Lead T an perature
10 s=c) +300 or
*Stresses dbove those listed under Absolute M axin um R atingsm ay cause pemm a—
nentdan age to the device, T his is a saess mthg only; finctonaloperation ofthe
device at these or any other conditions above those hdicated h the operatbnal
sectbnsofthisspecificatibn isnot in plisd .E xposure to absolutem axin un mthgs
for extended periodsm ay affect device reliabiliny.
CAUTION
ESD (electrmstatic discharge) sensitve device. E lectrostatic charges as high as 4000 V rwadily
accum ulate on the hum an body and test equiom ent and can dischamge w thout detection. WARNING! @
A Yhough the AD 9764 features proprietary ESD protection cimouitry, pem anent dam age m ay “

occur on devices subected to high enemy electrostatic discharges. T herfore, proper ESD
precautions are recom m ended to avoid perform ance degradation or loss of functionalty.

ESD SENSITIVE DEVICE

4 REV. 0
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AD9764

PIN CONFIGURATION

(MsB)DB13[1]® 28] cLock

DB12| 2] DVDD
DB11 | 3] 26] DCcom
DB10 [ 4] 25] NC

DBg| 5] 24] AvDD

DB6 | 8] [21] 1ouTB
DBs | 8] [20] Acom
DB4 [10] [15] comp1
DB3 [11] [18] Fs ADJ
DB2 [12) REFIO
DB1[13] [16] REFLO

NC = NO CONNECT

PIN FUNCTION DESCRIPTIONS

Pin No. | Name Description

1 DB13 M ost SignificantD ata B M SB).

2-13 DB12-DBl|DataBis1-12.

14 DBO Least SignificantD ata B (LSB).

15 SLEEP PowerD own Control Input. Active H igh. C ontahs active pulldown circuit; tm ay be Bfuntem hated if
notused.

16 REFLO Reference G round when Intemall 2 V Reference U sed . Connectto AVD D to disable htemal reference.

17 REFIO Referance Tnputd utput. Serves as reference hputwhen mtemal reference disabled (12, T REFLO to
AVDD).Servesas 1.2V mErence cutputwhen ntemal reference activated (e, TE® REFLO to ACOM ).
Regquires 0.1 WF' capacitorto ACOM when htemal reference actirated.

18 FSADJ FullScal C urrent O utput A diist.

19 COMP1 Bandw dth/N cise Reduction Ncde.Add 0.1 UF to AVD D Hroptin um perform ance.

20 ACOM AnalbgCommon.

21 OUTE Com plem entary D AC Current O utput. Fullscale current w hen all data bits are Os.

22 IDUTA DAC CunentC utput. Fullscak currentwhen all data bits are 1s.

23 COMP2 Intermnal B s N ode for Swich D river C Ircudtry. D ecouple o ACOM with 0.1 UF capacitor.

24 AVDD Analbg Supply Volage (+2.7V to +55 V).

25 NC N o IntemalC cnnection.

26 DCOM DigitalCommon.

27 DVDD D gialSupply Votage +2.7V to +55 V).

28 CLOCK C lock Input. D ata latched on posittve edge ofclock.

REV. 0 —5—
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DEFINITIONS OF SPECIFICATIONS

Linearity Error (Also Called Integral Nonlinearity or INL)
Linearity errcr is defined as them axin um deviation ofthe
actual analog cutput from the ideal output, determ med by a
straight Ine crawn fom zero to illscalke.

Differential Nonlinearity (or DNL)

DN L is the m easure ofthe variation h analeg valie, nom alized
to illscak, assoclated wih a 1 LSB change i digtal mput
code.

Offset Error

T he deviation of the output current frem the idealofzero is
called cffseterrcr.For DU TA, 0 m A output is expected when
the hputsare all0s.For DU T B, 0 m A output is expected
when allinputs are st o 1s.

Gain Error

T he difference between the actual and dealoutput span. T he
actual span is determ hed by the cutput w hen all mputs are st
te 1sm nusthe outputwhen all hputs are setto 0s.

Output Compliance Range

The rmange cfallow abk voltage at the cutput ofa currentoutput
DAC .0 permtion beyend them axinm um com pliance Iin fsm ay
cause efther output stage saturativn orbreakdown, resulting
nonlnear perform ance.

Temperature Drift

T em perature dritt is specified as the m axim um change fiom the
am bient (+25°C ) value to the value atedther Ty oy or Ty ax -For
offset and gain drift, the drift is eported I ppm of fullscale
range (FSR) perdegree C . For reference drift, the dritt is
reported I ppm perdegree C .

0.1pF

[v —

Mall. c:m
Tz 13 ik

Power Supply Rejection

Them axin um change In the fillscale output as the supplies
are varked over a specifed mnge.

Settling Time

T he th e required orthe cutputto reach and rem am withh a
gpecified error band about is fnal value, m easured from the
start ofthe cutput transtton .

Glitch Impulse

Asgymm ericalsd ichhg timesih a D AC give rise to undesired
output tran skents that are cquantified by a glitcth W pulse. Tt is
specitied as the net area ofthe glitch m pV -s.

Spurious-Free Dynamic Range
T he diference, n dB, between the m s am plinde of the cutput
signal and the peak spuricus simal over the specified bandw idith .

Total Harmonic Distortion

THD isthe ratic of the sum ofthe m s value of the first six
ham cnic com ponents to the m s valie of the m easured output
signal. It s expressed as a percentage cr n dectels (dB).

Multitone Power Ratio

T he spuricus—free dynam ic range foran cutput contaning
muldpk carmrmier tenes ofequalam pliide. Tt ism easured asthe
difference between the m s am pliude ofa cander tone t© the
peak spuricus signal n the region ofa rem oved tone.

[v

REFLO COMP1 AVDD ACOM
+1.20¥ REF {' ADO764
0.1pF SOpF
F) PMOS D.ApF
COMP2
CURRENT SOURCE
AHHAY ‘H% MINI-CIRCUITS
RgeT | I 11T
KO 45V DVDD ,—n| TO HP3589A
SEGMENTED SWITCHES |oumi < SPECTAUM/
DCOM 10UTB 10003 || NETWORK
L FOR DB13-DBS SWITCH ES o ANALYZER
. CLOCK | ,__L N 50 INPUT
DVDD 1 LATCHES | L
| | | | SLEEP 50
DCOM 500 | 20pF
= 500

20pF V/

* AWG2021 CLOCK RETIMED

RETIMED
CLOCK DIGITAL
OUTPUT CLOCK DATA
LECROY 8210 OUTRUT TEKTRONIX
PULSE GENERATOR AWG-2021

SUCH THAT DIGITAL DATA
TRANSITIONS ON FALLING EDGE
OF 50% DUTY CYCLE CLOCK.

Figure 2. Basic AC Characterizalion Test Sefup
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Typical AC Characterization Curves

(AVDD= +5V DVDD= +3 V, loyrs= 20 mA 50 2 Doubly Terminated Load, Differential Qutput, Ty = +25°C, SFOR up to Nyquist, unless otherwise noted)
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Figure 18. Single-Tone SFDR
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Figure 19. Dual-Tone SFDR
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Figure 20. Four-Tone SFDR
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FUNCTIONAL DESCRIPTION

Figure 21 show sa sin plified bbck diagram ofthe AD 2764.T he
AD 9764 consists ofa large PM O S current source array that is
capaeble of providmg up t 20 m A of twtal current. T he armay
is divided into 31 equal currents thatm ake up the fve m ost
significantbis M SB5). T he next ourbis orm iddle bis consist
of15 equal current sources whose value s 1/16th ofan M 5B
current source. T he rem ainng LSB s are bhary welghted
fractions ofthe m iddle bis current scurces. Im plem enting the

m ddle and low erbits w ith current sources, nstead ofan R-2R
ladder, enhances s dynam it perform ance orm ultdtone or low
am pltide signals and helpsm antam the D AC ‘shigh output

in pedance (ie. >100 kQ).

A llofthese current sources are aw fiched t© one orthe otherof
the two outputnodes (e, OUTA cr DUTRB) viaPM OS
differential current sw fches. T he sw fiches are based on a new
archifecture that drastically in proves distortion pertom ance.

T hisnew sw ich archifechire reduces various tin g errors and
provides m atching com plan entary drive sinals to the hputsof
the diferential current sw iches.

T he analog and digital sections of the AD 2764 have separate
power supply nputs (1e., AVDD and D VD D ) that can operate
ndependently overa 2.7 voltto 5.5 volt range. T he digital
section, w hich is capable cfopemtihgup to a 125 M 8PS clock
rate, consists of edge-triggered latches and segm ent decoding
logic circuitry. T he analbg secticn mchidesthe PM O S current
sources, the associated differential sw iches, a 1.20 V bandgap
volage reference and a reference control am plifier.

T he Millscale output current is requlated by the reference
contrelam plifierand can be set from 2 mA t© 20m A via an
extermnal resistor, Rgrr - T he extemal resistor, h com bination

w ith both the mErence controlam plifier and voltage reference
Verrpr ts the reference current Iggpe, which ism imored over to
the segm ented cument scurces w ith the proper scaling factor.
The fullscale current, Iy e, 38 32 tin esthe value of gy .

DAC TRANSFER FUNCTION

The AD 2764 provides com plem entary curent cutputs, DU TA
and DUTBE.IOUTA willprovide a near fll-scale current
cutput, Lyrps, when allbitsare high (e, DAC CODE =
16383) whike IO U T B, the com plem entary output, proviles no
current. T he curment cutput appearmgat DU TA and IOUTB

is a fanction ofboth the mputcede and Tyyqrrs and can be
expressed as:

TOUTA = (DAC CODEN6384) x fourrs L)
IOUTB = (16383 - DAC CODE)16384 X foures 2)
where DAC CODE = 0 to 16383 (ie., D ecin alR epresentation).

Asm entioned previcusly, hyrre 5 a fincton ofthe reference
current Lgp, which s noem hally set by a reference velage
Viprp and extermalresistorRggr . It can be expressed as:

fourrs= 32 x e 3)
where fper= Vperio Aser “)

T he two curmrent cutputs w il typially drive a resistive load
directly orvia a ransform er. If de coupling s required, IDUTA
and I0U T B should be directly connected to m atching resistie
Ioads, Rygap, that are tied to analoeg comm on, ACOM .Note
that Rygap M ay represent the ecuivalent boad resistance seen by
IDUTA orIOUTB aswould be the case m a doubly term nhated
50Q or75 Q cabk. T he shglk-ended voltage cutput appearing
atthe DUTA and I0U T B nodes is stn ply:

Voura= IOUTA % Broan {5)
Vourg = 1OUTB % Rroap {6)

N ote that the fullscale valie 0fVoyra and Voo should not
exceed the specified output com pliance range o m aintan
gpecified distortion and lnearity perform ance.
T he diferential voltage, Vy pr, appearng across 10 U TA and
OUTE is:

Vioirr= HOUTA —TOUTE) x Ry oap {7

Substiuting the valiesof IOUTA, IO UTB and Lkgp; Vppr can
be expressed as:

Vpier = {2 DAC CODE — 16383)/16384) %
(32 RioapMAser) * Veerio {8)

T hese last tw o equations highlight som e of the advantages of
operating the AD 2764 diferentilly. First, the differentdal
operation w illhelp cancel ccmm cn-m ode errmr scUrCes assoc-
atedwih DU TA and ICU TR such as noise, distortion and dc
offsets. Second, the differential code—dependent current and
subsequent veltage, Vp pr, 18 B0 ice the value of the shyglk-ended
voltage output e, Vgpra 0rVeprg ), thus providing tw ice the
sinalpow erto the oad.

45V
1?7 0.ApF
REFLO COMP1 AVDD ACOM
+1.20V REF F AD9764
v 50pF
REFIO REFIC
1 I 1 CURRENT SOURCE comez | * 3
— |REF F§ ADJ
0.1pF AHH AY —0—]
Reger | I VoIFF = Youta— Youte
s pvhD 10UTA | louta —- v
SEGMENTED SWITCHES LSB ouTA
Loeom FOR DB13-DBS SWITCHES outs [ loure —» o\ .
= LOAD
CLOCK 500
CLOCK O i LATCHES | RLoap
| SLEEP | | | | | | | | | | | | | | 500
DIGITAL DATA INPUTS (DB13-DED)

Figure 21. Functional Block Diagram
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N ote that the gain drift tem pemture perform ance fora shgk-
ended VOUTA and VO U TB) crdifferential cutput ¢ gr) of
the AD 2764 can be enhanced by selecting tem perature tracking
resistors ©rRpap and Rapr due to their ratiom etric relation-
ghip as shown h Equation 8.

REFERENCE OPERATICN
The AD 2764 contamsan htemall .20 V bandgap reference
that can be easily disabled and cverridden by an extemal
reference. REF IO serves asetther an fnput or outplt, depending
cn whether the htemal orextemal reference is selected , If
REFLO istiedto ACOM , as dhown In Figure 22, the mtemal
reference Is activated, and REF IO providesa 1 .20V cutput. In
this case, the mtemal reference MU be com pensated extemally
w ith a ceram I chip capacttoref0.1 UF orgreater from REF IO
to REFLO .Also, REFID should be buffered w ith an extemal
am plifier having an mputbis current less than 100 nA if any
additicnal bading is required.
+5V
0.1pF
S [v =

REF BUFFER

COMP1 | AVDD

CURRENT
ADDITICNAL SOURCE

LOAD - ARRAY

Figure 22. Internal Reference Configuration

T he mtemal reference can be disabled by connecting REFLO to
AVDD . In thiscase, an extermal reference m ay then be applied
to REFID as chown In Fiqure 23.T he external reference m ay
provide etther a fived reference volage to enhance accuracy end
drift performm ance or a varyhng rerence voltage for gain control.
N ote that the 0.1 UF com pensation capacior is not requird
sneoe the ntemal reference is disablkd, and the high nput
in pedance (le., 1M Q) of REFIC m hnin izes any Iading of the
external reference.

AVDD

o

AVDD COMP1 |AVDD

v,
EXTERNAL REFIO

REF

v h
RsET 3 |Rep=

Vrerio/Rser

— CURRENT
SOURCE
ARRAY

REFERENCE

AD9764 CONTROL

AMPLIFIER

Figure 23. External Reference Configurafion

REFERENCE CONTROL AMPLIFIER

The AD 2764 also contams an ntemal controlam plifier that is
used to requlate the D AC s falbscak output current;, Lyrrs -

T he contrelam pliffier is configured as a V-1 converter, as shewn
n Figure 23, such that its current cutputy Lgr, 18 determ hed by
the ratic ofthe Vipprp and an extemal resistor, Repr, as stated
I FEquation 4. Rer 35 copled over to the segm ented curnent

—10-—
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scurces w ith the proper scaling fctorto st hyrre as stated
Equaticn 3.

T he controlam plifierallow sa wide (10:1) adjistm ent span of
Tourrs OVerazmA o 20 mA renge by setting IREF between
62 5 A and 625 HA . The w Ide adjistm ent span of hyree
provides several appication benefits. T he first beneft relates
directly to the pow er dissipation of the AD 2764, which is
proportonal o Lyrps feferto the PowerD issppation secton).
T he second benefit relates to the 20 dB ad istm ent, which s
useiil forsystem gain controlpurposes.

T he smn all signal bandw ith cfthe reference contrelam plifier is
approxin ately 1 A M H =z and can be reduced by coennecting an
extemal capacitcrbetween COM P1 and AVD D . T he cutput et
the controlam plifer, COM P1, is mhtemally com pensated via a
50 pF' capacior that Im is the controlam plifier am allsignal
bandw idth and reduces is cutput In pedance. Any addibonal
extemal capacitance fiurther lim is the bandw dth and acts as a
filter to reduce the noise contribution from the eference

am plifier. F ijure 24 show s the relationshp between the
extemal capacior and the an all signal -3 dB bandw idth of

1000
™~

BANDWIDTH — kHz

0.1
0.1 1 10 100 1000

COMP1 CAPACITOR - nF

Figure 24. External COMP1 Capacitor vs. =3 dB Bandwidth

the reference am plifier. Sihce the —3 dB bandw idth corresponds
to the dom hantpol, and hence the tim e constant, the settlng
t e ofthe contrel am plifier to a stepped refrence put
response can be approxin ated.

T he optin um distortion pertom ance forany reconstructed
wavelbm Isobtained with a 0.1 PUF external capacitor nstalled.
Thus, if rgr 15 fived oran application, a 0.1 UF ceram icchip
capacior is recom m ended. A Iso, sheoe the controlam plifier is
optin ized Or low power operation, m ullplying app lcations
requiring large simal sw ngs should constlerushyg an extermal
controlam plifier to enhance the application’s overall large signal
m ulping bandw idth and/or distorton perfom ance.

There are two m ethods In which Lypr can be vared fora fixed
Rgagr . T he firstm ethod is suitabl fora shgle-supply system In
which the htemal reference s disabld, and the com m on-m ode
voltage of REF IO isvarded cover i= com pliance range o£1 .25V
tw 0.10V.REFID can be driven by a sihhgle—supply am pliferor
DAC, thusalow Ing Ligr o be varded fora fixed R og1 . Sihce the
Input in pedance of REF IO Iz spproxin ately 1 M Q, a sin ple,
Iow costR~R ladderD AC configured I the voltage m ode
topology m ay be used to controlthe gam. T hiscircuit isshown
In Figure 25 using the AD 7524 and an extemal 1l 2 V m=frence,
the AD 1580.
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AVDD

.
-

3
/ Reg Vop
o

¥y

1.2v

um 0.1vT0 1.2V | REFIO

AVDD

OPTIONAL
BANDLIMITING ~in.
CAPACITOR ,L_)

REFLO COMP1 | AVDD

6 S0pF

AD7524  Vper

AD1580 ouTz
AGND
Reer

- CURRENT
IFS ADJ SOURCE
— [ t ARRAY
IRep= ADIT64
Vrer/Rger

Figure 25. Single-Supply Gain Control Circuit

T he second m ethod m ay be used In a dual=supply system In
which the com m cn-m ode voltage ofREF IO is fixed, and Lgp 1S
varied by an extemalvoltage, Vg, applied to Rggr via an

am plifier. An exam plk ofthism ethed Isshown In Figure 26
which the mtemal reference Isused to et the comm on-m cde
voltage of the controlam pliferto 1 20 V. T he external vo age,
Vee, sreferenced o ACOM and shouldnotexceed 12V .The
valie 0fRgpr 18 such that Igpey ay and Igpry v do notexcesd
625 1A and 625 YA, respectively. T he associated equations In
Fijure 26 can be usd to determ e the valie 0fRagr .

AVDD
OPTIONAL
BANDLIMITING
HCAPACITOR
REFLC CCMP1|AVDD
+1.2V REF
REFIC CURRENT
I FS ADJ SCURCE
AFIHAY

1pF
$ RoerE e AD9764

Irer = {1.2-Vao) Rger
Voo WITH Vg, < Vaero AND 62.5pA < Iper < 6254

Figure 26. Dual-Supply Gain Control Circuit

In scm e applications, the userm ay elect to use an extemal
controlam plifier to enhance the m ultiplying bandw dth,
distortion perform ance and /o settling tn e. E xtemal am plifiers
capabk of driving a 50 pF load such asthe AD 817 are suttablk
frihispurpese. It is configured n such away thatitis
paralkelw ih the weaker htemal reference am pliferas shown In
Figure 27. In this case, the external am plifier sin ply overdrives
the weaker reference contlam plifier. A lso, snce the ntemal
contrelam plifierhas a Im ted current cutput, ftwillsustam no
dam age if cverdriven .

EXTERNAL
CONTROL AMPLIFER AVDD
VREF
INPUT 1 1
COMP1 [AVDD
50pF
P CURRENT,
SOURCE
4 ARRAY
Reer 2 AD9764 ;I

Figure 27. Configuring an External Reference Conirol
Amplifier
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ANALOG OUTPUTS

TheAD 9764 produces tw o com plem entary current outputs,
IDUTA and DU TB, which m ay be configured for sngle-end
ordifferential cperation . VU TA and DU TB can be converted
nte com plam entary shgl-ended voltage cutputs, Vgyra and
Voprs, via & boad resistor, R{gap . as described In the D AC

T ransfer Function section by Equations 5 through 8. T he
differential voltage, Vi pr, existing betiveen Voyoa and Voyurs
can also be converted to a shgle-ended voltage via a transtorm er
or differential am plifier con fiuration .

Figure 28 show s the equivalent analog cutput circut ofthe

AD 9764 consisting ofa parallel com bmation ofPM O S differen—
tal current sw itches associated w ih each segm ented current
source. The cutput In pedance cf R UTA and U TB I
determ hed by the equivalent paralel com bination ofthe PM O S
s¢ itches and is typically 100 kQ i parallelw ih 5 pF . D ue to
the nature ofa PM O S device, the cutput iIn pedance is also
slightly dependenten the output voltage (e, Voyura and Voprs)
and, to a lesserextent, the analog supply velage, AVD D , and
fiilbscale current, Ipyrrs - A tthough the cutput I pedance’s
signal dependency can be a scurce of de nenheartty and ac
Inhearty (ie. distortion), iseffects can be lim ited if certam
precautions are noted.

AD9764
------- AVDD
1 1
— —
i i
1 1 1 1
- - - -
i i i i
IOUTA IOUTB
rq
ALoaD RLoap

Fgure 28. Equivalent Analog Output Circuit

DUTA and DU TB alo have a negatte and posithe vo tage
com pliance range. T he negative cutput com pliance range of
-1.0V issetby the breakdown In s ofthe CM O S process.
O peration beyond thism axin um lin itm ay result n a break-
down ofthe cutput stage and affect the reliability cf the

AD 9764 . T he positive output com pliance range is slightly
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dependent on the fill-scale cutput current, kyrps. Il degrades
shightly fom fsnom hall 25V oran Ligrrs = 20mA 01 00V
foran jyrrs = 2 M A . O peration beyond the positire com pli-
ance range w ill nduce clipping of the output signal which
severely degrades the AD 2764 's Inearity and distertion
perfom ance.

Forapplications requiring the optin um de Ineartty, DU TA
andborI0UTE should bem ahtaihned at a virmalground via an
IV op am p configuration.. M aintaining DU TA andorIDUTB
at a virmal ground keeps the cutput in pedance ofthe AD 9764
fixed, signifrantly reducihg its effect on lneardty. H ow ever,
it does not necessarily kad to the optin um distortdon perfor-
m ance due to lim itations ofthe IV cp am p. N ote that the
M LD NTL specifications forthe AD 2764 are m easured in
thism annerusing IOU T A . In addition, these dc linearty
specifications ram ah virmally unattected over the specified
power supply mnge cf 2.7V o 5.5 V.

O perating the AD 2764 w ith reduced voltage output sw Ings at
OUTA and DU TB h adifferential or shglk-ended ocutput
configuration reduces the signaldependency of i= output

In pedance thus enhanchyg distertion perfom ance. A theugh
the voltage com pliance range of K U TA and ICU T B extends
from 1.0V o +1 25V, optinum distorton perform ance is
achieved when the m axin um filbscale skmalat IOU T A and
I0U TB doesnotexceed approxdn ately 0.5 V. A properly
=lected ransfom erw th a grounded centertap willallow the
AD 9764 o provide the recuired power and volage kvels to
different Ibadswhile m aintain g reduced velage sw ngs at
IOUTA and DU TB.D C couplkd applications recufring a
differential or singleended cutput contfiguration should size
Rigap accordingly. Reerto Applyihg the AD 2764 section for
exam ples of various cutput configurations.

T he m cst significant In provem ent n the AD 9764 's distortion
and noise perfom ance is realized using a differential output
configuration . T he com m cn-m cde ervor sources ofboth
IOUTA and DU TB can be substantially reduced by the

com m on-m ode reecticn of a transom er or differential

am plifier. T hese comm on-m ode error sources nchide even—
crder distortion products and noise. T he enhancem ent In
distortion perform ance becom esm ore significant as the recon—
structed wavefom ‘s frequency content ncreases and/or its
am plitnde decreases. T his is evident n Figure 14, which
con pares the differential vs. shgleended perform ance ofthe
AD 9764 at50 M SPS ©or0.0 and -6.0 dBF S shgk tone

w avetom s over frequency.

T he distorticn and noise perform ance ofthe AD 2764 is alse
shightly dependent on the analog and digital supply aswell as the
iltscale current s=ttng, kyrre - O peratihg the analeg supply at
5.0V enmuresm axin um headrocm foris htemalPM O 8§ current
sources and differential sw fivhes kadng to m proved distertion
perfom ance as shown In Fiure 8. A though Tgurrs can be st
between Z2m A and 20 m A, selecting an Lyrrs 020 mA will
provide the best distortion and noise perform ance alse shown In
Figure 8. T he noise perform ance of the AD 2764 s affected by
the digital supply © VD D ), output frequency, and horeases

w ith hereasihg clock rate as shown In Figure 13,0 perating the
AD 9764 wih bw volage gl levelsbetween 3V and 3.3V

w 1l slightly reduce the am cunt ofon—chip digitalnoise.
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In summ ary, the AD 9764 acheves the optin um distertion and
neise perform ance under the ollow ng conditions:

(1) D ifferentialO peration.

() Posttve voltage swgat ICU TA and DU TH lim fed to
+0.5V.

(3) WUTFS s=etto 20mA.
1) AnalogSupply AVDD )sstatbh.0V.

) DigftalSupply OVDD )setat30V © 3.3V wih appro-
priate logic vels.

N ote that the ac pertorm ance of the AD 9764 is characterized
under the abocve m enticned operating conditions.

DIGITAL INPUTS

The AD 9764 s digital mput consistsof 14 data mputphsand a
clock hputpi. T he 14-bit parallel data Iputs Hlow standard
posittve bhary codig where DB 13 isthe m ost simificant bit

1 SB), and D BO isthe least significantbit (LSB)Y. IOUTA
produces a ullscake cutput currentw hen alldata bits are at
logic 1. 10U T B produces a com plem entary cutput w ith the fall-
scale current split betveen the tw o outputs asa function of the
nput cede.

T he digial hterface is In plem ented usihg an edge-triggered

m aster slave latch . The D AC output s updated Hllow g the
rising edge ofthe clock as shown In Figure 1 and is designed to
support a clock rate ashigh as 125 M SPS.The clock can be
operated at any duty cycl thatm eets the specitied latch pulse
width. T he setup and hold tin es can also be varied w ithi the
clock cycle as bbng as the specified m nInum tim esarem et,
although the ocation ofthese transition edgesm ay affect digital
Fedthrough and distortion perform ance. Best perfom ance is
typically achieved when the mput data ransitbions on the fallng
edge ofa 50% duty cycle clock.

The digial hputsare CM O S—com patble w ith logic thresholds,
Venressornp, =t o approxdn ately half the digitalpositive supply
OVDD) or

Viacsorp = DVDD 2 ¢20% )
T he mtemaldigital circuiry of the AD 9764 is capable of cperating
overa digifal supply range 0of2.7V to 55V .Asa resulf, the
digital mputs can also accommodate TTL kevelswhen DVD D s
sette accom m cdate them axin um high kevelvelage cfthe TTL
drivers Voy max) . ADVDD of3V t© 3.3V willtypially ensure
propercom patbifty withm ost T T L legic tam ibes. Fiure 22
show s the equivalent digital mput ciroun it Hrthe data and clkck
puts. The skeep m ode mput is sin flarw ih the exception that
I eontamsan active pulldown circudt, thus ensuring that the
AD 9764 rem aims enabled ifthis mput is kf disconnected.

DVDD

DIGITAL
INPUT

Figure 29. Equivalent Digital Input
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Sice the AD 9764 Iscapable ofbenng updated up to 125 M SPS,
the quality ofthe clock and data mput sknals are In portant n
achieving the optin um perfom ance. O perating the AD 2764

w ith reduced logic sw ngs and a corresponding digital supply

O VDD ) willesulkin the bwest data edthrough and on—chip
diifalnoise. T he drivers cfthe digital data mterface circutry
ghould be specified o m eet them nin um setup and heold tn es
ofthe AD 92764 aswellas its required m 1/ ax put logic kvel
thresholds.

D gialsignal paths should be kept short and mun lengths

m atched t© avold propagation delay m dmm atch. T he hsertion of
a ow valie resistornetwork (1e., 200 to 100 Q) between the
AD 9764 digital hputs and driver cutpputsm ay be helpful n
reduchg any overshootihg end ringng at the digial hputs that
centrbute to data Bedthrough . For longer mun engthis and high
data update rates, soip Ine techniques w 1h proper tem hation
resistors shouH be considered to m antan “clean” digisl nputs.

T he extemal clock driver circuitry should provide the AD 9764
with a low Jtterclck hputm esting them hm ax bgic kevels
while providing fast edges. Fast clock edgesw illhelp m Ihin ize
any jitter thatw illm anifest self as phase neise on a recon—
structed wavetorm . T hus, the clock mput should be drfeen by
the fastest logic fm iy sutebl for the application .

N ote, that the clock put could also be driven via a she wave,
which is centered around the digial threshold {1e.,DVDD 2)
and m eets the m InA ax logic thresheld . Thisw il typically resalt
n a shight degradation In the phase noise, which becom esm ore
noticeable at higher sam pling mates and output fequencies.

A lso, at higher sam pling rates, the 20% tolerance of the digital
legic threshiold should be considered sheoe £ will atfect the
effective chbck duty cycle and, subsequently, cut nto the
required data setup and held tin es.

SLEEP MODE OPERATION

The AD 9764 has a powerdown finction that tumscifthe
cutput current and reduces the supply current to less than
8.5 mA overthe specified supply range c£2.7V 1o 5.5V and
tem perature range. T hism code can be activated by applyhg a
bgic vel™1” to the SLEEP ph. Thisdigtsl hputalso
contains an actfre pulldown circut that ensuresthe AD 9764
rem ains enabled if this hput s B disconnected.

T he powerup and powerdow n characterdstics cfthe AD 2764
are dependentupen the valie ofthe com pensation capacior
connected to COM P1.W ih anom halvalie of 0.1 PF, the

AD 9764 takes lessthan 5 Usto powerdown and approxin ately
3Z25bmstopowerback up.Note, the SLEEP M ODE should not
beused when the external conttolam plifier i used as shown In
Fioure 27.

POWER DISSIPATION

T he powerdissipation, Py, of the AD 2764 isdependenton
several factors, mchidhyg: (1) AVDD and D VDD , the power
supply volages; €2) hyrrs, the fallscak curent cutput; (3)
ferocr » the update rate; and () the reconstucted digital mput
wavebm . T he pow er dissipation is directly proporticnal to the
analog supply curent, Liypp , end the digital sapply curent,
Lvpp - Lvpp 18 ditectly propertbnal to Ioprps, 85 shown In
Figure 30, and is hsensitive t© Lrocr -
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Figure 30. lLypp vS. loytes

Conversely, jypp 18 dependent on both the digital mput
wavedm , orocr, and digital supply D VD D . Figures 31 and 32
ghow Ipypp asa finction of fulkscale sne w ave cutput mtios
(urMfrocr) Prvaricusupdate rateswith DVD D = 5V and
DVDD = 3V, respectively. N ote, how Lypp Isreducedbymore
than a tactorofZ when DVD D isreduced from 5V o 3V.
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Figure 31. Ipypp vs. Ratio @ DVDD =5V
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Figure 32. Ipypp vs. Ratio @ DVDD =3V
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APPLYING THE AD9764

QUTPUT CONFIGURATIONS

T he follbw Ing sections llustrate sem e typical cutput confiqura—
tions forthe AD 9764 . U nkss otherw ise noted, 1t is assum ed
that Tyyrrs B8 8etto anom malZ0 m A . Forapp ications requir-
ng the optim um dynam i peribm ance, a differential output
confiquration is suggested. A differential output configuration
m ay consist ofeftheran RF transtom erora differentialop am p
configuration. T he transfom er configuration provides the
optin um high frequency perform ance and is recomm ended for
any application allow ng Hrac couplng. T he differentialop

am p configuration i suiabke forapplications requiring dc
coupling, a bipolar output, signal gain and/or evel shifting.

A single—ended cutput is suitabl ©orapplications requirhg a
unipelar velage output. A peositdve unipolar cutput veltage w il
resut FIOUTA ander U TB i3 connected to an appropri-
ately sized load resistory Rigap, ®erred w ACOM . T his
configuration m ay bem ore suitablk fora shgksupply system
requiring a de coupled, ground referred cutput velage. A fema-
tively, an am plitier could be configured asan IV converter, thus
converting WU TA orIOU T B hto anegative unipolarvoltage.
T his configuration provides the best dc Ihearity shee DU TA
orIOU T B ismahtahed ata virmalground.Note, DU TA
provides slightly betfer perform ance than ICU TB.

DIFFERENTIAL COUPLING USING A TRANSFORMER
An RF transform ercan be u=ed t© perform a diferentialto-
single-ended signal conversion as shown In Figure 33.A
differentially coupkd transform er output provides the optin um
distortion perfom ance for output signalsw hose spectral content
Ies w ithin the transform er's passband .An RF transtom er such
astheM MiCiruisT 1-1T providesexcellent rection of

com m on-m ode distortion (ie., even-orderham onics) and noilse
over a w ide frequency range. It also provides electrical isolation
and the ability to delivertw ice the powerto the bad. T mns-
form ers w ith different In pedance rmticsm ay also be used for

In pedance m atching purpeses. N ote that the transform er
provides ac couplng only.

MINI-CIRCUITS
T-1T

¢
||E EE RLoap
9

OPTIONAL Rojpr vV

Figure 33. Differential Quiput Using a Transformer

T he center tap on the prim ary side of the transtm erm ust be
connected T ACOM to provide the necessary dc current path
orboth IDUTA and DU TB. T he com plem entary veltages
appearhg atICUTA and ICUTB (ie., Voura andVgyrg)
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g sym m etrically around ACOM  and sheuld be m antained
w ith the specified cutpputcom pliance range cfthe AD 9764 . A
diffterential resistor, Ry gp, m ay be serted i applications n
which the output ofthe transtorm er is connected to the bad,
Rioaps Via a passire reconstruction fitercroable. Ry pr 15
determ hed by the transtom er's In pedance rat and provides
the proper source tem hation that resuls na low VSW R . N ote
that approxm ately half the signal powerw ill be disspated
across Ry wp «

DIFFERENTIAL USING AN OP AMP

An op am p can also be used to perform a differentiato-shglke—
ended conversicn as shown In Figure 34.The AD 9764 is
configured w ith tw o equalload resistors, Rioap, 0£25 Q. The
differential voltage developed across IOU TA and DU TB is
converted o a sihgle-ended signalvia the differentialop am o
contfiguration . An cpticnal capactor can be hstalled across
IDUTA and DU TB, form Ing a realpole I a bw pass fier.
T he addibon of this capacitor also enhances the op am p's
distortion perfom ance by preventing the D AC 'shigh slew ng
output from overlbadng the op am p's mput.

S0o¢2

AD9764
2250
W -
22‘5 o AD8047
Copr
4 5000
2 250
v

Figure 34. DC Differential Coupling Using an Op Amp

T he com m cn-m ode reection ofthis configuration is typically
determ ed by the resistorm atching. In this circudt, the differ-
entilop am p circutusing the AD 8047 is contfigured to provide
som e addibonal signalgain . T he op am p must operate frem a
dual supply sihce its output is approxin ately £ 1.0 V. A high
speed am plifier capable of preserving the differential perform -
ance ofthe AD 2764 whil m eeting other systam lkevelch ectives
(iLe., cost, powern) should be sskected. T he op am ps differential
gain, s gah ssttihg resistor values and fiillscale output sw ng
capabilities should allbe considered when cptin zhg this
circuit.

T he differential circudt shown I Figure 35 provides the neces—
sary kveldhifthg required I a shgle supply system . In this
case, AVD D , which is the posidve analog supply forboth the
AD 9764 and the op am p, & also u=ed t© leveldhif the differ-
entiloutputofthe AD 2764 to m idsupply (le.,AVDD /). The
AD 8041 i a suitebk op am p Dorthis application .

REV. 0


http://www.uicmall.com

UIC%"E‘L“”

AD9764

5000

AD9764

2250

'v‘v‘v -

2956 AD80A

"’"" +

Copr 1KQ
— ——\W\——0 AvDD
3550 5 ko

Figure 35. Single-Supply DC Differential Coupled Circuit

SINGLE-ENDED UNBUFFERED VOLTAGE OUTPUT
Figure 36 showsthe AD 2764 configured tv provide a unipelar
cutput range of approxim ately 0V to + 0 5V fora deubly tem 1
nated 50 Q cabl shce the nom hal filkscake cunent, Tyyrps, OF
20m A flow sthrough the equivalentRygap 0f25 Q. In this case,
Ripap epresents the equivalent bad resistance seen by DU TA
crIDUTB.Theunusedoutput (0 UTA orI0U T B) can be
connected to ACOM directly orvia am atching Rygap - D ifferent
vallesofyyrps and Rigap can be selected as ong as the posi-
tive com pliance range is adhered . O ne additonal consider-
ation In thism ode is the mtegralnenlnearty (IN L) as discussed
n the Analog O utput section cfthisdata sheet. Foreptin um

IN L pertbrm ance, the single-ended, butEered voltage cutput
configuration is suggested.

AD9764

louTFs 7 20mA Voura =0 TO +0.5V

FEE

Figure 36. 0 Vto +0.5 V Unbuffered Voltage Ouiput

SINGLE-ENDED BUFFERED VOLTAGE OUTPUT
CONFIGURATION

Figure 37 show sa buffered singleended output configuration n
which theop amp U 1 perform s an IV conversion on the

AD 9764 outputcurrent. Ul mantamsIOUTA (orI0UTB) at
a virtual ground, thusm hin zhg the non hear output m ped-
ance effecton the D AC 's TN L pertorm ance as discussed i the
Analog & utput section . A theugh this shgk-ended confiqura—
tion typically provides the best dc heartty perform ance, s ac
distortion perfom ance athigherD AC update ratesm ay be

Iim ted by U 1's skew Ing capabilites. U 1 provides a negative
unipolar cutput volage and = fullscal cutput voltage is

s ply the product ofRpp and Lyyrps . T he fnllscale cutput
ghould be sstwihmn U 1's voltage cutput sw Ing capabilites by
scaling hyrre and/ArRyg .An In provem ent n ac distortion
perfom ance m ay result w ith a reduced Lyrre sheoe the signal
currentU 1 w illbe required to sink willbe subsscuenthy
recluced .
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Copr
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il
Frg

2000
.'A"'

lourrs = 10mA
—

u1 Vour=lourrs * Rre

+
2009%

Figure 37. Unipolar Buffered Voltage Output

POWER AND GROUNDING CONSIDERATIONS

In system s seekng to s ultaneously achieve high speed and
high perfom ance, the In plem entation and construction of the
printed circuit board design iscften as I portant as the cirouit
desicn. ProperRF technicuesm ust be used I device selection,
placem ent and mutihg and supply bypassing and grounding.
Figures42-47 ilhstrate the recomm ended printed circu it board
ground, power and signal plane layouts that are In plem ented on
the AD 9764 evaluation board.

P roper grounding and decouplng should be a prin ary ob ot
n any high speed, high resolition system . T he AD 9764 fatures
separate analog and digital supply and greund phs to optin ize
the m anagem ent ofanalbg and digialground currents nn a
gysten . In general, AVD D, the anabg supply, should be decoupled
WwACOM , the analeg comm on, as chse to the chip as physt-
cally possible. Sin {larly, DVD D, the digital supply, should be
decoupled to D COM asclose as physially as possble.

Forthose epplications requiring a shgke +5V or+3 V supply
orboth the analeg and digital supply, a ckean analeg supply
m ay be generated ushg the circut shown M Figure 38.T he
circuit congsists of a differential LC filer w ith separate power
supply and um lnes. Lowernoise can be attaned usihg ow
ESR type electrelvtic and tantalum capacitors.

FERRITE
BEADS
TTL/CMOS 5 O AVDD
LOGIC @ _T;" 100pF _T;" 10-22pF _T_ 0.1pF
CIRCUITS

T_ ELECT. 'r_ TANT. T CER.
- - O ACOM

+5V OR +3V
POWER SUPPLY

Figure 38. Differential LC Filter for Single +5V or +3 V
Applications

M antaming bw noise cn power supplies and ground 1s critical
t© obtam optin um results from the AD 9764, Ifproperly

In plm ented, ground planes can perform a host of fanctons on
high speed circuit boards: bypasshng, shielding current rans-
port, eto. In m xed signaldesign, the analog and digial portions
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ofthe board should be distihct from each other, w ith the analog
ground plane confined to the areas coverng the analbg signal
traces, and the digital greund plane confined to areas covering
the digtal interconnects.

A llanalog ground phscofthe D AC, reference and otheranalog
com penents should be tied directly to the analeg ground plane.
The wo ground planes should be connected by apath 18 w
1/ inch wide undemeath orwihin 1/2 Iich ofthe DAC t©

m aintain optin um perfom ance. C are should be taken to enzure
that the ground plane s unnternupted over cracial signal paths.
O n the digital side, this hchides the digital hput Ines running
to the DAC aswellas any clock signals. O n the analog side, this
hchides the D AC cutput signal, reference signal and the supply
feeders.

T he use ofwide runs orplanes 1 the wutihg of pow er Ines is
also recom m ended . T his serves the dual ok cf providing a low
series In pedance pow er supply to the part; as wellas providing
som e “ree” capacitive decouplng to the apprepriate ground
plane. tisessentialthat care be taken m the layout ot signal and
power ground hterconnects tv avold hduchyg extraneous
volage drops In the signal ground paths. It is recom m ended that
all connections be short, direct and as physically close to the
package aspossbl i orderto m hin ize the sharing of conduc—
tin paths betw een different currents. W hen runs exceed an tach
n ength, sodp Ine technigques w ith proper term hation resistors
should be considered. T he necessity and valie ofthis resistor

w 1l be dependent upon the logic fam ily used.

Feoram cre detailed discussion ofthe In plem entation and
construction ofhigh speed, m xed signal printed circuit boards,
referto Analeg D evices' application netes AN 280 and AN 333.

MULTITONE PERFORMANCE CONSIDERATIONS AND
CHARACTERIZATION

T he frequency dem ain perform ance ofhigh speed D AC shas
trad idonally been characterized by analyzhg the spectral output
cfa reconstucted fiillscak (ie., 0 dBFS), shylk-tone she wave
at a particular cutput frequency and update rate. A Though this
characterization data isusefi], I is offen haufficient to reflecta
DAC 'sperfom ance fora reconstructed m ultione or spread-
gpectrum wavetorm . In fact, evaliating aD AC 's spectral
periom ance using a fillscalk, shgk tone at the highest specified
frequency (le., &) ofa bandlin fed waveform is typically
Indicative 0ofa D AC 's “w orstcase” perform ance for that gtven
wavefm . In the tn e dom ah, this ilbscak she w ave r=pre-
snts the low est peak~o—m s ratio or crest factor (e, Vegap &V
m s) that thisbandlim it=d signalw ill encounter.
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Figure 39a. Multitone Spectral Plot

H owever, the mhermntnatire ofam ulticne, spread spectrum ,
org AM wavemm , I which the spectralenengy cfthe w ave—
orm Is spread over a designated bandw dth, willresultm a
higher peak-to—m s ratio when com pared to the case ofa smple
she wave. A sthe reconstructed wavefom 's peak—to-average
ratlc creases, an hcreasihyg am ountofthe signaleneryy is
concentrated around the D AC 'sm Idscale value. Figure 3%a 1=z
st one exam ple of a bandlin f=d m ulticne vector (ie., elght
tones) centered around onehalf the N yoquist bandw idth (e,
Frocr A).This particularm ulttone vector, has a peak—to-m =
ratic ¢c£13.5 dB com pared to a she w aves peak-to-m s ratic of
3 dB.A “sapshot” cfthis reconstiucted m ultitene vector in the
t e dom ah as shown In F igure 3%b reveals the higher signal
content around them idscale value.Asa resul, aD AC ‘s “an all-
scake” dynam ic and static Inearity becom es mcreasingly
critical m obtaming low Interm odulation distortion and

m aintaning sufficient carrdertonoise ratios fora given

m odulation schem e.

VOLTS

1t 1

i Ll
|||I|||I|||II|||I|||I|||I|||I|||I||I|I|I|I|I|I||I|||I|||I|||I|||I|||II|||I|||I|||I|||I|||I|||II|I|I|I|

TIME

Figure 39b. Time Domain " Snapshot” of the Multitone
Waveform
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A DAC s an allscale Inearity perform ance is also an in portant
consideration In applicationsw here additive dynam ¢ range s
required forgain controlpurpoeses or “predistortion” signal
condiicning. Foernstance, a D AC with sufficlent dynam ic
range can be used to provide additicnal gah contrelof its
reconstructed signal. In fact, the gam can be controlled 1

6 dB hcrem entsby sin ply perform g a it Bt errighton the
DAC 'sdigifal hputword. O therepplications m ay mtentionally
predistort a D AC 's digftal hput simal to com pensate Hr
nenlhearities associated w ith the subsequent analg com po-—
nents In the signal chah . Forexam ple, the signal com pression
associated w ith a pow er am plifier can be com pensated forby
prdistorting the D AC 'sdigital hput w ih the Inverse neonlnear
transer finction of the power am plifier. In efther case, the

D AC 'sperform ance at reduced signal levels should be carefiilly
evaliated.

A fallscale shglk tene w il mduce allofthe dynam ic and static
nenlneartties present h aD AC that contrbute to 15 distortion
and hence SFD R perform ance. Reterring to Figure 3, as the
frequency of this reconstructed fillscale, shylk-tone w avefom
Thcoreases, the dynam icnonheartiescfany DAC (e, AD 9764)
tend to dom hate thus contrbuting t the relleff n I SFD R
perfom ance. H cwever, unlikem ostD AC 5, which em pby an R-ZR
ladder forthe bwerbi current segm entation, the AD 2764 (as
wellasother TXDAC™ m am bers) exhibis an In provem ent
distortion perform ance as the am plinde ofa shygle tone is
reduced from its filkscale level. This in provem ent In distortion
periom ance at reduced signal evels is evident iffone com pares
the SFD R perfom ance vs. frequency at different am plitndes
{le.,0 dBFS, -6 dBFS and -12 dBF S) and =sam plk rates as
ghown In Figures 4 through 7.M aihtanhihg decent “an all-scale’
Inearity acrossthe full span ofa D AC transfer function is also
critical i m antaning excellentm ultifcne pertom ance.

A fthough characterizng a D AC 'sm ulbtcne perfom ance tends
to be application—specdtic, m uch nsight nto the potential
perfom ance ofa D AC can also be gahed by evalhating the
DAC 'ssweptpower (ie. am pliude) pertform ance Hr shgle,
dual and m ultione test vectors at different clock rates and carder
frequencies. TheD AC isevahated at different clock rates w hen
reconstructing a specific w aveform whose am plinde isde-
creagsed I 3 dB ncrem ents from fillscale (de., 0 ABEFS).For
ecach specific waveform , a graph show g the SFD R {over

N youist) perform ance vs. am pliude can be generated at the
different tested clock rates as dhown I Figures 9-11. N ote that
the carrier(s)-to—clock ratib rem ains constant n each figure. In
each case, an In provam ent In SFD R perform ance is seen as the
am plitude is reduced from 0 dBF S to approxdn ately -2.0 dBF'S.

A muldtone test vectorm ay consist of severalequal am plitude,
gpaced carriers each representative of a channelw thin a defhed
bandw idth asshewn I F igure 3%a. In m any cases, one orm ore

REV. 0

tones are rem oved 0 the htem odulation disorton perform ance
oftheD AC can be evaliated . N cnlhearttes assochted w ith the
DAC willcreate spurbus tones ofwhich som em ay &llback Inte
the “em pty"” channelthus Im iing a channel’s carrierto-necise
ratic. O ther spurious com penents &mlling outside the band of
hterestm ay also be In portant, dependhg on the system s spectral
m ask and filterhg recuiram ents.

T his particular test vector w as centered around cne-halfthe
Nyoquistbandw idth (le., £rocr 4) wih a pasand of £ 190 /16.
Centerng the tones atam uch lower region {(ie., fiocr A0)
would lead to an In provan ent I perform ance w hile centerng
the tones at a higher region (le., froer o) would resultn a
degradation In perform ance. F igure 40a show s the SFD R vs.
am plinde at different sam ple ratesup to the N youist frequency
whik Figure 40b show s the SFD R vs.am pliude w ithin the
passband ofthe test vector. In asessing aD AC ‘sm uldtone
perform ance, it is also recom m ended that severalunits be tested
underexactly the sam e condidons to deferm e any perfom ance
variability.
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Figure 40a. Multitone SFDR vs. Agyr (Up to Nyquist)
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Figure 40b. Multitone SFDR vs. Agyr (Within Multitone
Passband)
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AD9764 EVALUATION BOARD

General Description

The AD 976¢4-EB Isan evaluation board forthe AD 9764 14-bit
DAC converter. C arefil attention to layout and ciruit design,
com bined with a prototypihg area, allow s the user to easily and
effectively evaliate the AD 2764 1 any application where high
resclution, high speed conversicn is required.

T his beard allow s the user the flexbilty to operate the AD 2764
n varicus configurations. Possbk cutput configurations mchide
trnshm er coupled, resistor term hated, hivertinghoniverting
and differentdalam plifier cutputs. T he digial hputs are designed
o be driven directly from varicusw ord generatorsw ih the
onboard option to add a esistornetw ork for proper Ioad

UICHeks:

term hatbn . P rovisions are also m ade to cperate the AD 2764
w ith efther the mtemal crextemal reference or to exercise the
powerdown fatuire.

Referto the application note AN 420, Usng the AD9760/
ADS764/AD9764-EB Evaluation Board for a thorough
descripticn and operating mstructions for the AD 2764
evaluation beard.
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Figure 41. Evaluation Board Schematic
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Fgure 45. Power Plane PCB Layout (Layer 3)
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Figure 47. Silkscreen Layer—Bottom
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0.0040 (0.10) ("B-éz) 0.0138 (0.35)

OQUTLINE DIMENSIONS

D im ensions ghown n inchesand fmm ).

28-Lead, 300 Mil SOIC
(R-28)

0.7125 (18.10)
0.696% (17.70)

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ'

15
0.2992 (7.50)
02914 (7.40)
0.4193 (10.65)
0.3937 (10.00)

1 14
H\HHHHHHHHHHHHHA

PIN 1 0.1043 (2.65) 0.0291 {0.74)
EI.IZIBZEI(Z.35) 0.0098 {0.25)

R E s S
- e i 0.0500 (1.27
0.0118(0.30)  0.0500  0.0182 (0.49) T CI0) il

SEATING 0.0125(0.3) O 0.0157 (0.40)
PLANE pgonst(0.23)
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