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FEATURES

125 MSPS

Update Rate

10Bit Resolution
Linearity: 1/4 LSB DNL
Linearity: 2LSB INL

Differential Currenit@uts2 mA to 20 mA
SFDR to Nyquist at 40MHz Output: 62 dBc
Fast Settling: 35 ns-Bahile Settling to 0.1%

OnChip 1.1

0 V Reference

EdgeTriggered Latches

Power Dissipation: 175 mW @ 5Vto45mW @ 3V

PoweDown Mode: 20mW @ 5V

Single +5 V or +3 V Supply Operation

Green, 28ead TSSOP Package

Pin Compatible witland ADCommunication DAC Family

APPLICATIONS
CommunicatiomsansmiChannel
Signal Reconstruction
Direct Digital Synthesis (DDS)
Instrumentation

VidedReconstruction

PRODUCT HIGHLIGHTS
Manufactured on a CMOS proces§Pie651kKises a

B

PRODUCT DESCRIPTION

The 3PD56511Bfkrs exceptionAlC and DC performance while
supporting updatketres up to 125 MSPS.
singlesupply operating range of +2.7V to +5.5V and low pow
dissipation are well suited for portable and low power application:
power dissipation can be further reduced to 45mW, withou
significant degtation in performance, by lowering Sealéull
current output. In addition, a momer mode reduces the standby
power dissipation to approximately 20mWw.

The 3PD&E is manufactured on an advanced CMOS process.
segmented current source architsctmrabined with a proprietary
switching technique to reduce spurious components and enha
dynamic performance. Hdggered input latches and a
temperature compensated bandgap reference have been integr
to provide a complete monolithic DAGnsdfldixible supply
options support +3V and +5V CMOS logic families.

The 3PD5651E is a cuwetput DAC with a nominasdailé
output current of 20mA and k @@put impedance.

Differential current outputs are provided to supperdsitigie
differential applications. The current outputs may be directly tied 1
output resistor to provide two complementargndéatybeoltage
outputs. The output gateompliance range is 1.25V.

The3PD565 contains a DM onchip reference and reference
control amplifier, which allows tkeeafiell output current to be
simply set by a single resistor. The 3PD5651E can be driven t
variety of external referenttages.

proprietary switching technique that enhances dypaRMepsesE 6 s-scdleuclrient can be adjusted over a 2mA to

performance well beyorahn@ 1ebit video DACSs.

20mA range without any degradation in dynamic performance. T

Onchip, edgeiggered input CMOS latches readily interfagg 19ppse51E may operate at reduced power levels or be adju

+3V and +5V CMOS logic familieSPD¥51Ean support

update rates up to 125MSPS.
A flexible singepply operating range of +2.7V 10 +5.5Vandisieq for operation over the industrial temperature range.
a wide fuficale cuent adjustment span of 2mA to 20mA

allows th8PD5651E0 operate at reduced power levels (i.e.,

45mW) without any degradation in dynamic performance.

A temperature compensated,V1tdhdgap reference is

included echip providing a complete DAC solétion

external reference may be used.
The current output(s) of the 3PD5651E can easilv ha

configured for various siegtied or differential applicatior FIUUNCTIONAL BLOCK DIAGR/
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Figure 1. Pin Configuration

over a 20dB range to provide additional gaircapadifities.
The 3PD5651E is available ihe@8 TSSOP package. It is
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3PD5651E
Highspeed, 1®it, 125MSPS, CMOS Dig#inalog Converter

PIN CONFIGURATION

Pin No. Name | Description

1 DB9 Most Significant Data BiBMS

2i9 DB8DB1 | Data BitsiB.

10 DBO Least Significant Data Bit (LSB).

111 14,25 NC No Internal Connection

PoweiDown Control Input. Active High. Contains adtivengiitcuit, thus may be left unterminatg

15 SLEEP used.

16 REFLO | Referenc&round when Internad V. Reference Used. Connect to AVDD to disable internal ref
Reference Input/Output. Serves as reference input when internal reference disabled (i.¢

17 REFIO | AVDD). Serves asQ\ reference output whennataeference activated (i.e., Tie REFLO to
Requires 0rif capacitor to ACOM when internal reference activated.

18 FS ADJ | FullScale Current Output Adjust.

19 COMP1 | Bandwidth/Noise Reduction Node.Adelt0.AVDD for optimum performance.

20 ACOM [ Analog Common.

21 louTs Complementary DAC Current Outipsitalfeicurrent when all data bits are Os.

22 louta DAC current Output.-sedlecurrent when all data bits are 1s.

23 COMP2 | Internal Bias Node for Switch Driver Circuitry. Decouple to AG®\apigtitot

24 AVDD | Analog Supply Voltage (+207+8.5 V).

26 DCOM | Digital Common.

27 DVDD | Digital Supply Voltage (+2.7 V to +5.5 V).

28 CLOCK | Clock Input. Data latched oatime@f clock of 3PD5651 and positive edge of clock of 3PD5651]

ORDERING GUIDE

Model Temperature Range Package TransporMedia, Quantity
3PD5651E 7140°Qo+85°C 28LeadlSSOP Tape and Re@K00

ABSOLUTE MAXIMUM RATINGS *

Parameter With Respect to Min Typ. Max Units
VDD ACOM 0.3 6.5 Y
DVvDD DCOM 0.3 6.5 Y
ACOM DCOM 0.3 0.3 Y
AVDD DVDD 6.5 65 Y
CLOCK, SLEEP DCOM 0.3 DVDD+ 0.3 Vv
Digital Inputs DCOM 710.3 DVDD+0.3 Vv
louTs buTs ACOM 11.0 AVDD+ 0.3 \Y
COMP1, COMP2 ACOM 0.3 AVDD+ 0.3 Vv
REFIO, FS ADJ ACOM 0.3 AVDD+ 0.3 Vv
REFLO ACOM 0.3 0.3 Y
Junction Temperature 150 °C
Storage Temperature 165 150 °C
Lead Temperatfi® sec) 300 °C
DA Thermal Resistance 97.9 °C/IW
Duc of 28Lead TSSOP 14.0 °C/IW

*Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the deviceorfiifusetisinabs rating
operation of the device at these or argoattigons above those indicated in the operational sections of this specification is not implied. |

to absolute maximum ratings for extended periods may effect device reliability.
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3PD5651E
Highspeed, 1®it, 125MSPS, CMOS Dig#inalog Converter

H ECTRICAL CHARACTERISTICS

DC SPECIFICATIONS
(Twnto Tuax AVID = +5V, DVDD = +5Mgk= 20mA, unless otherwise noted)
Parameter Min Typ Max Units
RESOLUTION 10 Bits
MONOTONICITY GUARANTEED OVER SPECIFIED TEMPERATURE RANGE
DC ACCURACLY
Integral Linearity Error (INL) 11 + 1/2 +1 LSB
Differerdl Nonlinearity (DNL) 11/2 + 1/4 +1/2 LSB
ANALOG OUTPUT
Offset Error 10.025 +0.025 % of FSR
Gain Error(Without Internal Reference) 110 + 2 +10 % of FSR
Gain Error (With Internal Reference) 110 + 1 +10 % of FSR
FuliScale Output Curée 2 20.0 mA
Output Compliance Range 11.0 1.25 V
Output Resistance 100 k q
Output Capacitance 5 pF
REFERENCE OUTPUT
Reference Voltage 1.08 1.0 1.12 V
Reference Output Cufrent 100 nA
REFERENCE INPUT
Input Compliance Range 0.1 1.25 \Y
Reference Input Resistance 1 M
Small Signal Bandhi@t/o €omp)* 1.4 14 MHz
TEMPERATURE COEFFICIENTS
Offset Drift 0 ppm of FSR/°C
Gain Drift (Without Internal Reference) + 50 ppm of FSR/°C
Gain Drift (With Internal Reference) + 100 ppm of FSR/°C
Reference Voltage Drift +50 ppm/°C
POWER SUPPLY
Supply VoltagefAVDD 2.7 5 5.5 V
Supply VoltageEDVDD 2.7 5 5.5 V
Analog Supply Currewbl 25 30 mA
Digital Supply Curresf® 3 6 mA
Supply Current Sleep Mades(| 8.5 mA
Power Dissipatt¢h V,dutrs= 20 mA) 140 175 mw
Power Dissipatigh V,dutrs= 20 mA) 190 mw
Power Dissipatid8 V,dutrs= 2 mA) 45 45 mw
Power Supply Rejection 8a&tDD 10.4 +0.4 % of FSR/V
Power SuppRejection Ra&iDVDD 10.025 +0.025 % of FSR/V
OPERATING RANGE 140 +85 °C
NOTES
1. Measured ajur, driving a virtual ground.
2. Nominal fedcale currentulrrs is 32 x thedrcurrent.
3. Use an external buffer amplifier to drive any @xtiernal |
4. Reference bandwidth is a function of external cap at COMP1 pin.
5.  For operation below 3V, it is recommended that the output current be reduced to 12mA or less to maintain optimum performan
6. Measured atbci= 50MSPS ansbf= 1.0MHz.
7.  Measured asibuffered voltage output irjd=p6apat butsand duts ktLocke 100MSPS ardf= 40MHz. Specifications subject to

change without notice.
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3PD5651E

Highspeed, 1®it, 125MSPS, CMOS Dig#inalog Converter

DYNAMIC SPECIFICATI@8cifications subject to change without notice.
(Tvinto Twax AVDD = +5V, DVDD = sb¥st 20mA, Singiended Otput, buta 58 Doubly Terminated, unless otherwise noted)

Parameter | Min | Typ | Max | Units
DYNAMIC PERFORMANCE
Maximum Output Update Rate)f 100 125 MSPS
Output Settling Time (to 0.1%) 35 ns
Output Propagation Detay (t 1 ns
Glitch Impulse 5 pVs
Output Rise Time (10% to 90%) 2.5 ns
Output Fall Time (10% to B0%) 2.5 ns
Output Noise(rrs= 20 mA) 50 pA/ dHz
Output Noiserrs= 2 mA) 30 pA/ dHz
AC LINEARITY TO NYQUIST
Total Harmonic Pi$ibn
fcLock= 10 MSP$out= 1.00 MHz -72 dBc
fcLock= 25 MSP$out= 1.00 MHz -72 dBc
fcLocke 50 MSP$out= 1.00MHz -72 dBc
fcLocke 50 MSP$out= 2.00MHz -70 dBc
fcLocke 100 MSR&uT= 2.00 MHz -70 dBc
SpuriostFree Dynamic Range to Nyquist
fcLocke 10 MSP$out= 1.00 MHz 79 dBc
fcLocke 50 MSP$out= 1.00 MHz 77 dBc
fcLocke 50 MSP$out= 5.02 MHz 71 dBc
fcLocke 100 MSP&ut= 5.01 MHz 69 dBc
fcLocke 100 MSR&uT= 25.0MHz 61 dBc
NOTESSpecifications subject to change without notice.
1. Measured single ended intdl&ad.
DIGITAL SPECIFICATI@B{cifications subject to change without ngtice.
(Tminto Twax AVDD = +5V, DVDD = s 20mAunless otherwis noted)
Parameter | Min | Typ | Max Units
DIGITAL INPUTS
Logic filo Voltage @ 3.5 5 V
Logic filo Voltage @ 2.1 3 V
Logic 06 Voltage @ 0 1.3 vV
Logic 06 Voltage @ 0 0.9 vV
Logic filo Current 110 10 uA
Logic fi0odo Current 110 10 uA
Input Capacitance 5 pF
Input Setup Tims) (t 2 ns
Input Hold Time)(t 1.5 ns
Latch Pulsewidthr 35 ns
DB0-DB7 M <XXXX DB0-DB7 (XXXX
— ts ty e 1s t
CLOCK — 4{7 CLOCK \
tieow
N —_— L O —
IOUTA o = tsr ——¥
OR IOUTA
IOUTB OR
ouTB
3PDS651 3PD5651E
Figure3. Timing Diagram
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3PD5651E
Highspeed, 1®it, 125MSPS, CMOS Dig#inalog Converter

DEFINITIONS OF SPECIFICATIONS

Linearity Error (Also Called Integral Nonlinearity or pet)degree C. For reference drift, the drift is reportguein ppm
Linearity error is defined as the maximum deviation of tiegsmtual
analog output from the ideal output, determined by a straight line

drawn from zero to full scale. Power Supply Rejection
The maximum chasge the fulicale output as the [digs are
Differential Nonlinearity (or DNL) varied from nominal to minimum and maximum specified voltages.

DNL is the measure of the variation in analog value, normalized to
full scale, associated with a 1 LSB change in digital input c8dftling Time

The time required for the output to reach and remain within
Monotonicity specified error band about its final value, measured from the start
A D/A converter is monotonic if the output either incréesesitput transition.
remains constant as the digital input increases

Glitch Impuls
Offset Error Asymmetrical switching times in a DAC give rise to undesired outj
The deviation of the output current from the ideal of zerdaras@igs that are quantified by a glitch impulse. It is specified
offset error. Fouts OmA output is expected wieemputs are alhe net area of the glitch s pV
0s. Fordutg OMA output is expected when all inputs are set to 1s.

SpuriousFree Dynamic Range
Gain Errofthe difference bewen the actual and ideal output gpanThe differencen dB,between thBRMSamplitude dhe output
The actual span is determined by the output when all inpsigreaibaset the peak spurioualsigaer the specified bandwidth
to 1s minus the output when all inputs are set to 0s.

Signaito-Noise and Distortion (S/N+D, SINAD) Ratio
Output Compliance Range SINAD is the ratio of tR¥Svalue of the measured owsigutal
The range of allowable voltage at the output of@utputdDACo theRMSsum of all other spectral components belowiiste Nyq
Oreration beyond the maximum compliance limits may cafreg@dthey, including harmonics but exéalimpe value for
output stage saturation or breakdown resulting in rBNWDBearexpressed in decibels
performance.

Total Harmonic Distortion
Temperature Drift THD is the ratio of tRMS sum of the first six harmonic
Temperature drift is specified as the maximum change cloompotients to tR&Svalue of the measured output signal. It is
ambient (+25° C) value to the valueeaflgitor Tuax For offseexpressd as a percentage or in decibels
and gain drift, the drift is reported in ppracafduthnge (FSR)

o
B 0.1uF l R
REFLO COMP1 AVDD  AcHM
50pF
# 3PD5651
0.1uF 5‘
= CURRENT ﬂ(
SOURCE
+ ARRAY 0.1uF
Rser 6
%0 ;} { }
o5V DVDD 1outA L
SEGMENTED — 0) TO HP3589A
DCOM SWITCHES IouTB SPECTRUM/
= T cLock NETWORK
| LATCHES ] 5003 == 20pF ANALYZER
DVDD T SLEEP 1 5002 INPUT
ocom— LI L | son ps SEEEEEES
RETIMED \I 500 20pF
CLOCK i DIGITAL
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3&?&:‘7 A * AWG2021 CLOCK RETIMED
LECROY 9210 TEKTRONIX SUCH THAT DIGITAL DATA
PULSE GENERATOR AWG.2021 TRANSITIONS ON FALUING EDGE
OF 50% DUTY CYCLE CLOCK.
Figure 4. Basic AC Characterization Test Setup
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3PD5651E
Highspeed, 18it, 125MSPS, CMOS Digg#lnalog Converter

TYPICAL CHARACTERIZATION CURVES
AVDD = +3V, DVDD = +3R/[D80bly Terminated Load, Sifgteled Outpupdra butrs= 20nA, k= +28G unless otherwise noted
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3PD5651E
Highspeed, 18it, 125MSPS, CMOS Digg#lnalog Converter

0 0
o 01 1 R
fcLock = 125MSPS — fcLock = 100MSPS  —
fOUT =9.95MHz fOUT‘I =13.5MHz
SFDR = 62dBc ] fou'rz =14.5MHz ]
AMPLITUDE = 0dBFS _| SFDR = 59.0dBc _
AMPLITUDE = 0dBFS
2 >
a a
| I
] m
g = 2
adedds «L-d--ﬁ --ITI il
100 : ) ~100
START: 0.3MHz STOP: 62.5MHz START: 0.3MHz STOP: 50.0MHz
Figurell SingleTone SFDR Figurel2 DuaiTone SFDR
-10
R
1~ 1 fcLock = 50MSPS —
fOUT1 =6.25MHz
fou'rz =6.75MHz ]
fOUTS =7.25MHz _
fOUT4 =7.75MHz
- SFDR = 71dBc _
a AMPLITUDE = 0dBFS
|
[1a]
T
e
N -~ I XM, Y1 .
-110
START: 0.3MHz STOP: 25.0MHz

Figurel3 FourTone SFDR

FUNCTIONAL DESCRIPTION

The 3PD5651E consists of a large PMOS curreamtraguapgable of providing up to 20mA of total current. The array is divided into :
equal currents that make up the five most significant bits (MSBs). The remaining 3 LSBs are also implenggritdt auitreatjually wei
sources whose sum total eqlgtts af an MSB current source. Implementing the upper and lower bits with current sources helps
the DACOds high output i mpedance (i.e. > 100 k\Wtnodea(id., of
loutaorlouts via PMOS differential current switches. The switches are based on a new architecture that drastically improves dist
performance.

The analog and digital sections of the 3PD5651E have separate power supply inputs (i.e., AVDD apdriXeDid)ethen cemntly

over a 2.7 volt to 5.5 volt range. The digital section, which is capable of operating up to a 125MSPS cledgetatgeredsists of
latches and segment decoding logic circuitry. The analog section includes the PMES therassauated differential switches, a
1.10V bandgap voltage reference and a reference control amplifier.

The fulbcale output current is regulated by the reference control amplifier and can be set from 2mA to 20mA vi&san &xternal resi
external resistor, in combination with both the reference control amplifier and vokege sefethieceeférence currentwhich is
mirrored over to the segmented current sources with the proper scalingdeaterctterfedirs is thirffwo times the valueret |

DAC TRANSFER FUNCTION
The3PD5651frovides complementary current oulipuesid dute butawill provide a neard$alle current outpgodres when all bits

are high (i.e., DAC CODE = 255) gwhilthé complementary output, provides no current. The current outputcapaeethgeat |
are a function of both the input cotterarsahd can be expressed as:
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3PD5651E
Highspeed, 18it, 125MSPS, CMOS Digg#lnalog Converter

louta= OAC CODE56) foutrs
loute= (255 DAC CODE56 toutrs
whereDAC CODE 0 to 255 (i.e., Decimal Representation).

As previously mentiorieghrsis a function of the reference cumenthich is nominally set by a reference vedtaged external
resistor &z It can be expressed as:

loutFs 32*HEF
Wherdrer= VrReridRsET
Vouta= loutARLoaD

Voute= louts*RLoAD

Note the fedkcale value obMaand Yureshould not exceed the specified output compliance range to maintain specified distortion ai
linearity performance.

The differential voltaggss\appeadng acrossidrsand dutsls:
Voirr= (ouTtA louTd *RLoab

Substituting the valueswhlburs andder \birrcan be expressed as:

Voirr= {(2 DAC CODR55)/256}/ *(32dRdRse) *\&eFIO
VOLTAGE REFERENCE AND CONTROL AMPLIFIER

The3PD5651Emtains an imeal 1.19 bandgap refereticat can be easily disabled and overridden by an external reference. REFIO
serves as eitheriapubroutputiepending on whether the internal or an external reference is selected. If REFLO is tied to ACOM,
shown in Figurd,the internal reference is activated and REFIO provides a 1.10 V output. In this case, the intebral reference mu:
compensated externally with a ceramic chip capaoioorofi@ater from REFIO to REFLO. Note that REFIO is not designed to drive
external load. It should be buffered with an external amplifier having an input bias current less than 106adinjaryegiditiaha

+5V
0.1pF
OPTIONAL
EXTERNAL ,[ % I )
REF BUFFER REFLO comPi [AvDD
+1.10VREF
REFIO
CURRENT
ADDITIONAL FS ADJ SOURCE
LOAD ARRAY
3PD5651E

Figure 4. Internal Refenee Configuration

The internal reference can be disabled by connecting REFLO to AVDD. In this case, an external referencerR&Fiieade appliec
shown in Figurb. The external reference may provide either a fixed reference voltage wranhandedaifcperformance or a

varying reference voltage for gain control. Note thit tbenPdnsation capacitor is not required since the internal reference is disab
and the high input impedance (i.q),df REFIO minimizes any loading of the external reference.

The small signal bandwidth of the reference control amplifieraieph&WiHz and can be reduced by connecting an external capac
between COMP1 and AVDD. The output of the control amplifier, COMP1, is internally compensated via a 5§ pirecapatcitor that |
amplifier smalgnal bandwidth and reducesitigsit impedance. Any additional external capacitance further limits the bandwidth ar
as a filter to reduce the noise contribution from the reference rampglifieedIfdr an application, @FOckramic chip capacitor is
recommended.

Irercan be varied for a fixeerBy disabling the internal reference and varying theremienaotiageenits compliance range of

1.25/to 0.10V. REFIO can be driven by &spmieamplifier or DAC, dHawing:krto be varied for a fixegrRSince the input
impedance of REFIO is approximatgla $ivhple-RR ladder DAC configured in the voltage mode topology may be used to control
gain. Note anott3D5651Eould also be used as the gaitnad DAC since it can also provide a programmable unipolar output up to
1.2v.

REV-1.2 Copyright © 2012, 3PEAK INCORPORATED -8-
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3PD5651E
Highspeed, 18it, 125MSPS, CMOS Digg#lnalog Converter

AVDD
o
0.1pF
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( O
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i o
50pF
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REF IFSADJ . ﬁﬁﬂﬁﬁf
%7 R | - T ‘
SET g Iger=
Veerio/R \ REFERENCE
REFIOASET | 3pD5GSIE CONTROL
AMPLIFIER

Figurelb. External Reference Configuration

ANALOG OUTPUTS AND OUTPUT CONFIGURATIONS

The 3PD5651produces two complementary current oatpudsidi buts which may lmnverted into complementary -simdgel
voltage outputspdraand duts via a load resistoroAd as described in the DAC TRANSFER FUNCTION sectiérsHoigaréé
3PD5651Eonfigured to provide a positive unipolar output range of apPvoximedehy for a double termib@tedable for a
nominal fedicale currerfbutrs of 20mA. In this caseRepresents the equivalent load resistance seesbydrsand is equal to
25q. The unused outputflor butg can be connected®COM directly or via a matching Bifferent valuesl@frrsand Roapcan
be selected as long as the positive compliance range is adhered to.

3PDSG5S1E | 1oyres = 20mA
—

—\ VOUTA =0 TO +0.5V

louta (22>
500 ;’7- 500

louts @1

250

Figure &. 0 V to +0.5 V Unbuffered Voltage Output

Alternatively, an amplifier could be configuréd aeraverter thus conversimgdr buteinto a negative unipolar voltage. Figure 1

shows a buffered singleded output configuration in which the op amp, U1, pevfaonsersibn on the 3PD5651E output current.

U1 provides a negative waipaitput voltage and its¢alle output voltage is simply the produetmaf &&trs The fullcale output
should be set within U1l0s ovreahd/oaRy Aninopwovementin as avstortion perfarmaande imbyi t |
result with a reduced-rs since the signal current U1 will be required to sink and will be subsequently reduced. Note, the ac distor
performance of this circuit at higher DAC update rates mi

Copt
11
1
RrB
2000
3PD5651E IOUTFS =10mA M
—_—
U1

Vour = loutrs X Rra

+
20002 %

Figure Z. Uniplar Buffered Voltage Output
loutsand dutealso have a negative and positive voltage compliance range that must be adhered to in order to achieve optimum f
The positive output compliance range is slightly dependertoatetioeitulit centloutrs It degrades slightly from its nominal 1.25V
for andutrs= 20mA to 1.00V foranmrk= 2mA. Applications requirirgRB&651&s o0 u t dqursanhd/of SUTy te extend Mp to its
output compliance range shoulBsiz@ccordinglperation beyond this compliance range will affeats#l@PD5651&s | i ne a
The differential voltadgess existing betweesu¥hand \buremay also be converted to a sendled voltage via a transformer or
differential amplifier configara®efer to the DIFFERENTIAL OUTPUT CONFIGURATION section for more information.
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3PD5651E
Highspeed, 18it, 125MSPS, CMOS Digg#lnalog Converter

DIGITAL INPUTS

The3PD56H 6s di gital input consi st s -dtparatiel dgthihputsifeldwsstandardpasttive pinaty sodin
whee DB7 is the most significant bit (MSB) and DBO is the least significant bit (LSB). The digital interfacg anieqgdiggeted usi
master slave latch. The 3PD5651 output is updated following the falling edge of the clock ansl @565 idtlowtpgtthe rising edge as
shown in Figus@nd is designed to supp clock rate as high aMSES. The clock can be operated at any duty cycle that meets the spec
latch pulseidth. The setapdhold times can also be varied thighitock cycle as long as the specified minimum times are met; althougt
location of these transition edges may affect dilgitaliddeaind distortion performance.
The digital inputs are CMOS compatible with logic thresholaset to aproximately half the digital positive supply (DVDD) or
VfrHresHos DVDD/2 (+ 20%)
Figure 8 shows the equivalent digital input circuit for the data and clock inputs. The sleep mode input is simitdnseswegttivat it con
pulldown circuit, thelssuring that tBED5651Eemains enabled if this input is left disconneatézing@hdigital circuitry of the 3PD5651E is
capable of operating over a digital supply range of 2.7 V to 5.5 V. Aligjdalaaplitshean also accommodatvdlislwihen DVDD is set to
accommodate the maximum high level velimggo¥the TTL drivers. A DVDD of 3 V to 3.3 V will typically ensure upper compatibility

TTL logic families.
DVDD

DIGITAL
INPUT

Figure 8. Equivalent Digital Input

Since the 3PD5651E abe of being updated up tdMEBESS, the quality of the clock and data input signals are important in achievir
optimum performance. The drivers of the digital data interface circuitry should be specified to meeatdhaidnimaes dfetup
3PD5651E as well as its required min/max input logic level thresholds. Typically, the selection of thehalosastfikmithéaatiyve
conditions will result in the lowest datadegtl and noise. Digital signal paths should be &eptrsim lengths matched to avoid propagation
delay mismatch. The insertion of a low value resistor netgaik 106) Bétween the 3PDI6Stgital inputs and driver outputs may be
helpful in reducing any overshooting and ringing airtpatditiitati contribute to dataHemeyh. For longer run lengths and high data update
rates, strip |ine techniques with proper t eopemiingtae3PREB51E Withs i
reduced lagswings and a corresponding digital supply (DVDD) will also redilcewdgtaToedexternal clock driver circuitry should provide
the 3PD5651E with a low jitter clock input meeting the min/max logic levels while providing fast edges| Relgt clodknizégany jitter
that will manifest itself as phase noise on a reconstructed waveform. However, the clock input could alsméevavieewighvia a
centered around the digital threshold (i.e., DVDD/2), and meets thie tmiaghalklIdrhis may result in a slight degradation in the phase no
which becomes more noticeable at higher sampling rates and output frequencies. Note, at higher samplingerafebetaigiddddgieran
threshold should be considereel iswill affect the effective clock duty cycle and subsequently cut into the regndbdlddimestup

SLEEP MODE OPERATION

The 3PD5651E has a pdaen function that turns off the output current and reduces the supply curgebihdodessttespecified supply
range of 2.7 V to 5.5 V and temperatur e r an géigialidpttals comaindan c
active paflown circuit that ensures the 3PD5651E remaini$ thimbipdt is left disconnected. The SLEEP input witid@wativesguites
<40vA of drive current.

The powermp and powdown characteristics cBBi@565 are dependent on the value of the compensation capacitor connected to COMP2 (
Wth a nominal value afib, the 3PD5651E takes lessitisao Hower down and approximately 3.25ms to power back up.

POWER DISSIPATION

The power dissipatios), & the 3PD5651E is dependent on several factors, including:
(1) AVDD and DVDD, the pawpiysvoltages;

(2) butrs the fukbcale current output;

(3) €Lock the update rate;

(4) the reconstructed digital input waveform.

The power dissipation is directly proportional to the analog supplgpcanerhel digital supply curremt lkvopis directly
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proportional tautrs as shown in Figue dnd is insensitivedi@dx
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Figurel9 lwoovs. butrs Figure 20olpovs. Ratio @DVDD=5V Figure2l bvoovs. Ratio @DVDD=3V

Converselyywoois dependent on bothdigital input waveforrgdk and digital supply DVDD. FigQessdFigure®1 showdvopas a
function of fsitale sine wave output ratiogfdfock for various updateesatvith DVDD = 5V and DVDW) re8pectively. Note, how
Iovoois reduceldy more than a factor of 2 when DVDD is reduced from 5 V to 3V.

POWER ANDSROUNDING CONSIDERATIONS

In systems seeking to simultaneously achieve high speed and high performance, the implementation and dedstivmiibn of the
board design idesf as important as the circuit design. Proper RF techniques must be used in device selection placement and
supply bypassing and grounding. The evaluation board for the 3PD5651E, which use® aduas|agea BGod example for the
abwe mentioned considerations. The evaluation board provides an illustration of the recommended printed @veeiitdrahrd grou
signal plane layouts.

Proper grounding and decoupling should be a primary objective in any high spe8BBys@#hfieathees separate analog and
digital supply and ground pins to optimize the management of analog and digital ground currents in a systetime langéogeral, AV
supply, should be decoupled to ACOM, the analog common, as close to the ghjpssilpaySaailarly, DVDD, the digital supply,
should be decoupled to DCOM as close as physically as possible.

For those applications requiring a single +5 V or +3 V supply for both the analog and digital supply, a dgdneapategatadply m
using the circuit shown in Figlifh2 circuit consists of a differential LC filter with separate power supply and return lines. Lower |
be attained using low ESR type electrolytic and tantalum capacitors.

FERRITE
BEADS

TTL/CMOS = ) l l _T_ O AVDD
LOGIC @ *+100pF _1*10-22pF | 0.1pF
CIRCUITS T_ ELECT. 1‘_TANT. T CER.
- ) & - O ACOM

s’

+5V OR +3V
POWER SUPPLY

Figure 2. Differential LC Filter f8mgle +5V or +3V Applications

Maintaining low noise on power supplies and ground is critical to obtaining optimum result&frifrpribyee8ly DBfEmented,

ground planes can perform a host of functions on high speed circuit boastselujpgssingent transport, etc. In mixed signal design
the analog and digital portions of the board should be distinct from each other, with the analog groundgreas cordimnegl tteethe
analog signal traces, and the digital groundrdiard t areas covering the digital interconnects.

All analog ground pins of the DAC, reference and other analog components, should be tied directly to tidanatogguaotgiplaes should

be connected by a path 1/8 to 1/4 inch wigsatindewithin 1/2 inch of the DAC to maintain optimum performance. Care should be taken to ¢
the ground plane is uninterrupted over crucial signal paths. On the digital side, this includes thendigitahepuAlnes wedinysclock signals.

On the analog side, this includes the DAC output signal, reference signal and the supply feeders.

The use of wide runs or planes in the routing of power lines is also recommended. This serves the duaiids ahpemiidipguedo supply to
the part, as well as providing some ffr ee Oetakenmthe layout of ®gnataad o
power ground interconnects to avoid inducing extraneous voltegsigitapground paths. It is recommended that all connections be short, direl
as physically close to the package as possible in order to minimize the sharing of conduction paths ketWéendiffiescekareckan inch in
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length, stripdi techniques with proper termination resistor should be considered. The necessity and value of this nésigton Wik begaepende
family used.

For applications requiring the optimum dynamic performance and/or a bipolar outpial swipgt ecdiffgueation is suggested. A difigpential o
configuration may comdigither an RF transformer or a differential op amp configuration. The transformer configuration is \vel suited fc
applications. It provides the optigiufreljuency performance due to its excellent rejectiomadd®rmistortion (i.e., ®rdar harmonics) and
noise over a wide frequency range. It also provides electrical isolation and the ability to deliver taat¢.theamsimy twtkeloce termination).

The differential op amp configuration is suitable for applications requiring dc coupling, a bipolar antewtlsbiftihgain, and/

Figure 2shows the 3PD5651E in a typical transformer coupled outputTdunfigmtapron the primary side of the transformer must be connecte
to ACOM to provide the necessary dc current patiufentdilrd The complementary voltages appeatinguad duts(i.e., Yutaand duy

swing symmetrically aroud@\h@hd should be maintained within the specified output complian8E L&GHHE. oA ttiéferential resistar; Ray

be inserted in applications in which the output of the transformer is connecte toettzedaasivR reconstruitiarof cablepRis determined

by the transformerds i mpedance ratio and prrollbedissigatedaorgss R r o p €
MINI-CIRCUITS
R T14T
%\ v éné %Rm
Y
OPTIONAL Rpjre %’

Figured. Differential Output Using a Transformer

An op amcan also be used to perform a differentialdndsdgbenversion as shown in FglieeZ3PD5651E is configured with two equal
load resistors,d”p of 2. The differential voltage developed acrasslkbuteis converted to a sirgglded signal via the differential op amp
configuration. An optional capacitor can be installedreamdsstsforming a real pole in aplass filter. The additof this capacitor also
enhances the op amps distortion performance by preventing

50002
3PD5651

2250

AD8072
2250
; —e——+
Copr
—e 50002
250 2 250

Figure 2. DC Differential Coupling Using an Op Amp

The commenode rejection of this configuratigncaly determined by the resistor matching. In this circuit, the differential op amp ¢
configured to provide some additional signal gain. The op amp must operate off a dual supply since itsyatth0t 6 Adpigixispatsd
amplifiecapable of preserving the differential performaB&b&biewhile meeting other system level objectives (i.e., cost, power) shoul
selected. The op amps differential gain, its gain setting resistor ‘slalescartpUuiwing capabidfimsid all be considered when optimizing
this circuit.

The differential circuit shown in Figanevzles the necessary-#hifting required in a single supply system. In this case, AVDD, which is
positive analog supply for both the 3PD568&tEE0anamp, is also used tedewethe differential output GRBE651E miesupply (i.e.,
AVDD/2).

50042

3PD5651 -
AD8072
2250
¢ A +
Copr 1k
—e ————WA——OAVDD
2502 3280 3 1Kk}

Figure B. SingleSupply DC Differential Coupled Circuit
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OUTLINE DIMENSIONS

28LeadThinShrink Small Outline Packa@®$%OP)Dimensiorse shown imillimeters amkhes.

e

b

yo
el LEEEEE

A

HHHHER

Y

Symbol Dimen_sions In Millimeters Dimgnsions In Inches
Min Max Min Max

D 9.600 9.800 0.378 0.386
E 4,300 4,500 0.169 0.177
b 0.190 0.300 0.007 0.012
C 0.090 0.200 0.004 0.008
E1l 6.250 6.550 0.246 0.258
A 1.200 0.047
A2 0.800 1.000 0.031 0.039
Al 0.050 0.150 0.002 0.006
e 0.65 (BSC) 0.026 (BSC)
L 0500 | 0.700 0.020 | 0.028
H 0.25 (TYP) 0.01 (TYP)
0 1° | 7° 1° | 7°
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CHARACTERIZATIRANTASNOTYETAVAILABLE.

3PEAKIMICROELECTRONS.LTDBELIEVESHATTHEINFORMATIGBONTAINEDI THISDOCUMENSB ACCURATE
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	Linearity Error (Also Called Integral Nonlinearity or INL) Linearity error is defined as the maximum deviation of the actual analog output from the ideal output, determined by a straight line drawn from zero to full scale.
	Temperature drift is specified as the maximum change from the ambient (+25 C) value to the value at either TMIN or TMAX. For offset and gain drift, the drift is reported in ppm of full-scale range (FSR) per degree C. For reference drift, the drift is ...
	SINAD is the ratio of the RMS value of the measured output signal to the RMS sum of all other spectral components below the Nyquist frequency, including harmonics but excluding DC. The value for SINAD is expressed in decibels.
	AVDD = +3 V, DVDD = +3 V, 50Ω Doubly Terminated Load, Single-Ended Output, IOUTA, IOUTFS = 20mA, TA = +25 C, unless otherwise noted.
	Figure 10. Typical DNL

