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The Review and Prospect of Optoelectronic Industry in
Taiwan

Edward Jiang
SUNSINO VENTURES GROUP

Abstract

In this article I review Taiwan’s experience in optoelectronic indus-
try development, including the product, history, key success factor, and
weakness, etc. for the past 20 years. The future directions of Taiwan opto-

electronic industry is also discussed.
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A CHI B B E AR ZE L ( clock extraction ) F3fi7 ik
Hut% (oversampling ) 2848 » ZRARIR SE -5 (S A& 2 ERHE
JE ( data recovery ) [HRH » ¥ FEBHUER B AlTa%a T — (B 2 B\ SHHE
% ( All-Digital Phase-Locked Loop, ADPLL ) #2128 » It as LU
— (BP9 {5 E R 23 T R BRI ST 2% SRR EI(F » TP1TAIoT
HE#H (byte-level ) ZEFERIAKI D BHMIFIRELET ML - 2 B
£ 28 75 B AH A 1 B 7 IR (82 B e A B8 & I IR SR 2 4 72 e
BH - Mtk o DUPTR B R RESS ST AR S Ml I B E Rz R
[ZEHE ( Non-Return-to-Zero Inverted, NRZI ) FJfZHEREFF -

IR L AR AR ZE R T B0 LUE R R RS - DU REST
e £ ( standard-cell-based ) (135313 FE B 15 4 = n] KA1 i oo
# ( Complex Programmable Logic Device, CPLD ) {835 77 zU/RA]
A1 HEEURR RS R I S B R DU i e A LR 2 RS R F A
JE ( deviation tolerance ) » RFF& A B HMATI TR »

BRs2ET - #UEE (Oversampling) » HEHMET (Data Recovery ) »
FH 3H #& ( Phase-Locked Loop ) » FEEFZE A1 H% ( Non-
Return-to-Zero Inverted code, NRZI ) -

* Corresponding author. Tel.:+886-2-29031111 ext. 2427; fax: +886-2-29042638
E-mail address : stu@ee.fju.edu.tw
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Il

Al

FPoEaAE F S R RS - (HEPRAETERR (attenuation ) ~ £ (jitter) 3
THER R R SRR AL R 2 S iy R E(1-3]  BoB R 7 55 st
BTN LRV E - IOt - S 2 (R 88 NI R IR AR R I IR
VLHT > EBIEERSEE PP R IRIAZE (R ( frequency deviation ) FJRIRE[1-4] » 7R
3 BT S EAEEAN E ARSI - A0 1 e

Transceiver — Transceiver R iver Clock
e M| L eceiver Cook [1_ [ 1 T L
with mismatch Transmitter Clock | ! I l
Devi Devi — .
- - B10) SRREFEE (FRABKEETRE)

H 1) BIEEMETEHARRERRE

Froii&im B RTFEMERER - H—SEmas I @t BT R — M+ BEkHE
iHE (bus) Jofft - HIANERS - TEHZERET » IS (sub-block ) FI| i fH[F A#EHFAK
{EB L FERE RIS - W18 2 Frr - (HEEFEEH - B oSG IERE R HE R
b REERS H e Z RS (routing) ZHEE o BRI RS2 156
[ AR > BUR B2 RSB H A RS R RO 2 RR - REERHEEE
Iy (retiming ) (IEH(E » LUERFENREIERIERY

Block1 Block4
l~ Clock J
Block2 Bt Biock5
Block3 Block6

B2 [ERHERMETARD o
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H—fEEAEN > IRRRE AR ST > RRAF R » AAEESE
i R A S AE RIS I R AR - LS e AR R AR s A (i PR A B o T R BR A E
MIAE » 5 7 SERRAILEA T » SRS A EFTEER I ERLZF - TiEBR A
R A BRI TR L - KRR ERIRIRARE A o FriSBIR) & RRAK - AMER 2K
BB ERL 2 B1E) (jitter) BELE (distortion ) R » B E e R E E R THIBIE -
LIRS A EHEBES] - BRRIGE SRR > o @A W E RHE IR - H— 2Rk
#ZZHY ( clock extraction ) » A —fEESHAIRZEMRE (oversampling architecture ) [7] ©

(1) ~ B3IEH < FIREE RS R

FIFB RS AREEAERISARKIER  WRARAEINAERS » FI A B AR IS TR A Bk
SRS AT LU B IE > DU HEHELRIHATRE A U P& - HERTMER BRI E R
A EFAR - 5 B FFTRE R LR IR 78 4k L2 B U e i (R TR [S]
SR » — IR RS G AR IL 87T G AIRERE o [ 3 BUREFARAS AN

PRSP
Data )( ><
| 1 T f

Sample Timing
3 BSAREREN BURETR

I % 2 B 5 95 7 LA FH JC 3 88 € @ % ( Delay-Locked Loop, DLL ) B # fH il i
( Phase-Locked Loop, PLL ) ZEE o H e » SAFHEMEITAME A DI THZR SR ~ B
IREIERMER ~ BORIRER S S T BROCHBEEZEREEENE T - BN
GBI [8] 0 HEARL SR 4 Fin o CEAE MRS FITERERER - FZKEHE
EGEHEER (SRR LU S8R - G 5 FrR[11] o e S 2L 8 B8 R (S B8 S AH
B > H A9 T VEHRAE R ATRER D MR8 22 - T A (S IR H S 5RaR = IR H /e
THE - EHFBE TR TIEEUE T 88E J (locked ) [12-13] -



20

FPEA B 2 B AR RHE R IRl

Fref

Phase | qe | Charge | | p Loop Ve Fvco
Detector > Pump »  Filter » VEO
T Kpd lp F(S) Kvco x %

4 FEERCERREE1)

SEMHERE > BREIEHHRIRES ( Voltage Controlled Oscillator, VCO ) #2{#t Zfi—1{F
AJRHIRFAREAS - W ELE A FRHAAIAE L » #SHEHE (feedback ) ] » BABE 245
A H AL AZ(8] o SHIE e BRERIE AR Z T BB B - 00 F 1 BT » MG

AR BRI T 2011]

Hpp (S) =

H‘Den'orﬁPLL (S) e

Oout(S) Kpd x F(S)x 2mnKvco xé

o Hrv Kpd S AM{HHIZRH4 - B (Virad) ; Kveo 2%
RRYEG R AR 4R - B (Ho/V ) F (S) Fiikasigfsmy -

(1)
SR 1+ Kpd x F(S)x 27nKvecox é
Ogerror(S) _ 1 (2)
Oref (S)

1+KpdxF(S)><2irchoxé

FE S T > FERRFEHIFE LR ( Voltage Controlled Delay Line, VCDL ) B
FE B i A\ BUE AR A ML - HEATE 2 BYRERRMEAR (TAEA) 30 T B e B B > T
3P MR ZE ERBURIA R T 4[11] -

Fin

» Fout

Ve

» VCDL
Kvcd|

=
Phase de Charge
Frequency > Pum
.| Detector P
lp

Kpd

5 EEREERBALRMRE11]

Loop
Filter

F(S)
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1
Qout(S) _ Kpdxgx?.ervcdl -

Oref (S) 1+ Kpd é x 2nKvedl

Hpu (S) =

Ogerror(S) _ 1 (4)

Hmem)rﬁDLL (S) o ) S 1
ref(S) 1+ Kpd x X 2kved!

BRI R R B R BRI — » HERREEERT - SANERE
TS — BN - DU S RBAH - S OERYE - SEERE
L A BRI R P T A A I L SRS - T AR A2 Mk BB RE s ] 2 | B AR R R
LA IR % VISR EE AR IR o IR0 A SRS - RITERIE KNI
Pk T LB HESE] - (R AR A — ERSENE B A AR R B E 21l >
15 WIS  (AEABATARER R LB E - MG R IR RS A
BRASE Py i B RE TR AE - FURRIL RSP REEE (unlocked ) fi5TL(8] °

DUBEUEZERRERER  BHR R AR EUR A & tH & A TR
Bl o 2 R 2 R 7 7 7 R T Aot B T By » AR I R A S A 5
2 % WIS IR 7] QI 6 P o It S A — I L Ao
TR R e FUEHE R Ot ] PR FIR AR AP 5 RO A B B A Bk )
1 » LI B IR B RIENAT[6-7) » A0 7 Fiw o BERIFARAEIUE @A EERER
HIEAT o (BRI TR AU BIRRE - B 288 B — (AR B /7 30 TR
(e R EME R 26 1) » HAERE IR R B BOE & A R IR R Ba Y
ZRHE(T]

Data >( X ET-ITT
?_‘!XFT)T(T‘HTTT T I B N
Sample Timing 2 =
Oversampled Bit l——l 7
Bo BEIRZKF B7 FESERRITEREREE)

HEROHE Bl & — (B F R (F ( forward operation ) SRt » % A ARUSAARIEES 2RAR 2
[EHERRTR > SEAT SR U R @S2 B EHR AR A MR « 54 - R AT R e 2 A
R EH{E » AR A THEF S BRI gHAR - AT 5| A SRR E A B AL(=
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GisiPE ( Digital Signal Processing, DSP ) £l + Zigh B MR EEBEHSEE -

AP REIREE I E— R G R — A chIE R s EIERIr =R LIFEST
Ft (word=N bits ) BE{]ZEMEK - LUBAFY|EEHE ( Universal Serial Bus,
USB) 55 AR FSHI[14] > LA N=8 (byte-level ) [fi5 » WJ;¥##F 60MHz FFE - Hf
FFHKEAR R FALCHRER N 22— (N\aZ—) FEHEED EREFIRBER

( Voltage Controlled Oscillator, VCO ) {Ef& b o] LIFSTHER—EL » 2 e S SR
R -

HURRFFE oM BER-7047 (timing analysis ) £ 2 HIEE 7 MNE A Z R
1@ (timing margin ) [10] » (B FEHIRFAR AR EE(E 80 A AR AR s » RIEAHE B ]
DiREIR A 2@ &M > A1 8 Fr/R[10] o IRefEl8 s EUR BEBA (R T R R 7
5[10] o Thit FKREEEAICHRFEIELE + Tos R SHAH A EE B 8E E 13 S th A FH AT E
#HI5t A ( phase detect dead zone ) LLK/EG[RiHEE4EE ( finite loop bandwidth ) fffEs
Z FRREHVARIF TR BLIRRS © Tic 2 BRIk 33 FIFE (A AT & B IREHED - Tid &2
F 7 (e e AR A R T B & L B 1 [E i eR AR E A & AN R & Rl
FHERER o TAGERTAEFTSR T ( Inter Symbol Interference, ISI) JRer 2288 & BlHEH
S Z PRI - A EHEEEERE E RN ASS & - Al Tmargin #AZEZE HEEUER 3 ERE
f#] (setup time ) 2154 o

T ; Clock Phase Offset
margin (2Tos)
e .
! Data Bit Time (Tbit) |
- —— - — —
L 1 L 1 i I
1/ /! M'ddl‘P int
| e Foin Data
|
| |
I v
e ) e !

Data Jitter (2Tjd) Clock Jitter (2Tjc)
8 HURESEIEFR(10]

Tmargin = % - Tos — Tjc - Tjd (5)

B RHIRALE & R BE SR LLAU AN (Signal to Noise Ratio, SNR ) « B2
& e —ERIER 2 FI=AikE A » HESHHP RIS S BURERAES A AR
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Hi#E2A ( Additive White Gaussian Noise, AWGN ) » flI[# 9 A/ » sElEH AL rigiRAs

( Bit Error Rate, BER ) ff2 & 2 & 52 MIAIIR 2 A © LURIRIE (5554 A LL OB %
[10] - FIMEI A& » MEGE IR 25 @ (1S B 2 I T » R » TR e (RIS ESREEN
mFﬁo@%mﬁmﬁﬁ@%’w%ﬂ%ﬁ@M@%lan:msm@%%am,x
Bede 2RI SRR TE AR 1072 kiR -

-~ 0.0

o

2

o -3.0

w

ow

2 60

B

E

E 90 ~
©
2 S 4 NG ”

=120 + =uw g F——sy 9

%% ""“E‘; SNR'Penaﬁ"-.__
qZ %

<

{ ;

-15.0 - e e - ; . ]

! \t AA / I a |

’ .'.

-180 F . -
/ 3 time ! q-.,

4 g data/ < & i

=10 waveftrm 0=2r J

N s P e -.'.
4
1 A

240, 9.0 10 130 150 170 190
Amplitude SNR (dB)

9 TERIEENERET - (I7TiHRE (BER) HWIRIBEMRMALL (SNR) BIRAER(10]

(1) ~ BEUREE RN ER 2 ERET ERRIsR

ELESZNA2U4E (Data Flow Architecture) 7GR SCFTHE HiZ 24T FIl FEEHUBR
R B R R AIEE - EESE 10 Fir o EEIES T HiE RIERBE
FhE A4S 2 A E (R B T3R8 (Bit Error Rate, BER ) BIfiEf1[16] - £ &3F A
& B BRI B AN TC VRO B R B E » 8B LU BRI & RHE R RS F IR AR A
FrB R R e R tH 2 &R SeREE IR L B RHE R AR -
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Internal Clock __| | [ ] ‘f_

Transmitted Byte

Oversampled Data 0000111100001111---
Recovered Byte RX_DATA=101...

10 BEEREHMERERS]

8w APy Gk ( serial data stream ) R LUK (byte) BEEAEAFIE
1TEHR » STRERNRZHERE (data flow architecture ) FHAIEE M 11[9-10,15] - £
B &G ITY RIREE ST RHETUEESE (data oversampler ) » HESCREE Y
ER A GHESR (data frame combiner ) » 5% 7 E 4B 8 A B EHR BB 8 H T 1@ 52
(edge detector ) » fRRAHEIEARAL B R 22 T IER SR (aligner ) » % Bk # R 1 51
( majority voting ) » JEEHUERBENGHA A UCATZ B BIEBR (shifter ) DU BHEFPSI#RIG
R 2 R TREREIE SR ( parallel processing decoder )

Serial Data Stream

v
Multi-Phase
Clock — Data Oversampler
v
I Data Frame Combiner J
1
v ¥
| Aligner | Edge Detector |
v ¥
| Majority Voting I Alignment Ctrl |
Y v
| VotedRegister | |  shiftctl |
v
N Shifter |
v
| Parallel Processing Decoder l
v

Data Recovered & Decoded

11 ENERREIDEER S

BHISZUMEC RBISIE  HAE B RS » L EwmATFIIER - 2 BHARUR
IRFAR DA B BEASIRE > ( timing ) 2 FHEIBA (% - A1 12 B -
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Serial Data Stream Serial Data Stream
¥ "
LI I i I
N -
N W
B N
. LiH
el s
] LzH
Multi-Phase —>
Multi-Phase j_f_l_—b- — : Clock _L_,_r——"‘ Data Oversampler
ata Oversampler
Clock "y P o
i —
LI — 1
—1_ —1
I

™ 1
HM m—ﬁ% s

ocl Delay Eiement
@ 12 EW&?&ZSE%F? System ClI kI _"l* T +3fy* T f’l T ‘|

13 BSRFEEBIREIREEE - K%
BAREARBIEERAEGFIHE

B 8T YA RS R TR 2 i - SRR S R ek miE 4
TRIRE R B 12 RETEREARFT » SRR AR IR £ RAGRK RN
SRR o B R FR MR IR R AT A AL - FERERRIFITIEFR 2 > QAR
I RIZE T » @A —BURERA - B FIURERAFI R B2 L IR TR - TEAHE
R AR IR 8 T — R ERE AT/ AIRENY - SERUTITERIRF T EAUSEER o 15 1
BRI AR H—RASEBET M B EE 2R — PR
IR AR E AR PAEE - P BRBH— R AR MR B R L BT AR A 1E ) — (B TR
IR IRACE » 32 1 AT S U R A S (A R ATHEBE AR 7R BB LR 5 IR - BRI
£ BRI EERS - A& 13 For -

(1) -~ FWNERZFIDREE R A

1. BRI ERSHER (Data Frame Combiner Block )

A TFHIEES (serial link ) SBAF > EREAABTHEERFFEEREEAL
(data packet format ) » EHELE& SUBLSANE 14 A o FEMCERUGEREMET » 13 T RESTRER
PR RS A o B DAL T R AR - AGE R B R Rz & AR T
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(byte) FEX (RBIRAMITHZER) » DIFERRSEETEAERHZ B B AR
LRI

BAE F————————— ——| sAr 27 §0[31:0]
AR fmm ——| zua
Delay [ | ...
PP Sre——— -—| euxn Element
P SE— e
WA -——[nNH] EH == =ni l l vy l
v
w4 R = [DH] TH [OT}| wes $1(31:28) $0[27:0] S0[31:28)
g | ik ks
14 ERFERERR 15 BRatHERTEE

BRI EREE S N-1 {BRFAR 2 S ERECIRITIENRL T - 2IMAZES N {ERFRHR
BRERAR RS EAAIE » TR e R = S EAThIRAM - B ERETFRE
» QO 15 R © FFSR S131:28{ARACEITERIE N-1 {ERFAR U{ELITTHRA » T
S0[31:0] HIF RARARATAE £ 2 =+ —fEHURAIIT - #CBER G R TR AL
A > HARANE 16 Firs -

— / S1[31:28] \/ S0[31:0] \

CombinedSampIesI 0 l | 3 I 4 ] I35 |

16 B TERAEN

2. 3845 8IER ( Edge Detector Block )

WESEFER o TSR A A B (EEREI(F - Bt 2@ e A &
fIfyeEM bR - MR A — AT B R LR R ERS - R (E S BLE A SR
&8 - I - BELERES » AREE HERREEMEFRBELT » EfFREIER
AR TR REFIRAAZ 01 K 10 8bES: AE - SfTHESS —iH &8

( combinational logic ) ZE#% » ATSFERA A A VFEE - PROEATEHE - R 4 FEHIEA
e HEE TSR 6-
edge[n] = {(not sample[n]) and (not sample[n+1]) and (sample[n+2]) and (sample[n+3])}

or { (sample[n]) and (sample[n+1]) and (not sample[n+2]) and (not sample[n+3])}, n =
0~31 (6)
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{E9RAIC edge[31:01E & FTA B BIAE » T sample[0]%F sample[34]HI & #

B TEBIEEA o P RA MZGEBRREE - U ER AR (EERP1
*ﬁﬁ@jﬂf E{EFIE] 0011 BF 1100 #EANE (FIBHERIUESRE 0—1 3 1084k ) » 8
S EIREBURE 1« RIS - & edge(n]f 1 EHG sample[n+1] ~ sample[n+2]tkA
ZHETEE 0—1 8 1—0 &1L » Erlf — & B~ > sample[n+2] ~ sample[nt+3] -
sample[n+4]F[] sample[n+5)72 [l —E4E B (7 e A A2 T SR A PO EREHNBR R AR -

3. WIFEHIE R ESEBIE ( Alignment Controller Block )

I S SRR A A 2 YL - IR U SR TIEASRAR » AEE
Btk o FEE DI TTEERIEHRIEE - DR R E B TR I AR R AR L LR
BAR o MR RS AR LI AR BRI > BNRE LLEE BB IE M LUE IR AR 2 3]
TR} o FEHIFASREA RS - =+ AT @ FMETIRE R - RS @R & HH I T
PeblEAnE  HBEMAMRA 7 R o B 7 DULINALITIE SRAR R T A 28 S A SR
WL o BRI SRR ER (or gate ) ACE ARSI LLEE - B - EA—EEHE]
0011 BY 1100 @RS 5% » B G IEHEANTRL 1

phase[0]=edge[0] or edge[4] or edge [8] ... or edge[28]

phase[2]=edge[2] or edge[6] or edge [10] ... or edge[30]

[
phase[1]=edge[1] or edge[5] or edge [9] ... or edge[29]
[
phase[3]=edge[3] or edge[7] or edge [11] ... or edge[31] (1)

TEMAERIT T (A RHEA AR IR i ML BRRS ) - FTE AR 2 PR
WEeriSErE HIRRY | SOHER—BIESIATT - 5 T FMRR I EH S IRE N FFE
2L BE BT 0010 Z B EFA N LAGREA > N 17 Aix - BB
0010 » KSHIEBEUEE A BRAEES 0000 0000 1111 0000 » FHiREEF 6 At - #REER @
FBE (edge signal) 0000 0000 0100 0100 » FEFIARXT 7 &0FRUEEEGIFGT ( phase
signal ) 0100 o E 7 FHAZE TR ESREIRIY » TEE B IR AIER » AIlHE
HER ORISR BEREEREREELE - EESENRMTEME - TR HE
B EERIANIE 18 BT -
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Condition Normal

Received Data 0010 |_Tx-Data
Sampled Bits 0000 0000{11110000 f_—|Rx-Clock

Edge Signal 0000 0000 0100 0100
Phase Signal 0100

17 EERBNERBUERSIZHRARER

Ml 18 (a) BGHFIRILERERHE T (R ) —@Noc » WIEET » BEURAIT
LeFRREARIT ) SRR —ERICALE » P 2 B ( edge signal, x{F 6 ) BEFZERHIEA
9% ( phase signal, =, 7 ) JrREZUES -

Tl 18 (b) B 18 (c) {RAEBRKIFIKILEEERME (R ) MALTEE =A7 T
BT o BHUERER AR Ao R B BE = (AT CiZE - IRIBF 6 B+ 7 JRufHEEH
P FE A Ak (T LA (E 422 IR R

18 (d) Bl EMmEeaEdRtR T (RE) —EfoTiiE - K8
HUBRRR ARV A — AR T B (A8 ) » KB 6 B 7 nl{5 3 e Z i35 {E
BAYERIFGR » #E BB 18 (e) B 18 (f) o

Condition Slow 1 Bit Condition Fast 1 Bit
Received Data 0010 W Received Data 0010 W
Sampled Bits 0000 000f_117j0 0000 _[RecCloek]_ Sampled Bits 0000 0000 ff 11 1p00 _JReCiock]_
Edge Signal 0000 0000 1000 1000 Edge Signal 0000 0000 0010 0010
Phase Signal 1000 Phase Signal 0010
B 18(a) FWISAREE—BIITIE 18(b) BEWISIKE® B TuE
Condition Slow 2 Bit Condition Slow 2 Bit
Received Data 0010 _[TxData” Received Data oe10 W
Sampled Bits 0000 0dfiT 11p0 0000 _[Retioek]_ Sampled Bits 0000 0T T 11p0 0000 [Rx-Clock|
Edge Signal 0000 0001 0001 0000 Edge Signal 0000 0001 0001 0000
Phase Signal 0001 Phase Signal 0001
18(b) RRWBSIRE® _BIoTiE 18(e) FEUMIBFARDRST _fBAITUE
Condition Slow 3 Bit Condition Fast 3 Bit
Received Data 0010 [T Received Data 0010 _[TxData
Sampled Bits 0000 0fi 17 1p00 0000 M= SampledBits 0000000000 TP R
Edge Signal 0000 0010 0010 0000 Edge Signal 0000 000D 0000 1000
Phase Signal 0010 Phase Signal 1000

18(c) HREUNBSARE = BN ThlE 18(f) $RUNESFIRPRSE=EAITIE
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fr e LU HESE - 1 AR RO A SR BR (L B A A5 FU X8 (0001 » 0010 > 0100
1000 ) » # FHREEIURER AR 8 /7 AT AN » & & — TR £ SR RESF R vt
ENTCHIER ~ WAL R F B e AL TTHIER ~ &8 = (LTI
BB M — AL HIIRAE - RIS (ERE RS IR SR » B RTRE B8 SRR A2
{LXRAY » SCEIRERANE R A2 (TR IEEIF - DUEIS R HERE 2 52k R

A ¥ FEIR (Aligner Block )

PRI E VIR E ATRTE - B ERSEATE SR < ST - L‘i?ﬁ
3 {0 2 i B A B K S R IR PR AE RO R B 1L AR S R - | b — TR MIHE SR G
Al BREARIEICOL » RIS A M T — e KR B — R IR RE ﬁ%ﬂ&ﬁﬁ
ARZERANEEAMIIEN LY (E&ATEE) ) Boat% (HEATEE) )

BEIME  EHBEEHEFSEE 1000 B > RFIERATTESATRE 7LDt
B (%) Fi S EERAARCREAE BT S —EUE (%) e
HESREE ST E— AT (/) KRAEEILFE R AIRE - R - 2R
1000 FRAKRATTREEEA RS T =@ TiiE (G5 ) B3 IERSLLAR T
BRAESATCEEH =FEMUE (L8 ) SR RERAGE A T s =T
(%) » FAHEICTE RS HIRE -

5. ZBITEREIR (Majority Voting Block )

TEZEE T > FERARACRIF —EGTH (ERIT) &R ST SRR
S EES  MEBILHIREE (voter cell ) » KA FT A BURIRAIFAITEE ( parallel
processing ) o MEZHTEIRIE I ERAFE B BIRAZAREE - BB R E R H Al
ZIEAS o H LA £ —#H ELAS R E I SRR P A S L A A BB AT - h_EATHER
HERZ LB RBIRRE » AT e BB A S (S SRR TU R AR BA (R - BT 19+ -

[(sizea)soo] ] [ soee2s] |  [soE0l | [[soz1 281 ] °
1111
A
oo (TTTTTTT) o LI TTILT e
Phase=1000 Phase=0100 101 > TBEHECIAD

1011 B

[ so@o:27) | [ si@1301s0[1:0] | [ So[29:26] | g::; &

B
veer o] [T [ [ ] 17]

Phase=0010 Phase=0001

19 TERTEAHREBHRRUEESR

51[31],50[2:0)

20 B—REESEEENRFSN



30 F31 L4 SR A AR A R I i ol

B —jlymm y e, HIERTTES — AR AR A SRIRE - SR R B AR
FEAATES BN T SR ENE » AR ERE R E 20 - HhREE
B S ERE AT AR ER 0 B 1 A ER IR EZ WEATRE
TS - OFREBEUE R SR T R B A (TSR AR - RS B E
TSR BRI IEREREZS » TG BB EIR T % BIRREN MR RS
il o

6. IR ELEFEIR ( Voted Register Block )

EEIEESLS EEAN > TS RS R IRRB AR - (A LIRS
Ve g o BRESE - RAPHHEIRBTRIMTHER - B4 > HEFASHEK
=k AR R E RIS » [FIRFHRIRRS (B E/ERIAI T B (bit duplication )
BT K (bit lost) &

I I SR e S R TR TR T AL B 7788 TS (register file ) - ELATHER
ffIA ] » BRI SE R R 2 G AR LB (R R R RAS R AR B £ - 572
HE PR TE B P BRI | - SRS e RIS A E AR Z B » R
fili B EL AR ORI DA > BUREAERUAR IR B — A2 IR » HUABIARAE BBl
WAST B BRI BRI 2 Y - HAE AR -

7. FEO 4B ( Shift Controller Block )

AL R IE IR B PR RS S ER AL » IR R IR AR 5 2 IE 2RI AA el
> ISR IR BB R S TFESRZ R 7 ( frequency deviation ) ZARDL » AFH
IR UCEOREE » DI AR AR Sk e RO (LRS-

8. I2E)E% ( Shifter Block )

(1) SR RRAT

RS AT T B A 2 PRI SE - LR SIS RIS E U - PGk
AT EEH B O T BER T - i SRR R R EE R S OHEHE - STRR AR
SRR o EER BN AR ARG BE R G (E - ERRRE
RN B A E RIS « AR T » AT RARAIE R B R B BAL - Bt
i RS IR AR B 2 21 B o AeEiBEA R RAT 8 Hefr voter €
FATRER » output BFERURFLEE 2 PITHILER -
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CycleN-1 | O 7
Not-Shifted

CycleN 0 710 7

Frame N Frame N+1
21 REEERENBURREER

output[n]=voter[n], n=0~7 (8)

(2) FATESRER R

BTSRRI (R BAR A L AIF ) » AR Z (TR E
B B B A R B R BB RN AR » LUK Se Al AT B R (RS P BRI AL

R IRNBINGG  H R BRI AR GRS
0100—0110—0010—0011—0001—1001—1000—1100—0100 ( FEHI{iTHE ) > oL
H > BFTE#ZEARATH » FEE 100011000100 (HREEHEEREIE) ROH
SR RIEFRA SR EEREH TR B = AT M ERFERER - FHE - R
BRI IE PR ABR 2 HEG AR I TT A R AT — AR (L B A B (TR B K
FE > USRI » ARG AT — B ARAUER R LR IE » DUSEIERERT 8 T &
B G 22 Fogs o

CycleN-1 | O 7 8
/ / / / / Left-Shifted
Cycle N 0 710 7
Frame N Frame N+1

B 22 (BEEERIEERE SN IR LA

output[n] =voter[n+1], n=0~7 (9)
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$1[31:29),50[0] | so2s:25) | sof3z:29]
v

Cycle N
Phase=1000 0 7
| s1[31:28] || so[3:07 | S0[31:28)
Cycle N+1 v ¥
Phase=0100 gl 0 7

23 (TEXEERBEANNRE

A LR HigtEZRRAT 9 Hf voter[ 8|S EEH I B IR A N2
HIMEEE  FRAA - AR BREGES ST INEL —ERENTT - TEE R
(overflow ) ZHE » MEFSfLICEK (bit lost) FEIRE - 41E 23 AR > 53 7 @ KM
BB RIS R R —(EEI MR R # B8 S0(32:29]5K S1[31:28] ([HB&EK &
fikid - @S SO[32:29)8 S1[31:28]4A1H ) AL » LIKHIE AT T3 2 AR HE
(t— (R IE RIS - DUEAL TR BB B S (e B 2 e A R
) o
ERFMERIEWEE  HEEREE RIS RIGES - S SEHFSELE 0100
—1100—1000—1001—0001—0011—0010—0110—0100 ( {=HI{I /L8 ) - HH#EH
AT R RIE T UFHT » JEE 010011001000 FARTTEERE ( ERAHBES
BiE) > SRBIERF R G AL B B AT — (BRI RHE S AT B AUAS R » (1S
A ERERER—EHEBITHERE - a8 24 Fis - FEEEIE T > RSHREE
BRI BHHE EB F EnE B SR T — IR 2 SR AE R Z (U TR (40 25
Ao FERREHRSARIIERT - &% SO[31:28]F1 S1[31:29] » SO[0]FIH AL RAH
%) MR{I7TEM (bit duplication ) M - ML EMATTMIAEE » LISCRARHER
BfF o FE0L » HimHi@ =0+ 1057 - 3H8n B 1 BASR > RES IR 24 R
RIEALTT (n=0) > FIRT—FEAIRATR S AICHE

L I ° | l l I l ! l;\ ai Right-Shifted Cycle N
awl‘e “ Phase=0100 ] o | I l | | 7 ,
el I ¢ [ j | I l ! I 0 I l I I l l; I [ s1131:291 50107 | [ sorzs:25) |
Frame N Frame N+1 Cycle N+1 ¥ ¥
Phase=1000 | o l | l | | T ,
24 (SEEEISRIBVIRE VS EIRE TR 25 I ERRETEE

output[n]=voter[n-1], n=1~7 (10)
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9. L{TEFIEERE ( Parallel Processing Decoder Block )

1R FF R B Al SR B FR 51 R R 2 ARG R IR IR 7 B R RS 2R A T
iyt » MR AR ER M LURHE - P2 iR s i R A TIEE - RARTR
ARt G R B 2 - — TS - AR IR SE R E FHE
5 AERCRR SRR A X ( B E BHRT ) GEGERIIABENRF
R ARETR A BIREAR ST E RHEIR - AN A8 T I E SRR © DU RLLLA
SHEERFIRES (FEMFERRT ) - DR RHE S AR EHE2 NRZI G » 25T
FATHES 2 AR ELE

0 10111 1

0100011001101 100
1 1 1 1 1 1

110 11

|

1

27 PTRERE

0
1
1
0

26 FTHRIBER

fRIBERTATRZ 751 NRZI EHEIEAT > B B &R E AHE R T — (LT ekl il
—(LTTRIAREE » AHEEREE o HARREFH B2 B B tERARY - HFEAVE LR E R
FIBRAIRA REEITEIE - FIARAY > TEFFIRERBRIR R L - TRE ST ERTRALTRIRR (RN LL
(el » M DU R ARSI AN » 2R SE BRI IERE - oAl » B —IE R R BIREAK
TE AR IRAAEEE » A8 NRZIEREES THES -

AT B SRS R A AN 21 20 2R R s A ats 7 3K - AR i R AR AT AR A T 22
[ » RAIEHFT &SRB AR AL T8t - 20 26 BAE 27 Fw - TERERISUE £ - HIR
LR M AP TREEEN TR » RS FTALTE—ERHRE) (F A EERESERL -
HEBBEAPTITEEZT » S IRFIR s - gtz FrRmmsr > K
AEREE 11 B o RATRERS R AR RS = 12 0 -

NRZI 1T E A fh =

nrzi[n] =data[-1] xor data[0] xor data[1]... xor data[n-1] xor data[n], n=0~7 (11)

NRZI F1 75 EER 7 -
data[n]=nrzi[n-1] xor nrzi[n], n=0~7 (12)
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ERERS B RFRIIR TR - HPEEEENR - HREE- . AIX
TR R IR 2 BT RS FIREIIEER S - X (11) ATLIR
o BB R RS SRR TR TRIEE
B AR - FPS AT (look carry ahead ) A » AT~ » T
FEREA R (TR 7T DL AR R T

(IV) . B2 RINERA T RIR R B REY

L5e BRI a2 TDEE

BT S R R SR R AR - I ESRERTAH L2 M XA R 41T
BRI » TR LSRG T2 b2 B3 » A3 1 AT o FRBERS RANE 28 ZE[E
30 FfR o (M4 > HAETEAGE LI AREIIZEE (latency ) & (B ETTHENS
a3 )+ EERBCERHERRILIEE -

Mg g AL S 500Mbps (iAol 2nsec
e Z IR 62.5MHz AR HARERE 8nsec
SRR AR 2000MHz IR RAR N = 0.5nsec
EEHBEE 10000bit EH FEIREEFfE 10bit

&1 BWSERSBOERE

28 (SREBWRREBMIRE (TX=RX)
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UL LOAR

I | RS .
T L
) |
_{__"—"—;:

B30 (BIRBLBNEMRATIREE (TX>RX)

2. EiFEEX)EERRRER MR

i 2ty {8 H B TR - (B T SR L R R B SR IEREZ
FRLS R BIHBIRAT AR
Register Size = Maximum Frequency Deviation X Packet Format Length
(B2 B RS 10000 75T » £AAAARF F+500ppm HIEE S A/ NEDBHR 10
AT

(V) ERESREEEERE

. ERENIRIZBN

st + £R1T Synopsys 5 Altera 2T IAIEARII &L ( high level logic syn-
thesis ) #¢#8 FPGA Express 3.4 3 TR0 ( behavior model ) FJERE1EIE HEinfEE
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i (logic level ) Vifaf# ¥ BiFTakEESE2 FPGA/CPLD 5 FE 2B - Skt

(mapping ) - ] 31 i FPGA Express {ERSHEZEE B iR I A - #88 FPGA
Express &F& & BRELTTIF R AE(LH - AIAGATR 2 ERERE (netlist) BIARSL F e SRMEHS
. (HDL 5{ EDIF ) » 4% FPGA/CPLD {I{fiJ5 814248 ( Placement and Routing,
P&R ) B » ZRTERU Fr Z P /AT B ERAN T0F © 40 32 Fivs

VeilogHDL  VHOL  EDIF Netiist

1]

o 1. Erter HOL design source

AN 2 samnqmaﬂaﬂvzemmb
Corstra FRGAEqress | 3 Baborate for taget architectue
4 Cptimize and gererale reflist
./ 5 Areyzetiming
Cptimized FPGA Netlist Functional Simuiation Natfist
{ EDIF, XNF) (VHDL, Verilog)
FRGA Race and Rute:
B 31 FPGA Express 535t 7 r21E18E[17) l
MAXHPLUS I ol

32 BRSAHERREN]

2. M TEEehEE

A Jiatn SCPTHE i Z ZEHE » = 2 2R 5 AR 1S W S A R ] 26 o R R S5 AR DL R 15
T > AL BR T T 882 R - e BRaE /7 RN i T SE R 7R & SR SR AL (5
BT R BB B R BB AR -
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Transmitter ( Pseudo Random Pattemn )

Random Pattemn

Software
NRZ| Encoder - NRZI Decoder

Download 'L
[ AteraFlexROM || [ TextFile |
Tunable Clock

Program Verification
[—b Altera Flex Counter

Clock Recovered Text File
Generator
l | Digital PLL | Logic Analyzer

Multi-Phase Altera Flex10KE
Clock

i

Receiver

33 TERBTORESRE

3. ERTraineEE

TEREE S TG ] R o E A EAES ERUREERE /i ~ BIER (pattern ) {HRIHIEE
7 ~ TEHS S BB Es — (8 - SEHRRZRAE RO R ANIE] 33 A o

Fryli@andes (R E BRI IEREIRER ) TR Altera Flex10KE
29 7 R AR B E 8 4 ( Complex Programmable Logic Device, CPLD ) » 54l
[FlE A8 T AR BUE TR, B o B H R AR E &R RER S E AR IR SR - 2 B
(B TEHIAS SLAR L 8L - 3 IR AR ST R HE A 1 50T - BRI BR ARERR TR A
R M ZAER  BTHEIIINRAIR R B 2 MHALEEARIFIR 18 LL0F IR M
TEE A RS ERIRFARAE SR (clock generator ) AT » #8 HIRERG AL AT H5 ACHOSK S £
A > ] LUK 5 3R A HH S R AR AR o

{ff A —F8 Altera CPLD & 2R BRENHZ R ERE - R HH{RFEREE X ( pseudo ran-
dom pattern ) ZRHEEHER < BEK - BILER » AfS SR E EREEERIRIEES -
flér Altera BEEENT Kz Max + Plus I1 [FJBEERINGE » 77 ATERK - FEMEP S EMHET - BRE
SR AR I E B ERE Altera BRESHUTTHERK -

PHEF=ERD  BEEHEREA B SRS - KEEEAE - TREERT
PHIEESRERES - LIRS 7w s AR Theeim B TS f/ VR X - i BRI E SRR
FISRMEHEL Acute LA1164P JEER/MTHE (BORHIUEAS 200MHz » 4 (BRI AREFHT
& » 32 {:Eif » 128KByte FCIEZEEE ) f1 Acute PG1050 A2 NIFARAELS (&K
200MHz IR A AR )
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4. FRESRGEMIERTTA

BRI B =R - SR—EFFABITEEN C+HE2GE 5 BB R
& ~ BER A 2B » M FEF R IR TR I AR (ER BB ERH A
2R AR o FIBAEE BRI RE B R R AURE » M2 H RS - SR E W
CPLD FEERikEERRII FERE A B R - M Rak = B pMEHRC IR (Read Only
Memory, ROM ) Z CPLD ¢ Jy /1 o B = HIIFI| FIARBI R T B#R ) CPLD & fr - /74
[MEFEEC IR AR E HEALE (address ) » FEHN B HIRLECIRIEAI B REFAIMITAE » AIZK
R AR S AR H BPE B RIS L (R H B AR RIERINRE » {ERTBE T
BB F# - BRIEIEA— KGR - AR RHIEEE THOAERE - M2 RkE
FRIEIER ) - BB RIS 34 i -

ROM
Address | Content

Variable
Clock -
LI LT | counter — s Transmitter
Pattern

34 BRERJBERHER

ANATATL - BFAREE A% (clock generator ) $R{HE TR AMINARAS (R 28 » IKIG1E
FIAASR 2 H R B RHA RIS ¢ AR B3 TR BR (L R A IR IR AT 20 2 AR (VB IR AR A HE L
22 LIS AT F BB e ERHME R IEN(F - £ R1E [FafE » FIF#EE oA
DAl » A E e R e RS R KR A EREEE TR ER 2T - [
> HRSEME RS NRZI EEESS - RIS RIS T8 AMEECER I ERE
gt o JRF| I FIRERSZEAE FEIEREE NRZI RABES S fTRRETAAE - MifEREE (R oA
BELEEL REIRIESEAN) EaTEryMIESY  — ¥ AEIARRH
SEARAINLTCAL E B R > Atk TER R R AR

5. B R

B 7 AR HS A R A — A B E AR ER 10000 {EfI7TA/
(C++r2 Upr e A BB BRI AR B B SRl RO (B A B R R IRIERC & ) - bR 7 g iR
LR G IERE 25t » W B AU (23 10 R AR (HR R 23 SRR FE B2 i 25 TR Ek A8



AL 37 W 39

B ) » R BRI TR T SRR IR AR - TR » B A BREMTALT
$5307% ( Bit Error Rate, BER ) HOMEHE » LI RHEN7e 2R U ERE Z AR LA AR T
o

AT 35 FTT IR SR B SR A AEAS R 22 FPGA/CPLD BREg A7t » ACH
S o SRR AT 5 o B 2 R - 7% infast RAREGA SR BRI AR IRIIRL -
fi inslow SR SIAA KA IBHIIRE - in IFREREIIH e 20H B
SEHIEARIRT o HIERETAT - FYIERHE TR IRAERIFMH (latency ) 2 (EEF
(TRRIESS ) » W ARHE R R —EA TR T T AE R -

nrzild

B35 SE2REENREEHEEREERNERINARARER

FE BRI B SRS+ BRI 2T 1600ppm SEA —BIRAE - BRI
hEEESE - — -~ FRALZEE (pattern ) E& HERTRAISIF » A1\ EEHL 1
o 0 FEIFEEET - @S P a2 S TR S SRR 8 7). (IR
(B » =+ AR A T R R R ) » SR SR RER ©
— < FPGA/CPLD % KR FEHIIRE] » (F1H(EIL Ry (FBONRISAR 625SMHz)
HI % G A RS TR T e ke SR 2 AR A - R Aaat P
ABRIEEEEIER - = - (EEIUE N ISR o AR RS RN R
( system-time margin ) [16] » & » FARGEIFERER IRARFAIEZR - HE
TER T B N R RER HARE T B T HESZ -
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EARGRF » R T —(@E T B EE ER H IR 7 @ 8 - Ho& ]
LUB AR EE RS GEAS - AT S B A B T i S E T -

FI B RHE R AR SR & BUBE: - MRS R B Z hRE » SR 7 85T
TR ZRRERET - B T R R ME A BS EE RS ( Application-Specific Integrated Circuit,
ASIC ) HIEH 58 CMOS BIfE » $HRREHIF M EALE A » TRAT A AHIRRE -

FCAR IR SRS I SR R AT LS R B TR B B3 T AL R ERE I i
BRIRET - B INEAMATRE R < BRI o H ARk STRm A B W LSS
FUGRET A A ACEIE & A RINEAGE - T IEER SO B —IE iR T 9@
AP RS A LA B R AR RV 21 57 I AR 22 FORNTRE » P ATIRPRARIE SR AR T FER B K 4R
WS B AR SRS T IR RIS I RE

FIIF P 5 BRag RS R » BURILIERRIE (feed-forward ) #2035 L BEFZ ( feed-
back ) SRR LLSAAE IS G E I S RUSEAR A AT E (SIRS WA YIS R
FREORII=15 ) » HEBRMERIHGS - BIF B8 HEFD TR M o 25 5 I LA (e -
FRERE A A SRS P > BB TS R BRI SR R AR B
{5 FHTE A B & i SR A SRRl RS B B -
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Serial Link Communications

Steve Hung-Lung Tu Yih-Horng Lin
Department of Electronic Engineering
Fu Jen Catholic University
Taipei, Taiwan 242, R.O.C.

Abstract

This paper investigates an oversampling architecture for high-speed
data recovery in serial link communications, which it provides another al-
ternative in addition to the conventional clock / data extraction ap-
proach.By taking advantage of the All-Digital Phase-Locked Loop
(ADPLL) receiver with the oversampling technique and digital signal al-
gorithms, we can simplify data recovery processes. The receiver com-
prises a four-time data oversampler to sample received bits, and a parallel
byte-level architecture to reduce the complexity of the system clock con-
figuration. According to the communication protocol, the detection of a
sampled datum can generate control signals for all of the circuit blocks.
The majority voting method and aligner mechanism overcome the clock
asynchronous problems. The collective shifter and register file block solve
frequency deviation between transmitter and receiver. Finally, adopting
parallel processing skill accomplishes NRZI (Non-Return-to-Zero In-
verted) decoding procedure which is popular in the state-of-the-art high-
speed serial link.

The regular architecture is suitable for the integrated circuit imple-
mentation. Moreover, the oversampling receiver does increase the data
drift tolerance from the cell-based design flow and the CPLD (Complex
Programmable Logic Device) emulation. It conforms to the demand in

high-speed communications.

Key Words : Oversampling, data recovery, plase-locked loop, NRZI.
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Abstract

The present study examined, on the multicultural level, and in the
Eastern cultural context, the relationship between academic achievement
and self-concept in general and specific domains. Using the multidi-
mensional Tennessee Self-Concept Scale (TSCS, Roid & Fitts, 1988),
data from 370 high school students from Taiwan (Republic of China) and
Japan indicated that high achieving students had superior views in overall
as well as some specific domains of self (physical, moral-ethical, family,
ideﬁtity, self-satisfaction). Mainly for Japanese adolescents, satisfaction
with parental relations was positively associated with all aspects of self-
concept. The Japanese adolescents were also superior in general as well as
some domains of self-concept (physical self, family self, and identity) to
the Chinese. Results are discussed in a cross-cultural context taking into

account characteristics of the East Asian Confucian societies.

Key Words: academic achievement, self-concept, parental factors, cross-

cultural study, Chinese and Japanese adolescents
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INTRODUCTION

Theorists like Erik Erikson (1968) believe that developing a coherent personal identity is
a major task of adolescence. Numerous psychological studies have shown that the formation
of a stable and positive self-concept is not only one of the major challenges in adolescence
but also has widespread and long-lasting effects in many aspects of life (Marcia, 1980; Felson,
1984; Tenner & Herzberger, 1987; Lu & Wu, 1998). Undoubtedly, the school, as a fundamen-
tal socialization agent and a focal life domain, has an important influence on adolescents’ de-

velopment of self-concept.
The nature and development of self-concept

Self-concept as a theoretical construct has both numerous synonyms and definitions.
Broadiy defined, self-concept consists our perceptions of ourselves (Shavelson & Bolus,
1982). According to Burns (1979), self-concept is a psychological entity which includes our
feelings, evaluations, and attitudes, as well as descriptive categories of ourselves. In other
words, it is the term we use to represent what people know and believe about themselves.
This term also implies that at least the conscious part of our self-knowledge is largely coher-
ent and integrated. However, the full stock of self-knowledge may contain gaps, contradic-
tions, inconsistencies, and loose connections (Baumeister, 1999). It could be concluded that
self-concept is cognitive generalization about the self (Cross & Markus, 1994). As a psycho-
logical construct, self-concept is manifested outwardly by our personality traits and behaviors,
and inwardly by our perceptions and feelings of ourselves and the social world. For instance,
the quality of self-concept is related to depression (Lu & Wu, 1998) or happiness (Diener,
1984), to behavioral performance such as task effort and persistence (Felson, 1984).

Psychologists have long been interested in the nature and formation of one’s self. As one
of the most articulate theorists of the self, William James (1890) believed that the self-
concept is very much a social experience. In agreement with his emphasis on the social nature
of the self, Charles Cooley (1902) introduced the term “looking-glass self” to convey the idea
that self-concepts reflect the evaluations of other people around us. George Herbert Mead
(1934) and Harry Stack Sullivan (1953) further elaborated this idea into the principle of re-

flected appraisals, we see ourselves as others see us. Other people are clearly important to the
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development of our self-concept, and research has shown that parental appraisals as well as
peer evaluations are vital for the self views of adolescents (Hoelter, 1984)

However, the self is active and the outcomes of our own actions contribute to our self-
concept too (Gekas, 1982). More crucial perhaps is our interpretations of these actions and
outcomes. According to the self-perception theory (Bem, 1972), we become aware of our-
selves by watching what we do, much as outside observers form judgments of us based on
what they see. It can be concluded then both our own action and the views of others contrib-
ute to our self-concept. For adolescents, school work is a focal task in their life, hence under-
standably a major target of others’ evaluations of them as well as their own perceptions of
themselves. Indeed, the relationship between academic achievement and self-concept has at-

tracted much scientific interest, but the issue is far from conclusive.
Academic achievement and self-concept

Several studies have demonstrated that in adolescents, self-concept might be closely re-
lated to academic achievement (Marsh, 1990). Nonetheless, the causality of the relationship
is still under debate. Two contrasting views purport different directions of the causal relation-
ship. The self-enhancement theory proposes that students’ self-concept is the causal determi-
nant of academic achievement. For instance, in a prospective study, House (1993) found that
US college students’ self-concept of their overall academic ability was the most powerful
predictor of their actual academic performance. However, the opposing skill-development
theory argues that self-concept is shaped at least partly by academic achievement. For in-
stance, in a two-wave panel study, 3 cohorts of Norwegian elementary and middle school stu-
dents were surveyed (Skaalvik & Valas, 1999). Results were consistent with a skill-
development model in all cohorts, and no evidence was found to support the self-
enhancement model. In the light of conflicting research evidence, it seems plausible to postu-
late that the relationship between academic achievement and self-concept is a mutual and re-
ciprocal one. Indeed, this reciprocal influence was found among Chilean elementary school
children in a recent study (Villarroel, 2001).

Other researchers have looked at the issue of specificity regarding the self-concept and
achievement relationship. Most studies have ascertained a low correlation between academic

achievement and domain-specific self-concept (Marsh, 1990, 1994; Watkins & Gutierrez,
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1990; Marsh & O’Neill, 1984; Kobal & Musek, 2001), but found very little contribution of
academic success to other self-concept domains (e.g. the sexual component), and vice versa
(Marsh & O’Neill, 1984; Offer et al., 1988; Kobal & Musek, 2001). It seems that academic
success is related primarily to the academic or scholastic components of self-concept. How-
ever, the puzzling incompatibility between academic achievement and general self-concept
may be due to both methodological and theoretical flaws in the extant literature.
Methodologically, in order to systematically examine the relationship between academic
success and general self-concept, the measure of latter must include all major categories of
the self components. Although the most popular Self-Description Questionnaire (SDQ, Marsh,
Smith & Barnes, 1983; Marsh & O’Neill, 1984) purports to measure multidimensional as-
pects of self-concept, its specificity seriously limits its utility as a measure of overall evalua-
tion (Blascovich & Tomaka, 1991). In addition, its earlier versions are susceptible to response
bias and social desirability responding. Thus much of the research has flaws for using the
SDQ. As an alternative, the Tennessee Self-Concept Scale (TSCS, Roid & Fitts, 1988) offers
a balance between general and specific facets similarly based on a multidimensional view of
the self-concept. Particularly, the five categories measured by TSCS, physical self, moral-
ethical self, personal self, family self, and social self, are comprehensive and theoretically
meaningful. We therefore adopted TSCS to examine the relationship between academic

achievement and non-academic aspects of self-concept.
Academic achievement, self-concept, parental factors and culture

The theoretical issue involved in the academic success and general self-concept relation-
ship is related to culture. According to cross-cultural studies of self-concept of adolescents
(Robinson, Tayler & Piolat, 1990), the structure of students’ self-concept may vary inter-
culturally (from low- to high-achievers amongst different countries). For instance, Robinson
and Tayler (1989) founded that Japanese pupils showed the culturally expected signs of mod-
esty on self-concept in a 3-country study. A recent Slovenia-France comparison study (Kobal
& Musek, 2001) found significant correlations between academic achievement and various
indices of self-concept, which varied in a nationality-dependent fashion. However, no signifi-
cant differences were found between English and Latvian students (Robinson & Breslav,

2000). It is obvious that cross-cultural studies in this area are still a rarity, and even fewer in-
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volved non-Western participants.

It has now been widely recognized that culture has an immense effect on its members’
self views, which in turn has significant implications for cognition, emotion, motivation, and
subjective well-being (Markus & Kitayama, 1991; Lu et al., 2001). Culture also affects the
relationship between academic achievement and self-concept. In the Confucian East Asian
societies, most notably the Chinese and Japanese, self is viewed as interdependent with others
and intricately embedded in social relations. Achievement is important as a means to preserve
and expand the prosperity and vitality of one’s family, the most important collective for the
Chinese and Japanese (Lu, 2001). Achievement is not only socially oriented (Yu & Yang,
1994), but also regarded as fulfillment of a sacred social duty (Lu, 2001). Markedly different
from Western societies, education and academic success have tremendous value for both par-
ents and children in the Chinese and Japanese societies. Social institutions also sanction this
emphasis on education and academic success. In both societies, students have to pass a string
of entrance exams to move up the educational ladder. As higher education is prerequisite for a
privileged social status and affluent life, stress related to entrance exams is phenomenal for
parents and students alike (Kao & Lu, 2001). We can thus hypothesize that academic achieve-
ment would have a prevailing effect on non-academic aspects of self-concept for both
Chinese and Japanese students.

In addition, previous research showed that parental factors were also important to ado-
lescents’ self-concept (Hoelter, 1984), and academic performance (Kao & Lu, 2001). For in-
stance, after reviewing extensive Chinese research on the relationship between parental rear-
ing attitudes and various indices of children behaviors, Yang (1986) concluded that positive
parental rearing attitudes and behaviors are conducive to children’s positive self-concepts,
improved self-esteem, enhanced academic performance, better life adjustment in general, and
prevention of behavior deviations. Negative parental rearing attitudes and behaviors generally
produce the opposite effects on children. A more recent study also found that negative paren-
tal factors, such as rejection, inconsistency, and excessive expectations, contributed to Chi-
nese adolescents’ trait anxiety, which in turn heightened feelings of stress (Kao & Lu, 2001).
As in Confucian societies such as the Chinese and Japanese, parents hold a critical role in
their children’ socialization, including the shaping and formation of the self (Lin & Wang,

1995), the relative importance of academic achievement and parental factors to adolescents’
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self-concept is thus an interesting empirical question to explore. The general impression is
that with a more prevailing authoritarian family climate in Japan (Markus & Kitayama, 1991),
parental factors may be more important to Japanese adolescents’ well-being than that of their
Chinese counterparts.

Traditionally, the focus of psychology has been on negative states rather than on positive
ones. The study of parental factors is no exception, as most of the extant work focuses on
negative aspects of the parent-child relationship, such as authoritarian control and rejection.
However, recently more attention is being paid to the study of human strengths and optimal
functioning. This “positive psychology” is seen as an alternative to the predominant focus on
pathology and deficits. Our present enquiry on academic achievement and positive self-
concept is in accordance with this perspective. Furthermore, we felt that much of the effects
of various parental factors could be captured in a positive construct of psychological quality
of the parent-child relationship, supplementing the often negatively phrased constructs of pa-
rental attitudes and behaviors. Adolescents’ perceived satisfaction of the parent-child relation-
ship was thus used as an overall index in the present study.

To sum, although the relationship between academic achievement and self-concept has
been the subject of a number of psychological studies, mostly in the West, some questions are
still unresolved. We therefore designed a cross-cultural study to further systematically exam-
ine the relationship in a non-Western cultural context. The main thrust of the present study
was to examine, on the multicultural level, and in the Eastern cultural context, the association
between academic achievement and non-academic aspects of self-concept in general and spe-
cific domains. Specifically, our hypotheses were: (1) Differences in the levels of academic
achievement in adolescents would be reflected in both general and specific components of
self-concept. Specifically, for both Chinese and Japanese adolescents, high-achievers would
have more superior overall and specific self-concept than low-achievers.

(2) Chinese and Japanese adolescents would differ in various components of self-
concept, though we did not have sufficient grounds to make specific predictions and treated
the issue as an empirical exploration.

(3) The relative importance of academic achievement and parental factors to adoles-
cents’ self-concept would differ across cultures. Specifically, parental factors would be more

important to Japanese adolescents’ self-concept than that of their Chinese counterparts.
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METHODS

Subjects

A total of 370 high school students (162 males, 208 females) from Taiwan (Republic of
China) and Japan took part in the study. They were in the final year of high school and facing
an impending university entrance exam, the most important qualifying exam in their lives.
The Taiwanese sample (153 participants) was drawn from one high school in a northern
county, and the Japanese sample (217 participants) from a central county. They were selected
on the grounds of comparable educational programs, school prestige, and similar age (17-18

years).
Measurements and variables

1. Self-concept. Tennessee Self-Concept Scale (TSCS, Roid & Fitts, 1988) was applied
as a measure of self-concept. TSCS is designed to be simple, widely applicable, and multidi-
mensional. It is intended for use with adolescents aged 12 and over. The scale can produce a
total score and 5 categorical scores: physical self, moral-ethical self, personal self, family self,
and social self. Three additional scores: behavior, self-satisfaction, and identity are also pro-
duced. TSCS is one of the most popular self-concept scales, and validational support is pre-
sent (Blascovich & Tomaka, 1991). The special reason for choosing TSCS is the availability
of its Chinese and Japanese versions, and its frequent use with Chinese students (Wang, 1991;
Chen, 1995).

2. Academic achievement. School marks were used as the basis to quantify academic

achievement. In the realm of the school scenario, school marks remain the predominant de-
terminants of the subjective interpretation of academic success. Thus, for our purposes,
school marks are more relevant and appropriate indicators of academic achievement as re-
lated to self-concept.

However, the operationalization of school marks were different for the Taiwanese and
Japanese samples to reflect the different educational systems and practice in the two countries.
In Taiwan, a long-standing practice exists to sort students into different classes according to
their school marks. Research has shown that students in “special (gifted) classes” and “ordi-

nary classes” were markedly different in academic motivation, academic performance, exam
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stress, and anxiety (Wang, 1991; Kao & Lu, 2001). Thus, class labeling does reflect students’
actual academic performance and other school-related factors. We had two special classes and
two ordinary classes in our Taiwanese sample. Students of the former were grouped as high-
achievers (coded “2”), and those of the latter as low-achievers (coded “17).

In Japan, a different conversion exists. Since 1960s the “reference score” was introduced
and has been used to judge the likelihood of students’ entry to universities. The reference
score represents the standing of a particular student in a group, calculated based on the stan-
dardized z score in a nation-wide mock exam. In Japan, the reference score corresponds to the
levels of university prestige. A reference score above 50 usually enables a student to enter
prestigious national universities, and a score below 50 means entering private universities at
best. Thus in our Japanese sample, those with a reference score of 50 and above were
grouped as high-achievers (coded “2”), and the rest as low-achievers (coded “17).

3. Parental factors. Adolescents’ perceived satisfaction of the parent-child relationship

was used as an overall index in the present study. This was rated on a 5-point scale, ranging
from “very satisfied” (5) to “very dissatisfied” (1).

Some general demographic information (e.g. age, gender, socio-economic variables)

was collected too.
Procedure and statistical treatment of data

The collection of data took place in one high school in Miaoli (Taiwan), and one high
school in Hyogo (Japan). The participants completed the entire questionnaire battery (in the
appropriate language) in class. The data were then analyzed with SPSS 10.0.

Results

As the operationalization of academic achievement was different in our Taiwanese and
Japanese samples, data were first analyzed mono-culturally. This treatment of the data en-
abled us to systematically examine the relationship between academic achievement and vari-
ous aspects of self-concept within the distinct social and educational context of each country.-
Later, data on self-concept were contrasted between Taiwan and Japan for a direct compari-

s0n.
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Academic achievement and self-concept

Independent sample t tests were conducted to explore differences in self-concept be-
tween high- and low- achievers in Taiwan (N=79 and 74). Three significant results were
found, indicating that high-achievers were superior in physical self, moral-ethical self, and
self-identity to low-achievers (see Table 1). Similar t tests were conducted with the Japanese
data, to explore differences in self-concept between high- and low- achievers (N=78 and 41).
Five significant results were found, indicating that high achievers were superior in family self,
moral-ethical self, self-satisfaction, self-identity, and overall self-concept (also see Table 1).
These results were generally consistent with our first hypothesis that for both Chinese and
Japanese adolescents, high academic achievement was associated with a more positive self-

concept, specifically with those aspects seemingly unrelated to academic ability.

Table 1.  Differences in self-concept between high- and low-achievers in Taiwan and Japan.

Self-concept Groups Chinese t Japanese t

Physical self H 37.09 37.93

L 36.00 2.01* 37.05 .65
Moral-ethical self H 38.46 38.46

L 37.28 2.07* 34.76 3.27%%
Personal self H 33.76 34 .47

L 34.57 -1.61 33.54 .76
Family self H 85.32 38.79

L 35.08 46 35.55 2.17*
Social self H 35.63 36.37

L 35.99 -.72 33.93 1.65
Identity H 59.91 64.94

L 57.70 3.20** 60.98 2.00*
Self-satisfaction H 58.72 59.30

L 59.57 -1.08 54.79 2.04*
Behavior H 61.62 61.66

L 61.65 -.04 59.18 1.57
Total H 180.25 183.90

L 178.92 .86 173.83 2.02*

*p<.05 **p<.01
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Relative importance of academic achievement and parental factors to self-concept

Pearson correlation analysis was conducted to explore the relationship between per-
ceived parental satisfaction and self-concept for the Chinese and Japanese students separately.
There was only one significant correlation (self-identity) for the Chinese adolescents, but all
correlations were significant for the Japanese sample (see Table 2). Taken as a whole, these
results suggested that a satisfying parental relationship is associated with a positive general
self view as well as positive views in specific aspects of the self, more pronounced perhaps

for the Japanese students.

Table 2. Pearson correlation between self-concept and parental satisfaction.

Self-concept Parental satisfaction

Chinese Japanese
Physical self .05 A5%
Moral-ethical self .03 .18*
Personal self .02 268%x
Family self A1 SRERE
Social self 06 I
Identity 5% b s
Self-satisfaction .01 JIEN
Behavior 02 D5kkE
Total 05 30***

*p<.05 **p<.01 p<001***

In order to further explore the relative unique contribution of academic achievement and
parental satisfaction to self-concept, stepwise method was used in a series of regression
analysis. Academic achievement (dummy coded) and parental satisfaction were independent
variables, and various aspects of self-concept (9 in all as listed in Tables 1 & 2) were depend-
ent variables. For the Chinese sample, in all nine regression models, academic achievement
predicted physical self (B=.16, p<.05), moral-ethical self (B=.17, p<.05), and self-identity
(B=.25, p<.01). Parental satisfaction however, did not add significant contributions to self-
concept over and above academic achievement.

For Japanese students, in all nine regression models, academic achievement predicted
moral-ethical self (f=.32, p<.05), family-self (B=.29, p<.05), self-identity (B=.33, p<.05), and
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overall self-concept (p=.40, p<.01). Parental satisfaction predicted family self (B=.48, p<.001),
personal self (B=.39, p<.01), social self ($=.35, p<.01), self-identity (p=.31, p<.01), self-
satisfaction (B=.48, p<.001), and overall self-concept (B=.40, p<.001). Taken as a whole, our
results suggested that academic achievement was more important than parental factors to self-
concept of the Chinese students, whereas the two were equally important to the Japanese stu-

dents. Our third hypothesis was thus generally supported.
Self-concept: Chinese vs. Japanese

A direct comparison between the Chinese and Japanese samples on self-concept was
conducted using independent sample t tests. Results showed that Japanese students exceeded
Chinese in some domains of self-concept: family self (37.97 vs. 35.20, t=5.00, p<.001),
physical self (37.90 vs. 36.56, t=2.56, p<.01), self-identity (64.85 vs. 58.84, t=7.86, p<.001),
and overall self-concept (183.71 vs. 179.61, t=2.17, p<.01). The two samples were not differ-
ent though in their perceived parental satisfaction. Our second hypothesis regarding possible
cultural differences in adolescents self-concept was generally supported, with results showing

a superior pattern of Japanese students over their Chinese counterparts.

DISCUSSIONS

In the present study, we hypothesized that high academic achievement would be associ-
ated with a more positive self-concept, specifically with those aspects seemingly unrelated to
academic ability. Our data from both the Chinese and Japanese adolescents generally sup-
ported this hypothesis. These results were also concordant with previous observations that
gifted and high-achieving Chinese students had higher achievement motivation, better self-
concept, lower exam anxiety (Wang, 1991), as well as lower trait anxiety, and perceived
lower entrance exam stress (Kao & Lu, 2001), than their average counterparts.

The fact that both Chinese and Japanese high-achievers possessed a more positive
moral-ethical self-concept, and a clearer sense of overall self-identity underlines the strong
cultural sanction and moral values attached to educational success in Confucian societies (Yu
& Yang, 1994). Virtue is the central theme of the Confucian world view, and morality is the

necessary condition for human happiness (Lu, 2001). For scholars and social elite, the self-
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completion of moral and ethical ideas (i.e. virtue) should be aspired as the highest state of be-
ing and their primary achievement goal. For ordinary people of the mass, family is the center
of everyday existence, as one is conceived as only a link in the family lineage and a continua-
tion of one’s ancestors. Therefore, success through intellectual labor and passing exams is
traditionally the most prominent way to acquire respectable social status and subsequent
wealth for the family. In traditional and modern Confucian societies, state-organized and cer-
tified exams (e.g. university entrance exams) have been regarded as fair competitions with
equal opportunities for all walks of life. For adolescents of modern Taiwan and Japan, core
traditional values (e.g. education and family values) still hold strong (Lu & Kao, 2002). It is
thus understandable that academic success is seen as a moral-ethical achievement, as well as
a contribution to the family glory. Academic success also helps to strength the self-identity of
a useful, good person and promotes self-satisfaction in general. This is exactly what we found
in the present study.

We also hypothesized that parental factors would be important to adolescents’ self-
concept along with academic achievement. However, the relative importance of the two may
vary across cultures, with parental factors being more important to Japanese adolescents’ self-
concept than that of their Chinese counterparts. This hypothesis was generally supported. We
found that a satisfying parent-child relationship from the adolescents’ perspective was associ-
ated with a superior self-concept across the board in the Japanese sample. The perceived sat-
isfaction towards parents was also associated with a superior self-identity in the Chinese
sample. Regression analyses further confirmed that while academic achievement was impor-
tant for both the Chinese and Japanese adolescents, parental factors had unique incremental
power in predicting Japanese students’ positive self-concept.

These findings are concordant with previous research on parental rearing attitudes. Par-
ish and McCluskey (1992) found that students’ self-concept was associated with the caring
parenting style. Many studies with Chinese students have also found a consistent pattern: par-
ents’ confidence in, caring, acceptance, and encouragement of their children is advantageous
to the development of self-concept (Li, 1988; Lu, 1980; Chen, 1981). Our present findings
are also complimentary to previous observations that negative parenting attitudes (e.g. rejec-
tion) were conducive to students’ anxiety and exam stress (Kao & Lu, 2001). On the other

hand, positive and harmonious family relationships contribute to personal well-being across
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cultures (Lu et al., 2001). Thus our current findings have clarified that positive parental fac-
tors are related to adolescents’ self-concept development.

With regard to possible cultural differences in adolescents’ self-concept, we found that
the Japanese adolescents to be more successful in overall as well as certain domains of self-
concept. As both the Chinese and Japanese students reported similar levels of parental satis-
faction and were drawn from schools of comparable local prestige, the discrepancies in self-
concept cannot be attributed to either academic achievement or parental factors. However,
sample bias may be part of the reason. The Japanese students were residing in a metropolitan
city in the most developed and prosperous central region of the country. The Chinese students
in contrast, were residing in a relatively remote, agriculture-based county. Therefore, the na-
tional differences in self-concept found here may be reminiscent of the urban-rural or socio-
economic status-related differences within a single country (Wylie, 1979; Song & Hattie,
1984). Due caution should be exercised in interpreting these results.

It is also possible though that the results obtained in our study reflect to some extent the
cross-national personality differences, notably the differences in modesty and self-
presentation. Traditionally, both Chinese and Japanese youngsters are socialized to be modest
and restrained, especially in self-presentational styles (Markus & Kitayama, 1991). However,
the popular young culture is changing fast in both societies following societal modernization
and cultural invasions from the West. There is evidence that a traditional interdependent view
of self is now coexisting with a modern (Western) independent view of self in East Asian
countries (Lu & Kao, 2002; Lu et al,, 2001), especially among the educated young urban
population (Sinba & Tripathi, 1994). Nonetheless, the Japanese adolescents seem to be lead-
ing the popular culture of self-expression at every front in the Asian region, and Taiwanese
adolescents are eager to follow the steps (Ju & Lu, 2000). Thus the superiority of the Japa-

nese self-concept may reflect their power position in the young pop culture in East Asia.

CONCLUSIONS

Using a cross-cultural design, and a multidimensional measure of non-academic self-
concept, we were able to discern several significant findings regarding adolescent Chinese

and Japanese students.
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1. High achieving students had superior views in overall as well as some specific do-
mains of self, notably physical self, moral-ethical self, family self, self-identity, and self-
satisfaction. Therefore, our first hypothesis was confirmed that differences in the levels of
academic achievement in adolescents would reflect in their self-concept.

2. Mainly for Japanese adolescents, satisfaction with parental relations was associated
with all aspects of self-concept in a positive manner. Therefore, the theoretical proposition of
self-concept being a social experience has received empirical support, in the context of ado-
lescents’ familial relationships.

3. While academic achievement was important to self-concept of both the Chinese and
Japanese adolescents, parental satisfaction was also important to the Japanese, with a signifi-
cant incremental power. Therefore, our third hypothesis was confirmed that academic
achievement and parental factors would have different relative importance to self-concept
across cultures.

4. The Japanese adolescents were superior in general as well as some domains of self-
concept, notably physical self, family self, and self-identity to the Chinese. Therefore, our
second hypothesis was confirmed that nationality would influence various components of
self-concept.

In general, our study has contributed to the existing literature with cross-cultural data
outside the usual Western world of psychological research. Our findings with both Chinese
and Japanese adolescents have also unequivocally clarified that academic achievement is in-
deed associated with a wide range of self-concept domains, not least those academic-related
ones. It is fair to generalize further that in all cultures that strongly emphasize education and
vocational achievement, academic success should be of great importance to adolescents’
views of self. These contributions underline the value of cross-cultural studies, especially
those sensitive to cultural milieus other than the Western world. In addition, parental factors
are strongly implicated in the development of Chinese and Japanese adolescents’ self-concept,
which deserve more concerted research in the future. Finally, the possible nationality bias in

self-concept is an important area too for future research.
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Current-Mode Biquad Using Two CFCCII,s

Yung-Chang Yin’
Department of Electronic Engineering
Fu Jen Catholic University
Taipei, Taiwan 242, R.O.C.

Abstract

A novel configuration using two pairs of four-terminal p-type active
current Conveyors (CFCCIL,), three/four grounded resistors and three/four
grounded capacitors is presented. The proposed network offers the follow-
ing advantages: (i) realization of current-mode lowpass, highpass, band-
pass, notch and allpass filtering from the same configuration; (ii) mini-
mum active elements; (iii) low passive sensitivity; (iv) without current
tracking errors; and (v) use of only grounded passive elements which is
suitable for integrated circuit implementation.. Experimental results are

included to certify the theoretical prediction.

Key Words : four-terminal p-type active current conveyor, sensitivity

I. INTRODUCTION

Current mode current conveyor based filters can offer wider signal bandwidths, greater
linearity and larger dynamic ranges of operation [1-2]. Hence, a number of universal current-
mode biquads using second-generation current conveyors were proposed [3~11]. Recently,
Gunes and Anday presented a multifunction biquadratic filter using three pairs of four-
terminal p-type active current conveyors (CFCCIL), two grounded resistors and two

grounded capacitors. However, all-pass response cannot be obtained in the design[12]. Chang

* Corresponding author. Tel.:+886-2-29031111 ext.3801; fax: +886-2-29042638
E-mail address : yin@hotmail.com
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and Tu then proposed two universal active filters with current gain, one of which has three
inputs and a single output and the other of which has a single input and three outputs, using
four CFCClI,s , two grounded capacitors and two/four resistors. However, the required num-
ber of CFCCII, for universal filter was quite large[13].

In this paper, a new current-mode using two CFCClI,s, three/four grounded resistors and
three/four grounded capacitors is presented. The circuit can realize highpass, lowpass, band-
pass, notch and allpass filters from the same configuration. The major goal is to reduce the
number of the required active components — CFCCII,s. In comparison with the recent filters
proposed by Gunes and Anday(1996) and the other one proposed by Chang and Tu (1998),
the new proposed filter offers the following extra advantages: use of only grounded capaci-
tors and grounded resistors, low passive sensitivity, and without current tracking errors. Ex-

perimental results which confirm the theoretical analysis are obtained.

II.CIRCUIT DESCRIPTION

The proposed filter circuit based on and employing only two CFCCII,s is shown in
Fig.1. Using standard notation, the port relations of a CFCCII, shown in Fig.2 can be charac-
terized by i. = i, v. = v,, {,=0 and i, = i,. From a routine analysis, the transfer function of the

Fig. 1 can be derived as

et 111
CFCCII
Y (I 0

L

= IO

¥ crecn 2 .
X @ o0

¥
Y Yy I

Fig.1. Current-mode filters using two only CFCCII s
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Fig.2. The port relations of a CFCCII, can be characterized by i, =i, v.=v, i,;=0 and i, = ..

Y -F, (1)

3 4

Y +7,

1

1 _
]Hl
where Y, — ¥, are admittances. If Y5> = ¥; and ¥, = 2¥,, equation (1) will be

o

I, Y+7,

{ Y, -2Y
ot @

If the admittances are chosen as ¥; = sC, + (I/R;)and ¥, = I/ (R, + %), equation (2)
S 1

will be

L: s’ClC'ZJ‘H«Z‘Z+S(CIRI +C,R,-2CR)+1 3)
I, S'CCRR +s(CR+C,R+CR)+]

Hence, if C,R; + C:R; = 2CR;, a second-order notch filter as shown in Fig. 3 can be
realized. If 2(C,R, + C,R;) = C,R;, a second-order allpass filter as shown in Fig. 3 can be
also achieved. Furthermore, if ¥; = 0 (open-circuited), ¥, = ¥, = sC; and Y; = G,, equation

lin

X z
CFCCIl
¥ O o

Y Z
CFCCll

¥ (@ o 1

R, % 122(Ry) R, c,

TT

Fig.3. A current-mode second-order notch/allpass filter

(1) can be expressed as
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I, _ =5C
i sC, +G,

in

(3)

Thus, a highpass filter shown in Fig.4 can be obtained. If ¥; = 0 (open-circuited), ¥; =

sCyand Y, =Y, = G, equation (1) can be written as

in
X 7 p—
CFCCII
¥ ) o
%
I
1 % \croch: & :
C =+ X @ o
ol % Cy
Fig.4. A current-mode highpass filter
Lo b ©)
I, sC +G,

Thus, a lowpass filter shown in Fig.5 can be obtained.

Z
CFCCII
Y () ©

Y z
1 CFCCl
oY X @ o
| 0,

Fig.5. A current-mode lowpass filter

To realize a bandpass filter, the admittances in Fig. I might be chosen as follows:
Y; = 0 (open-circuited), Y, = Y, = I/ (R, + 1/5C;) and Y, = sC; + (1/R;). Equation (1)

can be expressed as
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4
I sCC,RR +s(CR +C,R,+CR,)+1 4

Thus, a second-order bandpass filter shown in Fig. 6 can be obtained. From the men-

tioned above, we can see that the proposed circuit provides the following advantage: mini-

mum active components and use of only grounded capacitors. The comparison between this

paper and the recent ones [ 12~13 ) ( Gunes and Anday (1996) and Chang and Tu (1998) )
is shown in the table 1.

Y
CFCCII
X (@ O0

._W
o
—

Fig.6. A current-mode second-order bandpass filter

Number of CFCCII, components

Paper Filter Lowpass Highpass bandpass notch allpass
Gunes and Anday(1996) 3 3 3 ;.
Chang and Tu (1998) 4 4 4 4 4
Yin 2 2 2 2 2

Tablel. Comparison of the active components

From the above table, we can see that the required number of active components is in-

deed reduced.
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III. SENSITIVITY

The resonance angular frequency ®, and the quality factor 9 of the current-mode band-

pass filter can be expressed as

_ s f = CECREY
(CC,RR)" CR +C,R +CR,

Wo

By relating a sensitivity parameter F to the element of variation .X;

X dF

§F = e BT

" OF dX,
The passive sensitivities are given by

b (- R +R,

1
a2 Mqa&)]

St,= Sl ]
A(C,RR,)
1 C
S¢=—[l-——
A 2[ qu&)]
S¢ = l[l- C +C, ]

" 2 A(CC,R)

Se=8%=82=8%="1/2

where A = (C;R,+C;R;+C,R;y). All the passive sensitivities are quite small.

Taking into account the non-ideal CFCCII,, namely i, = ai, and v, = fv,, where a = I-&
and & (& << 1) denotes the current tracking error of a CFCCII,, and where fi= I-&, and &, (&
<< 1) denotes the voltage tracking error. The transfer function of the proposed network shown

in Fig. 1 can be expressed as
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(Y, +Y,)

1

1"1
The equations of the proposed notch, allpass, bandpass, highpass and lowpass filters

with two non-ideal CFCClI,s are given by the following:

I oy i

. RR +s(CR+C,R,-2a,CR,)+1 8)

I, a[sCC,RR +s(CR+C,R +CR)+1]

(1) notch/allpass:

-a,5C R, )
a,[s’CC,RR, +s(C,\R +C,R, +CR,)+I]

(2) bandpass: ::— =

. —a.sC
3) highpass; - = ——1— 10
B S = BC ) (10)
i -a,G
N1 ass; - = ——2-1 11
(O lowpass: = = GC 56 e

in

where a; and o, are non-ideal factors for CFCCII, (1) and CFCCII, (2), respectively.

The resultant current-mode filters will be insensitive to the current tracking error of the

CFCCIl,s.
IV. EXPERIMENTAL RESULTS

To verify the theoretical prediction of the proposed circuit, a notch and a bandpass filter
prototypes have been realized with discrete components. The experimental and simulation
network in Fig. 3 and Fig.6 were built with C; = C, = InF and R, = R, = 10k(2, and Fig. 4
and Fig.5 were built with C; = /InF and G; = / 0*(€)". The CFCCII,, can be constructed by
the AD844, because the AD844 has the same properties. The Matlab has carried out a simula-
tion of the ideal curves of the proposed filters. The experimental results above were measured
using the Hewlett Packard network/spectrum analyzer 4195A. Figure 7 shows the experimen-
tal results. The theoretical analysis correlates with the measured results with few errors which

were due to the use of passive elements. However, the experimental results as shown still

confirm with the results of the theoretical analysis.
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Fig.7. (a): Notch filter gain response; (b): Notch filter phase response
(c): bandpass filter gain response; (d): bandpass filter phase response
(e):Highpass filter gain response; (f): Highpass filter phase response

(g): Lowpass filter gain response; (h): Lowpass filter phase response

(i): Allpass filter phase response
*: experimental result for gain; +: experimental result for phase; —: ideal curve

7

V. CONCLUSION

In 1996, Gunes and Anday presented a multifunction biquadratic filter which can realize
highpass, lowpass, bandpass and notch filter functions and contain three CFCClls, two
grounded resistors and two grounded capacitors. However, all-pass response cannot be ob-
tained in the design. In 1998, Chang and Tu proposed two universal active filters using four
CFCClIl,s , two grounded capacitors and two/four resistors. However, the required number of
CFCCII, for this two universal filters were quite large. In this paper, the author has proposed
a new universal filter circuit which can realize the allpass filter transfer function in addition
to highpass, lowpass, bandpass and notch filter transfer functions. The proposed circuit em-
ploys only two CFCCII,s, three/four grounded resistors and three/four grounded capacitors.
Moreover, this proposed circuit employs only grounded capacitors and grounded resistors
ideal for integration circuit implementation, is insensitive to the current tracking errors of the
CFCCII,, and has low passive sensitivities characteristics. The required number of active

components is indeed reduced. Two experimental results confirmed the theoretical analysis.

The results will be useful in analogue signal processing applications.
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A Study on the Direct and Indirect Estimators of U-Type
Hazard Function in a Series System

Sy-Mien Chen Shiun-Yin Shiu
Department of Mathematics
Fu Jen Catholic University
Taiwan,R.O.C

Abstract

In this paper, we compare the direct and indirect estimators of a U-
type hazard function in a series system. It turns out that the indirect esti-

mator is better than the direct estimator.
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Titanium Dioxides Film Improved by Cosputtering
Materials with Ion Beam Sputtering

Jin-Cherng Hsu" and Luu-Gen Hwa
Department of Physics
Fu Jen Catholic University
Taipei, Taiwan 242, ROC.

Cheng Chung Lee
Institute of Optical Sciences

National Central University
Chung-Li, Taiwan, 320, ROC

Abstract

Cosputtering of titanium dioxide films with aluminum (Al), fuse sili-
con (Si0,) and silicon (Si) is investigated. Their optical properties, surface
morphology and structure show better than pure titanium oxide. In general,
the extinction coefficient and surface roughness of the cosputtered films
are smaller than the pure TiO, film. Also, the microstructure of the co-
sputtered films are improved to an amorphous structure even though post-
baked up to 450°C.

Key Words : Cosputtering, ion-beam sputtering, amorphous structure.

INTRODUCTION

The fabrication of high quality optical coatings with low scattering and low absorption
losses has recently become significant. Among those coatings, titanium dioxide (TiO,) has

been studied extensively, since it has a high refractive index and transparent range in the visi-

* Corresponding author. Tel.:+886-2-29031111 ext. 3765, fax: +886-2-2902138
E-mail address : phys2022@mails.fju.edu.tw
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Fig.1. Morphology of titanium oxide film deposited at P,;=2X10° Torrand baked at 450°C,
RMS=1.7 nm

ble and near infrared. It is mechanical hard, environmentally stable. It can be produced by
many Kinds of deposition methods. However, the best method to produce the TiO; film with
ultralow loss is ion beam sputtering deposition (IBSD). The optical properties of the TiO,
film are influenced by oxygen partial pressure (Pp;) during deposition and the post-baking
temperature in air'. The film deposited by IBSD at low temperature (<150°C) are completely
amorphous. In general, the surface morphology of the as-deposited film has small grain struc-
tures in the surface. When the film is post-baked at an optimum temperature, 275°C, the sur-
face roughness and the extinction coefficient (k) values decreased to the minimums’. If the
films is post-baked at higher temperature, such as 450°C, there is amorphous-crystalline
transformation which causes the & values increase’ and the film re-crystallizes to the anatase
and rutile grain’. The TiO, film also changes easily to oxygen deficient’. Fig. 1 shows the
morphology as measured by atomic force microscope. The pure TiO, film which is produced
by IBSD and post-baked at 450°C for 6 hours. It is a mildew-like polycrystalline structure and
so irregular that some areas draw the surface down obviously'. This might be due to the
thermal instability of titanium oxide, since titanium has positive ions Ti"%, Ti"* and Ti**. The
effective ionic radii of the ions are 100, 81, and 65 pm respectively®. The reduction of the
ionic radii with increasing the positive charge value for titanium is more obvious than other
metallic ion. The thermal energy from the higher baking temperature stimulates the titanium
ion to the high positive charge, Ti**, which becomes smaller radius in the film. Then, the sur-

face of the film is drawn down. Its microstructure becomes so irregular that the loss increases
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largely. This phenomenon can be improved by cosputtering deposition with some other mate-
rials®. We will extend out the studies in this article to explore how the cosputtered materials

affect the titanium oxide films.

It is difficulty to determine the structure of the post-baked IBSD film with an x-ray dif-
fractometer, since the measurement of the diffraction signal of the crystalline grain works
well only for a thick film’. Thus, Raman spectroscopy is necessarily applied to characterize
the films molecular structures. It is a simple and effective tool for dynamical study of such a
phase transformation’. Moreover, atomic force microscope (AFM) is an auxiliary instrument
to profile the morphologies of the samples. The deposited films are also examined though the
patterns of binding energy revealed by x-ray photoelectron spectroscopy (XPS) for

stoichiometry analysis.
EXPERIMENTS

Fig. 2 is the schematic diagram of sputtering system. I, and [, are main ion source and
pre-clear ion source respectively. Both are made by Ion Tech Inc. with 3-cm grids. The target,
mounted on a water-cooled polygon turret, is a pure titanium metal (99.995%) disk 100 mm
in diameter. Before each deposition the vacuum chamber is cryogenically pumped down to a
base pressure of less than 7x1 0" Torr. Oxygen is fed near the substrate and regulated at 2x10°
Torr by a needle valve. The background pressure is about 1x10™ Torr during the deposition.
The substrate is Corning glass 7059, 2.5 cmx2.5 cm in size.

The beam voltage (V) and beam current (I,) of the main ion source are 1100 V and 30
mA respectively, during the deposition process. The ion current density is about 1 mA/cm’.
The films are deposited with an optical thickness about 0.5 A (at A = 650 nm) as monitored by
an optical monitor. Meanwhile, a quartz crystal thickness monitor measured the deposition
rate.

The materials, selected for cosputtering simultaneously with the titanium target by IBSD,
are aluminum (Al), fused silica (SiO;) and silicon (Si) slices. The slices in various sizes are
placed on the surface of the Ti target. Portions of the coatings are baked in an oven in air at
275°C and 450°C for 6 hours with a heating rate about 5°C/min. All the samples are exam-

ined by a spectrophotometer (Hitachi U-3501) with an error less than 0.1% in transmission
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Fig. 2. Schematic drawing of the ion beam sputtering system.

spectral range from 240 nm to 1840 nm. The optical parameters, refractive index n and ex-
tinction coefficient &, are calculated from the transmittance spectra by the envelope method®.
A Digital Instruments Nanoscope II atomic force microscope instrument is used to scan sur-
face terrain of the samples in a typical area of 1 pm x 1 pum (256 x 256 pixels) on a vibrat-
ing-free platform. The RMS, surface roughness value, is obtained with the software that
comes with the instrument. The film structures are invergated by a Raman spectroscope
within the spectra ranges from 100 cm™ to 1000 cm™ wavenumbers. On the other hand, the
XPS spectra are measured on a full binding energy scale and several expanded binding en-

ergy scales. Then, a superposition curve fitting process is utilized to analysis the XPS spectra.
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RESULTS AND DISCUSSIONS

1. Optical constants

Let M-R be the co-sputtering films, where M is the selected material: Al, SiO,, or Si; and
R is the area ratio of M to titanium target in size. Fig. 3 shows the refractive index (#) and the
extinction coefficient (k) of the films vs. post-baking temperature. The sample labeled by ‘Ti’
is deposited by ion-beam sputtering of pure Ti target. Comparing all the cosputtered samples
with the ‘Ti’ film, the extinction coefficient and the refractive index of all the films are re-
duced. Specially, the index of the sample labeled by Si-1/10 is less than 2.1 due to the larger

R-value for the Si cosputtered material.
2. Surface morphology

Fig. 4 shows the RMS values of the cosputtered films as comparing with that of the “Ti’
film. The surface roughness of some cosputtered films, such as Al-1/10, SiO,-1/5 and all Si-R,
are improved even though post-baking at 450°C . Regarding the sample labeled Al-1/10, the k
value is higher than those of the other cosputtered samples due to the optical absorption,
shown in Fig. 3.

Fig. 5 shows the morphology of the co-sputtered film baked at 450°C. The mildew-like
area decreases when the size of Al, the co-sputtered material increases. For the SiO,-1/20 and
Si0,-1/10 samples, the mildew-like area becomes small holes due to aggregation of the atoms
of the film. When the size of SiO; increases as sample SiO,-1/5, the holes disappear and be-
come a flat surface. For all the samples of the Si-R, the surfaces are smooth and the RMS

values are less than 0.15 nm.
3. Raman spectrum

The films baked at 450°C and measured by Raman spectroscope is shown in Fig. 6. The
Al-1/10, Si-1/20 and SiO,-1/5 curves are recognized as the amorphous structures, because
their Raman spectra respectively have an indicative low-frequency scattering shoulder near
480-cm™' and 790-cm™ that are similar to the features of the substrate spectra’.

The two curves labeled by ‘E-B’ and ‘Ti’ are spectra of TiO, film respectively fabricated
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Fig. 5. The surface morphology and the roughness of IBSD films baked at 450°C

by electron-beam deposition at 250°C temperature and by IBSD of pure Ti metallic target at
an oxygen particular pressure of 2x10” Torr. Both films are made of the pure TiO, material
and post-baked at 450°C. They have the Raman signals of anatase lines at ~550-cm™ higher

than that of the low—frequency scattering shoulder of the substrate spectrum near 480-cm™.
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Fig. 6. Raman spectra of titanium dioxide films on Coning 7059 glass:
E-B: pure TiO, deposited by E-beam.
Ti: pure TiO, deposited by IBSD.

Both features of the anatase signals agree approximately with that of the peak signal reported
by Pawlewicz et al’.

Al-1/20 is not an amorphous type because that the Raman spectra rise at 200-cm™ and
580-cm’' and are relatively higher than the background signal of the substrate near 480-cm™.
Oppositely, the Al-1/10 sample is an amorphous film since no anatase signal appears except
the signal of the substrate in the Raman spectrum. So, the more cosputtered material, Al,
makes the film the more amorphous-like. Then, Al-1/40 sample is neither an amorphous type

since the amount of Al co-sputtered material in the film is less than that in Al-1/20 sample.
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The cosputtered film, Si-1/20, is amorphous types from above discussion. Si-1/10 and
Si-1/15 are also amorphous types due to the more amount of the Si material cosputtered into
the films. For the SiO, cosputtered material, the film needs the more amount of SiO, material

cosputtered into the film to become an amorphous type due to the larger R-value of SiO,-1/5.

4. XPS spectrum

When the cosputtered films are measured with x-ray photoelectron spectroscopy (XPS),
different binding energies of the atoms in the cosputtered films exhibit at the spectra as
shown in Fig. 7 on an expanded energy scale. The Ti, lines of all films are doublets where
the larger peaks theoretically are the Ti2ps» lines and the smaller are Ti2py, lines. The larger
Ti2ps» peaks broaden strongly at ~460 eV because that the majority of Ti atom in the films is
bonded by two oxygen atoms and a few cosputtered atoms. And, the broadened peaks can be
separated into two sub-peaks with computer simulation software as the dotted lines are shown
in Fig. 7. Furthermore, the right sub-peak areas relatively increase and the lefts decrease with
the R-values, for the same cosputtered material (such as: Si0,-1/20, SiO,-1/10 and Si0-1/5).
The energy of the right sub-peak basically is lower than that of the left as the scale shown in
spectrum, which means that the binding energy of titanium atoms deceases due to the cosput-
tering effect.

Moreover, the oxygen atoms in the films are bonded by Ti atoms and a few cosputtered
atoms. The O, peaks of the oxygen atoms can also separate two sub-peaks just like the
Ti2P3/, peaks of the titanium atoms. But, the left sub-peak areas relatively increase and the
rights decrease with the R-values (such as: Si0,-1/20, SiO,-1/10 and SiO,-1/5). The energy of
the left sub-peak is higher than that of the right. So, the cosputtering effect increases the bind-
ing energy of the oxygen atoms.

The cosputtering effect shifts and broadens their binding energy in the Ti2ps; and Oy
regions. The binding energy of the oxygen atom increases but that of the titanium atom de-
creases. The oxygen atoms would absorb the cosputtered atom that replaces the titanium atom
and deliver some binding energy between the titanium and oxygen atoms. So, the bond length
between the titanium and oxygen atoms in the cosputtered film becomes larger than that in
the pure TiO; film. Thus, the decrease of the binding energy between the titanium and oxygen

atoms in the film may release the drawing force on the film surface’, which make the surface
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Fig. 7. XPS spectra of the cosputtered films at O;s and Ti,, energy regions. The square points are
the measured data. The solid and dotted lines are the fitted curves of the measurement
data and their sub-peaks respectively.

morphology smoother if the amount of the selected material in the film is sufficient.

At the same time, the XPS signals of Al,, of the aluminum atom and Si,, of the silicon
atoms arise obviously at ~74.5 eV and ~103.4eV, respectively. However, the Al,, signal only
appears at the spectrum of Al-1/10 sample and the Siy, signals appear at the spectra of Si0,-
1/5 and all Si-R samples. These samples are completely consistent with their smoother sur-
face morphologies shown in Fig. 5. They are also confirmed to be the amorphous structure
from the observation of the Raman spectrum illustrated in Fig. 6.

Comparing the three-selected material at the same R-value condition, the right Ti2P3,
and the left O sub-peak areas of the films cosputtered by Si material are apparently larger
than that of the other materials (such as: Al-1/10, SiO,-1/10 and Si-1/10). Thus, we can that

Si material has the best cosputtering effect.
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CONCLUSIONS

On the whole, cosputtering with Al, SiO, or Si is beneficial to the titanium oxide film in
IBSD process. The thermal stability and microstructure of the cosputtered films are obviously
improved as baking at 450°C. Specially, Si is the best material for the cosputtering effect
since that the cosputtered film is low surface roughness, low optical absorption and amor-
phous type. Otherwise, the size of the cosputtered Si slice is the smallest than that of the other
cosputtered materials when the cosputtered film begin to an amorphous type; thus, the refrac-
tive index of the Si cosputtered film approaches to that of pure TiO, film as shown in Fig.3.
The SiO, cosputtered material is also a good choice, but the size of the SiO, slice must be
larger, then the refractive index of the cosputtered film becomes lower. Otherwise, Al is not
recommendable cosputtered material due to the higher optical absorption film, although the

surface roughness is improved.
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Abstract

Location management including: paging and location update is an
important issue for mobile communication systems. The moving behavior
of mobile users is frequently used to guide the location management,
however, there is a large class of mobile users without regular moving be-
haviors. This paper focuses on the case that individual mobility pattern is
difficult to obtain. We propose location management schemes based on a
time varying population of each cell. The time-varying population of each
cell demonstrates the macro moving behavior of overall users in its cell.
Such a property is also applied to pre-registration so as to reduce the pre-
registration cost and realize seamless handoff. To further reduce the pag-
ing delay, group paging concept is proposed. Simulation results demon-
strate the proposed time-varying population location management

schemes significantly reduce the cost of location management.
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ing, Paging, Pre-registration
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INTRODUCTION

Location Management plays an important role of cellular and personal communication
systems (PCS) and becomes even more significantly in third generation systems (3G) due to
the requirements of multimedia mobile communications. In first generation systems, e.g.
AMPS, whenever a call incoming, all the cells within the system were paged. Although this
was the simplest possible approach, however, it was bandwidth inefficient. Therefore, in sec-
ond generation systems, e.g. GSM, the hierarchical HLR/VLR database architecture was in-
troduced. For management, a system’s whole serving area is divided into several location ar-
eas (LA) and each LA maintains a location management database with two primary parts:
Home Location Register (HLR) and Visiting Location Register. The HLR consists the pro-
files of those mobiles that permanently register to its LA and keep track of these mobiles. The
VLR keeps the mobiles’ profiles that permanently register to its serving area.

To provide convenient and efficient services to users, mobility management comprises
three key processes: handoff, paging and location update. Sometimes pre-registration is also
included to achieve fast and seamless handoff.

Handoff — In wireless communication systems, holding excellent communication quality
while moving is an important issue. While a mobile user attempts to move out current loca-
tion area during conversation, a handoff procedure is triggered and responsible for handling
the redirection of call. Once the handling time is over than required, the call would be
dropped. Thus, handoff delay is the most primary concern in this process. To reduce the
dropping rate, some system support pre-registration (even pre-reservation).

Pre-registration — Before a handoff process proceeds, the mobile’s profile is concur-
rently registered at nearby LAs. With the sufficient information, the handoff delay could be
reduced significantly [4].

Location management — Paging and location update are usually known as location man-
agement. While a call is placed, a paging process is initiated to find the target mobile. Loca-
tion update is used to keep track of the mobile user. Through a series of location update, the
paging cost and delay could be decreased. However, for frequent moving user, the overhead
of location update is high. Thus, how to make a compromise to reduce the overall cost is an

important issue.
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Recently, a rapid growth of user population and coverage areas for PCS systems has re-
inforced the lack of limited radio resources. Since the available channels of a system is re-
stricted, to support the rapidly growing requirements of transmission bandwidths, diminishing
the coverage area of cells to increase the bandwidth reuse seems to be the conclusive solution.
This, however, increases the number of location updates and control overhead. Furthermore,
the enormous location update traffic significantly consumes the limited radio resource as well
as the power of handset battery and also introduces vast processing overheads for base sta-
tions. These motivate the development of effective location management.

Several efficient location management strategies have been proposed [3][9][11][12][14].
These strategies focus on optimizing registration zone design to reduce the cost of tracking
and searching. Some other LA-based investigations focus on reducing paging costs and de-
lays via sequential paging and mobile users’ profile information [17[2][10](13][15][17][18].
Instead of paging the whole LA simultaneously, these approaches search the target mobiles
by paging sequentially part of the LA. However, the LA scheme is not flexible enough to
adapt to diverse mobility patterns and requirements of mobile users. Dynamic mobility man-
agement concept is thereby proposed that treat each mobile with individual mobility and call
characteristics. Based on this concept, mobile users execute location update depending on ei-
ther the elapsed time, number of crossed cells, traveled distance, or predicted mobility pat-
terns [5]~[8]. Through accurate prediction of mobile location, these strategies significantly
reduce mobility management cost. However, dynamic approaches suffer massive databases
and numerous computation overheads since the system should collect individual mobility in-
formation for each mobile so as to predict its location. This makes them complicated and dif-
ficult to implement. Furthermore, there is large class of users without regular moving behav-
ior. For this class of users, dynamic schemes generate poor performance due to low hit rate;
furthermore, mining a regular moving pattern for them is indeed difficult and expansive. In
[3], the concept of Moving Location Area (MLA) by combining registration zone and loca-
tion prediction concept is introduced.

In this paper, in addition to individual mobile’s moving behavior, we attempt to enlarge
the point of view and focus on the macro moving behavior of the overall mobile users of each
cell. Thus, a time-varying population of each cell is introduced to guide location management.

The population transitions of nearby cells demonstrate the macro moving behavior. Such in-



116 A Study of Time-varying Population Based Location Management Schemes

telligence could also be applied to pre-registration so as to reduce the pre-registration cost
and handoff delay. To reduce paging time effectively, the concept of simultaneously group
paging is also introduced. Simulation results demonstrate that the proposed Time-varying
population based location management scheme (TPBLM) significantly elevates paging per-
formance. The TPBLM can cooperate with other dynamic location management approaches
to obtain better location management performance.

The rest of this paper is organized as follows. Section 2 gives a brief overview of current
location management schemes. The motivation and fundamental functions of the proposed
approaches are presented in section 3. The performance evaluation and results of the pro-

posed schemes are provided in Section 4. Section 5 concludes this paper.

AN OVERVIEW OF LOCATION MANAGEMENT

Location management attempts to grasp the mobility of mobile users so as to provide
fast and efficient services to them and is usually comprised by two elementary operations:
paging and location update. Paging is a searching process to locate a target mobile to deliver
a call. Location update typically initiates by a mobile user to notify the system its current lo-
cation. Frequent location update waste both radio bandwidth and server’s processing time,
but speedups the paging time. When to trigger a location update process is an important issue.
According to the updating time, location update is classified into two categories: explicit and
implicit. For explicit location update, when a mobile host moves cross LA boundary, a loca-
tion update notification is immediately generated and sent to its HLR. On the other hand, the
implicit location update delays the updating process till a new call is placed. Meanwhile, the
update information is then piggybacked on the data or control message.

Since lots of the users have regular mobility habit, the system may collect the users’
mobility behavior and record as part of the users’ profile. Several existing intelligent paging
schemes page target users according to their profile so as to reduce the paging cost and delay.
However, for mobile users without any regular mobility habit, regular mobility patters are
difficult to derive. Thus, for this class of users, explicit location update is applied to keep an
accurate track of mobile users and reduce the paging cost. A location update requires both

base station processing overhead, handset’s power consuming, and radio resource, although,
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frequently location updates can reduce the paging delay and cost. However, for users with
rapid moving but seldom being called, frequent location updates consume limited radio re-
source, system processing time, and mobiles” power. In the LA’s point of view, when an LA is
in a rush hour, the radio resource and system processing time are extremely limited and more
costly, and massive location update messages exhaust resources seriously. In this case,
implicit location updates are highly recommended. As well known, consuming low power for
light-battery-equipped mobile terminals is highly desired, especially, for a high mobility user
because power recharging is inconvenient. However, implicit location update results higher
searching overheads and longer paging delay. To reduce paging delay and overhead, an intel-
ligent paging scheme with shorter paging delay is designed. For low mobility users, they have
mobility patterns, thus the system may search the targets according to their profile.

An intelligent paging process is usually preceded according to the user’s mobility
pattern. However, there are circumstances, such as users haven’t patterns or the target mobile
is absent in the locations recorded in patterns. For these cases, a fixed sequence paging
starting from the latest location, denoted as Z, is employed. Suppose the target mobile is
missing in the latest zone, the first surrounding cells around Z, are paged. If the target mobile
is still not found, the second circle cells, and the third circle cells, etc., are paged. Such a
paging scheme accompanied with implicit location update is known as Fixed Sequence
Location Management (FSLM) [5].

In this paper, we consider the case that users without individual mobility profile and in-
troduce a time-vary population of each LA. The proposed location management scheme, de-
noted as Time-varying Population based Location Management (TPLM), employs an implicit
location update to save handset’s and server’s power and radio link bandwidth, and time-
varying population based paging schemes to speedup searching and reduce the paging cost. In

the following section, the proposed TPLM is presented.

THE PROPOSED TPLM

The TPLM is designed to reduce location management cost and paging delay by taking
advantage of the LA’s property. Each LA maintains a time-vary population table to guide the

location management. In the following subsections, we first introduce the time-varying popu-
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lation table (TPT), location update scheme, and finally the paging schemes of TPLM.

A. Time-varying Population Table

Both natural geographical characteristics such as mountains, lacks, and seas and artifi-
cial installations such as highways, stations, theaters, and shopping centers, affect the distri-
butions and movements of mobile users. Not only the geographical characteristics influence
mobile users’ movements but also time. For example, lots of mobile users might locate in sta-
tions or highway in rush hour on weekday. They might move into theaters or shopping areas
while getting off work or school, and rush into scenic areas on weekend. Thus, a LA’s prop-
erty similar to the mobile’s moving behavior is introduced. Different from mobile’s moving
behavior, which is a micro view of each mobile, the LA’s property is a macro view of overall
mobiles’ behaviors in its LA. In this paper, we simply use time-varying population as the
LA’s property. The quantitative information could be collected in the following approaches.
Each base station through the registration messages, location update requests, and paging re-
plies could collect the LA’s population, since each registration message, location update re-
quest or paging reply represents a new incoming mobile user.

The observation time range T may be different length such as 24 hors or a week. Since it
is difficult to find a function just fitting the population change, discrete population informa-
tion is gathered. We divided time domain into a number of time units (i.e. basic observation
unit). The time-unit may be fixed length (for example, one hour per unit) or dynamic varying.
A dynamic time period may determine according to the population variation; a pre-defined
population threshold is given. Whenever the variation crosses the threshold, a new observa-

tion period is triggered. Each base station logs the population variation.

B. Location Update Scheme

According to the users’ mobility behavior, the mobile users are first divided into two
classes: high and low mobility classes. High mobility users refer to users with highly random
moving behavior, whereas low mobility users represent users with regular mobility patterns.
Usually, a high mobility user produces frequent location updates and consumes high process-
ing overhead and much power. However, consuming low amounts of power through the use

of mobile terminals equipped with light batteries is highly preferred. Thus, for both high and



ah{ERaEE 37 119

low mobility users, an implicit location update is recommended so as to reduce the mobiles’
overhead in the proposed TPLM. That is, the location update is delayed until a new call is at-
tempted. The location update information is then piggybacked on the control message. The

overhead of an implicit location update is thereby extremely limited.

C. Paging Schemes

The TPLM focuses on the case that mobiles® mobility patterns are difficult to obtain (i.e.,
high mobility users). For a low mobility user, the TPLM may cooperate with other intelligent
paging strategies to page the target based on the user’s mobility pattern. The system provides
various mobility patterns including a paging sequence for working hours, evenings, or week-
ends. This information is located in the user’s HLR. According to the paging sequence, the sys-
tem sequentially searches for the target. If the target is unable to find within its mobility pattern
or without a moving pattern, a paging process based on time-varying population information is
then proceeded. Three different paging strategies are proposed and discussed as follows.

TPLM — Mobile users usually gather to popular area, thus it is reasonable to consider
the amount of mobile users as the index to search mobile hosts. According to, TPLM sequen-
tially pages the target according to each LA’s population in a decreasing order. It starts from
the target’s last location Z,, then the first layer LA surrounding Z;, and so on. Consider an ex-
ample illustrated in Fig.1. Assume the last location of mobile user is BSy and its current popu-
lation is 743. If the target handset is not at BSo, TPLM then searches following the sequence
{BS,, BSs, BSs, BSs, BS,, BS,}. In this example, TPLM consumes three messages to locate
the target handset.

M-TPLM - Here, we introduce the concept of multiplayer, a system predefined parame-
ter. The multiplayer parameter (M) defines how many layers should be considered each time.
Consider the example shown in Fig.2, the paging sequence of M-TPLM is {BS,, BS;, BSs,
BSs, BS,, BS,, BS,}. The M-TPLM spends only two paging message to locate the target.

G-TPLM - To decrease the paging delay, we apply the concept of group paging. The
basic idea of G-TPLM is to simultaneously page a group of LAs. The predefined system pa-
rameter G specifies the number of simultaneous paged LAs. Consider the example shown in

Fig. 3 with G=2, G-TPLM searches the target according to the following sequence: {BSo},
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Fig. 1. An illustrated example of TPLM Fig. 2. An illustrated example of M-TPLM
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Fig. 3. An illustrated example of G-TPLM Fig. 4. An illustrated example of MG-TPLM

{BS,, BS3}, {BSs, BSs}, {BS,, BSs} and pages each group concurrently. As the result, the
target mobile host locates at BS;. Hence, it needs two units communicating time, and there
are totally three paging messages delivered, since at second paging period, the G-TPLM con-
currently pages two location areas at the same time.

MG-TPLM — MG-TPLM is a combination of G-TPLM and M-TPLM. In MG-TPLM,
the paging procedure follows the rule of M-TPLM to decide the number of layers considered
each time. The group of page sequence is then found. Finally, the paging procedure concur-

rently pages LAs group by group. Figure 4 demonstrates the paging behavior of MG-TPLM.
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Since the target handset is inside the coverage of BS;, MG-TPLM only spends one unit time

and two paging messages.

IV. PERFORMANCE EVALUATION

In the subsequent section, the models, metrics, and assumptions used for the system’s
performance evaluation are presented. To evaluate the proposed TPLM, some computer simu-
lations are made. We compared the performance of the proposed scheme with other implicit
and explicit location management schemes, including FSLM, TPLM, M-TPLM, MG-TPLM
and MLA.

Since the proposed TPT represents a macro moving behavior of overall users in the LA,
it can also demonstrate the moving situation of highways. Thus, in the simulations, a system
configuration with highway is also considered. Under such a system configuration, the simu-
lation results of the proposed scheme are compared to that of MLA. Different from the pro-
posed scheme, MLA employs explicit location update. It enables a location update whenever
a mobile enters into a highway. After that, the corresponding mobile joins a dynamic register
area. MLA would enable a location update procedure and change to anther dynamic register
area whenever the mobile user decreases/increases its speed or changes to another highway.

Some qualitative comparisons of the aforementioned methods are listed in Table 1.

Table 1. The qualitative comparisons of FSLM, TPLM, M-TPLM, MG-TPLM, and MLA.

FSLM|TFLM[M-TPLM|MG-TPLM|MLA/
Implicit LU.|Yes |Yes [Yes Yes No
Explicit LU.[No |[No [No No Yes
Population |No [Yes |Yes Yes No
information
Time-  (No |Yes |Yes Yes No
varying
[Multilayer [No |[No |Yes Yes No
Group No [No [No Yes No
L.U.delay [Low |Low |Low Low High
L.U.cost |Low |Low |[Low Low High
Paging delay|High |High [High Medium  |Low
Paging cost |High |High [High High Low
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The proposed TPT represents macro moving behavior and in the other point of view, it
reveals some prediction information. Thus, this prediction information could be also applied
to pre-registration schemes. The system could pre-register for a group of mobiles according

to the information of TPT so as to improve the handoff quality.
A. Simulation Assumptions

The simulation system model and selected parameters are presented as follows.

1. The serving area considered in the simulation is 15x15 LAs.

2. In the considered system, a LA consists of one cell.

3. For TPT, the observation time range T is set to be one week and fixed basic observa-
tion unit is considered in the simulations. The time-unit is set to be 2 hours. Thus, a 12
two-dimension matrix is used; where the x-axis represents 7 days of a week and the y-
axis describe 12 basic time units of a day.

4. The low mobility user ratio is 20% and high mobility user ratio is 80%.

5. Two different classes of moving models are simulated. The first class is the uniform
model, i.e., the probabilities of six moving directions are equal. The second class is
zone population based model. In this model, the moving direction is decided by the
time-varying zone population probability. A zone-population based ratio, denoted as 9,
is used. Where the ratio 6 = 0% represents uniform moving model.

6. The number of layers of the M-TPLM considered in the simulations is 2 (i.e., M=2).

7. The number of LAs in a group considered in the group paging is 3 (i.e., G=3).

8. In the simulations, two type of user moving model for both non-LA population-based
moving model and LA population-based moving model. The first moving model is a
uniform moving model; that is, the moving probabilities of six directions are equiva-
lent. The LA population information is considered in the second type, i.e., the moving

probabilities of six directions are based on the TPT.
B. Performance Evaluated Metrics

In this subsection, the evaluated metrics considered in this paper are introduced [13]. Let
Np denote the average number of paged cells for locating the target for each incoming call

and Ny, denote the average number of exchanged messages for location update. If 4 is the av-
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erage call-arrival rate per cell, the averaged number messages of each cell for paging and lo-
cation update is given by AN, and ANy, respectively. For simplicity, assume the control mes-
sage size for both paging and location update is the same and denoted as .. Therefore, the

total paging traffic of each cell is
Tp= Aw, Np, (1)
and the traffic generated by location update of each cell is
Ty = A, Ny. (2)
The normalized paging traffic with respect to A, is
Tp = Np, €)
and the normalized traffic of location update (with respect to Aa,) is
Ty=Ny 4

Let 7 denote the paging setup time.' Assume Ay is the average number of paging at-
pag p g pag

tempts to locate a target, the average paging delay D; is derived from the following equation:
Dp = TAP. (5)

If the transmission rate of the paging channel is r bytes/second, in Dp seconds, there are
r Dp = rzdp bytes generated. Since 7 is the setup time for paging message, rz becomes the
size of paging message @.. Thus, in Dp seconds, a size of @4, paging traffic is generated. A
paging cost consisting of paging overhead (traffic) and delay is considered in this paper. Let

Cp denote the paging cost and be given by the following equation.
Cp = oTp +BDp = aA@Np +BATAp = aA@wNp +BADAp (6)
Where o and £ is the weight assigned to the paging traffic and paging delay, respectively.
Hence, the normalized paging cost (with respect to Aa@,) is
Cp = oNp +BAp (7
To better understand the performance of proposed schemes, we consider paging cost and

location management cost as indexes for performance evaluation. Since the location man-

agement is accomplished by two basic operations: location update and paging, we define the
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location management cost as a combination of the cost of paging and location update and
paging delay. The location update time is not considered, because it is not a significant issue
in location management. Let C;, denote the location management cost and is derived from

the following equation.
Cim = aTp +BDpty Ty = ch®w Np +BATAp HYAWNy= aA®wNp tBATAp HYATNy  (8)
Hence, the normalized total cost (with respect to Am.) is
Cim = aNp +BAp +YNy 9

Where yis the weight assigned to the traffic generated via location update.

C. Numerical Results

In this subsection, two categories of numerical results are demonstrated. To better un-
derstand of the proposed TPLMs’ performance, the first simulation results demonstrate the
normalized paging traffic, delay, and cost of four location management schemes with implicit
location update. The performance comparisons of implicit and explicit schemes are demon-

strated in the second category.

Class I: Simulation results of location management schemes with implicit location update

Figures 5 demonstrates the nomalized paging traffic (7») and paging delay (D) of three
different zone property based paging schemes and Ring Paging Scheme (RPS). RPS searchs
the target ring by ring. It starts from the lastest location. Suppose the target is missing in the
latest LA, the first surronding LAs are then paged. If the target mobile is still not found, the
second circle, and the third circle, etc., are paged. All these four schemes employ implicit
location update. Althought the paging traffic of MG-TPLM is slightly higher then that of the
other three approaches, its paging delay is signifacanly reduced. The average paging delay of
M-TPLM is about 40% less than that of the other schemes. Figure 6 demonstrates the paging
cost Cp obtained by four paging schemes with implicit location update under different weight
values. For implicit paging schemes, since location update is piggybacked on calls, with the
same call arrival ratio, each implicit paging scheme generates the same amount of location
update attempts and the required overhead is low. Thus, we simply ignore the cost of location
update here. Consider an example with a=30%, and /=70%, the paging cost of MG-TPLM is
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Fig. 5. Paging Traffic 7p and Paging Delay Dp Fig. 6.Paging Cost Cp obtained by FSLM,
obtained by FSLM, TPLM, M-TPLM, TPLM, M-TPLM, and MG- TPLM un-
and MG-TPLM. der different weight values

about 40% less than that of the other schemes. As the weight value f increases, a lower pag-
ing cost is needed for MG-TPLM. This indicates that if paging cost is focused on paging de-
lay, then MG-TPLM outperforms than other schemes and vice versa. Figure 6 also demon-
strates an interested phenomenon that the paging cost Cp of RPS, TPLM, and M-TPLM are
independent to the permutation of paging traffic 7p and paging delay Dp. Since RPS, TPLM,
and M-TPLM page mobile host cell by cell, the number of paged cell (Np) is equivalent to the
number of attempts to locate the target (4,). However, MG-TPLM obtains different paging
cost for different weight assigned, because Np is different from 4, for MG-TPLM.
Class II: The comparisons of location management schemes with explicit and implicit location
update

The comparison of explicit and implicit location update schemes are demonstrated in
Figures 7 through 11. The considered system environment of MLA is highway and it com-
pletely demonstrates macro-moving behavior. To demonstrate how time-vary zone informa-
tion represents macro moving behavior of mobiles, the selected explicit location update
scheme is MLA. Thus, all the simulation results of class II are obtained under a system con-
figuration with highways. In Fig. 7, the average paging traffic (7}), paging delay (Dp), and
location update traffic(7;,) obtained by MLA, RPS, TPLM, M-TPLM, and MG-TPLM are

demonstrated. Since MLA applies explicit location update, it obtains a lowest paging traffic
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O Paging Traffic 7 p B Paging Delay D p
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Fig. 7. Paging Traffic T, Paging Delay Dp, and Loca- Fig. 8. Location Management Cost C;, with (o,

tion Updating Traffic 7;; obtained by explicit B, Y)=(18%,42%,40%) obtained by MLA,
paging scheme (MLA) and implicit paging FSLM, TPLM, M-TPLM, and MG-
schemes (FSLM, TPLM, M-TPLM, and MG- TPLM

TPLM)

and paging delay. For the other four paging schemes with implicit location update, the gener-
ated paging traffic is very close; however, the MG-TPLM gains the lowest paging delay. On
the other hand, the location update cost of MLA is significantly higher than that of the other
four schemes, since explicit scheme generate a location update whenever a mobile user
crosses a different LA. Figure 8 demonstrates the total location management cost (Cpy,) of
MLA, RPS, TPLM, M-TPLM, and MG-TPLM. The considered total cost Cj,, is obtained via
equation (9) with (&, S, ) = (18%, 42%, 40%). Figure 9 demonstrates the C;,, of MLA, RPS,
TPLM, M-TPLM, and MG-TPLM with different weight values. For (&, 3, ») = (24%, 56%,
20%), the C}y, is computed mostly based on paging cost, MLA gains the best results. How-
ever, as y increases, the required cost of MLA raises. Consider an example with (¢ 8 Y)=(6%,
14%, 80%), MLA obtains the worst results. If based on the consideration that the paging de-
lay is more important than the other costs, the proposed MG-TPLM obtains the best perform-
ance with (&, £, ) = (18%, 42%, 40%). On the other hand, if the paging traffic is considered
more important, the proposed M-TPLM gains a better performance than that of MG-TPLM.
Briefly, from the service provider’s point of view, the required maintaining cost (paging and
location update traffic) is primary concern, whereas from the users’ point of view, the delay

time is most important.
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MG-TPLM under different weight values FSLM, TPLM, M-TPLM, and MG-

TPLM versus Moving behavior Ratio &

An interesting observation of paging cost obtained by RPS, TPLM, M-TPLM, and MG-
TPLM under different mobile moving behaviors is demonstrated in Fig. 10. The x-axis
represents the ratio & of mobile moving behavior based on LA’s population. Where ratio 0%
stands for uniform moving behavior, i.e., the probability of six directions are equal.
Obviously, if mobile users’ moving behavior trends toward popular area, such as downtown,
or commercial center, the proposed zone-property based schemes gain better performance.
Another interesting observation of paging cost vs. call arrival rate A is shown in Fig. 11. The
more calls arrive per unit time; the less paging cost is required for implicit paging schemes.
Since for implicit paging schemes, location update is piggybacked on call attempts, the more
calls arrive, the more accurate last location is obtained. Notably, MLA dose not suffer by the
effect of call arrival rate.

We also introduce the basic idea of this paper (multiplayer, group and TPT) into pre-
registration process to reduce the handoff time and present the simulation results in figures 12
and 13. Figure 12 demonstrates the handoff cost obtained by schemes without pre-registration,
FSLM, TPLM, G-TPLM. The considered handoff cost Cy is obtained following the same

idea discussed in Sec. 4.2 and defined by the following equation.

Cro = 0T rotBDro. (10)
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Figure 20 presents the pre-registration hit rate ¢.

(a,B,X)=(18%, 42%, 40%) obtained by
FSLM, TPLM, M-TPLM, and MG-

TPLM versus Call Arrival Rate 4

FSLM

TPLM  G-TPLM (G=2) G-TPLM (G=3)

pre-registration scheme

rate ¢ versus

pre-registration, FSLM, TPLM, G-
TPLM (G=2), and G-TPLM (G=3)

Where Tyo and Dyo denotes the traffic and delay generated by handoff, respectively.
The considered handoff traffic includes the traffic generated by pre-registration (if any) and
handoff. For simplicity, the amount of traffic generated by pre-registration each time is as-
sumed to be the same as that of handoff. The handoff delay is simply ignored if the pre-
registered LA is hit. Where « and [ is the weight assigned to pre-registration traffic compo-
nent and delay, respectively. The weight values considered in Fig. 12 is (co.,3)=(10%, 90%).
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CONCLUSION

In this paper, we proposed a location management scheme utilizing LA information. A

simplified time-varying LA population is estimated according to the collected LA information.

The time-varying population is capable of representing the macro moving behavior of mo-

biles in its LA. Based on the time-varying population probability, some intelligent paging

schemes have been proposed. Group paging concept has been introduced to reduce the paging

delay. Simulation results have demonstrated that the proposed schemes significantly improve

the location management performance.

The LA information applied in this paper is simplified but the obtained results are effi-

cient. In the future, further LA’s property will be investigated to improve the location man-

agement schemes.
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Leader Behavior and Work Motivation:
Analysis on Affective Perspective

Chaoming Liu
Department of Psydology
Fu-Jen Catholic Umiversiry

Abstract

Leader behavior is mainly divided into structure and consideration in
Western research. However, recent indigenous studies in Chinese societies
find out that the character of a leader as well as the affiliation with his/her
subordinates are also major factors in their interaction. In the present
study, critical incident technique is used to collect leader behavior de-
scriptions, then to compile a leader behavior inventory. Employees from
various companies are undertaken the inventory individually in two sam-
ples (N=750 and 1,111 respectively ) . Principal component analyses in
both samples consistently indicate three leader behavior factors: caring,
recognition, and mentor. Path analysis in the second sample further indi-
cates that the three leader behaviors can significantly influence subordi-
nates’ work feeling and affiliation with their superiors. Moreover, the feel-
ing and affiliation will then influence their willingness to work hard and
self-rated performance. The author points out in discussion that Chinese
leader behavior may not merely be divided by structure and consideration,
rather feeling is infused into work. A subordinate’s work motivation and

performance is transcended through his/her affiliation with the leader.

Key Words: Leader behavior, work motivation, affective relations, affec-

tive bao
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Synthesis of Liquid Crystalline Compounds of Alkyl or Aryl
6-(4-Alkylphenyl) Nicotinates

Win-Long Chia,®* Motonari Udo,? and Hong-Cheu Lin®
°Department of Chemistry, Fu Jen Catholic University, Taipei, Taiwan, Republic of China 242
?Department of Material Science and Engineering, Chiao Tung University, Hsinchu, Taiwan,
Republic of China 300

Abstract

This study describes an efficient approach to synthesize pyridine-
containing liquid crystalline compounds by using of 4-alkylphenyl mag-
nesium bromide to react with alkyl or aryl N-phenyloxycar-
bonyInicotinium chloride and subsequent oxidation by o-chloranil to give

regioselective alkyl or aryl 6-(4-alkylphenyl)nicotinates in a fair yield.

Key Words: Synthesis; pyridine-containing compounds; liquid crystalline

compounds.

INTRODUCTION

Interest in liquid crystal (LC) technology is increasing rapidly because it is a leading
candidate for full color, monochrome and black and white displays in computers, aircraft and
other vehicle cockpits and for the large next-generation television market. Although some
pyridine-containing liquid crystalline compounds have been synthesized before,'™ there is a
large demand for new liquid crystalline materials for more advanced displays. Recently, cer-
tain pyridine-containing liquid crystalline compounds have shown enhanced properties in
display application.’

Previously, we have prepared various 2- or 4-substituted pyridines and alkaloids by re-

* Corresponding author. Tel.:+886-2-29031111 ext. 3567, fax: +886-2-29023209
E-mail address : cheml008@mails.fju.edu.tw
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COOR?

F COOR?
1 \N THE/N,
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)\Cl' <20C
(@) OEt
1 2 3
o-chloronail R1 / \ COOR2
Toluene
N=
4
Scheme 1

gioselective addition of organometallic reagents to 1-acylpyridinium salts. ® Recently, we
have successfully applied this methodology to prepare liquid crystalline 5-substituted 2-(4-
alkylphenyl)pyridines. ’ In this paper, we wish to report an efficient synthesis of liquid crys-
talline compounds of alkyl or aryl 6-(4-alkylphenyl)nicotinates 4 (Scheme 1).

RESULTS AND DISCUSSION

Synthesis of alkyl or aryl 6-(4-alkylphenyl)nicotinates :

Efficient syntheses of alkyl or aryl 6-(4-alkylphenyl)nicotinates 4 were carried out by using
4-alkylphenylmagnesium bromide 1 to react with alkyl or aryl nicotinates 2 and subsequently
oxidized by o-chloranil (Scheme 1). Yields were fair for these alkyl or aryl 6-(4-
alkylphenyl)nicotinates (Table 1).° Low yield of these products is probably attributed to the
withdrawing nature of the 3-substitutents on the pyridine ring; while, electron-donating 3-
substituted pyridines provide high yields of the corresponding products.” & -Regioselectivity
on the pyridine rings was completely dominant in the products from all these reactions. In re-
gard to the purity of these compounds, the crude products were further purified by re-
crystallization from hexane. All compounds gave satisfactory data by *C NMR (75MHz,
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Table 1. Synthesis of alkyl or aryl 6-(4-alkylphenyl)nicotinates 4a-4f

Entry R R? Mp(‘C)® Yield*(%)
4a H Ph 144 44
4b Me Ph 141 33
4c Bu Me 87 33
4d Bu Ph 113 31
de Bu Benzyl 50 31
4f Pentyl® Ph 104 34

*[solated yield by column chromatography (methylene chloride/hexane) on silica gel.
®Recrystallized from hexane and according to the second heating cycle.
¢p-Bromopentylbenzene was synthesized according to a known procedure.”

CDCl5) and IR spectra. This methodology to synthesize pyridine-containing liquid crystals is

quite effective and products can be obtained in a short two-step reactions.
Thermotropic behavior of alkyl or aryl 6-(4-alkylphenyl)nicotinates :

Thermotropic behavior of these alkyl or aryl 6-(4-alkylphenyl)nicotinates synthesized
can be clearly observed using differential scanning calorimetry (dsc). Only two of these alkyl
or aryl 6-(4-alkylphenyl)nicotinates were found to be liquid crystalline, they were phenyl 6-
(4-n-butylphenyl)nicotinate (4d) and phenyl 6-(4-n-pentylphenyl)nicotinate (4f).

Phenyl 6-(4-n-butylphenyl)nicotinate (4d) was found to be monotropic and its meso-
morphic range was between 91.16°C and 72.15°C, when a second cooling cycle was con-
ducted, phenyl 6-(4-n-pentylphenyl)nicotinate (4f) was found to be enantiotropic and its me-
somorphic ranges were between 104.19°C and 108°C'® when a second heating cycle was
conducted and between 109.06°C and 75.67°C while cooling cycle was conducted. The mag-
nitudes of the enthalpy changes between crystal-to-mesophase were found to be much higher
than those between mesophase-to-isotropic for both (4d) and (4f). ! This indicates a less or-
dered (or highly mobile) mesophase might occur in the mesomorphic range. It is known that
the lone pairs of electrons on the nitrogen atoms act to broaden the molecule and also intro-
duce attractive forces which aid smectic formation. Focal conic fan textures were observed
and smectic A phases'? presumably appear in both phenyl 6-(4-n-butylphenyl)nicotinate (4d)
and phenyl 6-(4-n-pentylphenyl)nicotinate (4f) when using a polarized optical microscope
(Figure 1). However, the exact identification of the mesophases of these two compounds

needs to be further verified by the x-ray diffraction method.
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Fig. 1. Focal conic fan texture of the mesophase of phenyl 6-(4-n#-pentylphenyl)nicotinate (4f) arises from

isotropic phase on cooling to 80°C. Polarized optical micrographs with magnification of x200.
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(8) Representative experimental procedure of 3d: To a (Grignard) solution of 1-bromo-4-
butylbenzene (10 mmol) in 20 ml THF was added freshly dried magnesium granules (11
mmol) under an inert atmosphere. The Grignard solution 1 was then slowly added by
syringe into a preformed solution of nicotinium chloride 2 (10 mmol ethyl
chloroformate, 10 mmol phenyl nicotinate, 20 ml dry THF at -20°C, 0.5 h) at -20°C. The
resulting solution was warmed slowly to room temperature and stirred for another 8 h.
After evaporating the THF, the residue was extracted with ether. The organic layer was
further washed twice with 10% HCI solution and brine and dried with magnesium
sulfate. Yields of the intermediates were found to be around 60%. For 4d: To a solution
of 20 ml dry toluene and crude 3d was added about 1.5eq. o-chloranil. The reaction
mixture was heated to reflux for a number of hours under inert atmosphere and then
quenched by adding 25 ml 1N NaOH solution and 25 ml ethyl ether and filtered through
celite. Normal aqueous work up and isolation with column chromatography affords the
product 4d (31%). The crude products were further purified by re-crystallization from
hexane.

(9) 'H NMR (400MHz, CDCls). 4a: 9.46 (s, 1H), 8.48 (dd, 1H, J,=8.34 Hz, J,=2.25 Hz),
8.10 (d, 2H, J=7.86 Hz), 7.87 (d, 1H, J=8.34 Hz), 7.43-7.55 (m, 5H), 7.31-7.24 (m, 3H);
4b: 9.42 (s, 1H), 8.46 (dd, 1H, ./;=8.36 Hz, ./,=2.26 Hz), 8.00 (d, 2H, ./=8.22 Hz), 7.85
(d, 1H, J=8.38 Hz), 7.45 (t, 2H, J=7.67 Hz), 7.24-7.33 (m, 5H), 2.43 (s, 3H); 4e: 9.19 (d,
1H, J=2.10 Hz), 8.25 (dd, 1H, J,=8.33 Hz, /,=2.19 Hz), 7.90 (d, 2H, J=8.23 Hz), 7.71 (1,
1H, J=8.34 Hz), 7.23 (d, 2H, J=8.23 Hz), 3.89 (s, 3H), 2.61 (t, 2H, J=7.83 Hz), 1.61-
1.53 (m, 2H), 1.34-1.28 (m, 2H), 0.87 ( t, 3H, J=7.36 Hz); 4d: 9.45 (s,1H), 8.47 (dd,1H,
J,=8.40 Hz, J,=2.04 Hz), 8.05 (d, 2H, J=7.98 Hz), 7.86 (d, 1H, J=8.36 Hz), 7.47 (t, 2H,
J=7.97 Hz), 7.26-7.36 (m, 5H), 2.71 (t, 2H, J=7.69 Hz), 1.71-1.64 (m, 2H), 1.46-1.39 (m,
2H), 0.98 (t, 3H, J=7.60 Hz); 4e: 9.30 (dd, 1H, J,=2.16 Hz, J,;=0.70 Hz), 8.33 (dd, 1H,
J= 834 Hz, /,=2.22 Hz), 7.97 (d, 2H, J=8.27 Hz), 7.77 (dd, 1H, J,=8.38 Hz, J,=0.68
Hz), 7.46 (d, 2H, J=8.25 Hz), 7.42-7.33 (m, 3H), 7.31 (d, 2H, J=8.23 Hz), 5.40 (s, 2H),
2.67 (t, 2H, J=7.70 Hz), 1.67-1.59 (m, 2H), 1.34-1.40 (m, 2H), 0.93 (t, 3H, J=7.34 Hz),
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4f: 9.42 (d, 1H, J=2.12 Hz), 8.45 (dd,1H, J;=8.36 Hz, J,= 2.28 Hz), 8.15 (d, 2H, J=8.20
Hz), 7.84 (d, 1H, J=8.36 Hz), 7.44 (t, 2H, J=7.96 Hz), 7.22-7.33 (m, 5H), 2.67 (t, 2H,
J=7.88 Hz), 1.70-1.62 (m, 2H), 1.38-1.31 (m, 4H), 0.90 (t, 3H, J=7.00 Hz); All
compounds gave satisfactory data by *C NMR (75MHz, CDCl;) and IR spectrum.

(10) These two peaks were too close to separate unambiguously, the onset temperature of the
second peak is only an estimated value.

(11) The magnitudes of the enthalpy changes between crystal-to-mesophase and mesophase-
to-isotropic phase for (4d) were 44.96 J/g and 5.76 J/g, respectively, when a second
cooling cycle was conducted. Those for (4f) were 52.81 J/g and 6.763 J/g respectively.

(12) Semectic A phases were also observed from related structures. Coates, D.; Gray, G. W.
Mol. Cryst. Lig. Cryst. 1976, 37, 249.

(13) Gray, G. W.; Hird, M.; Lacey, D.; Toyne, K. J. J. Chem. Soc. Perkin Trans. 2 1989,
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