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The evolution of nanotechnology has progressively shifted scientific inquiry from macroscopic
observation to the atomic scale. Optical microscopy initially enabled visualization of structures
beyond the resolution of the naked eye; however, its intrinsic resolution limit prompted the advent
of electron microscopy. By utilizing high-energy electron beams and their interactions with matter,
electron microscopy facilitates high-resolution characterization of microstructures, crystallographic
orientations, chemical compositions, and atomic-scale features. Among various electron
microscopy techniques, transmission electron microscopy (TEM) is particularly distinguished by
its superior spatial resolution and analytical versatility. TEM has become indispensable in diverse
scientific domains including materials science, semiconductors, polymers, advanced ceramics, and
biomedical engineering. It enables detailed investigations of microstructural evolution, interface
phenomena, defect dynamics, and precipitation mechanisms, thereby supporting the development
of structure-property relationships. The fundamental operation of TEM involves the transmission
of an electron beam through an ultrathin specimen (< 100 nm). The interaction between the
incident electrons and the specimen generates scattering signals, which are subsequently captured
by detectors to produce high-resolution images and analytical data. Given the sensitivity of TEM
to sample condition, specimen preparation is of paramount importance. Critical factors such
as thickness uniformity, surface integrity, contamination, and residual stress introduced during
preparation can substantially affect the fidelity of imaging and interpretation. This study presents
a comprehensive methodology for preparing TEM specimens from bulk metallic materials. Key
steps including cutting, polishing and lapping, twin-jet electro-polishing, and low-energy ion
milling (M1040 NanoMill, E.A. Fischione Instruments) are described in detail. Emphasis is
placed on overcoming common technical challenges, optimizing process parameters, and ensuring
reproducible specimen quality. The objective is to establish a robust protocol that enhances
analytical precision and contributes to the reliability of TEM-based investigations.
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(M1040 NanoMill, E.A. Fischione Instrument) B i f5 1 < WA LSRR LR B - DL BEAETE TRAK
(Fischione Model 1020 Plasma Cleaner, E.A. Fischione Instrument) E—2 & H 5l Fr R mYEIF
JEEAGLE o SR R R 08 B i HV R E A BRI AR - Ao BRE R B R et
R e B R AR - PR RS B TRy BRI SIfES | - et E A E T AR
Stz A ey E E IR E I 5E -

FAXNSTRMER (TEM) AHRBRIES

Metallic specimen preparation for tem
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Initial cleaning
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Grinding process
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Twin-jet electro-polishing
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HHEER
Post-polishing cleaning

BRERETRIAE
Nanomill ion milling

N

ERREBER
Plasma surface cleaning

TEMEBHHERER
Tem observation

B 1. F&XE-FREME (TEM) R BaszE -
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KEBEBIM - RYIE S AR EIET YIS R UTEEEE - R R 3
BELE S E E0805 lem X 1em X 5 cm AYREFRE - DUERESE /5 (5 HU[E & BRG] £ 1
(CLM50, TOP TECH) Z HH#H FHETRENERUIESEE - SRR EYVIER (CLMSO,
TOP TECH) B&E1T 58 # Fr AV YR - AEBASIEHIUI R AU EIE0E - R ) DR
FEHITE 4000 rpm F| 2500 rpm PASGHE TR RYEHITE 0.07 m/s 2 0.02 m/s EHEIEAG » Ekk
REA RUHECR DB AR A < S8 Fr sl e BB BRI R T RE R - (WIE 3 Fivm) » B {ERRBR L L
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2. (a) ¥ F & # (CLM50, TOP TECH) ° (b) % & g 41 E A o 4% (Twin Jet
Electro-Polishing, E.A. Fischione Instrument) ° (c) % & & & T £ 4& % (M1040
NanoMill, E.A. Fischione Instrument) ° (d) & %% 7% # (Fischione Model 1020 Plasma

Cleaner, E.A. Fischione Instrument) °
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3. (a) #5 E W1 2| #% (CLM50, TOP TECH) ° (b) ##HE 2% & #itE2 & -
(c) E A TAHZ T TER o (d) BHENERKETREETER -
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HitmE T FoiRRE - DAsERFRRE B B AR -
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B4 (a) B AR FHRTRATTEE > BAHETRREHATEALARSET
AR Al EREBERREE - (b) B %004 m/s EFEETTRETEE -
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B RS A ARR - SRR A R G R E U E TSR B S S TR R AR - A
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MBIERERIZETT - fFEERRRE L - FrTRAIM MR — S PRI A B R R E
TEISFEAIRDHR (40 P400 ~ P1000 ~ P1200 » P1500 ~ P2000) » /B (RHVIIAEE B 500
um) - DU SR GEHIBES AT Punch [BE Fr B (SPI# 17001-AB) » 41[E 5 A o RIBELEERSFEE+
SEE - GEMECRTESRIZ G195 - SRR AR R AR IR B B PP - M - F
At IS 2 i 7 IR P B SR IR RE -

5.(a) B H¥EARRIME - K EHELAERBLE - (b) B & Punch B A # -
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W E R BRI E TSGR EE L WHEPRR £ m i ik L2k EHEE - i
T TAFERF K B394 DU R ERIEE BT - BT RUEERUIEIRE THIFE
g - WEEFETUE - EEET > gEBERFEESCERESGIDEK - il BE
FEGE 500 pm R 300 wm B 3B A P1000 H7ADHK 5 300 pm HE—EZE 200 pum FF - HIZK
FH P1500 ; & EEAKH 200 um FF - HIDL P2000 SEROHRESTHIERHTES (A& 6(a) i) @ (R4l
WE TN —(EREEEEE NI — R B A E - BERT— IR BEE rT e R - 0 RS 8
MENEIRERE ISR G - AERIRIBE SRR E R AGERE - I EeE Kk 2 #
E# - SRR R RHEE T EE &M - DIEE KRR o FLIR AT {0 P el pes TR 2
2 o Rl sl R T & KM A48 - a0 AR hE e BT e s sk s s FE D
TWAEEHATERESRESCEE - HREE - AIFBREREAERE - BERERE T4
AR A FEIN BT L Bl - E A TS EAT 100 pm R - BIWTEEH Punch BE AR
SEE AR - BT - AR HIEES R EE NS 100 wm » DU EE FH#0S
RCIEEE o FEAN o TEER(ERTTEIERR Punch FEFT#% (SPI# 17001-AB) NET ] REFSRE HUREE » Wikk
B RTE AR A o B B AR R E A IR o R B A RS e IR T
VBSEEL » DIFISET TR A8 SISO (Twin-jet Polishing) #2FF » B EtF Punch R HE (SPI#
17001-AB) R 1% (20E 6(b) A7) @ MFetE—FIHEERL] 70 um YR » DIFFEZREE
BRI THITR K « AR BUE R S it - DRI ERE AR RN - R A T E
SEFHEL o HAN - Rk Punch FEFTHE (SPI# 17001-AB) B2 AT REFE AL AL G - WIHIES 58
FERAFE » DA (R At i 2L i B AR RS2 5 1 - ARAETT S » BB R A2 R FE M6 4% e
DUKSE AR5 1% - DU Rt A8 il - AR B S - e ap 2 =UE TR
LIFE T (bending contour) » FEEITHER » FINF - IDAKTR € HAEHRELE R - DIFG
1RV J B AR EERR o ARSI R S Sl © B EGE M2 1E - FEEH BTG
TTHTHINEE(EZE o BBl NERFFHRFIRERR SR E R AL ZT DR R
RS EME - ATHRESBITERE Z SBR A -

(@) (b)

B 6. (a) B & & B R AT )RR 2B RS FER ° (b) B &% Punch & 5 #8814 -
X #& 1% twin jet AR RSB K o

I« B EEMER F ki 2 B S BRI R R T i

A EHEAE T B BT T - ISR —(E AT EERA B S SRR - HEE
HAYFER ZBR Punch BRAVIRFERA B IEREE - S0 #E AL (ERT - GRS rf Lo W i B — {18 i
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HHZEFLE - FARDEAEER - BEOEE A B AR B FE ZE A LEr - AN 7 s - fEimsE
FIETHATZFENEREER « & TR E - EREEREPULESHEZE SR - AR
IRefi] © FESETTRREARIOCRT - TRYEMR AR I (R - BLARFEARIDE M (AE 8 Frr) BlE
F Holder » #GBAFIAEHEERBECRIRE R (2T AR S 3 - (RIEIER © W&
kB (TERiQ A TE) ~ 99.5% HYERTELEARS (7Bl HRFIP B E L) ~ BEEERA (Bﬁ
IEFEMER R ) » DU(EIESZ B RIS - DU BT - =t~ R - TR
filE fa Bl OM SYLERBAIR S - 1R IEUIDERTAYYERIE B - TR0 BRI A PO AR IT: DA B 3
sk EEDIES ; s iem N UERE N ShE T I A KSR R I RR G - (ERi2 AT
BB EMDCGEREAEE - [N - FECEEVERE - AREmRAMER (.e., 250 ml) B2=/)\
PRPEHS (ie., 50 ml) » DASCRAS HI—/ MRS ANES (ie., 50 ml) @ (ERMOERAIEFEEH - B
A B BRI PR KR % B ERAZET 100 °C DUNZIRRER, - RIEHERF BB MIEHE
EEREEEGINRE - FHR-PRAERIIANLUEET TR - MR EERK - &% - RRRER
fEANZEETL - FFE 15 8 LUE B -

(c) Positive

Neagtive electrode Neagtive
rode

O szemes

24T - BRRAIF AR
I3 SHERARIERED (K1 5I9RAR)

B 7.(a) AR ERMAFHRAT AL AR LREEBIMEAMRTHEALTES
A B FREE R o (b) &G ARFRy Xow&E - g ey B May NR&ERXA R E
B ° (c) Twin jet @2 MR~ EEH -

8. Twin jet ¥ M i~ EEH » L CEATMRMENLE  BEELRER
JURBKERE » R EBELHTRBE % ERA&SERIERN AR -
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EARMOEAER BRIFR RIS EIRIEL 70 um FEEWEIAF B Holder 1 » 1£DL
HFERESRAY T EE - HERRAERRNOK R - 1 Holder BANIZE - ILHHHZEEITIH
R - ETERRHOBIAOT - BEAUKFP RN - Polish THRESL Alarm SR B - EIETS
WP RHEE SRS - TR TRARERAR (T2HHI 1) - BE % E BT -
FRE TR RED R ETL 52 - LEIUL BT » SRk H 3 A BT FISE
B o IR R - ORI Holder R IREEATE - BRI A1 TEH—FTmEh
TR 10 KL » FRRE AR 10 XKLL - FEETERE Holder 3T » MU HEAIR
FIAASAFr » BEREFTLE  DUSRsAR - ZHKF R A SRS VLR - 5
BIHET 50 7 ~ 50 7 ~ 50 7 B 100 K0 FACEoE - ek AUERUISBE AR - 0 TZRDEE
ROCSRERGIREFILEY - DR S FERE TEMRET -

B35k e - ACRRR IR AT 20 - A BEFRSAY Jet ol 22 A 8 P 2 4
7 LA TRBER » Shrb iR IBTE R SR e A IAESE S0 » T PO SIS A A
VALK - BB 95% MRS AT » [RIBEHERE AL T8
FIRFEI NI - Vo AT IS P RSB B R RSl - (eI
IR » M - PRIFSEA RS S AL 2 5 P LS pB - FER IR ey
S5 SR (A1 » 250 G S BUR SeA » MESIEIBRRAEIRILH Holder 225
SRR - (RN IE SR BT  FRBLETT > AR R -
ROCERETY R RETERENE | HIENE AR AN - SERRT
BB AR « BS - B FLBATGR ) AIRTEE LT A Sensitiviy #51
WiEdh (AR BRA) » T ATHE Holder ER EEVBFLAOSEAT - WAL Alarm HOZ BB UELS
o TS Twindjet MDCHEBE BAZ SITIRIE - (BRI TR RN R
SRS - WAL ST R © FERRU RSB R T BT RO
LR -

F - EFEEGIEERT NanoMill R4Ed1id

e » A AR A R A EEE « Bt B R g R EE 2 Ik
s EfB{5E (amorphous layer) * #'E 1 AE (41 Ga' implantation) BLFEEE 15 - HE— 42
T273% 2 - R B R AT P B L B2 o A - FRAPTER AT Fischione Instruments FiTffZE 2
NanoMill® TEM specimen preparation system (Model 1040) 317 225 258 T BEMEE R Pk i
{LEIRENF R - 3% E BB TR E fE A St +EA - 1R aR R LR
A BEFREER | um 4 pm /NEIEDET RS - AR ETEAE TR B CRIR 500
wm) FEELZERPEEIES - HERD +30° nRRtEA G M E R ET#1% (secondary electron
imaging, SEI) DRt » 0 & Al RS 2 A Ll RS M SE R R BRI 5%, (area of interest,
AOI) FETHIEREM - HFRAEAT « BoEE “NEEKAE -2 - ERFEEXE T
fiEE A (20 FIB lift-out lamella BGRSEE AR HIDEEL N < S BHE ) EER 3 mm #i#ES L -
Z4E % NanoMill #E .2 (A0lE 7 Frow) o FHEE —#BhE A 4 A Load Lock * ZN[E
8 Fr > WA ERHTE S EEEE (A 1 X 107° Torr) - B B2 ME ARIENTE R
7E Milling 228 - RIS B BB EGEE - AR EE M T HEE (energy) /& 900 eV &
1200 eV » DIGEEEEFRBCRELR M 5 Emission 87 100— 150 uA 5 Dwell £ 20 us & 50 us
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K. Resolution F%7E 128 % 256 » WFEEAE R I A/ )N ] fk FEAN[EI A4 Feh 22 B S8 422 A0 ST I A/ )
WERE

A EA D BIRIEAR 10° 2 30° DU E MR 10° 2 30° DUHEFEE T H4 - RETE
B @ 9 FrR) ¢ SRR R 5—10 5388 » WA Protocol Editor #%&t H &4

BT IERZ S - WHEEAE B DL R E TR G sUEI R B R AL 3R - f#RE Amorphous [
PRTZRE B EL AR 23 -

(a) BRBERZFRDL

11. (a) NanoMill A E#E T & B ° (b) NanoMill 4y ([ L4 &RIES
B

SRR EEZEMR]) TEE -
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Ftkin Ry FIB 82 Lamella - TR BT R HERIEIK Ga* #5522 £ HIFE AT B
Amorphous [E/EE - ATPRAFAETACE ML G ZGETT 258 - WH5ERiR L EDS BRE Ga FEE
oeEMhR - [LAh - Tl BUR L (ISR AR » BEY) - (RIAREE) 1Y Milling 5#
TR ZBGEAIBE BGE AR - AR TORER (LN, Al R - DIMERF R AR E 1 -
HERE Milling 58RT% - B EE AT 2/ A 20 nm - SREIS T Amorphous 185 BLFEE 7
B A S AT HR-TEM  Cs-corrected HAADF-STEM JR R &7 7 BARERE 5347
(EDS/EELS) ° JLEITME I T2 A BREURHITE R FFT $AIE - VA G FIB FTig iy
TR BT IRAE - 2 HRET G ST YT « FORMR RS SR T E
B EE R TEM ER Rl sli 2 3 SRR AT B -

75~ K Plasma ;532 E1HE

A TR EITESE (plasma) RIANE R EM - DU RCEAFRATIE TR Al REE AT EE -
GHERYER S LEYE Y » 08 12 s o FHRERAY 28GR A S E AR AR AE TR
fEEEIRIR R ETT - (Al A Rl B A B TR EE DUk op gy 5 [ AR BEB A5 2 - B » 1B
BRI RS B o B S EEEFEM - NBE KR ET SR Ak - DL
BT IE BRI - N sl TR TR AP B i 26 B — IR [T » EEonfF
{EHMN AT FRMIAY S e mbe o R - SIS RO HECR R A R R R g 2 E T3
MR E R EESEE - EANERN RN EREEE FERT AR - FERERMP
RCERAET (BEHY) o IR EENERETBE 20 E - vLIERERA T RANEEY
ER S LG EG Y - Heoh o EREME AER R EE RS 25% WER - Hik
HI R RS o fEBAEE M (Fischione Model 1020 Plasma Cleaner) 1 » B4 AR T4 fiF
EARELREIHNEEE B HRE - R REF A RANREERYIRIE - TER—%
{blix ~ Z8 bk oK FERBEEY) » EHREFERERIEZ PR - HRHEEREEE
TR TERTPAFEEG A BE R - RIS EEAE o B s Fr N B ZE AR AR e At
fetg e ROE - HE(RE T R R FFAG T SE R B & =B HY TEM 4347

(b) 25% oxygen and 75% argon

Carbon layer

Reduce contaminated layers
i.e., carbon layer
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ARWTFE s B AR 25 R T B B R RO T T = E S T o R ARRT T
FER R - (92 YR EIEIE KR ANE RS IR (E - S 8 EEfE e —EL
BREN A HY TEM it B E EREENER - THEFFHEE - REPEEDRA
FORETTEI TR > 38 BH B R B R A WY AT A R o PP A B TR DA Rl A B i
M- RHERR SR B E - I B SR R T R BRI - BRI KA
B2 - KRR REFERANE R T - (AR AR R R ES
DA AR R S e iUl & - BiEem 7 sl s E B TEM AT RTS8 -

18 LR MERES G R R AR R E N5 RPN - ZRe (R e HOEAS
T AV ERENE - CHAEER S SR Y RS A A S AT R A - B
AIERHIESS - BFEKE - & SRR E ROt (25 TAPRIRIES © ~F3E8 T3 R H At =i
MR EIRETR S -

N FEABFEMEEBA R RERITEE B ARE

2% B T8 (transmission electron | F iy B8 T HR 2757 8 A L R EL 0BG 198 LSRG

microscope, TEM)

HELEE# 5% (optical microscope)

EHERET- 3 (focused ion beam, FIB)

R\ EE TR (scanning electron
microscope, SEM)

EEIE B B AR (twin-jet electro-
polishing)

THEEHET R E (M1040 NanoMill)
TS % (plasma cleaner)

JB% % (punch)

SEAEHI A (micrometer)
AET-HFEE (Ar ion milling)
JEH/E (amorphous layer)

Ga' 1H AJZ (Ga" implantation)

ZELIE (perforated area)

WA E A (photoresistor alarm
system)
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EEE R - BR SR ENTE -

FIFA AT ROCELERER G » F R NIRRT 5]
FERE o

FI R RE B T AR B AR ET RS Y S T AR
TEM f5 i 8di -

F B F AR 3= 1 DAVE £ T S (R B 1T 5 45 49
T

FIAHE L X g e L s R AR - Bk o
ZEFLHY TEM EEIELH -

FIFTE Ar BT FOET R @R ETE - B ERE
B - 25 TEM Bihsyg -
FIAERERELFEENREEYEEEE T 18
TEM #HIGE -

MG E - AR BEE BB EEZK (1 3 mm)
#) TEM T ©

FEENETE - FREEERA EERL - & HRPELS
BRrp o

EmEEE T ERASRE  RREGEHEEE - AR
TEM HijEH -

AR 3 D A B e T I T R S s i - &
(K T WG BN E -

FIB BFE - =HE Ga BT AL NS B Y 5 G
 TRREBR AR I HERE I
BRETOCRESVBE G - & TR B EET
TEM & -

BRRIOET A DGR FLEA BREB AT - FHRA

RS -



fifi 2 72 (alligator clip) WLEEEREMEE KA - FACHEERRER -

OM SE2 B 45 f;)?i@f%ﬁﬁﬁﬁ’i%ﬂiéﬁ%@?ﬂ@%g HHEOEER B
—KFEF & (secondary electron SR BRI - Fl = KE T PR LR A& - rIREF
imaging, SEI) BEREEML -

$ REA (tilting angle) FRAGFY NanoMill BEFRIFATEHUARE - ATEBHRE T R ES
AR s ane TR -

BRI LR E B AL B BRI - BLALEE S
D (us) » SR BEHTERE B -

REE AL XOLTiE - fERCRE T RAMEUEIT TR E M
R

HM BT AR AL F R TS e E R AT AR E T

{ERAIERE (dwell time)

BEE (EL X SHREE (energy dispersive
X-ray spectroscopy, EDS)

TEFREEIBIFE (electron energy loss

AlES

spectroscopy, EELS) FEE L L ER G 3 BT HIFLAT -
- bE—
AR | R
) IMARRBEREZR
. 00 Vil =1 _ O
i 20-25% fEE / RS 10—20V KB Bl B
i bl (Bi,Te;) 400 ml EALEN (10%) + 85 ml A (40%) N.A. N.A.
thee 20% =% 1 80% FEA N.A. -30°C
R4 25% =AM 1 75% FER 25V -30°C
R e % 10% =& / 90% FER 80V -30°C
FRELS  30% PEEE/ 70% EEET K mgﬁgﬁ NA.
% 50% $& 1 / 50% ESIE 27V N.A.
< /o 10% =80 / 90% FER 10—20V N.A.
{EChE B 100 57 B $&FESH / 500 ml Uk s N.A. N.A.
Aol 40% il / 60% HElE N.A. N.A.
420 THEH (LB 15% SR / 85% LI 18V =i
420 I GRIR + 0. paem ) 4004 e 10V 60 °C
EJILM)
T 54 10 ml BEE% / 90 ml SEME ((E(LEHY) N.A. N.A.
#H 20 ml S / 80 ml 8 N.A. N.A.
ek HEE 5 ml |&E + 10 ml iHEE + 600 ml FHFE N.A. -50 °C
7N 30 ml =& + 295 ml FHFE + 175 ml | i N.A. HZ UK Al

3 54 B .

s (E‘E'%;;n@ﬁ T 30 (R 1 YRR + 1 R NA. sEks
HKRHEES 6 ml (=& + 60 ml HHEE + 35 ml | EABAHER N.A. -30°C
Ko 30 {7 FEE + 1 (R RE + 1 DRk N.A. N.A.

5 2% BEALSHH K (R EY) N.A. N.A.
HEEeE 20% = A% / 80% BETR N.A. N.A.
Ni-Mo / Cu / Cu-Ti /
Cu-Be / Al-Cu/Fe- 33% T2 / 66% s N.A. —40 °C F] -50 °C
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5223 E.A. Fischione {25/ A B8 Twin jet B2 H - (HIhFHEE AR
sk s EEEE® -
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