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On semiconductors one should
not do any work, that is
a mess, who knows whether

there are semiconductors.
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7 BORp4EE TERTREENWGSE
(A B2 B Hff):

A. What is done to it?

B. How to control the current?

EMEBERT IRZR O E, WE
INT RANRIER PG, PO _EAE S P I E
(Current), HERGEKPER; HKH,
EHe—REHNAHE, UTERHMEER
2E 2)HFERENERR

A semicondutor is a material
that can behave either as a
conductor or an insulator de-
pending on what is done to it.
We can control the amount of
current that can pass through

a semiconductor.

RERMKRE-THEROELEE,
5 (Michael Faraday, 1791-1867) 2
F—EEEIFFEREEMEIA, &
BHERBRRS, REANWREATLELRE
R ERRER R, EERIERNRZ R
BRI BN —HEER, Hel2tEn
TC 1833 FEFHHMALIK (Silver Sulfide) B



%m@%@mé%Tﬂ 'C ) B PEFE R
W BRI, TS E B B EEE
RER g ine. $ 8 1833 F4K
Faraday #¥itk, HAEEME Z8ES
W, BE LERARI-HEA, B2
HPHRRKNEEFBRATENER R,
TR FPEERERI T2 RBEELE
—HZEZA, W RPERE R R EE
B, EREERPERNFRAZHENR
#H, {1969 FF—H e —EELE (Tran-
sistor) Bds A (Chip) #EHES, EEMN
=TEZHE, BT AER DU R &R T
BEELEREFE & ET. ATHES
HEERE DR AR —ERE:
1833 — Faraday discovered semicon-
ductivity in Ag2S
1841 — Hittorf showed Faraday wrong
1902 — Straints showed Faraday right
1911 — Koenigsberger and Weiss ter-
med “semiconductor”
1920 — Juband showed Faraday wrong
1933 — Wagner showed Faraday right
1935 — Gudden “Si is not a semicon-
ductor”
1947 — Bardeen,

discovered transistor

Brattain, Shockley
1962 — First semiconductor laser

1969 — Single transistor on one chip
1999 — Over 10'° transistors on one

chip
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BRAEBRFIRE — L E T LG
AP TERMTHIBRRE, HERMAK
B THERITARMMESLY, —RKH,
PEBTANEEFTEBRRGE. B, YE
F - RESER, ME—FR 3]

PHENFEMR R AERD T
By, R EREALE 99.9% KRS 55 51
(Ingot), Ingot FKAFE— IR E1ryA 5 5
B, fEB O IR EI R — S E SR 4.6 5K
8 KHIEEE (Wafer), # («Jﬁ?ﬁﬂ B HY
mmElR—HXEN ST, B-AERER
ERNEELEI Sy (Ch1p) SEL T b
HMEERSEEBENMERES (Micro
Processor) BEREGLIEE (DRAM),

A ELEBRERBAT: HAEAE
TR, AR BT AT
HGIE®E, HFEBAME (Doping), A%
WA IEEAEFEA—E1200°C HIHLEA
BB A LMERETK—E T EENEL/E
(Dioxide), A& HE#_E—ERBEIRIIATZEL
# (Photoresist), 3% — h &if & (AR
B ERGTERNRERE R LAE L, R
TR Photoresist K& & B B HEAL,
HEEEE (Mask); ZBBERFELERRIL
) Photoresist kR, # THRHFH Dioxide
3 AR L% (Etching) #IMFZEE
H, ELEEH Dope iFAE H’J’ﬁ?ﬂ:%, 74
TREE B e i TR P A — TR feesl (BG) R
fEHAER— B REER IC (Inte-
grated Circuit), 48R Interconnect,
B IC REANTEREZ—.

FREEESREEGEEFSR,
thesE E—E—/g8 IC EkEiREER— @
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@RS ER R, BRGETIE. H5E5 HE
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HY R R BN BB AR 2 B R s i Y
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N-MOSFTET N-MOSFTET?2

B =. Metal-Oxide-Silicon Field Effect Transistor



BAERMREE—EREARL 1C s
MOSFET Invertor (K[A2%), 2E—,
oV RRAER, Vo eRHER, WFE
MOSFET (FEMiY L0 T AN EIFIFEE A4
BEEA B (EEREEE, MR

PEEHEER 13

il (B B4F) 01 B iy RYBRAIEA ]
BE C BEABRAAE (051 BISHE
KEHBER).

FEREEERE, S8 MOSFET
T, BEEE =

Source Gate Drain
I
B C ‘ ...~ Cauchy boundary condition- . ‘ D E
B B c’ D i i
.. - ‘ .
Dirichlet Dirichlet
boundary boundary
: condition condition
i B/ El L
CD = 0.25um 1=pm=10"%m

Tox = 0.007um

Homogeneous
Neumann boundary condition

AB = AF = 0.792um
BB’ = EE' =0.13um

—1016 < n,p < 41020

P

.. Dirichlet boundary condition

Homogeneous
Neumann boundary condition

Substrate

B =. MOSFET A&

EFRERBIME S(Source), G(Gate),
D(Drain) I, ZfMA&LEE T (AEH) B
i C' BFE D't S B D @&, B
CD HYBEEERR/INEF, TTHRY RSP/, BRAE
BEEHEE (2B —, B ANEENRT
fR) EASATARE 0. 18R T T, B
0.18fkEt 2 F CD WIEHH 2 EER
HIRRE

RERMEENREMEP TR ILEME,
/1969 F 56— & —EERLE (Transis-
tor) HIgh A (Chip) BEHZE, FEEIT
HR~r#E/ N (thatEhE CD EEREAH 2 #E
/NEITE) REGER R E AR, B
EHRESAR TP LEREENBISERE
Moore’s Law, & HE#EHEARE (Intel)
gl AN Z— G. Moore 7£ 1960 (R EIFEH,



14 HEEE 24428 E9%E6H

30 AR AR 35 TSR e B HL TR AP AR A

245 MR Moore BY3E R, EZIEHRNES

IR BRI, Bl B —F
SrEA, HERREEMNE 6, A
B Ty B 59 PR Py SRR BE R SR T TR (5

30
B (@)Minimum feature length 7]
10E E
E f .
Q —
@ 1k (b)Junction < 10000A
~ - depth 3
o] - ]
= N .
(] - 16
e = )
D 01E 1000A
9 = (c)Gate oxide
r thickness 7
0.01¢ -4 100A
= (-13% reduction per year) 3 X
0.004 C | ! 1 J 40A
1960 1970 1980 1990 2000
Year
PEITTH R T/ IN

Exponential decrease of (a) minimum feature length, (b) junction depth, and (c¢) gate oxide thickness
of MOSFET. (Chang & Sze : ULSI Technology, 1996, McGraw Hill)

B .

#_EERMT LIEH 1997 £/ 0.25 1%
KITHEEE, R UTEE 2006 K EE
0.1 ek TeFELE, TEMEREEREE

ERAAE

RERPEE TR EERMAIRREET:
TEES TR RE BOITH 2 R AL

3 (FETT) 1989 | 1992 1995 1998 2001
B/IMRE (um) 0.7 0.5 0.35 0.25 0.18
EREHE — | 3x10 |800K 2M 5M
DRAMZ & (Mb) 4 16 64 256 2000
BEER-IC AN (mm?) | — 250 400 600 800
DRAM-ICK/N (mm?) | — 132 200 320 500
fuE (Wafer) B (mm) | 150 | 150 ~ 200 | 200 | 200 ~ 300 | 300 ~ 400
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MOSTTHEH) B R
Fin 1980 | 1989 1992 1995 | 1998|2001
MOSHEE (A) 400 200 150 90 80 | 70
MOSHEE (um) 2 109~08[06~05/04~03][025]0.18
MOSEHEEE (um) 0.6 0.2 0.15 0.15 0.1 |0.08
VecERE (V) 5 5 5 3.3 3.3 | 3.3
NMOS-Iggat (mA/ ~ m) | 0.14 0.36 — 0.48 0.55 | 0.65
PMOS-Iggat (mA/pm) | 0.06 0.19 0.27 0.22 0.26 | 0.32
=. ¥SBEHEHN 7. #Et
8. HZR

CORHNSHEREPORYHEETR
AR BRI E, MPERYHERRN S
HEFENER, FERILITREYER
2.
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B2FHE
EletypE
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FENBESETEE. EHAEX. 5.
B, MEPHEBHRESHEEZHEME
HPRNEXES T, AT LT RER
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VA A

(ZG=v2)
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et EARE, BEME, HrR
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LR TERIERTEEFERFEE
TEEe? BT DI E R SHERTRE: T
— dhlE — - — B - YE - KE, E
B E B G M SR R B R AR
Ky, e FIRHIRY TR, B IC S fr, IR R
Te= {6 A IR et — A EER 1C,
fEERERIRHE, FHRUBAFNERS
B, REHRE S BRRMHL T 2H,
BEVIFEZFE, W, MRBEFeEE AT EE
HEBREEET R, AR EGRGT, JTh
BERWERSE, HMAFERRERNKHRE
ERETTARRURE R (R B, BLREET A B FHTT
FFRTRRHY AR, ERRRIAF REFE BT /N T 3%
B, FrEiar AR, BARERE. T
1. ERSAEEERA A, (CLLE st n] LUE R E
EHSASERE TR ALE,



16 HEEE 244628 E9%E6H

fE bR B8 HE RERY
SRR B Al B

TLAF LA
HETTICEE AT

WA -

EEN

e 1969 FHE—-HEEG—EELE
K F (Chip) HBHHE
5, FEN=TFMH, SrE&n] USRI
AT EEESEREIR &R £ T
BE & 4 H S SRV BRI, TTAFAY R
BN, BREREBOBHBERES, HEH
RO BRALERES, FElFERT, &
EfE-ERAET, EETANTHR
s+ (Device Geometry). JTefFE#E (De-
REKRE (Bias). LA
% (Lithography). 2
%, FILLE
SEBEIFETEER, HAHARATLL

(Transistor)

vice Material).
R STEEAMT Y

(Diffusion. Implantation)- - -

Foundry
Manufacturing

/[Z? iE%‘f By A ujr /%

&Wﬁﬁﬁ JLiE RS
HETT B A AT
s B At o 7R I [

28 HH A 1B g AR

AR AR

P A BT
P38 T G

HEETE -
~ P S A

T, ARA B

RERXHF, HmAE AR EFE
B, FESBOTHER (Device Simu-
lation) FIBFEEHE (Process Simulation),
PUF £ E A G T RS, A Eee AR
R GREARE L P ER . BRI
S0 A ) o I o e A )
L. A4k BV R DURS v 4P SRS R B2 75
EA?
2. WA HE L T TR N B IE AR Y
HRHE—ERE, ShBERNYEE
RS NT, RECKE THS AL
AP EEREER RN, THIIHE LR L
4 H SR A0 7 R 20K HL A E A T



RN (i R~F):

1. Drift Diffusion Model (Kf*0.7um)
2. Energy Transport Model (Ki?
0.3um)

3. Hydrodynamic Model (KXf*0.07um)

Drift Diffusion Model

Solve: Electrostatic Potential, !
Electron Concentration,,

PEEEEER 17

4. Boltzmann’s Transport Equation (X
20.03um)

5. Quantum Transport Model (7] Ff2/
#0.01um)

T RrEE:

Hole Concentration (3EPDES)

Energy Transport Model

Solve: Electrostatic Potential,

Electron Conu:entration,iHnle Cu:inu:entration,
Electron Energy, Hole Energy (5 PDEs)

10pm 1pam 0.1gam 0.01pm
100nm | i linm
Hydrodynamic Model + 1004
Solve: Electrostatic Potential, :.r'% """"" !
Electron Concentration, Hole Concentration, :E Quantum i
Electron Energy, Hole Energy,  Transport |
Electron weloctty, Hole Veloctty (11 PDEs) Ei Model

Boltzmann’s Transport Equation

Solve:inm, m, 2, kL ko, bt

{Integro-Differential Equation)

7. AT R AR T ey # 2K

— AR LR AR TR
AT — LB MR R BB Fr B 2R,
(B RS TR R/ N B 280N, 38 L] DA
EHREANERMBESARILT, FTUET
FRARAREHE G REER LR, o
B BAFTR] MR SR ST AR R/ N RGE R R 7
BR, BIEAT /N,

ERE_MEMHE, RIENERRRE

Fik, R TREAEEENEE, RS2
Wi B HERGELGEAWEER, A
EREER Drift Diffusion Model 588
ik, BAERRZ Boltzmann’s Transport
Equation 8 Quantum Transport Model
T MERK—EGRERTE, R EH
ERELTER, HMmEHEwESER
ERIE? HERBEWREIEMRELEERR,
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EEHRBEG EMEERETIAER, B
A LAS R AR R, REGT U B 5 IE
2, Bt LR I DR R B EE R s
RYBLER, AL W] DUE — 1 R ARG E I
PEERELSE LSRR (B2 RE 7518 =R 2 Wt
BREL, W05 R EORIG AT (VR Y e B
KigE T, HUERMREHEREH TG
KEtEELER, KERERNERERH
WA R DA 2 2B R VET R &

M. ¥ SEHABRAUNTER

£ R, TR R, TMEE
THE SN EEREX AT DR P SRR
M, EEERMERESKRERR Drift Diffu-
sion (FEBIER) Model ZREGHEHIE B 15 L5
B HERANYEES (6]

Drift Diffusion Model:

(1) A¢ =L (n—p+ D)
(2) aa—:::v (D Vn)=V - (u,nVe)+R
0
(3) 5 =V (D,V,) =V - (pnV6)+ R
HE=MFAER, RMABESK=FER
HIKEL (o, n, p) KR, B n AREBE=1E
FEE ABEF ARNETFERE (BAEEN
BETHEE), IR ABEF KEGERE (B
9 —B&AE T HE/DN, TR DUE GG RIS T
HE—EETF, Wk, B2 BNRIERIEE
BENHRFEE:— [HETELE 5+
LR MEER TR EREFRENEF AR
S ETR B R T A R R R SR TR

& bilEE (BER), At n R2AFEH
B ETFHRE, IREFRIREEEENE
FHEREERE (PEER), KFHFEE
BRRMBZHER, M p MRKRERR
. BRERERNERERERSHFEME
BRRE AWETES) GgEE—EES
E, T E A5 —EHENRE B BEE
fIRE ¢ MRS, BAREHESHIB R
E = — (frag8ML) / (MrE®ML) DLz
HmE
9.0, 29 9,
oz’ dy oz’ Jy
B 92 BIRE ¢ £ 2 FABLNHR.
ABEF RHETRERPZESNE
% (¢ KgFURME) IR BFIHEMDY BN T
NEKYE (A E4, Doping) MABEFTEAL,
ERE D1 (1) NEENER, ¢ 2EAE
W, e, BRABRMRE, HEFEEW (1) X
HREESGHNETFENRMVER NEBEM
ELNEL, B -VE Fi L(n—p+ D)
HomzE, (1) X& ¢ WZRERED HER,
I

B=-Vo=—(5-5)0=

o 0 dp 0

2=V o= (55 (5o gy
o 0%¢
=~ g

RERMKEER _MEXT, ke
BETEENEN, REBREETBERRE
HKEy, FTEGER, BFHCHEERAE—E
ZRAEE R, R » @R —REETEIN
FHL (BT, RO ERYER), HiiH
£ o B ¢ RRHRRS v MRRE, 4 Q



REMUFHAER v NWETH, FR E@L?
WMEX—E [ = (x,x + Az) WEE
[T (s, t + At) — n(s, t)]ds: FRTEEE
B At NETIE I BEIIREE, [Q(x,t) —
Qxz + Az, t)|At: FortE AtREHIRE TR
AELEH T BB, [“T27(R(s, t) At)ds:
FRETIE [ 8 At WA E RS
BMSHREINE, Kt R RFR—EEREK
BRI S, B R BOE SR EA:

/“Mm@¢+Aw—M&m@
T+Az
+ [ (RGs A ds

RER L AtAxr BES At — 0, Az — 0
BME 2 = —%—? + R WRAERFEEE
Q EFEHHEEE n 1 ¢ E’JE@T—?%T‘I‘W R
Q=D,2 St ppul (B E = — ) B
D, ﬁi@ ?Tﬁ?aa%ié’]ﬁﬂﬂf‘ﬁ (IE#),
Q #1 9 gIEL, BERME 22 =0 AIfE
x B E T BOER), EﬂﬂﬁﬂﬁﬁgﬁTEU%
FEEEmmA A RE, 5—HE u,nE &
Hop, RNBEFETTEABENGE S (Mo-
bility), FJEVEGEEIRRIE 1, n, B E
BR, MIEFHELRH ¢ B8 v BBEgRA,
R p,nE 3T Drift Diffusion Model
F Drift W&, T D, = 9¢ Fx Dif-
fusion, M LHIfEEEEE (HJ@&_L I EER
(3) #Ho
BIEEHAR TIRENHSE, &
e, BHE, WEARE, BRERAER (1)
~ (3) WEEHEMREMEAENYHERER
LR TR, SERNHR (1)
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~ (3) B—HEFEBE=F Source HE|
Drain FWEER R EEEARELETHER
RN

h. BrHX*SRHBEEM
pRBY R T B

ER LEEEAFRNEHEEREX (Mod-
els), ZEKEFH L RE. HEAWMTEE E2
MERF.IBM EAREEWHREHSIHE

RS BEBEREEER, MR TE,
Bt e i 2 s A
HFHEAEZ — TCAD W5REL
i EE TEEMARRHERE.
HEtRE — TCAD H5eEE,

LW RE - FHHEEFHRR.
ERFTEEFHIEF D,
AR HEBHEEM TR,

Hr SRR TCAD HEEER,
EETETLRE. M. 828 FERETH
AN RATEREE, Bl ERM A5
KEK 104, HMHEMIWHRREREEE. T
e, EREEERHMEE, hEHER
BiZl. EFFER SUPREM # PISES
MEEE, AR A, EEEERME
Fo

HEBHAZ TCAD BERAFZEEN
MINIMOS Simulation Tool, 725 Hi%&{&E
DBIEESR T, THRER BT, B AW
Hean, B LB, TS, BRI
B, BEREMT T M.

M EAZ2H Computational Elec-
tronics Hub LA TCAD #&5+, E#

o G N VN N R
P2 P2 Y P2 / v
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ETHERLRAEE TCAD MHERER, i
DAAFERE e i 288 11 1o Bl e SR SR R B o .

B RFARE R L, B RS
B4 —ERFEEBRT [PERBEEHRR,
FER R T2 H— R T A
BETHTHEE, 828 MONOMOS
8l FEMHMEBHRmKBEEFEME
(Monotone Tteration) [9], T4 LWt
AT DAURR Bt & B T 2 3k B RR BUE E 52
i 5 AT e B R TR R SR RS

B EETENE, BHEAFRA
TCAD BIWF &, BELRE: Silvaco. In-
tegrated Systems Engineering(ISE). #
Avant!, Silvaco 8 Avant! WAFRE
B OERE R EFHEARE TCAD W
FEATEE 3 HRRI AT KRS, T ISE B9
17 RIS B 72 F - B R R B R 28 LR HE AR R
2. HulB MR FTE T s e A5
/N 0.1 K Y TC 14 AT S 1 15 i B R B E
STEMER, MM ETEERNEEE FEaE
TR FIEE BN R IR B a R 5t
TIEE T2 i BEE A

—_ +=H
/ \\ %D oo

HERPEE T REHNMEERERN L
¥—, BRTZ/ VWL EREERER
B BB = 08 U B 5 A REUSE AT il
#J what is done to it and how to control
current, 35 5MOE ZAE KRB E:

1. gAHEE. BFE L,
2. RS RERGHERBREE2 HIE.

3. BHEBITH.

i8R B TRERAARE, R
BAESEETEET AR SR
BRHE, A BT B, T e
AR RN BN, SEBTERRTEEL
MBI EERERH 2 T,

FEAEETEHEEDFBR T, MU
NI AT RS B R A — — BRI HE
BMEER, N BT 2 A B R A R
HEEARBERAYEER, HRAROES
TEAE /N R 3 P R TR B B B RS AR,
HERSHERI AR EE SR RE,
HE T SR TR A AR SRR,
Ao, BUEBREHS R L FEERHARSE.
7, AEE. MEETEEEENBEEHE
FEHEENE, U ERRERFEEE
HE RN R R R B AR 2R
B,

#sh: ERCERE R Rk —EH
B FEERP SRS, MHEE TRERNE
DUk BBk B R S22 223, BROTHE. A
B, EERE. Mok B BRIESIEA, &
LR TRERFEASEMBERH R,

)

1 Bk, “PEERREEISREE YHE
B (Z+5H), 19984 B, pp.225-
229,

2. The Kingfisher Science Enclydopedia,
Kingfisher Books, 1991.

3. BEEREERMY: http://www.tsme.
com.tw
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