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PCI Express® UJ 7L >Xo0vO0D Jitter ER{+#%

TN160418TD

7=
PCI Express (PCle)(d. PCI-SIG [CTRESNTEERSUTIL - 1>F—TT—AMED—DT. IRA>2 k- W— - TRA> &

ERCRBDIXANZE ED TULVD, PC DILR/INREUTALSER U PCL /X (&, 1 >F—2v MM LDIEREDIBK (T
WERIXRREDOEERIEN RO SN, NSLILA>F—T T - ADEmXREDRFZILZ ., PCI /NAD#EMTEH D PCI
Express WSRESNIz. EOFRMBEDLENS. PC RIF TR T =/ R AL —DiEFHAH R, Ry ND—OHEERD
NV OTL—212E, KBET—IERERBELIBDFTITIT—2a>TERAZNTWLS,

ARELETIE. PCI Express ([CHIFB U T 7L >0 OD Jitter BSRIARICEAT DR E. BERI TV > DY 205
INARAVY1—23>&BNT D

BB, WEFRICHUNT PCI Express 5234k (3 Gen3 (Revision 3.1a, 2015/12/7 update) TdrD. REFFIED Gend (CD
WTCEIRTERER TH DN, BEB/IRE U B8RSR (CINR T2,

[PCI Express #mXiRE]
PCle DmXRE (&, YIEERE C 1L —>3/zh 2.5Gbps(Genl), 5.0Gbps(Gen2), 8.0Gbps(Gen3)E L TLVB, 2.

PCle Tld Genl,Gen2 ([CT 8b/10b, Gen3 (CT 128b/130b T> 11— R&ETSIeéd. T—F U IERE (T —Fenik
HE) (IERERE LD CELLRD, MEDEVZREICT D7z, PCle ¥NIEERE(E Gbps T(FR< GT/ s DEfIZAL)
BTENB, BIC, L—ZBEHRRTREZ LTS EERIRET, X1, X2, X4, x8, x16, x32 HMttx{b=nTL\D,
Table 1 (C. 1 L—>2HlZ0DOYIEERE., BXUOT—F U IBRED—EZRYT (Gend (CDVLWTESEEH).

Table 1 : PCle 1 L—> ¥z D DEERE

YEERE [GT/s] FT—AHU>UERE [Gbps (GB/s)]
PCle Genl 2.5 2 (0.25)
PCIe Gen2 5.0 4 (0.5)
PCIe Gen3 8.0 7.8769 (0.9846)
PCle Gen4 16.0 15.7538 (1.9692)

(UD7L>RXo00OYv 00T —F50F v 2w FRIE]
PCle ®U D7 L > X00Ov ODESMTERIE. HCSL(high-speed current steering logic)FAZMNER NS, FEIREULHR(IC
DUVT(F, ANERELE 100MHz, EiE#EmZ=Z+300ppm &L TWLD, ZLC. PCle TRUI 7L >RXoOOY IDIRIES
ECEKDTTFRD 4 DDV —FFIF v ZEDHTND,
1. Common Refclk Rx Architecture
2. Data Clocked Rx Architecture
3. Separate Refclk with No SSC (SRNS) Architecture
4. Separate Refclk with Independent SSC (SRIS) Architecture
BV —FTIFv &£ Genl~3 ([CBUT, TNENICS Y IRIBEZED TL\D,
BUF. 204 DOV —FFIF v DAL, ENENCHIET DSV IRUEZL T .
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1. Common Refclk Rx Architecture

Transmitter (Tx) Receiver (Rx)

H,(s) e

T =] TxT4|

Hy(s)

N\

1.1 SwABIRICDNT #1(5)

CDFV—FFOFv (& 1 DDo0Ow TRERMNSEERI(TX) EZERI(RX)(CU T 7 L>RXoOY I%Z 469 18K E L TLVD,
VD7 L>ROOYIDAAR ) A X=X, (s), SV IMREREEH(s)ETDE. Rx THAIGN3U I 7L >XRo0O0v D
RIS A XX (s)[FFEEDR TREND.

Xcc(s) = X1(s) - Hee ()
Xec(S)FMB /A XELTESNDIEH., BHITDZETSYHICHEL., FIIEBS ULAEDE TETHERITD.
Hee(s)l&. ERID Tx KU Rx PLL, CDR BNENDS W IHEERERH, (s), Ho(s), Hi(s)DERKETRD. ZH5(3 Equation
1 RSN, BBAFRKESw,. F>E>TI705ZRANTERRE NS, & PCle Gen B(CEHRSNICH(s), w,, (HBkK
WX (NBEBBHEND DY S (T DFHE[E%Z Table 2 (CEEHD CREHRD Gend [CDWLWTESER/HEH ELZ). PCle
Gen B (CRABERGER/ (S A—FHKENRRDIZD. FEZET D.

1.2 K7 —FFOFvICDNT

X (S)D ) A AFEEF DU I 7 Lo RoOvIE. 2 DICHIKEINT Tx BKLU Rx PLL [CHEfEENSD. BTLT. Tx B&K
U'RX PLL TRY I 7L >RoOY INFREORIRMICSESEEND. UI7L>RoOv oDy A& PLLOIL—T T+
WDy bATEREBUATORD FEBL. Y bATERESU EDORD FHY hEnd, TDIesh, PLL 32y (CH
LCO—/\RIAIIDEENERT . AP —FFIF v DiEa. CDR [CTEBIENDZYH(E. TXBKURx PLL (CTT
AIWBVTENZZYIDEDFELTRADIEICRD, PCle AR TlE. SOV CH U THRISZRITTLDIZH.
VD7 L>RoOvIDSYHC LRDERZNMADNENDD. €ZC. PCle {4k T(d. & PLL & 2nd Order D>w &
T4 EHRL T—A T —XDEBARKE. BLOY>ES DT IT7 09 F/EL TSy ILERBZEERL TS,
Genl B KU Gen3 Tld. CDR(Clock Data Recovery)EEREICEs. CDR (CX LT 1st Order WA I 1 )LFELT
BERARREES > ES DI T 7 URKRE. SYIRERBEERL TS, (BRH. REFD Gend (CHWLTI(E. Gen3
CARIRERLELTLD) BB, OV —FFIFvI(CHBNWTIE TxPLL ZZEBUEoOv & RxPLL Z BB LIZo0OY
OBCE U DR GIMBIERBEZZER T DVENDD. [GIMEENHIEZ T £TDE. Hec(S)DRICEFNDeSTOIET
CHHELEDZERL TS,
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Equation 1 : Common Refclk Rx Architecture W& T 0w IDw FIRiZRIER

H,(s)

Hy(s) =

H;(s) =

2
2501 wn1+wn

S2+428{1Wn1+Wnq2

2
2502 wna+wn2

S24250Wn2+wWna?

S

Stws

Table 2 : Common Refclk Rx Architecture D&/ S A—45—E

- Tx PLL Transfer Function

- Rx PLL Transfer Function

- CDR Transfer Function

Natural angle Transport
Jitter Transfer Function aturalang Damping ransp . .
Heo(s) freq. factor ¢ Delay Delta | Jitter Limits
s w, [Mrad/s] T [ns Max.]
wpy = 11.83 - 21 ¢, =054
PCIe Genl Hee(s) = [Hy(s) — Hy(s) - e=T] - Hs(s) Wyp = 0.807 - 27 ¢, = 0.54 10 Rj : 4.7 ps RMS
Rev. 1.1 w3 =15-2m —
— — — — Dj : 41.9 ps P-P
wpy = 1.82 21 ¢ =116
L 4312 — 054 12 3.1 ps RMS
PCle Gen2 | Mec(®) = [Hi(s)- e — Hy(s)] Wny = 43127 =0 (1.5MHz to Nyquist)
Rev. 2.1 Wpy = 8.61 21 {, = 0.54
. 3.0 ps RMS
- — - (10kHz to 1.5MHz)
wpy = 0.448
{1=14
wpy = 0.896
Wpy = 6.02
¢, =073
Hee(s) = [Hq(s) - e T — H,(s)] - H3(s) Wny = 12.04
PCIe Gen3
H'cc(s) = [Hy(s) - e™*T — Hy(s)] - Hs(s) | wy,, = 0.448 12 1.0 ps RMS
Rev. 3.1a {, =14
Hee(s), H o (S)EBICETET S, | w,, =112
Wy = 4.62
¢ =115
wpy = 11.53
w3 = 62.83 —
PCle Gen4 | _ _ _ _ <1 ps RMS (Ver.0.5)
Rev. 4.0 RL mL RL RL 0.5 ps RMS (Ver.0.7)

*ZREAMAB LIS A—F (. FEXEKLDEIH
PCI Express Card Electromechanical Specification Revision 1.1 p.19
PCI Express Jitter and BER Revision 1.0 p.23
PCI Express Base Specification Revision 2.1 p.308
PCI Express Base Specification Revision 3.1a p.435~436
PCI Express Base Specification Revision 4.0 Version 0.5 p.1042
PCI Express Base Specification Revision 4.0 Version 0.7 Draft
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2. Data Clocked Rx Architecture

Transmitter (Tx) Receiver (Rx)

Hy(s) H3(s)

X1(s)

2.1 SYHRHEICDNT
COTV—FFTOFv(E Rx ([CEEY I7 L >RoO0v 0 HEENT . T —F([CiBHIAFENZo0OY JlEiR%Z 7t(C CDR T
BEURIOYIZRAWIERELTWD, UIJ7L>Ro0y IR A %X, (s). SV IREREZH)(s)ETD
& RXTEAIZNB U I 7 L>XRo0OY DA ) A XX pe(s)[FF DR TREND.
Xpc(s) = X1(s) - Hpc(s)

Hpc(s)ld. EED Tx PLL, CDR BNENDw FIGEREIH, (s), H3(s)DEM E12B. Hi(s), Hs(s)ld Equation 2 TR
NB. Hpc(s)ICDWLWTH. PCle Gen BI(CBIERKTE/ S A—FLEKENRRD . TNENCERSINLESD Y FmER
Hpe (). BEARESw, F>ETIT707(. BEUXpc(ONSEHEINDIDVHICH T DMRIREZ Table 3 (CE &
$HB.

2.2 K7 —FFIFvICDNT

X, (s)D ) A X5E=EITFEDOU I 7 L > ROV I(E. Tx PLL (CHHEESNZ Y IR T 1 ILFU T END, Tx PLL TilEfES
neEoOvod. 7—42(38HIAFEN R NMmiE S, CDR (CANEND, CDR Tld, —#%(C PLL BEEZEAWLT, 7—4
[IBHIAFENTZOOY U%ZB4ETD. CDR (CHE I D PLLERDEMEZEZX D E. ANTDT—HICEFENDISYIDDS
5. PLLDIL—T T4 IILIDHY hATREIEEUAT 3y HCBR(GER) L. HY MATERSU EES Y S (SER TSR
WGERD WS TOOY OZBE /BN ITDZENS, PLL GO-/\RAT1ILIDDY FmEEEERS. UL, T
—5E00vODEMNEFREZEZTTIEE. DY MATERBUTES Y H(SERY D, T—F o0y ML
FKETIT SV INIRIRENDZD, Hy SATRIRBU L FS Y S (CBRTERVZSH, T—F 00OV ORI FEEL
SV ARIRINENRNS EMNS, CDR (F/\A /R T 1D FRERE E 72D

PCle Genl Tld. AV —FFIF v ([FEESNTULVRL., Gen2 T, CDR O FmEREIIEEENT . Gen3 (CT
2nd Order =W 5 TJ 4 )LFELT COR DY FREBRBZERLTCLD. (1B, REFRD Gend (CHWTIF, KRF77—
FFOFvFEESNTLRW)
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Equation 2 : Data Clocked Rx Architecture D& T W I DS w FIEREEL

25(10) 1tw 12
H1 (S) — — & z B -+ Tx PLL Transfer Function
5%+2501wpnqtwng
25(30) 3tw 32
H3 (S) - — z z B -+ CDR Transfer Function
54+2503wn3+wn3

Table 3 : Data Clocked Rx Architecture D&/ \S X —45—&

Jitter Transfer Function Natural angle freq. | Damping . .
Jitter Limits
Hpc(s) w, [Mrad/s] factor ¢
PCIe Genl
Rev. 1.1 Not defined
¢, =0.54 4.0 ps RMS
PCle Gen2 | Hoc(s) = Hi() On = 86121 =175 | (1.5MHz to Nyquist)
Rev. 2.1 7.5 ps RMS
B B B (10kHz to 1.5MHz)
wpy = 0.448
Wy = 0.896 (=14
Wpy = 1.12
Wy = 4.62
PCIe Gen3 ¢, =115
Rev. 3.1a Hpc(s) = Hy(s) - [1 — H5(s)] Wy, = 11.53 1.0 ps RMS
Wpy = 6.02
¢, =073
wpy = 12.04
Wp3 = 16.57 i =175
wyz = 33.8 {3 =0.73
PCIe Gen4
Rev. 4.0 Not defined

*ZEBAB LW/ S A—F(F. TiEXXFkL D5
PCI Express Base Specification Revision 2.1 p.310
PCI Express Base Specification Revision 3.1a p.437~438
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3. Separate Refclk with No SSC (SRNS) Architecture

Transmitter (Tx) Receiver (Rx)

H,(s)

Hy(s)

X, (s) Xa(s)

3.1 SyHRBICONT
OV —FFIF v (F. FEAI(TX) EZERI(RY)ENENCHOYV URZRAEL. @ERIICU T 7 L >Xo0Ov 0% MiEd D
B E L TULD, 78, SSC(Spread Spectrum)tgefdE J 7 L >R OOy IDERFEFESSN CLVRWL,. VT 7L >
OOy ODAMAE ) A X% X, (s), Xo(s). TX BEKU Rx PLL D> FURiEREZEH, (s), Ho(s) T D & Rx TEHAIZNSD U
J7 L >Ro0OYIDRHE ) A XXgpys(s)IEFiRORTEREND,

Xspns(s) = \/[X1(S) * Hy (8)]? + [X3(s) * Hy(s)]?

25(10) 1tw 12

H1 (S) — — & ~ B -+ Tx PLL Transfer Function
$4+2501 Wpqtwnq
25(20) 2t 22

Hz (S) - — z z B -+ Rx PLL Transfer Function
$4+250,Wpyt w2

Xsrns(8)(E. TX SKU Rx PLL ZENENDZ Y I DZRINFEHRER DD, D 2 DOV —FFIF v KDEBE®LWLED
WA ETRD. Gen2 BELU Gen3 ([CHBULT, TX BKRU RX PLL DS FIEREICH I DEEARKER 0, F>E>D
T7 95 wpy, wpp =8.61:2m, §, {=054E0TUVND, U U, K7 —FFTF V(L. XgysG)DBEHENDS
WA (T T BDIASMENRESNTLVRL . KD T EEHEDHRE(FRSRVA D 2 DOV —FFUF v DIUEEL
DENSNDYHETHNE. +DRFEEERD.

3.2 KV —FFIFv(CDNT
TNTHURIL LT A ZHFEX, (5), X, ()Z2F DU I 7 L >R 0Oy IR, TX BKURX PLL (LTS IR T« ILIU>YT
ENT Rx [CtfieEenNgd. cN5DwH(E. E(C Random Jitter £72B728D. Rx (CTHAIENZ DY H(E. TX BKT
Rx PLL ZNENDZ Y D RIFHIREZABI D LICK D TEKRT DI ENTED,
PCle Genl Cld. X7 —FFTIF v (FERINTHEST . Gen2 BLU I ICTARF—FFTIFvICLD /A XAZEELTL
B, (BB, REHRD Gend (CHENTIF. KV —FFIF v ([FTEESNTLVRLY)
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4. Separate Refclk with Independent SSC (SRIS) Architecture

Transmitter (Tx) Receiver (Rx)

Hl(S) HB(S)

Hy(s)

X5 (s)

Refclk
Xl(s) #1

4.1 SYIRIBICDONT
CDT—FFTOF v (F. EE/(TX) EZERI(RX) ENENIC SSCZARL. ERIICSSCZYU T 7 L >XoOv o EUTH
BIDBRELTWVND, UI7L>XoOOYIDRE ) A X%ZX (s), X,(s). Tx BXU Rx PLL D> v H{mEEHR%E
Hy(s), Hy(s). CDOR D FHREMBEZEH;(s)EFT D E Rx TERIZNS U I 7 L > Xo0OY I DAMAE ) A XX g5 (s)IETEE

DR TR,
Xsris(8) = y/[X1(s) * Hy(s) * H3(s)]? + [X;(s) * Hy(s) * H3(s)]?
H (s) = 522-1-52(5122)1;?;1:12 -+ T PLL Transfer Function
H,(s) = 522_:2?2’;2;(:’3;2 -+ Rx PLL Transfer Function

728, CDRI(CH UL TIE. 2nd Order J\A( /XX T« I)LF E LTSV REBHEEREL CL\D, Gen2, Gen3 ENENTR
BBV HERBAERSNTHS D, FRORATREND.
2
s

H.(s) = - -+ CDR Transfer Function for Gen2
3(5) $2+25¢ W+ wm?

s? 52+250gwo+wo?
S2+SA+B  $2+25(p Wt wg2

--- CDR Transfer Function for Gen3

H3(s) =

TX/Rx PLL 3&KTU CDR D>y FREME(T 4 LY (CHIFBEERERSBw. F2ESTITF7 U9 HEIUXpis()MS
BHEESNDIZ VYT T DMUBIEZ Table 4 (CEXEHD.
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4.2 K7—FFTOFvI(CDNT

TNTHURIL LT A ZHFFEX, (5), X, ()&F DU I 7 LR OOy IR, TX BKXURX PLL (LTS IR T« ILIU>YT
ENT CDR (CHftiEEND. TNSDUOY IRICE SSC (CKBAMBERU T MFEYS DM COR BVWTHHERU T M
BRULEBEIOYIZERT D ET, AMERY D MIBFEEND, TNEABCERIOVIICEFNDIZY IR E.
CDR [CTTAILBFUTEND. CNBDWA(E EIC Random Jitter /2B 7zsh. R [CTHAIEND S wHIE Tx &
KU RX PLL ZNENDZ Y IDZRIMFEABRZFET DI L(CIODTERIT DI ENTED.

PCle Genl Tld. AV —FFIF v (FEESNTH ST Gen2 BXU 3 [CTARF—FFIFvICLD /A XZFHL TV
D, (3B, KERD Gend (CHNT(F. ATV —FFIF v ([FEZRSNTLVRLA. SRIS CDR function Dsc#ids D.)

Table 4 : SRIS Architecture D&/ \SA—5—E&

Jitter Transfer Function Natural angle freq. | Damping . .
Jitter Limits
H,(s), H,(s), Hs(s) o [Mrad/s] factor ¢
PCIe Genl
Not defined
Rev. 1.1
_ 25Qwp1twni?
Hy(s) = Fr2stionton? Wpy = 86121 ¢, = 0.54
PCle Gen2 _ 250wnatwna?
Rev. 2.1 | 2 (s) = T —— Wpy = 8.61- 21 ¢, = 0.54 2.0 ps RMS
SZ
H3(s) = T —— w,, = 48621 ¢ =0.707
_ 2sQiwpiton’®
Hy(s) = P r2stionron? Wpy = 86121 ¢, =054
250 wnztwn2?
PE(I:/ G:E Hy(s) = 5242502 0na+Wn2? @nz =8.61-2m =054 0.5 ps RMS
. s? 5242509 wo+ w2
Hy () = 52+sA+B  $2+25(p1wo+wo2 Co1 = 0.707
wo =107 - 2m
A=10" x 21 oz =1
B =22 x10'% x (2m)?
PCIe Gen4 .
Rev. 4.0 Defined only CDR function as follows
. s? 5242509 wo+ w2
Hy (s) = S2+sA+E 52425091 wo+wo2
Ver. 0.5 wo =107 21
A=9.5x 10° x 2
B = 4.36 x 102 x (21)? {1 =0707 |
2 2 2
H _ S L S°425Qwotwoe” S o2 =1
3(5) $24+SA+B  s2+2s{iwotwo? stwq wp = 107 - 21
Ver. 0.7
A=9.5x 10° x 2 w; =4%x10°- 21
B = 4.36 x 1012 x (2m)?

*ZRAMHB LW SA—F(E. FEXELDEIH
PCI Express Base Specification Revision 3.1a p.432~433, 439
PCI Express Base Specification Revision 4.0 Version 0.5 p.1002
PCI Express Base Specification Revision 4.0 Version 0.7 Draft
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(#ttFHREE SG3225HBN M PCle 2w F#ER]
#2tt HCSL O FEIRE: SG3225HBN DR/ A X(C. &7 —FFTUF v BRI DDV IRERBZERL. vy (CHBRE
UTEHERB IUOMIEEZ AT (SR Y. 7285, SG3225HBN (& SSC T(37R0\/2sd SRIS (FMRIMVEN, SE(CHRRBE L.
—HlEL T, BEBOXM T TODYIRERY. SLU> Y FEMEERAI®RD SG3225HBN 8/ XDTS T EHH
UTz. £ETORMFCHBUNT, SG3225HBN (& Pass HTEL7ED TS, (SG3225HBN FFilifttkE. 55)

<PCle Genl1>

) PLL1 w PLL2 w CDR w Delay Jitter [ps] :
Architecture radis] | TR | pwraais) | PR 6| pwraars) | CPRE | ns Max.] Result | Spec. | o>l
Common | Ri [RMS] | 11.83-2n 0.54 0.807-2n 0.54 1.52m NA 10 0.139 4.7
Refclk Rx Dj [P-P] — _ — — S S — 0 41.9
Jitter Transfer Functions Reference clock Phase Noise
-50
0 TSNS Refclk Phase Noise
100 e Filtered Phase Noise
g =0 ]
= )
.§ i -150
5 100 §
- 4
% —pl1 8 -200
o =
= 150 PLL2 o
——CDR -250
——HCC(S)
-200 -300
1e2 1le3 led 1e5 1le6 1e8 le2 1e3 le4 1e5 1e6 1e7 1e8
Offset Frequency (Hz) Offset Frequency (Hz)
<PCle Gen2>
) PLL1 w PLL2 w CDR w Delay Jitter [ps RMS] ;
Architecture vradis] | TR S| wradis) | PR S | wradis) | PR | fns Max.] Result | spec. | 2>/Fal
1.5 MHz to| 1-82°2m 1.16 8.61-2n 0.54 — — 12 0.113 31
Common | Nyquist i . _ _ '
Refdlk Rx 4.31-2n 0.54 8.61-2n 0.54 12 0.120
1105kHMthzo — _ _ _ — — — 0.033 3.0
8.61-2n 0.54 — — — — — 0.120
Data |12 MHzto 4.0
CIonged \& 8.61-2n 1.75 — — — — — 0.140
X
11c?5k||:|/|thZo — — _ _ — = — 0.030 7.5
SRNS 8.61-2n 0.54 8.61-2n 0.54 — — — 0.170 —
SRIS 8.61-2n 0.54 8.61-2n 0.54 4.86-2m 0.707 — 0.149 (2.0)

Jitter Transfer Functions

Reference clock Phase Noise

20

-40

-60

Transfer Functions (dB)

-80

-100
le2

le3

led 1le5

Offset Frequency (Hz)

1le6

le7

1le8

Refclk Phase Noise

——Filtered Phase Noise
-100

Phase Noise (dBc/Hz)
N -
wv
o

-250

1le2 1le3 le4 1e5

Offset Frequency (Hz)

1e6 le7 1le8




<PCle Gen3>
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. PLL1 w PLL2 w CDR w Delay Jitter [ps RMS] .
Architecture | \yais) | S pwrads) | TR | pwradis) | PR | [ns Max.] Result | Spec. | o> al
Hee(s) 0.448 14 0.448 14 62.83 - 12 0.017
H'ee(s) | (0.071-2m0) (0.071-2m) (10-2m) 0.017
Hee(s) 0.896 14 0.448 14 62.83 . 12 0.026
H'cc(s) |(0.143-2m) (0.071-2m) (10-2m) 0.029
Hee(s) 6.02 0.448 62.83 - 0.016
H'ee(s) | (0.958-2m) 0.73 (0.071-2m) 14 (10-2m) 12 0.014
Hee(s) 12.04 0.448 62.83 0.022
7 14 — 12
H'cc(s) | (1.92:2m) 0.73 (0.071-2m) (10-2m) 0.022
Hee(s) 0.448 14 1.12 14 62.83 - 12 0.036
H'ee(s) | (0.071-2m) (0.178-2m) (10-2m) 0.031
Hee(s) 0.896 14 1.12 14 62.83 o 12 0.039
H'cc(s) |(0.143-2m) (0.178-2m) (10-2m) 0.037
Hee(s) 6.02 1.12 62.83 - 0.036
& | Hes) | (0.9582m) 0.73 (0.178-2m) 14 (10-2m) 12 0.031
X
o H . . . .
% cc(s) 12.04 0.73 1.12 14 62.83 o 12 0.038
S | Hels) | (1.92:2m) (0.178-2m) (10-2m) 0.031 1o
5 Hee(s) 0.448 14 4.62 115 62.83 - 12 0.015 '
g H'ee(s) | (0.071-2m) (0.734-2m) ' (10-2m) 0.016
S Hee(s) 0.896 14 4.62 1.15 62.83 . 12 0.026
H'cc(s) |(0.143-2m) (0.734-2m) ) (10-2m) 0.029
Hee(s) 6.02 4.62 62.83 - 0.014
H'ee(s) | (0.958-2m) 0.73 (0.734-2m) 1.15 (10-2m) 12 0.013
Hee(s) 12.04 4.62 62.83 0.021
7 1.1 — 12
H'cc(s) | (1.92:2m) 0.73 (0.734-2m) > (10-2m) 0.022
H,cc(s) 0.448 14 11.53 115 62.83 - 12 0.031
H'ee(s) | (0.071-2m) (1.84-2m) (10-2m) 0.028
Hee(s) 0.896 14 11.53 1.15 62.83 . 12 0.034
H'cc(s) |(0.143-2m) (1.84-2m) (10-2m) 0.035
Hee(s) 6.02 11.53 62.83 0.032
0.73 1.15 — 12
H'ee(s) | (0.958-2m) (1.84-2m) (1-2m) 0.028
Hee(s) 12.04 11.53 62.83 0.033
7 1.1 — 12
H'ee(s) | (1.92:2m) 0.73 (1.84-2m) > (10-2m) 0.029
Jitter Transfer Functions Reference clock Phase Noise
50
——Refclk Phase Noise
100 - Filtered Phase Noise
g g
v S~
Z g 150
T 1
3
& Z 200
z £
= o
250
-300
1e2 1e3 1e4 1e5 1e6 1e7 1e8 1e2 1e4 1e6 1e7 1e8
Offset Frequency (Hz) Offset Frequency (Hz)




<PCle Gen3 (cont'd)>

. PLL1 w PLL2 w CDR w Delay Jitter [ps RMS] .
Architecture | odis] PLLLS | (wradss] PLL2C | wradis) | PRY | [ns Max.] Result | Spec. | oo al
0.448 16.57
(0.071-2m) 14 (2.64-2m) 1.75 0.017
0.896 16.57
(0.143-2m) 14 (2.64-2m) .75 0.032
1.12 16.57
(0.178-2m) 14 B B (2.64-2m) 1.75 B 0.038
4.62 16.57
©.7382m | @.642m | "7 0.01>
11.53 16.57
(1.84-2m) 1.15 (2.64-2m) 1.75 0.035
6.02 16.57
(0.958-2m) 0.73 (2.64-2m) 1.75 0.013
12.04 16.57
7 — — 1.7 — .02
Data Clocked | (1.92-2m) 0.73 (2.64-2m) > 0.026 1.0
Rx 0.448 14 _ _ 33.8 0.73 B 0.020 '
(0.071-2m) (5.38-2m) (0.547?) )
0.896 33.8 0.73
(0.143-2m) 14 (5.38-2m) | (0.54?) 0.036
1.12 33.8 0.73
14 - — = .04
(0.178-2m) (5.38:2m) | (0.54?) 0.043
4.62 33.8 0.73
(0.734-2m) 1.15 (5.38-2m) | (0.54?) 0.017
11.53 33.8 0.73
1.1 — — — .04
(1.84-2m) > (5.38-2m) (0.54?) 0.040
6.02 33.8 0.73
(0.958-2m) 0.73 (5.38-2m) | (0.54?) 0.015
12.04 33.8 0.73
(oz22m | %73 (5.382m) | (0.54?) 0-029
SNRS 8.61-2n 0.54 8.61-2m 0.54 — — — 0.170 —
SRIS 8.61-2n 0.54 8.61-2m 0.54 10721 0.707, 1 — 0.145 (0.5)
Jitter Transfer Functions Reference clock Phase Noise
50
Refclk Phase Noise
100 ~—— Filtered Phase Noise
g )
Iy ~
k: & -150
g 3
I S
& Z 200
z £
- o
250
-300
le2 1e3 led 1eS 1le6 le7 1le8 le2 le3 led 1e5 le6 le7 1le8
Offset Frequency (Hz) Offset Frequency (Hz)




// 9 Technical Notes SEIKO EPSON CORPORATION

[(#$tFEHREE XG5032HAN O PCle 2w FRIEER]
¥23t HCSL DO FEHRE: XG5032HAN (CRAL TH. BITARKR(CHESD LITHRERZU T ICRT . XG5032HAN ©, £ TORMICH

W\T Pass HIFE & 72D TLYVB,. (XG5032HAN

<PCle Genl1>

FHERE. Z55)

) PLL1 w PLL2 w CDR w Delay Jitter [ps] :
Architecture radis] | TR S| pvraais) | PR26 | pwraars) | CPRE | ns Max.] Result | Result | 2o/Fail
Common | Ri [RMS] | 11.83-2n 0.54 0.807-2n 0.54 1.52m — 10 0.187 4.7
Refclk Rx Dj [P-P] — _ — — S S — 0 41.9
Jitter Transfer Functions Reference clock Phase Noise
-50
0 ~ —Refclk Phase Noise
100 Filtered Phase Noise
% -50 - %
£ @ -150
3 i
5 100 §
% —pl1 ] -200
£ -150 PLL2 £
——CDR -250
——HCC(S)
-200 -300 +
1le2 1le3 led 1e5 1le6 1le7 1e8 le2 le3 led 1e5 1e6 1e7 1e8
Offset Frequency (Hz) Offset Frequency (Hz)
<PCle Gen2>
) PLL1 w PLL2 w CDR w Delay Jitter [ps RMS] ;
Architecture vradis] | TR S | wradis) | PR S | wradis) | PR | fns Max.] Result | spec. | 2>/Fal
1.5 MHz to] 1-82°2m 1.16 8.61-2n 0.54 — — 12 0.151 1
common | NYQuist | 431.2¢ | 054 | 8.612n | 0.54 — — 12 0.161 '
1105kHMthzo — _ _ _ — — — 0.049 3.0
8.61-2n 0.54 — — — — — 0.163
Data |12 MHzto 4.0
CIonged \& 8.61-2n 1.75 — — — — — 0.184
X
11c?5k||:|/|thZo — _ _ _ — — — 0.049 7.5
SRNS 8.61-2n 0.54 8.61-2n 0.54 — — — 0.231 —
SRIS 8.61-2n 0.54 8.61-2n 0.54 4.86-2m 0.707 — 0.199 (2.0)
Jitter Transfer Functions Reference clock Phase Noise
-50
0 ——Refclk Phase Noise
Filtered Phase Noise
- -100
g -20 ‘;‘
2 =
=<}
£ 40 =
g 8 -150 —
< 2 T
& 60 3
2 2
= & 200
-80
-100 -+ -250
le2 1le3 led 1e5 1e6 1le7 1e8 le2 1le3 led 1e5 1e6 1le7 1e8
Offset Frequency (Hz) Offset Frequency (Hz)




<PCle Gen3>
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. PLL1 w PLL2 w CDR w Delay Jitter [ps RMS] .
Architecture | \yais) | S pwrads) | TR | pwradis) | PR | [ns Max.] Result | Spec. | o> al
Hee(s) 0.448 14 0.448 14 62.83 - 12 0.022
H'ee(s) | (0.071-2m0) (0.071-2m) (10-2m) 0.022
Hee(s) 0.896 14 0.448 14 62.83 . 12 0.034
H'cc(s) |(0.143-2m) (0.071-2m) (10-2m) 0.038
Hee(s) 6.02 0.448 62.83 - 0.021
H'ee(s) | (0.958-2m) 0.73 (0.071-2m) 14 (10-2m) 12 0.018
Hee(s) 12.04 0.448 62.83 0.029
7 14 — 12
H'cc(s) | (1.92:2m) 0.73 (0.071-2m) (10-2m) 0.028
Hee(s) 0.448 14 1.12 14 62.83 - 12 0.047
H'ee(s) | (0.071-2m) (0.178-2m) (10-2m) 0.040
Hee(s) 0.896 14 1.12 14 62.83 o 12 0.050
H'cc(s) |(0.143-2m) (0.178-2m) (10-2m) 0.047
Hee(s) 6.02 1.12 62.83 - 0.047
& | Hes) | (0.9582m) 0.73 (0.178-2m) 14 (10-2m) 12 0.041
X
o H . . . .
% cc(s) 12.04 0.73 1.12 14 62.83 o 12 0.050
4 H'ce(s) | (1.92:2m) (0.178-2m) (10-2m) 0.040 1.0
5 Hee(s) 0.448 14 4.62 115 62.83 - 12 0.020 '
g H'ee(s) | (0.071-2m) (0.734-2m) ' (10-2m) 0.021
S Hee(s) 0.896 14 4.62 1.15 62.83 . 12 0.033
H'cc(s) |(0.143-2m) (0.734-2m) ) (10-2m) 0.039
Hee(s) 6.02 4.62 62.83 - 0.018
H'ee(s) | (0.958-2m) 0.73 (0.734-2m) 1.15 (10-2m) 12 0.017
Hee(s) 12.04 4.62 62.83 0.027
7 1.1 — 12
H'ee(s) | (1.92:2m) 0.73 (0.734-2m) > (10-2m) 0.028
H,cc(s) 0.448 14 11.53 115 62.83 - 12 0.041
H'ee(s) | (0.071-2m) (1.84-2m) (10-2m) 0.037
Hee(s) 0.896 14 11.53 1.15 62.83 . 12 0.044
H'cc(s) |(0.143-2m) (1.84-2m) (10-2m) 0.046
Hee(s) 6.02 11.53 62.83 0.042
0.73 1.15 — 12
H'ee(s) | (0.958-2m) (1.84-2m) (1-2m) 0.037
Hee(s) 12.04 11.53 62.83 0.043
7 1.1 — 12
H'ce(s) | (1.92:2m) 0.73 (1.84-2m) > (10-2m) 0.037
Jitter Transfer Functions Reference clock Phase Noise
50
——Refclk Phase Noise
_100 — Filtered Phase Noise
g z
Y ~
k: & -150
T Y
2
ke Z 200
£
250
-300
1e2 1e3 1e4 1e5 1e6 1e7 1e8 1e2 1e4 1e5 1e6 1e7 1e8
Offset Frequency (Hz) Offset Frequency (Hz)




<PCle Gen3 (cont'd)>

; PLL1 w PLL2 w CDR w Delay Jitter [ps RMS] ;
Architecture | odis] PLLLS | (wradss] PLL2C | wradis) | PRY | [ns Max.] Result | Spec. | oo al
0.448 16.57
(0.071-2m) 14 (2.64-2m) 1.75 0.024
0.896 16.57
(0.143-2m) 14 (2.64-2m) .75 0.042
1.12 16.57
(0.178-2m) 14 B B (2.64-2m) 1.75 B 0.050
4.62 16.57
(0.734-2m) 1.15 (2.64-2m) 1.75 0.021
11.53 16.57
(1.84-2m) 1.15 (2.64-21m) .75 0.046
6.02 16.57
(0.958-2m) 0.73 (2.64-2m) 1.75 0.018
12.04 16.57
7 — — 1.7 — ;
Data Clocked | (1.92-2m) 0.73 (2.64-21m) > 0.035 10
Rx 0.448 14 . . 33.8 0.73 . e '
(0.071-2m) (5.38:2m) | (0.54?) :
0.896 33.8 0.73
(0.143-2m) 14 (5.38:2m) | (0.54?) 0.049
1.12 33.8 0.73
14 — — - i
(0.178-2m) (5.38:2m) | (0.54?) 0.058
4.62 33.8 0.73
(0.734-2m) 1.15 (5.38:2m) | (0.54?) 0.023
11.53 33.8 0.73
1.1 — — — ;
(1.84-2m) > (5.38:2m) | (0.54?) 0.053
6.02 33.8 0.73
(0.958-2m) 0.73 (5.38:2m) | (0.54?) 0.020
12.04 33.8 0.73
(1.92-2m) 0.73 (5.38:2m) | (0.54?) 0.039
SNRS 8.61-2m 0.54 8.61-2m 0.54 — — — 0.231 —
SRIS 8.61-2m 0.54 8.61-2m 0.54 1072 | 0.707, 1 — 0.194 (0.5)
Jitter Transfer Functions Reference clock Phase Noise
-50
——Refclk Phase Noise
_100 Filtered Phase Noise
= ~
k-2 x
v ~
§ g -150
™ =]
ks Z 200
z £
= a
-250
-300
le2 1e3 led 1eS 1e6 1le7 1e8 le2 1le3 led 1e5 1le6 1e7 1e8
Offset Frequency (Hz) Offset Frequency (Hz)
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K i

(2w SRERROFEEE - E—F+>J(CDNT]
PLL > CDR D> v &R, BRERARKRSw. Y>EZTT7 05 [CTRENDH . INSD/SA-FTE Zvs
CERBOF DT 1 ILIFHEMERE U IC <L\ BT, oRUY(TH I DHEIE(3dB IRRIFDEIRE) S KU E—F > T D3tiG
FKZ19. (EBBHOERARKSN. PCle tARO> Y FRERKRICEWTERSINTND)

B8 BEAERSw, Y2EZTT7 O] HXU HigiE BW OBFREE. TiLD@ED.

Damping factor ¢
14 1.75 1.15 0.73 0.54
o 0.054-2m 0.396:2m 0.550-2m 0.718-2m 0.807-2m — | 1.5 MHz
§ 0.071-2n 0.529:2n 0.734-2n 0.958-2n 1.08-21 —>| 2 MHz
%? 0.143-2m 1.06-2m 1.47-2m 1.92:2m 2.152m | —| 4MHz | _
&S| 0.1782n 1.32:2m 1.84-2m 2.39:2n 2.692n  [=| 5MHz | B
%g 0.285-21 2.11:2m 2.94:21 3.83:2m 4.31-21 —>| 8 MHz é
& |__0.357:2n 2.64:2m 3.67-2n 4.79-2m 5382n  |—| 10MHz | &
g 0.571-2m 4.23:21 5.87-2n 7.66:21 8.61-21 —| 16 MHz
§ 0.785-2n 5.81-2m 8.07-2m 10.54-2m 11.83:2n |- | 22 MHz
1.16:2m 8.61:2n 12.0-2m 15.6-2n 17.5-2n 32.6 MHz
g 0 g g 0
0.01dB | 0.5dB 1dB | 2dB 3dB
Peaking

W3qp = le +20%24+ (1 +20%)2+1 (PCIe Base Specification Rev 3.1a Equation 4.3.5 &D)

BW

_ Wszap
21

IROE, BW I TFEEDATHRIETES.

BW=%\/1+2(2+J(1+2(2)2+1

E=°C
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