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Nano — PN Junction
Student : Chiao-Kai Hwang Advisors : Dr. Kien-Wen Sun

Department (Institute) of IC Chemical Processing

National Chiao Tung University

Abstract

“Diode” has so far been widely applied in the Very-large-scale
integration (VLSI). What is more, the theorem and characteristics of its
device also lay a solid foundation for the device of semiconductor.
Nowadays, the feature’size of semiconductor has been downsized into a
nano-scale which makes the existing theories.insufficient to explain both
its effect and property. However, if well utilized, its'novel property will
lead into a brand-new applicationslevel.

The Solar cell made. of silicon substrate has currently been in an
extensive application; nevertheless, its conversion efficiency is far
disappointing when compared to solar cell made of heterojunction GaAs.
The major explanation lays on the fact that the property of Si belongs to
material of Non-direct energy band. This special property helps Si absorb
more wavelength than GaAs; however, it also causes comparatively
stronger Saturation Current in which the leakage effects are increased and
the whole conversion efficiency is decreased accordingly. Hence, the
research focus of this dissertation is aiming at proposing a method which
hopefully will improve the property of saturation current of si-based.

Through E-Beam Lithography, this experiment is intended to build a

device of PN Junction diode made of Si material in a nano scale. Besides,
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the experiment also probes into whether the saturation current of Silicon
substrate can be alleviated effectively out of its special structure and,
what is more, in comparison with those traditional PN Junction diodes by
observing two different PN Junction diodes to understand if their

electrical characteristics will be different.

Key words: Diode ~ E-Beam Lithography
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B g A 122 e

1-2.3 PN £ & -0 §)
$ PN LA R B SR A R PR S
G AT P[P T FIHATE AN B @ NpJens 3 #3408 ~ Pigl o %

Bt T+ A5 0 LB frd dc(Diffusion) £ 7 07 4P

F o RiFAcTind 221t A R e R BB Td 12
=HE L FHFIR D 2 E A LIRS T ABE DS o k]

FAp R o W14 7 N 2P L 4 & A B D chic 1F & 5k
B I-40)EAPNESG 2L F R A FArp o 3 2T kR

pET LRV E L o



1-24 PN #w -7 & ¥ j= % (Space-Charge Region)
DR RS RG 0 A GG R A - b SRS
g BRI AA B AR AR A B

3

S

}-‘; X

R 27 L% 2B ®RFH S 7 L % (Depletion region)

Wi
WH

1

& vz B 7 77 % (Space-Charge Region) °

1-25PN &6 -7 i 7 BREF L
Pi‘]?v e 5 ﬁxi\%ﬁ?ﬂi\? ' T4 'ﬁr@ﬁﬁ 3L ﬁq_ 7 % 0 18~ N7 ] ¥
Tk fet 0BT B T SR B BT ~ "(minority carrier

-

F” )
h

4y

frt

injection) T ik — & > NA[® b e e sl s B 0

RisL e NAUFPMPIr EREMTFRE AAF NI TP T FAR
Ny B IRECT RAR R R ARA SRR ITTY B R G - BIEICE
A (Diffusion Length)Lp " » e Bl-5457% @ Fhic & & fo > Bcf 48 2 & 4

2 AT Ey Mo HATh g 2 AR (AR AR E) 0 RIRIAT

b R PR AT AN R ST I L

QIVOiH V)% < » 24 %4 8% 4woB1-6> {7 3 LB > FIB ¥



FIT P ® v ﬁi‘cg\’iﬁ &+ %2 N3 & h> ﬁif‘@?ﬁﬁf@ii% A

@& o] g nels o

1-2.6 PN £ m - & % 32 i (Rectifying Effect)

PN 6 = &M Bl 203 2 T 5 FIenms 3o 4 i
REEF M o s BRE > 4o 1-55P A REI 4 ERT RO
T N TR ERT LR 4ot @ F R kap 2 B0 R4 =
Bl 0 % £ T g R e PAPR B E O ko N A R B
RS ORSE | SN SRS SR RSTEE & R
fout > it} hao R T F R R AT e B S TR
DI ARIRA 0 o R U B AR AT T R i RS TR

R R G T kRt B S T i

1-2.7 PN o -5k 4 K33z fig(Photovoltaic Effect)

% 4 k47 (Photovoltaic Effect)?c Jis ¥ - f& L H 48 ¢ #Fu| sk 7
MB[24] 0 f 2R G048 F Aie 7 4 mibamd o b ML E
8¢ > @i v g 3 (Electrons) ¥ 7 erNA e 2 T JF (Holes) # & 1P|
St APHRENT RS i - R E B0 TR AR sk ehp 2
THFEF AN BT MRS L CRTHEE A T F-T

W SR FRTI-TLFRHEFLE T I BN F > T FBE
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HE - PFNEF LT APRRALT -3 B2 WG Tind o

PRI S £ 2 Rl o ok ¥ A A gl o TR

=i

Tin i - 4o B % R kD RgTocf o Bl HAT R 5

Lo k2 T (carrien)hA 2 FF i LT MR o S FH o kAP
+ ehg @ (Lifetime) & &g £ > &v 22 2 85 KA nie F fd Sactd
Pl r R AP ETHAR LD R TS EN T
R RFTRATRLAIZ AT ROPELGRFRY - F 2

TR TABREATEELRPORT -

1-3 #sk- s 5E 2 2%
%0 i PN Al RS H AR s s e
Bl fil 32 kT PRI P Bk ¢ E S 4

mo B F s R o

1-3.1 # £ = & %8 (Schottky-Barrier Diode)

A NAYLEME 2R 45232 - Rl SHETRPEL
Bll-7c % £ BMA T - L EMINA BN L ER T3 97 75 5
SRR T NEBE L RE £ SR F RS S
tFEPESNAYLEWY TGRS a2 KT R TR

-

| eni= ko e} ehd AL i I (Schottky-barrier)
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# & $id o F A i [ (Schottky-barrier) » 3 & ¢ $ T T F chie

- Treind A ¥ £ B BT T it B

=H

e %

:‘qﬁtmv

BACEBWS ST AFTLRFEHOE S o A TR AR

o

|3 Eid R e RPN e

(=)

Rl d Fid
PN=- &8 7 &5 2 %A RBl9r 5 et ﬁxg‘i“ﬂ?ﬁ'ﬁ ",/TT oM A v
‘]“i?v ¢oob ﬁ:t?k’ﬁﬁﬁj %f" fg.#%’ﬁ‘{m o ﬁ )Ai% }?éj ‘}i\‘; M ?ﬁ‘%: ﬁ@_%ﬁ

R RPABE S rE R R

1-3.2 % & = 1&%8 (Light-Emitting Diode, LED)
PN 6 = 15 A0 & ih /R NG 5 end F B2PA % ¢ T F T

R

+\4

274 F 1‘}’5‘1&@’1"’@ Eq | aF %'}g;b%Eg#EFE’—»HbL’%J‘

G300 B R EIENES ek R FEGUE K =

3;
NN
Y|

A e B kS A
& %8 (light-emitting diode » LED)-o-Ueiti B #h 3k ~ ¥ Lk A ¢ L F
Bkt p Figstk o ¥ LELEDR X B ¥ L BT F RBRE L@
F2 oL @ikod b LLEDRI T * 3t KR 2 KGRI o F]1-8

577 LEDS 27 T s 4 50 -

1-3.3 sk = {&48 (Photodiode)- 1 ip| % (Detector)
£ AR AN 2 R e PR R LY 0E 0 A PAE 0 NAIAH

FoNA| £ # 22(N+ doping) & & 75 & 2 B3k B > &7 -2k - &4l
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AR Bl R Pk o35S A penth A R RV Uik - T £
BEE YA B ek B A L ERA T 2 L% g
AZRTF-TFH - A3 ?Heid o i B (Reverse Bias) » ¥ # k= &

Bhs 4 Rt 0 A hE RS -T RS YRR 2T HT TS

.l-/

TooniE A o frak 3 fep 2 o B9 T ¥ Rk - jmEE
SRS

%k = &4 (Photodiode) ¥ & * & LRI E - L B * Tk P E -
B oA fho - A1 B kR R FEE % 1 (Photoconductor) ; ¥
- 80 % % - feAB(photodiode) - ik - 18 48 1§ Bl E @ AR B HE

EAHERIEF o B § R R s R

1-3.4 -k = 4&4%8 (Photodiode)- ~ % it & #* (Solar Cell)

FRCIEMG F AP BAEL AL 2 RT RS A T g (E
TR o FLS X HEA R (Solar Cell) - BI1-10817 * H it & %%
T ELT o

ABRRAPEELI S 3T L ESRY o f B T
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B H P ER B REE S P 19728 42 d 0 L P RL
FAHZE R EFILIERFRNEN BB SRR Sk
1R R R DIEe P e

TR RAE T R SRR A S hkFl & &
ME R G A R EO3HCK e oh R TRk eniath R D B e
AE R e HE A kT i R P4 G R03F4T S KRBT A
g S BB RPN R 0 g B fF ek RS o Bl1-11
SRR S ¥ X A

THRA R R OAE AR L 0 B 5 H S (single crystal
silicon) ~ % & # (polycrystal silicon) ~#-& # (amorphous silicon » a-Si)
M-V %[ # = 1 Fh (w4 (Gals)™ Biit Se(InP). - £ i 4 471 InGaP) ]~ I - VI

W[ & 42 A 4E(CATe) > 40 1 4FF (CuluSe2)] 2 & A & [% 4t it

A

4

(dye-sensitized)] 2] % o & 128 77 25Vl B w7 A %%

7
o

=3

H[25] -
Brpwadt o THBRTAE - AP HREGANAES[20] &

PARBRRA MY > E P B RS kT e

“‘:‘-
“k
(=
B
=
¢

R
e
e
¥
k-
3

__ ’ lfg}’if_&lfflg, Lbﬁ;{_&, ,Lbﬁ;‘ib.@/\g};ﬁ}—\i
RPCEWIAPABARE BT AL b el fea

e g oL H B p fo2bfa #7  FIEL e VH B SHaTA
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o 3 iE o WH e R PR AE T PR EREFS o Tl B

-—\

‘r‘l\j.

> T A R A > Y BEAI R TS o ot

LR AR TS R R RAT T 2 A AL Rl TR

PR AP FHETIASY o@ 2

THUR T 4 AR BT Y o

She

1-4 =7 &%

¥ 2 HRY e ¢ (Feature size)iZ ibrifg | 1 2 5f 3 5P G 0
WmBLE © F At KR EA TR . @ 41 H AT > fre g 2
DRI Koo w B e - BiFCu(ln: Ga)Seyk 4 KT T ¥ v &
FP27] R AR s - K RS KPN G pE o L ok
o Hocg e b { SR ALGUE PN d B4 (Point
Contact) = &% cni| & 2 45 s B B HOT LGB Mok B
12830+ B4 562 EMEETDAM ) F ] 6 PN -
2 MG R TR A F R T F K M4 (Scanning Capacitance
Microscopy, SCM) i if vt [31] o T B EF ¢ > {3 %‘i‘—‘ﬁ #H R
- %2 ¥ & %PINZ &4k 14 ;o] B (Photodetector) » # & ¥2 1% %LiE Wik o
SRR EACR FRELF AEEAR AR HFIR
(Breakdown Voltaic) & [l shF {2 [32]- 82 8 3 £ v w2 £ 2 L b ih

ORI LB IR G PP IR 0 A MR R A A F T ok Ry
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(Nanoscale Photoltaic)»c i 3t =~ i + B * 0¥ g |+ o

kA RITrT L X ERIPNC- 1R kB AEF > A G S Pl A2
A IR o 1839F > 2 WP EE RA-E. L su B > A FEA T
fRi e hd P RARFFEIR T S o 1887# 0§ A X Amirs B
fI o BLERTEA el o 208 £ 50# R Ry 0 LRSI B g B R
- 2B tE Pl e A T F fofg t ok 4 k37 (Nanoscale Photoltaic) 3 & #x
TRAJPY T AN IERFR RS T A[33] A gl 5k
FBae =08 3 sx S cnik g o

PE (ST 2 Tl VS SR R B RAR R 8 * [34] > L H i

&

|-

Herx fra 2 0 BAIRG A L 45 (GaAs) R A R B R o 8
S F] G E A R BRI i e 1 IRy ke B e i
GiR] e pE R W R g S L E ERlEk > B p g g S

f+ enég {o T Jii(Saturation Current) » 3% 1€ JF T i 3 4v 0 H R BT 3

PR TR o eI 5 R F RPN G Rl £ g ST E
[35] -

AL ARERY > APRFE - B kel p AR ed
M NP B EEFE G B PNEG O A kE P op
o L EAREAE G BN - s AR BET T AR LR

(E-Bean Lithography) X ® i 2 K iF L7 |B x>t £ §F i* f NI &P
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A e b o B RS R % (Wet Btch)eh 5% 0 Gl §AJE - &

o Af - ke AH? BT 25 # (Amorphous Silicon) & > &

=1

A Ak E shiF PN G o 8@ § e HPNH G 6 ff o ¥ 58
F LR BGengiikg osxdpBT I mA S o

i 8 Bk RPN 20 -4 27 B ST PN & SR A
TR RS S FPNEG & fho B AT R EFE 6T 7

Fend 2 8 o # P e R AP THEF RS R FLRIL L

Pt 1 o
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Depletion region

o+ Vp=0YV —_ )
(no bias)

B11-1 2 5 PNaZa i - 0 R $ e
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(c) PRI T AR _ RBERR
I
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' 0 : 0.7 V v
’l 8 05V
| E
Breakdown }_I_{ Reverse ol + v —
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5 i
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% i 4 1

e [ Minority-carrier {low
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Tk :

Y PRI
N

“ 4 el

H e el
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B e Ao aH
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majority — 4
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N, NEER
O—tﬁzﬁ N P,_Q tl_'

Bk 44 %3t

B1-7 &A= WSS TR P

+
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Nz,
N
1

B11-8 LED s 45 2 7 B 75 5L
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Z1-1 A & Xt

. . Sl T /5P ¥
1874 &Ly Braun
1907 &k iEiHE Round
1947 R+ T HHE Bardeen - Brattain ~ Shockley
1949 P-N #w Shockley
1952 Rf /- 48 (Thyristor) Ebers
1954 = H sc & 7 (Solar Cell) Chapin ~ Fuller ~ Pearson
1957 R F#EH B R HWMHBT)  Kroemer
1958 7 %% = %48 (Tunnel Diode) Esaki
1960 £ 3% X3 »cq SHH(MOSFET)  Kahng ~ Atalla
1962 &5 Hall et al
1963 £ T BT & Kroemer ~ Alferov ~ Kazarinov
1963  ## T - A @ED) et
1965 b = &4 (IMPATT Diode) Johnston ~.Deloach - Cohen
1966 4 % H-»c %8 48 (MESFET) Madd
1967 2R X R Kahng % *5 4%
(NVSM)
1970 T j7+8 & i (CCD) Boyle * Smith
1974 B 3k = % ~ Esaki ~ Tsu
1980  # #FReIPET LMl Mimura % %
(MODFET)
1994 2R H T 3 =R (SEMC) Yano % <
2001 15-Z 5K &£3% FH T LW Yu ¥ *
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212 A A HEPIBL TR AL TS

Classification® Effic® Area’ Ve Jee FF
Silicon
Si (crystalline) 24.7+0.5 4.00 (da) 0.706 42.2 82.8
Si (multicrystalline) 20.3+0.5 1.002 (ap) 0.664 37.7 80.9
Si (thin film transfer) 16.6+0.4 4.017 (ap) 0.645 32.8 78.2
Si (thin film submodule) 9.440.3 94.9 (ap) 0.493 26.07 73.1
-V Cells
GaAs (crystalline) 25.1+0.8 391 (1) 1.022 28.2 87.1
GaAs (thin film) 24.5+0.5 1.002 (t) 1.029 28.8 82.5
GaAs (multicrystalline) 18.2+0.5 4.011 (1) 0.994 23.0 79.7
InP (crystalline) 21.9+0.7 4.02 (t) 0.878 29.3 85.4

Thin Film Chalcogenide

CIGS (cell) b 1842055 1,04 (ap) 0.669 35.7 77.0
CIGS (submodule) i " 16.6+0:4 16:0 (.ap) " 0.661" 33.4 75.1
CdTe (cell) r 16.5:|;0:.5;g w1032 ap) - 0:845 25.9 75.5
Amorphous/Nanocrystalline Si 1 .

Si (amorphous)h 9.5+0.3- 1.070 (ap) 0.859 17.5 63.0
Si (nanocrystalline) Ll 10:1£0.2 1.199 (ap) 0.539 24.4 76.6
Photochemical : 1B -_' L4

Dye sensitised 10.4+0.3 1.004 (ap) y 10.729 21.8 65.2
Dye sensitised (submodule) : 6.3+0.2 26.5 (ap) 6.145 1.70 60.4
Organic :

Organic polymer' 3.0+0.1 1.001 (ap)  0.538 9.68 52.4

Multijunction Devices

GalnP/GaAs/Ge 32.0+1.5 3.989 2.622 14.37 85.0
GaInP/GaAs 30.3 4.0 (1) 2.488 14.22 85.6
GaAs/CIS (thin film) 258413 4.00 (1) — — —
a-Si/me-Si (thin submodule)’ 11.7 04 1423 (ap)  5.462 2.99 71.3

a. CIGS=CulnGaSe?2 ; a-Si = morphous silicon/hydrogen alloy. b. Effic = efficiency. c. (ap) = aperture area ;
(t)=total area ; (da) = designated illumination area. d. FF = fill factor. e. FhG-ISE = Fraunhofer Institut fur Solare
Energiesysteme ; JQA = japan Quality Assurance ; AIST = Japanese National Institute of Advanced Industrial
Science and Technology. f. Reported on a “per cell” basis. g. Not measured at an external laboratory.

h. Stabilized by 800 hours * 1 sun AM1.5 illumination at a cell temperature of 50°C. i. Stability not investigated.

J. Stabilized by 174 hours, 1 sun illumination after 20 hours, 5 sun illumination at a sample temperature of 50°C.
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FoIR RERAA S RE
2-1 7 3 & e 8 #2 - #r(Electron Beam Lithography)

2-1.1 HcBHief A

B Rs $ep(lithography) & /A 48 T B W ARY g F F g € anék

Qe
=
A
=
o
¥
S

Eif
-
e

2

B AT RRBRORE  RE BN
IERGRELF DT R 0 WIR S FHMTERFRPAI: S 2
& S e e AR FIUR AR F R R R SO B L £
PR R HR R R R Bl eE 2 e R R TR M p B 3L
PEERE T X PR GG 4 v d S P 2 R o it A - S
FlR? o dcdidp MElAR “T i ih oAt s 3 8 57 0 AQE 230
Bapazzto Lagdliate? A HERPT - mo

1945 3 2 % 7l (Rayleigh criterion) [36] » 2% * 7 2 3| f542R % % ik
2o € F BT IR B 247 A (resolution) » @ & BcRS = w1t o
B B R R AT
f247 & RES=KIM NA
R E#& DOF =K2M (NA)2

ME kLR > NAS Bt /e 1 d Ak § 00wk izt

4 BB INAS T o R 2 R R o T R ek
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Bidrac* 2232 S R BEEITENAN i @2 AELL> ZAaNA
SAA GRS T IR R AR 4 > B F R e £ 4ok o)
ke x RE R K AL R k82 kRS B2 > kiE sk
Moo 8 P G-line(436nm) ~ I-line(365nm) ] 4 i+ & (KrF) &4 + § &
(248nm) ~ 4 * & (ArF)3 #(193nm/DUV) & & (F2) % 54
(157nm/VUV) » & » 3]/ 350, 1um et 42 5 e B12-1) [37] «

%8 g2 STrl S TS A jABes A & &4 3t H A i (Throughput)
AR KF S AARMBEFE - Aa o d 3N sk Ad] o @
96 B R P im Fe R o BEIRSN M P e e B RT3
(Optical Proximity ‘Correction > OPC) »#a 4% £ ¥ (Phase-Shifting Mask,
PSM.) % i, fih P 54 (Off-Axis Hlumination»-OAT) 3 $k jis » 45-5k 5 e g2 4]
e 0. =+ > B AN A 2 BB P o FEL R T H
W PR AL DI EAR S FIE PE RS 135 5 3 b ol AR 3
YT g - Bl AR AP f 3ECaF2 (157 nm) ki~ § 53
oy ’jfeﬁ_%_ *k & (Extreme Ultra Violet, EUV)H i ~ § 3+ | A @ljis
(Electron Beam Lithography, EBL) ~ & & ;% 33+ & (Focus Ion Beam,
FIB) ~ 17 £ X &30 i B ##(Proximity X-ray Lithography, PXL) ~ % 5 /&
Er pic 2% (Nanoimprint Lithography ) & 73} st £ S pcisme s H ¢ =

LR REAR RS CHEA R E BROT AR £ 1)

-25-



Bex REAR o R 2-18 7 &AM EE T o B2 288 o P
A KB ¥ 5o

T AR TR A L & kY hliT o AR

RRRAE T DAL R A LREH RS HERT) ) T R &

2N

X B R SR U AL B AR F IR Y A 2 Sk 1A A $ e

HaoBlk -SeHu il Az vEF LN 20~ 2 S H0-

R

BT

—~

4O

TRERFE T At PR T RAER T F R LY dppe o AP

010 R B A R Sy g e R ek XA o

2-1.2 7+ & #cBs ks f§ 4 (Blectron Beam Lithography)
T3 kAR A R T+ Bpedi(scanning election microscope,
SEM)er & % & ™ %o HR Bedaedth e+ A 2 - l;r]LLB

WiE enfdfgac 4 o gt h A S & AL 4§ 45301965F - R K.

Matta % A = i3 dF & 3 7 + B/ chgft > §] % SEM ez 7}#7
B AW TREY PR SRAES P TF LAl AR

R MBI I 5 BN E NI ETREE A
v {5 RSP R A () ek e LR 22

P
CEF o BEEEEE RS I AP FRETFRF e
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B EMBATEIE  ERB TS BRI K - B2-3F T F AR kR
2Bl AR PER L eI R F L F 4 (electron optical
column) ~ ¥=%8 (chamber) ~ @ i¥ % % (handling system) ~ /2 % }= 4| ¥

= (control unit) °

(-) T+ %54

o B12-4[38] > FH < e 7 T+ (Electron Gun) ~ B B
(Blanking) ~ &_£ i% 4:(Condense Lens) » if % & I % (Stigmator) ~ 3 4
(Objective Lens) ~ # 47T & (Deflector). . 7.+ M FLE (Electron Detector)
% #% % = 5 (StageDriver)e B ¥ & 5 & 4 323 o # iy F {0 5§
ERE B A R ol TGRSt B SR FRE L E S p) S
B oo T F kL&A F# TS (thermionic)Z 37 54 (field emission)® &

A5 A i AR S 2 PR g(EaB6) » R i E iR T B

-—\\

oI5 1 A

\F‘lﬂ

B a A AT F RAGd RHE @ D Ardh

(W) »d 0@ % 2k pdiadfl » 233 THRET » 7224 4§
LA4 B[S a0 P PR A (brightness)fia® » 2 817 F i
FIEL o P AT I AR & I R/E /8 (ZHIO/W) E & B bR G A

o BT R GEETRT AT R I ESm T SEFT S

(Ve UL SRS L S TR R P R
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THEEFE Y AER - MY AAEREILFAG T TR
Ak B oan x g F U A = 28 K S 3 27 & (Gaussian Beam) % st
W% 5 A% & (Shaped Beam) & st 7 2757 + & (fixed shaped

beam) ~ ¥ ¥, 7 + & (variable shaped beam) ~ ¥ = 3% #(cell
projection) » £ ¥ & RIF T + R IE MR (Electron-beam

Projection Lithography » EPL) % v » £ [§]2-5[39]

(=) "%t

AR IR E T B2 v R 2 ¥ e (substrate) 0 B EF 5 K
BRR iy L g KR B LR ERE QT2 LFE B
e d RIRERAI RS AN TR A LR TR AN
® o B2-6 5 48 2 o7 & BI40]» Hd asi®wT I (work stage) } # 2 ¥

? k22 Al 28 (holder) s BB ird] kT 2 L3 3w i

B

e 2 B d B (driver) #0F 0 VOB A BB alE o i T

A R gk o

(Z) @i ks
B kA R GRSl T H e

» Bg’r_ojg ¥ o
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el E Al 1Tk - AT ST o AR SRk #

T BRER 1 TR guE 2 SR SRRk FEEL £
BEAR T T ARk AR R Bt R R Rk e d A 7
R N e S NRILC SV NS > S = s E NP - o
FEMNY DA M G FL o F AN E T A 2

E;JL\."- B 7 %"]/HJ_?J_]’_‘?\\Fé;u;};’l—gﬁ,ﬁ:,?ﬁ:‘%’lcfé’:l]ﬁﬁﬁg
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F- i F & Redeposition

Default mill({sputter)
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E:5% H (Current Density) pA/um?
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VWeak damping Eftrong damping

ps—,

T 11
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¢os R B A (FIB) & S KGR iR 4rBI3-15- SR FTFH R
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P A A FEFFPEY T IR EE L R(E-Gun
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BEARE L BR o MR R %~ %k (ZEPS20A) s kR R
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Sample (wet bench) Grow oxide E-beam lithography ~ Wetetchsio2 ~ Grow Amorphous (P or N)
I il Nl el ] =
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SEM ~ AFM FIB
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I Tl ] Nl = AnalySiS
2 PR Lift-off -V
HP-4145

BI3-1 F %427 X B

electrode
i
| = | |
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Fl3-4 M=z 2@~ FFa v v T+ &Mk %(E-Beam Lithography)
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1. Spin Coating & Baking

- e

Substrate

2. Exposuring

1 l E-beam
T e

Substrate

3. Developing
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Substrate
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O 8 1+ O

RESIST THICKNESS
LOCA

\TION
DATA SET M Wafer No. Speed TOP CENTER BOTTOM LEFT RIGHT MEAN STD. DEV. Delta % Comments
M) No. (rpm) £
DATA SET1 1 052320056 1000 7154 7230 7128 7166 7188 21 048
2 052320056 1000 T365 7399 731 7344 7340 2321 040
3 05232005_7 1000 7386 7343 7291 T36T 7369 3307 0435
4 052320058 2000 5138 5145 5152 5158 5137 807 018
5 052320059 2000 S5104 5136 5083 5096 5086 19.02 037
6 05232005_10 3000 4174 4190 4173 4191 4155 1322 032
7 05232005_11 3000 4152 4169 4144 4150 4150 544 020
6 05232005_12 4000 2662 3597 3579 23607 3583 2992 083
9 05232005_13 4000 2613 3621 3593 3612 3585 13.51 037
10 05232005_14 5000 3228 32689 3219 3230 3282 1999 082
11 05232005_15 5000 3270 3257 3209 3214 3220 2463 0.76
DATA SET 2 12 05242005_1 5000 3255 329 3252 3252 3264 14.77 045
13
14 05242005_3 6000 3005 3079 2973 2887 3001 3578 119
15 05242005_4 3088 2989 3078 3039 3029 35868 117
16 05242005_5 7000 2792 2822 2774 2795 2780 16.71 0.60
17 05242005_6 7000 2778 2794 27E4 27B6 2777 10.70 039
18 05242005_7 8000 2629 2635 2633 2621 2636 546 021
19 05242005_8 8000 2644 2856 2647 2638 2643 595 023
20 LLNL_E 8000 2693 2744 2733 2707 27 19.53 072 Si<i10=
pal LLNL_7 8000 2643 2 2718 2744 2675 3532 131 Si<100=
2 LLNL_8 8000 2653 2683 2882 2681 2714 1944 072 Si=100=
23 LLNL_S 8000 2691 2693 2667 2676 2674 1011 038 Si<100=
24 06282005_1 8000 2525 2522 2565 2856 2604 2996 117
DATA SET 3 25 06282005_5 8000 2567 25N 2553 2575 2562 763 030
26 06282005_4 8000 2573 2593 2582 2575 2576 725 028
27 06282005_3 8000 2546 2566 2541 2523 2564 15.86 062
DATA SET 4 28 05242005_15 8000 2ES8 2664 2658 2651 2659 417 016
29 05242005_16 8000 2648 2652 2650 26855 26438 265 0.10
2
§ so0
£ 4000
ﬁ 3000
E
© 2000
=
= 1000
0
[u] 1000 2000 3000 4000 5000 6000 7000 8000
SPIN SPEED (rpm)
! sample
(2cm * 2cm)
: cross mark

(50um * 600um)

hole pattern
(600um*600um)

contrast
(600um*600um)

Cross-section

56;::’

,

L]-

Top view

R ehflde m fe i) o
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100nm Tum

—
AC1813 50kV 2 ym 10000X  A4B 2006/09/13

W38 % % i 3 e LR

- . Photoresist

SiO,
Substrate

B13-9 &\ 4 %] (Wet etch)#135 = e[ A5
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k.
4 MI i ]

E E g L ot
F13-10 24 « 4 q‘:'rr-‘{,i'» RGN S(Wet Bench) s

o S el L. 1 gl Epm

[ 1 5“:f o ol 1=

Flatten
120.0 nm
60.0 nm
0.0 nm

i

Digital Instruments ManoScope

Scan size 10.00 um
Scan rate 0.2417 Hz
Mumber of samples 256
Image Data Height
Data scale 120.0 nm
Engage X Pos -19783.4 um
Engage ¥ Pos -42151.3 um

BI3-11 23 12.4%) 5 75 (AFM)
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15 kv 05 g HOOY 4 200 117

S

1
I 1
AC2E4T7 SO kW L % pm GOOHEN AHB 2e() 7 0 0]

%] 2

B3-12 3 &4 %] 3| & 0t 12 (SEM)
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55

=55

codyp_500a_etchd5s.

Cursor:

trum

Section Analysis

L 15 3L riw
RMS 18507 nm
e DC

Rallc) 1o SRR v
Rz 6.5674 nm
Rz 6.674 nm

Rz Bt 2
Radius 200.40 nm

=igma 1474 nm
2|5 S}O 7}5 10|O
Hm Surface distance 202.563 nm
Spectrum Horiz distance(LD) 19531 fim
et distancs 51..859 nim
Angle 4880 &

Surface distancs
Hao'riz distance
Vert distarnce
Angle

Surface distance
Horiz distance
Wwert distance

i Angle
‘ [l o P T P | Spectnal peniad DC
oe } o M N Spectral freq 0 JSum
000 Spectral RMS amp 0.088 nm

F3-14 ¢ s F o F e R0y e F 5 4 fi$8 o (PECVD)
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FI3-15 R <~ 8% 49 < BG4 4 (FIB) &
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Al ———
3 '}I.'!!';;-b'i:.ﬁ@f%rﬁTEM #E(-)

e _'1 J I|'-:|

S0.00 kN

B3-17 20 A 8349 o RE wsw “HRAZHTEM # (=)
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BI3-19 2 < &2 349 < § 3 %485 % (B-Gun Evaporator)
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%
!

Barnier height g¢,, (eV

Ag Au |
Nd MgHf TiAlW PN R
L)} : i J_ _1! I l i | _L.l_.-_l_J—
3.0 40 a0 6.0

Metal work function qg¢_ (eV)

RI3-20 & -7 L B Jf-m i bp A a4 i g Rl R @
A )

-’ 5
T

B3-21 <3 ~§F 32T 29 %% HP-4145 %80k 47 % bt



231 & FRf

N-type
Si wafer
Size: Dia 4" x (525 +/- 25um)
Orientation: (100) +/- 0.5 deg.
Type/dopant: N/ Phos
Resistivity: 1-20 ohm-cm
Surface: SSP
Grade: Prime

Si wafer

P-type

Size Dia 4"x(525+/-25)um(T)
Orientation : (100) +/- 0.5deg.
Type/dopant: P/ Boron

Resistivity :1-20 ohm-cm

Surface: SSP
Grade: Prime

Si wafer S1 wafer
# 32 _RCA"c:lean i _l,* A2
A i
PEs [ FamE | Anzisgh
D. I. Water | EAE o e . 2
H,SO,+H,0, (4:1) 5C~85C |A#FED
D.I. Water = TiE RF »
NH,OH+H,0,+H,0 T0C~80C | & ihhofi B
(1:1:5)(SC1)
D:. 1. Water 0 e
HCl +H,0,+H,0 (1:1:6) | 75°C~85C |4/
(SC2)
D. I. Water I8 T
HF-+H,0 (1:50) EB RE AR
D. I. Water A RE »
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# 3-3 Wet Etch vs. Dry Etch

Wet Etch Dry Etch
Etch Bias Unacceptable for <3 1 m Minimum
Etch Profile Isotropic Acceptable to isotropic ~ controllable
Etch rate High Acceptable ~ controllable
Selectivity High Acceptable ~ controllable
Equipment cost Low High
Throughput High(batch) Acceptable ~ controllable
Chemical usage High Low
Electricity damage Low High

% 3-4PECVD # » # I T 14 & chf 48 Sk

Amorphous silicon P-type Amorphous silicon N-type
SiH, 12 12
Ar 160 - " . 160
H; 20 i ' 80
B2He 6
PH; 9
- Unit: sccm
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Fr i A EREERLS
AR UAERES G e ¢ 7 A (Substrate)hT (e g x5 1
BB R L6400 doBIB329F o 50 F R HE e
N IS 45 RN E;B&;;,T&;t:t&—? S ER AR - g AL

P deRI3-THn o RRIEARS A 0 L5 B 7 R BRA o

BFAP AT RAGRE T i 5ums4E (Tungsten)$F 43 HP-4145 %

4-1 7 & B

- Bt E N 4R (GaN) 7 s fmEE s ¢ [47] 0 #1158
W MRS 4 B s (Conductive’ Atomic Force Mieroscopy, CAFM) %
WE - F g NS BB RRERE e s R R B
R F M- RO AR A R E o rend R E R 0L
8 F1+ (Ideality Factor) ~ # j# & /&(Breakdown Voltage) ~ i v 47 {r &
s (Saturation Current) % i & 7 (Leakage Current) % % » ¥ A izt & 47
FRT P BFLR 2 e d WP B FAFH I HATHRT R &

LA P BEEAR DA ER KRG EAEFAI R TR

;g d T F o N de 3 5 g 713 (Ideality Factor) 2 i » 47 fo T ik
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(Saturation Current) & » ¥ %587 % E-7 BRJ-V)E ey 58 - &
i % in(Leakage Current)id - % ** & jB| # 7 T & (Breakdown Voltage)
FIRR G 5 0 s S ka AR T R o i R A R R A100%

M ﬁ;%?ﬁgggo

iD _ Is(euD/an _1)

G B R PE ke

vp / NV
e T >>1]
- ~ UD/I"IVT
SN D F

Up

logi, =logl, + loge

T

%LlOngggs Up it > B4l = % v loge | e % (R T
T
F)E ISE(E » & T in) > oBl4-1977 o

2 **NA{eP3| 2L & # K ehif + & & (Carrier Concentration) % §* =+

1B 4% & (Carrier Mobility) » % e BLIF 4 R&TE P en P R ILE > 7

BAPE-HE DK 2N T o
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Qi AT F=16E-19  n5 & 5 Gk R+ M, ~ My £ 5 & Gt

F B F o £4-15 NPt fars & £2 A cdp B dicdy

4-2 ¥pe e i B

P

# R e A2 2 5 600um*600umsnt = A F% o £ 0 T
BAL R 2§ MK enE RS g R e & 2 R 0L H g BT oeh
Az % 1 2 o A F Sub. NI500A ~Sub N_1000A - Sub_P_500A -

Sub P _1000Az ‘= > 2. §4-2(a) > B ¥ Subz HRENEH - 2 kT

F o e HBAlE 5 S100nmek A o ok 22k PP EE S lum o e
B3-8477% > 5 & 3 364 Bk LA B4 > WA2F # 5 600um*600um

kT AMOT AR F R OERR TR A P A
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PR d g AUl AR H e A F Exp N _500A -
Exp N 1000A ~ Exp P 500A ~ Exp P 1000A® % > % El4-2(b) > H
Expr Fokleaniifle 2 Rn* [ 2 B ECE A WURTEBHE

3420 B E R SRR Sk LE -

4-4 AR pLEEE N
aAR WY P o d AR o DR TR WP A5 A

ek &% A2 R EREE

Ik

RIB[E GG 5L Bl A 00 g af

#EE?”Nﬂ%ﬁﬁﬁ%%&?ﬁﬁﬁﬁﬁ°

4-4.1 ¥R 2RSS
-E-Q'E_’_’Fg:rr.‘-}vﬁj?_‘ _:_”_:’E" %%}Pbd ﬁSIJ\t‘J_SIJ\’T'B&ﬁ ﬂ_‘/)l‘g‘)i-

TRI-V)L H B R ke FA ik i

Sub_N_500A

J-Ve B L8430 LTS (n) e on(s)E BT in(ip)
L o g Fl o & 82.0~2.2 ~ 8.5E-7(A/em”)~2.7E-6(A/cm™) ~ 4.2B-6
(A/em)~4.72E-6(A/cm™) o % *t # # % /& (Breakdown Voltage) i35

o BRI NI00RG e HER > T RF L o LRE4-4 -
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Sub_N_1000A

-V RE 0 L E4-5 e L F)S (n)~ i e fe T i (Is)E BT i (ip)
th T 3o F 0 & 2 2.1~23  3.9E-6(A/em”)~4.8E-6(A/em”) ~
1.17E-5(A/em™)~1.64E-5(A/cm™) o % ** i : # % /& (Breakdown Voltage)

R 0 LR AI00RE > RN o T A2 o LH46

4-42 ¥t % 47
d b oendiedp 22 0 Sub N 1000ASTE B R e R M 0 BRI
m % > 4 Sub N 500A % Rfie Lk R o
IR 8 )3 W A 2.0:23 00X W F Bl 7 @ﬁ%]ﬁ”ﬁ"
A3 B o TR PSS R R EEG AR R BV G
it &~ & w B (Junction Grading) ~ 2<% & *=(Surface State) & > & e
PG A @ 8T 8 E 422 5@ 35 i (Thermionic Emission)
A emFotefrR BRI Y EnE L GIM Tk o 2L F4-7-4-8 -
B SR B A2 0E 2T 5 (535 2 Sub N 1000A T 444t
Sub_N_500Atk & £ chk %] 7 3 2% & WA2H 3% %+ (Aspect Ratio)
A NFF g RS c F AR ERPERF A7 FIER Y OE AR

BAY BRI OB R EAFOEE i 2 BRI

X 4T el 48] o
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M i e e 2 BT R > $3Sub N_S500A® 3 0 F E D
FRm SR RAET N E(Ee e IN)F LS 5 0 LR
4-9 o ZEF > :Sub N 500AAZ 7k i »x & (Leakage effects)? &_{% jk
£ > %Sub N 1000A# 3 » F ik 7 i 22 5 ik 7 on (3 o
Lo @ ) Ap £ T - B s 0 L E4-10 o 2L 3B % o i (Leakage

effects) &Sub N_1000AZL > 1% ik 1 ~ 28 (3[49] > & 3+ 1% 2R FIR Foe 47

S

ERSOTERRIFER S J f ORI TSRS 5 F R A -

TR(-V)E SRR i 7 e

Exp_N_500A

J-Ved sl > LEl4-11 - EF]S (n) ~ e fo (s 2 BRI
(ip)eh 324 [ > & §2.1~2.3 ~ 9.0E-7(A/em™)~1.7E-6(A/cm™) ~ 1.8E-5
(A/em™)~3.78E-5(A/em™) o I *t # % % /& (Breakdown Voltage) ¢35

o i FHERIOKRPM F A o LRE4-12 -

Exp_N_1000A

IV 5H > 2 B4-13 - T FI ()~ e et m(s)E BT
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(ip)ehT 354 F > & £2.2~2.3~ 1.8E-6(A/em™)~3.3E-5(A/em™) ~ 2.20E-4
(A/em™)~2.61E-4(A/em™) - % *t # # % /& (Breakdown Voltage) i35

B i BROSSKP EA o L Fl4-14 -

4-4.4 F o EE% 04T

d b oendicdp 8ot 0 Exp N 1000A#7 € B ken@ 12> kBT I
@< > £V Exp N S00A % L chi IR o

eI g F S Y A H2IN2305EP H B TR B i A 4p
P Hed - 25§ & > %o % (Junction Grading) ~ % & i =
(Surface State) £ »TR A Bz s RET I BEHE L7 > 5 AT %
&+(Thermionic Emission) 3] i o i dedfr T /W B T o 3 Enie § b
GIf % o B Bl4-15 ~ 4-16 °

Btk A dp e e B f0E 2T 0 92 X Exp N 1000A 7 14+
Exp N_500Atk & £ 0k 7] » &3 » & %] 2 @WARR 3% 5+ (Aspect
Ratio)f ~ 1] % #7id = e % o F LI AR - LAfiok 5
RPF BFEVORIA € R EFAHI AT F ot MIER HE A
Kes o ¥ % 5 ARt i E j*/:‘ii B4 0 frid = R R ROR
Bk E S

Ao e R R BT RN HExp N_500A7 % 0 F b
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B BB IR T I BGE e e R )R A KT - B E s L F
4-17 - 2P B o 22 i (Leakage effects) & Exp N 500A#Z » 7 ik 7 < K%
> $1Exp N _1000A# = » F % ik 7 o0 B8 025 05 T in (% w

e foq )P A HTA B E % > LE4-18 - :EP > AExp N _1000A42

e i > Jis (Leakage effects)4p & Be® @ G2t M AR EIF T WL 91 = 0
4-4.5 F 2w B ¥R B RN R A 4T

Bt RS R RERA FRBERIBRAFT c FIR AR ERE L
500A% it B i &P B e iy Lon(ip) A IR RERE ST -
BEsm AT BEF ()2 AR inds)HE R PP L FE 0 LB
4-19° 7 * F e ' RE g v BRI0KRN BFRHFR G > HEle
PLAE o d 07 de0 3 2 B s 5 T (Quality)tp i > 3 &7 = &
Mok Ko R AR iR R TLIE . BIFAFIZ FHRERE
eif B 2R (Edge Effect)fie * #rig 2 L B o1 7 e oo - &
WhT B4 my > ¢ ¢§+@% PR 2GS ES PR
% [50-53] ©

Al t4 £ 1000A%F & etk &P o F e bm T on(ip) ek R

JOREBEA T - BEBOY ARG M) Ao R i)k R



4 AREAFE o LR4200 ¥ P B E A UE e HBIOKRP 4 &
HFR G HEER] Eed 0T 0B K T B G 5§ (Quality)
B FRBEF ZIRMOE K> ETHSOER PG ATLIE

e BF) 5P % e A i B oo ls(Edge Effect) i+ #7id & chE B o
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logld

slope=(Vd/nVT)log€

logls —

Bl4-1 ol dadl 73 B

Sl RS AR

Sub_N_500A  Exp_N_500A

Sub_N_1000A Exp N_1000A
Sub P 500A  Exp P 500A

Sub_P_1000A  Exp_P_1000A

B4-2 e w BT 3B
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5 4 3 <2 A 0 1 5 3 i L
Voltage (V)
B14-3'Sub: N 500A-F it & Rl & B J=V)Z 318 B
Voltage (V) .
L - I v J L2 | T T O
-100 -80 -60 -40 -20 0
-20 <
----Sub N 500A
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—
604 —~
c
| &
-80 -
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10?4 - ---Sub_N_1000A e
N’g 10° 4 .
O /
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Current density (A/cmz)

Current density (A/ch)

ST Sub N 500A

—mme

5.0x10° D

4.0x10° -
3.0x10°

2.0x10° T

1.0x10°4 _ -=~

Y T v 1
2.0 2.1 2.2

Ideality Factor (n)

B14-7 Sub N 500A-18 & F% 25 3 ke 10§ i 2 BT 75 B (27 2,

17x107 7 Sub N 1000A
1.6x10° - . -

15x10°4 -~ ~°ID N
1.4x10’5—: e | o
1.3x10° 1 T
1.2x10° —_, -
1.1x10° -
1.0x10° -
9.0x10° -
8.0x10° -
7.0x10° -
6.0x10° -

5.0x10° -
4.0x10°

21 2.2 2.3
|deality Factor (n)
®4-8 Sub_N_1000A-12 & F]+ £2 3 » &7 fo T ik 2 & T in b %7 T W)
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Dark current (A/cm?)

Dark current (A/cm?)

4.8x10° -

- ---Sub_N_500A
slope: 0.28108
5
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rd
rd
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_/
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4.5%10° 4 /
e
e
"
F i
=i
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; rd
”
r
4.3x10° - P
rd
a Pl
rd
y
4.2x10° /
: I ! | ¥ | " I ! I
5.0x107 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10°
; 2
Saturation current (A/cm”)
B14-9 SubgN_ 500A- i @ &6 fo i it 2255 B indd %7 3, Bl
=5
LA™Y e Syl N HOGOA
1 slope: 5.22222
1.6x10° 4 #
rd
] P g
1.5x10” i
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1.4x10° L
- //
1.3x10” P
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1.2x10™ 7
1.1x10° . . . v . r . ' . , .
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Saturation current (A/cm®)

H14-10 Sub N_1000A-i# % 47 {r @ im 22 2 i B %7 2,
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Exp N 500A o
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Dark current (A/lcm?)

Dark current (A/cmz)
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Saturation current (A/cm?)
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Current density (A/cm

Current density (A/cm2)

0
103 - --.Sub N _500A
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Voltage (V)

Bl4-19 2 & F i K& S00Achfe w7 5% vt o £ R

10'3 ___.sub_N_1000A
----Exp_N_1000A _

Voltage (V)
Bl4-20 # & § i K& 1000A %t P 2 22 F 5% 2t T 2,
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% 4-1 N 3] ﬂf‘»" P 3| 2t 8 # %1 2 A e gﬂ%

Items Sample Amorphous Silicon Substrate
N P N P
Thickness 3000A 3000A 5254£25um 525£25um
Sheet Resistance () 329 85 377 188
Resistivity (2-cm) 9.87E-03 2.56E-03 20 10
Carrier Concentration (cm”) 1.0E+21 S.0E+21 2.0E+15 1.0E+15
Carrier Mobility (cm*/V-S) 6 49 1563 625
F 42 AR SR 2B
Items h am_ple Sub_S00A Sub_1000A Exp_S00A Exp_1000A
Pattern Size 600um*600um 600um*600um 600um*600um 600um*600um
Silicon Oxide Thickness S00A 1000A S00A 1000A
Etch Times 45s 10s 45s 708
Amorphous Silicon Thickness 3000A 3000A 3000A 3000A
Electrode Material Al Al Al Al
Electrode Thickness 90nm 90nm 90nm 90nm
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