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Cryogenic ALE -57d: CH2F2/Ar plasma& ©|-&3l SiO2 FHo| fluorocarbon polymerE /45t F, Ar
plasmaZ fluorinated SiO2 layerft AEBHE O 2 K| AHSI= HXIZS AlZE 2
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Fig. 5. Polymer deposition rate and fluorine to carbon (F/C) ratio of deposited
polymer at different substrate temperatures during CHyF, and Ar
plasma discharge.
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(1) Etching skAF (SiO2 A|A)

1. Defluorination 2 polymer A&
mechanism

(1) Defluorination
: EHO| 2SI fluorin(F)ol EAX Lt7t=

[25(T) Z7t— 2™ At Thermal E
—weakly bonded fluorine desorption

C-F—=C+F
SFx-F — SFx + F
Carbon-rich ™ &4

(2)Polymer & H3}
o KA-2: Defluorination A Al
- Cross-linking A
- B E2|-F polymer
- Arion AAH £9|
O|EX| 9L etching HHAY
ALEZS] self-limiting EA] X35}
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- C-C network =7} (cross-linking)
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(2) HE™ HF sticking Z

SiO2 + 4HF — SiF4 + 2 H20
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- HF7} surface©] 2 aH
- Desorption 44| — EEH HF &% =7}

EE—|I|)

SiO2 fluorination <7}
Chemical etching Z7}

HF 55 g4 A7), o 24 o7 Tl
3. ALE A1 83}

1. Wafer A& L& =F
2. High aspect ratio +Z& AlZt
: AR AXF LR AT self- llmltmg EM SR
Il O
o
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57— W&E 55 9
4. Plasma Damage Z[4~2f
- Advanced node= plasma damage®] oH-%
217
- Arion Z}%-= A| defect, charge trapping,
interface damage Y&
. TEM, electrical leakage, breakdown

voltage =l HQ
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self-limiting EA4-& 743t &7 d0|Ct. 7|& Plasma Etch”} radicalZt iona Al ZF-&2A|
ALmoz /;'21%%‘{_— A e, ALEE ZH TA7F Rp7| 23t gh-§ 0 2 A|oje|of AR Thelof
ot AlZko| 7t ottt Q=X 2 Bt BAE S O'|7§‘||o|—_|_ Chamber wall
contamination2. 2 Qlst EPC drift 4|5 &E°|<= 7
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¥4k Fl Ar plasma °©| 222 A7 ot= &40 tHEHO|C}.

= (CH2F2/Ar plasmaZ& ©|-&2F SiO, =42 ALE)olA= 7 25=-5 -60~20°C ol A4
Hj_ng?lm ALE EAZ ':"549«/*1'4- A& ZHo| A= sticking coefficient?t Z 715K polymer
Zztefo| =11, F/C H|-€°| =2 fluorine-rich polymer7} A E|o| AlZF 5 -g-0| GFAMEICE EESE
-40°C o|5}of| A= FH] Hojl A EFERE| residual fluorine®] 2|St H|2| =& AlZto| ZFASH EPC
drift7} A& 1, self-limiting EAJ0| Z+S}=IC}, o] = L2 o|.2 of L A| ZZHO A E QA= o]

L XN U

AlZbo| 7h=35kg o|o|5tH | low-damage AU 2O 2 49| 7S4S Ho{ &L},

Cryogenic 2712 Alzkt o2} Z & Hofo| M & 2HAFE| 11 Q)Ck, BEOL thermal budget A|st
low-k dielectric, polymer substrate 52| o|2 112 2™ M20| o2& S74o|A X-& ALDZ}
Cere = R =11 QL X290 A= sticking coefficient2} precursor residence time®| -7t}
selective growth&} nucleation A[o{7F £-0|5HZICE. Cryogenic device& ALD @3- (Cornell
University) o4 = ALD grown HfO,-AlL,Os2| X2 H7|H EAo| EAED] 7t54d0| 2tl=[QICt,
Ctob @ & 7F X[LEX|A| LHOFX|™ precursor reaction activationZt ligand removal®| 525

O| 2O X|X| SO} impurity2t carbon contamination©| &7tk 4~ 10, & & Z[A 317}
FoFALt.




