e

14-Bit, 40/65MSPS
MonolithicA/D Converter

Preliminary Technical Data 2.

AD9244

FEATURES

14-Bit, 65MSPS ADC

Low Power:

- 650mW at 65MSPS with Fin up to Nyquist

- 400mW at 20MSPS with Fin up to Nyquist
On-Chip Reference and Track/Hold

200MHz Analog Input Bandwidth

SNR = 75dB up to Nyquist

SFDR = 85dB up to Nyquist

Differential Non Linearity Error = +0.5LSB
Guaranteed No Missing Codes Over Full Temp range
2V p-p Full Scale Analog Input Range

Single +5.0V Analog Supply, 3/5V Driver Supply
Out-of-Range Indicator

Straight Binary or Two’s Complement Output Data
48-Lead LQFP Package

APPLICATIONS

Communications Subsystems (Microcell, Picocell)
Medical and High End Imaging Equipment
Ultrasound Equipment

PRODUCT DESCRIPTION

The AD9244 is a monolithic, single 5V supply, 14-bit, 65MSPS
Analog to Digital Converter with an on-chip, high performance
sample and hold amplifier and voltage reference. The AD9244
uses a multi-stage differential pipelined architecture with output
error correction logic to provide 14-bit accuracy at 65MSPS data
rates and guarantees no missing codes over the full operating
temperature range.

The AD9244 has an on-board, programmable reference. An
external reference can also be chosen to suit the DC accuracy
and temperature drift requirements of the application.

Assingle ended clock input is used to control all internal conver-
sion cycles. The digital output data can be presented in straight
binary or in two’s complement format. An out of range (OTR)
signal indicates an overflow condition, which can be used with
the most significant bit to determine low or high overflow.

Fabricated on an advanced CMQOS process, the AD9244 is avail-
able in a 48 pin surface mount plastic package (48 LQFP) and is
specified for operation over the industrial temperature range (-
40°C to +85°C).
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PRODUCT HIGHLIGHTS

Low Power—The AD9244 at 600 mW consumes a fraction of the
power of presently available in existing, high speed monolithic
solutions.

On-Board Sample-and-Hold (SHA)—The versatile SHA input
can be configured for either single-ended or differential inputs.

Out of Range (OTR)—The OTR output bit indicates when the
input signal is beyond the AD9244’s input range.

Single Supply—The AD9244 uses a single +5 V power supply
simplifying system power supply design. It also features a separate
digital output driver supply line to accommodate 3 VV and 5 V logic
families.

IF Sampling—The AD9244 delivers outstanding performance at
input frequencies beyond the first Nyquist zone. Sampling at
65MSPS, with an input frequency of 100MHz, the AD9244 deliv-
ers 68dB SNR and SFDR of 82dB.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-
9106, U.S.A.
Tel: 781/329-4700World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



AD9244—SPECIFICATIONS

DC SPECIFICATIONS (&b = +5 v, DRVDD = +3 V. fuyps = 65 MSPS, INPUT RANGE of 2V p-p, Differential inputs, EXTERNAL REFER-

ENCE, Ty to Tyax unless otherwise noted)

Test AD9244BST-65 AD9244BST-40
Parameter Temp Level Min Ty Max Min Ty Max Units
RESOLUTION 14 14 bits
DCACCURACY
Differential Nonlinearity (DNL) +25°C | +05 +05 LSB
Full Vi LSB
Integral Nonlinearity (INL) +25°C | +10 +10 LSB
Full Vi LSB
No Missing Codes Full \i guaranteed guaranteed
GainError! +25°C | +tod +tod %FS
Full Vi %FS
Gain Tempco2 Full \i thd thd ppm/°C
ANALOGINPUT
InputVVoltage Range
(differential) Full \% 2 2 Vp-p
Common Mode Voltage Full \% 05 2 05 2 \%
Input Offset Voltage Full \% thd thd mv
+25°C | mv
Reference Voltage Full 1.0 1.0 \%
InputResistance Full \i 5 5 kQ
+25°C | kQ
Input Capacitance Full \i 7 7 pf
+25°C | pf
InputBias Current Full \i 5 5 pa
+25°C | pa
Analog Bandwidth (full power) +25°C \% 200 200 MHz
POWER SUPPLY
Power Dissipation?® Full VI 650 400 mw
Power Supply Rejection Ratio (PSRR) | +25°C | thd thd mvN

NOTES

1Gain Error and temperature Error Coefficient are based on the ADC only (with afixed 1.0V external reference).
2Digital supply current based on DRVDD = 3.0V output drive with <10pfioading under dynamic test conditions.

3Power dissipation is measured with asine wave analog inputof 10.3MHz
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AD9244—SPECIFICATIONS
DYNAMIC SPECIFICATIONS (svop = +5 v, DRVDD = +3 V, fuypis = 65 MSPS, INPUT RANGE of 2V p-p, Differential inputs, EXTER-

NAL REFERENCE, Ty to Tyax unless otherwise noted)

Test AD9244BST-65 AD9244BST-40
Parameter Temp Level Min Typ Max Min Ty Max Units
SWITCHINGPERFORMANCE
Max Conversionrate Full Vi 65 40 MHz
Min Conversion Rate Full \i 500 500 kHz
Encode Pulse Width High (tg)* +25°C I\ 12 14 ns
Encode Pulse Width Low (tg, )* +25°C I\ 3 12 3 12 ns
Aperature Delay (tp) +25°C \} 3 3 ns
Aperature Uncertainty (Jitter) +25°C \% 1 1 psrms
Output Valid Time (ty)? +25°C \% 1 1 s
Output Propagation Delay (tpp)? +25°C \% 1 1 ns
DYNAMICPERFORMANCE?®
TransientResponse +25°C \% thd thd ns
Overvoltage Recovery Time +25°C \% thd thd ns
Signalto Noise Ratio (SNR)
(withoutharmonics)
fin=2.5MHz +25°C | 7 74 dB
fin=10.3MHz +25°C | 74 74 dB
Signal to Noise Ratio (SNR)
(with harmonics)
fin=2.5MHz +25°C | 74 73 dB
fin=10.3MHz +25°C | 73 73 dB
Effective Number of Bits (ENOBS)
fin=2.5MHz +25°C | 12.0 11.8 bits
fin=10.3MHz +25°C | 11.8 11.8 bits
Spurious Free Dynamic Range (SFDR)
fin=2.5MHz +25°C | 85 85 dB
fin=10.3MHz +25°C | 80 80 dB
2nd Harmonic Distortion
fin=2.5MHz +25°C | thd thd dBc
fin=10.3MHz +25°C | thd thd dBc
3rd Harmonic Distortion
fin=2.5MHz +25°C | tbd thd dBc
fin=10.3MHz +25°C | tbd thd dBc
Two-Tone Intermod Distortion
fin=2.5MHz +25°C \Y, thd thd dBc
fin=10.3MHz +25°C \Y, thd thd dBc
NOTES

1Duty cycle restore circuit enabled. (50-50 duty cycle)

2t,pand tpp are measured from the 1.5V level of the ENCODE input to the 10%/90% levels of the digital output swing. The digital output load during
testis not to exceed an AC load of 10pfora DC current of £40pa.

3SNR/Harmonics based on an analog input voltage of -0.5dBFS referenced toa 2.0V p-p full scale input range.
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AD9244—SPECIFICATIONS

DIGITAL SPECIFICATIONS (/oD = +5 v, DRVDD = +3 V, fsupiz = 65 MSPS, INPUT RANGE of 2V p-p, Differential inputs, EXTERNAL
REFERENCE, Ty to Tyax Unless otherwise noted)

Test AD9244BST-65 AD9244BST-40
Parameter Temp Level Min Typ Max Min Ty Max Units
DIGITALINPUTS
Logic“1” Voltage Full \i +1.8 +1.8 \%
Logic“0” Voltage Full \i +0.3 +0.3 \%
Logic*“1” Current Full \i +10 +10 pa
Logic*“0” Current Full \i +10 +10 pa
Input Capacitance +25°C \% 5 5 pf
DIGITALOUTPUTS
Logic“1” Voltage Full \i 2.85 2.85 \%
Logic“0” Voltage Full \| 0.05 0.05 \%
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AD9244

DEFINITIONSOFSPECIFICATION

INTEGRAL NONLINEARITY (INL)

INL refers to the deviation of each individual code from a line
drawn from “negative full scale” through “positive full scale.”
The point used as “negative full scale” occurs 1/2 LSB before
the first code transition. “Positive full scale” is defined as a
level 1 1/2 LSB beyond the last code transition. The deviation
is measured from the middle of each particular code to the true
straight line.

DIFFERENTIALNONLINEARITY (DNL,NOMISSING CODES)
Anideal ADC exhibitscode transitionsthatare exactly 1 LSB apart.
DNL isthe deviation fromthisideal value. Guaranteed no missing codes
to12-bitresolutionindicatesthatall 4096 codes, respectively, mustbe
presentoverall operating ranges.

ZEROERROR

Themajorcarrytransition should occur forananalogvalue 1/2 LSB
belowVINA=VINB. Zeroerror isdefined asthe deviation of the actual
transitionfromthat point.

GAINERROR

Thefirstcode transition should occur atan analog value 1/2 LSB
above negative fullscale. The last transition should occur atananalog
value 11/2 LSB belowthe nominal full scale. Gainerror is the deviation
oftheactual difference betweenfirstand lastcode transitionsand theideal
difference betweenfirstand lastcode transitions.

TEMPERATUREDRIFT

The temperature drift for zero error and gain error specifies the
maximum change from the initial (+25°C) value to the value at
Tmin OF Tyax.

POWER SUPPLY REJECTION

The specification shows the maximum change in full scale from
the value with the supply at the minimum limit to the value
with the supplyatits maximumlimit.

APERTUREIJITTER

Thevariationinaperture delay for successive sampleswhichis manifested
asnoiseontheinputtothe A/D.
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APERTUREDELAY
Aperturedelayisameasure ofthe ssmple-and-hold amplifier (SHA)
performanceandis measured from therising edge of the clock inputto
whentheinputsignal is held for conversion.

SIGNAL-TO-NOISEAND DISTORTION (S/N+D, SINAD) RATIO
Theratio of the rmsvalue of the measured inputsignal to the rms sum
of all other spectral components below the Nyquist frequency, including
harmonicsbutexcludingdc. Thevalue for S/N+D isexpressed in deci-
bels.

EFFECTIVENUMBEROFBITS (ENOB)
Forasinewave, SINAD can be expressed in terms of the number of bits.
Usingthefollowingformula,

N=(SINAD-1.76)/6.02

itis possible togetameasure of performance expressedas N, the effective
number of bits.

Thus, effective number of bits for adevice for sinewave inputsatagiven
inputfrequency canbe calculated directly fromitsmeasured SINAD.

TOTALHARMONICDISTORTION (THD)

Theratio ofthe rmssum of the firstsix harmonic componentsto the rms
value of the measuredinputsignal and isexpressed asa percentageorin
decibels.

SIGNAL-TO-NOISERATIO (SNR)

Theratio of the rmsvalue of the measured inputsignal to the rms sum of
allotherspectral componentsbelowthe Nyquist frequency, excluding the
firstsixharmonicsanddc. Thevalue for SNRisexpressed in decibels.

SPURIOUSFREE DYNAMICRANGE (SFDR)
ThedifferenceindB between the rmsamplitude of the inputsignal and
the peak spurioussignal.

NYQUIST SAMPLING
Whenthe frequency componentsoftheanaloginputare belowthe
Nyquistfrequency (Fclock/2), thisis often referred toas Nyquist sam-

pling.

IFSAMPLING

Duetotheeffectsofaliasing,an ADC isnot necessarily limited to
Nyquistsampling. Higher sasmpled frequencieswill bealiased downinto
the 1st Nyquistzone (DC-Fclock/2) onthe outputofthe ADC. Care
must be taken that the bandwidth of the sampled signal does notoverlap
Nyquistzonesandaliasontoitself. Nyquistsampling performanceis
limited by the bandwidth of theinput SHA and clock jitter (jitteradds
morenoiseathigherinputfrequencies).



AD9244

ABSOLUTEMAXIMUMRATINGS*

PIN FUNCTION DESCRIPTIONS

PinName Mn Mex Units Pin -

Nunber Name Descriptions
AVDD -03 +60 \ 1,2,32,33  AVSS Analog Ground
DRVDD -03 +60 v 3,4,31,34 AVDD Digital Supply Voltage
AVSS -03 +60 v 5,6,8,44 NC Do not connect
AVDD -03 +60 v 7 CLK Clock Input
REFCOM AVSS-03 | AVSS+03 | V 9 OEB Digital Output Enable
CLK,MODE AVSS03 | AVDD+03 | V 10 bit 0 (LSB) Least Significant Bit, digital
VINA,VINB AVSS-0.3 AVSS+0.3 \% output
VREF AVSS-0.3 AVSS+0.3 \% 11-13,16-21
SENSE AVSS-03 | AVSS+03 | V 24-26 bit 1 - bitl3  digital outputs
CAPB,CAPT AVSS-03 | AVSS+03 | V 27 bit 14 (LSB)  Most Significant Bit, digital
Digital Output Current 2 ma output
Storage Temperature -5 +150 € 14,22,30 DRVSS Digital Ground
Operating Temperature +175 T 15,23,29 DRVDD Digital Supply Voltage
Case Temperature +175 T 28 OTR Out of range indicator
Storage Temperature -6 +130 T 35 DFS Output Format Control,
Lead Temperature (10sec) +300 C connect to:
*Stresses above those listed under Absolute Maximum Ratings may cause permanent damage DRVDD for straight binary
tothe device. Thisisastress rating only; functional operation of the device at these or any DRVSS for 2’s complement
other conditions above those indicated in the operational sections of thisspecificationisnot 36 REFSENSE Internal reference control
:g;g!?l?t.y.ExposuretoabsolutemaX|mumratmgsforextendedperlodsmayaffectdewce 37 VREE Internal Reference

38 REFGND Reference ground
EXPLANATIONOFTESTLEVELS 39-42 CAPT,CAPB Internal ADC reference

43 DC RESTORE 50% Duty Cycle Restorer,

TestLevel

| 100% productiontested

(Connect to AVSS or AVDD to activate 50% restore,
decouple to ground for external control of both clock edges.)

1l 100% productiontested at 25°C and sample tested at specified 45 CMLLEVEL Common mode reference
temperatures (0.5AVSS)
Il Sampletestedonly y . .
IV Parameterisguaranteed by designand characterization testing 46,47 VINA,VINB D|fferent|a_l analog in puts
V  Parameterisatypical valueonly 48 VR Internal Bias Decoupling
\i 100% production tested at 25°C; guaranteed by design and charac-
terizationtesting for industrial temperature range; 100% productiontested
attemperature extremes for military devices. ORDERINGGUIDE
" MODEL TEMPERATURE RANGE PACKAGE OPTION
& AD9244BST-65,-40  -40°C to +85°C ST-48
g = % AD9244-EVAL +25°C Evaluation Board
o < Y Y - F @0 O
z Z o o 2 o O W
€t $S32R3IISIHE¢E
AVSS REF SENSE
AVSS DFS
AVDD AVDD
AVDD AVSS
Ne AD9244 AVSS
NC 48 LQFP AVDD
CLK (Preliminary and not to scale) DRVSS
NC DRVDD
OEB OTR
bit 0 (LSB) bit 13 (MSB)
bit 1 O bit12
bit 2 bit 11
[13H14H 15-{16H 14 14 19 20212323 24
= % g g g g g g g o % =4
2 938282 8849 g
w < << ~ o ] ~ o © < < B
& 9 g9 °
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the AD9226 features proprietary ESD protection circuitry, permanent damage may occur on devices
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recom-

mended to avoid performance degradation or loss of functionality.
Rev Pr0 2/5/01
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AD9244

INTRODUCTION

The AD9244 isahigh performance, single-supply 14-bit ADC. Inaddi-
tionto highdynamic range Nyquistsampling, itisdesigned for excellent
IFunder-sampling performance withaninputanalogbandwidth of
200MHz. Theanaloginputrange ofthe AD9244 ishighlyflexible, allow-
ing for bothsingle-ended or differential inputs of varyingamplitudes
thatcanbeacordccoupled.

The AD9244 utilizesan eight-stage pipelinearchitecturewithawideband,
calibrated, inputsample-and-holdamplifier (SHA)implementedona
cost-effective CMOS process. Eachstage of the pipeline, excluding the
last, consistsof alow resolution flash ADC connected toaswitched
capacitor DACandinterstageresidueamplifier (MDAC). The MDAC
amplifiesthe difference between the reconstructed DAC outputand the
flashinput for the nextstage in the pipeline. One bit of redundancyis used
ineach of the stagesto facilitate digital correction of flash errors. The last
stage simply consistsofaflash A/D.

The performance of the AD9244 isgreatly enhanced by the use of active
calibrationoneachdie. Thisyieldssupurb dynamic performance.

Thepipelinearchitectureallowsagreater throughputrateat the expense
of pipeline delay or latency. This meansthatwhile the converter iscapable
of capturinganewinputsampleevery clock cycle, itactually takeseight
clock cyclesforthe conversion tobe fully processed and appear at the
output. Thislatencyisnotaconcerninmostapplications. Thedigital
output, together withthe out-of-range indicator (OTR), islatched intoan
output buffer to drive the output pins. The output drivers of the
AD9244 canbe configured tointerfacewith +5V or +3.3V logic fami-
lies. The clockmustbedrivento5V logiclevels.

Connecting the DC RESTORE pin to either AVSS or
AVDD implements the internal clock stabilization func-
tion in the Ad9244. In this mode, the AD9244 generates
its own internal falling edge to create an internal 50%
duty cycle clock, independent of the externally applied
duty cycle. See the pin function descriptions on page 6 for
details.

Ifthe DC RESTORE pinisconnected toground througha 10k<Q resistor
or leftfloating (and decoupled), the AD9244 will use both edges of the
external clockinitsinternal timing circuitry (see Figure 1 and specification
pageforexacttiming requirements).

n+t2 n+3

Analog
Input

Control of straight binary or two’s complement output
format is accomplished with the DFS pin. See the pin
function descriptions on page 6 for details.

The ADC samples the analog input on the rising edge of
the clock. While clock is low, the input SHA is in sample
mode. When the clock transitions to a high logic level, the
SHA goes into the hold mode. System disturbances just
prior to or immediately after the rising edge of the clock
and/or excessive clock jitter may cause the input SHA to
acquire the wrong value, and should be minimized.

ANALOG INPUT AND REFERENCE OVERVIEW
Figure 2isasimplified model of the AD9244 analog input. Ithighlights
therelationship betweentheanaloginputs, VINA, VINB, and the refer-

AD9244

VINA

+VREF

Figure 2.Equivalent Analog Inputof AD9244

ence voltage, VREF. Like the voltage applied to the top of
the resistor ladder in a flash A/D converter, the value
VREF defines the maximum input voltage to the A/D
core. The minimum input voltage to the A/D core is auto-
matically defined to be -VREF.

The addition of a differential input structure allows the
user to easily configure the inputs for either single-ended
operation or differential operation. The A/D’s input struc-
ture allows the dc offset of the input signal to be varied
independently of the input span of the converter. Specifi-
cally, the input to the A/D core is the difference of the
voltages applied at the VINA and VINB input pins.
Therefore, the equation

VCORE:VINA—VlNB (1)

clock

<ﬁ§? n-9 X n-8 X n-7 X n-6 X n-5 X n-4 X n-3 X n-2 Xin-1 X n f n+1

> <
Tod = 7nsec typ

Figure 1. Input Timing for AD9244

Rev Pr0 2/5/01

—7-



AD9244

defines the output of the differential input stage and pro-
vides the input to the A/D core.

The voltage, Vcore, must satisfy the condition,
-VREF-Vcore-VREF
where VREF isthe voltage at the VREF pin.

Whileaninfinitecombination of VINAand VINB inputsexist that satisfy
Equation2,anadditional limitation isplaced on the inputs by the power
supply voltages of the AD9244. The power supplies bound
the valid operating range for VINA and VINB. The con-
dition,
AVSS-0.3V<VINA<AVDD+0.3V Q)
AVSS-0.3V<VINB<AVDD+0.3V

where AVSSisnominally0Vand AVDDisnominally+5V, defines this
requirement. Therange ofvalid inputsfor VINAand VINB isany combi-
nationthatsatisfiesboth Equations2and 3.

Foradditionalinformationshowingthe relationship between VINA,
VINB, VREF andtheanaloginputrange of the AD9244, see belowin
Tableslandll.

@

Tablel. Analog Input Configuration Summary

Input Input Input Range (V)
Connection Coupling | Span (V) | VINA! VINB! Comments
Single-Ended DC or AC| 1.0 0.5t0 1.5 1.0 Best for stepped input response applications, requires £5 V op amp.
2.0 1t03 2.0 Optimum noise performance, excellent SNR performance, often
requires low distortion op amp with VCC > +5 V due to its head-
room issues.
Differential AC/DC 1.0 2t03 3to2 Optimum full-scale THD and SFDR performance well beyond
(via Transformer) the A/Ds Nyquist frequency. Preferred mode for undersampling
or Amplifier applications.
2.0 15t035 35t0 15 Optimum noise performance.
NOTE

VINA and VINB can be interchanged if signal inversion is required.

Tablell. Reference Configuration Summary
Reference Input Span (VINA-VINB)
OperatingMode Vpp) Required VREF (V) Connect To
INTERNAL 1 1 SENSE VREF
INTERNAL 2 2 SENSE AVSS
INTERNAL 1<=SPAN=2 1=VREF=2.0AND RL VREFANDSENSE
(SPAN = VREF) VREF=(1+R1/R2) R2 SENSEANDREFCOM
EXTERNAL 1=SPAN=2 1=<VREF=2.0 SENSE AVDD
(NONDYNAMIC) (Span = EXT REF) VREF EXT.REF.
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Figure 5. AD9244 Eval Board, Analog Input Circuitry
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Figure 8. AD9244 Eval Board, Layer 4 - Secondary Side
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Figure 9. AD9244 Eval Board, Layer 2 - Ground Plane
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

48 pin LQFP package
(ST-48)

0.063 (1.60) MAX 0.354 (9.00) BSC
+™ 0.057 (1.45)
0,030 (0.75) - oy o 0.276 (7.0) BSC—»] _ B
0.018 (0.45) : g
7
SEATING 0.006 (0.15)——| — 36—
PLANE( 002 (0.05) —
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