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ABSOLUTE MAXIMUM RATINGS

(Voltages referenced to GND.)

VG i -0.3V to +4.0V
All Other Pins (Note 1), -0.3Vto (Vce + 0.3V)
Continuous Current IN_P and IN_N ..., +30mA
Peak Current IN_P and IN_N (pulsed for 1ps,

1% duty CYClE)....oiiiiiii e +100mA

Continuous Power Dissipation (Ta = +70°C)

42-Pin TQFN (derate 34.5mW/°C above +70°C) ....... 2759mW

Junction-to-Case Thermal Resistance (6yc) (Note 2)

42-Pin TAFN ..ot 2.0°C/W
Junction-to-Ambient Thermal Resistance (64a) (Note 2)

42-PINn TQFN ..o
Operating Temperature Range...
Storage Temperature Range ......

Junction Temperature
Lead Temperature (soldering, 10s)

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

(Vce = +3.0V to +3.6V, CcL = 75nF coupling capacitor on each output, RL = 50Q resistor on each output, Ta = 0°C to +70°C, unless
otherwise noted. Typical values are at Vcc = +3.3V and Ta = +25°C.) (Note 3)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DC PERFORMANCE
Power-Supply Range Vce 3.0 3.6 Vv
S v C t | O_AMP = GND, EN =Vcc 262 328 "
u urren cc - m
pply P_SAV = GND (Note 4) [ EN = GND 100 125

Differential Input Impedance ZRX-DIFF-DC | DC 80 100 120 Q
Differential Output
Impedance ZTX-DIFF-DC | DC 80 100 120 Q
Common-Mode Resistance ZRX-HIGH-IMP- | VIN_P = VIN_N = 0 to +200mV, input terminations

- - 50 kQ
to GND DC-POS not powered
Common-Mode Resistance ZRX-HIGH-IMP- | VIN_P = VIN_N = -150mV to O, input terminations

_| _ 1 kQ
to GND DC-NEG not powered
Common-Mode Resistance
to GND, Input Terminations ZRX-DC DC 40 50 60 Q
Powered
Output Short-Circuit Current [TX-SHORT Single-ended 90 mA
Common-Mode Delta VTX-CM-DC-
Between Active and Idle ACTIVE-IDLE- | O_AMP = GND 100 mV
States DELTA
DC Output Offset During VTX-CM-DC-
Active State LINE-DELTA I(VOUT—P + VOUT_N)l 25 mV
DC Output Offset During VTX-IDLE-DIFF-
Electrical Idle DC IVout_p + VourN)! 10 mv
AC PERFORMANCE (Note 5)

, , f = 0.05GHz to 1.25GHz 10
Differential Input Return Loss RLRX-DIFF dB
f=1.25GHz to 2.5GHz 8

Egng”'MOde InputRetumn | o oM | = 0.08GHz to 2.5GHz 6 dB

MAXIN


http://www.maxim-ic.com/thermal-tutorial

29w RPCI Express1 514 %/U K514 /Y

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +3.0V to +3.6V, CcL = 75nF coupling capacitor on each output, R = 50Q resistor on each output, Tao = 0°C to +70°C, unless
otherwise noted. Typical values are at Vcc = +3.3V and Ta = +25°C.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Output Return f=0.05GHz to 1.25GHz 10
RLTX-DIFF daB
Loss f=1.25GHz to 2.5GHz 8
Common-Mode Output
Return Loss RLTX-CM f=0.05GHz to 2.5GHz 6 dB
Redriver Operation
Differential Input Signal VRX-DIFF-PP | f = 0.05GHz to 2.5GHz 120 1200 | mVp-p
Range
Full-Swing Differential Output 2 x I(Vout_p + VouT_N)I, O_AMP = GND;
Voltage (No Deemphasis) VTX-DIFF-PP f = 500MHz 800 1000 1200 | mVp-p
Differential Output Voltage VTX-DIFF-PP- | 2 X I(VouT_P + VouT N)I, O_AMP = Vcc;
(Low Swing, No Deemphasis) LOW f = 500MHz 600 750 900 | mVp-p
Output Deemphasis Ratio, VTX-DE-RATIO- | f = 2.5GHz, OEQ1 = GND, OEQO = GND;
0 dB
0dB 0dB see Table 3
Output Deemphasis Ratio, VTX-DE-RATIO- | f = 2.5GHz, OEQ1 = GND, OEQO = V¢c;
35 dB
3.5dB 3.5dB see Table 3
Output Deemphasis Ratio, VTX-DE-RATIO- | f = 2.5GHz, OEQ1 = Ve, OEQO = Ve or GND;
6 dB
6dB 6dB see Table 3
o f=2.5GHz, INEQ1 = GND, INEQO = GND;
Input Equalization, 0dB VRX-EQ-0dB see Table 2 (Note 6) 0 dB
o f=2.5GHz, INEQ1 = GND, INEQO = Vcc;
Input Equalization, 3.5dB VRX-EQ-3.50B see Table 2 (Note 6) 35 dB
o f=25GHz, INEQ1 =Vcc, INEQO = Ve or GND;
Input Equalization, 6dB VRX-EQ-6dB see Table 2 (Note 6) 6 dB
Output Common-Mode Max(VouT_p + VouT N)/2 = Min(VouT_p +
Voltage Swing Peak-to-Peak VTX-CM-AC-PP VouT N)/2 100 mVp-p
Propagation Delay TpPD f=25GHz, K28.7 pattern 160 280 400 ps
Rise/Fall Time TTX-RISE-FALL | (Note 7) 30 ps
Rise/Fall Time Mismatch TTXRF- (Note 7) 20 ps
MISMATCH
Output Skew Same Pair Tsk f=25GHz 10 15 ps
Output Skew Lane to Lane TsKL f=25GHz -50 50 ps
T K28.5 pattern, 5.0GT/s, AC-coupled, RL = 504,
Deterministic Jitter TTX-DJ-DD effects of deemphasis deembedded 1 pSp-p
Random Jitter TTX-RJ-DD K28.7 pattern, f > 1.5MHz, BER = 1012 1.4 PSRMS
Electrical Idle Entry Delay TTX-IDLE-SET- From input to output 15 ns
TO-IDLE
Electrical Idle Exit Delay TTX-IDLE-TO- From input to output 8 ns
DIFF-DATA
M AKXV 3
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ELECTRICAL CHARACTERISTICS (continued)

(Vce = +3.0V to +3.6V, CcL = 75nF coupling capacitor on each output, R = 50Q resistor on each output, Tao = 0°C to +70°C, unless
otherwise noted. Typical values are at Vcc = +3.3V and Ta = +25°C.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
EL?(;ZLCS;M@ Detect VTT'_TF’:ESLHE’ Squarewave input at 500MHz 65 85 120 mVp-p
Ouput votage g | VPO [y -our - 2600 20 | miee
i;c;:;/jdreDetect Pulse VDT;T:?T/ Voltage change in positive direction 600 mV
Receiver Detect Pulse Width 100 ns
Receiver Detect Retry Period 200 ns
CONTROL LOGIC (INEQ1, INEQO, OEQ1, OEQO, EN, RX_DET, O_AMP, P_SAV)

Input Logic-Level Low ViL 0.6 V

Input Logic-Level High ViH 1.4 vV

Input Logic Hysteresis VHyYST 130 mV
Input Leakage Current IIN VCONTROL_LOGIC = +0.5V or +1.5V -50 +50 pA
ESD PROTECTION

Al Pins | | Human Body Model (HBM) | +2 | KV

Note 3: All devices are 100% production tested at Ta = +70°C. Specifications for all temperature limits are guaranteed by design.

Note 4: Currents are applicable for both PCle Generation | and Generation |l speeds. Power-saving mode (P_SAV), where electrical
idle and receiver detection are only performed on channel 0 and reduced output swing (O_AMP) reduces this current. Table
5 summarizes the predicted power consumption.

Note 5: Guaranteed by design, unless otherwise noted.

Note 6: Equivalent to same amount of deemphasis driving the input.

Note 7: Rise and fall times are measured using 20% and 80% levels.

ViLow_P-P VHIGH_P-P

Y/ _
DE(dB)=20 ‘OQ[M]
Vow _p-p

1. BHhT 1 T2 T 7 KK

4 MAXIN
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REEFRE

(Vce = 3.3V and Ta = +25°C, unless otherwise noted. All eye diagrams measured using K28.5 pattern.)

INEQO = INEQ1 =0, 0_AMP =0, INEQO = INEQ1 = 0, 0_AMP =0, INEQO = INEQ1 =0, 0_AMP =0,
ViN = 200mVp.p, OEQO = 0, OEQ1 =0 ViN = 200mVp.p, 0EQO =1, OEQ1 =0 ViN = 200mVp.p, 0EQOD = 0, OEQ1 =1

z 5 400 :
= Z = 300
[} () (o]
2 = = 100
o o o
= = = O
= 2 =
= = o -100
2 - 2 2
=) = - = -200
w L = -300
-400
-500
-150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps
INEQO = INEQ1 =0, 0_AMP =1, INEQO = INEQ1 =0, 0_AMP =1, INEQO = INEQ1 =0, 0_AMP =1,
Vin = 200mVp.p, OEQO = 0, OEQ1 =0 Vin = 200mVp.p, OEQD =1, OEQ1 =0 Vin = 200mVp.p, OEQO = 0, OEQ1 =1
500 : R -
= o0 =t E 200
(s} (&>} (&)
= 100 = = 100
S = =
= = =
= -100 = - = -100
g 2 2
= -200 = S 00
= -300 B P~
-400 - *-300
-500 -400
-150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps

INEQO = 1, INEQ1 = 0, 0_AMP = 0, Vjy = 500mVp.p, INEQO = 0, INEQ1 =1, 0_AMP = 0, Viy = 500mVp.p, INEQO = 0, INEQ1 = 0, 0_AMP = 0, Vi = 500mVp.p,
WITH 6in. STRIPLINE OEQO = OEQ1 = 0 WITH 19in. STRIPLINE OEQO = OEQ1 = 0 WITH 19IN. STRIPLINE OEQO = OEQ1 = 0

600 600 g 600 g
E 400 E 400 : % 400 \ \v/ \ \v/ :
% 200 % 200 % 200 w/‘\(/ w/'\’
g 0 é 0 ; 0 .‘, ‘ ;
g -200 % -200 % -200 A\/‘\ A\/‘\
& 400 & 400 400 /A\ /A\

-600 -600 -600 - -

-150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps
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REEEREGEE)

(Vce = 3.3V and Ta = +25°C, unless otherwise noted. All eye diagrams measured using K28.5 pattern.)

0EQO =1, OEQ1 = 0, OUTPUT AFTER 6IN. STRIPLINE OEQO = 0, OEQ1 = 1, OUTPUT AFTER 19IN. STRIPLINE OEQO = 0, OEQ1 = 0, OUTPUT AFTER 19IN. STRIPLINE

§ INEQO = INEQ1 = 0, 0_AMP =1, Vjy = 200mVp.p, INEQO = INEQ1 = 0, 0_AMP = 0, Viy = 200mVp.p, INEQO = INEQ1 = 0, 0_AMP =0, Viy = 200mVp-p,

400 é 250 é é
300 z 200 'E . z
g 100 g 50 (E;

z 0 z S =
= -100 < -50 o -
é 200 é 128 é :
S 300 * 200 o
-400 250 |
-150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps -150ps-100ps -50ps  Ops  50ps 100ps 150ps
iiis ¥ £5 BB
¥ e HaE
1,9, 17, 22, Vee {#\ﬁ%ﬁ)\@o Q1qu&.O1pF%§ﬁ§lJ¢§%ﬁL/T::l‘/7_—“/ﬁ€@Fﬁ L. AIEETLPBRY T/NA X DiEL T
30, 38 VecEGNDIZ/NA/XZLTLEE 0,
2,5,8,10,13,
16, 23, 26, 29, GND JgZ5UR
31, 34, 37
3 INOP JEREERA SO
4 INON REAF0
6 IN1P FEREAS
7 INTN REEA
11 IN2P JERBZAS2
12 IN2N REz A2
14 IN3P JEREEAS3
15 IN3N REAS3
18 INEQT ANA T4 E—23 VHIEMSB, INEQTIZ. 60kQ (typ) DREHEM C /LI D/ ENTINET, Z2AESBL TS,
19 INEQO ARA 54 E—23 VFIILSB, INEQOIE. 60KQ (typ) DREEIR T /LTI aNTNE T, R2AESBL TS0,
20 OEQ1 AT AT T 7 RFEMSB, OEQ1IE. 60kQ (typ) DREEHR T I T D EsnTNET, R3IZSBL TS0,
21 OEQO EATA T 772 ZHIHLSB, OEQOIE. 60KkQ (typ) DREHERT /LT ENTINET, RIZBBL TS,
24 OUT3N &EsH I3
25 OuT3P JERERH 3
27 OUT2N RERH 2
28 ouT2pP JERERH 2
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i FEREA (R =)

s ¥ ¥ 1RE

32 OUTIN RERH 1

33 OUT1P JERERH 1

35 OUTON RERHA0

36 OUTOP JERERE S0

29 EN A =T WA RH VN E—RICTDIICIE, ENEO—ICEBLE T, BEE— RICTD
feHIClE. ENENTCIZEEHLF Y, ENIZ. AEDG0KQ (typ) DIBRT IV D vSnTINET,
Lo—/ SBHSIEE Y ko Lo—/ M ERSIAT BI=0ICI3. RX_DETA/ N\ ICERENL 9, BEE— RICT

40 RXDET | z-icld. RX DETZO—ICERENL £3, RX_DETIE. 60kQ (typ) DREHEAT /LD SNTINET,

41 O_AMP HHY RSA TEIRAH. O AMPIE. 60kQ (typ) DREIERIT SILT I ENTINET,

42 P_SAV IXD—t—TE— RAS, P_SAVIZ. 60kQ (typ) DREHERT ALY ENTINES, R6ESBLTI S,

B Ep THRR—ZR/N Ko WESCONDICERENTNE T, HEIRARKICY B/0IC, EP%E
KEBDIS Y RTL—UIZEHLTL S0\, EPId. EXHEEREE L TEESINTLVE A

F27P202a2F4FPI35 L

INEQO
INEQ1

IN_P

IN_N

RX_DET
N P_SAV 0_AMP
. Y VY VY
/I//Iﬁ@%w GLOBAL <
POWER SAVE B
RECEIVER DETECT |
MANAGER D
R ‘
iy \ . ° OuT_P
& N
g g
E 13 OUT_N
A
OUTPUT K
ENABLE
RHi <
Y
ELECTRICAL IDLE
DETECTOR
0EQO
0EQ1
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TINA S, 74 PIVZEBREEFDOAMEDOE—D RS
ANE@2DL— A, PCBEAXEHET DD
DAAZA T ZBATNET, LO—/1\DESREII.
TOUSVTIVAAADSAE—3 VEIROERIC
FoTEELFd, MAX4950DHEAIE. U RS A TH
HiR@RIRASD. O_AMP (R1). 7OI>VTILEH

TAL T 7 2 %A, BERIEPCleffmDRBELEE.

BIURMIYTSA2 v o0 M)y T &3
T=TIDEIUENSIZEELZREELE T,

a5V TIVAALCASAE—-3 Y
MAX4950(3. 2DD&I#EE Y FDINEQ1 B K UVINEQO
(R2%22R)AH/EL T, 0dB. 3.5dB. F/=136dBD
SRR T - MR IDIENTED, OIS
TIIWADA Do/ E—2arvEmATNET,

Ta95vTIWVEAFAITUITPIR

MAX4950(3. 0dB. 3.5dB. X U6dB (R3A5H)
DTFALTT7RALEDEDHIC. 2DDFHIEEY bD
OEQ1HXUVOEQOTERETD. 7OUv=>vJILHAD
FALUITPREWBATNET,

Lo—/n&H
MAX4950ld. &F v RILICL—/\BHAE/Z T
F9, WEHEEHARIC. ENANTDIBE. L2 —/N
It NE I, F/=. LI —/\&EHIE. ENAY
INA DB, RX_DETADDII LY THELENET,
CDHBE. ZDERIIEENRY /N1 E— RIRRET,
ENARIE/ 1A DIRETH > TEHNIFTTr—TIlah
F9, FrRILHLO—NEBETDZIET, L—/N\
BRHIIEF v RV TERICRUESNET, HDTF v
IV o—N\EIRE LI5S, OFvRILDY FSA
EEII3EICHIRENET, L—/\DEHEIND &,
FrRIVHDBLOBRIN 71 RILEHITA 2 —T )L
nExd,
EEDMNINBEDL /G Y A LT NREEA
RIDZEEBTDIEHIC, ENENIILT DT EAHE
LEI,

BEIN7 A1 FILRL

MAX4950(3. RER /A XTHAN) RZ1TaInsd
ZEEBIETDIEHD. BRI A FILEHZHA T
WET . EEBAND VI DLE-THRESHZ FEID/=Z &%
MAX4950A' & L 7=15E& . MAX4950I13H 71 % tD i
REEICL £ 9. MAX495013. VIX.IDLE-THRESHZ B X D
EPANESISHLTUI. BHEF VL. EEZI RS
A17LE9, BERWT7A RILEY) RSATE—RTII.
HAJEE—RBEIE. FEAEZHLEZEA.

1. BN K> 4 TikiE

O_AMP DIFFERENTIAL OUTPUT VOLTAGE (mVp.p)
0 1000 (typ)
1 750 (typ)

R2. AhA4A534€E—->3>

INEQ1 INEQO INPUT EQUALIZATION (dB)
0 0 0 at5.0GT/s
0 1 3.5 (typ) at 5.0GT/s
1 X 6 (typ) at 5.0GT/s
X ==

RI.HIFATI77R

OEQ1 OEQO0 OUTPUT DEEMPHASIS RATIO (dB)
0 0 0 at 5.0GT/s
0 1 3.5 (typ) at 5.0GT/s
1 X 6 (typ) at 5.0GT/s
X =&,

®4. LO—NREADHEE

RX_DET EN DESCRIPTION
X 0 Receiver Detection Inactive
0 1 Receiver Detection Inactive
Rising 1 Initiate Receiver Detection
Edge
’ ’ Following a Rising Edge, Indefinite
Retry Until Receiver Detected
X=F=
ND—t&—TigeEE

MAX495013. B BEBARAZRO I I=hD/N\T—t—7
ET—RE@BATNET, NTD—tE—TEF—RBE. Fr2)L
1. 2. BRUIDESHT7 A RIL, BRUL—/\&H
EERISA TICET N, TRXTOF v RIVEEITTF IO
IZHRENE T, COREEIT. 2F v RILAEICEET D
T —2 a3 DEEISHBENDRDD-HICER
T9Y, BEDEER, IXTOFvRIUI. ERICESH
AR, BLXOL—NgHETWNET, /NT—
T—TE—REBMITDEHICIE. P_SAVE/\AI(C
EXENL . BEIEDREHICIE. P_SAVAEO—(ICEEIL
F9, MAX495013. /N1 XZREELEKIMEEIC.
HEBNEIOIIBL I EDREHODIYVINA AN
EN)EHBATNET, T/NAREXYV/INAE—RIC
IBEHICIF. ENEO—ICBRELFET, T/N1 &
A%—TITBD=HICIE. ENENTICERELF T, RS
3. BROEHAU RSATHETH, BEE— R,
ND—t—TE—R. BLORY /N1 E— RDBEFED.
BREHEBNOREZRLTNET,
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x5. N\D—tE—TE— FECHEEDN
QUIESCENT POWER | QUIESCENT POWER | QUIESCENT POWER | QUIESCENT POWER
EN | P_SAV | O_AMP | SUPPLY CURRENT SUPPLY CURRENT DISSIPATION DISSIPATION
(typ) (mA) (max) (mA) (3.3V, typ) (mW) (3.6V, max) (mW)

0 0 0 100 125 330 450

0 0 1 80 100 264 360

0 1 0 100 125 330 450

0 1 1 80 100 264 360

1 0 0 262 328 865 1181

1 0 1 242 303 799 1091

1 1 0 214 268 706 965

1 1 1 194 243 640 875

PTVr—23 iEH

IORR=ZXRINY RINwor—

M23. 2DMAX4950ZFER LT, MAEEH A1
EMICEHL. BELHEEDLOHICAAELENDA O
FAE—aVIMERICRESNDBENL T T ) 7—
YaAYERLTNWEY, REMASAIE-3a VId
2EDAXD Y BIOHFEDR M) Y TS5 A U REE
ZBLT, UE—FR=—RDODBILLIEESZEZE
TOLDIHESNTNE T, REDEAICIE, FEAL
Fr@E<HNIMASIE—23 DB EEA. Tx

TIOZR—=Z RNy RFE, 42ETQRN/ N —213,
ICERET DI-ODIEBITENAIBNBEZIRMET D
BWEEASATINVET, MAX4950 LD T U ZR—X R
Ny RIE, EHRRERMBED=IZ. PCBDUZ > R
TL—UNIHEBFITTDRELNH I E T, TUAR—ZR
INY RIS —DDEMICDNTIE. YFLDT T
—23>/—KHFAN-08.1 [Thermal Considerations
of QFN and Other Exposed-Paddle Packages] #ZH

0S6PXVIN

. SMEBRAESEZZITRY. EANT - Eh LTLEEE 0,
FI(FTAITTT7R),

BER—2R
L1472k

BE I RSNETEREBAIDAMLRAICEDTTINAR
ANDEAMNGIEEERESTDIARYENHD /0. B3
BAEREBIENTLEZL,

IRTDT/NA R LT, BYBER—T 2 %H#
BLET, HICESHERIBRINTLVEIEE, BT
EE2= MR DE1IC. GND. ZDRIVecEMHIEL TL

PCBL A 77D b, BKUEETIE. MAX4950D1EEIC
REKREBEEZET VSV RA VIO I D
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