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Characterizing Clock Jitter Using

Phase Noise Measurements
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Introduction

&ORFN MLWWHU DQDO\VLY KDV EHFRPH PRUH QHFHVVDU\ DV GDWD UDWHYV KDY
increased. In high-speed serial data links clock jitter affects data jitér at

WKH WUDQVPLWWHU LQ WKH WUDQVPLVVRR@WALQH DQG DW WKH UHFHLYHU 0
Rl FORFN TXDOLW\ DVVXUDQFH KDYH DOVR HYROYHG QRZ WKH HPSKDVLV LV R
directly relating clock performance to system performance in terms ofte

ELW HUURU UDWLR % (5

7KLV ZKLWH SDSHU UHYLHZV WKH UROH RI WKH UHIHUHQFH FORFN WKH HIIHF'
FORFN MLWWHU RQ GDWD MLWWHU DQG GLVFXVVHV D QHZ PHDVXUHPHQW WHF
XVLQJ WKH .H\WWLIJKW 7THFKQRORJLHV ,QF Q\VL¥ SUHFLVLRQ FORFN MLWWHU DQC
DSSOLFDWLRQ RQ WKH ( % VLIQDO VRXUFH DQDO\V]JHU 66% 7KLV QHZ PHWKF
RI PHDVXUHPHQW GHOLYHUV XQSUHFHGHQWHG PHDVXUHPHQW DFFXUDF\ IRU X
ORZ UDQGRP MLWWHU 5- PHDVXUHPHQWVODQIGVUHDO WLPH MLWWHU VSHFWU X
RQ ERWK WKH 5- DQG SHULRGLF MLWWHU 3- RI FRPSRQHQWY HQDEOLQJ \RX
LPSURYH \RXU GHVLJQ TXDOLW\

$ UHDO WLPH PHDVXUHPHQW FDSDELOLW\ RIWKH QHZ VROXWLRQ WKDW VSHHC
GHVLJQ YHULo FDWLRQ SURFHVV LV DOVR GLVFXVVHG
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The role of reference clocks in high-speed
serial applications

JLIXUH VKRZV WKH PDMRU FRPSRQHQWY RI D KRUWWBHHG VHULDO GDWD OLQN 7KH V
XVXDOO\ VHULDOL]HV D VHW RI ORZHU UDWHDSD UX®OHO VLIQDOV LQWR D VHULDO GD\
WUDQVPLVVLRQ FKDQQHO WKURXJK ZKLFK WKH VLIJQDO SURSDJDWHV LV D FRPELQDWL
EDFNSODQHY DQG FDEOHV 7KH UHFHLYHWHQVWREFSIVHWNVIODL@QERPLQJ VHULDO GDWD
XVXDOO\ GH VHULDOL]JHVY LW EDFN LQWR DSHEEHGDOHOHO @G DWD VWUHDP ,Q PDQ\ KLJK V
communication systems, the reference clock is considered more of a congtient than

D NH\ SOD\HU EXW LQ KLJK VSHHG VHULDO GbQNBPHVAQWHPY ZKHUH V\VWHP ELW UDWH |
WKH PXOWL JLJDELW UDQJH WKH UHIHUHQRK IFFDROFO\N BEWKFHFRPHY D NH\ FRPSRQHQW 7
UHIHUHQFH FORFN RVFLOODWHY DW D UDWH PXGKHEGBRXESU WKDQ WKH GDWD UDWH DQG
LQ WKH WUDQVPLWWHU 7KH WUDQVPLWWHUPL\HVRWORILFIHUHQFH FORFN WR GHo QH
transitions in the serial data stream. The character of the reference clk is included in

WKH GDWD WUDQVPLWWHG $W WKH UHFHLYWKHWZRHHKULHMHAHHQW WKLQJV FDQ KDSSHQ
FORFN LV QRW GLVWULEXWHG WKHQ WKH UHMDP  XKVYHFRYHUVY D FORFN IURP WKH GD
IRU H[DPSOH D SKDVH ORFNHG ORRS 3// q DQG ®VHV WKDW FORFN WR SRVLWLRQ WK
SRLQW LQ WLPH ,I| WKH UHIHUHQFH FORFN LBR®IKWKHEXDMALE WKHQ WKH UHFHLYHU X\
signal and the reference clock to position the sampling point.

Tx Serial dat Channel
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Parallel inpt
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distributed clock
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Determines the Determines the
timing of logic time position of
transitions the sampling point

JLIXUH 5ROH RI WKH UHIHUHQFH FORFN
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JLJXUH  (IIHFW RI FORFN MLWWHU RQ WUDQVPLWWHU JLIXUH  3// IUHTXHQF\ UHVSRQVH

(lIITHFWV RI FORFN MLWWHU RQ GDWD MLWWHU IURP
transmitter

7KH UHIHUHQFH FORFN LV WKH XOWLPDWH VRWUPH EDVHW WHP WLPLQJ ,W SURYLGHV W
WKH WUDQVPLWWHU DQG LQ ERWK GLVWPLME XWKHHE AKQ® XRWHVWRULEXWHG FORFEN V\VW
WKH UHIHUHQFH FORFN LV UHSURGXFHG LQ YWtKH ERRFRHYBIERYHU\ FLUFXLW DW WKH U
H[IDPLQH KRZ WKH FORFN MLWWHU LV SURSDJDWHG LQ WKH WUDQVPLWWHU RI WKH V\\

7R GHoQH WKH WLPLQJ RI ORJLF WUDQVLWKHRQ@WIMKHOQWH FOQWRFINWWHU PXVW PXOWLSO\
E\ DQ DSSURSULDWH IDFWRU WR JHW WKH GDWD I P®@®RFNRU H[DPSOH IRU D 0+] UHI
DQG D *E V RXWSXW VLIQDO WKH WUDQVPLWWHH)FHRXOG XVH D 3// WR PXOWLSO\ WK
FORFN E\ D IDFWRU RI olW\ 7KH 3// PXOWLSOLHUQEERWK DPSOL0o HV WKH MLWWHU RQ W
LQWURGXFHV LWV RZQ MLWWHU SULPDULOWLBODMRUWKRKR23// YROWDJH FRQWUROOHG R
7KH HITHFW RI IJUHTXHQF\ PXOWLSOLFDWLRQ E\RRVEFWRU RI Q LV WR PXOWLSO\ WKH S
SRZHU WR WKH FDUULHU UDWLR E\ Q VR WKH MLWWHU UDWH JRHV XS IDVW

7KH 3// PXOWLSOLHU LQ WKH WUDQVPLWWHBSLEDWD O\FHVWBRQG UHTXHQF\ UHVSRQVH W
RUGHU UHVSRQVH DV VKRZQ LQ )LIJXUH 7KH IQRHQ/XOQLIRUP IUHTXHQF\ UHVSRQVH UD
LOQWHUHVWLQJ TXHVWLRQ :KDW FORFN MLWHWSHHU DHF FWX @G RDWHUV" 1 WKH 3// Z
JHUR EDQGZLGWK WKHQ LW ZRXOG 0 OWHU RXQW BPIOVOWMHKIH FORFN MLWWHU DQG SURYL
ZLWK D MLWWHU IUHH WLPH EDVH 21 FRXU¥N WHBR BMDRQGZLGWK PHDQV LQo QLWH OR
ZH KDYH WR FRPSURPLVH EXW WKH QDUURZHUPWMMKH3// EDQGZLGWK WKH OHVV MLW W]
UHIHUHQFH FORFN PDNHV LW LQWR WK H) B VWD F OHRW N UZALLODD. QX QZFKVIA MRKGH UQ

D VIVWHP DW WKH GHVLUHG %(5 UHTXLUHV FDMFWUXMWHVWLQJ Rl WKH MLWWHU IUHTXE
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-LWWHU VRXUFHYVY LQ WKH UHDO ZRUOG

, \RX ORRN DW D KLJK VSHHG GLJLWDO FLUFXMMWW IMRWKHHVHDO ZRUOG WKHUH DUH PLC
DV VKRZQ LQ )LIJXUH $V ZH UHYLHZHG SUHYIUREX@OA\H® KMRFORFN VLJQDO LV RIWHQ Gl
PXOWLSOH ,&V DQG WKH FORFN IUHTXHQF\ PR\DEMHVRRDQILSOLHG DQG RU GLYLGHG (YH
WKDW WKH UHIHUHQFH FORFN FRPLQJ IURKB RMWIXMNWO RVFLOODWRU KDV ORZ MLWWH
FORFN ZKHQ PXOWLSOLHG RU GLYLGHG PD\ EH QRW FOHDQ GXH WR WKH DGGLWLYH QF
LQWHUIHUHQFH IURP RWKHU GHYLFHV

2QH Rl WKH PDMRU FRQWDPLQDWLRQRPRXIIFW FKLL\Q W B R ZHRILVKSSRORLQJ U

ZKRVH VZLWFKLQJ IUHTXHQF\ LV W\SLFDOO\ EHW@HHQ N+] DQG 0+] 7KH VZLWFK
SRZHU VXSSO\ QRLVH PD\ EH LQMHFWHG LQWRGWIKWH FORFN VLJQDO OLQH DQG LW LV RI
VKRZQ LQ WKH OHIW ERWWRP JUDSK RI )LJXUH

2WKHU SHULRGLF MLWWHU VRXUFHV PD\ EHHVQRMHUIHUHQFHYV IURP GDWD RU FORFN OL
LQWHU PRGXODWLRQ SURGXFWY WKDW IDOQUI@WR3IWKH FORFN OLQH 6HH )LIJXUH $\
FRPSRQHQWY DSSHDU IDU DZD\ IURP WKH FOWRFMENDHI WRXH@QWVNUMN LV SUDFWLFDOO\ SRV
D EDQG SDVV o OWHU RU D ORZ SDVV oOWHU WR ¥KBQUHVV WKHP +RZHYHU LW LV D
SHULRGLF MLWWHU IDOOV FORVH WR FORFNX IUHTXH@QFLEMFDXVH KLJK 4 o OWHUV DW |
DUH QRW YHU\ DYDLODEOH $OVR D FORFN GLMWHYFADQ DGG EURDGEDQG QRLVH WR
FORFN ZKLFK FRXOG UHVXOW LQ LQFUHDVHG 5- RI WKH RXWSXW FORFN VLJQDO

:KHQ GLDJQRVLQJ SUREOHPV \RX VKRXOG FWOEFDPWHRARXW &RFN MLWWHU RQ WKH SK
WKH FLUFXLW DQG RU XQGHU WKH RSHUDWLQJ FRQGLWLRQYV

PJ Interference from Rx clock Master clock (100 MHz) Master clock RJ
to master clock random noise

Rx clock — 125 MHz

Rx clock — 62.5 MHz

PJ Interference from Tx clock Switching noise PJ
to Rx clock from DC power line

Tx clock — 1250 MHz
Example of physical layout

#1 | paesqmey | PaGRcomposton
etttk | LGOI B

JLIXUH -LWWHU VRXUFHV LQ WKH UHDO ZRUOG
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Characterizing clock jitter using the phase noise
measurement technique

7TKRURXJK DQDO\VLV RI D FORFN VLIJQDO UHKIKDOQHRQBP®EHR VHFRQG DFFXUDF\ ZKLF
DFKLHYHG XVLQJ D SKDVH QRLVH PHDVXUHPNQWRWHREHM WAR 3KDVH QRLVH DQDO\VL
NH\ PHDVXUHPHQWY SKDVRE \3SHFQ\GU B RDZHOAYRIMHBK KDUERU

all the phase information of the clock up to the limit of the phase noise measunment

EDQGZLGWK

7ZR LPSRUWDQW JRDOV FDQ EH DFKLHYHG E\ DQDOVMWQJ 5- RQ D SKDVH QRLVH DQDO\]
E\ LQWHJUDWLQJ WKH 5- VSHFWUXP WKH ZL@WKXLRWWKEHXMWRRWHVSRQGLQJ 5- *DXVVLD

LV HHIWUDFWHG ZLWKLQ WKH EDQGZLGWK RIIISQWBQHWHW 6HFRQG WKH PDMRU FDXVHYV
LVRODWHG E\ DQDO\V]LQJ WKH SRBHWBLNHUYLHXYUBHHKDYLRU RI1 6

3- FRPSRQHQWY DUH REVHUYHG DV VSXUV RQ WKIHWKXKD¥H QRLVH VSHFWUXP .QRZOHG
FRPSRQHQWYV LQ IUHTXHQF\ LV D WHUUL0 F KHOSURY RUDJQRVLQJ SUREOHPV B5HIHUUL
HDFK 3- FRPSRQHQW LQ IUHTXHQF\ ZLOO DOVREHIHDRFK XQGHUVWDQG WKH FRQWULE:
3- FRPSRQHQW WR WKH WRWDO FORFN MLWWHHKHDERVZIL@J \RX WR GHWHUPLQH ZKDW ¢

<

MLWWHU KDV EHFRPH D PDMRU 3- FRPSRQHQW DQG QHHGV WR EH UHPRYHG 6HH )LJXU

JLIJXUH $QDO\]LQJ 5- RQ D SKDVH QRLVH PHDVXUHPHQW V LQ IUHTXHQRURQ DBSRKRWERMRLQW PHDVXU
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SHDO WLPH MLWWHU PHDVXUHPHQW XVLQJ WKH DGY
DUFKLWHFWXUH RI WKH ( % 66%

8QOLNH WKH WUDGLWLRQDO MLWWHU PHDWUWRHQW SDWRIGLIPUM KH ( % 66% ZL
RITHUV UHDO WLPH MLWWHU DQDO\VLV RNSKDAHQWLNPISKHRDV BUHPHQWY 7KH L

using a reference source method. It automatically detects the clock frguency and tunes a

EXLOW LQ UHIHUHQFH VRXUFH WR WKH FORF ND QG WXHHIF L WOQPMBPYWWUMHWZ PLOOLVHFRQG
WKH QRLVH VLIQDO FRPLQJ RXW Rl WKH SKDVWVH@HWHRPWRBRQDZKYL.OH PDLQWDLQLQJ 3// 7K
DUH FDSWXUHG DW 06D V ZLWK DQ DQDOREIOWRIAHAIWRDO PRRPYHUWHU $'& HQD
MLWWHU EDQGZLGWK PHDVXUHPHQWYV IDPUWPRDWHBQ W)LPHRDVEWDUQIHQI WUDQV
IUHTXHQF\ GRPDLQ GDWD WKLV GUDPDWLFDO®OHDPS URVYHYVY WKH VSHHG RI WKH PHDVXU
H[DPSOH LW WDNHV RQO\ VHFRQG SHU PHDVXUHIRHQW IURP N+] WR 0+] EDQGZLGW

Built-in Digitally controlled
reference source PLL and real-time FFT

NCoreIation

S (f)Nleas

S (Msystemz Cross-correlation technique

S (fhefj" S (f)Refj*S (f)Systemj.' S (f)SystemJ

\' NCoreIation

J)LIXUH ([DPSOH RI FDEOH FRQQHFWLRQ ZLWK WZR ( $ WHVW VHWYV

S (MeassS (purt

8QSUHFHGHQWHG ORZ MLWWHU QRLVH pRRU ZLWK
cross-correlation technique

7TKH ( % MLWWHU PHDVXUHPHQW UHVROXQ\DLGR@\ DRE QRIS AU DUH H[FHSWLR

RQ WKH RUGHU RI D IHZ IHPWR VHFRQGV RI 5- QRLVH pRRU DW D *ESV UDWH $ W\SLFD
SHUIRUPDQFH UHDO WLPH RU VDPSOLQ)pRRMFDEBRHWFR@GMH KDV D MLWWHU QRLVH
KXQGUHG IHPWR VHFRQGY GXH WR WKH OLPLWHGNGYPIORLF UDQJH RI WKH $'& DQG WKH U
ODUJH UHVLGXDO MLWWHU RI LWV LQWHUQD tHWHWHPHQEFFIHVWLPH EDVH 7KH ( % KDV D -
DQG PDLQWDLQV ZLGH G\QDPLF UDQJH E\ GHWHHWLQ@DBEKBVH QRLVH DW EDVHEDQG ZKH
FDUULHU VLJQDO LV FDQFHOOHG RXW 7KH ( UHRPHGY FDLP HMWHQG WKH MLWWHU PHDVX
WR EHORZ WKH UHVLGXDO MLWWHU RI LWV LQRWWHIHDIOWWRO®H EDVH E\ XVLQJ D XQLTXH FLU
WHFKQLTXH EHWZHHQ WZR LQGHSHQGHQW LQWKUKDO PHOMXUHPHQW FKDQQHOV 6HH )
WKLV FURVV FRUUHODWLRQ WHFKQLTXH WYXHORZHY BMEWMNU\WQRLWR WLPH

pRRU FRPSDUHG WR WRGD\jV KLJK SHUIRUPDQFH RVFLOORVFRSHV 6HH )LIJXUH

Oscilloscope

E5052B SSA

10 pul 100 pUI 1mu 10 mul o1ul

> RJ

JLIXUH 8OWLPDWH MLWWHU QRLVH pRRU ZLWK FURVV FRUUHODWLRQ WHFKQLT
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(PXODWH 3// UHVSRQVH LQ UHDO WLPH

J)LIXUH VKRZV DQ H[DPSOH RI WKH HIITHFW RI FW/OQWHVSRQVH IXQFWLRQ DSSOLHG GL
WR WKH SKDVH QRLVH VLJQDO RI D UHIHUHQFH FWWKHN <RX FDQ VHH KRZ GLIITHUHQW S
VSHFWUD DUH VXSSUHVVHG WKLV DOORZWRERX RVR DHQODHOAPHQWKH MLWWHU WUDQVIHU |
WR WKH DSSOLFDWLRQ 7KH ( %jV UHD O/ W PRI WXWHPHQOWQ@DO\VLY RI SKDVH QRL

VSHHGV XS \RXU GHVLJQ SURFHVV $Q\ 3// UHVSRBGVH IXQFWLRQV FDQ EH LPSRUWHG W

( % 66% HQDEOLQJ \RX WR HPXODWH WKH MHMWWHGOHNYUBRVIHU IXQFWLRQ IURP GHYL
YHU\ HDVLO\ DQG TXLFNO\

% 15t Order HPF

\

Without PLL response

% 15t Order HPF

¥~ Wwith PLL response

JLIXUH (PXODWLRQ RI WKH 3// UHVSRQVH

6 XPPDU\

For high-speed serial data applications the primary goal of clock-jiter analysis is to

GHWHUPLQH WKH HITHFW WKDW WKH MLWWHUURUDWKIR (IRHIWKHQFH FORFN KDV RQ WKH [
V\VWHP 7KH PRVW DFFXUDWH DSSURDFK LV WRPBBW\FWKH WUDQVIHU IXQFWLRQV RI \
WUDQVPLWWHU DQG UHFHLYHU IRU WKH IXKSSOHVNBXWWRQ WROWKN FORFN DQG PHDVXUH
5- DQG 3- ( $ SUHFLVLRQ FORFN MLWWHU DQDO6BBY VRIWZDUH UXQQLQJ RQ WKH (
changes the traditional jitter measurement paradigm. It not only offes thorough analysis

RI \RXU FORFN MLWWHU ZLWK IHPWR VHFRQBI XNWRMDX® LRQ EXW DOVR LPSURYHV HDV
UHDOWLPH MLWWHU DQDO\VLY KHOSLQJ \RKRHAMSHHG XS WKH GHVLJQ YHULOFDWLRQ SU
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