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5nm B T EMETHNTEE (Design Rule Ranges for the 5 nm Logic Process) [ICRD
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Sources: Wikichip.org and other open sources




5nm B T MR THMNTEE (Design Rule Ranges for the 5 nm Logic Process) ICRD

EASREHA RIS (
SRAM Layout) (PD-

PG-PU: 1-1-1)

FP: 22.5 nm, CPP: 50 nm,
MMP: 30 nm (6T) , SRAM# T,
% & (height) : 180 nm,

% & (width) : 100 nm
m A% (area) : 0.0180 um?
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5nm B T MR THMNTEE (Design Rule Ranges for the 5 nm Logic Process) ICRD

BABEV S MmIE (
SRAM Layout) (PD-
PG-PU: 1-1-1)

FP: 22.5 nm, CPP: 50 nm, 1 ] I

MMP: 30 nm (6T) , SRAM# 7 | s -

=% (height) : 180 nm,
% & (width) : 100 nm

’ 1
m AR (area) : 0.0180 um? : : I . l
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Fin (193i SAQP)+Cut Gate (193i S/D Contact (EUV)+Block Gate Contact
(EUV) SADP)+Cut (EUV) (193i) (EUV)
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fi& . 193 nmiz % SAQP

+ EUV/193 nm &% 874

M : 193 nmiZ & SADP + EUVEI1))
Befh FL—U5JE: EUV LE+193 nm
2B BH Y

Bl fL—Mt: EUV

@FL 0: EUV

4 J& 1: EUV SALELE

el 1: EUV
4 J& 2: EUV SALELE

WAL 2: EUV
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5nm MZTZHEFE TR (A Strategy for the 5 nm Photolithographic Process Design) ,ICH

BARTR

Technology 10 nm 7 nm 5nm
Node
BTk Y yeS BT E
Patterning Patterning Patterning
Process Process Process

EX D=8
firg Ji& 1 193 nmiz s 193 nmizi% 193 nmig &

Fin Pitch (nm) s SAQP LLSS SAQP

P fo L1 3 193 nmig %

193 nmiz % 193 nmiz %
Contact to SADP SADP 44~50 SADP

Poly Pitch (nm)

NER
& Jm JH e EUV/193 nmi2 EUVE W%

. H X ER 2 . o i
Metal Pitch ; - _ B A e % HE
B, Z&EE 36~40 e SALELS

(nm) J%SALELE,
CELELE SALELE

o 193 nm BEANZ T Z M PR (193 nm immersion lithography min pitches)
L 2%NVAFE (Line/space) : 290 nm ORI IFAN, 2D D.R.) , 280 nm CHEFRITFHMM, 1D D.R)

BFL (Holes) : 2106~110nm (fEEJ 1A, Any direction)

o 135 nmIRESAZ T ZHI A PR A HIRIR* (13.5 nm EUV lithography min pitches)
RN (Line/space) : 236~40 nm WA iHHN, 2D D.R.)
JEfL (Holes) : 250nm (fEE W, Any direction)

*ERe T BEALAN, BRIERIRYE O BESMEE~1 ppb  (Stochastics caused defect density extrapolated to ~1 ppb from available data)




WS 2 T E 53R E2IHX 5 (Difference between EUV Lithography and DUV ICR
Lithography)

kAERIZR (Difference in k, Value)

3FF193 iz x XAz, RAFAMAIA A9 nm  (For 193 nm, frequently used min pitch is 90 nm)

k = P. NA _ 45 nm x 1. 35 _0.3]
2/ 193 nm

st FACE IR, 13.5 nméga K, 0.33 @HAEILE, ®F A E#A 36-40 nm (For 13.5 nm EUV
wavelength and 0.33 NA, frequently used min pitch is 36~40 nm

kl — [)min

NA 18 - 20 nm x 0. 33
o0 13.5 nm

= 0.44 - 0. 48

. MF LB TFHI93 miz X XA ERR Y. — Mk, ABFET0AREUL, &
FARE A AT R, (The k, factor for EUV is larger than that for 193 nm immersion
and, according to experience, optical proximity effect is not significant if k, is 0.4 or
greater. )




WS 2 T E 53R E2IHX 5 (Difference between EUV Lithography and DUV ICRD
Lithography)

RES R TS EEEE (Simulation Method for EUV Lithography Process)

—HATRBAPMTH, RANBART S %k, (Weuse FDTD for 1D linewidth through
pitch simulation)

—ERA, KR EHEGRE K T E (We use RCWA for 2D pattern simulation)
HAERCE AT 244 (We use the following structure for mask simulation)

ZALEH: 60 nm 0.926 +j0.044
£f: 25nm 0.883 +j0.018

fit: 4.2nm 0.999 +j0.002
tH: 2.8 nm 0.919 +j0.007
F£40 Ji

LTEM {2 K B 35 0.977 +j0.009




W52 T2 53R EZIEX S (Difference between EUV Lithography and DUV
Lithography)

FAgZ%™ (Shadowing Effect)

-1.70nm (YY) Onm (X)

152 nm (Y) (T SRR AR 1.49nm (Y)

0.62 nm (X) -0.61 nm (X)

AL 60 nm 0.926 +j0.044
£7: 2.5nm 0.883 +j0.018

ks 4.2 nm 0.999 +j0.002

- MIBBBERGEH MBS (Pattern shift due to shadowing 4 28m  omasooor
effect) : ~£0.6nm (X) , -1.7nm (Y)

IR 33 0.977 +j0.009




WS 2 T E 5REIR2IKIX ) (Difference between EUV Lithography and DUV ICR
Lithography)

BH-AHMRERNZER (HV Linewidth Difference)
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o YFEGFXGFRHEFEER (HVlinewidth bias) : 2.5~4 nm




WS 2 T E 5REIR2IKIX ) (Difference between EUV Lithography and DUV ICR
Lithography)

PR = 4EB 3. (Mask 3D Scattering Effect)
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- BEMAMEHEAE (Focus variationrange) : ~11nm




W52 T2 53R EZIEX S (Difference between EUV Lithography and DUV ICR
Lithography)
S ZI B B R B R B R BEMLBE TR S (Absorption of EUV in the Photoresist and Stochastics)
% K& (Chemically Amplified) : A& EIERER KA (Non-CAR) :

Onm n=1.0,
nm, #&%¥ = 33.0 mj/cm?
R =34 nm

B = 30 nm,
F# =
EL = 15.5%, LWR

1.0 2 R
F 4

n = , =
27 nm, At= = 54.0 mj/cm? = 7
= 4.0 nm EL = 22. 4%, LW

(Thickness=30 nm, n=1.0, Pitch=27 nm, Exposure (Thickness=30 nm, n=1.0, Pitch=27 nm, Exposure
energy= 54.0 mj/cm?, EL=15.5%, LWR=4.0 nm) energy= 33.0 mj/cm?, EL=22.4%, LWR=3.4 nm)
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R FER KA SRR 5Bk H3 M BRI K, ELFLWRA A B F & & (Non-
chemically amplified metal containing photoresists can absorb 3~4 times more light which improve
EL and LWR)




AR T2 53R EM AKX B (Difference between EUV Lithography and DUV ICRD
Lithography)

RFEFREERIMRIR (Limit in the Line Width Roughness—LWR)

(a) Stochastic-printing Failures (b) “Traditional” types of defects
= Random, non-repeating, isolated failures

2L TN D TR Pt ¢
S SRR TAN TS JR o TP

"Hl |'|||
Il

Cluster Line collapse

il

Missing contact Merging contact Particles “Process Defect”

BESATFHRZI193 Y FHEMAFKESE (Defect caused by EUV photon absorption
stochastics)

*P. De Bisschop, E. Hendrickx, “Stochastic printing failures in EUV lithography”, Proc. SPIE 10957, 109570E, 2019




AR T2 53R EM AKX B (Difference between EUV Lithography and DUV ICR
Lithography)

RFEFREERIMRIR (Limit in the Line Width Roughness—LWR)

Mask Size

; @Q‘b .,"‘ Pitch
Merging %z‘i‘:,‘i PXO 23 Micrgbridge Cliff Broken-Line CIiff
P42 C23 2
,:_.a.‘b: h P44 C23 =
P46 C23
Pitch 40 nm P48 C24
P50 C23
P50 C23
:gi g;: rAinimum-
. defectivity
P56 C26 :

P58 C26
P60 C26
P62 C26
P66 C26 _

P70 C26 Linefollapse events
¢ P80 C26 - exclufed from this data

T = T T

24

P e m e 4 P

<4

o BEIL: HRMEFET AN EZH/2.5 nm& 5T, FRI0T2E A 694k R, BARILGOK T E 23 K226 nm, R F2+/-
2.5 nmty X EE 2, &I A48750 nm
(Contact: Defect density drops 10%2.5 nm linewidth change. For 10-*?level defect density and £2.5 nm linewidth
window, CD needs to be >26 nm, and pitch >48~50 nm

BE&/ANE: BTEERTHEANKELR/2.5 m& T, 21028 A 69421455, K&/ ABOERTEZHE K19 nm, 4=

FE+/-2 IR TE D, R4 H36740 nm

(Line/Space: Defect density drops 10%2.5 nm linewidth change. For 10-*?level defect density and 32 nm linewidth
window, CD needs to be >19 nm, and pitch >36~40 nm

*P. De Bisschop, E. Hendrickx, “Stochastic printing failures in EUV lithography”, Proc. SPIE 10957, 109570E, 2019




AR T2 53R EM AKX B (Difference between EUV Lithography and DUV ICR
Lithography)

WER B8 20 (Increased Impact of Aberration)

! Oth Order 1st Order
0" Order i +a - -
| .
|

1st Order

A ZI WA £ F B BR-FH 5 L MAEIFLENAR R L. NAAR ), F#4& K1 (Patten shift caused by aberration is inversely
proportional to NA)

EUVAINAEL193 nmiz X a9 MR %, H BB KP4z &3y 2 28844 % . (NAfor EUV is much smaller than that for 193
nm immersion, its horizontal position is more sensitive to aberration)

— AR, 0. 33NABIME IS R ZIMLE 2H rms B Z42H)£0.2 nmZ A, W193 nmiz %k XA ZIMLag1% £ 424 2 K Hrms =1
nmz M. (Generally speaking, rms aberration for 0.33NA needs to be kept under 0.2 nm while rms =1 nm for 193 nm
immersion)




B AR AN T2 KRR PR AIZE 5 nm TZRAEFHIMA (Current Capability of EUV ICR
Lithography and Its Application to the 5 nm Process Flow)

XOTEMPIE g0y 5 sl ERAIRAE (X & Y Direction Cut and Hole Layers)

X Direction
Cut Layers EL vs. Pitch (nm) Pattern Shift (nm) vs. Pitch (nm)
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X FAEmEARZERAMTN: R 0AK = 43 nm, FHEF PR &, FACH/P2 BRI —HAMN, HRRGET =
22 5nmo
(X direction trench cut layer CD through pitch): min pitch = 43 nm, slit center, CD on mask = 22.5 nm)




B AR AN T2 KRR PR AIZE 5 nm TZRAEFHIMA (Current Capability of EUV ICR
Lithography and Its Application to the 5 nm Process Flow)

YOIEMUIE o0y 5Bl ERALIRE (X & Y Direction Cut and Hole Layers)
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Cut Layers EL vs. Pitch (nm) Pattern Shift (nm) vs. Pitch (nm)
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Y ZE Y EARAREANTNR: RDBAH=48 nm, FRHEF PR E, SFSDB BRE—4iAME, HBEMROZT = 22.50m
(Y direction trench cut layer CD through pitch): min pitch = 48 nm, slit center, CD on mask = 22.5 nm)




BASRRHIEZ T 2RI AAE 5 nm TZRBEHRRISA (Current Capability of EUV ICRD
Lithography and Its Application to the 5 nm Process Flow)

fLIRE XY FHBVIERFIFAE (X & Y Direction Cut and Hole Layers)

Hole Layers
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LREEEMABME: RAFH= 48 nm, FAEHFk— &, IMOG EX2D hole, HHIRAMIAXT = 28 nm
(Hole layer CD through pitch): min pitch = 48 nm, slit center, CD on mask = 28 nm)




YA RRAEZ] T2 R AR PR AZE 5 nm TERAEFKIMA (Current Capability of EUV ICR
Lithography and Its Application to the 5 nm Process Flow)

WA EREHELEMEL/ X HLERAEREFE (Determination of Typical ADI
X A s B Linewidth and EL/Contrast Target)

X Direction

Cut Layers EL vs. Pitch (nm) MEEF vs. Pitch (nm)
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2.5nm. (X direction trench cut layer CD through pitch): min pitch = 43 nm, slit center, CD on
22.5 nm)

X
5
mas

FEE M EAESTAAN T R0 BE=43 nm, FRHAEG PR & STACH/P2 B kb —4 A, ARy &
=2
sk =

ADI & % B #7i% & (ADI target determination)

s FTFHWE, wRAR193 nmiz X XAz, KMN—MaZKADIK ST H45-65 nm (EZR) , 37-50 nm (5} %
(For cut layers using 193 nm immersion, ADI CD = 45-65 nm (PTD) and 37-50 nm (NTD) )
« @A 0.33NA B9HES, d TR AL, RODAPEE=>36-40 nm, ADIXTEZ=>20 nm.
(For cut layers using 0.33 NA EUV, due to stochastics, ADI CD = 20 nm with min pitch = 36-40 nm)

EL/MEF B #73& & (EL/MEF target determination)

o MNFHWE, EA193 miz XX A%, EAN—KEEKEL=13%, MEF < 3.5 (E2%) , 4.5 (7 2%)
(For cut layers using 193 nm immersion, EL=13%, MEF << 3.5 (PTD) , 4.5 (NTD) )
« @A 0.33NA B9HLES, B TR G AL, AMNEZRERGEL, AT NHHOXTHEEARER, ELEVEE =
18%, XHEFE2FH& MEF < 1.5,
(For cut layers using 0.33 NA EUV, due to stochastics, EL = 18 nm which will bring a MEF < 1.5)




YA RRAEZ] T2 R AR PR AZE 5 nm TERAEFKIMA (Current Capability of EUV ICR
Lithography and Its Application to the 5 nm Process Flow)

HADLZ R B FRFENEL/XT L EARHEREFE (Determination of Typical ADI
Y B R Linewidth and EL/Contrast Target)

Y Direction

Cut Layers EL vs. Pitch (nm) MEEF vs. Pitch (nm)

M
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e
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Y T EARKTANT: R AI=48 nm, FXHEFF R E, WSDB BRI —4AN, BERGERT
22.5nm. (Y direction trench cut layer CD through pitch): min pitch = 48 nm, slit center, CD on mask
22.5 nm)

ADI & % B #7i% &2 (ADI target determination)

s HTHWE, RA193 miz A X AL, KA —M 2% KADI &5 A45-65 nm (EEEF) , 37-50 nm (5} %
(For cut layers using 193 nm immersion, ADI CD = 45-65 nm (PTD) and 37-50 nm (NTD) )
« mAFF 0.33NA #9HEI, d TN AL, RIDAHEZ=>36-40 nm, ADIKTEZ=>20 nm.
(For cut layers using 0.33 NA EUV, due to stochastics, ADI CD = 20 nm with min pitch = 36-40 nm)

EL/MEF B #73% & (EL/MEF target determination)

s FTHWE, wRA193 miz XX AZ], KMN—HAZKEL=13%, MEF < 3.5 (EE#) , 45 (R 2&)
(For cut layers using 193 nm immersion, EL=13%, MEF << 3.5 (PTD) , 4.5 (NTD) )
« dwAtF 0.33NA G9ACRSh, B TR AL, BMNEZRERGEL, ®xd T -AHHOELEAMER, ELEVER =
18%, XHEBFLFH MEF < 1.5,
(For cut layers using 0.33 NA EUV, due to stochastics, EL = 18 nm which will bring a MEF < 1.5)




YA RRAEZ] T2 R AR PR AZE 5 nm TERAEFKIMA (Current Capability of EUV ICR
Lithography and Its Application to the 5 nm Process Flow)

HWADERE B FE LR MEL/ N L ERAEREFE (Determination of Typical ADI

fLEE Linewidth and EL/Contrast Target)
Hole Layers

EL vs. Pitch (nm) MEEF vs. Pitch (nm)
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MEEF_X75 5]

LR R AR EEL XTI
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80 100 120 80 100 120

ZEEH (hm) A (hm)

LR EXERBABEN: A BH= 48 nm, FHEHFRk—E, HMOG ZX2D hole, #AEMMAETE = 28 nm. (Hole
layer CD through pitch): min pitch = 48 nm, slit center, CD on mask = 28 nm)

ADI & 5% B 4=k & (ADI target determination)

o FFIRE, 42X R193 mmiz X X AZ], KMN—A2ZKADIZL T H65-70 nm (ER %) , 53-58 nm (# %)
(For hole layers using 193 nm immersion, ADlI CD = 65-70 nm (PTD) and 53-58 nm (NTD) )
« @mAFFO0.3INAGAAE S, TR AL, RDEMEEZ=>48-50 nm, ADIX T FEE=26 nm.
(For hole layers using 0.33 NA EUV, due to stochastics, ADI CD = 26 nm with min pitch = 48-50 nm)

EL/MEF B #=3% & (EL/MEF target determination)

o MFTILRE, 42 RA193 miz A X AR, &A—M2ZKEL=13%, MEF < 5-6 (PTD) , 6-8 (NTD)
(For hole layers using 193 nm immersion, EL=13%, MEF < 5-6 (PTD) , 6-8 (NTD) )
o w3t T0.3NAG ALK S, B TR A, ZMNEERERGEL, T MHEOERTEARTL, ELEVER =
18%, XHBEFXFH MEF < 3.0,
(For hole layers using 0.33 NA EUV, due to stochastics, EL = 18 nm which will bring a MEF < 3.0)




#5186 (Summary)

BATAS nmiZ 28 J S T ZE AR B A R TH AT T Bt
5nmILZHEARRE-RRXEFRHRES (EUV) XA TZHEETZ.
BATIRES NN T Z AT TR, RAREERTA & REEWIE, AFEEIDERIRBBOERENLA
RIARRI R ESMCRI T ERAT TR, #L T R T2 il i &4

BT RENLROS F B IBREE, IR AL TEMRR . &% AAE: FAHI36-40 nm, FLIFJEH#H48-50

nmo

We have done a path finding study on the 5 nm logic process according to typical design rules.

5 nm logic process is the first process that adopts EUV technology in a large scale.

We have studied the EUV lithography technology with self-developed FDTD and RCWA programs,
including the setup of a photoresist model with stochastics, and explored the process setup boundary
conditions.

Due to the existence of the stochastics induced defectivity, the current minimum pitch for line/space is

36~40 nm, and 48~50 nm for the contact holes.




