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ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND unless otherwise noted.)

VO e -0.3V to +4.0V
AINP, AINM, BINP, BINM, EN, CAD,

PA, PB (NOE 1) ..., -0.3V to (Vce +0.4V)
Short-Circuit Output Current

(BOUTP, BOUTM, AOUTP, AOUTM) ..c.oooiiiiiiiii, +30mA
Continuous Current at Inputs

(AINP, AINM, BINP, BINM) .......coooiiiiiiiiiiiiciieee +5mA

Continuous Power Dissipation (TA = +70°C)
20-Pin TQFN (derate 25.6mW/°C above +70°C)....... 2051mwW

Note 1: All I/O pins are clamped by internal diodes.

ESD Protection on All Pins (HBM)........cooooiiiiiiii +8kV
Junction-to-Case Thermal Resistance
0JC (NOE 2) .o +6°C/W

Junction-to-Ambient Thermal Resistance

OJA (NOE 2) ..o +39°C/W
Operating Temperature Range ............cccccoevene 0°C to +70°C
Storage Temperature Range...........c..cccceoevens -55°C to +150°C
Lead Temperature (soldering, 10S) .......cccocevivvriiiiinnnnn +300°C

Note 2: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to japan.maxim-ic.com/thermal-tutorial.

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

(Vcc = +3.0Vto +3.6V, CL = 12nF, RL = 50Q, Ta = 0°C to +70°C, unless otherwise noted. Typical values are at Vcc = +3.3V, Ta =

+25°C.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Operating Power-Supply Range Vce 3.0 3.6 Vv
PA = PB = Vcc:
] D10.2 pattern, f = 1.5Gbps 77 92
Operating Supply Current Icc mA
PA = PB = GND; 62 76
D10.2 pattern, f = 1.5Gbps
Average Supply Current in Duty cycle is 25/) Preemphasis on 30
N 10 i active, 75% idle; mA
ormal Lperation D10.2 pattern Preemphasis off 26
Standby Supply Current ISTBY EN = GND or CAD = Vce 500 750 A
Dynamic Power-Down Current IDYNPD 14 20 mA
Single-Ended Input Resistance ZRX-SE-DC | Single-ended to Vcc (Note 4) 40 50 Q
Differential Input Resistance ZRXE‘)E'FF‘ (Note 4) 85 100 115 Q
Single-Ended Output Resistance | ZT1x-SE-DC | Single-ended to Vcc (Note 4) 40 50 Q
Differential Output Resistance ZTX-DIFF-DC | (Note 4) 85 100 115 Q
AC PERFORMANCE
f = 150MHz to 300MHz 18
f = 300MHz to 600MHz 14
Differential Input Return Loss RLRX.DIEF f = 600MHz to 1200MHz 10 4B
(Notes 4, 5) ) f = 1.2GHz to 2.4GHz 8
f=2.4GHz to 3.0GHz 3
f = 3.0GHz to 5.0GHz 1
2 AKX
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ELECTRICAL CHARACTERISTICS (continued)
(Vce = +3.0V to +3.6V, CL = 12nF, RL = 50Q, Ta = 0°C to +70°C, unless otherwise noted. Typical values are at Vcc = +3.3V, Ta =

+25°C.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

f = 150MHz to 300MHz 5

f = 300MHz to 600MHz 5
Common-Mode Input Return RLRX.CM f = 600MHz to 1200MHz 2 B
Loss (Notes 4, 5) f=1.2GHz to 2.4GHz 1

f = 2.4GHz to 3.0GHz 1

f = 3.0GHz to 5.0GHz 1

f = 150MHz to 300MHz 14

f = 300MHz to 600MHz 8
Differential Output Return Loss RLTX.DIFE f = 600MHz to 1200MHz 6 9B
(Notes 4, 5) f=1.2GHz to 2.4GHz 6

f =2.4GHz to 3.0GHz 3

f = 3.0GHz to 5.0GHz 1

f = 150MHz to 300MHz 8

f = 300MHz to 600MHz 5
Common-Mode Output Return RLTY.CM f = 600MHz to 1200MHz 2 4B
Loss (Notes 4, 5) f=1.2GHz to 2.4GHz 1

f = 2.4GHz to 3.0GHz 1

f = 3.0GHz to 5.0GHz 1

f = 150MHz to 300MHz 30

f = 300MHz to 600MHz 20
Common-Mode to Differential RLRx-cM- |f = 600MHz to 1200MHz 10 9B
Input Return Loss (Notes 4, 5) DM f=1.2GHz to 2.4GHz 10

f = 2.4GHz to 3.0GHz 4

f = 3.0GHz to 5.0GHz 4

f = 150MHz to 300MHz 30

f = 300MHz to 600MHz 30
Common-Mode to Differential RLTX-cm- | f = 600MHz to 1200MHz 20 4B
Output Return Loss (Notes 4, 5) DM f=1.2GHz to 2.4GHz 10

f = 2.4GHz to 3.0GHz 4

f = 3.0GHz to 5.0GHz 4
Differential Input Signal Range VRX-DFF-PP | SATA |, SATA Il (Note 4) 225 1600 mVp_p
Differential Output Swing VTX-DFF-PP |f = 750MHz (Note 4) | PA = PB = GND 425 525 625 mVp-p
Output Preemphasis TX_IEE;PP_ f = 750MHz PA = PB = VcC 28 dB
Input Equalization VRX-DFF-PP = 300mVp-p, 2.7 dB

tIN,RISE/FALL = 20ps
Preemphasis Time Period tPE f = 750MHz PA =PB =Vcc 150 ps
Propagation Delay tPD 150 ps
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ELECTRICAL CHARACTERISTICS (continued)
(Vce = +3.0V to +3.6V, CL = 12nF, RL = 50Q, TA = 0°C to +70°C, unless otherwise noted. Typical values are at Vcc = +3.3V, Ta =

+25°C.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
PA = PB = GND
67 130
Output Rise/Fall Time - SATA I/Il (Note 7) 0
(Notes 5, 6) ‘ PA = PB = GND 0 68
SATA Il (Note 8)
Deterministic Jitter (Notes 5, 9) ttx-DJ-DD | PA =PB = GND 20 PSP-P
Random Jitter (Notes 5, 9) tTx-RJ-DD | PA =PB = GND 1.5 PSRMS
OOB Detector Threshold SATA OOB pattern, f = 7560MHz 50 150 mVp-p
QOB Output Startup/Shutdown (Note 10) 4 8 ns
Time
. ) Difference between OOB and active-mode
OOB Differential-Offset Delta AVOOB,DFF output offset -120 120 mV
OOB Common-Mode Delta AVOOB CM Difference between OOB and active com- 15 +15 mv
' mon-mode voltage
OOB Output Disable VooB,oUT | VIN < 50mVp-p, output voltage in squelch 30 mVp-p
LOGIC INPUT
Input Logic-High VIH 1.4 Vv
Input Logic-Low ViL 0.6 Vv
Input Logic Hysteresis VHYST 0.1 Vv
Input Pullup Resistance Rpu Pin: CAD 200 330 kQ
Input Pulldown Resistance RPD Pins: EN, PA, PB 200 330 kQ
ESD PROTECTION
All Pins HBM +8 kV
Note 3: All devices are 100% production tested at Ta = +70°C. All temperature limits are guaranteed by design.
Note 4: This specification meets SATA v.2.6, gold standard.
Note 5: Guaranteed by design.
Note 6: Rise and fall times are measured using 20% and 80% levels.
Note 7: For SATA 2.0, refer to SATA 2.6-Gold Specification, page 111, Figure 191.
Note 8: For SATA 3.0, refer to SATA Revision 3.0 Release Candidate, page 222, Figure 124.
Note 9: DJ measured using a K28.5 pattern; RJ measured using a D10.2 pattern.
Note 10: Total time for OOB detection circuit to enable/squelch the output.
4 AKX
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(Ta = +25°C, unless otherwise noted.)

ViN = 220mVp-p, 1.5Gbps, PA=0, PB =0
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REBEREESE)

(Ta = +25°C, unless otherwise noted.)

MAGNITUDE (dB)
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Vin = 1600mVp-p, 1.5Gbps, PA=1,PB =1
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EEEEFEERE)
(Ta = +25°C, unless otherwise noted.)
DETERMINISTIC JITTER vs. INPUT LENGTH, EYE HEIGHT vs. INPUT LENGTH, DETERMINISTIC JITTER vs. OUTPUT LENGTH,
PA=0,PB=0 PA=0,PB=0 PA=0,PB=0
300 - 600 < 140 -
Vin=1Vpp B Vin=1Vpp | 3Gbps, NONTRANSITION BITS |2 Vin = 1Vp_p, 7.5in OF INPUT TRACE 2
— 250 2 500 g g
2 / ) 3 T 2 / -
& 200 = a0 500s = /
— 3Gb = s —1 —
S ¢ / = NONTRANSITION BIT \ 5 8 6Gops
2 150 S 300 =
%) T L 60
= N & \ AL @ B%
= o]
100 6Gbps 200
= p / 6Gbps,  —1 ! ) 3Gops A~
S P TRANSITION BITS 3G0ps, s //_/
50 e 100 TRANSITION BITS 20 —
0 ,Q.Az 0 ‘ ‘ 0 \y
0 10 20 30 40 5 60 0 10 20 30 40 50 60 0 5 10 15 2 2 30
LENGTH (in) LENGTH (in) LENGTH (in)
EYE HEIGHT vs. OUTPUT LENGTH, DETERMINISTIC JITTER vs. OUTPUT LENGTH, EYE HEIGHT vs. OUTPUT LENGTH,
PA =0, PB = 0 (7.5in OF INPUT TRACE) PA=1,PB=1 PA =1, PB =1 (7.5in OF INPUT TRACE)
500 N 45 “ 500 “
450 ViN=1Vp-p |2 © Vin = 1Vp-p, 7.5in OF INPUT TRACE E 450 = ViN=1Vp-p |2
400 E— = / : 400 AN :
\7( = 3;_ 35 = ) \ =
= 30 \/\7_ = 6Gbps /, ~ 350 \
= 30 N >\ E , A\ S 300 [ 36bps, il
= NONTRANSITION BITS
% 250 7 = \/ V/ % 250 \
= 36ps, [N N 2w 36bps = = ol s\ |/
& NONTRANSITION BITS L TRANSlTlOl\j BITS % 15 D // & NONTRANSITION BIT;GD\‘—\\
150 | ] & 150 ps,
6Gbps, 5 \ /| \// TRANSITION BITS | AN,
100 | NONTRANSITION BITS /- ~ \ }/ 100 1
50 S N 5 N 50 6Gbps, |
6Gbps, TRANSITIONBITS | \{ TRANSITION BITS
0 — 0 0
0 5 10 15 2 25 30 0 5 10 15 2 25 30 0 5 10 15 2 25 30
LENGTH (in) LENGTH (in) LENGTH (in)
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TOP VIEW —
2 8 2 £ ¢
150 (1) 13 12i {01,
aolit S
} M AXIW }
cAf18} MAX4951BE HE
|19 | L
EP
Vog |201  * e 16| Voo
ot islial s
s = 2 = &
TQFEN ©
(4mm x 4mm)
*CONNECT EXPOSED PAD (EP) TO GND.
it 55 BF
i F F 5 T HE
1 AINP IRZAMDF v 2IVAD S DIEREEA N
2 AINM RZAMDF v RIVADSDREEAS
3,13,17, 19 GND TSR
4 BOUTM RZANDF v 2IVBNDKEZH S
5 BOUTP RZAMDF v 2IVBADIERERHE F
6 10. 16 20 V. IEDEBREEAN, TEDRUFT/NARDALICEELLAIIDIUFEO.QTWFDI T H TV e %
19,10, cc GNDIZ/NA /X2 LTLIEE L,
TIOTATINADAZ—=TIVATe TINARBEZTINAT—RIZTDICIE. ENEZO—(ZEREILTL S
7 EN S\, BEEMEDIZSIE. ENZNAIZEREILT/ZE L\ ENIZ330kQ (typ) DIEFICKDTASBT
TN ENTINET,
FoRIBTIIL Y T7RA%—TIAR e FrRIUBDHNTIL D7 24 2—TIT IS,
8 PB PBZ/N\TICERENIL T2 LY IZEDSATAE AL NIVICTDICIE. PBEO—ICEEEIL TS0,
PBIZ330kQ (typ) DIEFUC KD THE T I ENTINET,
FrRIWATILY T7 2L 2—=TIVAR . FrRIVADHATIL Y D7 R %&A 3 —TILT DI
9 PA |$ PAZ/NAERENL T 72 & 0, FZHEDSATAE AL NIUICT DI PAZO—ICEREI L TL/EE L,
PAIZ330kQ (typ) DIEFAICEDTREBTIILI I ENTINVET,
11 BINP FINAZDF v I BHSDIEREEAN
12 BINM FINAZDF v RIBHSDREEAS
14 AOUTM FINA ZDFA 2 IJVAND R EL H
15 AOUTP FINA ZDF v ) VANDIEREEH I
TOTA4TOA—=DT—TIAEHEAS . TINARBERTINAET—RIZTDITIE. CADE/N\1IZEREIL T
18 CAD <FEE, BEHMEDSSIT. CADZO—IZEREIL T /20, CADIE330kQ (typ) DIEICLDT
RNETTILT7 Y TENTILET,
- Ep T ORR—=ZR/INY R, REBTCONDICEFRSNTINE T, MBI OBEBLHICELSEESED/=60HIC.

EPEBESMICT SV RTL—UICERTDRENHUET,
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% % SOQ% %500
@ AOUTP

) AOUTM
Voo

Voo

50Q 50Q
SOQ% % 50Q SOQ% % 50Q
LT
BOUTM ® <O/ @ BINM
BOUTP

BINP
CONTROL LOGIC

A A A A

AINP

AINM

[<p}
=
o

JdLS6PXVIN

L T
- PA PB EN CAD
EN CAD STATUS
0 0 Low-Power Standby
0 1 Low-Power Standby
1 0 Active
1 1 Low-Power Standby
EN PA PB CHANNEL A CHANNEL B
0 X X Standby Standby
1 0 0 Standard SATA Standard SATA
1 1 0 Preemphasis Standard SATA
1 0 1 Standard SATA Preemphasis
1 1 1 Preemphasis Preemphasis

3 1 PA. PB. ENIZ330KQDIEFICE D THETCONDIZ S ILY U INTVET, CADIZ330kQ DK
UK DTHEB TV clC TV T Y TSN TNE T,
X ==

=3 AN/HD DL

MAX4951BEId, SEL/SATAANEEER2 RN AAEEDIEFAETYclc50 QRN THI (77 20
LARJVICETTDEEEIC, +8kV (HBM)DE (L VESDIC 2AVEIATI S L/EBERIESHR). BUREEDIZH
WLCTRESNT-. B—HED2D0D/\y I 7 RSN [CISSATAO Y FO—ZICE K USATAT /XA ZIZIF LT
TWET, TOF/NAZIISATA VIERICESLTHY,  ACHEEITDBENHIET,

SATA lIHEEADEE N T EET T,
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OOBfESH#

MAX4951BEl3. S®ROO0BEHEEREZE L CREH
OOBEBSHR—FEERBMLZF 9, 50mVppLA FDSATA
OOBZE#ANESIIOFFELTIERE SN, HOICEES
nNEth, ZNICELDT. JRTLDWRER /A XIIIEE
T2DAEPBLELEI, 150mVppld EDSATA OOBEE)
ANAESIIFELTHEESN, BAICGEESNET, &
NIZEDT. MAX4951BEZ @ L 7=O0BEB DN
BEICEY £ Y, OOBRHEIICLDA >V ToOT4 TR
SATA OOBAHDt&HE N S FBESTDHNDITILFET.
F71-13707 4 THSATA OOBAHDBEENSEHADA
=TI FTOEBIE. 4ns (typ) KiETT,

A 2—=TIVATS

MAX4951BEld. 70T+ T/\A DA 2—TILASH(EN)
HlwATU\Ed, ENIF330kQ (typ)DTILT DB A
NELTVEd, ENAO—ICEREI S NN REBHEDTF
DIZE. MAX4951BEISIEEBNZAY /N1 E—RIZIBIT
LT, Ny I7hFre—JILEh, HEERNS00uA
typ)ITIER L9, BEEEDIZEIS. ENE/\1(ZERE)
LTLES0,

T—=TIVREAS

MAX4951BE |, 727+ 7 O—0O4—J)L g A (CAD)
AT ET, CADIZ330kQ (typ)DFILTy TR
ZRBLTLE Y, CADAYN\A ICEEBI SN Dh REHEDF
FDIBE. MAX4951BEIFEREHRY /N1 E—RICH
TFLTNYT7 B TFaE—TIbEn, HEERNS00uA
typ)ICEELET, COESIF. BEITEICERRSN
eIy MIeSATAY —JILEBAT D2 ElCL>TO—
ICERBISNE I (R3ESR), T —JIVIRHBENRER
BEIE. BICZDmFEITTURICERLTIZS 0,

BHND—-FOE—F
MAX4951BEISENNR/NT —F I E— R THY.
TINAZANEBRBRHEELNRZ v RT I LET,

MAX4951BEId4ps (typ) DEANESHBEELENE
HRHLEY, AHTOOBRL Y 3ILRLNILAEDE
EhRHEINEIBE. BEOBHEBEINEICERLE
9o COOHEEIS. MADF VRV DNVTHILIIEESN
TWEY,

HATVIV 77 RBIRAD

MAX495 1BEIZPAEPBM2 DD T T 77 o 24O
DY IANNERBATINET, PABLUPBIZ330kQ (typ)
DI IARRERNBLTCLET, PABLUPBIE. #h
ZFHUTRIETD/NY IT7DOEDHITDTII TP R %
A=W EST(T7002a 051470 L/ERER]
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