v A 3 v A <] o < a a 1A o o o [
ﬂ']ﬁ'f)'f)ﬂllll‘]J'Nﬁ]ii]a@]LWﬁﬂ“ﬁllﬁgaﬂaﬂlwaﬂcﬁﬁﬂﬁn\lﬁj 10 ﬂﬂgﬂﬁﬁ'ﬂju’]ﬁﬁ']ﬁiﬂﬁﬂﬂﬁﬁﬂﬁ\i“ﬂ'\\ﬂlﬁ\?

=~ o a [
WeI5gNT 811WInTe

%mﬁwuﬁ'ﬁyﬂudmwﬁwmmiﬁﬂymmwé’nqmﬂ?ﬂmﬁmﬂiinmﬁmumﬂ'wﬁﬁ
animnssu i andrisanssuliih
AUZIAINTTUANAAT  JWIAINTBIUMIINGIAD

Umsdne 2549
ISBN 974-14-2568-6

a a & J a [
AUVFANTUDIYPWINNITIUHNUIINYIQY



A DESIGN OF A 10 GB/S MULTIPLEXER AND A DEMULTIPLEXER
FOR AN OPTICAL TRANSCEIVER

Mr.Weerayut Amphaiwikrai

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program .in Electrical Engineering
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2006
ISBN 974-14-2568-6

Copyright of Chulalongkorn University



fadeineniinus NIFRANUULMNARIRRINANTLARNARMANdN AT 10 Tinelia

Aatuafiamiuteasiudamnauas

Tae wiedsems 81lwand
#1117 Franssniviin
el
grastnEne $R9ANARTIAN3E ATanda Aanied

way oy o Ay as s ac e -5'
AnEAAAINssHANART Ainsansniiwninende R Whivdnantinudaduil

WudounilasanisAnmanundngasfsoyyruuniudio

ANURARLEIAINITHAART

(Aamsansd me.fisn andoudAs)
ANENTTHNTADLINENIN LS

!
ﬂlﬁﬂﬁ‘?lq’ﬁm“ﬁﬂm Uszs1ungsung

($99AIAAT19TTE 719 UIENIE QAT AL BN

: “‘-'\JN’V‘-” pnansELInE

(reaAransIansd ariands Aandadl)

nagunIg

(Hnapnansnanst ag. Juleiy 1)



Bsgms $IwAnFe : MseenuuLaamiaRindnduazitaRndndiiaansida 10 Anzdn
AadunidamIuteasfudannauas. (A DESIGN OF A 10 GB/S MULTIPLEXER AND A
DEMULTIPLEXER FOR AN OPTICAL TRANSCEIVER) . 13w : se.ns.1ond #an
mdl, 81 wn. ISBN 974-14-2568-6

Fnenfivudiiaueniseenuuunaniaimdnduasitafimdndiininmgs 10 finsiin
fesw¥ AunAsg e SONET niseanuunililageainansasuun MCML uazilssanoudiday
a9asdnuiivils Tﬁlﬂﬁﬁﬁikﬁﬂﬂ?ﬁﬁﬁiﬂﬂ’mﬁﬂﬁﬂuﬂﬁu douilsznauresnsasutiatanlaniy 3
doufie dwasiamwanddmnaneun 24, 29muand uarosanivied ﬁmﬂuﬁu&mﬁﬂu’fn
winldsznauflusassasidudugs wamirlddssgndidugaudsznaulifusssiudmauasla
nssenuuL AN TinusisnuLLdaenszUauneada TSMC 0.18 lulaswns Blsildnan
s34 TnefiuiiTiaarmsitlilsaumensasy desanns 0.0117 mssdiafwms s
usadlBeEs 1.8 Toad daglndaus i rurmmﬁﬂmmﬂﬂ'ﬂﬁmt’mwi 0.36 — 0.50 Taaet Tdaq
undeussiudyeyrcueantszana 0.4 Taad uasdssanEnanaaniafmanddny mﬂmmmﬁaa
s 41 wouliuilgs deasemniiadsznn 0.372 Taad, inaniswsrluaeeedyoyrouiafu 3
FAud fnaretuussaainiy 68.3 Alisud, drmisseamsuninsyanawindu 26.7 Al
Sund uasiusndanefosznn 1537 DaRdas ﬁmi*’mqq&*ﬁﬁﬂﬁmﬁﬂiﬁtutmmmwﬂqq
18 1:4 Saaandiuazaniaiu 66.2 flnAwni, Avmssnsintsunsnszanewiniy 68.0 Rin

-

Fu uazfundaatenlszuin 34.80 Hafons



##4770464821 : MAJOR ELECTRICAL ENGINEERING

KEY WORD : SONET / OPTICAL TRANSCEIVER / MULTIPLEXER / DELMULTIPLEXER /f MOS

CURRENT MODE LOGIC |
WEERAYUT AMPHAIWIKRAI . A DESIGN OF A 10 GB/S MULTIPLEXER AND A
DEMULTIPLEXER FOR AN OPTICAL TRAMSCEIVER , THESIS ADVISOR
ASSOC.PROF. EKACHAI LEELARASMEE, Ph.D., 81 pp, ISBN 974-14-2568-6

This thesis presents a design of a 10-Gb/s multiplexer and a demultiplexer
complying with SONET standard. The design uses an MCML structure and calculates with
first order circuit approximation, including resistor's capacitance. The circuit is composed of
three basic components, ke, a 211 multiglexer, a lateh and a buffer circuit, which can be
implemented to higher order circuits. The circuits can be applied as optical transceivers.
The integrated circuit, designed with & TSMC 0.18-lm technology, is not frabricated. Its
layout, excluding pad, has an area of 0.0117-mm". Experimental results show that the
circuits can operate at 1.8-V supply voltage with an input voltage swing from 0.38-V ta 0.50-
V. It has an output voltage swing of 0.4-V. The performance of the proposed 4:1 high speed
multiplexer has an eyed opening of 0.372-V, a jitter of 3-ps, a riseffall time of 68.3-ps, a
propagation delay of 26.7-ps and an average power consumption of 15.37-mW. The 1:4
high speed demultiplexer has a rise/fall time of 66.2-ps, a propagation delay of 68.0-ps and

an average power consumption of 15.37-mW.
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Tagh ¢ = Thermal voltage
N, = Channel doping concentration (1/cm’)
n, = Intrinsic carrier
k, = Boltzman constant (1.38 x 10°° J/K)
om = Temperature at which parameters are extracted (K)
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20 = Energy bandgap at temperature 7, .
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v A a Y =] . .
aunulszgninannmelsenounlen1dunUlszquey (Fringe Capacitance)

a 1 @ v 3 1
Lﬂﬂ’izﬁQNGU’O‘ULLazGD'ULﬁmmLaWIJlﬂuﬂizﬂizlmuﬂlum (Parallel-Plate Capacitance)
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A A
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Cwire = Cpp + cfringe (n-19)
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Cr=C, xArea (N-22)
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MANUHIN V.

TuaanszuIUMINan TSMC 0.18 lulasuns

MOSIS PARAMETRIC TEST RESULTS

RUN: T29B (MM_NON-EPI) VENDOR: TSMC
TECHNOLOGY: SCNO18

FEATURE SIZE: 0.18 microns

INTRODUCTION : This report contains the lot average results obtained by MOSIS
from measurements of MOSIS test structures on each wafer of
this fabrication lot. SPICE parameters obtained from similar
measurements on a selected wafer are also attached.

COMMENTS: DSCN6MO018_TSMC

TRANSISTOR PARAMETERS w/L N-CHANNEL P-CHANNEL UNITS
MINIMUM 0.27/0.18
Vth 0.51 -0.51 volts
SHORT 20.0/0.18
Idss 546 -256 UA/um
Vth 0.51 -0.51 volts
Vpt 4.8 -5.5 volts
WIDE 20.0/0.18
1dsO iLC[ -6.7 pA/um
LARGE 50/50
Vth 0.43 -0.42 volts
Vjbkd S -4.1 volts
1jik <50.0 <50.0 pA
Gamma (0.[53} 0.62 V~0.5
K* (Uo*Cox/2) 171.4 -34.7 UA/VN2
Low-Ffield Mobility 397.10 80.39 cmh2/V*s
COMMENTS : Poly bias varies with design technology. To account for mask and

etch bias use the appropriate value for the parameters XL and XW

in your SPICE model card.
Design Technology
SCN6M_DEEP (lambda=0.09)
thick oxide
TSMC18
thick oxide
SCN6M_SUBM (lambda=0.10)

thick oxide

.02

.03

.02

.02

.04

.07

.01

.01

.00

.00

.00

.00



FOX TRANSISTORS GATE

Vth Poly >6.6

<-6.

N+ACTIVE P+ACTIVE UNITS

6 volts

PROCESS PARAMETERS N+ACTV P+ACTV POLY N+BLK PLY+BLK MTL1 MTL2

Sheet Resistance 6.7 7.5 7.8

Contact Resistance 11.3 11.8 10.2

Gate Oxide Thickness 40

59.2 3

37.1 0.08 0.08

PROCESS PARAMETERS MTL3 POLY_HRI MTL4 MTL5 MTL6
Sheet Resistance 0.08 1929.0 0.08 0.08 0.03
Contact Resistance 11.97 17.82 23.86 26.28

COMMENTS: BLK is silicide block.

CAPACITANCE PARAMETERS N+ACTV P+ACTV  POLY M1 M2 M3 M4 M5 M6
Area (substrate) 971 1162 105 38 18 13 8 8 3
Area (N+active) 8526 53 19 13 11 9 8
Area (P+active) 8214
Area (poly) 63 16 10 7 5 4
Area (metall) 35 14 9 6 5
Area (metal2) 87 14 9 6
Area (metal3) 41 15 9
Area (metal4) 38 13
Area (metal5) 33
Area (no well) 138
Fringe (substrate) 258 203 -- 59 53 42 23 --

Fringe (poly)

Fringe (metall)

Fringe (metal2)

Fringe (metal3)

Fringe (metal4)

Fringe (metal5)

Overlap (N+active) 716

Overlap (P+active) 679

CIRCUIT PARAMETERS

Inverters K
Vinv 1.0 0.75
Vinv 1.5 0.79

Vol (100 uA) 2.0 0.08

53 34

53

UNITS

volts
volts

volts

66 38 28 23 20 17

22 19

35 27 22

53 35 28

55 35

57

6.59

N_WELL

925

UNITS
ohms/sq
ohms

angstrom

UNITS
ohms/sq

ohms

M5P N_WELL UNITS

1010
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aF/umn2

aF/umn2

aF/umn2

aF/um"2

aF/umn2

aF/umn2

aF/umn2

aF/umn2

aF/umn2

aF/umn2

aF/um

aF/um

aF/um

aF/um

aF/um

aF/um

aF/um

aF/um

aF/um



Voh (100 uA)

Vinv

Gain

Ring Oscillator Freq.
D1024 THK (31-stg,3.3V)
DIV1024 (31-stg,1.8V)
Ring Oscillator Power
D1024 THK (31-stg,3.3V)

DIV1024 (31-stg,1.8V)

COMMENTS: DEEP_SUBMICRON

2.0

2.0

2.0
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1.62 volts
0.83 volts

-24.39

291.97 MHz

359.22 MHz

0.07 uW/MHz/gate

0.02 uW/MHz/gate

T29B SPICE BSIM3 VERSION 3.1 PARAMETERS

SPICE 3f5 Level 8, Star-HSPICE Level 49, UTMOST Level 8

* DATE: Dec 9/02

* LOT: T29B

WAF: 6003

* Temperature_parameters=Defaul t

-MODEL CMOSN NMOS (

+VERSION = 3.1

+XJ = 1E-7

+K1 = 0.5873035
+K3B = 2.2736112
+DVTOW =0

+DVTO = 1.7838401
+U0 = 263.3294995
+UC = 5.204485E-11
+AGS = 0.4289385
+KETA = -0.0127717
+RDSW = 150

+WR =1

+XL = -2E-8

+DWB = 7.685893E-9
+CIT =0

+CDSCB =0

+DSUB = 0.0173531
+PDIBLC2 = 2.220529E-3
+PSCBE1 = 8.697563E9
+DELTA = 0.01

+PRT =0

TNOM

NCH

K2

wo

DVT1W

DVT1

UA

VSAT

BO

Al

PRWG

WINT

XW

VOFF

CDSC

ETAO

PCLM

PDIBLCB

PSCBE2

RSH

UTE

LEVEL = 49
27 TOX = 4E-9
2.3549E17 VTHO = 0.3627858
4.793052E-3 K3 = 1E-3
1E-7 NLX = 1.675684E-7
0 DvT2Ww =0
0.5354277 DVT2 = -1.243646E-3
-1.359749E-9 UB = 2.250116E-18
1.083427E5 AO =2
-6.378671E-9 B1 = -1E-7
5.347644E-4 A2 = 0.8370202
0.5 PRWB = -0.2
1.798714E-9 LINT = 7.631769E-9
-1E-8 DWG = -3.268901E-9
-0.0882278 NFACTOR = 2.5
2.4E-4 CbsCh =0
2.455162E-3 ETAB =1
0.7303352 PDIBLC1 = 0.2246297
-0.1 DROUT = 0.7685422
5E-10 PVAG =0
6.7 MOBMOD =1
-1.5 KT1 = -0.11



+KT1L =0

+UB1 = -7.61E-18
+WL =0

+WWN =1

+LLN =1

+LWL =0

+CGDO = 7.16E-10

+CJ = 9.725711E-4
+CISwW = 2.604808E-10
+CISWG = 3.3E-10

+CF =0

+PK2 = -4.920718E-4
+PUO = 24.2772783
+PVSAT = 1.680804E3

*

-MODEL CMOSP PMOS (

+VERSION = 3.1

+XJ = 1E-7

+K1 = 0.5499001
+K3B = 11.4951756
+DVTOW =0

+DVTO = 0.5449299
+U0 = 117.9612996
+UC = -1E-10

+AGS = 0.407511
+KETA = 0.0137171
+RDSW = 364.9443889
+WR =1

+XL = -2E-8

+DWB =.8.003075E-9
+CIT =0

+CDSCB =0

+DSUB = 0.4441401
+PDIBLC2 = 0.0209189
+PSCBE1 = 1.731161E9
+DELTA = 0.01

+PRT =0

+KT1L =0

KT2

uci

WLN

WWL

LW

CAPMOD

CGSO

PB

PBSW

PBSWG

PVTHO

WKETA

PUA

PETAO

TNOM

NCH

K2

WO

DVT1W

DVT1

UA

VSAT

BO

Al

PRWG

WINT

XW

VOFF

CDSC

ETAO

PCLM

PDIBLCB

PSCBE2

RSH

UTE

KT2

0.022

-5.6E-11

7.16E-10

0.7300537

0.4

0.4

4.289276E-4

6.938214E-4

9.138642E-11

2.44792E-6

27

4_.1589E17

0.0389453

1E-6

(0]

0.3160821

1.64867E-9

2E5

1.314603E-6

0.4610527

0.5

0

-1E-8

-0.1064646

2.4E-4

0.0141703

2.2364512

-9.568266E-4

5E-10

7.5

-1.5

0.022

UA1

AT

LL

LWN

XPART

CGBO

MJ

MISW

MJISWG

PRDSW

LKETA

PUB

PKETA

LEVEL

TOX

VTHO

K3

NLX

DVT2W

DVT2

UB

AO

Bl

A2

PRWB

LINT

DWG

NFACTOR

CDSCD

ETAB

PDIBLC1

DROUT

PVAG

MOBMOD

KT1

UA1

72

4_.31E-9
3.3E4

0

0

1

0.5

1E-12
0.365507
0.1

0.1
-4.2003751
-0.0118628
0

4 .537962E-5 )

49
4E-9
-0.4064886

0
9.143209E-8
0

0.1
1.165056E-21
1.7833459
5E-6
0.6597363
-0.1129203
2.007556E-8
-2.835566E-8
2

0

-0.0398356
9.167645E-4
9.976778E-4
14.337819

1

-0.11

4_.31E-9



+UB1

+WL

+WWN

+LLN

+LWL

+CGDO

+CJ

+CJISW

+CJISWG

+CF

+PK2

+PUO

+PVSAT

-7.61E-18

0

6.79E-10

1.176396E-3

2.135953E-10

4.22E-10

0

3.104478E-3

-2.3639825

-50

uci

WLN

WwL

LW

CAPMOD

CGSO

PB

PBSW

PBSWG

PVTHO

WKETA

PUA

PETAO

-5.6E-11

1

0

0

2

6.79E-10

0.8607121

0.6430918

0.6430918

4.364418E-3

0.0270296

-8.41675E-11

1E-4

AT

LL

LWN

XPART

CGBO

MJ

MJISW

MISWG

PRDSW

LKETA

PUB

PKETA

3.3E4

0.5

1E-12

0.4163285

0.2654457

0.2654457

4.4192048

2.038008E-3

1E-21

-1.444802E-3

)
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MANHIN A

Tlsunsuadsdraudagunendigns C++

#include <iostream>
#include <iomanips>
#include <fstreams>
#include <math.h>

//Define N shift register
#define N 31

//Define half Period of Signal
#define period 200e-12

//Define Rise/Fall Time
#define tr_f 60e-12
int main()

double 1i,3j,tmp;
double test New line_check;

//For N
int all

31
{1,1,1,1,1,1, 12087 0" a1 N UMD, Tl T il ,1,1,1,1,1,1};

double bit limit;

int a_temp;
double time_start,print_start,time_stop,print stop,time tmp;

double count;

//Initialize
test_New_line check=0;
tmp=0;

time_start
print_start
time_stop
print stop
time_tmp
count

rOOOOO

//Create File
std::cout << "PSRB_Sequence Software where 2°31 - 1 " << std::endl;
std::ofstream ofile("test.txt");
std::ofstream psrbfile("psrb seq.txt");
std::ofstream spfile("spice.txt") ;

//Total bit of PSRB
bit_limit=pow(2,N);

// bit 1imit=10240%*2;
?f (lofile.fail())

std::cout << "Writing to file..." << std::endl;

ofile << "These are PSRB Sequence >> 2™" << N << " =1" << std:

for (i=0; i<bit limit; i++)

//xor N=31 bit c31,c3
if (al31]==al3])
al0]l=0;
else

//shift register
for (j=0; j<N; Jj++)
al(int) (N-j)l=al(int) (N-j-1)];
//Print to test.txt and psrb_seq.txt
ofile << alo];
psrbfile << al0];

//Calculate to spice file

if (i>0)
if (a_temp == al[0])
count++;
else if (a_temp != al[0])

time start
print_start
time_stop

time tmp;
time_start+0.5*tr_f;
count*period+time_start;

:endl;
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time_stop-0.5*tr_f;

print_stop
time_stop;

time_tmp
count=1;

//convert and print to spice.txt
?f (a_temp==0)

spfile << "+"
<< std::scientific
<< print_start
<< " low,";

spfile << std::scientific
<< print_stop
<< " low,";

spfile << std::endl;

else if (a_temp==1)

file << "4"
<< std::scientific

<< print_start
<< " high,";
td::scientific

/ print stop
‘-ll.-.iig " high,";

:endl;

-
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A 10 Gb/s MCML Multiplexer / Demultiplexer
for High Speed Communication.

Weerayut Amphaiwikrai, Ekachai Leelalasmee and Boonchuay Suphmonchai

Dept.of Electrical Engineering, Chulalongkorn University, Phayathai Road, Patumwan, Bangkok, 10330, Thailand
47704648@student.netserv.chula.ac.th, Ekachai.L@chula.ac.th, Boonchuay.S@chula.ac.th

ABSTRACT

Design of a 10 Gb/s Multiplexer/Demultiplexer
circuit using MOS Current Mode Logic (MCML)
technique is proposed. The multiplexer circuit employs a
master latch and a master-slave latch instead of the
master-slave and master-slave-master latch which are
used in the conventional design. The demultiplexer circuit
is designed accordingly to match the proposed multiplexer.
Both circuits are simulated and verified using HSPICE
in a TSMC 0.18-um CMOS technology at the 10 Gb/s
data rate and 1.8-V supply voltage. The simulation shows
that both circuits consume power of about 10 and 12 m\W,
which are less than other previous designs.

Keywords: Multiplexer, Demultiplexer, MOS current
mode logic, High speed serial communication.

1. INTRODUCTION

At present, the serial data communication system can
operate at a data rate up to 10 Gb/s. The high speed
communication becomes more and more important
because of increasing data consumption and performance
of system (e.g., satellite and optical communication). The
integrated circuits at such high speed has been produced
in MESFETSs, GaAs, HBTs, InP, BiCMOS technology.
The power consumption of the ICs based on these
technologies, however, is very large because of high
supply voltage and large driving current [5-6].

Fig. 1 shows a typical structure of the high speed
serial data communication. At the sending end, the
multiplexer couples multiple inputs of low speed -data
stream into a single output of high speed serial data
stream, which is then injected into the media. At the
receiving end, the demultiplexer receives the high speed
serial data stream from the media and decouples it into as
many low speed data streams as there are on the sending
sides. The operation of the demultiplexer normally
requires the clock extracted and regenerated from the data
stream for synchronization.

nl o—- ——ao I
N2 o— —a0 112
D3 o— 2 C ——o 133
= [Multiphever =0 Beia D] Demabtipleses | »
H .
Dn o— —0 [
UK o— ——0 (K

Fig.1: Multiplexer and Demultiplexer Diagram.

In this work we use CMOS technology because of its
low power consumption and low cost. We propose a
novel design of high speed multiplexer using master latch
and master-slave latch instead of master-slave latch and
master-slave-master latch in typical designs to decrease
power consumption and save area.

2. MOS CURRENT MODE LOGIC (MCML)

MCML [1] consists of three main components: pull-
up network, pull-down network, and current source. The
pull-up network can be implemented using either resistors
or active PMOS loads. The inputs to the pull-down
network as well as the outputs are fully differential logic.

A MCML inverter/buffer circuit, shown in Fig. 2,
operates on a steering current (lss), which flows only to
one side of the pull-up network (R). The outputs of the
circuit depend on a logic implemented by the pull-down
network. The voltage at an output reaches Vyq while the
other drops across load R, and vice versa. If the loads are
resistors, logic high will be at Vg and low at Vg - IssR.

MCML does not provide a rail to rail swing. In fact,
it has a lower swing than any other logic families. Low
swing is suitable for circuits operating at high speed,
which needs low rise/fall time and delay. With its reduced
swing, MCML also consumes less power.

hur-

A A2
Vi- &

O

Fig.2: MCML inverter/buffer circuit.

Design parameters of MCML circuits are delay (ty),
power consumption (P), voltage swing (AV), and DC
voltage gain (A,).

Using small signal model such as in Fig. 3, we can
approximate ty using first-order RC model to be,

t, =0.69RC @)
where C is the total load capacitance and is given by

C=Cyy +Cyy +C, )
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Fig.3: Inverter/buffer equivalent small-signal half-circuit.

MCML circuit consumes static power because of its
use of constant current source. The power is given by

P=1gVy 3)
When MCML operates at 2 GHz or higher, it consumes

less power than conventional CMOS. This can be verified
by HSPICE simulation in Fig. 4.
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Fig.4: Power consumption as a function of frequency

Voltage swing of MCML circuits is expressed as
AV = IR (4)

In practice, AV is not equal to IssR due to the effect of
leakage current on the other load side.

DC Voltage gain, defined at the voltage midswing, is
an important parameter in stability control and
regeneration of the MCML circuits. For the MCML
inverter/buffer circuit, the gain (Ay) is expressed as

A/ :gmlR:AV1 #ncox%lss (5)

where gm; is the transconductance of M1, u,-is the
electron mobility, C,, is the MOS-oxide capacitance; and
W,/L; is the ratio of the width to the length of M1.

3. High-Speed Multiplexer 2:1

A general structure of the high speed multiplexer 2:1
is shown in Fig. 5(a). It consists of a MCML master-slave
latch, a MCML master-slave-master latch, and a MCML
MUX 2:1. D1 and D2 are two in-phase differential 5-Gb/s
input signals. Latch pairs L1-L2 and L3-L4 work as flip-
flops for retiming data. Latch L5 is need to delay input
data for half clock cycle since MCML MUX 2:1 samples
D1 during clock high and D2 during clock low. The data
streams are then multiplexed by the MCML MUX 2:1 to
produce a 10-Gb/s output.

We propose a novel design of the high-speed
multiplexer 2:1, as shown in Fig. 5(b). It consists of a
master latch and master-slave latch and a MCML MUX
2:1. Latch L1 and L2 are used for retiming data and their

78

outputs are sensed only when the 5-GHz clock signal
(CK) is low. Latch L3 shifts the data by 180° before the
data streams are multiplexed. By reducing latch stages,
our proposed design decreases the overall power
consumption.

(1] = —

[ o 1.3 L4

fat) (LY

Fig.5: High speed multiplexer 2:1
(a) General MUX (b) Proposed MUX

4. MCML MUX 2:1

Fig. 6 shows the schematic diagram of a MUX 2:1
circuit based on the two-level MCML architecture. It
consists of four parts: 1) Data path transistors (M1-M4).
2) Data selection transistors (M5 and M6). 3) Current
source (Iss) and 4) Resistor loads. The differential data
input (D1 and D2) are multiplexed by the clock selection
signal (CK). When CK is high, only M5 is on (M6 is cut-
off) so output is D1. When CK is low, M6 is on so output
is D2. The output of the multiplexer requires a low
voltage gain because it operates at high frequency.

Oui+

Out

fa)
Fig.6: MCML MUX 2:1 (a) Block (b) Schematic
In analysis [4], the small signal model is used. Delay

is obtained by applying constant clock signal and
changing input signals as appropriate.

Cyaa

D1+

Fig.7: Equivalent half circuit of MCML MUX 2:1 gate

The delay of the MCML MUX 2:1 can be evaluated
by considering its half equivalent circuit, as shown in Fig.
7, where the total capacitance is given by

C=Cyy; +Cypy +Cpuz + Cypz + C, (6)

where gpy is the transconductance of M1, Cyq and Cgy, are
the gate-drain overlap and drain-bulk capacitances,
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respectively. C_ is the sum of wiring capacitance and
input capacitance of the driven logic gates.
The DC voltage gain of MCML MUX2:1 is given by

RYm s
A\/ - miJdm
gm1+gm5

W, W,
Ru,C,, TSVDS,S 241,Cy — lss
_ s\ L ()

W, W,
/uncox TSVDS,S + \/Zluncox Il ISS
5

where Vps is the drain-source voltage.

5. MCML Latch

Fig. 8 shows the schematic diagram of a MCML latch
circuit which is a two level architecture. It consists of five
parts: 1) Resistor loads, 2) Sense part (M1 and M2), 3)
Store part (M3 and M4), 4) Mode selection part (M5 and
M®6), and 5) Current source.

LT

Fig.8: MCML Latch

M5 and M6 are the selection mode transistors which
perform alternately. When M5 is ON (M6 is OFF), the
MCML latch operates in the sense mode and the output
voltage (Out) follows V1. When M6 is ON (M5 is OFF),
the latch operates in the store mode. The output retains its
voltage to the level of the sensed data.

Caan

Fig.9: Equivalent half circuit of MCML Latch

Fig. 9 is the equivalent half circuit small signal model
of MCML latch used in our analysis. The delay can be
evaluated according to (1), where the total capacitance,
for this case, is given by

C=Cgyy +Cpy +Cgys +Caps + Cyyy + Cyey + C, (8)

gs4
Cga, Cgs, and Cy, are the gate-drain overlap, gate-source
overlap, and drain-bulk capacitances of the involving
transistors, respectively. C_ is the sum of wiring
capacitance and input capacitance of the driven gates.

L Tatars
A
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In order to guarantee the stability and regeneration in
cascaded circuits A, should be kept as large as possible
(theoretically, A, = 1). A, can be increased by either
increasing gn, or R, resulting, however, in larger delay.
For performance and regeneration/stability, a 50-60%
above unity gain is used in this work.

6. MCML DEMUX 1:2

The MCML DEMUX 1:2, shown in Fig. 10, consists
of two master-slave latches and buffers. The master-slave
latches are clocked at 5 GHz while the input (In) is a 10
Gb/s data stream. To sample every bit of the 10 Gb/s
input data, the clock of one master-slave latch must be in
phase with CK while the other is in opposite phase.

L1 L2 |ar Ehutl

L3 L4 B Ehull

i "R

Fig.10: MCML DEMUX 1:2

7. APPLICATIONS

The high speed multiplexer 2:1 and demultiplexer 1:2
are basic building blocks to build higher order
multiplexer and demultiplexer. Examples of a high speed
multiplexer 4:1 and a high-speed demultiplexer 4:1 are
shown in Fig. 11 and 12, respectively.

L L2 |Bun Qurl
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[ B &I ™) o
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L3 L4 |[an Outd

& [ @ CK2
L

Fig 12: High Speed Demultiplexer 1:4 architecture

In Fig. 11 and Fig. 12, additional components which
are required are flip-flops and dividers by 2. The flip-flop
is a master-slave latch used for retiming data and
buffering. The divider, shown in Fig. 13, consists of two

LOoArarance



latches cascaded in negative feedback and a differential-
mode buffer. The output clock of the divider is half the
frequency of its input clock.

D o—»{D L CK2
bV d wn P d e M am
z r

CK o &

TK o

Fig.13: Divider by 2 architecture

7. SIMULATION AND RESULT

A TSMC 0.18-um CMOS process is used in
designing our proposed high speed multiplexer (Fig. 5(b))
and demultiplexer (Fig. 10). All circuits are simulated and
verified using HSPICE BSIM3 model. The supply
voltage is 1.8 V and the input clock is 5 GHz with a
swing of 2 x 850 mV. Simulation results are summarized
in table 1.

Table 1: Result of Proposed Multiplexer/Demultiplexer

80

data output from our proposed MUX 2:1. From the
simulation, we see that the proposed DEMUX can
correctly demultiplex the input to give the output data
stream matching D1 and D2 in Fig. 15. The outputs have
a swing of about 240 mV. It should be noted that in this
case the buffer is designed as a two-stage buffer.
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Fig.16: 1:2 Demultiplexer Simulation Result
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8. CONCLUSION

Table 2 compares the performance of various CMOS
designs. We estimate that our proposed design of high

Fig. 14 shows the HSPICE timing simulation of the
2:1 multiplexer where the delay is found to be about 17.8
ps. Eye diagram, shown in Fig. 15, is fully opened at 2 x
225 mV.
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Fig.14: 2:1 Multiplexer Simulation Result
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Fig.15: Eye Diagram of the proposed Multiplexer.

The HSPICE simulation of the 1:2 demultiplexer is
shown in Fig. 16. The input to the circuit is the 10 Gb/s

MCML Proposed NVICMIL speed multiplexer/demultiplexer consumes lower power
MUX 2:1 DEMUX 1:2 than the others.
Supply L@V Table 2:Performance Comparison
Data rate 10 Gbls [3] [5] Proposed (Estimate)
Input Swing 2x200 mv I 2x200mv Device Mux 8:1/Demux1:8 | Mux 8:1 Mux 8:1/Demux1:8
Clock Swing 2 x 850 mV Data rate 10 Gbls 6.4 Gb/s 10 Gbl/s
Output Swing 2 x 250 mV 2 X 240 mV. Supply 2.2-V/[2.0-V 1.8-V 1.8-V
Delay 17.8 ps 42.4 ps Power 102mwW/112mwW 84mwW 80mwW/101mw
Total Current 5.6 mA 6.5 mA
Power 10.0 mwW 12.9 mw 9. ACKNOWLEDGEMENT
Eye Diagram 2x 230 mv This work is supported by a research grant from the
Jitter 184 ps Rachadaphisek Somphot Endowment.
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