Focus & Dose Line Navigator FDLN
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KrF, NA 0.7, 0 0.8 (conventional)
KrF resist, 400nm on BARC
PEB 110 , 60sec

110nm
770nm

CD Measurement (Raw threshold mode)



PROLITH FDLN

FEM pattern: KrF Resist Pattern, Iso., 110 nm

Related Equation
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8 Focus = FF(HT, 10%,50%,90%CD)
a Dose = FD(HT, 10%,50%,90%CD)
« T e } RDose
- 8 E 3991 —=— 28875
; 7)) c 399 2925
LONE : 3989 296.25
S E | 3988 isoo
S 9x 9 o v
o L | 3085 ——31125
Lo N~ 3984 : : —— 315
o0 . /\ -02 -n1 0.2
N FOCES -~ Focus (um)
+/- 0.1um, 25nm step 140 Dose
- o
£ 120 2925
3 ‘ 29625
HT ~ CD 0w SRRy T
109%CD S oS o
I_/ﬁ\_ 1%Ch 5 ] e
<+—> 90%CD 80—0.2 01 0 01 0p

Focus (um)



Cross- PROLITH FDLN
Validation N-order polynomial Equation

Related Cross-
- = EquatlonJ:> validated
< error

f Related Equation ﬁ ﬁ Cross-validated error ﬂ
Focus = FF(HT, 10%,50%,90%CD) 30

Dose = FD(HT, 10%,50%,90%CD) || €

y = 8g + 8%y fFaX, %[+ ... B Height 0
+ 3y X, [F AgXp? [t e ) 10%CD _12 - @ w© o~ PR X BM
+ 851 Xg [F AgpXg? [t ... ) 50%CD 20
+ A%y [P AgX2 [ m) 90%CD 30

. 1 2 /\ Y,




PROLITH

Order vs Y Error 2
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CD-AFM FDLN

—FPA-5000ES4, NA 0.8, 2/3 Annular, Outer ¢ 0.85
KrF resist, 316nm on BARC
PEB 110 |, 90sec.

110nm
770nm
Veeco CD-AFM Dimension X3D
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A Focus
-0.05um ~ +0.15um, 0.05um pitch

AT &P, 10%CD
50%CD
SWA 90%CD

Related Equation
Focus = FF(HT, CDs, SWA)
Dose = FD(HT, CDs, SWA)

Height (nm)

50%CD (nm)

SWA (deg.)

CD-AFM FDLN
300 Dose
260 | //"’ﬁ'a —e—380
220 3// —=390
/ 400
180 / 410
140 | —%—420
100
015 -005 005 015 0.25
Focus (um)
140 Dose
—e— 380
120 —=—390
/A’»\N 400
100 F & 410
R —%—420
80
015 -005 005 015 0.25
Focus (um)
% Y Dose
88 A —+—380
86 L —=—390
400
84 1 410
82 v/ —%—420
/’(
80 ‘
-0.15 -0.05 0.05 0.15 0.25
Focus (um)




CD-AFM FDLN

Order vs 2 Error 2
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Neural Network
CD-AFM FDLN

Neural network

— Related Cross-
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Focus 18 nm
Dose 10 J/m?
(=2.5%)




FDLN (Focus & Dose Line Navigator)

FDLN
PROLITH FEM

Polynomial EQ.  Focus: 0.65nm, Dose: 0.07%
FEM CD-AFM

Polynomial Eq.  :Focus: 25nm, Dose: 3.5%
Neural Network :Focus: 18nm, Dose: 2.5%

FDLN -



