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R A5 A (serial ) 1% 3% B iy & % #rEBUR (%
#u#y 3.7) X (parallel) 1F3% ki A R
PR o & E T 5 iR AR E (Jo © Gigabit
Ethernet  Infiniband ~ 3GIO ~ SONET % ) #1
%48 & % #backplane 7 A & & A # gigabit
/O buffer ¥ R13:X M & 2 AR K6 ¥ - & 5%
BT HIC/A £ § & 49BER (bit-errorrate )
BARER B AE B3R E A 8K ey AR
BF R AF B A AR THEAE K E 4 & FifE
Ao BHb BEAELEEERERKET A
3R 3R 32 te gigabit transceiver 8 3 T A T =
PRty P RE - 38 F3T 8 F 0 HRAVAF &F
¥ gigibit /O transceiver®jjitter testing®e H
— B FT LA 2 ARGR] SRR A B 7T R M R
I M ERRBRAZTRAMAEES
( transmitter ) Ff & 4 &Y jitter $2 H: )it 5B 89

jitter tolerance °
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S5 B % #HE AR #HEHEL A
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The rapid deployment of gigabit I/O
buffers for key communication standards, for
exmple, Gigabit Ethemet, Infiniband, 3GIO,
and SONET, as well as for high bandwidth

system backplanes presents several
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challenges for testing. Testing these ICs
requires expensive stand-alone bit-error-rate
(BER) test sets. Cost and excessive test time
make this approach impossible for volume
production. In this project, we intend to
provide a low-cost DfT technique for the jitter
testing of gigibit I/O transceiver. The goal is
to measure the generated jitter at the
transmitter output and the jitter tolerance at

the receiver input.
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Retimed#% &9 & 3% Z B R FAT 894 KX -

FERRER B B 5 T 7{F % o3 b
& FE4E A (4o * optical fiber ~ copper wires
E)BEMERB BRI OERS - A T HER
H Yk Ae 8 AR (data stream ) P 2 ECH
B AR HU5E 30 #E DABRAT BOR AR X am AT B A 8
jittersk B/ N — AR 0 T e Wam R 54 JR RE A
B o % % 3 SR XA A PR E A edjitter ©
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Line
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frame
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recovery input
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B AR 2R P P BT L RAER T BoRHE
FHA R &8 X B % iR 8 3AE (4w Gigabit
Ethernet ~ Infiniband ~ 3GIO ~ SONET % ) #1
548 & % #ibackplaneFi K & 1& A 89 gigabit
/O buffer¥ 83X M = 47 A& K 8998 (&
— ) :

a. HBRFINAGEZET TALE25
Gbhism B M EFERZ T - 5 >
ATE (Automatic Test Equipment )
BEE B HE1999F 4 I NBE A1

Gb/sE RIAE /1 6437 4 &

F- 51 R AR By 70 A e o 45 A B AR
=48 B E 8 AR (data stream )
g6y BE AR BER 0 IR B IR AR K BY
timing ¥ clocking 3% #7 LA &L 4~ B Bk =)
18 tlatency % £ ~ AL ¥ (phase
alignment ) #2frame alignment ° i% 4k
EHARIEAATEL TR -

—#& @ E > £2FHIMI (differential
signal ) Rte#F £ & +E 2 &7 H
millivolt#) 5 E (4w : Firewire A %
118 mV - Firewire B 4200 mV -~
SONET OC-48 %30 mV ) &% B A
ATE driverty M A $0 B

% $2.5 Gb/s#LVDS buffer £ & 18 £
1002400 mV &9 36 [ - 22K K340
& b 2 35 3% 3t BT 3k /) 89 overdrive &
& % RAFAL150 mVAA > ErgEHIR
AR 250 mV peak-to-peak & 3 5%
115 7 — K& °

Differential timing skew & — 8 1R &
Z o8y M A& o f£ SONET ~ Gigabit
Ehternet ~ Fiber Channel ¥ 4% % J >
% 3158 84 X 42 2 (cross-over point )
1 A GF 8950% X 45 Bb oY 1R £5 5L 4B )N
H20—25 ps ° R dftest fixturedd &
& $rise/fall time &y mismatch > £ | T
¥ 8 skew 3E /N 7 K2R 47 ATE &9
edge-placement-accuracy( X # & 80
ps) °



YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM > Prici (nm) 130 115 100 90 80 70 65
MPU / ASIC ¥ Prrci (nm) 150 130 107 90 80 70 65
MPU PRINTED GATE LENGTH (nm) 90 75 65 53 45 40 35
MPU PHYSICAL GATE LENGTH (nm) 65 53 45 37 32 28 25
High-performance-level serial transceivers
Serial data rate (Gbits/s) 10
Maximum reference clock speed (MHz) 667
High-integration-level backplane and computer I/O
Serial data rate (Gbits/s) Production 2.5

Introduction 3.125
Maximum port count at Production frequencies 20

at Introduction frequencies —

Maximum reference clock speed (MHz) 166

Production

Introduction —
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FALL B e R R — AR A A
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TR/ RA B IRA AR AN A BT EX
— R BRAT AL THME SR ET X
R AN TN —ARIR o 2R T > A EP
BARKFELRESH (REk— > 4 ps
resolution > hundred millivolt voltage swing *
differential signal ) ¥} gigibit transceiver & =
RIS W AT TR

feie BT3P o RAVEIR G — 87T
F % % 1K gigibit /O transceiver B jitter
testing R 2 AR A 69 7T R 2R R ST F AT o BB T
Bl R 8 E B Re A eF

a. BRMEE B AT E & ehjitter o

B E K (ITRSO1)

2R A% Y B BYjitter tolerance ©

W BE
BTEFHENEZBENATR AT
F % % 1K gigibit /O transceiver B9 jitter
testing /8] 3X A A 89 TR R MR s RoHT o &
gigabit transceiver &9 7 ] s M 3K 3 BT
@ > B Al BA W #& pseudo-random pattern
analyzer #J
loop-back testing (4= @ [YeGu99) ) #%
E#d e B = A—EEOBMSE - b— K
oW 4E B A % 1 3 & v AN PRBS

(pseudo-random bit sequence) generator * BER

generation ¥ bit-error rate

(bit error rate) analyzer > Mux ( % T %)
#iDeMux (## % T %) £ F DT TR M
ghER (S P93} ) &loop-back * SLEEAETT UE
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b B M R AR AT jitter ¥ jitter
tolerance ¥ & & 5ty F A ©
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— MW#EPBRS#BER analyzer&iloop-back B #& B34 47 (LaCa01 )

sbF3t B 7 45 R 69 DIT 2 R iT .45
B AR 5 AT E A 69 jitter BT SRR B i
% jitter tolerance &) 4% 47 - A iE b B &Y > &AM
48 % 7 jitter generation “jitter injection #jitter
measurement#) T & o B = & { AR B9
gigabit transceiver DIfTZE A% o f£ Af lm AN B
DFTE® ¥ (K &34y ) ° multi-purpose
pattern generator * reconfigurable buffer #1
noise source #) B &9 % & A& 3 I B jitter
tolerance testingFf B &9jittered bit stream
jitter analyzer A F 2R & B 45 3% 3% A7 & A& 89
jitter o 4o gk > B T 1% 4 #Yloop-back 7 #E ] 3
gh > BB ZE HEbAE 15 jitter ¥Liitter tolerance ¥ &
F YR GIFTRE

a. & 1 A multi-purpose pattern

generator B X, /& R & PRBS
generator ° I T & 4 P A8 A A &)
pseudo random pattern?} > dbpattern
generator 42 7] LA B 4~ reconfigurable
buffer # 4 A7 48 % # DDJ ( data
dependent jitter ) °
b. Reconfigurable buffer&yzh st 2 (1)
A 3 AF B ) AT 2 AR B9 AR 18 3R
( [(LaCa01 ~ CaLa02) ) - & (2)

PAcombiner + limiting amplifier&j 7
% ( [(CaWe02) ) & % random 1
sinusoidal jitter °

c. Noise source #) %) & & & % random
noise ¥ sinusoidal signal A i %/ jitter
injection®) B &4 °

d. Jitter analyzer & —jitter &R T > 7T
LA4F Bl jitter 89 histogram °

A~ XRRARE

4£ (DaRo98 ) ¥ > YE# 42 #i — 18 Bunder

sampling B 4 A& 2 B 3 ik B H 18 i jitter &9

oy ik o FAR BE L T LA B s N8 TUAF B i v &
BRERIEFTHOEE - AR E M
FoAE IR AT T R B B EA M — £
B R Ly o 38 4k % R F3 0 Fa) 25 09 BRSE B A 0k
B A A MBARIR R © AT L RE R
% 0 B AT T djitterty 4R £ o sb kY
15 2542 7 1 B PR OB R R B R EE R By o
JBH — S# P triggers 3% °
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£ (SuR099 ] F Fif # #jitter & R B4
14 A B — vT % By delay linesk R i — 1B % #&
ot djitter LCDF curve £15.9% $284.1%
1825 thdelay £ £ > £ D43 5 Hjitter a9 42 %
# o $ (HuHu03] #97 7% 48k » [ SuR099 ]
JB F A8 5k B JR B AR B delay line °

£ [ DuSz00 )] % A7 4% H &y jitter
measurement4% #i71£ A vernier delay line ° %
AR LT AER R S M E - B4
vernier delay line#) & M & & K47 R § i
2] FRAb s mAEEL R K o 4 (ChRoO1 ) F >
HUBL—GRHEAEMAE  RET— 1@
component invariant & vernier delay line 2%
o BTy ke E B IRW] A Bk 09 RIRET R

[YaSo00]#2 & — 18 LAHilbert transform %
Kt YPLL jitter = 8] % % 3 4£[Yaso00+]F
LA ¥ A 89PowerPC ™ ATER3E o Fuif &8l
jitter & | F & A8 bb > BL AT VT BAALE B 43 69 )
HEFHN 32 g EHGER - Af > &
HHEEZBOERKATEN AR E » R
WADITER © £ (YaSo02) F » 14 & i
— % 2L [ YaSo00 ~ YaSo00+ ~ YaSo01 ) Ff
AR Ty vk By AR AR T DA T Bl

% jitter tolerance #9447 « 2K H 2 K89 B
RAARANEALE SR LR -

Z2[ChChO1]FF #2 4 & jitter & R 7 7k 2
& A jitter 89 £ R113 3% E AF ADCHY BF IR A3 5%
& #F —jitter-free 89 7% /% 12 SR B Ak © B ADCH#y
1B 64 546 7T R jitter 89 204 o B K B AR
A& EAL T jittersBl 2R a4 B A2 NB B 3R0K
12 9% = M B 69 ADC> & 7R 38 & B 3 A 7%
DIT& & -

£ (LaCa0l ~ CaLa02 ) > 1 42 th 2
passive filter R4t B FHME X 5L/ A7 3% Ak 89
DJ © # 2K 7T LA 2 FEARRIZR R A 0 4710 R R
i# A 7k 2R B A K Zhigh-speed serial port
BICZ A ERK o f£ [CaWe02] RIFRE T
i 4 jitter measurement ¥ jitter tolerance
measurement & ATE 22 # o H & - jitter
measurement #J & ¥ 3 K i@ 4 DIT ° jitter
injection &9 7 & R & A& F 3t F] F jitter

tolerance measurement3¥ 7 &9 Rkt -

NBRFE
AT 3306y B AR AR A 7 B3R gigabit
transceiver #jitter ¥jitter tolerance L% 4%
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jitter specification ¥ & 31 &9 & £ AT R R
Ve 23T & BBAAL BIIRIE -

fE A% @ 0 AP YL 4 M Fiber
Channel #j jitter measurement ¥#1 jitter
tolerance measurement &4 #.4& ¥2 48 B 649 7 %
R RV AT A R PEG e Bk > # b
HREAE T ER G RAE AT B E T
ATER IS R &R -

AERRE @ RMAB BT HRLE
A9CMOS A2 84 U AH A5 1 - 3 3 IR 95 818
TR 5 F B L MM R R &
HHERTHEERGER - T AT
BATRT TEIN BT ERAE AR B R
AWM E —F ey heBass -

"% BB ESEBE R EREY
LT EB BITAKRBE EE EHY
AE LA & h AR 6 I Ko LABRE -

+t - BRANR®
1. Jitter injection

A T RS RF 7IE B ey B o ey H
52 H (jitter tolerance ) * FKAVEBE T —
Bljitter injection®y T & > H FIB 4o B w

Vdd
3*9.83/0.1
Vo1

o o Sb B EE VT LA F AR E A AR A PR E R 8
jitter profile * #]4v : random jitter ~ periodic
jitter ~ KR F ey b o

B wey TR HEREAEME B amplitude
modulationi& af phase modulation° Amplitude
modulation /& 3 # 4 % — {8 inverter &y & 49
pull-down NMOS 5 3£ £, ° 4% 3 4 38 7~ 5] #¢ B

( Fstrength) #pull-downE 582 » B AT
L %] % — Binverter 8 3k A8y BB (I8
BF amplitude modulation ) > & stinverter®) &
JE T %85 H 38 i@ threshold voltage B4 B Fa] 2k
& 2K XKERMBEYE (phase
modulation ) °

2 T & B phase modulation®) & » HK A4
% — 1B inverter ) ¥y B 3w A — BB £ E
2o BABRMIER T ZULE F — Binverter
E A% tcross point ° A A HPMOSH) R
~F v K BA R 2V A A N B4 capacitance ¥ £ F
GEROBE -

A A7 A % pull-down NMOS 89
strengthBF % — Blinverter 89 & & & o T A
BA %8 49 & 4 amplitude modulation ¥ # T %
% P % A 8 phase modulation ° sbok > R
Ao PMOSH) B B > EA &G a4 R B R %
pull-down NMOS#) % % -

—l 9.83/0.1

Input cliik

_|
—| 3/0.1

Ou%t clock
:_E 400f F_l /0.1

bo —| W,/0.18 b, —| W/0.185***** b —I W,/0.18

™ Jitter injection & #-



N R4 B —Binverter 8y ¥y & 7] LAPA
B 64 & ) hu Njitter 9 S o

% Output of the first inverter

7~ Clock signal with injected jitter
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pull-down NMOS#Jtotal strength 2k #2 #jitter
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2. Jitter measurement

B £ ()5 KA Pr3x et thjitter R B %
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B—wm R may A S (&) RIB
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d-J RMS
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(cumulative distribution function) ° & & 53
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