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Complete 10-Bit, 50MSPS, CMOS Analog-to-Digital Converter
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FEATURES PRODUCT DESCRIPTION

CMO4.0Bit 50MSPS Sampling A/D Converter The 3PA1030s a monolithic, seagupply,10Bit, 50 MSPS

Configurable Input; SiEgided dDifferential analogodigital converter with anclip sampiendhold
Dif ial Nonli LB amplifier and vgjéareference. TIMA103Wsesmultistage
iferential Nonlinearitg: differential pipeline architecturs0a¥ISPS data rates and

ThreeState Outputs guarantees no missing codes oveil tbpefdng temperature
., OutofRange Indicator range.
Builtin Clamp Function (DC Restore) The input of thePA1030has been designed to ease the

development of both imaging and commsrsgatems. The

Adjustable GEnip Voliage Reference user can select a variety of input ranges and offsatslérel ca

IF Under sampling to 135 MHz the input either sirgteled or differentially.
Power Dissipati@mW (3 V Supply) The sample arttbld(SHA)amplifier is equally suited for both
, PowebDown (Sleep) ModémW multiplexed systems that swittihcale voltage levels in

successe channels and sampling sidgénel inputs at

Operation Between +2.7'V and +5.5V Supply frequencies updad beyond the Nyquist ratecofiBled input

Green, 2Beadl SSORPackage signals cabe shifted to a predetermined level, withaardn
PinCompatible williS1030, AD9200 and AD876 FandREAK proprietaciamp circuit. The dynamiéorpeance is
excellent.
PRODUCT HIGHLIGHTS The 3PA103thas an onboard programmable reference. Ar

external reference can also be chosen to suit the dc accur
Low Power:The 3PA1038peed is 50MSPS but onind tempatue drift requirements ofhyalication.
consume84mW on a 3 V supply. In sleep mode, powgr ingle clock input is used to control all internal convers
rediced tqOmW. cycles. The digital output data is presentedhin bstraiy

Pin Compatible withiTHS.030TLC876/AD9200/AD8760uUtput format. An -obtange (OTR)signal indicates an
The 3PA1030lovg older designs to migrateigher speed overflow condition which eansed with the most significant

andlower supply voltages. bit to determine low or high overflow.

100 MHz Ghoard SamptandHold: The versatiSHA The3PA1030an opeate with a supply ragffom +2.7 V to
input can be configured for either sirdgd orifterential +5.5 V, ideally sugtinfor low power operatibigmspeed

inputs. applications.

Outof-Range Indicatoithe OTR output bit indicates whghe3PA103@ specified over the indugtdarF C to +85§ C
the input signal i's beyo fempetatu@radg@gA103006s input range.
Builtin Clamp FunctionAllows d restoration of video

signals.

AGND [ ] AVDD
DVDD Buffer []AIN
(LSB) D-0 Clamp L] CLAMPIN
D-1 . .
D-2 Circuit '] CLAMP
D-3 [ ] REFBF
g'g [ ] REFBS
D6 Band- [ 1 REFTF
D8 0.5V VREF
(MSB) D-9
OVR REFSENSE
) [ ] STBY
MODE ] OE
DGND []CLK
Fgure 1. Functional Block Diagram
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3PA1030
Complete 18it, 50MSPS, CMOS AndtwBigital Converter

PIN CONFIGURATION

T.SSOP Name Description
AeND [| O ] AVDD Pin. No.
DVDD [ ] AIN 1 AGND Analog Ground
Do || | VREF 2 DVDD D'igital Driver Supply
D1 [ || REFBS 3 DO Bit 0
4 D1 Bit 1
D2 E % REFBF 5 o7 BIt2
D3 MODE 6 D3 Bit3
D4 [} 3PA1030 | REFTF 7 D4 Bit4
os [] 28-Lead TSSOP ] REFTS 38 D5 Bit5
D6 [| [] CLAMPIN 5190 8673 E':g
i
D7 CLAMP -
D8 E % REFSENSE 11 08 B!t8 — -
12 D9 Bit9 Most Significant Bit
Do [ 1 STBY 13 OWR Out of Range Indicator
OVR [| | OE 14 DGND Digital Ground
DGND [ | | cLk 15 CLK Clock Input
16 OE HI: High Impedance StateNd@mal Operati
17 STBY HI: Power Down Mode. LO: Normal Oper
Figure 2. Pin Location 18 REFSENSE| Reference Select
19 CLAMP HI: Enable Clamp Mode. LO: No Clamp
20 CLAMPIN | Clamp Reference Input
21 REFTS Top reference
22 REFTF Top Reference Decoupling
23 MODE Mode select
24 REFBF Bottom Reference Decoupling
25 REFBS Bottom reference
26 VREF Internal Reference Output
27 AIN Analog Input
28 AVDD Analog Supply
ORDERING GUIDE
Model Temperature Range Package Transport Media, Quamntit
3PA1030 140° Qo+85°C 28LeadlSSOP Tape and Re2b00

ABSOLUTE MAXIMUM RATINGS *

Parameter With Respect to Min Max Units
AVDD AVSS 0.3 6.5 \Y
DRVDD DRVSS 710.3 6.5 \Y
AVSS DRVSS 710.3 0.3 \Y
AVDD DRVDD 6.5 6.5 \Y
MODE AVSS 0.3 AVDD+0.3 \Y
CLK AVSS 710.3 AVDD+0.3 V
DigitaDutputs DRVSS 710.3 DRVDD+0.3 \Y
AIN AVSS 710.3 AVDD+0.3 V
VREF AVSS 710.3 AVDD+0.3 V
REFSENSE AVSS 0.3 AVDD+0.3 \Y
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3PA1030
Complete 18it, 50MSPS, CMOS AndtwBigital Converter

REFTF,REFTB AVSS 710.3 AVDD+0.3 V
REFTS,REFBS AVSS 710.3 AVDD+0.3 \Y
Junction Temperaturd 150 °C
Storage Tempéuee 165 150 °C
Lead Temperaturel0O 300 °C

*Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. Thi
is a stress rating only; functional operation of the device at these or any otheedbodit andicdited in

the operational sections of this specification is not implied. Exposure to absolute maximum ratings for extended
periods may effect device reliability.

H ECTRICAL CHARACTERISTICS

AVDD = +3 V, DRVDD = +82R0MHz (50% Duty CycY Inpupan from 0 V to 2INernal Referencevifito TuaxUnlessOtherwise
Noted)

. Rating )
Parameter Symbol Condition Units
Min Typ Max
RESOLUTION 10 Bits
CONVERSION RATE Fs 50 MHz
DC ACCURACY
Differential Nonlinearity DNL + (B +1.0 LSB
Integral Nonlinearity INL +0.9 +2.0 LSB
Offset Error Es +0.2 + 12 %FSR
Gain Error Ers + 16 5.0 %FSR
REFERENCE VOLTAGES
Top Reference Voltage REFB 0.75 15 \%
Bottom Reference Voltage REFB 0.25 0.5 V
Differential Reference Voltage 1 2 V pp
Reference Input Resistance REFSENSEAVDD 10 kg
P Between REFTF & REFE 1 k q
ANALOG INPUT
2(REFT
Input Voltage Range AIN 0 REFS Y,
Input Capacitance Cn Switched 2 pF
Aperture Delay tap 4 ns
Aperture Uncertainty (Jitter) tas 2 ps
Input Bandwidil3 dB) BW 300 MHz
DC Leakage Current Vin> 80mV 5 mA
INTERNAL REFERENCE
Output Voltage (1 V Mode) VREF | REFSENSE = VREF 0.5 \Y
Output Voltage Tolerance (1 V Mode +10 +25 mV
Output Voltage (2 V Mode) VREF | REFSENSE = GND 1 V
POWER SUPPLY
Operating Voltage AVDD 2.7 55 \%
DRVDD 2.7 5.5 \Y
Supply Current IAVDD 28 mA
Power Consumption Po AVDD =3V, 84 mw
AVDD =YIDD =3V,
PoweDown CLOCK AVSSSTBY = 10 mv
AVDD
Gain Error Power Supply Rejection PSRR 1 % FS
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3PA1030
Complete 18it, 50MSPS, CMOS AndtwBigital Converter

Parameter Symbol Condition Rating Units
DWAMIC PERRMANCE (AIN = 0.5%B
. . . . f=3.58 MHz 52.5 56.5 dB
SignatoNoise and Distortion SINAD =16 MHz 236 4B
. . f=3.58 MHz 8.4 9 Bits
Effective Bits =16 MHz 73 Bits
. . f=3.58 MHz 53 575 dB
SignatoNoise SNR =16 MHz 531 4B
. . f=3.58 MHz 160 156 dB
Total Harmonic Distortion THD =16 MHz 58 dB
. . f=3.58 MHz 166 156 dB
Spurious Free Dynamic Range SFDR =16 MHz 61 aB
Differential Phase DP NTSC 4RE Mod Ramp 0.2 Degree
Differential Gain DG 0.08 %
DIGITAL INPUTS
High Input Voltage ViH 24 V
Low Input Voltage ViL 0.3 \%
DIGITAL OUTPUTS
HighZ Leakage loz Output = GND tgpV 110 10 e A
Data Valid Delay too C.=20pF 25 ns
Data Enable Delay tDEN 25 ns
Data High Delay toHz 13 ns
CLOCKING
Clock Pulsgidth High tcH 9.5 ns
Clock Pulsgidth Low teL 9.5 ns
Pipeline Latency 3 Cycles
CLAMP
CLAMPIN = +0.5V to +2
+ +
Clamp Error \&gje Eoc Re= 10 g *+ 60 + 80 mV
Clamp Pulseidth tecrw [Gn= 1 e F ( Pe 2 €S
DEFINITIONS OF SPECIFICATIONS
Integral Nonlinearity (INL) defined as the deviation of the actual first code transition froi
Integral nonlinearity refers to the deviation of each individualpoate
from a |line drawn from fAzeroo through Afull scale. 0 The

ifzeroodo occurs 1/2 LSB befor GarBwre first code transition.
defined as a level 1 1/2 LSB beyond the last code transitioriTHendirst code transition should faccan analog value 1 LSB
deviation is measured from the center ofréeslapeode to the above nominal negative full scale. The last transition should

true straight line. for an analog value 1 LSB below the nominal positive full
Gainkrror is the deviation of the actual difference between firs
Differential Nonlinearity (DNL, No Missing Codes) last code transitions #melideal difference between the first an

An ideal ADC exhibits code transitions that are exactly 1 LSBlapacbde transitions.
DNL is the deviation from this ideal value. It is often specified in
terms of the resolution idiich no missing codes (NMC) arePipeline Delay (Latency)

guaranteed. The number of clock cycles between conversion initiation ar
associated output data being made available. New output d

Offset Error provided every risiedge.

Transition should occur at a | evel 1 LSB above fAzero. o
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3PA1030

Complete 18it, 50MSPS, CMOS AndtmeBigital Converter

TYPICAL CHARACTERIZATION CURVES

AVDD = +3 V, DRVDD = +8A3EMHz (50% Duty Cycle), MODE = AVDD, 2 V Input Span from 0.5 V to 2.5 V, ExtduhkddReference,

OtherwiseNoted
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Figure 3. Typical DNL
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Figure 4. Typical INL
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3PA1030
Complete 18it, 50MSPS, CMOS AndtmeBigital Converter
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Figure 9. Voltage Reference Error vs. Temperature Figurel0. Power Consumption vs. Clock Frequency

APPLUCATIONS

THEORY OF OPERATION

The3PA1030mplements a pipelined multistage architecture to achieve high sample rate with BRApoB@istriihies the
conversion over several smalleuBilbsks, refining the conversion with progressively higher accuracy as it passes the results fror
to stage. As a consequence of the distributed conv@RAm)3Bequires a small fraction of the 256 comparators used in a tradition:
flash typ A/D. A sample and hold function within each of the stages permits the first stage to operate on a neweispabedmple whil
third and fourth stages operate on the three preceding samples.

OPERATIONAL MODES

The3PA103@s designed adlow optialperformance invade varietyf imaging, communicationsrestidimentation applications. To
realize this flexibility, internal switches3@Aflg8@re used to reconfigure the circuit into different modes. These modes are selecte
appropriatempstrapping. There are three parts of the circuit affected by this modality: the voltage reference, thedrtéference buf
analog input. The nature of the application will determine which mode is appropriate: the descriptionsonsthasfelkivasy secti
Table | should assisselecting the desired mode

Table I. Mode Selection

Input | REFSE FIGUR
Modes Input Connect Span | NSE REF REFTS REFBS E
TOP/BOTTO AIN v Short REFSENSE, REFTS and VREF Togeterl AGND 18
AIN 2V AGND | Short REFTS and VREF Togeter | AGND 19
CENTER AIN v Short VREF and REFSENSE Tog AVDD/2 20
SPAN AIN 2V AGND | AVDD/2
AIN Is Input 1
. . REFTS and REH 1V Short VREF and REFSENSE Tog AVDD/2
Differential 27
are Shorted
Together for inpy 2V AGND No Connect AVDD/2
Span=REFTSEFBS(2V
max)
External Ref | AIN 2V max| AVDD External reference Short _to] Short " 21
VREF VREF

REV-1.2 Copyright © 2012, 3PEAK INCORPORATED -6-
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3PA1030
Complete 18it, 50MSPS, CMOS AndtmeBigital Converter

SUMMARY OF MODES

VOLTAGE REFERENCE

1V Modéhe internal reference may be @&iMdy connecting REFSENSE and VREF together.

2 V Mod¢he internal referenay foe set tbV bycomecting REFSENSE to analog ground

External Divider Modee internal reference may be set to a point @&Wweedl V by adding external resistors. See Rifure 1
External Reference Magl@ables the user to apply an external reference to WiEmpde iE attained by tying REFSENSE to VDD.

REFERENCE BUFFER

Center Span Moaeidscale is set by shorting REFTS and REFBS together and applying the midscale voltage to that point. The a
will swing about that midscale point.

Top/Bottom Modeets the input range between two points. The two points are between 1 V and 2 V apart.

ANALOG INPUT

Differential Modis attained by driving the AIN pin as one differential inpugEFSFeréing REFBS together and driving them as the second
differential input.

SingleEndeds attained by driving the AIN pin while the REFTS and REFBS pins are held at dc points.

SingleEnded/Clamped (AC Coupted)input may damped to some dc leweldxoupling the input. This is done by tying the CLAMPIN to som
dc point and applying a pulse to the gIhAMP

INPUT AND REFERENCE OVERVIEW

Figure 2, a simplified model oB#&103Chighlights the relationship between the analog inpuieAidéiesertte voltages, REFTS, REFBS and
VREF. Like thieltageapplied to the resistddér in a flasb@ REFTS and REFBS define the maximum and minimum input voltages to the A/D
The input stage is normally configured fendedtgpation, but allows for differential operation by shorting REFTS and REFBSisagether t

as the second input.

AIN [ ]
REFTS [}

REFBS [ ] 3PA1030

Figure 1 3PA103Bquivalent Functional Input Circuit

In singlended operation, the input spans th® @rge, AVRERMhere REFBSin be connected to GND and REFTS connected to VREF. If thy
user requires a different reference range, REFBS and REFTS can be driven to any voltage within the ppaetise piiffe raisedodioreen

the two is between 1V and 2 V.

In differdial operation, REFTS and REFBS are shorted together, and the inpulsgRERREARS VREF O ARERTS® VREF

Where VREF is determined by the internal referegte iordotiaunally by the user.

The best noise performance may be obtained by opgiP&tt@RMiEh a 2 \put range. The best dist@éidormance may be obtained by
operating ti3A103@ith a 1 V input range.

REFERENGEPERATION

The3PA1030an be configured in a variety of retepmiogies. The simplest configuration is t8Bgd@i®s onboar d bandg
which provides a-gippab optio to generate eith€.BV orl V output. If the user desires a reference voltage other than those two, an exte
resistor divider can be connected between VREF, REFSENSE and analog greaupdtentigdreangtvhere bet@&dhandl V. Another
alternative is to use an external reference for designs requiringwalsrzseti@drift performance

Figures2d, P and 2 illustrate the reference and input architect@eAL@3an tailoring a desired arrangement, the user eanirgalgct
configuration to match drive circuit. Then, moving to the reference modes at the bottom of the figurepgetectcaoaiaredeateotfset

and amplitude of ssftdle signdiable | outlines pin configuragdo match useequirements.

REV-1.2 Copyright © 2012, 3PEAK INCORPORATED -7-
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3PA1030
Complete 18it, 50MSPS, CMOS AndtmeBigital Converter

+FS7V v
MIDSCALE 7%
_Fs AIN (l\ 3PA1030 (l) MODE AIN £ N 3PA1030 | MODE AVDDR2
> ::' SHA (AVDD) 4
+F/S RANGE OBTAINED —e—Sa—] 0.1pF
FROM VREF PIN OR i E— 10k REFTF =u
EXTERNAL REF KSR 7. 1 oo
t y L REFTS -
REFTS L 10k REFBS W c‘c‘)’ge a2k [ [4TEL Lyg, ¢
VvV A2 10k TOTAL
REFBS?; Ap_ % Laz2ko | [*MMEL L qo,r
‘ 10kQ CORE TOTAL |NTE§?AL 10kQ 0.11,.1:
—FIS RANGE OBTAINED Trerer
FROMVRELEINOR Vi e g i) MAXIMUM MAGNITUDE OF V IS DETERMINED
A VOLTAGE IS DERIVED ~ *
EXTERNAL REF TREFBF "% FROM INTERNAL OR BY INTERNAL REFERENCE
EXTERNAL REF

a. Top/Bottom Mode b. Center Span Mode

MAXIMUM MAGNITUDE OF V
IS DETERMINED BY INTERNAL
REFERENCE AND TURNS RATIO

3PA1030 | MODE
AVDD/2

REFTF 0-1nF
)Y |
d 1

et

4.2kQ)
TOTAL

0.1pF
ML Laour

INTERNAL 0.ApF
REE LG A i

YREFBF %
I . t OApF S=1.0pF
b REFSENSE ; g

3PA1030

e.1lV Reference

=~{14RA/RB)2 &
g } VREF
Ra -Lo.t..r L iouf Vs |
REFSENSE
REFSENSE ; AVDD

Re 3PA1020

3PA1030

g. Internal Reference Didable¢r Reduction)

INTERNAL 10K REF RESISTORS ARE
SWITCHED OPEN BY THE PRESENSE
OF Ra AND Ra.

f. Variable RefereiiBetweef.5V andL V)
Fiqrel2.

The actual reference voltages used by thecintaimglof tt8PA1038ppear on REFTF and REF&Mproparperation, it is necessary
to add a capacitmtwork to decouple these pins. The REFTF arshBEHEBE decoupler all internal and exteavdiguraticas
shown in Figur8. 1

_L J_ () REFTF Note:
10pF = 0.1pF 3PA1030 REFTF = reference top, force

REFBF = refererm#tom, force
) REFBF REFTS = reference top, sense
0.1pF

g REFBS = reference bottom, sense

0.1pF

v

Figure 3 Reference Decoupling Network
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3PA1030
Complete 18it, 50MSPS, CMOS AndtmeBigital Converter

INTERNAREFERENCE OPERATION

Figures4, 15 and16 show sample connections @Ad&03thteral reference in its most common configurationsi4kigdiredlustrate
top/bottormode while Figdfllustrates center span méip)re23 shows how to cootrte8PA103tbr 1 We differential operatiororihg

the VREF pin directthéoREFSENSH places the internal referamqaifier, A1, in ugigyn mode and the resukdetence outpudisV.

In Figure4lREFBS is groundedjive an ioprangedm 0 V to 1 V. These modebecahosen when thepdyis either +3 V or +5 V. The
VREF pin must bgassed to AVSS (analog greathdy 1.0F tantalumapacitor in parallel with arlductance, low ESR, 0.1uF ceramic
capacitor.

v
AIN 3PA1030 | mope
ov ;2 ] SHA AVDD
—-%-—I:
10kQ REFTF  0.1pF
e—t < :
REFTS ] [ | 10kQ
REFBS U | A2
. > an ¢ aake ||%TEL Lo r
10k CORE TOTAL
10k 0.1pF

Q i
REFBF

VREF 1

O Al

L 1
y.OnF $0.1uF SERSE
e

Figure 4. Internal Referenté pp Input Spdfop/Bottom Mode)

Figure 8shows the gjleended configuration fdrsbperatiarREFSENSE is connected toréing inkV reference output.

v Z S S AN 3PA1030 | one
ov —— » AVDD
o]

10kQ REFTF  0-1nF
V- 1
REFTS 10k
REFBS T | a2
W AID azko [|%EL Lo ¢
10kQ CORE  (TOTAL
10k G
. > it
REFBF &
VREF e
-]-1.opF-Lo.1,.F b3 = [
$ REF 3
SENSE $
b3

Figure 8. Internal Referer2éér Input Span (Top/Bottom Mode)

Figurel6 shows the singladed configuration tiees the good high frequency dynamic perfi@ihekiae SFDR). To optimize dynamic
perfomancecenter the commuandevoltage of the analog inpap@ioximatelys V Connect the shorted REFTREBRBS inputs to a low
impedance 1.5 V soudaximum reference drive is 1 mA. An externaiehuffedifor heavier loads.

o Zi o AN 3PA1030 | ooe
1w » AVDD/2

10k REFTF 'llhtF

+1.5V A2 0.10E

A/D 4.2k
CORE TOTAL

.I
REFBF '|€7
VREF ¥
L. L S By
1.0pF ==0.1pF| REF N
g ® 3 " | sense
1

Figurel6 Internal Referencert Mput SpafCenteSpan Mode)
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3PA1030
Complete 18it, 50MSPS, CMOS AndtmeBigital Converter

EXTERALREFERENCE OPERATION

Using an external reference may provide moreaiekibiliove drift and accuFigyred7 show examples of hows an external
reference witlhe 3PA1030To use an external reference, the usedisabi the intermaferace amplifier by connecting the
REFSENSE pin to \@id drivehe VREF pimithuserdefined reference voltage

The3PA103080ontains an internal reference buffehé2implifies thévdrrequirements of an extegfeakence. The exteraf@rence
must simply be ablérive a 1R load.

Figurel7 shows an example of an external refgemecating 2.5a¢ the shorted REFTS and REfBE. In this instare&kEF43
2.5 V reference drilRESFTS and REFBS. disteve divider generates &/REF signal that isfémefd by A3. A3ust be able to drive a
10 ky, capacitive load. Choosegfpampbased on noise and accuracy requirements.

3.0V 3PA1030
2.5V o AIN
20\/# AVDD Q— AVDD
REFTS
1 REFBS 0.1pF
10pF 3 1.5k0 REFTF () ”?7
Q} ) oauF
f 0.1pF
0.1pF== S 1kQ REFBF Q !
: MODE '%
+5V REFSENSE
O
REF43

0.1pF
\/ 3 AVDD/2

Figurel7. External Reference Mdb&br InpuiSpan 2.5
STANDBY OPERATION

The ADC may be placed into a powered dowmdsteleypdriving th&BY (standby) pin to logicgutgntial and holding tbhekcat
logic low. In this mdigke typical power drairpfeximatelyrV. The ADC Willva k e  asp(tgp aftenthedtan@by pulse goes low.

CLAMP OPERATION

The3PA108 may be driven with acdapled or amupled input signal. When the input signebupled, ieatures dlexible
bottorevelclamp circuit for destorationf thesignal Figurel8 shows the exterr@ntrol signals needed for clamp opdration.
accoupled caseshen a logic high or a pulse such &kstme in video systems is applied to the CLAMP pin, the bottom level of t
signal AIN is clamped to the voltage provide@laANHREN pin (Fige 18-a). The allowable voltage range that cappled to
CLAMPIN depends on the operational limits of the internal clamp amplifier. The recommesdestweésenOraolge and 1.0 volts.

The logic high CLAMP control might be useful for some video applicatinngsimeatihg circuntay be omitted. When a logic low

is applied to CLAMP piru(Eig-b), the bottom level of the signal AIN is clamped to ground level. WhendbeglgutCL AMP is
recommended to be shorted to logic loelg-ey The dc input signal level neddshigher than 0OV.

The input capacitor should be sized to allow aofficstion time of theemp voltage at AIN withi@t#VP interval, but also be sized

to minimize drobgtween clamping interfasvideo applicationput capacitorOofuF is recommended.

3PA1030 3PA1030
CLAMPINE: Clamp CLAMPIN :: Clamp
Circuit CLAMP Circuit
AVDD or CLAMP 1L
I AIN Track I AIN Track
/\/\/ I (] & Hold ’ /\/\/ I L] & Hold ’
0.1¢F 0.1¢F
Figurel8a,Bottom signal level clamped to CLAMPIN Figurel8b, Bottom signal level clamped to ground
REV-1.2 Copyright © 2012, 3PEAK INCORPORATED -10-
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3PA1030
Complete 18it, 50MSPS, CMOS AndtmeBigital Converter

3PA1030
CLAMPIN Clamp
CLAMP Circuit
/\/\/ AIN L Track
4 & Hold >

Figurel8c, DCcoupled input

DRIVING THE ANALOG INPUT

Figurel9 shows the equivalent analog inpeB8B#1030a samplandhold amplifier (switched capacitor input SHA). Bringing CLK to a logic I
level closes Switches 1 and 2 and opens Switch 3. The input source connected to AIN must charge capaciti@ @lritg this tir
transitions fromilog Al owo to | ogic fAhigh, d Switches 1 a ntlkoiputofghe ap, pl
amp to equal the voltage stored on CKCMhenansi ti ons from | ogi ¢ @Ahi gnd2closeptacingtheg i ¢ |
SHAIn track mode.

The structure of the input SHA placesrequm@ments on the input drive source. The cooftimatimin capacitance, CP, and the hold
capacitance, GBltypically less than 5 pF. The input soutue abldst charge or discharge this capacitadgieaoc8rady one half of a

clock cycle. When the SHA godssagktanode, the input source must charge or disheitge CH from the voltage already stored on CH to
the new voltage. In thetwaise, a ftdtale voltagiep on the input, the input source must proktgitihg current through the R@QN¢H0

Switch 1 amguickly (within 1/2 CLK period) settle. Thiscitwesiponds to driving a low input impedancett@n lthadyhen the source
voltage equals the valawiously stored on CH, the hold capacitor reégpireament and the equivalent input impedaaresrisly high.

Adding series resistance between the outpouot¢hand the AlNrpafuces the drikequirementtaced on the source. Fidusb@vs this
configuration. The bandwidth of thelgpaaiqlication limits the aizthis resistor. To na@inthe performance outlindtkirlata sheet
specifiations, the resistor shouldrtited t@0 g or less. For applications with bmalvidths less than 16 MHz, theageropartially
increase thaize of the series resigitiernatively, adding a shunt capacitance bet&#é¢mithend aoglground can lower the ac load
impedance. Thalue ahis capacitance will depetideosource resistance and the required siymalthEme input span of 3RA1033 a
function of theference voltages. For more information regardingainge, see the Internal and External&fetions of the data sheet.

CH

AIN()—rog '% P

$cp o ) AIN
S3 EHA
(REFTS szo_T_rcT Vs
REFBS) ¢ Icp oS $ IPA1030
% 3PA1030

. . Figure?0. Simpl8PA1030rive Configuration
Figurel9. 3PA103&quivalent Input Structure g P g

In many cases, particularly in-sumg®/ operation,caupling offers a convenient way of biasing the anadpaliapuh proper signal
range. Figurd 8hows a typical configuration-éoupting the analog input signal3BAli®30Maintaining the specificatigtfised in the
datasheet requires careful seteofithe component valuesmdkeimportais thefdshighpass corner frequency. It is a function of R2 and
the parallel combination of C1 and G2«spoit can be approximated by the eduatior: 1/(2X pi X [R2] Ceq). WhereCeqis the
parallel combination of G @B. Note that C1 is typically a large electrolytic orctgrateitomthat becomes inductive at high
frequencgee Adding a small ceramic or polystyrene capatitwor@er of 0.¢) that does not become induitieegligibly higher
frequencee maintaia lowmpedance ovewale frequency range
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NOTE: AC coupled input signals may also be shifted to a desired3@Al0@hititernal clantpee Clamp Operation.

Figure 2 AC Coupled Input

There are additional consideratioers choosing thesistor values. Thecaapling capacitors integratevthiehing transients present

at the input of tBRA103@nd cause a net dc bias curgett, flow into the infiite magnitude of the bias current increases as the
signal magtude deviates from V midscale and the clock frequency increases; i.e., minimum bias current flow whensAIN =V mid
bias current will result in an offset error of (R1e+IRiRjSXnkcessaryctmpensate this error, consider makingligiblygenall or

modifying VBIAS to account foeghkantffset.

In systems that must use dc coupling, usangm tdpvelshift a grourrdferenced signal to comply withptiterequirements of the
3PA1030Figure 2shows aAD8041 configuiiachornvertingnode.

s 3PA1030
—-—ll-‘-‘-_': - O0Vpc } Wpp
Sie 200 i
vorne
VOLTAGE €7

Figure 2 Bipolar Level Shift

DIFFERENTIAL INPUT OPERATION

The3PA103will accept differential input signaluridtisn may be used by shorting REFRERB®&Nnd driving them as onefeg
the differential signas {tip leg is driven into AiNfhe configuration belowBRI#AL03& accepting 1 ¥.r signal. See Figu@ 2

- 3PA1030
E S EC AIN
0.1pF
1V AVDD/2 REFTF ( "
REFTS '%
REEBS 0.1pF 10pF
0.1pF
i VREF  REFBF (
1.0pF
g REFSENSE
MODE

Figure 2 Differential Input

CLOCK INPUT

The 3PA103Clock input is buffered internally withvexter powered frora #iVDD pinThis feature allowe 3PA10300
acommodate either +5 V or +BI8I0S logic input sigwéhgs with the input thresbdite CLK pin nominally at AVDD/2 as Figure
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24.

The pipelined architecture &RA4030perates dooth rising and fallidges of the input clockmimmize duty cycle variations the
recommended lofamily to drive the clock input is high speed or &ZMOBEHC/HCT, AC/ACT) logic. CMOS logichwthvides
symmetrical voltage threshold levels and sigécaet fatimes to suppbtMSPS operation. BRA103G designed to support a
conversion rate 5f MSPS; running the part at slightly faster clock réesposajble, although at reduced performance levels.
Conversely, some slight performance impovégheite realized by clockingtA@03@t slowetlockates.

51 $2
ANALOG te - sS4

INPUT e o
H
dox S [
]‘- 12ns
N G G G O

Figure 2 Timing Diagram

The power dissipated by the output buffers jsrégrgetignal to the klfrfequency; running at redcioell rates provides a reduction
in power ceomption.

DIGITAL INPUTS AND OUTPUTS

The ADCOGs baseband r ethe complexitpof this imadierejdction fitersamsptiraate msewelivas dynamic
range of the ADC. Each o8B#eL03@igital control inplBSTATEOE and STB are reference taaéog ground. The clock is also
referenced to analog grotihd.format of the digital output is straight birfeigufeé®. A low powenode feature is provided such
that for STBY = HIGH and the clock disabled, plosvstatihe3PA103Will drop below 5 mW.

OTR | |
JJﬁ IMPEDANCE _’l

I—FS+1LSB +F$S
-FS +FS-1LSB

. Figure6 ThreeState Timing Diagram
Figure 2 Output data format

DIRECT IF DOWN CONVERSION USISBA180

Sampling | F signal s @&, duvt@R)sbecombDEitceasingy papabemimudication applications. This
process is ofteeferred to d@Pirect IF Down ConvemsofUndeisampling There are several potential benefits ithesiigC to
alias (i.e., or mix) down a narrowbavidetad IF signal. First and foremost is the elimiaticomplete mixer stage with its
associated amplifiansl filters, reducing cost and power dissipationis Seeatdity to apply various DSP techniques tsymgrform
functions as filtering,neie selection, quadratie@odulation, data réidag detection, etc.

In Direct IF Down Conversion applications, onehexplatent sampling process of an ADC in whislyrel Iffing outside the
baseband region can be aliaaekiinto theabeband region in a similar mannentharavill down convert an IF signal. Similar to the
mixettopology, an image rejection filter is required to limit other potential interfering signals from also aksii@Backahto The
suited for vimus narrowbandskimpling applications. 3RA10®D s | o w d BHAthasratfglbwen bandwigthuextending to
300 MHthus encompassing many popular IF frequen8ies.10B&vill typically yield an improvement in SNEdmflgemed for the

2 V span, the 1 V span providegptiraum ftgcale distortion performance. FurthettmeofeV span reduces the performance
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requirementstbi input driver circuitry and thus may lpeaoticeorsystem implementation purposes.

Figure27 shows aimplified schematic ofalRA103@onfigured in an IF sampling application. To rechuoglthdéty of the digital
demadulator in many quadratemodulation applications, the IF frequency and/or sample rate are selected sutimitiedt ifhe band
sgnalaliasdésack i nto the center ¢4).Fdraxampld,if @odIE sighahcereebed at 45 MHe ig Sarophed &t
20 MSPS, an image of this IF signal will be aliased back to 5.0 MHz which corresponds to one quatee(i.ef, ##¢) sa@hiple r
demodulatigachnique typically reduces the complexity of the post digital demodulator ASIC which follows the ADC.

To maximize its distortion performan8BA@33s configured in the differential mode with a 1 V spaansfimgnetr The center

tap of the transformer is biased -atipuly via a resistor divider. PrecedB@/the3ds a bangass filter as well as a 32 dB gain
stage. A large gain stage may be required to compensate for the high insertion lotsesisgchf@Aage rejection. The gain
stage will also provide adequate isol ati o3PAIDIDEs t hpuBAWL AT

The gain stage can be realized using one or two opstafsaf i GHz, currefgedback epmp having ad®rder intercept
characterized up to 250dpassivbandpass filter following sh@mpsattenuates itominant 2nd order distortion products which
wouldotherwise be aliasettlbinto thBPA10® s b aregiob. Alsodit reduces anyftaind noise whialould also be aliased

back due to tB®A103®M s bamdwilth of 220+ MHz. Note, th@assiliterspecifications are application dependent and will affect
both theotal distortion and noise performanceiofiitis

The distortion and noise performance of an ADReat tRdrequency is of particular conceavalhating an ADC for a narrowband

IF samplingpplication. Both sifglee and duedne SFDRsva mp | i t ude ar e very u eformdnceiamd as s
noise contribution due to aperture jitter. In any application, one is advised to testteesamtweiscaf under the same conditions

to evaluatihe given applicationss#évity to that particdtarice.

Gy =20dB Gz =12dB L-C

BANDPASS  MINI CIRCUITS
FILTER T4 -6T

1:4
E 20002

3PA1030
AIN

5042
B
REFBS

VREF
REFSENSE

Figure?. SimplifieBPA1030 Sampling Circuit

Figure28-31combine the daeahe SFDR as wellsaggle tone SFDR and SNR performance at IF frequencies of 45 MHz, 70 MHz,
MHz and 135 MiNinte the SFDR vs. amplitude data is referetBE® twhile the single tone SNisdafarenced to dBc

90 | 90 |
80 :\\h DUAL TONE SFDR 80 SINGLE TONE SFDR
2 SN £ = ==
z 70 SINGLE TONE SFDR ~— g i —— e
I i DUAL TONE SFDR
g 60 g 6
%g‘f 50 ~ %é 50 //
al ol
nZ 40 / w 40 =
wu wwn
§ 30 / § 30 Pl
§ 20 SHR/ CLK = 20MSPS 1 g 20 lR CLK = 21.538MSPS h
// SINGLE TONE - 45.52MHz z / SINGLE TOMNE — 70.55MHz
10 DUAL TONE - F4 = 44.40MHz 10 = DUAL TONE- Fy = 69.50MHz -
-~ | ~Famdosaume 1 — Fp = 70.55MHz
n—so -50 —40 -30 -20 -10 0 0450 -50 —40 -30 72|n 71|o 0
INPUT POWER LEVEL - dBFS INPUT POWER LEVEL - dBFS
Figure28 SNR/SFDR for IF @ 45 MHz Figure9 SNR/SFDR for IF @ 70 MHz
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The3PA103Wvas opetad in thelifferential mode (via transformer) with a 1 V spaalogheupply (AVDD) teddigital supply
(DRVDDyere set to +5 V and 3r1@3fectively.

a0

a0 | SINGLE TONE SFDR.

)

o
=]

70 T ™ o
DUAL TONE SFDR M %
0
//

Y
=

el

=

NV
20 - CLK = 20MSPS E
/ SINGLE TONE — 85.52MHz

10 L DUAL TONE - F, = 84.40MHz
~ - Fy = 85.52MHz
0 | |

-60 -50 -40 -30 -20 -10 0
INPUT POWER LEVEL - dBFS

w
=

WORST CASE SPURIOUS - dBFS
SNR -dBc

Figure @ SNR/SFDR for IF @ 85 MHz Figure B SNR/SFDR for IF @ 135 MHz

GROUNDING AND LAYOUT RULES

As is the case for any high performance device, proper grounding and layout techniqueasldeviegseptialahperformance. The
analog and digitabunds on tf8PA103Giave been separated to optimizenaagement of return currents in a system. Grounds
should be connected near the ADC. It is recorntimagmdednted circuit board (PCB) of at least foemipimyiisig a ground plane
and power planes, be wsigdl th&PA1030The use of ground and pple@esffers distinct advantages

1.The minimization of the loop area encompassed by a signal and its return path.

2.The minimization of the impedance associated with ground and power paths.

3.The inherent distributed capacitor formed by the power pianiatiBCBnd ground plane.

These characteristics result in both a reduction of electromagnetic interference (EMhpodesmentengierformance.

It is important to design a layout that prevents noiglirgronto the input signaklBiginals should hetrun in parallel with the
input signal traces and shmulduted away from the input circuitry. Separasmaidital grounds should be joined together directly
under th8PA103h a solid ground plane. The @owlegrouhreturn currents must be carefully mahagedral rule of thumb for
mixed signal layouts dicthigsthe return currents from digital circuitry spagkithoiugh critical analog circuitry.

DIGITAL OUTPUTS

Each of the arip buffers for tBieRA103@utput bitDd D9) is powered from the DRVDD suppbeparste from AVDD. The output
drivers are sizedhtandle a variety of logic families while minimanmguthef glitch energy generated. In all casestad e is
recommendeal keep the capacitive loathi®woutput data bits below the specified 20 pF level

For DRVDD = 5V, 8#A103@utput signal swingcnpatible with both high speed CMOS and Tamilagic For TTL, the
3PA1030nchip, output drivevere designeéd support several of the high speddriilies (F, AS, S). For applications where the
clock rates belovb0 MSPS, other TTL families mappfrepriate. For interfacing with lower voltage@i@8PA1038ustains

50 MSPS operation WdRVDD 3 V. In all cases, check your logic famigheletts for commbility with tH#PA103Migital
Specification table.

THREESTATE OUTPUTS

The digital outputs of 3RA103@an be placed in a higipedance state by setting the FTHREEE pin tdlG1. This feature is
provided
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