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Institute of Electronics

National Chiao Tung University

ABSTRACT

Scanning probe microscopy (SPM) is one of the surface analysis techniques
which are developed rapidly in recent years. It has advantages of non-destructive,
2-D measurement, and high spatial-reselution. Kelvin probe force microscopy
(KFM) is one application of the SPM-technique. The KFM measures surface
potential of sample. By means:of-measuring the surface potential of silicon
semiconductor, KFM is capable of 2-D measurement of carrier distribution.

Before the measurement of surface potential, the feedback control circuit
was modified to improve the signal response. Then, this thesis studied sample
preparation method. It was observed that the oxidized or HF-dipped sample
surface was covered by Si-O or Si-F, respectively, and resulted in degraded
contrast of surface potential image. These bonds were removed effectively and
image contrasts were promoted after the samples were ultrasonic oscillated in
acetone, dipped in HF, and rinsed by D.I. water. After the surface potential
differences were measured by KFM, several methods including spreading
resistance profiling (SRP) method, capacitance-voltage (C-V) method, and
secondary ion mass spectroscopy (SIMS) were employed to determine the
surface carrier/dopant concentration in order to setup the correlation between

surface potential difference and surface carrier/dopant concentration. This thesis
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also beforehand studied on the preparation of cross-sectional sample. Although
the results are not perfect, it is looked forward that KFM can be applied on 2-D

carrier profiling of nano-devices.
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Atomic Force Microscopy
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diode) i® 5 £ g iB| B (position sensitive photo detector, PSPD)R | & &+ % chip,
THRBIFERRE > FSEETES
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BF e e oV = Vo)
G %/// 7 Gawww, 000
Bl 220 1% KFM B8 pn B# & s £ 4 [14] - Be 3 ¥ A i Ff 0 E, 3
2 % it B (vacuum level) » eV, & p 3] T 3 e Sl 0 eV, & n AR B hE S
oo ()T LW o (D)7 4 BBPFONF BHR  ORIEn A TH 0 A3
B BBV Vo) By E 0 846 T (Ve Vi) o ()R E p Al T 38 17
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(a) ( J
Scanner connector

(b)

Bl 2-5: () B o (b)#Ff B2 £ wpp [23] -
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32 &% ed2

KFM H.— fi4 & A 15 507 > 35 % chd 6k L4050 B 82 % o8
By od WP v B ¥ FF PR F KEM R 280 &
K "*Fi‘ T ARG FIRBETESNFLASUE AEIN A g oa 2 2R
1 (native oxide) » & F BRI B TR E R T I e B b S BT RS
25 J1* KFM £ Rl % » $ 805020 2 6 B RIE SV R §F ILSE
FOLRJLAE R B EER 0 Ao IR o

d 3t fik (acetone) 5 — FEF A W 0 F * U ‘}%“ﬁ W ALY gt 5
EERSP A IR F I RRYRENARY LRI RAY
(ultrasonic oscillation)¥) 3 & 5 A4 o A $>FE P L a4 F V5 > P F_
% 1 % 4 4 pi(diluted hydrofludric acid, DHF)/3 i% iz e ¥ #c+ § 48
dert 3 f o B f& f 11 2 F -k (de-1onized water, D.1. water)i* ;& T eX 3z 0 4038
7 KFM & B o ¢t ¢F » 5 T4F 32 DHE fs end 33 -RF a8 Bl % op
PR VR R e R e B 0 S 1R o
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Bz 10 2484 2 (v B § 1 f7(chemical oxide) & & fa~ ;N i {7 5 2 5
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B S AR R 2 > ARy SR B AY > DHF &
TR TR SRS TR R A O € I R
/i;;};.t__’Fﬁjl33mlﬁ.,?\z\’rz\mw’5'\*—fz\ TR o
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Si-F 4¢3 ¢ F Is & % @& & it (binding energy) > 3§ # %4 o 58 HF j%¢
{64t €73 Si-FedEis 2 2 [24]- @ 689.9eV R H-F & C-F &35 %77
TR R BT T AL TR A HF R T X F ¢ RS i
oo W fiRFE Y & HF /2l 6 R iedriB a7 % > Pl AT F 1s 5 3%
PRI REEE AR Y g R T g ootRr P FIHF R e ik
i = e Si-F 425 o
peeh o b g bt S B R S O TS i SRIR] 3-5) 0 OB IR b B
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faipl o HF iR 2 (6 eh3 g3 ki i 38> € aid P 25 BFFRF R
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WEEE & fEe G A e g SiF B RE hgF A a0
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33.2C-V 2

C-V(RF-TR) Z:i-AERLEMPIERD 2 - Eiplh L4
ﬁﬁ?%%??ﬁﬂﬁﬁwmsa@ﬁﬂiﬂﬁﬂﬁﬁkmﬁﬂOVﬁﬁu““Qﬁ°
UpALERLG > FARTERM BBV RRE I NETE C

C= __dQs
qv (3.3)

B > Qy m LEMY T im c LT FDRR A BRI oy
% 10kHz 2 1 MHz » 3545 10 2 20 mV #h2 75305 » £ )% 48 C-V 452 o

3 MOS B Ay PRBFEET  THERLEMAL T LR
(depletion layer) » @ 2 it 5L g @muG fr £ h® - dQ» X R ZZ A HTA W
AL HM %I

dQ, ==aN ,(W)dW | (3.4)
ﬂﬂ’Aéiﬁﬁﬁ’Nmmé%§W&ﬁ@ékaow»ﬁﬁ,w@
_dQ, _
C= -
Vi AM) (3.5)
TR 9

M,ZJ2&ﬂV—Vm—VJ

~ , (3.6)
2P o ogg » # e 7 Bic(permittivity) o % o~ w3V {8
c’ 2
N, W) =— =
A) qegA*dC/dV  qegA*d(1/C?)/dV
da/cH]’
?E} ll_L—‘:;J-é; * _\é_l}]\ $\+/&}§m Av\lurl; [31,32]0
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2
oo U ket 4§ 5 3 gh# i (thermal energy) ng PEEE B

s

(Fermi-energy) Ev-Ep B~ % [33]> F]pt 2L & /= e Lp P % = Thomas-Fermi
+ B (Ltr)

2‘95i(Ev i3 EF) 4 % ggh’
Lo = 2 - 2 kO 3.9)
30°N, 3N, 47 °m*
24 om* 5 4 h X 2 & (effective mass) - h & F ¥ 5 ¥ fc(Planck’s
constant) [34] °
3.3.3 SIMS % #7
SIMS & - A& RIFE T B~ F A T s 75 o EAI* de g

(0, 45 (Cs)E £ b 35 > 32 5 2 (T3 B (sputter) » 2 2 = =
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B R RFERT G H Y ONRAFR DRGFES T 0 A H

GO Bl R ML E MR - AT R AR
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|.
p,=7-RSF, (3.10)
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He op [ au s FRARERZA PRI NERR L5 AF -S4
FMEERE > TP A DB EER [35] -
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7 OO - S BB |t~ i B[~ A B
$-%  |np 1 5x10'% cm
2 2x10" cm™
Patterned implant As' implant 3 20Key | X 10" cm™
—% 5 = gp |Onp-sub 4 2x10" cm™
5 5x10" cm™
6 1x10" cm™
pn 7 510" em”
8 2x10" ecm™
BF," implant 9 0Kev | X 10" cm™
on n-sub 10 2x10" cm™
11 5x10" cm™
12 1x10" cm™
L) n'n 1 5%x10" cm™
2 2x10" cm™
Blanket implant As” implant 3 w0Key | X 10" cm™
—4 & kA& £ |onn-sub 4 2x10™ em™
5 5x10" cm™
6 1x10" cm™
PP 7 5x10" cm™
8 2x10" cm™
BF," implant 9 20 KeV 1x10" cm™
on p-sub 10 2x10" cm™
11 5x10" cm™
12 1x10" cm™

2 3-1 TG EF a4 iE o
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Pt #F 0

900°C, 1 min

FRpe tiEF Y4 =31 0A0%ee

100°C, 10 min
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A. U.

OH O1s
532.4 eV
HF Dip
HF Dip + Rinse

1
542 540 538 536 534532530 528 526 524
Binding Energy (eV)
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Si-si Si2p
99.3 eV|
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103.3 ev|
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H,SO, + H,0,

Without Oxidation

T+ T ' a g—pieaesl %= 1 ' 1 ' T ' 1
108 106 104 102 100 98 96 94 92

Binding Energy(eV)

1%
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v
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Original Surface

Az=Ax sin(8)

Beveled Surface

B e e e T,
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Bl  FEEAR G 1709 0 —‘F*fi 2 SSM 150 Spreading Resistance
System /& [E & | & & 7 £ /B o

EHHEPFRERLSGFY 0 FHERAFR XY 0.1~02 pm ek § o<
FER > LA G S e RIERBRLRE o T o Ad WS A w 5 i ap
0 m T RBP4 T ed M ERE o P AEFESTIT @A a K
FFEWALE o T A G R R R L 0
oA R S R e ER -

#rig s C-V ERIMT FREUFS S g 202 PECVD &350 Cit
FF48nm By LT A AT R 0 B UEE SR Z 4R & $i(thermal evaporation
coater)it {7 500 nm 5 48 & F 4 T SR 8 R 4 %] (wet etching) Bl 1F
ERTE AR Y T TR RFMOST F 8 &)

#

5 F % 270 um en[F]A5 T Fao 17 Agilent 4284A > fie & £4ip] 5 (probe station)
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p= 272‘5F(|—j . (4.2)
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As” implant dose 15 15 15 14 13 13
5x1077 | 2x107° | 1107 | 2x10°" | 5x10 1x10

(cm?)

Sheet resistance n'p 46.22 88.76 155.5 905.8 2114 4680

(€¥/sq.) n'n 19.66 | 2659 | 29.91 3522 | 3528 | 3637
5 4 conc. (cm™) 7.6x10" | 4.9x10" | 2.2x10" | 9.5x10"7 | 4.5x10"7 | 4.0x10'
SRP | integration(em?) | 1.4x10"°| 4.4x10" | 1.9x10"| 5.6x10" | 3.9x10 | 4.5x10"
3 5 conc. (em™) | 4.9x10" | 3.3x10" | 6.8x10" | 2.6x10"7 | 8.3x10"* | 1.7x10'°
SRP integration (cm™) | 1.64x10" | 4.47x10" | 9.31x10" | 2.40x10" | 1.02x10'* | 2.42x10"
.V conc. (cm”) 2.1x10" | 2.0x10" | 1.8x10" | 1.4x10" | 6.4x10" | 1.3x10"

method | | or o (nm) | 0.90 0.92 0.97 1.10 1.63 3.17
NDL conc. (cm™) 1.0x10%° | 4.8x10" | 2.4x10" | 6.7x10" | 2.3x10" | 2.0x10"
SIMS | integration (em?) | 1.32x10"° |, 4:08%10" | 1.63x10™ | 3.67x10" | 1.29x10" | 5.65x10"
¥ % conc. (cm™) 1.3x107" | 4.7x10°"13.0x10%° | 3.3x10" | 2.4x10" | 3.3x10"
SIMS | integration (cm?) | 1.60x10% | 4.88%x10" | 2:35x10' | 2.02x10™ | 1.64x10™ | 2.48x10"
R conc. (cm) 3.0x10™ | 1:3x10% | 6.4x10" | 1.4x10" | 5.0x10" | 9.1x10"

SIMS | integration (cm?) | 4.40x10' 111.23x10% | 454x10" | 8.91x10" | 3.27x10" | 8.02x10"

241 AsEr R T s A G RR C RRMIFERSREA ELE Lp &

Lip (& ©
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+ .
BF, implant dose 5%10' | 2x10" | 1x10'° | 2x10™ | 5x10" | 1x10"

(cm?)

Sheet resistance p'n 61.55 112.0 267.9 832.3 2301 5850

(€Vsq.) p'p 38.82 | 7854 | 1290 | 2213 | 2967 | 332.7
5 4 conc. (cm™) 6.5x10" | 3.1x10" | 1.9x10" | 3.7x10" | 5.9x10"7 | 7.9x10'
SRP | integration(em?) | 1.5x10'° | 4.8x10" | 24x10™| 4.9x10" | 7.5x10'> | 53x10"
3 5 conc. (em?) | 4.0x10" | 2.1x10" | 1.4x10" | 2.9x10" | 3.3x10" | 3.2x10'°
SRP integration (cm™) | 1.84x10" | 6.73x10" | 2.58x10"* | 5.43x10" | 4.06x10'* | 4.98x10"
.V cone. (cm™) 2.1x10" | 2.1x10" | 1.7x10" | 1.3x10" | 5.6x10'"" | 9.7x10"

method | | o1 (nm) | 0.92 0.92 1.00 1.15 1.75 3.77
NDL conc. (cm™) 7.7x10" | 5.2x10" | 3.6x10" | 1.6x10" | 4.7x10" | 1.0x10"

SIMS | integration (em?) | 2.44x10"° |, 1:06x10"° | 5.46x10™ | 1.78x10™ | 4.91x10" | 9.47x10"

¥ % conc. (cm™) 1.2x10%° | 6.9x10"" 1 4.6x10" | 1.9x10" | 5.1x10" | 1.2x10"
SIMS | integration (cm?) | 4.30x10" | 1.65x10" | 7.91x10" | 2.48x10™ | 7.00x10" | 1.35x10"

PR conc. (em™) 74x10™ | 42%10"° | 3.0x10" | 1.3x10" | 3.6x10" | 9.1x10"

SIMS | integration (cm?) | 2.48%10'21.9.79x10™ | 4.66x10" | 1.49x10'* | 4.24x10" | 8.98x10"

£ 42 BF, fErenf T L5 kR CRRAHFERSHASELLE Lp

Lrp & o
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p-substrate n-substrate
Wafer Resistivity .(Q-cm) _ 15~25 15 2~4
spec. Concentration 5.33x107~8.89x1 | 1.14x10°~2.34x1
(Cm—3) 014 015
Sheet resistance 397 40.8
.| (€¥sq.)
4-point .
probe Resistivity (Q-cm) 24.80 2.548
Concentration 5.37x10" 1.80x10"}
(cm™)
T = Concentration 14 15
SRP (cnrﬁ 5x10 2x10
% 5 Concentration 14 s
) 4.8x1 1.5x1
SRP (mn3) 8x10 5x10

243 AFRR -
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(b)

n'p A B
< =~ SRP 12.32318 4.08347
% & SRP 11.32379 4.46338
C-V method 16.89771 1.37829
NDL SIMS 15.82017 2.15429
T & SIMS 15.36171 3.01921
% & SIMS 14.84928 2.97483
M ERE 14.42914 3.01225
EBER E 15.93808 2.07342

pn A B
< =~ SRP 14.52143 2.63326
% #% SRP 14.02947 2.81334
C-V method 17.13861 1.16163
NDL SIMS 16.54461 1.68156
T & SIMS 16.49806 1.77654
% & SIMS 16.46516 1.68397
T3 RRE 15.86622 1.95838
EEER E 16.77862 1.45934
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220,20 [m] 340,26
Bl 4-1:n'p @Eehds T @ HE L 5107 ecm™ dF s 4050 (b)
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® & =4 30mVe
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869.94

Bl 42 ipnEPehi e 2= ()t~ HE 5 5x10° cm” s B i (b)

°g

(d)

36mV:EF¢/,,ﬂ4"fg_;W'A—

1886

25 T4 103 mV e (o)fE » # R 5 2x10" em? R B o (DR 6 T

A 36 mV -
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(b)

Concentration (cm?)

] 4-4 : SRP & 7|

=

o
e
=3

=
o

10

-
2

N
=Y

As 20KeV
——5E15¢cm?

————————— 1E15 cm”
--—-2E14 cm®
——5E13cm”
——1E13cm”

1015| T T T T T T T T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

2L

Depth (um)

T T 1

BF, 20KeV

5E15 cm?
----- 2E15 cm?
--------- 1E15 cm?
e 2E14 cm®
——5E13 cm”
———1E13 cm?

Depth (um)

(L~ ) (@nn> (b)pp-

62



(a)

= =

o Qo
r o )
© © S

=
o

=

o
N
[

Concentration (cm®)

As 20KeV

——5E15cm”
————— 2E15 cm?
- 1E15 em?
e 2E14 cm?
——5E13cm”
——1E13cm?

(b)

=
o
[

N
<]

Concentration (cm™)
=
), o

L L L L L AL AL AL L
00 01 02 03 04 05 06 07 08 09 10
Depth (upm)

BF, 20KeV

——5E15cm”
fffff 2E15cm”
rrrrrrr 1E15 cm?
fffffff 2E14 cm”
——5E13cm?
——1E13cm?

T 1T T~ T T~ T T T 7
00 01 02 03 04 05 06 O

Depth (um)

7

Bl 4-5: SRP £ % % (% &7 4) - (@nn> b)pp -

63



(a)

Concentration (cm™)
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(a)

~~~~~
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