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Damage reduction of FIB-TEM specimen preparation

By using Low keV FIB milling
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1. Introduction

We A 34 37 @ EA4o]M Focused Ion Beam (FIB) X dutzog wjA 379
TR 2 EF 799 g9 AF Fe g7 AMEHI vk, 2 olE $&3td EF
#1212} Transmission Electron Microscopy (TEM) A& Az} Wy el 277} ul$ thoks)
WA A X9 1 Eils 4 B =5 F3 9o, 18y FIBE o] &3
TEM A& A& 7]£9] ion millerd] &3l A|Z== Ao W3t damager} A|H A}
Aol FA7 FAN crystal defects 2] high-resolutiong #Z3}7)d] oJPthe @HE A
YUz ok AAZ 25keVe] 71 HAGS zZte FIBOlA A Zg AT damage: oF
20nm AEE BuET o Alg AFHAANA FHolu vtx A e} 22 high thermal
conductivity & Xd Z2IAEL IR HoZ 2x7} &7 Ho atifactE: Fdsle &
Qlo] ®Huk ol¢} 2 damagel} artifactS S H A3 7] Y] thinning @A A 12,
XeF2%5 2] gasE AMESIAU AR o] FHE Yol thimningdle 5 BL A7t
oA gtk 2 EjgtA FIB FHl A7} skAE LR 7HE S £
A AAE AFRFo =M damages A ASE ATt APHD Utk B AFAAME 9]
¢} & dd9] simulation AF F AJFH J|EES EUE 7€ FE3H 50keVe
7t&A4E ZE FIBFHIE o] &3t 7F5HYES 10keV, SkeVE A3t A28l o
o, o] 50keVE A ZE TEM A2 Ho} gk 3FAE thickness uniformityE 2= 2
Aztate WS ALLAo™ A 82 damage FHES HAZ AL, o]E A ALY
At Axd AE BHH AR st =9dnA g

2. Experiment

£ d3dMe FIBRHl= E3l5H milling £= F3-& 93t Ful AA o Hu 7h
A (50~30keV)ell A= o] o} Fu|(Micrion 100CM)E A7|Hos WPt
10keV, SkeVIlX & Millingo] 7}53l58 ZAH3}AT. ¢4 FIBE ©] &3 TEM A|¥ <]
FAAE #3tr] 98t 7h& AY 50keV oA millingH &} AL F =9} damagee] 4
A FAE FAeYh o] A2HE EUIZ Si bare wafer S o] £3}d10keV, 5keVe] 714
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A stellA AlH-g AR F Damage 495 =3 3t

a% 12 o] A¥E 37 o AHY ARAAE vEhd EA=o|th. Damage #F
< 3 A8 AFe A Si bare waferS SOG Capping?dt th& A|Z&AslnA ate 9
X|& W layer depositiondtth. A Ao wa} AlHE rough milling € 3 3, Epoxyu}
SOGE -2 protective layer2 ¢ ¥& o3 T 43 Wio=w oA dutAl @
Az v o gz AW A 3d), vl 2o 2 polish millingG Al A A3teE 7ME Agoez
HE3le A HE millingdt] TEM A8 & A2t B23AJT-

o]ZA AFH AWML A Lab oA ALEHI Y& lift-out H-E o] 83 Cu gridol
SR A B

Damage 9% o+ 200keVe] TEM - CM200(Philips)& AM-831%.2 ™, HRTEM# 9]
¥ TEM-JEM2010UHR(Jeol)S A}-&-3} %t}

3. Results

a2 HEE /& Agd @& FIB-TEM A1H A2 F9] Damage 49 =3
o)t} 37}x ZA(50keV,10keV,5keV)d] WE AlH A& & Damage FIS A
T}, 50kVe] 739 damage <o) ¢F 34 ~ 35nm, 10keVollA = <F 24 ~ 25 nm, SkeV ¢
73S damage 2 A9 Qe Aoz FFHUT SkeVe] B¢ damage S #F
g e A=2 dASA L_/l‘_i"} 9l Si substrate®] roughness7} 3ok 3 HoZ
TEH A

1Y 3& 50keVe} 5keVe] High resolution ImageE #&3 A} o]t} 50keVAlA= A9
3l High resolution Image 97|17} P51}, SkeVol) A= X173k high resolution imageE
22T F ge 7t54E 1T £ AU
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4. Conclusion

B 43& 539 FIBE ©] &3 TEM Al5Y 71E9 FAAS st 2k Zo] 3l
£ 54 9o ¥48 9% 5 A Fdnk o] el AT AL 23 e NE
A 28317 93 FERAM-E 7} § 34 BLTO((BiLa4Ti3012)4t2tS- tjdo 2 7)<
Aol Y DamageA P} FIB AN SkeV ol3te] A 7h& WY o18E 4 U=
2 4gste) vpA L thinninge] AL43HE F9 WO RO AYY JA EAEES A
Asty) A% 4Y¢ AW Foiok
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Locate the Area of FIB-deposit Protective Milling Initial Trenches Tilt the Central
Interest SOG Capping & W & Rough Polish Membrane
Layer

"Polish Mills" to Near Perform "Frame Cuts" Polish for Electron Lift-out Membrane
Nominal Thickness on Central Membrane Transparency of form Trenches
(Low keVER) Membrane

a3 1. lift-outty-& o} 83k Low keVAIH Az 74

(a5 0kaV ‘ (b)10keV amn| |(C)5keV f0m

(M1

- g

; y 4
ﬂ}‘mﬁﬁﬁ’f ;

a9 3. (a) 50keV & (b)SkeV HRTEM Image.
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