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Palladium nanogap fabrication for surface conduction electron emitter

display technology

Graduated Student : Kuan-Jung Chen Adviser . Dr. Fu-Ming Pan

Institute of Materials Science and Engineering
National Chiao Tung University

Abstract
Surface conduction electron emitter display (SED) is the latest developed
field emission display technology. The study is focused on the fabrication of the
emitting device called surface conduction electron emitters (SCE). The most
critical process to fabricate the SCE device is how to produce gaps in nanometer
scale with a low turn-on voltage. The study used focused ion beam (FIB) and
palladium hydrogenation methods to fabricate the nanogap for SCE device.

Nanogaps of different width in the Pd. strip electrode were formed by FIB
sputter etching using various beam width energy. The turn-on voltage decreased
with decreasing of the nanogap widthrAfter being subjected to hydrogen plasma
treatment, the turn-on voltage'of the SCE device decreased with increasing the
hydrogen plasma treatment time." The improvement of field emission
characteristics is attributed to the change in surface geometric structure and the
formation of palladium hydride (PdHy), which has a lower work function than
Pd.

The nanogap formation by palladium hydrogenation is based on that a large
stress develops in the metal due to phase transformation leading to volume
expansion. The width of nanogap could be controlled by adjusting the hydrogen
pressure and the Pd film temperature. Finite element analysis was performed to
study the hydrostatic stress distribution developing in the SCE structure after the
palladium hydrogenation process. The simulation result suggested that the
nanogap formation was a result of stress-induced atom migration. The kinetics
of developing nanogap could be considered as a process of void nucleation and
growth.

il



FRAFPRREET M FRFL A B RO AR RAER
SRAE T o A% &R o

FAAERHER AL ERkhE iR A WLAFT S G
B - s A PBAE S R RALE S B AR AT AL e
AApES > RADFHRPLITHER S > Fla g AP Y A AT
WLoA L TJ:é’f’J@iﬁﬁ(*Kiu IR AR kr]"j P2 turn on)!4 & & = &
& =X AR gl 0 AP e B A e iz SEDE PR 0 18 Canonfd, e
hofeP2rf] FRFeNH B S0 RFNRT A F W F R R E

TNEE R CFET S BTN JedRiE B PT R §T

n
M

4
-»L\
L)

rin Pl PR IVANSYSefzt o I Epop O P K ik
NEELESFFEPRLAERSES S FafF- 8 F28 BRQHATDRAL
RAFALBR e IHRNADRF2Z B4 L N gy S i 2R
L e Bois BB A 04 E s e~ R H R AR

L85 ~ BEE S Mpadk s ) &~ A4~ death ~ 2% ~ 28~ kobe ~ Jackal ~ %

N

BE AN B CMEFFE BRI CAFRIFLE S AR 5B
£ etk o 73 TR A B A VR s B E BN e
RRMDAF 50 - WRFRE PR RS S ik

KNI o e

v



P&

BE B e e i

A S AT oo e iii

11 B3 S BT BB (FED) R e ssiersssentismastsme e eeeeeeeeseeesseeeseeeseesesseseessesssseons 1
LT Spindt-tip A ... i i et e 2
LL2  ZFEBUE s 3
L13 25 BET FFER e 4

1.2 25 BETFFHEETE e s aee 122D

13 AT F E B oo eeee e eeeessei e e 8

- F 2 }gkwﬂ}éﬁ ................................................................................................ 9

2.1 EBF B HTIIZI e e 9
2.1.1 Fowler - Nordheim = 235 ..o 10

2.1.2 Fowler - Nordheim = #2;% & * 7% SCE ~ 2 3% 58 B ... oo, 11



22 2 KB T D 13

3.1 AT A 23
313 B W B L 24
3.4 B BT A 24
3.1.5 Z%tiﬁ»?,fﬁ%f“?;‘?#ﬁiﬁﬁ e e 025
3. 1.6 B AR & T e 26
3 A T R B i 28

321 HEFEHFRNAT

4y
&
=
&
\O]
o0

322 BF A B oo 29

vi



323 BIRFTE X EEEIFR oo,
324 X Kk T I T e

3241 X EERTF R RIL

41 %

42 AERHEEIFEIA e,
43 R AETA 2 B L e
44 F TR 20 8 SCE A BHEM O T

G R SCER it 35 5t #1250 4

e

45 ET%
451 APEEAE
452 & i 4s (PAH,) et G5 1

453 e B R R

5l BT e,

52 AERBHEEUIFERA

53 A AL A B e

vii

31

42

.44

44

....46



54 BABUHHETRE DB e

5.5

5.6

BRBUCENET R DM G

B R R A ] e

5.7 BB SR AET T e

5.8

AR B R A R B

59

64

66

72

76

.19

81

.82

viii



A

A

1.1

4.1

5.1

. 5.2

# P&

B ST BAEAT i e 2
PEEEE T RL G TR DR G A IERE 50
F AR FHCA~C 61

TR EEACETF (e 65

X



Bl 1.1

Bl 1.2

B 1.3

B 1.4

B 1.5

Bl 1.6

W 2.1

Rl 2.2

B 2.3

& 2.4

Wl 2.5

&l 2.6

Wl 2.7

& 2.8

B 2.9 fi*

W P &

Spindt-tip 3] 7T F SRS HER 3
B BE T I IR o, 4
SCE 77 B Bl oottt 5
SCE S H7 BBl oottt 7
SED B H7% £ Bl oottt 7
SED 35 518 BBl oooeeeee et 8
Bt AR TR TRB 10
F-NPIot 77 & Bl .o et o e e, 12
i &g i ghir 2 RO IAR RARR 14

1% &R F 2 TR H s b TS AL

41 * double-angle evaporation B (T % ¥ 2] 2 B 4 FhH N T F ik

BB ] e 16
BB A B N TS AR R 17
HEEATE NN NP E R g o

B oottt ettt e et ettt oaereettra————_ 18

NSRS IR PERPES RS Y gt



Bl 3.2 BB A S o 27
B33 AFM 0L (T RIZT R Bl oo e 29
Bl 3.4 MEmd XEEIET LB s 30
B35 RTF A2 RITAT LB oo s 32
Bl 3.6 B2 BB il e 34
Bl 4.1 F|* FIB ) i* SCEH28 s 22 8l v/ 2B ......................... 37
B4.2 fI* FIB #l it SCEH a2 THB ... 38
Bl 43 1* FIB&% 2 Hdsauth X7 5 BB GRE ... 40

Bld44 3 FHATREZFRATFEMED T o 40
Bl 45 HWi A %% 90nmE 30nm 2 B FEEE 41

Bl 46 90nm 54 TiEa 7 J\z\mng‘rl\_?, 5 min {4 2. 3-8 St

..................................................................................... 41
Bl47 90nm T FFHRLE T 3}%2\ B AR Smin {8 i 5 R T RS
B T e 45
Bl 4.8 ﬁ“?f”?f‘ﬁi@i?ﬁﬁ%ﬁEfc?f’%éﬁ”ESCAﬁ‘E?&"?] ...................... 47
Fl4.9 & NGB E TR R TS P XRD B oo 48

X1



B 4.10 &b %3mixfopl BT & B.. e 050
Bl 411 & @wsEs LR G T HAFM B 2 SURE . 51

B 5.1 FI* & Ri24l it SCE 3% bt~ 2 2 4 (T AR oo, 55

W52 % & R (FSCEH# ot~ 22 BHB ... 56
Bl S53 & i ad@a e e B RN TFHRER R 58

Bl 5.4 ifjkde BTy AR iR R ARG RE 58
Bl 5.5 & “Auuis2 F B A SEM B Bl v 62
B 5.6 & M ad2isz F Mg ahanidy ;8T 3 BB B ... 63
Bl 5.7 & md2isz f N AlmFg T F &R m ... 65

B 5.8 F1* FIB fez o Adid &2 HEthie 2 4 3* T F B8R 3R

B 5.9 HBRA 4550 ML T BBt 69

B 5.10 B R fRis s DAY A F B oo 70

Bl 511 g RS enz MRALE GBS A F B 71
B 512 & @43 A-Efc F 2 3555 ERIEI: oo 74
B 513 4 s P WARE A XRD BIZF oo, 75
B 5.14 B2 ¥ kim2 Z S HT LB 77

BIS.AS FEBR ¥ k2 2 MR 77

B 5.16 & KAFBER B BBl oo 78

Xii



%o %

1.1 3% 5 & 1 B(field emission display, FED)#%#
TE KT G Ao BB PR SRR E A T F (cathode ray tube
mWW’GHmﬁﬁﬁﬁﬁum’1%ﬁ@ﬂ#iﬁﬂ£ﬁ@%ﬁ%%o

Pand bF b BTG Er BLT ”Ff: k8 ot B (plasma display panel’ PDP)

%
¥
&5
=
IR

(liquid crystal display> LCD)> # # LCD { # 2007 & 424% CRT
FE 2R BT T EAFERA PDP & LCD » WiR 3 F 5 R AT &
PDP e £+ F ®i¥ A4 d ;LCD Al A AR & ~ " 2AL &2 5 2 R
PR R il R o

B Sh A B F AR G R TR T TS 0 RF
FRBAEFFHT IR IHER DI G HF Y LBk o d g
SHEE T Beng kBRI gr CRT 4802 > ¥t £ 4 27 CRT 4p b % s e o7 140 o
FRBRAE S FIITR S RARE  F @ F R MG S T
NHF T BRSSP FRRTIFR LA BE R e B
CRT &84 /& % 4k A 3 P 4] cve % » F]P § thin CRT sul L o fAR
SORE T R e A S R E SR ST BIP MR LT - B AT
B BE T L o

SERETRRETIFHSAARTRA S ALLY BEEA T R

MLk FB R LS X G A1 15 > P % 2 Spindt-tipd] ~ 2 o A



# (carbon nanotube * CNT){r % & & H 3 5 % 5k (surface conduction electron

emitters > SCE)& % F|PpBP -

211 B5 SHETT EAAAE

Hg st hp ot BAAAE Eige
Spindt-tip Spindt-tip

BSD ballistic electron surface-emitting display
MIM metal-insulator-metal

HEED high efficiency electron-emitting display
SCE surface conduction electron emitters
PFE printable field emitter

CNT carbon nano-tube

1.1.1 Spindt-tip &
1968 > C. A. Spindt 1-1]# A F s B3 63 3 ~ 2 % 30 kg7 Ben
A A IS RS EE R T B W SR AoRl 14T e

Spindt-tip3] & & & | * R @ A2

&
N

18R 3 A FEP R T L Rk R
FAESRLA] BRI S o GRS - TREMALDTHE B
THFHRONREY  RETFBFFTEUREHD L L5 B3
BT Fes sl hed HFBRY KAk

Spindt-tip3| ch 7 + F SR R AT Y 7T R MBI WA AT F SR



>. 8 kv XK182. BK

®11.1 Spindt-tipZ] 7 + 3 ik 5 1B
(Babu R. Chalamala, Yi Wei, Gene Rossi, Bruce G. Smith, and Robert H. Reuss, Appl. Phys.
Lett. 77, 20 (2000))

1.1.2 7 ¥ B g (carbon nano-ggh'é‘"; iCN’IZ)

n' i._.- I :[;' A .;_'__l‘ ‘._‘ a
€1 o o 5wy el A = L. - o s )
AARELG I RROHAEF > e B R R B FEAE
| > .__:_'f P :.ll

P

A

L

BT m BT R AR R R Lm0 AR Y

5 =
L LR

EAHF T B2 R 3 F R 24T LB NI L3232 2 &
7 9% 3% T (arc discharge) [1-2] > & &+ 4 (laser ablation) [1-3]fr i & § 4pi
## (chemical vapor depositions * CVD) [1-4] -

"L R B~ 1S Spindt-tip ¥ (FH-E ST BenT T B MG A LT

KAy 78 P o33 CNT-FED - 2 &2 ~ £ 4 & 3 & X "0 558 8f

IR AEAl AR SIBS AP F R - BRETES $RU

T Aim® o B 1252 KRB RFHHR -



148K

B1.2 % 7}&2‘\? &+ R
(G Pirio, P Legagneux, D Pribat, K B K Teo, M Chhowalla,G A J] Amaratungaand W I Milne,
Nanotechnology , 13, 1-4 (2002))

1.1.3 %o @ 3T 3 38 ;‘)%l.(sﬁurfac@- coriduétion electron emitters » SCE)
1965 # M.I. Elinson '[1—5] 'FT»"L %}* %\» Ao d om @ E T 3 F 5k (surface
conduction electron emltters »'SCE) RELIE 453% » @ Canon 21986 +# 1t 7% F¥ 4

3 #SCER® " Al B> 6 - BI3LSCEA LB £ A

).

AE 7

ETTRS

IR T REFRNEN - FETE S A BARE RS LiES B

EEE S L SRR PR AN TR £ TEA L

N BFTEEAHNLNRR R TR NETEEL 23 €2

P T 7R OET B NATS e SR B 5 AT sT i Eenhds 1 o Canon
[1-6] & SCE=~ 2 ensk-® + 2 B4 — BHIET & B30T 3 R51IRF
YRS L dopt T2 R HF AT B (7o 2 SCERIEHR B 7 3

FE RS F TR QHTL A BET T F AT X (surface

4



conduction electron emitter display, SED) °

|
®
III 1

0 2 44% R AR Vq

1.3 SCE-+ & Rl

12 2% BEF I FiET B

Bl 1.4 = Canon#74% 1! enSED & + % &k % ‘]%‘(SCE) o H A iF3 ;N4
[1-6]:F 2 e bran= 3¢ gl et Geired i L)+ o & W42
(ink-jet printing) 7T #% & & S10 nmE 5 2 X FfcnF 4 (PAO)ET - &
FeFz A HALDWIT > G BIFER - % - BIFEFZ =~ AER
(forming) » %] »NT~10Venz & 250 trg R » & (Y4 FWF) 5 monmiB A 4 &
AgaBhs o PREL - B BPAL e ¥ BRFERFLFE
A% (activation) > #-7 B % chf #83 » forming A 2 A %Y > T35 40 10~22V
7 AR T R SEREFSE TN B A AR R 5 g ) DT R T
oL FTETNE DR REFFMAES R FE A e B A G A SR
W A R HOR 2 W MR 24~6nm 0 4oyt i % A SCER i enfliF o

BI1.55SEDSH T LB o 7 8 M2 F BFEFRHE G0 TR > Ty

TR RS T R(NV) BT F AL T E e JET - R A



—
<
by
P
R
=
4y
o
F_&
=
f
AT
=
=i
)&\
=
B
R
[
*
N
—t
&
&H
('S
S
-
LS Y
N
k)
9
s

B3 ia) > @ P F TR EE 1B R Y k4 chE n o SEDZ HE i1
WOARACR 1697 0 R R R F F S L1/ d B¢ F o0 g ISEDR F 3 S
P 5 53% °
SED % 4% ¥ B Bl 4~ ﬁxrﬂiﬁmﬁiﬁﬂ*a et 2o MR R AR

9T E B TR T @’I}d"ﬂ A0 ¥ e 12 (R I M SR F B F (driver board)
N Ao B L T OUH A & it enfE 7 (reliability) 22 4 & 87 (life time) o Canon
1% B PP 4 R 4~6 nmE B v H o s s TR | AP22Vigk MY T P B 5
Rt BhGE T RE VA o BliT 2 2 HE - AR 4 SYE(56H ]
PERIE 15 T 3 4 0 i 2R AR ) VR ARSI S L (B L ECRT) I A 3§
L EwaP AT T RTS e ER { RSEDS & & B4
% 5T B o %.2005# 1SID(Society for Information Display)# 3¢ € + >
Canonk 5+ 7 367t cSEDw 4% > B R 7.3mm> £ & ¥7.8kg- 51427 >+

AP > B R 3 IEH 20104 SED#T B 5 LCDA 7+ B4V FF et 1 o



1.5 SED& 47 4. Bl



0%
107 |

107 |

VE(VY)
Bl 1.6 SED3% &+ 7 )
(K. Yamamoto, I. Nomura, K. Yamazaki, and S. Uzawa, SID, 36, 1933 (2005) )

13 =5 &8

* R L g B WITSEDL R+ R - T A3 SCEA i o F %
£ 45 A BAALe ¥ - 2 3L FIB@ocused ion beam)# iFSCE= i 2 % #
Bl ¥4 B NSCER 2 35 4 1 enF) 4 o % - BA S L En] L% &

FREYAER A DA TR AT R D 2 00E Jd S

i ]



¥R R
2.1 &3 g
1928 # > Fowler 7 Nordheim # £ 4% &1 7 3% 83235[2-1] 0 45 i &7 3
EF TR I FEHE AR FHIE TR R IR B 2.1 5 FE
BB AR - MG RERET o &R A

(Fermi-leve)E; eng + & P EF X g enie £ 0 1 av sl o it R &

MErNEZFY LR REBEL S S TR EBFANREL R
eFE B 2 £ p=E, -Ero%s4c— ¢t R His 2 I g -ERE AB(R

RE CD)%A)m A5 = &2 50 W RERE R+ 2% &
B IRT F 5 48 € B 4003 e0F s/ (tunneling effect) @ & ) & &

C EAF L T EREFPIL A HIE FORAFL R I
B o FOh s A T H PR BARS Pl A REEARE 0 T3 B 2 T Xk
B ARF o A S RS PR SRR A BT A R eR S F15

B T B M B e R



I Fermi level

Tungel
distaRce
B

C

Metal Surface Vacuum

Bl 2.1 B3stz £ FB-Z 20T 3B

2.1.1 Fowler - Nordheim = #% 3¢
Fowler — Nordheim 4 8 3498 B erde 8 843 in 2 B 28 ¢ 40 T 32 [ craig

%o B2 AR T &7 A [2-1]

# ¢ A=1.54E-10(AVZeV) - B=6.83E9(VeV>’m") - y=3.794E*E"*f) -
ty)~1.1> F v (YT %7 = V(y)=cos(0.57 j) & V(y)=0.95-y* o & ¥4 — B 7
BRVisT ERIFIFFRHTmlo % )=/a? E=fV/dH » 2521% »Hd7¢
a & FRHFFHGMH 0 L5 FF M FE R F]F (field enhancement

factor)  d 3 A1 & apedg > A SCEeii 3 ¢ dv &7 2 H¥E5 R

_Aapv? By 2v(y)
d’t*(y)p pu

10



FEIW 2 15 AN 22T 4w A

3
| Aaf’ Bdg2v(y)
In(—) =1 -
n(V2 n|:d2t2(}/)¢} BT (2.3)

vy~ F o~ 23823 F F 3

| Aaf’ Bdgp?
In(—) =1 -
n(v2 n{ 5 2t2(y)(p} ........................................................ (2.4)

d 258240 In(U/VHE ydho 1/V 5 X hiTB 7T @0 A KL § e R

41 F-NPlot » 4ol 2.2 #f7 » # 3 84 5 S i 4 :

F-N Plot % *|%7% % lﬁ CE= 408 s s NrE SIECEPYEN ) L I

B3 s e & 35 |3 B2AMT 5565 7 & (turn on voltage) °

2.1.2 Fowler - Nordheim = #2;% & * 7 SCE ~ ¢ 3% &+ &

o
Ny
0
7
N
n
1]
I
—

LiF HE I 0 4ok ¢ v SCE 33 B4 E thirt S i 4
EX S S SN LRI o SIS Lo S S
PREHG €F AR HEkE22] A B EHETARS AT AR D
— 3% o F]pt > 1% F-N Plot & 1} en3-3 F]F &£ 4% 7 8 hig o 55 7|+
WA AT THEY o T §F RS SR E TR A B TS e H
Fen i B % G o - ARG AR R e S L R

1235 Fowler - Nordheim = #%3% » #2458 SCE ~ 2 ¥ s M ond & ¥ 3



¢ R HRE R s Sl s AT R ] g M 2 8 RS E
R FE R AFRY A% o

k¥ SCE & i ehspds TR & 2§ F-Nplot ¥ B4 & I 4
PHEOTRE  4oBl 2.2 977 > @ S T BAX | 27 ~ 2 EF & ) o

R S OERERUEE o S ICRTHE

"T. F-N Plot
ti. )
o \ Bdg?
= S=-
~ B
=y
.|
"
= [ ——
] -\._ .ﬁ.f-f.
1
\
turn on voltage 1/v

®] 2.2 F-N Plot 7 &, #

12



2 2 B Mg iT ik
SCE = # ¢ h Magendt iy » { L4 4 HAPfie %1 k2 13 &
Canon #74% 11 ihd FF B A K MBS 312 At e BFRBEL P w8 K A
g 132 5 & 45 & F 1Y £ [2-3] ~ double-angle evaporation j# [2-4] ~ 7 1B
# (electron migration) i [2-5] ~ & i* & &g | (electrochemistry narrowing) i

[2-6] ~ & & # 5 & (focused ion beam - FIB)# [2-7]% 45 & i* (palladium

hydrogenation);# [2-10] o

221 £/6%F iz

FI* &% 102 Qi 200 M H Al ie Az 4o B 2.3 #7771 o 7 LT 5
R G 30 nm ek G K L PRE L SO E TR ek
H F7) i (patterned) > 4ol 2.3(@)shigHE o HF HE T TOREBERHEES
oAy A § i 4(TiIO)hE K s imAF % - 4 FWE EAFH 5 30nm -
vt lift-off 17 Uk 1 b Sk A v o B fS AR R R F
gris 2 F 2 K N iv o @ § MeehhE R T AEST R > R e

o

33\7

BBl 4B 2.4 fror e

13
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Re

30 nm
Si02
(a) Patterning of Ti

(b) Anodie oxidation of Ti

(¢) Deposition of Ti and Au

(d) Lift-off and etching of TiOx
B 23 1% 2% 2 W iv3 8 A @l 4705 42 F)

2B.0kY HKI1SOK C88nm

B 24 f1* £%F C2UT2 8 N AR T 5 A8 1 F
(Shingi Hashioka, Masato Saito, Eiichi Tamiya, and Hideki Matsumura, J. Vac. Sci. Technol.
B, 21, 2937-2940(2003))
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2.2.2 Double-angle evaporation ;=
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(Akinobu Kanda, Mitsuhiro Wada, Yoshihisa Hamamoto, Youiti Ootuka, Physica E, 29,
707-711 (2005))
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224 i § 2 45| (electrochemistry narrowing)
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2.2.5 B E 33 4 (focused ion beam » FIB);#
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3.1 WK E

3.1.1 5 i ¥ ¢ (oxidation & diffusion furnaces)
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F BB M e A YR NL N BN P EIRSNY MR

FAkFBRP &Y ALT PR o B F 2 AN T AT o
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3.1.5 #Hek 7 Tf: v B % 4p ST A & XL (microwave plasma chemical vapor
deposition, MPCVD)

— SR R “Ff: % Sude B 3.1 #7om o Hok it £ R B (microwave power
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32 A ik E
3.2.1 33 &4 3 % 5 Bk s (FE-SEM)
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322 m+ 4 HicE(AFM)
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323 % {247 B X % $4 % (HRXRD)
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% = ¥ FIB(focused ion beam)# i* 2 3% 4 %¢r SCE ~ ¢
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