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Abstract

A back-side illuminated CMOS (BSI-CMOS) simulation model based on Ansys Lumerical FDTD was
proposed. The Quantum Efficiency (QE) of 2 um and 2.79 um pitch pixel on different CDTI graphic de-
sign structures in 850 nm, 940 nm waveband were simulated and studied for 55 nm BSI-CIS process.
The simulation results showed that the CDTI graph structure with the highest near-infrared absorp-
tion can be obtained, and the quantum efficiency of the structure can be more than 45% at 850 nm
wavelength.
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1. 3]

B CMOS (Back-Side illuminated CMOS, BSI-CMOS) K14 1% B 22 12 31 i N FHURR I LR, it
T BSI 25 (30 21 40 UG AR IR E NG R0 20 418 [ % 45 I R 75 THD PR 5 SRS I 84 i [ 1] I 15 1 20 CMOS
P4 4% J& 2% (Back-Side illuminated CMOS Image Sensor, BSI-CIS) 3= %5 3 FH F-1J WOt [X 45, Hoxd i 21 4h ik Bt
MRS 22 (2] 0 #5 BESRILT L AMEAH TN BE, L2088 N BSI-CIS X/ 0 4h I BURKEE[3]

R IR[4], I M AN FRE R R A5 T S & T 0% (Quantum . Efficiency, QE)E 5 A%
R, PEHIEE IR KR S, BRI FIREE R ERE, XA QE A REKm, FRBiEE, %
TR AR, T2 MR Rk, AR, RN 25 NBCRI S, S B0 #4433 B $(Modulation
Transfer Function, MTF)$% 2 . JtAb, 7E 55 N ST 7R [5], 30 7E fikAed JEC R THT N TE 1 5 e vA A K 25 (Cell Deep
Trench Isolation, CDTD)E5#4, W8T YEAEREAS R b N 2100 0 R FE ST, A NS OGIERERS B A 2L
WK BRI, SRR 4040 QE (B . iZAE MR B, ShRitE BSI T 254, HAESME 4.

ASCE N {E ] Ansys Lumerical FDTD ##F# 57 7 BSI-CIS T2 15 H A=A, 3T 55 nm BSI-CIS T.
2, AR 2 um 12,79 um RFEEE 0, XF 850 nm. 940 nm Y% B [E CDTI B 45K QE {H AT 15
o, MRS & B AN QE &) CDTI TR 4544 .

2. B EA

Ansys Lumerical FDTD #f/& — kgt 128 4- 05 ARt TR, @it B @A R L4, Kigsk
SO TR, TR RS R E A S SR 6]. Hrh B R i I O B 22 SR i e T
TR, ZITER BRI R T % BRI R R [7]):

a—D:VxH
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BB 22 50 B 5 R v o AL T R, BB 3 ANKRE. HON N A LK (transverse
electric, TE) MR I (transverse magnetic, TM) /7 F22H, F£ LA A8 8 3R il AH N 77 #2

TE: E,, E,, H.

TM: H,, H,, E.

AR U 2544, 58 SCRAS RN 6 IR, 25T IR 72, FDTD solver 235 7% 1] 25 RS i 0047 3R A
R WE 1 PRI R TCHE T 0 BRI, TN ETS BIRI46 #4% mU R

4

V4

X 4
Figure 1. Diagram of the grid cell
E1 e rEE

3. fhE
3.1. (iEEEE

24T QE HEFEAAEIE R ZE, @i E LN RN GRS, 40t
51935 QE_top 1 QE_bottom, HA,

VN i piit=A

Si top power monitor
CDTI

o R 2

Si bottom power monitor

Figure 2. Diagram of the simulation calculation model for QE value
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QE_top = Pall_top/Psource

QE_bottom = Pall_bottom/Psource

Hrf, Psource NMASEIRAER, Pall top Al Pall_bottom 43l A3k N fekAef J& THUE 19N B & A0 25 T
AT R RN S G RE & o TUTEEAT RO AR R, RIBR 24 QE fE, QE_abs W] R/ N:

QE _abs = QE_top — QE_bottom

HE, TSGR UV RN WG RIS S, FAR A i 78 I K i /N T4 R R, i
QE_bottom £J74 0. H %A QE (A R NEEA RTINS QE_top. KIULAE UV CEAMAIR WOt d, R
SR REAS I THL S 1) e B AL A% 1 55 QE (HED AT o TXf THE£0A06, HA BSI AT ERJE (3 um £ 4)A
JELLTE RIS, QE_bottom K, #f#¢ QE_abs [H A ¥IZMEIE, A REIEMIR BT A MR
ey &

3.2. &gt

3.2.1. HESGAEIT

ASCEEXS 55 nm BSI2 um AR R L0 2.79 um B R BT CDTI S5 AT 3, —F i dt i )5 EERE
AFE, HASHES 8. WA EWE 3 fE 4 fos, o, BB @ M1, M6
M1 F77H M2 B2 R ETRHIINE 3 fE 4 e gsiy b,

3.2.2. CDTI B4t

RSB 9 FASEI ) CDTI EJE 4544 (1) QE A #EAT 07 EAt 5, 9 5 43 5l 9 TypeO~Type8, Wil 5 o,
FEREE T ZoR B, KN CDTIL R4 N Sitf . MU RIS, R Type 288 145 SX Ml cd
PN RGE S FORH RV BT A A 5 B BT

SiOo2

— BMG(Al): 3000A
CD: 0.13um

0.13um

Ta205: 520A

Al203: 60A
SiO2: 15A

CDTI(SiO2): 0.4um

DTI(Si02): 2um
CD: 0.13um

SiO2: 400A
SiN: 500A

SiO2: 2500A

Cu(M1):1500A

Figure 3. Diagram of the profile structure for 2 um pixel unite of 55 nm BSI
3.55 nm BSI 2 um & & T 45407 H
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Figure 4. Diagram of the profile structure for 2.79 um pixel unite of 55 nm BSI
B 4. 55 nm BSI 2.79 um & 3 & T 45405 E &

SiO2

BMG(Al): 3000A
CD: 0.13um

Ta205: 520A

Al203: 60A
SiO2: 15A

CDTI(Si02): 0.4um
DTI(SiO2): 2um
CD: 0.13um

SiO2: 400A
SiN: 500A

SiO2: 2500A

Cu(M1):1500A

SX
= SX ed
SX
cd
cd <« >
+—>
Type 0 Type 1 Type 2
cd
&
SX SX g SX
cd+SX/4J cd-SX/4 I
Type 3 Type 4 Type S
DOI: 10.12677/jsta.2024.123051 475 R =% NS IVASE


https://doi.org/10.12677/jsta.2024.123051

£

cd cd cd
SX 0.2um 0.26um 0.56um
Type 6 Type 7 Type 8

Figure 5. Diagram of the 9 types CDTI graphic structure schemes
& 5.9 # CDTI &R R EE

3.3. MIAFHRE

1) PEXEAE 4 MEEK, LE S (Micro Lens, ML) AU (4855 (Color Filter, CF);

2) PEXIBIAFZA A BEE N, x, y 7B IERBloch), z 77 I NEEARILELZE PML (Perfectly
Matched Layers, PML);

3) PF RGN PIHBOGIE, RAS G, B 850 nm A1 940 nm.

3.4. WHEHRE

7 B H SR A I B8 75 2455 01 EAE O R B H T 8, AL FEEU AT AMNE R, Bt
R T BRI AE A 850 nm A 940 nm PN, 5 bR B H I SR AL IR E] T LA AT
AP 55 nm BSI L2 A= E 3k CDTI EIJE R SF (140 Type0 1 SX fE 5L Type3 ) cd fE) KT 0.1 um, CDTI
I CDTI 2 [a] {4 18] #E (5 1 TypeO ) cd fE B Type3 ) SX fH) KT 0.09 um, 454 TypeO #| Type8 JLf
B B B RFAE, BRI B4 H 0 SX B A TE AR, SX B 7341 u H M f /M ax/12 (ax 2R ITR
Py AT 2 um B 2.79 um) BRI ax/2, HINH L T2ARER . L BRTR, fiE A RIE A T
850 nm. 940 nm MR, THE T 9 FOANEETEAE SX EXT S QE fH .

4. HEERS59H
4.1.2 um REEIT CDTI &l

2 um B Z $0 CDTI 4544 QE fEf HE Rk 1 Fis.

SiREIR, 1£2um B EFIT 9 i CDTI BB A5 k3L 45 A7 E 45 R, 850 nm. 940 nm A S HEXT M
ff% i QE K E T CDTI EIJE Typel. Rt SX =ax/4, H 850 nm K ) QE iA %] 47.7%, 940 nm K
QE iA % 35.6%, HAAKYL, BLEH CDTI M CDTI Z [HEEE SX =2/4 = 0.5 um, CDTI R~} ed=(2 -
0.13—-0.5%2)/5=0.174 um. 45 ZHYFELERF, 850 nm. 940 nm A 6X M HAK QE K H T CDTI K
Type4. R~} SX = ax/6, H: 850 nm KK QE 1% 26.2%, 940 nm KK QE X 16.6%, B, I
CDTI R~} SX=2/6 =0.333 um, CDTI A1 CDTI Z [A]f#[H]#E ¢d = (2 — 0.13 — 0.333*3)/4 = 0.2175 um. A]
W, R BB AR S I CDTI B 459381 7] LK QE $27HE 1 4%,

CDTI S5 2 7E A I HE 2 e A CRE 23R THI 7] R 42 VR 0.4 um YOS, BIHIAE CDTI 2514 (1) X 33
P A S A IR BEIS 0.4 um BIRERIR . 3@ 5] 5 5 MBI Al 38—, AR Z Bk
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Wz, RS, QE M, fEEHURNSECIL QE: =, CDTI Zitgi1y JOU/EREAT I B~ &
(0 SR A S, AT AR NS G AE Ao TR 2 o (A RO S FE RS I, 4@ QB 4% BTk, AT BLE L CDTI 45
W FEER K IR QE kN QE(loss), CDTI &5 Ky Hg ik J2 A ROR WK B2 SR QE 14 Il
QE(increase), QE(increase) — QE(loss)FEA A, Z& i85 RTH QE K.

Table 1. The simulation results of QE value for CDTI structure of 2 um pixel

F 1.2 um & E 8T CDTIL 454 QE AHEER

wavelength\SX ax/2.5 ax/4 ax/5 ax/6 ax/10
850 nm 27.6% 33.6% 35.8% 34.2% 31.2%
TypeO
940 nm 18.5% 23.5% 24.6% 24.1% 22.6%
wavelength\SX ax/3 ax/4 ax/5 ax/6 ax/7
. 850 nm 45.4% 47.7% 45.9% 42.5% 41.3%
Type
P 940 nm 33.3% 35.6% 34.6% 31.8% 30.2%
wavelength\SX ax/1.5 ax/2 ax/2.5 ax/3 ax/4
850 nm 37.7% 36.7% 34.7% 34.0% 33.1%
Type2
940 nm 26.0% 25.0% 24.0% 23.1% 21.7%
wavelength\SX ax/5 ax/6 ax/7 ax/8 ax/9
3 850 nm 43.1% 45.1% 46.6% 45.4% 43.0%
Type
P 940 nm 31.6% 33.3% 34.3% 32.9% 30.6%
wavelength\SX ax/6 ax/7 ax/8 ax/9 ax/10
. 850 nm 26.2% 30.1% 33.8% 36.6% 35.7%
Type
P 940 nm 16.6% 20.0% 22.5% 24.9% 25.5%
wavelength\SX ax/2 ax/4 ax/5 ax/6 ax/7
Tunes 850 nm 33.6% 39.6% 40.8% 40.3% 39.7%
e
P 940 nm 23.4% 28.4% 30.5% 29.6% 29.5%
wavelength\SX ax/6 ax/7 ax/8 ax/9 ax/10
850 nm 26.1% 30.3% 33.1% 36.5% 35.2%
Typeb
940 nm 16.2% 20.3% 22.0% 24.9% 25.8%
wavelength\cd ax/8 ax/9 ax/10 ax/11 ax/12
850 nm 32.0% 31.4% 29.7% 28.1% 26.4%
Type7
940 nm 21.2% 20.7% 19.9% 17.8% 15.9%
wavelength\cd ax/8 ax/9 ax/10 ax/11 ax/12
Tunes 850 nm 33.4% 32.1% 30.2% 29.2% 27.7%
e
P 940 nm 22.4% 21.7% 20.3% 19.1% 16.9%

PA Type0 J9fil, H: CDTI R~FRI SX 18, B4 CDTI PRI K, 3 QE {4 RIS K5 /N 3 .
CDTI RFi#kK, QE(loss) K, Ui BT T Type0 1) 5 FUR Kk, 24 SX = ax/5 B, QE(increase) — QE(loss)
H AKX SX = ax/2.5 Fll SX = ax/10, 7] W ax/10 [ QE {H 5 &1, 24 SX = ax/2.5 i, CDTI 5524 0.8 um,
CDTI A1 CDTI a1 #1X 0.09 um, AJLLIEALJTE CDTI 5544911 2.6 um JEJEREZE, 1 SX = ax/10 i, CDTI
JRSFACN 0.2 um, TN TE CDTI M)/ 3 um EEREZE, 3 um X 2.6 um HE/EH) QE EHE &2 & 2.

Typel ) SX = ax/4 [ QE fH i, H 534k 4 MRS QE HMHAMIL. X 5 FRS ) CDTL RAE
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4 0.107 um~0.26 um, X b HARZE MR UZ ST BN, SREZ M B, BY QE(loss)E AR/, HEMNIX
ol L 1 X A TR 8 K T DAASCAR 7 (R 3 N SR ERE AT I B B &, B QE(increase){i K, I
QE {E#R % 5

Type3 Hl Typel FLEIAL, HZRUEEMMMEAILER, H 5 MRS QE (LUK T Typel, #HEMIH
QE(increase)fE Al Typel —FEt#E A, (HPE M CDTI X4 Typel B8 i, S 2 QE(loss)#X Typel &
Frign, B QE i BAKIR LT Typel. At Type & R ~FHI QE Bl L AT LA LA RGBT K ke,
ISR Type6 F1 Typed ] QE ) L-F—2, v WX} T Type6 iXFl CDTI #it454, H CDTI X2 i
e X QE 8 JL-F-¥% A 520 o

4.2.2.79 um R EH T CDTI &4
2.79 um 1% K " 0 CDTI 4544 QE (B B 45 B ansE 2 fios.

Table 2. The simulation results of QE value for CDTI structure of 2.79 um pixel
#F2.2.79 um R FRH T CDTI 4644 QE EHELR

wavelength\SX ax/2.5 ax/4 ax/5 ax/6 ax/10
850 nm 31.7% 37.2% 39.8% 38.1% 35.4%
TypeO
940 nm 22.8% 27.8% 28.4% 28.0% 26.6%
wavelength\SX ax/3 ax/4 ax/5 ax/6 ax/7
Tunel 850 nm 49.6% 51.4% 49.9% 46.3% 45.6%
e
P 940 nm 37.5% 39.6% 38.8% 35.8% 34.7%
wavelength\SX ax/1.5 ax/2 ax/2.5 ax/3 ax/4
850 nm 41.3% 40.9% 38.8% 38.2% 37.3%
Type2
940 nm 30.3% 29.3% 28.3% 27.3% 24.8%
wavelength\SX ax/5 ax/6 ax/7 ax/8 ax/9
3 850 nm 49.9% 52.1% 53.6% 51.8% 50.1%
Type
P 940 nm 37.7% 40.3% 41.3% 39.9% 38.6%
wavelength\SX ax/6 ax/7 ax/8 ax/9 ax/10
. 850 nm 30.4% 34.8% 37.9% 40.9% 40.1%
Type
P 940 nm 20.8% 24.3% 26.5% 29.1% 28.5%
wavelength\SX ax/2 ax/4 ax/5 ax/6 ax/7
850 nm 37.9% 43.2% 45.2% 44.3% 43.2%
Type5
P 940 nm 27.8% 32.4% 34.5% 33.5% 33.1%
wavelength\SX ax/6 ax/7 ax/8 ax/9 ax/10
s 850 nm 30.3% 34.6% 37.3% 40.8% 39.4%
Type
P 940 nm 20.4% 24.6% 26.0% 28.8% 29.8%
wavelength\cd ax/8 ax/9 ax/10 ax/11 ax/12
850 nm 36.4% 35.7% 33.9% 32.5% 30.8%
Type7
940 nm 25.4% 24.8% 23.9% 21.9% 20.6%
wavelength\cd ax/8 ax/9 ax/10 ax/11 ax/12
850 nm 37.8% 36.3% 34.6% 33.5% 31.9%
Type8
940 nm 26.5% 25.8% 24.7% 23.5% 20.9%
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SRR, 1E£2.79 um BFE T 9 M CDTI BIRZ5 3L 45 07 A5 R, 850 nm. 940 nm ASFHEXT
M5 QE KT CDTI B Type3. JUsF SX =ax/7, H 850 nm 3 K] QE 5% 53.6%, 940 nm J% K
1) QE 1A E] 41.3%, HARKE, SLE CDTI M CDTI 2 [ 1A #E SX = 2.79/7 = 0.4 um, CDTI [J/X~f cd =
(2.79 — 0.13 — 0.4*3)/6 = 0.243 um. 45 A L5 E T, 850 nm. 940 nm A GG R  F A% QE K E T CDTI
KT Type6. 5t SX = ax/6, H: 850 nm K ¥ QE 1¥ 30.3%, 940 nm %K1 QE 1% 20.4%, HAKNK I,
JER) CDTI B RSF SX =2.79/6 = 0.465 um, CDTI A CDTI 2 [A]f#[E]#E c¢d = (2.79 — 0.13 — 0.465*3)/4 = 0.2
um. A[OL, XFF2.79 um BFREHIC, IR RIHER R CDTI BIESMETT FIFE AT LK QE 2
Tl 1 f%,

X279 um B FHB T QE T EA R, HEIRKIEH 2 um (R E B ICEA —F: € L CDTI £5#4 T3
SR 51 QE $12 N QE(loss), CDTI 45 #3 infik )24 RO K FE 512 QE 4124 QE(increase),
QE(increase) — QE(loss) ME K, %454, R QE koK.

2.79 um Z R ICH Types R QE B 2 um (R R B I INL) 4%, FEZKN 2.79 um KA1
HEEEZ 35 um, 2 um BRBICEAN 3 um EEEEEMN T 0.5 um, Hf#N QE(increase) T
QE(loss)FEAANZE, HILES Type. %/~ QE ¥H .

2.79 um B R HILH Type. JU~HA] QE #aFAM 2 um (R KA, &K 2 P45 Hth 2 Typel
F1 Type3, XHAUNAET 2.79 um (1] Type3 EBEAL T Typel M 2 um FINJE Typel BELT Type3, {HHESLTE
WX T 2 um 2 2.79 um (R FE HLIG, Typel. 3 Z I8 QE {2 R EBA K, o LA H 45182, T 2 um.
2.79 um GERHIC, BRI PIRE LG50 35 7] DUBIR = (038 I NS ARt R R B 3 5, B g m
QE(increase)fH, 2 m#14& QEH.

5. &hig

AT 55 nm BSI-CIS T2, %1%} 2 um A1 2.79 um B ZE ¥ 0, EidXf 850 nm. 940 nm KA A
CDTI EIEMIKE) QE [ERHTTE, 33 7 % B 4Nl R i s i) CDTI B4 M. i, 76 2 um
BZE 50 9 F CDTI EIE 45, 850 nm. 940 nm A S Y6 B (1) 5 =1 QE K H T CDTI EIJE Typel R~
SX = ax/4, H: 850 nm P KM QE i5F] 47.7%, 940 nm P K] QE iA ] 35.6%; fE 2.79 um 155 B IC 9 Fif
CDTI BIJE45 K, 850 nm. 940 nm A% ¥ By QE K H T CDTI ElJE Type3. JR~F SX =ax/7, H
850 nm K QE i£F 53.6%, 940 nm JK ) QE ik F 41.3%. LIRSS IR T GE L0 A& R AR
2%, JBSI-CIS BRWITRHE T — & F M.

T AT 782 3 T4 45 R BT 007, 5 42T @ v HR KX CDTI L2 - & R ~F 5 QE {8 (1 52 i

BE—BIAE.

&E ik
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