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Forensic Applcations of Nanotechnology —A Brief
Discussion
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Nanotechnology for the development of modern science and technology have a significant impact, just as DNA
technology for the past 50 years, the contribution of biotechnology. Many nanotechnology has been widely used in
a variety of fiber (fever clothes, stain clothes), cosmetics (sunscreen, collagen), writing instruments (long-lasting
ink) as well as a variety of polymer materials. In order to analyze the crime scene in the visible, but only partially
identified conventional forensic tools or can not identify the new nano material evidence, or difficult sampling on
traditional evidence, only destructive to analyze physical evidence, this lab to AFM non-destructive method of
research as the main front entry of the sample. AFM principle of operation of nanoscale atomic force measurement
between the fine probe sample using the instrument of the distance between the probe and thus presumably with
the surface of the structure drawn by computer graphics and the sample surface, And enables researchers to explore
the surface morphology of various samples of fine-nanometer level, and to help establish a variety of repositories.
Nano-level surface analysis of the sample, Allows us to better understand the evidence of the whole picture.
Currently forensic and academic research related to AFM major international instruments towards identification,
fiber and hair, blood and other direction. AFM has a considerable potential for analyzing the morphology and
structure of all kinds of detailed evidence, the future could become a powerful tool to aid the work of forensic trace
evidence, and therefore previously been Evidence of the potential for all kinds of unconventional filing scan, more
emphasis is to identify instruments with paper and ink samples and trace evidence analysis for identification of
potential research paper on the sample, the closer to the general practice of traditional forensic analysis, and assist in
resolving the current forensic tools or methods can not analyze the object.
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TR, —F R E R NI PG
% HIESCJR SR T forensic science ; * EEI#E
% E2E Richard Saferstein HIFFHEGEEEFE Ry | the
application of science to law ; ° [A|JFLFTEE AR
ERIE AR FE ] B AR R HIGREL T 1% - HIREY)
T E ~ (L - 574 - FDIEAIUIEES - f2ft
EE TR BaEBeFIE 2 E KRR 2R - FEH&
R S AR - EREY RS - ok
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= BRBBZE

REIOREE R - ML A T MEEE T K
BHEE o SRR T Nanotechnology ;7
"Nano ; —FJEHRABSCH) " dwarf, - FEZ
B TRIE L TEHRERZ " Nanometer ; (Ffy
oK) KK 10-9 AREIHES Z— AR
o —FKEE (1 nm) KR THES I FHYITE
—HBREY - —RIE R AR AR IEY R
RIREFETT 1959 4 12 A 29 HEE - &S L
(Dr. Richard Feynman) fAZEEY)HEE (American
Physical Society) HJFE & H# £ " E NHYZEEE
KHJ{E (There’s Plenty of Room at the Bottom) ; 78
B L RIS E S R ER R R
W HHE T AR E - ERRNAEEE
1 0 HEIRMRE S EE R SR FH R IBOR T RE R 7]
HEHARESHNT - MEERRE 24 MHREEER
BEFEEK 1/16 FINFHIRBESTE18E E - AEDIE
TR R E T~ SSRGS E T
s EREYRMHP RN ARG - U NER
HIELE ~ VMBS TR P2 B R ARG
FLEF)T (van der Waals’ force) HUFZESR A AE 155 -
FEB 2R E G R R EKME S
(National Nanotechnology Initiative) & ZZ K El
By  the understanding and control of matter at
dimensions of roughly 1 to 100 nanometers, where

unique phenomena enable novel application * B[JZ5>K

RHUER R R EHRIYVEAE 1 2] 100 70K N A F{E#

FEE PRI IR 2 2 RLEE - MIiE oK Ltk - HpHE
FALEREEA EARME AL - SITREE AR
G5 FE—MOIRUL T (As98) - EHIERRy 1064
°C» [HESERHK 1.5 £ 2 7ok ZM » FERER
%] 300 °C » BN E R AT AP e &5
o RMARZHSR RN F 2R S - H
L B 520 E AR ST RAE R K F A N E#E
PEMERY 28k RIF R REALA  RB R RE RS B Ry
BREE o 5 WRPIRAYIE R E R S R B 2K
ANATEHHIC B » o0 » STFERTRMEL - R
KHERICO . B TBE (quantum dot)!'  FRERE
(carbon nanotubes)™ "> 'V v FEk I HHEEREALE (self-
assembled peptide nanotubes)'*?? 5 » JE LB
@320 fALA S 2D BREERLERNY | SEERRIECSO)
BTEMCY?Y R B A & R IREE R A

(33,34)

= RFNEMEERREE L ZE
3

FEAR TR KRB R R E YV E R K E R
TZRHAEEE - B RIFEEES TR AER
MERE I s EA Al EEr - F RiEdaEE
BAMNEE (electron microscope, EM)  fi i 1 BE M
#% (scanning probe microscope, SPM) Z5& K JH -
ifl Binnig % A 1986 4 Fra&HRY I+ JJ BH M ER
(AFM)®> Bl AT PR $1 B85 (scanning probe
microscope, SPM) .Z— ©

PR ST B P O FH—TEPRST (probe) 2RI
PrabiIZRE - REE RS T B 2R i 2 P LS
LAy~ R~ 00~ Wy~ SRR
EXPEWNARZAIERT) - KPR R R i
B o AFM ZEREF— R B Si 8L Si;N,
FREF A (microcantilever) SR EHISTAR (tip) BT
FHAR o ST EALH 20— 100 Z3K o H T {E[FHE
FREE R L DA SR R R T FRITER T R
EEEMMOY - AEEH—EEGOERERN=
(IR (x, y, z ) FIRREEFZfFHEES (piezoelectric
scanner) * & BEIEEHEATY x Ky H@HEF - AIEEEFRTE
B R E S AR fr i o R i 0 BB R Y 2
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o AT A g o B A ] A2 AL T A 2R O
LA (3 B oz AlEL B 7 I S0 ¥ P PR R 4 1 B S B A
f (Y BE B RECE I o P A 1 [EE - ARG kiR e 1
FERREE MO - (R EIRMRE 2
8 o Al R 7% B DLR R S 2 FR IR A R U
SRife BRI ER HOEH - RS R ZE VY S RO EE
B TR RIS i B AR A Af = R 22 T A R o 2 T
fETURE - AFM GIURRE Rt BRI (] 0 R 32
7 (contact) » JEEET (non-contact) K [EEiF =
(B R A=t » intermittent contact or tapping) —
*E(Z) o

1. & F P2 S 4k L 5 B e

BT M PSE e AR 2 LR %
AR - AR EE B T R e R ERA L ER SR R SE B (A
i NEEZ NIRRT E M S R AT TR B

7 BIE R TSI BR A S T RL M BR SR i B RE ~ B
FEEVERTTE

i R R E NN B R AR FEE B R
i 3 LAF IR LBV S R R AT R R 73 - DAES 4
#\ (tapping mode) JFFJJRAMEE - fERRIEREEH S
HERE A B ARK E E B B AIAL M Bk 2% m 1T 54
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GO o Sy 6] I 2 BRI Bk 2% 1 7 B i e ] gt e A
Bl TR R £ 2R SR =4 - R
& ZE Mg UK L B /NS - T 0E 2/ NS RE BB AL M
Bk AL R R IR R Y 2 AR R R R
LI Bk = T B Re A8 (L mT DAVE Ry [ B BE B e e £
o WHERREZ N EAE 2R R - MHiEE
AL R LEAMME AR SRR HY © AR E R A
FH'E (band 3 EH'E ~ MAFEEH A SGHHEEZR)
% °

RANGE R Z a5 M Fe B R (R e i i ek
TAERRMEFHE M PR ERE R RIRY 7 - ST R R
FEZE 20 °C ~ T 30% [ o BRI A L AYAL
B 7 1 AU R B PR ] 08 7 4 2 L AT P 9RCT -
MESE R FEA RIS SN B e K BRI 9T - AERF R 7
B 1.5 /N~ 15E >~ 2 5 4 5E T RFEHRALIMERSR
A ZY e e e A B AR AL HE m P BE SR A AR
L KE2EEL EDTA KAREE AL ERELT
FIEEEE » WA AR ST EHRL IR ] B FiT R
FACERER » AR S 2 1 Y RERE IR R 8 A
Bzt o B FFEE KRR E BRI
HRFE H » B ORAT T Bk 2% 1 2 R IR )2 A5 B 2
b AR AERFFERY = (ERFFEREEE (1.5 hr ~ 30 hr PA
F 31 days) 7+ BREZEIRLIM Bk 4 BH BEPE RE i A 4=
DiiE BRI RZ B PR R E R R LI Bk s 14 A8 L ] DAPE Ry I
PRERFEAETEE - (B G L RHI TR —
FHIFFERIEH -

[ 1% i 2 o A 2 B R A Ao T B e R
Wroed - BB S - SRl R ER
RURLIMER - FEFEHIRY = RIREE (R 25 °C~ &
& 2 76%) ~ FEFEGIY MRS (R : 21.2—33.7
°C ~ JRFE : 38.4—87.3%) MIEHIFMEEIREQR
J&E 14 °C ~ BE 1 62%) NETTIRIAARE &AL IMEK
FMEIERCY KA EEM R > ERF LY
ALIMEBR 2 SRR EE VI EARR - 3RS ERYAT MER
A —F 2 IHARRE - (EALIMERES 14 AR 2 T B 8
HIZ=E - R HE R T RIS S AR M Bk A R 2 A
S EBHHAALIMEREME R A2 fEESIR =R
BREE AL R Z 1 AU RE s F AR B 22 2 BA B AL
i A RE2 R R P AR R T R MR 1 B A R B R
HIRUREAESY » (HE AL M ERES 1 28 2R P SR RE R A 2



DU AEFFERIRY S AMNREE T - ALIERSR A AU RE K
AL IR G e 528 25 B B R e il 2 A A ARl
EIREREE T - B8 EAVRLIMERTE 4 RIVREE T &S
HAHE - e R REGERIE R 4 RIEE
EEE R N2 ER SRR S T8 RE T
AL MER SR A B AR R R PR R - B2 I EE P
2 R DU RIS R - S8 Ml Refe it EMEH]
SEHFER A A ERFE PR E R R - (H20
BT B E R EIR S REvR E A -

2. EAMBRIEMN

2006 4 2 A {3i#EY Dr. Roland Menzel /&
RAEERALER (CdS) VBRI EEE — 5
WiIRFANE (dioctyl sulfosuccinate) & 2K 5@ LVE (R
TR IR R ST HE - 38 £ DU 5 oK FHAL 2K 5
{LYB IR FE R HY 7 325 ] i FH A A8t a8 PN I I e v
(cyanoacrylate ester) FEHEAIYIHE b DUR A A #Em E
[EEE RSB - EREAEERE £ -

PRI+ BRI B RFE S FEE I R ~ 1R
B R R T R R LT A A - AR
2009 4 - EEIEEEER T R HE R T B R
B R A s S ERRRUEE 2 AN » AL EE
R E ST E R 300 °C 2% @ =i LB RIE
BUBRET LAk - B E T R BLg R e il ok
B A RERE DL S D URE Y B s i PR B A FH PR -

3. EFAMNEMERMEBHIERUIERE 2
58

SEMFEAREA Ll ge - FEIREA R T 18
EETTEE S E B ERB TSR 2 R i
B — LR S i B A - (RHHEEEHY B.J.Jones B
FEEX ST AR E R AT RN & LR T
RIGHUGBERZ B - &ZWFFELL formica ~ PE K&
uPVC =B E MR YETIESE & - DL
Ra * Rmax  skewness  kurtosis HFZ2EGTHE HFER
RIAAHREEE - DU HZEIEPOGEER -

4. BRI GRTRE
AR B I SR B B o 2 FE R AR
fE (M~ FEB) K 1 HEAEMME (viscose) @ W5EH

RBEAANRIMNEREET 2B ROHBHERT
RIREZ 722 - Goels Lol 3 TEifE R 2 1
ANEIH) 58 (BEE R T fe 2 TEANRIEYKE (Gl
YEREZK) T 0~ 258~ 4B 6 - gHEHEHSE
AR HIDL (1) SR AHE S (average maximum
peak heights * Hpm) * (2) S5 K E (average
maximum heights * Hz)  (3) S35 R (average
maximum valley depths * Hvm) * (4) &% [E] HE B
(peak-to-valley distances * Rz) ~ (5) [&]7E S5 /5 i
& (root mean square roughnesses * Rrms) S522#{
LT LR ESREE - Bt 4 EREET
ARG HY pH (EAETT =W - 23 pH ([HAYUUELE
+ 0.5 » BRIBLEZI 7 B B oo B 22 [P et
U R R AR E L pH [ERVEML - BRI EHE3
TR E N AR T R A RE 2 BB RIS SR T DL
3t SEERRRY Hz (B RN R R IMEK 3 Ry
Y PE I > WhbE 7K > I 8 > YUk s T E R AR
J& A5 2 SO Rt 7K > T 33 > b 7Kk > IakgH 1
B M AR Hz (B[R] R G MK
Rt g7k > e 135 > i gE 11 > Yok 5 i HA RS
PR HI| 58 2 2 Rtz > SpiBE 1 358 > i 43 > 3t
WK 5 FIERRY - FEER Hz (BE A R R MK
732 By 7K > YKk > T 1488 > S pH -3 5 i
FEREAE FE Rl 58 22 2 Ry IS 1 458 > IRy 1 398 > i
K>k MEEEBRERERE - FrE2H8EE
B o RILEZSEfE R R+ RS L2 M E
bR LB - SRR FEREE T
FEBIREER A RERIRIGR (BRI sC s
HMEGERT 1 0 (FEYIREAE ~ BhYDRBAHE R P AR A
MESS 1 ) - BEREZHITEM - HERFEEE
HEA R8RSR 2D =E K 3D s ERYIIRE M
A DGERESIEE (force spectroscopy) LIEE & HIF#HE
FH A5 R 1 - BN E A DURRBHE 8 E R 5
G -

5. ERANRAFEED N

HER IR IR ST B R 5 A S HEAS
FTo04rC0 % s Hrn g R el b AR - 28
JRUESZ F'E g 2 P [ =i (cuticle step height) FHEA
(B RS EETHRE R - FIET R RISEEZ YA
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R - bR 7 BRI E BRAN - BT FE R E
FREESEFHBR AL EEAL AL T R PRI ) 72 I -

6. EANNEHT
BT I E B E AR R AER

{REE %1/ Khanmy-Vital ERATHETRIRFFE DA
AR R SRR 2 R B 20 DO B S
(OM) K Im##i=UEE T2 ER (SEM) » DI EA R
HIBCR DIREFS FCAN [FI AR BA 5 i R e i B B -
RIMPTE 788 € E I EQI L rT DA » SZBRA
HIRERYI RS R R (RIEATE  RELURARIOR S
FE  NWENFFENRFRHAETFEME T
e M IE RS AR R 3 AU R i B FR (ks K
HY#E ERE T o RT3 i =X 38 RE B (R e 2 o
JETE (BMEEME - B FRE - BURS
&) WEIEIENIE MR AER T - R

TS EA RIFH) 3D REMSEREGES - 1
TAEEZE ORI T RIE - FRE - ERAEER

T HEMSHEE R VIR T RE DA B i = FE
TR - BN HIERER N - BAIRAIEHE
HMB R R — REPRENTE S -

7. ERRN SRR mZEREELM R

FHAHRERAZ A - AR B LB ERT R
H & A vE e B S S AERE - I B A RS
R B AR B i O B (BB 3R S 3P (7 A
& 1 HARRAY M AR SR iR o AL
$ETT T HAE R m& VT3 o i R SR T e E Y
{E(E - TR e hh R b - ARoR EE 2 Bl
enPTRE A Z B E MU - B AT RERY S E R T
W) SRR A T - SRR T T AR AR
sk 7 iR E HERBUEE - BYIIREEH AFM
H S FURIRREHEA S I R AIRA AT HYES - H
PRI ATRER (R 88 8 Rl 70 -

AH B = G B B DIRE SRR - BT T L
A TR =R AR Z AR AT AFM
R BB ST T 3R R T T B AT IR
i > AFM BT AU RE SR B0 73 AT rT RERV 2 AL 7>
e - e RmPREEt - e E R HIED
KB - B RES A B AR S (B (B T RE
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77 - 1R$% AFM fRfits Rt J i R mPEE L
HE T ANTE AR e MRS A A 1 HH R AR Y 43 JE S
£ HETXREEEN T Lo SRS« £
PREEE ~ BRI TR ER  ERTF TABRE R S
A ER SRR 5 - RS RE R L E R
A FIE YA RS R S R TP REE 2L - W H
RESE @R FIRINEFTY s BH/A— 55 -

BEETZARSE BRI E 105 B AN
B R L B R AR PR AR L b - R
ReH Z BHEAR (L B 2R A R R g
HetimE S £ TR z H ((RERLAREEEE
TN~ REFEELH 8.46% A 3.15% 5 AL
Rq * Ra * Rmax ={HH—[FRZRD » SEIERD
TEEAT Ry 30% 745 o AR INE S KRBV » &5
TEHEANZRINGN - 2 AR N 20 P AT
anEENEN 17 REVES  FHRERY R INECE (L
FEFRRIRERE SR AT EE(LEBIEA T AR
B — A AR A LAR B 7 SR YRR E -

8. EAMEKWMEWFUEET

ATEEACRIZFORBHIAES - 312 BIFR MR 25
K BHEIRME  FTsE Q% Dl
JFUA L BEDRL REURL A PR AR BRI T B oK SR ) 2
AKHERL (77 200 nm PUF) - HEREEBERE
PREZ ~ N ARROSE - KIELFIH AFM ATR] AR
PRHIDA_E Rt S K BRRPBE R A 5 TR iR E TP R
BT - Mt — D BRI R R R e
BE ; WECEVRIEA AR - alaEry oKk
W WYSETHE LA ESE - BERE 2 Bg
#f 5 EEIRIT A ZOR SRR 3 R TR EH
EEERPERRL > B RE R HRIAE AN - RyoRE B thE
PELAUR S R OR BRI R B R R Z 73 ORI T 4 R 58
EHIHRFIE - DL 2 x 2 pm AT REE E AR EE] 2
B/ MRS ORI REET TS PR -

(1) ENRI A=K Bk

TR R 24T € 7K Bk R R L BB
SEHIELSRFAS AIFe— BT - HPE, 2 BB 4
BESh 3 RBER 5 S RUBIR RTINS » 2
PIETER 22 AR R N



& 1. PRI 4z 66,25 K BoRA B E A

pigment content viscosity D50 aprtical size
sample pigment C.I.N.O solvent type
(%) (cps) (nm)

1. Red nano ink NW-

NEA09 DI water
2. Red nano ink
MN-M201A13 M-122 ISODA
(REE)
3. Red nano ink
NS-MEA29 (K1) ester EBA
4. Red nano ink
MN-M201A13 M-122 ISODA
NS
5. Red nano ink
NS-MEA29 ester EBA
(M)
ERHRREKREM T REREER - P

BRI B - 2SKEZRE - 5
] AFM AETT IS - SR AT & 53-7F 20 x 20
m» 10 X 10 ym ~ 2 X 2 ym FEFHEST - AF]FHI
SIS P FRHH PR AR 2 S B R R R R -

EIRIF 3K 27K - AFM IRfli LR 2= K 2Bk
% - HEGAE 2 s o

FHIE 2 20 x 20 pem A H E R B G 7] 5 2R
HHHAIAE - FRd kSRR A - DU R
Flsz 1tk FIBE R RER RSB T 52 - AL SR P B B
R 2 X 2 e JiR /NG [ AR T 8 L FT RO BSC AA B B
RENHIEZER - ABEFEERIFR BRI 3 &
5 TREURHERL A Z BRI FLIFRRR - S3OMt 2
X 2 um FERTEET » &Rk B MBS
TR 73 - HHRER A MOUAEZE A - FERFERY
FEO—ERENRZEAR - 2 EENH
AFM BRBE(F-FEE N B A & 32 E i N e B R

10 6.51 154.5
20 22.6 118.7
10 6.51 154.5
20 22.6 118.7

KA EHEESME - HEATTE 3 Ak -

BRI FI S ST AR SE 2. ~ BT A o 2 B
FERET R HASRNZER 2 iR - FHEZR LA
BN 1 2~ 4 5REVKI I ERG SRR - HREY
S3BIAHA 160 B2 200 nm 5 [ 3 ~ 5 SEAVRIICHI &S
BT EEYE 70 x 100 nm A£45 0 A6 HEL 1
2 4SRRI R R R IVEEHE AR - KIHEER
FREEEHHRCZ 2 ~ 4 FRERGLELNEBRRIE 3/ 1 57
FRLZESRAK » R BN —A B EEBRE ST HY 3
5 SRR AL R L R 22 S A N - S H B R — R AR
rhRE AR 100 nm DAL 0 DU RGN [E]
BERHH B B @ 5 B 2K -

(2) [ EFEEK

St =R E R KRR E S
- Misubishi uniball * pen2 - Pilot hi-tecC * pen3 - O.B
office ball - FAERER ST R B A I T S E

» f1E * penl

K2 EMESA 22X 2 um BRI A T Y BEEELATLER AR 2 4R 3 S5 AAERY
ESE bk Rl
1 SR 2 FREE L 3 SRR 4 HREE 5 SRk
170 X 223 nm 164 X 258 nm 75 X 106 nm 172 X 310 nm 71 X 101 nm
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1. Red nano ink
NW-NEAQ9

2. Red nano ink
MN-M201A13 (:X)

3. Red nano ink
NS-MEA29 (X)

4. Red nano ink
MN-M201A13 (X)

5. Red nano ink
NS-MEA29 (/)\)

2. AAREPRIA A KBRS AFM R B 84T $6 B 474 T 5 o
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N gl ], 32.8 nm| Section
40 | |
i i i
30 I e — | — i
| ST i
20 i e | i
i & e il i
H Fo \‘ H H
P \J :
L~
] \
0 Y
i i
A= i -
10— i | oy
i i i
nm - 50 100 150 200 250 300 350 400 nm
Spectral Period 0.00 nm Spectral Frequency 0.00 /im
Spectral RMS Ampiitude 19.5nm  Temporal Freg; 0.00 Hz
20
15
10
5
nig l 40 : © 60 80 100 Jpm
r 1
0.0 1:Topography 2.0 um|
-31.9 nm

Bl 3.2 X2um @A ETF > AFM 2R EHBEERERE

R E#IRD - RraR K2R EREEE ] AFM JE
TTHIE - S ARAT EEEIE 3 7F 20 X 20 ym ~ 10 X
10 pm > 2 x 2 pm FEFFAETT » WA HIE RS R b
HIREAE R BB RH R R -

=AM EORTERKARERE
Ba o 1A 500X KRS R EASR ke EL B 152
HECREH B - AT B 1 A IHRERYE
KR ERIPRE » AL —HIBHEER A - AL = A X
FEEATHERL (& 4 (2) ~ (b) K (c)) °

fHF AFM $HESSETT 20 X 20~ 10 X 10~ 2 X
2 pm =TEE E AT AR - HP R 1 B
2 FA 10 x 10 pm fFAT FE R AT 28 B BH B R S R
AR - Tifkan 3 R o FIfR 2 x 2 um BRI

(a) #&d 1 Misubishi niball

B 4. f T % 2K S 500X 258 e i R T Sh iRy

(b) & 2 Pilot hi-tecC

R EERUERIMIF S N IR RN - Biunt T2
JEORE] 2 x 2 e fFEAFT R GEORE FEHEER T2 - I DA
st RIHE R BN ERE » W& 5 i -
B = FEAR AR R A R A5 3 A

= [ AR A Y R AN [ 7 78 T S &
HAERIRR » TP HEIEFE R EFEZ K
CV {H - Hiiq 1 IWREHIE CV (EEF] 15%
FL i PRI AT E Ry I B K B S BGR N EH Fvak B
FHERIR LA RS RS - (L2
Bt 1 AR 2 2 TG B R A — E &
B - I RS R R RN B - 5
ih 1 FSEE{E B 1972 x 1066 nm » 4 2 Al 634
X 456 nm > #I R iR 1 PG 0 B 3 R

(c) $& 3 O.B office ball

PA-Y
Ag
S
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N S]]

435.8 nm

0.0 1:Topography

1
10.0 um

—-275.6 nm
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|
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|

T
I
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Spectral Period 0.00 nm
Spectral RMS Amplitude 297 nm

Spectral Frequency 0.00 /nm
Temporal Freq: 0.00 Hz

25

/pm

262.1 nm

0.0 1:Topography

20um

—-262.2 nm

nm

0.4

0.6

0.8

Spectral Period 0.00 nm

Spectral RMS Amplitude 210 nm

Spectral Frequency 0.00 /nm

Temporal Freq: 0.00 Hz

250
200

20

40

60

/pm

E‘ lSl.nm\

R3RT#

EAAF AR 2 X 2 um F0 B ARAT L T PTAF 48R

\=4

2
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E

rd th
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width
PEN1

length
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length

width
PEN3

length
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1193
1812
549
817
N/A
N/A

1249
2419
649
846
N/A
N/A

1033
1731
629
874
581
707

1066
1928
N/A
N/A
N/A
N/A

1135.25
1972.5
456.75
634.25
N/A
N/A

102.5098
308.4504
52.91503
28.50146
N/A
N/A

0.090297
0.156375
0.115851
0.044937
N/A
N/A



TIRB =T B REROI AR 2SN - FREANX
HIEHI 2 ARN AFM f i E G5 L3R FER
Ibe = e R REURE Y 71 2 FEE R D B ] 4 S ER
(R B s A AR - W AR 1R AFM
] 5 0 2 ECREDRT R Bt SRR i R AR B 500X B
RSB F B AT 2] R AR - H
R AT THIS2 TR R S Bt P s R B RELRE Y e TR B B R
FIBERI R -

R E RS TSH © AFM REKRERAY
sk E - A RO A S LLR 50 T B B) T
B8] - BHRZHIR AT RERRRZE - A& ERLE
B EBHE ~ BRRHR SR om0 SR AR R e DL
HlE ~ FRIE IR R EIE A R EEEE
AFM FdRF R R e o7 ik e Al o@D ~ AN[E]
B EAHRIR R R R R PR AR L R R < TR 57
HHERHE - I TR A B Bt sl o A e e
EOE B BB E T AOR BRI R R (S B R A T AT H
BIhE#ZNE - AMPEEREAES - STFH
# AFM &N =t EEFI L (AFM-Raman
imaging system) »+ HEA{ZH A1 SEM-EDX ZTH& 7
HTTHEE - i AFM E—3 Bt T o P A Rl Al
FAB B AR R RERIRRE JT + AR RAIREIRIEFERE
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