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ABSOLUTE MAXIMUM RATINGS

AVpD3.31t0 GND, DACREF .....ccooiiiiiiiii -0.3V to +3.9V
VpD1.8, AVcLK to GND, DACREF .......c.ovvvvvveeee. -0.3V to +2.1V
REFIO, FSADJ to GND, DACREF ........ -0.3V to (AVppa.3 + 0.3V)
OUTP, OUTN to GND, DACREF .......... -0.3Vto (AVpp3.3 + 1.0V)
SE, SO, CREF to GND, DACREF............ -0.3Vto (Vpp1.g + 0.3V)
MOD, DELAY, CLKDIV, REFRES,

CAL to GND, DACREF...........c.......... -0.3V to (AVppa.3 + 0.3V)
CLKP, CLKN to GND, DACREF.............. -0.3V to (AVoLk + 0.3V)

DAPO-DAP11, DBPO-DBP11,

DCPO-DCP11 to GND, DACREF......... -0.3V to (Vpp1.8 + 0.3V)
DDPO-DDP11 to GND, DACREF............ -0.3V to (Vpp1.8 + 0.3V)
DANO-DAN11, DBNO-DBN11,

DCNO-DCN11 to GND, DACREF........ -0.3V to (Vpp1.8 + 0.3V)

Note 1: Thermal resistance based on a 4.5in x 5.5in multilayer board.

DDNO-DDN11 to GND, DACREF........... -0.3Vto (Vpp1.8 + 0.3V)
DATACLKP, DATACLKN to GND,

DACREF ... -0.3Vto (Vpbp1.g + 0.3V)
DATACLKP, DATACLKN, SO Continuous Current................ 8mA

Continuous Power Dissipation (Ta = +70°C)
169-Pin CSBGA (derate 33.3mW/°C above +70°C) ..2666.7mW

Thermal Resistance 6ga (Note 1) ..., +18°C/W
Operating Temperature Range.............ccocccoeen -40°C to +85°C
Junction Temperature ...........occcooioiiiiiii +150°C
Storage Temperature Range ...........ccccooevevnenn. -65°C to +150°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(AVpp3.3 = 3.3V, Vpp1.8 = AVcLK = 1.8V, RReEFRES = 5009, RseT = 2kQ, VREFIO = external 1.25V, VcaL = 3.3V, Vvop = 0V, transformer-
coupled differential output, louT = 20mA, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | sYmBoL | CONDITIONS MIN TYP  MAX | UNITS
STATIC PERFORMANCE
Resolution 12 Bits
Integral Nonlinearity INL Measured differentially +1.2 LSB
Differential Nonlinearity DNL Measured differentially +0.8 LSB
Offset Voltage Error 0S Megsured differentially, no external load 05 +01 +05 %FS
resistors
Offset Drift +10 ppm/°C
Full-Scale Output Current louT (Note 3) 8 20 mA
Output-Current Gain Error GE -4 +4 %FS
) ) Internal reference -0.003
Output-Voltage Gain Drift dB/°C
External reference -0.0025
Maximum CW Output Power Pout Differential, into 50Q2 load -2.6 dBm
Output Resistance Rout Differential, VcaL = 0.7 x AVpp3.3 (Note 4) 50 Q
Output Return Loss S11 fouT = 500MHz (Note 5) 20 dB
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ELECTRICAL CHARACTERISTICS (continued)

(AVpp3.3 = 3.3V, Vpp1.8 = AVcLk = 1.8V, RREFRES = 500Q, RseT = 2kQ, VReFIO = external 1.25V, VcaL = 3.3V, Vmobp = 0V, transformer-
coupled differential output, loyt = 20mA, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | symBoL | CONDITIONS MIN  TYP  MAX | UNITS
DYNAMIC PERFORMANCE (Notes 5, 6)
Minimum Clock Rate foLk 10 MHz
Maximum Clock Rate foLk 2000 MHz
Minimum Output Update Rate fDAC 20 Msps
Maximum Output Update Rate fDAC 4000 Msps
) ) ) fDAC = 2000Msps, fouT = 200MHz, -6dBFS -165
Wideband Noise Spectral Density NSD dBm/Hz
fpAc = 4000Msps, fouTt = 200MHz, -6dBFS -164
fouT = 50MHz, -3dBFS 76
fout = 100MHz, -3dBFS 76
fpac = 1000Msps
fouT = 200MHz, -3dBFS 76
fouT = 300MHz, -3dBFS 76
fouT = 200MHz, -3dBFS 73
fouT = 400MHz, 0dBFS 62 69
foac = 2000Msps
fouT = 600MHz, -3dBFS 75
Spurious-Free Dynamic Range fout = 800MHz, -3dBFS 70
) SFDR dBc
over Nyquist (Note 7) fouT = 200MHz, -3dBFS 75
fouT = 500MHz, -3dBFS 70
foac = 3000Msps
fouT = 900MHz, -3dBFS 71
fout = 1200MHz, -3dBFS 68
fout = 200MHz, -3dBFS 75
fouTt = 400MHz, -6dBFS 62 69
fpAac = 4000Msps
fouT = 800MHz, -3dBFS 63
fout = 1500MHz, -3dBFS 62
fpac = 1000Msps -87
foac/4 Clock S 'DAC = 2000MSPS | (- »00MHz, 0dBFS 98 dBm
ur = Z,
bAC P foAC = 3000Msps | VT 81
foac = 4000Msps -81
foac = 1000Msps -57
foac/2 Clock S DAC = 2000MSpS | ' oo0mHz, 0dBFS 20 dB
oc ur = z, m
bAC P foAG = 3000Msps | 0T 54
fpACc = 4000Msps -50
fpac = 1000Msps -40
foac/2 - fout S 'DAC = 2000MSPS | 1+ — 400MHz, -6dBFS 0 dB
- ur = Z, - c
DAC ouT =P foac = 3000Msps out -40
fpac = 4000Msps -40
Minimum Output Bandwidth BW.3gB | (Note 8) 1500 MHz

MAXIN 3
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ELECTRICAL CHARACTERISTICS (continued)

(AVpp3.3 = 3.3V, Vpp1.8 = AVcLk = 1.8V, RREFRES = 500Q, RseT = 2kQ, VReFIO = external 1.25V, VcaL = 3.3V, Vmobp = 0V, transformer-
coupled differential output, loyt = 20mA, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
fout1 = 200MHz,
fpAC = 2000Msps | -7dBFS, fouTe = -81
210MHz, -7dBFS
fouT1 = 400MHz,
fbAC = 2000Msps | -7dBFS, fouT2 = -82
410MHz, -7dBFS
Two-Tone IMD TTIMD dBc
fouT1 = 600MHz,
fpac = 2000Msps | -7dBFS, fouT?2 = -73
610MHz, -7dBFS
fouT1 = 800MHz,
fDAC = 4000Msps | -7dBFS, fouT2 = -62
810MHz, -7dBFS
REFERENCE
Internal Reference Voltage Range VREFIO 1.1 1.2 1.3 V
Reference Input Compliance
Range VREFIOR 0.50 1.25 Vv
Reference Input Resistance RREFIO 10 kQ
Reference Voltage Drift TCOREF -50 ppm/°C
ANALOG OUTPUT TIMING (Note 9)
Output Fall Time tFALL 90% to 10% 270 ps
Output Rise Time tRISE 10% to 90% 270 ps
) ) Settling to 0.1% 3.5
Settling Time ts - ns
Settling to 0.025% 4.5
Qutput Propagation Delay tPD 1.3 ns
TIMING CHARACTERISTICS (Note 10)
Data-to-Clock Setup Time tSETUP Referenced to rising edge of data clock 1.41 ns
Data-to-Clock Hold Time tHOLD Referenced to rising edge of data clock -0.88 ns
LVDS LOGIC INPUTS (DAP11-DAPO, DAN11-DANO, DBP11-DBP0, DBN11-DBNO, DCP11-DCP0, DCN11-DCNO,
DDP11-DDPO, DDN11-DDNO)
Differential Input Logic-High VIH 100 mV
Differential Input Logic-Low VL -100 mV
Common-Mode Voltage Range Vcom 1.125 1.375 V
Differential Input Resistance RIN 85 130 Q
Input Capacitance CIN 15 pF
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ELECTRICAL CHARACTERISTICS (continued)

(AVpp3.3 = 3.3V, Vpp1.8 = AVcLk = 1.8V, RREFRES = 500Q, RseT = 2kQ, VReFIO = external 1.25V, VcaL = 3.3V, Vmobp = 0V, transformer-
coupled differential output, loyt = 20mA, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | symsoL | CONDITIONS MIN TYP  MAX | UNITS
3.3V CMOS LOGIC INPUTS (CLKDIV, DELAY, MOD)
. . 0.7 x
Input Logic-High ViH3.3 AVDD3.3 V
. 0.3 x
Input Logic-Low Vi3s3 AVDD3.3 \
Input Leakage Current lIN3.3 -5 +5 pA
Input Capacitance CIN3.3 3 pF
1.8V CMOS LOGIC INPUT (SE)
. . 0.7 x
Input Logic-High ViH1.8 VD18 V
) 0.3 x
Input Logic-Low ViL1.s VDD1 8 v
Input Leakage Current [IN1.8 -5 +5 pA
Input Capacitance CiN1.8 3 pF
1.8V CMOS LOGIC OUTPUT (SO)
QOutput Logic-High VOH1.8 IsoURCE = 100pA 0.7 \
VbD1.8
Output Logic-Low VoLis | IsiNK = 100pA 0.3x v
VbD1.8
CLOCK INPUTS (CLKP, CLKN)
Minimum Clock Input Power PeLK fbAc < 3Gsps 0 dBm
(Note 11) fDAC > 3Gsps 9
Maximum Clock Input Power PcLk (Note 11) 15 dBm
Common-Mode Voltage Range VCOMCLK 0.55 AVgLk/3  0.65 V
Input Resistance RcLk Differential 100 Q
Input Capacitance CcLk 2 pF
DATA CLOCK OUTPUTS (DATACLKP, DATACLKN)
Differential Output VDCLK With 100Q differential termination +0.25 +0.35 +045 \
Output Rise and Fall Time R, tF With 100Q differential termination 0.5 ns
Common-Mode Voltage Range Vcom 1.125 1.25 1.375 V
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ELECTRICAL CHARACTERISTICS (continued)

(AVpp3.3 = 3.3V, Vpp1.8 = AVcLk = 1.8V, RREFRES = 500Q, RseT = 2kQ, VReFIO = external 1.25V, VcaL = 3.3V, Vmobp = 0V, transformer-
coupled differential output, loyt = 20mA, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | symBoL | CONDITIONS MIN TYP MAX | UNITS
POWER SUPPLIES
Analog Supply Voltage Range AVDD3.3 3.1 3.3 3.5 V
1.8V Supply Voltage Range VbD1.8 1.7 1.8 19 \
Clock Supply Voltage Range AVcLK 1.7 1.8 19 vV
Analog Supply Current | 'DAC = 2000Msps 106 mA
g >upPy AVDD33 [ G = 4000Msps 106 118
fpac = 2000Msps 74
1.8V Supply Current | _ mA
PPy VDD18 - [oAC = 4000Msps four = 148 190
f 2000M 100MFz 157
DAC = Sps
Clock Supply Current | 0dBFS mA
PPy AVCLK Tf0AC = 4000Msps 313 390
f = 2000Msps 770
Power Dissipation Pbiss DAC P mwW
fpAaCc = 4000Msps 1180 1435

Note 2: All specifications are 100% tested at Ta = +25°C. Specifications at Ta < +25°C are guaranteed by design and characterization.
Note 3: Nominal full-scale current loyT = 32 X IREF.

Note 4: RouT can be set to 50Q as described in the Output Resistor Calibration section.

Note 5: Transformer-coupled output (Figure 13, VcaL > 0.7 x AVpD3.3).

Note 6: CLK input = +10dBm, AC-coupled sine wave.

Note 7: Excludes fpac/2, fpac/4, and fpac/2 - fouT spurs, which are specified separately.

Note 8: Excludes sinc rolloff inherent in the DAC. Measured single-ended into 50Q termination.

Note 9: Measured differentially into a 50Q termination resistor.

Note 10: Guaranteed by design and characterization.

Note 11: Transformer-coupled clock input (Figure 5).
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(AVpp3.3 = 3.3V, Vpp1.8 = AVcLK = 1.8V, RReFRES = 510Q, RseT = 2kQ, PcLk = +10dBm, VReFIO = external 1.25V, VcaL = 3.3V,
Vmob = 0V, transformer-coupled differential output (Figure 13), lout = 20mA, Ta = +25°C, unless otherwise noted.)

SFDR vs. OUTPUT FREQUENCY
(foac = 1000Msps)

SFDR vs. OUTPUT FREQUENCY
(foac = 2000Msps)

SFDR vs. OUTPUT FREQUENCY
(foac = 4000Msps)
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(AVpp3.3 = 3.3V, Vpp1.8 = AVcLK = 1.8V, RReFRES = 510Q, RseT = 2kQ, PcLk = +10dBm, VReFIO = external 1.25V, VcaL = 3.3V,
Vmob = 0V, transformer-coupled differential output (Figure 13), lout = 20mA, Ta = +25°C, unless otherwise noted.)

CLOCK FEEDTHROUGH vs. DAC UPDATE RATE OUTPUT NOISE DENSITY vs. DAC UPDATE RATE OUTPUT POWER vs. OUTPUT FREQUENCY
(fout = 200MHz, Agyr = OdBFS) (fout = 200MHz) (Aour = OdBFS)
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O I H 4 TONCYT 4000Msps z
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~ | | = 3 Ny
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K 30— 10 \
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0 Aour = -3dBFS) 0 Agur = -3dBFS) 0 Agur = -3dBFS)
10 fout §; -10 § -10 four §
20 s z 20 four z 20 = z
= = V'd —
E %0 E % g 2
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TWO-TONE IMD SPECTRAL PLOT TWO-TONE IMD SPECTRAL PLOT TWO-TONE IMD SPECTRAL PLOT
(foac = 1000Msps, f1 = 204MHz AND (foac = 2000Msps, f1 = 395MHz AND (foac = 4000Msps, f1 = 795MHz AND
f2 = 214MHz, Agyr = -3dBFS) fa = 405MHz, Agyr = -3dBFS) f2 = 805MHz, Agyr = -3dBFS)
0 . -0 . 10 .
20 g 20 g 20 |ty =795MHz o = 805MHz —{g
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(AVpp3.3 = 3.3V, Vpp1.8 = AVcLK = 1.8V, RReFRES = 510Q, RseT = 2kQ, PcLk = +10dBm, VReFIO = external 1.25V, VcaL = 3.3V,
Vmob = 0V, transformer-coupled differential output (Figure 13), lout = 20mA, Ta = +25°C, unless otherwise noted.)

SFDR vs. TEMPERATURE SFDR vs. TEMPERATURE TWO-TONE IMD vs. TEMPERATURE
(foac = 2000Msps, four = 200MHz) (foac = 4000Msps, four = 400MHz) (foac = 4000Msps, four = 400MHz)
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‘ 5 ‘ 2 EACH TONE E
g Z -9dBFS g
% -30BFS 5 % -30BFS S g 80 |t ' E
l -60BFS ¢ = | el Y. |
' L . T
L e e et N P T S it s ;
I f = ’ 04BFS s EACH TONE
w w [l -
60 4B 60 s o 120BFS
[=
50 50 50
40 40 40
4 5 10 B 60 8 40 A5 10 3% 60 8 40 45 10 3% 60 8
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MOD = 1: ZA >
B4 MOD | voD = 0: @A D
MODISHEB T IV S 5 ik A % 723.3VOCMOS AN T,
c13 CLKP IVN—550Y ZEAA. REBD100QRIHIEHR TCLKPECLKNA B I NTLVET,
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H13 DATACLKN | LVDSF—% 20w 2 D&anHH

F—5o0Y IBEE— KA,

HHTF—5 o0y ODBEEREHL I,

K13 DELAY | DELAY = 0 : SBIEDFN7E L

DELAY = 1 : AAF—4BER(1 DACZ O Y 744 7 IL)D1/2MD5EHE & {0
DELAYIZRE T ILS D VI & Kx 7=3.3VDODCMOS AN TY,

TFT=FoOvIOREE— KA,

CLKDIV =1 : (DDRE—R) =20V oL —k = ANT—5L— 2 (fc.x/4)
CLKDIV = 0: (QDRE—R) F—#o0Ov oL —bk = AAT—5L— N4 (fck/8)
CLKDIVISHNER T ILY o I A& 2 7=3.3VDOCMOSAHTY,

L13 CLKDIV

2F 4 A2 =TIV AN, SEIFT1.8VOCMOSOZ Y I ANTY . BEBNER. SEFMEFTGNDIC
M13 SE BERENTNET, SEANT(1.8V)DIBE. NSLILAAL DRI T ML O S ELTHAE N,
AL PREDABNRF v VHAEONIL T R T I hEn&Ed,
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MAXIN 1

E696 I XVIN



MAX19693

126w I, 4.0GspsSF 17 3 v otEE

ILFDAC

EES 0
MAX1969313. 50QDEBHEHRIFEENFELIZ. B
MEE. B&, 128 NBRRAT 7 JDACTT, 2D
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DOEAB TS VFENDIH, 2.0GHzDoO v IIZ&>T
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ZOAVIN=FIFZ. TV NIADLNANRT—57I
FTLOYE. ZORIKRSEBERRT 7V JERT
BREINTWET, ZDEEEIZ. 8mMA~20mADEE)
TIWZAT—IBREERTDIENTEFY, FHEAIC
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FHYy T TLEE 0, REFIOIZ10KQDEY!
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Z 2T jepld ) 77 L ZEHER(ReF = VRerio/RsET)-
louTldDACD 7 IV AT —)IVHHNEBRTY, RER' T 7
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1OHIE T > T OB RISIEET100kHZRFE TH L |
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REFERENCE

10kQ
REFIO
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1uF
FSADJ
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R ARRAY
SET DAC

DACREF OUTN
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IReF = VReri0/RsET

K1. UD7L2R7—=F70F v, AR 77 L2 18Rk

7FraJen

MAX19693(3. &=EDHEEEZREIRT DO DECRIE
DOENERIHEEMZEZRBE L I-ZE8ERAT 771 JDAC
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Rz = 0.4Q 1.3nH Rmz = 0.5Q

2. FHMhEks

H IR EM(RD)IF23.5QICEBIEETNE T, Ry (Rmy +
Ryv2 + Rys)IIDACOHEA ML —XB LR R A+
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DT A=T AT AT INSBEBRICE0%ITEL I F9,
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AESE. BENES0%DT1—T 41 0ILhD
DINDORESICERELE T TOT7—FT7 70 b
RDBERBMTRELE T,
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mAEDI Y TDACHADEFH A THhNBDI EICLD
E21207—F 770 M3, 20V IORRB(TEHE
DACOEHL—bD1/2)ICBITBDR/IN—DER T,
CDRAN=E, TA—TFTAHAUIEISEFBERTHD
CEITFERLTLEE LY,

f _ IcDAC
SPUR = >

foac/2ZH(MOD)

MAX19693MMODAA(B4imF)Id. Oy I 1ICEHE
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RHELET, MODIF3.3VOCMOSO Ty U ANwF
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IB5ICIF. MODICwRENIZEY LT, R—KB
BILUDDTF—rREL TS0,

TF=5AN
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I I
fin foac/2 OR oLk foac-fin - foac OR 2 x oLk

A DAC INPUT

I
fin foac/2 OR foLk foac-fin - foac OR 2 xfoik

A DAC OUTPUT

I

fin fpac/2 OR foLk foac-fin - foac OR 2 x oLk

A DAC OUTPUT

»

I I
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fpac/2 - fin foac/2 +fin
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1.75nH

1.75nH

_tL 1.2pF
=

TO 4:1

106¢2 MULTIPLEXER
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IVIUTSYFEnNET, DATACLKOHE D EREIS.
EHIZE D1 DDFE4 (CLKDIV = 0) & 72142 (CLKDIV
=) THA=NEY,

DATACLKDORA > h&aII LT YD EFERLE T,
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Y b7y TS LUK REEBIE. BICDELAY =
ODBENBEICBUET, T—F51 IV TDEEN
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0.5ns 1.0ns 1.5ns 2.0ns 2.5ns
| | | | |

3.0ns
|

3.5ns 4.0ns 4.5ns 5.0ns 5.5ns 6.0ns 6.5ns 7.0ns
| | | | | | | |

CLKP, CLKN
2GHz

DATACLK = 500MHz
(DELAY =0)
CLKDIV =1

DATACLK = 500MHz
(DELAY =1)
CLKDIV =1

| Ll

DATACLK = 250MHz
(DELAY =0)

CLKDIV=0

DATACLK = 250MHz
(DELAY =1)

CLKDIV=0

M9. DELAYAAN N T =500y IHAICRIZTINER
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MAX19693 Ons 0.5ns 1.0ns 1.5ns 2.0ns 2.5ns 3.0ns 3.5ns 4.0ns 4.5ns 5.0ns 5.5ns 6.0ns 6.5ns 7.0ns
| | | | | | | | | | | | | | | >
1GHz DDR Mode | | | | | | | | | | | | | | | >

R Cviak N [ e e e e e e e e e s o I o S O
2GHz

o m

500MHz ;

DATA

16t D D D D G X X >
e e e e e
e e e e e

MAX19693
1GHz QDR Mode

R i I e e e e o I o
2GHz

F: 4.0ns =4
DATACLK i i T T T T T i i i i i i i T
mowe ——A4 0 b D N L LA
DATA | | | | | | | | | | | | | | |
I G G G G GED < X >
e e e ey e e
>l g e g e g e g e

M10. =Y ANA 25T T—2DtE Y b7 TRE () B L UR—IL REFE (1)

DATAINPUTS DA<11:0>, DB<11:0>, DC<11:0>, DD<11:0> D Q DATA QUTPUTS QA<11:0>, OB<11:0>, QC<11:0>, AD<11:0>

e

(a) INPUT REGISTER (SE = 0)

GND QA1 QA10 QA9 QD3 QD2

> > > > > > > > >

(b) INPUT REGISTER (SE = 1)

HM11. BEMER@PBLURFTVE—RDODDOAALZZETUyTo0OY T
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