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Abstract

With the ever increasing clock frequency and
integration level of CMOS circuits, I/O(input/output)
and interconnect issues are becoming a growing
concern. In this thesis, we propose the 25Gbps high
speed input driver. This driver consists of four
different blocks, which are the high speed serializer ,
PECL(pseudo emitter coupled logic) Line Driver,
PLL(phase lock loop) and pre-emphasis signal
generator. The proposed pre-emphasis block will
compensate the high frequency components of the
25Ghbps data signal. Using the pre-emphasis block, we
can obtain 2.5Gbps data signal with differential peak to
peak voltage about 900 mV,-, This driver structure is
on fabrication in 2.5v/0.25um lpoly, 5Smetal CMOS

process.
L &
A7 4458 wolmaz Tz AAY 28 FIAFE
o]l 1GhzE golMz gen, F7143Az AEHE
DRAMS FAE A A 256Mbitel o223 gt} stA gt
ol@A Zr RFo g dAol EREAA ol FolAE
Rol vldlel, REE Fog o|Fojx Axd9
AFe AiHes fHEolx e AHlolct A
FHAAN vlelazzz AN F7AFE Aol Hr

Age & AlgsHE 299 Hu FH4E 133Mhz
ol o) z+ RZol wgo| ¢ o)A Alxde W
2 olojx 7] oifrle A& oujst: ook uwebA,
ol2|g EAE sy AdME ndoz FAIE
2 BBz A% 2AY £ g Axd AU
9 AZ1H HAsL Basly, ol HAF A ¥
W, Fed e WA, AZAY Wy, 233 gl
2 E7ge A n st AaFHA HAk £ =F
M 25Gbps 9o £E2 HoEE Afste 14 =
oWl AMAdnA Ik ;& =olwe FAL
parallel to serial€ X @8l Serializer 853 X% ¢
AFg AES BASE Pre—emphasis A% A7
9 PECL(pseudo emitter coupled logic) Line =2}o]
W g3 oEYAHMulti Phase) PLLE 2 A +4
Hol gt

=

1. & =goluje] Aqk
2.1 HA4ak

211 B HFZE(Current Mode) A%

- 53 -



20014 CHEHNXIZEE| siAiSeretatis] =28 M243 Az

d27 98§ wAoth ARRE AFHAL AFD
o Mgy FLogRyg Z £9 Yudad d8 A
2o g #FHE ZEev sade Termination A
3 gte Az duda Zoh F2 oz Fn, o9
zZe& FzZ #¥ Temination T+Ze 37% I
slzxel FEWYE Open DraindS %ol A4}
Ed 2910lA B0l AfdAe NMOSH s
AFFe 2A3A Receiver FAXE=2] Swing AY
o] MFFH termination AFHe F(V=I-Rr)eZ
AR E deleltt

Transmitter

2% 1. Open Drain¥d AFEZ AFH2

2.1.1 AC Couled B%84]

AC Coupled A5 4o AL Mz & 39 A4
2 AME3le] F X Aol AlE AYS ¥ 9 T4 F
ZZke] FF F4] Volte] Aoz AF EAE &
AstnA A5G FAG Apolg o= F Fo DC
Blocking A#MAEHE 232 4439 DC Ay A
2g A9t Faojrt. o] WHE AEII] AHA
E 2 AR F% "L AF7 A gAY
DC &A-& WAsl7] $15te] DC-Balanced (13 09
ME7b & 4dE) sl 33, & Termination
A Fad2 dZ% Coupling AMANEHE FAHSHE
High Pass Filter9] A% F3}4=(Cutoff Frequency)®
gx Aze Mg e Fg AJRo] o Folopwt A
F$HM2E F3 Agdde Aot ol HHioq Az
g 37 Ad vlg Yo A& UEF3}EE Coding
st} Aol sted AA HF wel AMEHE
Coding®l 2 2+ 8b/10b Coding#4]e] Ur}.

22 =gtolvie] 13

2.2.1 PECL(Pseudo Emitter Coupled Logic)
PECL(Pseudo Emitter Coupled Logic) Line Z&o]

HE Open = T2 AFTFEWALE 2 ¢

YAze) Wste] MA W Fe 2YEY &
S3o] sbseitts FelN WA 1& SgolH Bol

AHEE S ot 71Ee] wel e ERALHE o|FF
ECL Logicol & ¥ 3ol 7hssttte AHdE CMOSH
H4d Ao FHo| fol3u A&KFHL FE AR
o] 7dol shestA & ol PECL 7x9 =g
olW iz oteho zy2et Fo] THHATH

TXN TXP
Vblas

MN3

219 2. PECL Line =gtolH

222 113 Serializer A A

Multiplexing A% @9 T2 AFZF9 o)
A& ARES ALD AAL old Ax
Folgt FIA7IEZ o] BES AT UrA
, ol& So] PLL 2 8b/10b Encoders 3 2

G2 Fagd A FAA Fr2 dYF
#HA238 stgch o2 93] Paralleldt ¥& &
54 o83l 49| Serial AEZE AFJAAFE
Serializer7t MR &A HACH A FxE 293
# 2ol PMOS Load¥s} NMOS Switchd oz 4
"}, PMOS Load®2 ground2 HAHol &4 Tum
On =22 Z¥do] 34 High® Charged o] tow,
olmf o}zf NMOS Switch@e] 4ZFAZo] wet &9
ool et AA = dEelth

A

> to it B of ol
flo -
o %

}0{4

Data out Eml
[ pre_]

CIko, CIK1 cik3 CIk3 Cik5 L Ciké
LN oy i
t:ngI cmi{ .. _cu:g{ L2 ik ngo
Datag  Data1 Datag Datag ta1l Datad
S e O

a9 3. 71&9 14 Serializer 7

25GbpsAZE el 29 PLLAIA A== 250Mhz9 10
A8 ClockE o] 247} 400 pico?} Delay® Z3 ¢ ¥s
&, ol ANE 2eldd 1949 FFAAN BRo
Clock0 9 Clock4 7} B A9l High?l F-te] 400p% <t

- 54 -



AMcH AHUR 2 5GbpsE T =2lojy

A7 A g} o)et FAle]l DataOol High A1Z7F 949
=¥ 3709] NMOS Switch@e] 2% Tum OnH ==
HighZ Charge ¥} 8l Data Out =7} Discharge
Ho] 09 AEHES A Hu ¥z @ ==¥ Highd
BEI7E fAH 19 dHE ZA foh spAskAE
Clockl®@} Clock59] 7+l A Datalé] ele] uwtel &
el 2AH FYF d8lz oA Data2®H
Datad7t#12] A& 9] 400pico TESL 1 £ 09
2HE ZA HE=zZ AFAHo =2 400picod Alteith
A% A Differential dlol€l7} Yo+ 25Gbps M3%
AN He Aol

4——— 4n/s
CKO
CK 1 400;_!] T | I - |

CK4L_—_£ I_I L
CKS5 | : l |

CKQI E I I I

a3 4. Serializer 8 3%

ol AAJME ol 7|E9 Serializer TXE ¢
7t ¥¥3le PECL Line =gtoluiel i3 o2 25Ghps
o] Full Swing A%& <JFstuzx 7)&E 34
Serializer? XA #A7F HAD 394 NMOS
Switch@ & 2922 £t & 3dd AND =3 3
25 A3 FAY High?l 400Picod TF3rolAgh
High 2158 9=& & ol o224 Data HEo|
2% g @ WA 7 FA HE £¥9 Swing
£ Full Swing 432 FH377t &84 HA.

cing Cke
CIKA Data out h Data out
- CK1 =
CIKL = .
CIKS

CK2
CIK2

I'— K9

ax

CIK6

CKO cK1 CK9 Cl
'

_I
) an un:; qu

}_CK1 l’_CKD

oooﬂ

*__;-s }_n—-:"-n r_DT.»

k3
ClRY

.

a3 5 A¥A Serializer +2&

2.2.3 Pre-emphasis 48 N3 @7 A7

2& Az} AEA VR A& A9 FEelAE

E 4 A nFEm dEe 2 diyol A
oAl Bk, nEs GEe AEsE 7 Bol 2ol
= Rising Edge$} Falling Edgef29 ANZEo]
Packagett AEHE EXo o3 ZH=o] FAG
dAe] A3 Edo] AYE o|FoJx|x R A =Hiz
Zojr, ojgt & S WA E A Pre-emphasis
£ & Equalization® & Wo] A&z gley, §
Zd & o)s} 2L Pre-emphasis Y} Equalization &2
S Asgel THFLEZR FAGE o BEEA T
Atz ot B =FdAE 7]&9 Pre-emphasis 9
g8 B FIHoz AME FH22A Qe
pre-emphasis YJZPAE FA7] F2E ALt

P1

150P - 200P Emp

N3
L
N1 '1 D

19 6. Pre—emphasis A& A7) 32

N4

ol J2& ¥ dlolg Mz nFa JEo] Bo
Rising Edge®¥-#olA 9o Az £48 7etslef A5
vg BRAH Fna adedllAet gl LowolA
High29] A o]Al High® Pre-emphasis A& TAA
2. 98 dHolE DI} LowelA HighZ Aold o,
Nle] 9% 9gx=i= 82 High7} HAI% N29o ¢
2wz 3 U5 Delaydel 150p~200p3 =9 Delay A13F
A 7189 g FX8HA ok o] 150p~200p% <t DO
9] High 4157 N2& OnAlA N2¢9 9% xze] Low A3
o 93 Pl EAAAEI} Tumn on Hol 2 A2 2y
T emp’} Highd] ez =74 fch ogez  150p ~
200p2] Delay¥<l 938 High 437} N2& AA Pl E#RX
2EE Off AI71A = o} FAldl Nlo| OnHeol 4F
High 43e] 2% N34 Tum Ondl 938 3 =c7}
LowZ QoA A "tk UHAE7} A%3e] Highdl +3t
Fqolls 2857t Lowdl FEHE FA52 kst oA
93 237 HigholAl LowE Aol7} 5@ N3o| Off 5

v ooja} JHAI Lows WAMEA DI &9 High
o 9% Ndo] On Hol 23 %EE A&3sle Low o 4
HE fAAA gk s R A3 LowR e
¢ Ndofl 23] Lowe] izt f-xdeh o224 27t
AskE 9¥AES Lowolr High2e Ho|Al Highol
Pre-emphasis 4138 4% & d& Aol

o e

- 55 -



20014 T CHetmiXbzEts| stAlSEstecisl =28 M243 ME

2odde doJM A4AdZ= HSPICEAAM AFs
10cmZ ¢ 9] 0.1n DelayE ZE Lossless AFAZ
ALEE AL, #7IAY AFAZeAd 74 71*‘41*]
B AES 1#ste 10 Picod AHAIHE 2
A9 Terminationg 3 HE$oH} FA °o*‘?_¥°ﬂ
8 50 Ohm& 9ol Off Chip Termination stgqo™,
AAZ o] AYEL Chip %o T+EE Aot

o e

vdd Vit

—
—]

-l- WW 1
4

A

WW '
VW —

4
50 Ohme 50 Ohr

Ww

0.1n / 10cm

—HF—
o s S |

10 pico

10 plcq‘[r
| T3 pece fpPre-
Line Driver| emp

gmphasi

—H

PLL Serles

to
Paraliel
Recelver

10
phase
250MHz
outputs

gen_CLK (32MHz}

a7, 24y vy

0en e gy vy

24Y 8 =2toly &9 ¥

298 d9e dole el diste dojz Asd
ol A 2 A% A (Differential Voltage) VepZk A F3
olt}, Pre-emphasis A& 9% AFHEL < 18mA
AEYE £ # vk 7+8E Serial to Parallel #3%
2 A% ANF9 HAX 100mVoladeld #AAF F
3= 10742l Sense-amp®E FAHEZEZ 1Y8e HEF

B3 o] 550mVeldel VepR FATAA dHolEs F
s BH4¥ £ AU A€ dHolHe Eye
Diagrame AZd 3 49 AHE T3 2z ¥o

V. 2&

=7 A& 25GhbpsH 4AE HEE A% 14 =

olE AA3td Bt} PECL 'T‘ZE-J Line =&olH &
AEst n&FAo] 5 EE Yo, ol A
Pre-emphasis B2& A &3t RFAHELY FAHE B
Asigch. 23 9A47= PLLE 7les g o
o 32MHz¢ 99 FH5E o4t 500MHze &%
Fo4E BEDL o)F oA 28Fs59 250MHzY 50%
duty® 7M€ €& 28Nt A MOSISel Al )
F3lE 02um 1Poly-5Metal TSMC A9 3 #Az2&
98 39 e Post-Layout AlEd oA E 53 24y
A3 F 52F AFFL pre-emphasis 722 L3849
S A dFHOoZ 0mA AEY BFF FAG I
4 HIAX(VopZt 4 550mVelz g 1vAze A3}
2 2 4 I goeze dFUYgozE of#d Aot
& ¥ Serializer 7% Pre-emphasis 7%9 Zd& #F
dua TN A AEE 53 VO =etol e AYA
2 2 4 J35deY Eye Diagram$ F&lE 1, of
2 @A 483 H9 Y= o8 14 /O Stelret v
= B g,

F (== Reference)

nzt'
qn

[1] Hormoz Djahanshahi, Flemming Hansen, and C. Andre
T. Salama, Gigabit-per-Second, ECL-Compatible I/O
Interface in 0.35-um CMOS", IEEE Journal of
Solid-State Circuit, vol.34, No 8, August 1999.

[2] B. Nikolic, V. Oklobdzija, V. Stojanovic, W. Jia, J. Chiy,
and M. Leung, “Improved Sense-Amplifier-Based
Flip-Flop: Design and Measurements,” IEEE J.
Solid-State Circuits, vol. 35, No. 6, 876 (2000).

[3] Kyeongho Lee, Sungjoon Kim, Gijun Ahn,
Deog-Kyoon Jeong, "A CMOS Serial Link for
Fully Duplexed Data Communication” IEEE Journal
of Solid-State Circuit, vol. 30, No 4, April 1995.

[4] Sudha Nagavarapu Arthi N. Iyer, Dr Rabdall L.
Geiger, "A 1.0625 Gbps PECL  Line Driver”
IEEE , 1997.

[5] D. Pendery, J. Eunice, "InfiniBand Architecture,”
Research Note, www.illuminata.com (2000).

- 56 -



