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14-Bit, 125 MSPS High Performance
TxDAC® D/A Converter AD9754—SPECIFICATIONS

DC SPECIFICATIONS (7, to Tuus, AYDD = 55 ¥, DVDD = +5 V, lggars = 20 mA, unless atherwise noted)

AD9754*

Parameter Min Typ Max Units
FEATURES FUNCTIONAL BLOCK DIAGRAM RESOLUTION ” Bies
High Performance Member ol Pin-Compatible
TxDAC Product Family DC ACCURACY!
125 MSPS Update Rate Integral Linearity Error {INL)
14-Bit Resalution Ta= +254C =3.0 +1.5 +3.0 LSB
Excellent Spurious Free Dynamic Range Performance Differential Nenlinearity (DNL)
SFDR to Nyquist @ 5 MHz Output: 83 dBe Ta=+25C -0 +0.75 +2.0 LB
Differential Current Outputs: 2 mA to 20 mA ANALOG OUTPUT
Power Dissipation: 185 mW @ &V Offser Beror —0.02 +0.02 4, of FSR
Fower-Down Wode: 20mW @5V Gain Error (Without Internal Reference) -2 £0.5 +2 % of FSR
p ence .
CMOS-Compatible +2.7 V to +5.5 V Digital Interface CAGITAL DATA INPUTS (D813 D80 gﬂﬁ?ﬂ'ﬁﬁﬂﬂ?&wﬂ ;_50 =13 ;;.n i:f FSR
Package: 25 Lead SOIC, TSSOP Packages The ADS754 is a current-output DAC with a nominal fullscale ~ Outpur Compliance Range -1.0 1.25 v
ge-Trigger outpul current of 20 mA and = 100 ki output impedance. Ourpur Resstance 100 Kk
APPLICATIONG Differential current outputs are provided to suppon single- Cregres Capacinee 3 e
Wir;ﬂ‘a::tn:: Communicxtisn Tramsmlt Chamual: ended or differential applications. Marching between the twe REFERENCE OUTFUT
Easestations CUrTenl DUIpULs ensures mhmgd dynamic performance in a Reference Voliage . 1.14 1.0 126 v
Wireless Local Laop differential output configurarion. The current owtpurs may be Reference Output Current 100 nA
Digital Radio Link ved directly 1o an outpul resitor o ]:u-nhd-e wo complemen- REFEREMCE INPUT
Direct Digital Synthesis (DDS| tary, single-ended voltage sutputs or fed disecily nto @ trans- Input Complisnce Rangs 0.1 125 v
Instrumentation former. The output voltage compliance range & 1.25 V. Reference Input Redstanee 1 MO
PRODUCT DESCRIFTION 'Ihr_un-du'p reference and :qmu-tul amplifier are nunﬁgu:ed_ far Small Signal Bandwidth 0.5 MHz
The ADOT54 45 a 14-bir resalurion, wideband, second genera- mmjn‘:&}ﬁm ﬂmhld"""' The :fmtlajn :"‘-’ driven TEMPERATURE COEFFICIENTS
ton member of the TDAC seres of high perfformance, low o ““m‘p_ ace o by o vasety of external e Erence Oiffcer Drift o ppm of FSRC
power CMOS digital-to-analog-converters {DACs). The tages. The internal control amplifies, which provides a wide Gain Drift (Without Inernal Reference) £50 ppra of ESRAC
TxDAC fumily, which consists of pin compatible §-, 10-, 12- (*10:1) adjorrnear span, sllows the AL0754 fall-scale cumeny Gain Drift (With Internal Reference) £100 ppm of FSRIC
and 14-bit DACs, is specifically optimized for the transmit wo e adjored over & 2mA 10 20 mA sange while malarluing Reference Voltage Drift 50 PG
sigral path of commumnication systems. All of the devices share excellent dynamic performance. Thus, the ADST54 may operate
the same interface apions, small outline package and piaour, al mlﬂur:usd pawer levels or I:-e :diusl!ed: over 4 20 dB range 1a PFOWER SUPFPLY
providing an upward or downward component selection path provide additional gam ranging capabilitics. Supply Volages
based on performance, resolution and cost. The ADST54 offers  The ADS754 is available in 28-lead SOIC and TSSOP packages. AV 45 5.0 5.5 v
exceptional ac and de performance while supporting update It & specified for operation over the industrial temperatuse range. DvDD 4 = = A v
rates up b 125 MSPS. . . A:_:a_]ng Supply Current (Iawop) 34 35 mA
The AD9754"% flexdble dngle-supply operating range of +4.5 Vo A GHLIGHT S i Digital Supply Current (lovon)® .0 3 A
. - 1. The ADWT54 is a member of the wideband TxDAC high per- Supply Currem Sleep Mode (Laypo)® 4.0 8 mA
#5.5 V and low power dessspation are well suited for portable and farmance product Bamily thar provides an upward or downward Power Dissipation® (5 V, loures = 20 mA) 185 220 oW
low pewer applications. Its power dissipation can be firther seduc- component selection path based on resolution (8 to 14 bits), Pawer Supply Rejection Ratie'—AVDD 0.4 +0.4 % of FSRA
f:;;j;’i’ oo witha “ﬂ“ﬁ?&ﬂﬁ*& performance and cost. The entire family of TxDACs is avail- Power Supply Rejection Ratio’—DVDD -0.025 +0.025 % of FSRAV
CRITENE H able in industry standard pinouts. .
weduces the ymadby powes dissipaion o sppooimarely 30 miY. 2 M:nufa:lmdu}m a E!ﬁ{ﬂ]:'; process, the ADUTS4 uses a OPERATING RAMRGE —H0 83 <

The AD9754 is manufacrured on an advanced CMOS process.
A segmented current source architecture & combined with a

propoetary switching techndque that enhances dynamic per-
formance beyond that previously anainable by higher power!

NOTES
'Mieawered ar IOUTA, drsving a viroml ground.

proprietary switching technique to reduce spurious components cost bigelar or BICMOS devices. ol o enad bt s i sy cxteEasd ol

and enhance dynamic performance. Edge-trigeered input lawches 3. Oipech ; A1 CMOS lazed dilv | Requires +5 V supply.
and a 1.2 V iemperature compensated bandgap reference have ) fee mﬁzﬁﬂﬁ CL:‘:'I.P;S I- e [arniJ.i.e!'In:z ;j}gm;es: "nleavered ot Inoox = 25 MEPS and Lugy = ststic fall scale (20 mA).
been integrated o provide a complete monalahic DAC salution, P ’ pdate rates up to 125 MSPS ) “Lgic beved for SLEEF pés must be seferenced o AV Min Vg = 3.5 V.
The digital inpurs support +2.7 V and +5 V CMOS lagic familles PP ue : T4 5% Powsr supply wasiitios.

) ) 4 A flexible single-supply operating range of +4.5V 1o +5.5 V,

TDAL & a regisrered rrademank of Asalog Devices, lse, . Sgeriilaataoen subecl o Cheege withour sotice.
i P — S150084, E568145, SEEHIST, SHL2697 and and a wide full-scale current adjustment span of 2 mA 10
STO3519. 20 mA, allows the ATWTS54 w aperate at reduced power levels.

REV. A 5. The current output{s) of the ADY754 can be easily config-
wred for variows single-ended ar differentzal cxreuin topologies.

Irrfq_:tm:hinn fumished by .ﬂmr:u _Dulu‘-m: is IJIHIU::‘ o bun:ml.l':t;wmh:

reliable. However, No respa s assumed by Analog Devices

use, nor for any infringements of patents or other rights of third parties One Techrology Way, P.0O. Box 9706, Norwood, MA 02062-9108, U.5.A.
which may result from its use. Mo license is by implication or Tel: 781/329-4700  World Wide Web Site: http:/ fwena.analog.com
atherwise under any patent or patent rights of Analog Devices. Fax: TB1/326-8703 © Analog Devices, Inc., 1959



AD9754

(T 10 Ty, AWDD = +5 ¥, DVOD = +5 ¥, lgyeg = 20 mbl, Ditterential Transformer Cougled Output,

DYNAMIC SPECIFICATIONS so £ neubly Terminated, uniess stherwise nsted)

Parameter Min Typ Max Units
DYMNAMIC PERFORMANCE
Masmum Outpuwt Update Rave (feiock) 125 MEPS DIEITﬁ.L SPEGlFlBﬁTlUHS {Tu b0 Tz, AVOD = +5 V, OVDD = +5 V, lpuwrs = 20 mA umless olberwise nolad)
Ourput Sentling Time {is7) (o 0.1%) 35 ns - —
Dutput Propagation Delay {tsr) 1 s Parameter Min Typ Max Units
Glitch Impulse 5 pV-s DIGITAL INFUTS
Output Bise Time (10% 1o 90%) 25 ns Logic “1" Voluge @ DVDD = +5 v 35 5 v
Output Fall Teme (10% 1o 00%)" 25 ns Logie “1" Valtage @@ DVDD = +3 V 21 3 v
Ourpur Nomse (Toures = 20 mA) 50 pANH: Legic “0" Valtage @ DVDD = +5 V' o 13 v
Durput Nose (Toumes= 2 mA) in panHz Logie “0™ Valtage @ DVDD = +3 V 0o 0u v
AC LINEARITY Logie “1* Current -1 +10 [T
Spurious-Free Dvaamie Range 1o Nyguist %:3": “CD Current —10 +10 "L';
fernex = 25 MSPS; fyp = 1.00 MHz e Capacimance 3 P
0 dBFS Outpur Input Setup Time (1g) 2.0 ns
T, = +25°C 25 g6 dBe Input Hold Time (1) 1.5 ns
& dEFS Output a6 dBe Larch Pulsewadth (g pg) 15 ns
-12 dBFS Ourput 78 dBe NOTES
fepner = 50 MSPS; fyp = 1.00 MHz g3 dBe WWhen DVIMD = +5 ¥ amd Logic | veluge =35 V and Logse 0 veltage =13 %, [V can screase by up 0o 10 mA depesdig on foyno
fppneg = 50 MSPS; [y = 2.51 MHz Al dBe Specificarions subject 5o chasge withour sesice.
ferncg = 50 MSPS; [y = 5.02 MHz 77 dBe
ferneg = 50 MSPS; fyr = 20.2 MHz 63 dBe
Topper = 100 MSPS: [y = 10 MHz B8 73 dBe peo-pen AN
Spurtous-Free Dynamie Range within a Window i tu
ferner = 25 MSPS; Gy = 1.00 MHz; 2 MHz Span 2% a3 dBe ELOCK 7 '1
frrner = 50 MSPS; [y = 5.02 MHz; 2 MHz Span 86 dBe turw 1
fernck = 100 MSPS; fyy = 5.04 MHz; 4 MHz Span 86 dBe iten tr—_§
Teotal Harmonde Distortion =
ﬂ:_ncutzih‘isps_iﬁ:ﬂ_rr‘l.m MHz a | [ 1.1
Ta = +25°C —83 -5 dBe MR -
ferner = 50 .'l.‘iH!i, foarr = 200 MHz TR dBe
ferpek = 104 MHz; fpr = 2.00 MHz ) 78 dBe Figure 1. Timing Dlagram
Mulmone Power Ratio (B Tanes at 110 EHz Spacing)
fernex = 20 MSPS; for = 2.00 MHz 10 2.9 MHz ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE
0 dEFS Chatput 85 dBe Witk
-6 dBFS Output B4 dBs Parameter Respectto | Min  Max Units Temperature | Package Package
-12 dBFS Outpur 87 dBe Model Hange Descriptions Options*
-16 dEFS Output 58 dBe . poon | res v ADATSIAR | —40°C ta +85°C | 28-Lead 300 Mil SO1C| R-28
NOTES ACOM — T3 s v ADSTHHARU| —40°PC to +8F°C | 28-Lead TSSOP RL-2E
M pawared single-ended into 50 2 losd. AVDD n —6.5 +ﬁ-5 v ADAT54-ER Evahuaticn Beard
Specificarion subgect 10 chisge miihous sice. CLOCK, SLEEP DCOM |03 DVDD+03 | *E.= Small Chutline 10 KU = Thin Sheink Smal Ouriee Package.
Drigital loputs DCOM -3 DVDD+03 (v
IOUTA, IOUTE ACOM =l AVDD 403 | ¥ THERMAL CHARACTERISTICS
ICOMP ACOM -3 AVDD + 03 |V Thermal Resistance
REFID, FSAD] ACOM | -0  AVDD +03 |V 25-Lead 300 Mil S0IC
REFLO ACOM -3 AVDD+D3 v fha = TLACAW
Junction Temperanare +150 s the = 23°CA
Starage Temperature =3 +150 °C 28-Lead TSS0F
Lead Temperatare tha = 47.9°CAW
(10 sec) +504 oC the = 14.0°CW

"Sipesses above those listed undes Absolule Maxisvam Rilsgs may caus: perms-
nent damige 1o the device. This & & sIeess rating only; fescens] epesation of the
device at these of 4oy othes cosditions eboe Chige indicated in dee operatioail
weCTi of i specification & st impliad. Exposure o abiolele saxisim ralegs
for extessded pesiods may aflect device relisbiliry.

FTATTTTIA



PIN CONFIGURATION

PIN FUNCTION DESCRIFTIONS

Pin No. | MName Description

1 DER13 Must Significant Diara Bit {(MSE).

2-13 DE12-DEI1 | Data Bits 1-12.

14 DEo Least Significant Dara Bir (LSE).

15 SLEEP Power-Down Cantrel Input. Actve High. Containg actwve pull-down cirewt; it may be left unterminated if
nol used.

16 REFLO Reference Ground when Internal 1.2 V Reference Used. Conneer 1o AVDD o disable internal referemce.

17 REFIO Reference Input/Ouput. Serves as reference input when internal reference disabled (1.e., Twe REFLO 1o
AVDD). Serves as 1.2 V reference output when imtemal reference activated (1.e., Tie REFLO w ACOM).
Requires 0.1 pF capacitor to ACOM when mternal reference activated.

18 F5 aD] Full-Seale Current Output Adjust.

149, 25 NC Mo Connect.

el 1} ACOM Analog Common.

21 I0UTE Complementary DAC Currert Output. Full-scale current when all dara bas are Os.

2 IOUTA DAC Current Output. Full-scale current when all daga bats are 1s.

23 ICOMP Internal Baas Mode for Switch Driver Clrewitry. Decouple po ACOM with 0.1 pF capacivor.

24 AVDD Analog Supply Valtage (+4.5 Vo +5.5 V).

26 DCOM Dignal Common.

a7 DVDD Digral Supply Valuage (#2.7 V o +5.5 V).

e 3 CLOCK Clock Input. Dara latched on positive edge of dock.

DEFINITIONS OF SPECIFICATIONS

Linearity Error (Also Called Integral Nonlinearity or INL)
Linearity error is defined as the maximum dewiation of the
actual analog output from the ideal ourpur, determined by a
straight line drawn from zero o full scale.

Differential Nonlinearity {or DNL)

DML & the measure of the variation in analog value, normabized
1o full seale, ssociated with a 1 LSE change in digital inp
oode.

Offset Error

The deviation of the output current from the ideal of 2ero &
called offser error. For IOUTA, 0 mA ourpur is expected when
the inputs are all ds. Far IOUTE, 0 mA output is expected
when all inputs are st o 1s.

Gain Error

The difference between the actual and ideal ouput span. The
actual span s determined by the output when all inpuns are ser
i 1% minus the output when all inputs are st 1o Os.

Oatput Compliance Kange

The range of allowable voltage ar the ourtpur of a current-owiput
DAC. Operation beyond the maximum complance lmns may
case either outpul stage saturalon or breakd own, resulting m
nonlinear performance.

Temperature Dirift

Temperature drift is specified as the maximum change fom the
ambient (+25%C) value 1o the value at either Tupg of Taax. For
offset and gain drift, the drift is reparted in ppm of full-scale
range (FSR) per *C. For reference drift, the drift is reporved
in ppm per *C.

Power Supply BEejection

The maximum change i the full-scale outpur as the supplies
are varied over a specified range.

Settling Time

The time required for the output to reach and remain within a
specified error band about ns final valee, measured from the
start af the oulput transiton.

Glitch Impulse

Asymmetrical switching tmes in a DAC give rise 1o undesired
outpul transients thar are quantified by a glneh impulse. It is
specified as the net area af the gluch in pVs.

The difference, in dB, berween the rms ampliude of the ourput
signal and the peak spursous signal over the specified bandwidth.
Total Hormonic Distortion

THI is the ratdo of the sum of the rems value of the first six
harmonie components to the rms value of the measured sutput
signal. It is expressed s a percentage or in decibels (dE).
Multitone Fower Ratio

The spumous-free dynamic range for an oulput containing mul-
tiple carrier ones of equal amplinede. It & measured as the
difference berween the rms amplivude of a carrier tone o the
peak spurious signal in the reglon of a removed tone.

Figure 2. Basic AC Characterization Test Setup



Typical AC Characterization Curves
[AYDD = +5 ¥, DVDD = +3 V, Iy = 20 mA, 50 £2 Doubly Terminated Load, Differential Dutput, Ty = +25°C, SFOR up 1o Nyguist, unless

otherwise noted)
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FUNCTIONAL DESCRIPTION

Frgure 16 shows a simplified block diagram of the ADO9754. The
ADATS4 consdats of a lange PMOS current source array that is
capable of providing up 1o 20 mA of wal current. The array
is divided inte 31 equal currents thar make wp the five most
significant bns (M5Bs). The next four bis or middle bits consst
of 15 equal current sources whose value is 1/16th of an MSB
current source. The remainmg [SBs are binary weighted frac-
tons of the middle bits current sources. Implementing the
middle and lower bits with current sources, instead of an R-2R
ladder, enhances its dynamie performance for muliftons or low
amplitude signals and helps mainain the DAC"s high ourput
impedance (1.e., >100 KHI)_

All of these current sources are switched 1o one o the other of
the pwo outpul nodes (e, JOUTA ar IOUTE) wia PMOS
differential current switches. The switches are based on a new
architecture that drastically mmproves distortion performance_
This new switch architecture reduces various ming errars and
provides matching complementary drive signals to the inputs of
the differential current switches.

The analog and digital sections of the AD9754 have separate
power supply mputs (e, AVDD and DVDDY). The digial sec-
o, which is capable of operatmg up 1o a 125 MSPS cdock rate
and over 2.7 V m #5.5 V operatng range, conssts of edge-
triggered lavches and segment decoding logic careuitry. The
anabog section, which can operate over a #4.5 V o +5.5 V nnge
includes the PMOS current sources, the asocmated differential
switches, a 1.20 ¥ bandgap voltage reference and a reference
contral amphifier.

The full-scale output current is regulated by the reference con-
trol amplifier and can be ser from 2 mA w 20 mA via an exter-
nal resmtor, Rger. The external resistor, in combination with
bt the reference contral amplifier and voltage reference Vierno,
sets the reference current Iygr, which s mirrored aver 1o the
segmented current sources with the proper scaling Bactar. The
full-seale current, Loorres, 15 32 times the value of lpgr.

DAC TREANSFER FUNCTION

The AD9754 provides complementary current outputs, IOUTA
and IOUTE. IOUTA will provide a near full-scale current out-
put, lopres, when all bits are high {Le, DAC CODE = 16383)
while IOUTE, the complementary outpul, provides no current.
The eurrent output appearmg at IOUTA and IOUTB is a fune-
tion of both the mput code and Lorres and can be expressed as:

I0UTA = (DAC CODEN 6384) x forres (1)

IOUTE = (16383 - DAC CODEN16384 x lopres {2
where DAC CODE = 0 to 16383 (Le., Decimal Representation).
As mennoned previously, Loarres & o function of the reference
current Iyep, which is nominally set by a reference volage Viero
and external resistor Rger. It can be expressed as:

Tourres = 32 3 Tper 3
where Ipgr = VersoRser )
The two current outputs will typically drive a reststive Load
directly or via a transformer. If de couplmg is required, IOUTA
and IOUTE should be directly connected 1o matching resmstive
loads, Fyoan, that are ted 1o analog common, ACOM. Note
that Bppan may represent the equivalent load resdstance seen by
IOUTA or IOUTE as would be the case in a doubly terminated
5081 ar 75 {2 cable. The sngle-ended voltage output appeanng
at the IOUTA and IOUTE nodes is dmply:

Voure = NOUTA = Rinan {5"]
Vours = JOUTE x Ruaan (&)
Mote thar the full-scale value of Viggy, and Vg should not
exered the specified output complance range wo maintain speci-
fied distortion and linearity performance.
The differentsal voltage, Ve, appeanng across IOUTA and
IOUTE m:

Vigpe = (FOUTA - IOUTE) % Bypan {n
Substitutmng the values of IOUTA, IOUTE and lgeg Vi can
be expressed as:

Vrgpe = (2 DAC CODE - 1638316384} =

(32 By pinfRgeg) = Viern (E)

LigF

‘;.‘? VowE = VouTa — VouTe

bosma —e

DIGITAL DATA INPUTS |DE13-0B0)

Figure 16. Functional Black Diagram



The mest significant improvement in the ADY754% dutortion
and nodse performance s realized vsing a differental output
configuration. The common-mode error sources of both
IOUTA and IOUTE can be substantally reduced by the
common-mode rejection of a transformer or differential am-
pliffer. These common-madie error sources include even-onder
distortion products and nodse. The enhancement dn distoron
performance becomes more significant as the reconstructed
waveform's frequency content increases andfar its amplitude
diecreases.

The detorion and noise pedformance of the ADOT54 s also
slightly dependent on the analog and digital supply as well as the
full-scale current setting, loures. Operating the anabog supply at
5.0 V ensures mantirmem headroom for is mternal PMOS curpent
sources and differential switches leading ro improved dxosson
performmance. Although Loarres can be set berween 2 mA and

20 ma, selecung an Lowrres of 20 mA will provide the best
distortion and naxe performance also shawn in Figure 13. The
nodse performance af the AD9T54 is affected by the digital sup-
ply (DVDD), output frequency, and increases with ncreasing
clock rate as shown m Frgure 8. Operating the AD9754 wath
low voltage logic levels berween 3V and 3.3 V will slighdy
reduce the amount of on-chip digital nodse.

In summary, the ADYT54 achieves the optimum distortion and
nivdse performance under the following conditions:

(1) Differential Operation.

(2) Positive voltage swing at IOUTA and IOUTE lmited wo
+05V.

(3 Lypres set to 20 mA
(4) Analog Supply (AVDD) ser s 5.0V,

(5) Digital Supply (DVDD) ser at 3.0V 10 3.3 V with appro-
priate logic levels.

Mote that the ac pefformance of the ATWT54 & characterized
under the above mentioned operating conditions.

DIGITAL INPUTS

The ADST 54" digital inpur consists of 14 daga input pins and a
clock input pin. The 14-bit parallel data mpurs follow sandard
positive binary coding where DBE13 is the most significamt bt
(MSE), and DBO is the keast significant bit (LSE). I0UTA
produces a full-scale outpur current when all data bdis are an
Logic 1. IOUTE produces a complementary output with the
full-scale current split between the two outputs as a functson af
the mpur code.

The digmal mierface & mplemented using an edge-mpggered
master slave larch. The DAC output is updated followmg the
rising edge af the clock as shawn in Figure 1 and is designed o
suppart a clock rate as high a 125 MSPS. The clock can be
operated at any dury eycle thar meets the specified larch pulse
width. The setup and hald times can also be varied within the
clock cyele as long as the specified minimum times are met,
although the locaton of these ransdtion edges may affect digial
feedthrough and distorton performance. Best performance is
typically achieved when the input data transisons on the falling
edge af a 50% duty eyele clock.

The degatal inputs are CMOS-compatible with logie threshalbds,
VerHkESHOLD, St o approxmmately half the digital positve supply
{DVDIDY or

Vramesuorn = DFDING (£20%)

The intemal digital exrcuitry of the AD9T 54 is capable of operatmng
aver a digital supply range of 2.7V 10 5.5 V. As a resull, the
digiral imputs can also accommodave TTL levels when DVDD is
sel to accommodate the maximum high level woltage of the TTL
drivers Vorpuasg. A DVDD of 3V o 3.3V will ypically ensure
proper compatibility with most TTL logic famdlies. Figure 22
shows the equivalemt digial inpur eircuit for the dara and dock
wputs. The sleep mode input is similar with the exceprion thar
it contains an active pull-down cireuir, thus ensuring that the
ADAT54 remains enabled if this input s left dBconnected.

DiGITAL
INPUT

Figure 22. Equivalent Digital input

Since the AD9754 is capable of being updated up o 125 MSPS,
the qualiy of the clock and data mpur signals are important m
achieving the optimum performance. Operating the ADAYTS4
with reduced logic swangs and a corresponding dignal supply
{DVDDY) will result in the lowest data feedthrough and on-chip
digital notee. The drivers of the digital data mrerface dreuitry
should be specified o meet the minimum setup and hold Hmes
of the ADUT54 as well as ns required minfmax mpur logic level
thresholds.

Dhgital signal paths should be kept short and run lengths
matched to avold propaganon delay mismatch. The insertson of
a bow value resistor network (e, 2000 po 100 £1) berween the
ADAT754 digital inputs and dover outputs may be helpful m
reducing any overshooting and ringing ar the digal mputs that
contribute to data feedthrough For longer run lengths and high
dana update rates, stap line vechniques with proper termination
resistors should be conssdered 1o maintain “clean” digital inputs.
The external chock driver creuitry should provide the AD9754
with a low jitter clock input meeting the mmimax logic levels
while providing fase edges. Fast dock edges will belp minimize
any jimer thar will manifest isell as phase notse on a recon-
structed wavelorm. Thus, the clock input should be doven by
the fastest bogee family suitable for the applheation.

Mote, that the clock inpur could also be driven via o sine wave,
which is centered around the digital threshold (1e., DYDDVZ)
and meers the minfmax logie threshald, This will rypecally result
in a shight degradaton in the phase noise, which becomes mone
moticeable at higher sampling rates and output frequencies.
Also, ar higher sampling raves, the 20% malerance of the digital
logic threshold should be considered since it will affect the effec-
vive clock duty eycle and, subsequently, cut into the required
diara serup and hold tmes.

These last two equations highlight some of the advantages of
operatmg the ADGST54 diferendally. First, the differental ap-
eration will help cancel common-made error sources ssociated
with IOUTA and IOUTE such as noise, distortion and de off-
sets. Second, the differennial code-dependent current and
subsequent voltage, Voore, s twice the value of the single-
ended voltage output (e, Voura or Vours), thus providing
twice the signal pawer to the load.

Mote that the gain drifi temperamre performance for a smgle-
ended (VOUTA and VOUTE) or differential output {Vpe) of
the AD9T54 can be enhanced by selecting temperature tracking
resistors for Bpoan and Bser due w their ratometric relation-
ship as shown in Equation 8.

REFERENCE OPERATION

The AD9754 contains an internal 1.20 V bandgap reference
that can be easily disabled and owerridden by an external
reference. REFIO serves as either an orprt or onfpur, depending
on whether the internal or external reference is selected. If
BEFLO is ted o ACOM, as shown in Figure 17, the internal
reference is activated, and REFIO provades a 1. 20V output. In
this case, the internal reference must be compensated externally
with a ceramic chip capacitor of 0.1 pF or greater from REFIO
1 REFLO. Alsa, REFIO should be buffered with an external
amplifier having an input bias current less than 10084 if any
addivonal loading is required.

Figure 17. Internal Referance Configuration

The mtemal reference can be disabled by connecting REFLO 1o
AVDD. In this case, an extemnal reference may then be applied
1o REFIO as shown in Figure 18. The external reference may
provide either a fixed reference voltage 1o enhance accuracy and
drift performance or a varying reference vahage for gain controd.
Note that the 0.1 pF compensation capacitor is not reguined
since the internal reference is disabled, and the high input im-
pedance (Le., 1 ML) of REFIO mintmizes any loading af the
external reference.

REFERENCE CONTROL AMPLIFIER

The ADST54 also containg an internal control amplifier that is
used o regulave the DAC"S full-scale outpur current, Lourrs-
The control amplifier is configured as a V-1 converter, as shown
i Figure 18, such that its current output, Iyer, is devermined by

Figure 18. External Reference Configuration

the ratio of the Vierpo and an external reststor, Fger, as stated
i Equation 4. Iger is copled over 1o the segmented current
sources with the proper scaling factor 1o set Ioures as stated
Equation 3.

The control ampliier allows a wade (10:1) adjustment span of
Loures over a 2 ma o 20 mA range by setting [REF berween
625 pA and 625 pA. The wide adjustment span of Iopres
provides several application benefits. The frst benefin relates
directly o the power dusipation of the ADYOT54, which is pro-
portional to Logrres (refer to the Power Dissipation section). The
second benefit relates 1o the 20 4B adjusement, which s useful
for system gain control purpases.

The small signal bandwadth of the reference contral amplifier

s approximately 0.5 MHz. The output of the control amplifier
15 internally compensated via a 150 pF capacitor that limits the
contral amphiier small-ssgnal bandwidth and reduces #s ourput
impedance. Since the -3 dB bandwidth corresponds 1o the
dommant pole, and hence the tme constant, the setthing tme of
the control amplifier 1o a stepped reference input response can
be approximated In this case, the ime constant can be approxi-
mated o be 320 ns.

There are two methods m which L can be vaned for a ficed
Rgpr The fGrst method s suitable for a single-supply system in
which the miemal reference is dsabled, and the common-mode
woltage of REFIO s vared over its compliance range of 1.25 V
o 0.10 V. REFIO can be driven by a single-supply amplifier or
DAC, thus allowing Lygp to be vared for a fixed Bagy. Since the

Figure 18. Single-Supply Gain Control Circuft



input impedance of REFIO is approximately 1 M0, a simple,
low cost B-2R ladder DAC configured in the voltage mode
topolagy may be used to control the gain. This circunt s shown
in Figure 19 using the AD7524 and an external 1.2 V reference,
the ADYISEQ.

‘The second method may be used in a dual-supply system in
which the common-mode voltage of REFIO & fixed, and lagr is
varied by an external voltage, YVor, applied o Repr via an ampl:-
fier. An example of this method is shown in Frgure 25 in which
the internal reference is wsed 1o ser the common-mode voltage

of the control amplifier o 1.20 V. The external voltage, Voc, B
referenced 1o ACOM and should not exceed 1.2 V. The value of
Faer i such that Iygpsaax and Ipgpsy do not exceed 62.5 pA
and 625 pA, respectively. The assoctated equations in Figure 20
can be used 1o devermine the value of Rser.
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Figure 20. Dual-Supply Gain Comtral Clrewit

ANALOG OUTPUTS

The AIMT54 produces two complementary curment oulputs,
IOUTA and IOUTE, which may be configured for single-end
or differential operation. IOUTA and IOUTE can be converted
into complementary single-ended voltage outpurs, Vi, and
W ourres ¥a a load resistor, By pypn, 25 deseribed in the DAC
Transfer Funetion section by Equanions 5 through 8. The
differentzal vahage, Vppp, exiimg between Vg, and Vg
can also be converted to a single-ended voltage via a ransformer
or differential amphlifier configuration.

CLRRENT
SOURCE
ARBAY

Figure 21 shows the equivalent analeg output crcuit of the
ADOT54 consmting of a parallel combmaton of PAMOS differen-
tial current switches associated with each segmented current
source. The output impedance af IOUTA and IOUTE = deter-
mined by the equivalent parallel combination of the PMOS
switches and s typrcally 100 kQ in parallel with 5 pF. Due 10
the nature of a PMOS device, the outpur impedance is also
slightly dependent an the outpue valtage (e, Vogr, and Vagms)
and, to a besser extent, the anabog supply voltage, AVDD, and
full-scale current, Ly rppy- Although the output impedance’s signal
dependency can be a source of de nonklineanty and ac Hoeaory
(i.e., distorison), is effects can be limived if centain procautons
ane noted.
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Figure 21. Eguivalent Analog Output Circult

IOUTA and IOUTE also have a negarive and positive voltage
compliance range. The negative autput compliance range of
—1.0'V is set by the breakdown limis of the CMOS process.
Operation beyond this maxmmum lmit may result in a break-
down of the outpur stage and affect the relssbility of the AD9T54.
The positive output complance range is shightly dependent on
the full-scale output current, Iourres. It degrades shighily from s
namdnal 1.25 V for an loores = 20 mA w 1.00 V for an loures =
2 mA_ Operation beyond the positive comphiance range will
induce clipping of the surput signal which severely degrades
the ADI754" lnearity and distorton perfformance.

For applications requirmg the optimum de lineanry, IOUTA
andlor IOUTE should be maintadned at a vertual ground wia an
IV op amp configuranon. Maitaining IOUTA andfor IOUTE
&l a virnual ground keeps the owput mpedance of the AD9754
fixed, significantly reducing s effect on inearity. However,
it does not necessanly lead to the aptimum distorson perfor-
mance due to limitations of the I-V op amp. Note thar the
INL/DNL specificarions for the ADOTS4 are measured in
this manner using IOUTA. In additon, these de linearity
specifications reman virtually unaffected over the specified
power supply range of +4.5% w +#5.5V.

Operating the AD9754 with reduced voltage output swings ar
IOUTA and IOUTE in a differential or single-ended output
configuration reduces the dgnal dependency of s output
impedance thus enhancing distortion performance. Although
the voltage compliance range of IOUTA and IOUTE extends
from —1.0 V 1o +1.25 V, optimum distortion performance is
achieved when the maximum full-scale signal ar IOUTA and
IOUTE does not exceed approxzmately 0.5 V. A properly se-
lected ransformer with a grounded center-tap will albow the
ADA754 to provide the required power and voltage levels o
different loads while maintaining reduced voltage swings at
IOUTA and IOUTE. DiC-coupled applicanons requiring a
differential or single-ended output configuration should sze
By accordingly. Refer vo Applying the ATYWT54 section for
examples af various output configurations.

INPUT CLOCK AND DATA TIMING RELATIONSHI
SME ina DAC is dependent on the relationship berween the
position of the clock edges and the point in time ar which the
inpur data changes. The AD9754 is positive edge wiggered, and
a0 exhibits SNE sensitivity when the data rransition is close w
this edge. In general, the goal when applymng the ADOT54 & w0
make the data transitions close w the negative clock edge. This
becomes more important as the sample rate increases_ Figure 23
shows the relationship of SNE o dock placement.
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SLEEF MODE OPERATION

The AD9754 has a power-down function thar rums off the
output current and reduces the supply current to less than
8.5 mA over the specified supply range of 2.7V 10 5.5 V and
temperature range. This mode can be activated by applymg a
logic lewel “1° to the SLEEP pin. This digital inpu also con-
tains an actve pull-down creuit thar ensures the ADYTS4 re-
mains emabled if this input is left dsconnected. The AD9754
takes less than 50 ns vo power down and approxmmately 5 ps 1o
power back up.

POWER DISSIPATION

The power dissipatson, P, of the ADS754 is dependent on
several factors, including: (1) AVDD and DVDD, the power
supply voltages; {2) Lyrres, the full-scale current outpur; (3}

T ook the update rate; and (4) the reconstructed digital input
wavelform. The power dissipation is directly proportional ro the
anabog supply current, Lypp, ond the dignal supply current,
Ipwpn- Lwnp & directly proportsonal to Lyrreg s shown m
Fugure 24, and is insensiinve o by ocg.

Coaversely, Ipynp 18 dependent on both the digial mpur wave-
form, iy peg, and dignal supply DVDD. Figures 25 and 26
show Ipypp 25 2 function of full-scale sine wave output ratos
(foure'lernok) for vanous update rates with DVDD = 5V and
DVDD = 3 V, respectively. Mate, how Ipypp B reduced by morne
than a factor of 2 when DVDD & reduced from 5 Vi 3V,
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APPLYING THE ADSTS4

OUTFUT CONFIGURATIONS

The fdlowing sections {llustrate some typleal outpur configura-
tioas for the AD9754. Unless otherwse noted, it is assumed
that Lyorres 1% set 1o a naminal 20 mA_ For applicatons requir-
ing the optimum dymamie performance, a differential ouput
configuration is suggested. A differential output configuration
may consist of either an RF rransformer or a differential op amp
configuration. The wransformer configuration provades the apti-
mum high Fequency performance and is recommended for any
application allowing for ac coupling. The differential op amp
configuration is sunable for applications requaring de coupling, a
bipolar autput, signal gain andlor level shifting.

A single-ended output is suitable far applications requirmg a
unipolar voltage owpur. A positive unipolar ourput valtage will
result if IOUTA andfor IOUTE is connected 1o an appropri-
ately sized load ressstor, By oan, referred to ACOM. This con-
figuration may be more suitable for a single-supply system
requiring a de coupled, ground referred owput voltage. Alterna-
tively, an amplifier could be configured as an I-V converter, thus
converting IOUTA or IOUTE mto a negative unipolar voltage.
This configuration provides the best de Bnearty smee I0UTA
or IOUTE is mamtained ar a virtual ground. Note, IOUTA
provides shghtly benter performance than IOUTE.

DIFFERENTIAL COUPLING USING A TRANSFORMER
An RF wransformer can be wed wo perform a differential-to-
single-ended signal conversion as shown in Figure 27. A
differentzally coupled ransformer output provides the optimum
dmtartion performance for output sgnals whose speetral content
lies within the transformer’s passhand. An RF ransformer such
as the Min-Circuits T1-1T provides excellent repection of
cammon-mode distortion (1.e., even-order harmonies) and nodse
over a wide frequency range. It also provides electrical isalation
and the abilny vo deliver twice the power 1o the load. Trans-
formers with dafferent impedance ratos may aleo be used for
impedance matching purposes. Note that the transformer
provides ac couplng anly.

Figure 27. Differential Output Using a Transformer

The center tap on the prmary side of the ransformer must be
connected w ACOM w provide the necessary de ewrremt path
fior both IOUTA and IOUTE. The complementary voltages
appearmg at IOUTA and IOUTE (Le, Vayrs and Vagrs)
swing symmetrically around ACOM and should be maintaimed
with the specified output complance range of the ADAY754. A
differentzal resmpar, Ry, may be inserted in applicatons in
which the oumput of the transformer is connected 1o the load,
Ry e via @ passive reconstruction filter or cable. R is deter-
mined by the ransformer's impedance ratio and provides the
proper source ermination that results in a low VSWE Note
that approximately half the signal power will be dissipared
across Rpgpg.

DIFFERENTIAL USING AN OF AMP
An op amp can also be wsed o perform a differential-to-smghe-
ended conversion as shown in Figure 28, The ADST54 & con-
figured with two equal load resistors, Byoan, of 25 £ The
differential volage developed across IOUTA and IOUTE =
converted 1o a sngle-ended sgnal via the differential op amp
configuration. An optional capacitor can be installed across
IOUTA and IOUTE, forming a real pale m a low-pass flzer.
The addition of this capacitor also enhances the op amp’s dis-
rortion perfarmance by preventing the DAC's high slewing
output from overloading the op amp’s npur.

The common-mode rejection of this configuration is typically
derermined by the resistor marching. In this circur, the differ-
ential op amp cireun is configured 1o provide some additional
signal gaim. The op amp must operate from a dual supply since
its outpul is approxmately £1.0 V. A high speed amplifier such
as the ADBISS or ADP632 capable of preserving the differential
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Figure 28. OC Differential Coupling Using an Op Amp

performance of the ADAYT54 while meeting other system bevel
abpectrves {i_e., cost, power) should be selected. The op amps
differential gain, ns gain seming reststor values and full-scale
outpul swing capabilities should all be considered when opti-
miHng this corcull.

The differentzal crrendt shown m Figure 24 provides the neces-
sary level-shifting required in o sngle supply system. In this
case, AVDD, which is the positve analog supply for both the
ADA9754 and the op amp, is also used 1o bevel-shift the differ-
ential output of the ADAYTS4 o midsupply (1.2, AVDINZ). The
ADS04] is a sultable op amp for this application.

Figure 28. Single-Supply DC Differential Coupled Cirewlt

SINGLE-ENDED UNBUFFERED YOLTAGE OUTPUT
Frgure 30 shows the AD9754 configured o provide a undpalar
output range of approximarely 0V o +0.5 V for a doubly termi-
mated 50 (2 cable sinee the nominal full-scale current, Loures, of
20 mA Aows through the equivalent By pan of 25 (0 I this case,
Bpoan represents the equivalent load resistance seen by IOUTA
or IOUTE. The unused output (IOUTA ar IOUTE) can be
connected 1o ACOM directly or via a matching By pan. Different
valuwes of Logrres and By oan can be selected & long & the pos-
tive compliance range is adhered to. One additonal consider-
ation in ths mode is the integral nonlinearity {(INL) as discussed
in the Analog Output section of this data sheet. For optimum
IML performance, the smghe-ended, bulfered volage output
configuration is suggested.

Figure 30. 0V o +0.5 V¥ Unbuffered Voltage Output

SINGLE-ENDED BUFFERED VOLTAGE OUTPUT
CONFIGURATION

Figure 31 shows a buffered single-ended output configuration in
which thi op amp 11 performs an -V conversion on the ADSTS54
output current. Ul maintains IOUTA (or IOUTE) at a vertual
ground, thus mindmizmg the nonlinear ouvtput impedance effect
on the DAC's INL performance as discussed m the Analog
Outpur seetion. Although this single-ended configuration tpi-
cally provides the best de Eneardty performance, its ac distortion
performance at higher DAC update rates may be limived by
Ul's slewing capabilities. Ul provides a negative unipolar
output voltage and ns full-scale output voltage is mply the
product of Bgy and Lygrres. The fullseale ourpur should be ser
within U1" valtage output swing capabibities by scaling Lgrreg
andlor Bgg. An improvement m a¢ distortion performance may
result with a reduced Lygrres sinee the signal current U1 will be
required to sink will be subsequently redweed.

¥our * bourmes ® Mg,

Figure 31. Unipolar Buffered Voltage Output

POWER AND GROUNDING CONSIDERATIONS, POWER
SUPPLY REJECTION

Many applications seek high speed and high performance under
less than ideal operating conditons. In these circuits, the mple-
mentation and construetion of the prnated coreuit board design
1% as important as the crcuit design. Proper RF technigques must
e wsed for device selection, placement and routing as well as
power supply bypassing and grounding to ensure optimum
performance. Figures 36-44 illustrate the recommended printed
dreuit board ground, power and signal plane bayouts which are
implemented on the ADSTS4 evaluation board.

One factor thar can measurably affect system performance is the
ability of the DAC owtput 1o reject de vardations or ac nomse
superimposd on the analog or digital de power distribution
(e, AVDD, DVDD). This is referred 1o as Power Supply
BRejection Rave (PSRR). For de vanatons of the power supply,
the resulting perfarmance of the DAC directly corresponds pa a
gain error associated with the DAC"s full-scale current, Ioures-
AC nodse on the de supplies & common in applcations where
the pawer dutribunon & generated by a switching power supply.
Typically, swiching power supply nomse will sccur over the
spectrum from rens of kHz 1o several MHz PSRR vs. frequency
of the ADOT54 AVDD supply, over this frequency range, is
given in Figure 32.
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Figure 32. Power Supply Rejection Ratio of ADST54

Mote thar the undts in Figure 32 are grven in units of (amps out)/
(vals in). Notse an the analog power supply has the effect of
modulating the internal switches, and therefore the ourpur
current. The voltage nots on the de power, therefore, will be
added in a nonlnesr manoer o the destred Lygry. Due o the
relative different sizes of these switches, PSRR is very code
dependent. This can produce a mixing effect which can modu-
late low frequency power supply notse o higher frequencies.
Worst case PSRR for either one of the differential DAC outputs
will oecur when the full-scale current s drected towards thar
output. As a resuly, the PSRR measurement in Figure 32 repre-
sents a worst case condinon in which the dignal inputs remadn
static and the full-scale output current of 20 mA s directed o
the DAC output being measured.



AD9754

An example serves 1o llustrate the effect of supply nodse on the
analog supply. Suppose a switching regulator with a switching
frequency of 250 kHz produces 10 mV rms of nodse and for
simplicary sake (1.e., ignore harmonses), all of this noise is con-
centrated at 250 EHz. To caleulate how much of this undesired
mivise will appear a5 current noke super imposed on the DAC's
full-scale current, Ioures, one must determine the PSRER in AB
using Figure 32 a1 250 kEHz. To calculate the PSRER for a given
Rroan, such that the units of PSER are converted from AN 1o
VIV, adpust the curve in Figure 32 by the scaling factor 200x Log
(Ryown). For instance, if Rpoan i 50 £ the PSRR is reduced

by 34 dB (i.e., PSRR of the DAC a1 1 MHz which is 74 dB in
Figure 32 becomes 40 dB VourVed)-

Proper grounding and decoupling should be a primary obpective
in any high speed, high resolution system. The ADYT54 features
separate analog and digital supply and ground pins 1o optimize
the management af anabkeg and digital ground currents m a
systern. In general, AVDD, the analog supply, should be decoupled
1o ACOM, the analog common, as chose to the chip as physi-
cally pessible. Similady, DVDD, the digital supply, should be
decoupled 1o DOOM as close as physically as possible.

For those applicanons requiring a single +5 V or #3 V supply
for bath the anabog and digital supply, a clean analog supply
may be generated using the crcuit shown in Figure 33, The
drewit conssts of a differential LC Gher wath separale power
supply and return lnes. Lower nobse can be attained using low
ESR type electrolyne and rantalum capacitors.

Figwra 33. Diffarential LC Filter for Single +5 V or +3 V
Applications

Mainaining low nodse on power supphlies and ground is crincal
e obtain opimam resuls from the ADGT54. If properly
implemented, ground planes can perform a host of functions on
high speed coreuit boards: bypassing, shielding current trans-
port, ete. In mived signal desgn, the analog and digital portons
of the board should be distinet fram each other, with the analog
ground plane confined 1o the areas covermg the analog signal
traces, and the digial ground plane confined to areas covering
the digital interconniects.

All anabeg ground pins of the DAC, reference and other analog
companents should be ved directly 1o the analog ground plane.
The two ground planes should be connected by a path 1/8 1o
1/4 inch wide underneath or within 142 inch of the DAC 1o
maintain optimum performance. Care should be taken o ensure
that the ground plane s uninterrupted over crucial signal paths.
O the digital side, this includes the digital input lines running
i the DAC as well as any clock signals. On the analog side, this
inchedes the DAC ourpur signal, reference signal and the supply
feeders.

The use of wade runs or planes in the routmg of power lines is
also recommended. This serves the dual role of providing a low
series impedance power supply to the part, as well as provading
some “free” capacitive decoupling to the approprate ground
plane. It is essentzal thar care be taken mn the layour of signal and
power ground interconnects to avold mducng extraneous vah-
age drops in the signal ground paths. It is recommended thar all
connections be short, direct and as physically close o the pack-
age as possble in order 1o minimize the shanng af conduction
paths berween different currents. When runs exceed an inch in
length, strip Bne techndgques with proper termimatson nesistors
shiould be considered. The necessity and value of thes resistor
will be dependent upon the logle family used.

For a more derailed discussion of the implementation and
construction of high speed, mived signal prinved dreuit boards,
refer 1o Analog Devices” application noves AN-280 and AN-333.

MULTITONE PERFORMANCE CONSIDERATIONS AND
CHARACTERIZATION

The frequency domam performance of high speed DACs has
rraditianally been characterized by analymng the spectral output
of a reconstructed full-scale (Le_, 0 ABFS), single-tone sine wave
at a particular output frequency and update rate. Although this
characrerization data is useful, it is often menificlent o reflect a
DAC"s performance for a reconstructed multitone or spread-
spectrum wavelorm_ In fact, evaluanng a DAC's spectral
performance using a full-scale, Sngle tone ar the highest specified
frequency {le., fa) of a bandlimited waveform is typically
mdicatve of a DAC's “worst-case™ performance for that given
waveform. In the tdme domasn, the full-scale sme wave represents
the lowest peak-to-rms ratio or erest factor (Le., VgV rms)
thar this bandbmited signal will encouner.
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Figure 34a. Multitore Spectral Plot

However, the inherent nature of a multstone, spread spectrum,
or QAM wavelorm, in which the spectral energy of the wave-
form i spread over a designated bandwadth, will resultin a
higher peak-to-rms ratio when compared to the case of a simple
sime wave. As the reconstructed wavelorm's peak-to-average
ratso incresses, an increasing amount of the signal energy is
concentrated around the DACS midscale value. Figure 34a s
just ane example of a bandlimdted mulione vector (Le., eight
rones) centered around ane-hall the Nyquist bandwadth (Le.,

frrockft). This parscular multitone vector, has a peak-to-rms
ratio of 13.5 dB compared 1o a sine waves peak-to-rms ratio of
3 dB. A “snapshor™ of thes reconstructed multitone vector m the
time domain as shown in Figure 34b reveaks the higher signal
content around the midscale value. As a resul, a DAC"s “small-
scabe™ dynamic and static linearity becomes increasingly erit-
cal in abuaining low intermodulston distortion and maintsining
sufficdent carter-to-notse ratios for a given modulation scheme.
A DAC's small-scale Inearity performance s also an important
consideration in applications where additive dynamic range is
required for gain control purposes or “predistortion™ sgnal
conditoning. For instance, a DAC with sufficlent dynamic
range can be vsed o provide additlonal gain control of s
reconstructed signal. In fact, the gain can be contralled in

& dB increments by simply performing & shift left or fght an the
DAC"s digieal input word. Oher applications may intentionally

T

Figure 34b. Time Domaln “Snapshot” of the Multitone
Wawaform

predistorr a DAC"s digial inpur signal 1o compensate for
nonlinearities associated with the subsequent analog compo-
nents m the signal chain. For example, the dgnal compression
associated with a power amplifter can be comg d fior by
predistorting the DAC's digital input with the mverse nonlinear
rransfer functon of the pawer amplifier. In either case, the
DAC's performance at reduced signal levels should be carefully
evaluated.

A full-seale single tone will induce all of the dynamic and stanc
nonlinearities present in a DAC that contnbute to s dstortion
and hence SFDR performance. Referring o Figure 3, as the
frequency of this reconstructed full-scale, single-tone waveform
increases, the dynamic nonbinearities of any DAC (Le., ADUT54)
tend 1o dominare thus contributing to the roll-off in its SFDR
performance. However, unlike most DACs, which employ an R-2R
ladder for the lower bit current segmentation, the ADGT54 (as

well as other TeDAC members) exhibits an improvement in
distortion performance as the amplitude of a single tone & re-
duced from its full-scale level. This improvement in distortion
performance at reduced signal levels s evident if one compares
the SFDER performance vs. frequency at different amphinades
(Le., 0 dBFS, -6 dBFS and —12 dBFS) and sample rates as
shown m Figures 4 through 7. Mainuaining decent “small-scale™
lineariry across the full span of a DAC ransfer funetion is also
critical in maintaining excellent multitone performance.
Although characterizing a DAC's multitone performance tends
1 be appcation-specific, much insight meo the potendal perfor-
mance of 8 DAC can also be gained by evaluating the DAC's
swept power (1., ampliede) performance for sngle, dual and
multitone test vectars at different clock raves and carmier frequen-
cles. The DAC is evaluated ar different clock rates when recon-
structing a specific wavelorm whose amplitude is decreased in

3 dB increments from full-seale (1., & dBFS). For each specific
wavelorm, a graph showing the SFDR (over Myguist) perfor-
mance vs. amplitude can be generated ar the different tested
clock rates a5 shown in Figures 9—11. Note that the carmer()-to-
clock rato remadns constant in each Agure_ In each case, an
improvement m SFDR performance is seen as the amplnude s
reduced from 0 dBFS 1o approximarely 9.0 dBFS.

A mulritone test vector may consist of several equal amplaude,
spaced carrers each representative of a channel within a defined
bandwidth as shown in Figure 372, In many cases, one or mone
tones are rernoved so the intermodubnoen distartion performance
of the DAC can be evahsated. Monlineasnies associaved with the
DAC will ereate sputous tones of which some may Gl back into
the “empry™ channel thus lmdtng a channel’s carrer-to-nolse
rate. Other spunous components falling outside the band of
interest may also be important, depending on the system’s spectral
mask and flrermg requirements.

This particular test vector was centered around one-half the
Nygquist bandwidth {i.e., frppea) with a passband of 7 peqf16.
Centenng the ones at a much lower region {ie., frpne/10)
would kead to an improvement m performance while centering
the tones at a higher reglon (1.e., {opnepf2.5) would result in a
degradanion in performance.



APPLICATIONS

VIDSL Applications Using the ADRTS4

Very High Frequency Dignal Subseriber Line (WDSL) technal-
oy 1% growing rapidly m applications requinmng data wransfer
owver relatively shart dstances. By using QAM modulation and
transmitting the data in muldple discrete tones, high data rates
can be achieved.

As with other mulinone applicanons, each VDSL wone is ea-
pable of rransmdreing a given number of bits, depending an the
signal 1o naise ratio (SWE) i a narmow band around that tone.
The tanes are evenly spaced over the range of several EHz o
10 MHz. A the high frequency end of this range, performance
i generally lmited by cable characteristics and environmental
factors, such as external inverferers. Performance at the lower
frequencies is much more dependent on the performance of the
compoanents in the signal chain. In addidon w n-band nomse,
intermodulation from other tones can also poventially interfere
with the recovery of data for a given wone. The two graphs in
Fagure 35 represent a S0 tone misang bin test vector, with
frequencies evenly spaced from 400 Hz vo 10 MHz This rest s
very commonly done to determine if distortion will limn the
number of bits which can transmimed m a tone. The vest vector
hes & series of missmg wones around 750 kHz, which is represented
in Figure 35a, and a series of mmssing rones around 5 MHz,
which is represented in Frgure 35b. In both cases, the spurious
free range berween the transmitted tones and the empty bins s
greater than 60 dB.
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Figure 35a. Notch in missing bin at 750 kHz is down
80 dB. Peak amplitude = & dBm.
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Figune 35b. Notch in missing bin at 5 MHz is down
=60 dB. Peak amplitude = 0 dBm.

CDMA

Carrler Division Mubhiple Access, or CDAMA, is an air transmdn!
receive scheme where the signal in the ransmit path & modu-
lated with a pseudorandam digital code {sometmes referred 10
as the spreading code). The effect of this & o spread the wans-
mitted signal across a wide spectrum. Smilar vo a DMT wawve-
form, a CDMA waveform containing multple subseribers can
be characterized as having a high peak o average rawo {i.e,
crest Bactor), thus demandmg highly linear components in the
transrmit signal path. The bandwidth of the spectrum is defined
by the CDMA standard being used, and in operaton is imple-
mented by using a spreading code with particular charactersties.
Dhstortion in the transmit path can lead to power being trans-
mitted out of the defined band. The rato of power transemdtted
in-band o out-of-band is often referred to as Adpcent Channel
Power (ACPF). Thx is a regulatory issue due 1o the possibility of
interference with other signals being wransmined by air. Regula-
tory bodies define a spectral mask outside of the ransmn band,
and the ACP must fall under this mask If distortion in the
transrmit path cause the ACP o be above the spectral mask,
then filenng, or different companent selection is needed 1o
meet the mask requirements.

Figure 36 shows an example of the ADO754 used in a W-CDMA
transmiter application using the ADG122 CDMA 3 V rransmit-
ter IF subsystern. The AD6122 has functions, such as external
gain control and low distortion characteristics, needed for the
superior Adpcent Channel Power (ACP) requirements of
WCDMA.



