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(54) Title: SEMICONDUCTOR STRUCTURE AND MANUFACTURING METHOD THEREOF
G4) REEHR T Sl RIHIE 7775

Provide a first semiconductor substrate, which has a crystal
plane {100}, and a crystal orientation [110]

Provide a second semiconductor substrate, which has a

crystal plane {100}, and a crystal orientation [110]

Rotate the second semiconductor substrate by 45° relative to

the first semiconductor substrate for bonding

Selectively perform non-crystallization processing on part of

the first semiconductor substrate and part of the second
semiconductor substrate below the first semiconductor substrate
Perform selective solid phase epitaxy on non-crystallization areas
in the first semiconductor substrate and the second semiconductor
substrate, to form an epitaxial layer, the epitaxial layer having a
crystal orientation the same as that of the second semiconductor
substrate

Form at least two semiconductor fins parallel to each other on the
epitaxial layer and the first semi i

(57) Abstract: The present invention provides a semiconductor structure, comprising a semiconductor substrate and at least two
semiconductor fins located above the semiconductor substrate. Directions of the at least two semiconductor fins are parallel to each
other; and crystal planes of parallel sides of the at least two semiconductor fins are different from each other. The present invention
further provides a method for manufacturing the foregoing semiconductor structure. Technical solutions provided in the present in-
vention have the following advantages: by changing the crystal orientation of part of the substrate, two semiconductor fins have dif-
ferent side crystal planes can be formed in parallel on a surface of the substrate,; the side crystal planes of the two semiconductor fins
are respectively {100} and {110}, which are respectively used for forming an NMOS device and a PMOS device, thereby facilitating
improvement of whole performances of a CMOS circuit; the two semiconductor fins are parallel in the structure, so reduction of
photolithography difficulty is facilitated, and wafer area waste is avoided.
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[0001] AFiFERK T2012A8A3B R 4. ¥iF55 4201210276441.5. £ A
ZARA —Fb F PR B LB & 5 E P B AR F R AR, LA
AECECEAN =R o

FHLARAR IR,
[0002] A& B R 48 R e FFHREMALFE Tk, BARRF AN T
FinFET #9548 i B 34l 7 ik,

"biiﬁuﬁ
[0003] 4x % FinFET ( 8% X %= 5 shRE ) 695 A HiE T LR MAT RIS RIE
10695585, Z 5T RAMARAR EAAR, AT RenihE . AR AT, Hd
RAE I & {110} shdEmeg[110]h & 8, PMOS 892 REHBER 5, ™ %
on AR A 18 77 6 7 {100} aa@éﬁ[nohmﬂf NMOS #% -T2 F R G (4o
B 1 A7), Bk, A TS CMOS £ 458, A AR LS PMOS F2 NMOS
@%HJ‘F%W* MR EVE £ & Sh & A {110} 4= {100} 49 FF1KEE R/ b, £
Ay TR EAH®@{100}, SHE[L10]694T RA A R EA B, 7k A 54T
)&[110]%@7' | bR T R 5 —FF - FARES 1, AT R [100] 64 6 2 4R T 3R =7 F
FREE N, AL A GRS R e S AT REE R A £ A IR AR T AR,
PMOS #2 NMOS 4. B 2a 74 T £ 4k FInFET 44758, B 2b &
B —f& 7 ik, R %45 FINFET 697 35 s P& 20985 1 i b &) 45 447
[0004] XAt X 694k 5 JEFIHE: PMOS #= NMOS B4F6984 | 54 R-F47.
AP TR EWE AR, LFERFTEZ LM E @R, REWE R
A,
[0005] B, & stk kb 4Tt

RANE
[0006] A& A 69 B &9 2 3R —Fr Bt 69 F 51K 85 7 e R4 5k, A
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F RN R K, VAR S E B AR,

[0007] A& BARAE T —FF F 1M, @36 FFHATERFE T FFRATE L
FUE Y AANFFIREE R, L

[0008] ATk & ) B /A~FF4KE85 1 095 AR R AT, DA

[0009] Fiik £ BASF-F4REE K AR Z-F-AT 69 M & 44 5 &1 2 AR ) .

[0010] A& BATRAL T —FFF FARE MGG H2E ik, L F @it T F 3%
[0011] &AL —F AR, HEAF—db@IARAEATAE —an @ LT E

H
"‘HEJ@;
[0012] #ALSE —F FihAtk, EAA S @A R AR S —hd Ee 5
-
-——aEJ\éJ;

[0013] & A ik & =5 RA4t kAR F Ak & — 35 R A4t ko ds, RAFATE S
—dhE 5 TR F =& AR TUE A A

[0014] 5 Frik 2 —F - FARAT R G AT ik 5 = F FRAT R IATHE S

[0015] 4% 4 Mo 3t By 3R 6 P ik 5 — F AT & Ao 3L F 7 8 5 = F 44T
JE AT A dh b 2

[0016] % Ff & % — 5K AT & Fo AT A 5 —F 54T & F 4F dh b KRt ATi4
FHEAAINE, BRI &, Prid s g BB 5 ATk 5 —F AT RAR R 49
o4 18] ;

[0017] 4 %) £ Tk 91 3E B ofw BT ik 3 — F FARAT R BT AR L -FATE9 20 &
AFFAREE R

[0018] 5ILA FAAAL, KA AL BRI B AR 7 LA 4o T A

[0019] i@ iL B K ERHAT R A dh &), T AEATR AT LT R-FAT60, B RE
& ab & 64 P FF SR8k R BTk AT F k88 1 M & 5h & 4B A {100} Fe
{110}, 2314 A F 7 SmNMOSAPMOS £ 45, H 4] F 48 5 CMOS & 34 2k 4
48, T AR SRR s R CRATEY, AT R, AR S
AR .

B & LA
[0020] 38 3 5735 A PB4 T I ) AT AR 6 & 3F PR b4 5256 0) PR AR 69 % mdhik, K
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KL CHAIE,. B eI SR RFER R, WA 48R KABMLE I B 47

TEARFEAE F) ARG 304

[0021] B 177 4 £ R F) dh @) 69 SiAt R B, BOAT R BEAEH TR 6935 220K
VRS R AR

[0022] B 2afe2b P 7 4 TA #]3& 3R 69 K AL FinFets M) & B o dh B L 49

FinFetdh &) 445+ & B;

[0023] B34 AL B Tr ik P ik 09 F R LS Ayl ag 7 sk AAE ), AR

[0024] B4 ~ B 104 ARE R L PG F5 k& F FHREMGEN MR TF
A.

FAR KT X

[0025] T @3 Ak KK BR 64 SE5645), PTid Eapl0~HERBE Y74, T
iy 18 S A W R B3R 6 SE A 2 ey, AR FRRBEARL R, T AR
Hy AF AL G TR

[0026] T X 49T #AET 5 % KR E) 69 F 46 P T A Rk FILAL R E
gEM. AT RACKRL NG NTT, T P 545 24T 69 30 ik B S ATHAE

HK, AU =4, JFEB 69 RETIRRBIARLH, i, RAPTAL
REBITFT R ELILSFTHFA/RFE. SN TIRAT ffeid £eh8 69, 5L
ARG R T ATt SAF B Fo/RR B K &, s, REFARET &
FP4E T8 T e e )T, A2 RAUREBARA L T VA FIRE] Al T2 64 +T
BL ) P e/ R A A 04 R, LR E R, AW E P AT A R 8GR R — e
Bl2ah) . KA A% T ST Fo bl i Fo kb BERR B L7 69 5434 VA8 5, TR 5o 23
MR AL A

[0027] A& A &9 F - FAREMIES L FTCMOS B w34, 3+ 28 itz
H: BRIEEE —F & B RE a6 69 F AT RAES, RS F 5
REEMY, FRFVR B F I AR LM 693 R B b, X T BAas)
&, WREAEZ VW@ e FFIREMET; RE, EATEEATREHE
69 IR A R BT AR AT GG 5K 8E )7 eE My, P 54K 8% i g5 A )
& A AR A dh &, BT AT T R R R R A B4, A TR G Bk
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4.

[0028] A& 84 £ 24T

[0029] 324 T —Fr M Fuhlid 77 ik, E B —ATRE @ REA RN & & &
G- FAIREE R &M, TRAURSCMOSE R, HATEFFHRE R LMD
AFAT. PATEFFIREE R AR AT RNE S 2 T LR, BT
WA RE, RemBaBRA R R, BN ALK, PTG EMTAR
FTFHEAR, TR, 8L 5N ALK BIA.

[0030] P73k -F4T6985 kK 454 69 Midn B R 69 dh i, BbT A T R TRE £
BB, B8 7 e E - PAT T EF0RE T &, L8 h e Nd e & @
A{110} 0y, EFHRPMOSEM; 88 R 5H 69 M@ 69 oh @ 4 {100} B, &
THANMOS S, R RE FF44K8E I MMl mdhdy, SBFEEEHFE
B, AR ARGy BARTERE.

[0031] B3 T AL EG—AKep ey mzl, BT

[0032] & &, £HFS10142S102F , Ak H —F FHRAT RS = F TR K
FAREA {100} dh &7, 2 AT H —F FARAT R A0 F ZFFRAT R 0 A AT
[110]5#, ATik[110]dh @47 TR & —Fef —F SRtk e k@, 2B,
EFHSI103, K F = F FARATRARS T 5 —F FRAT R AEGE45° T ENE
B #[110]sh & R4S kA, REKE —FFHhAtRFfF —F FRA Rt L
o RE, ETHSI04, It B E —FFHRATRA LT 7 o5
¥ FAATRAT I S22, BB, ETESI055 F —F ST R A =
FGARATR T 3 AL R SR AATIR IS B ARSNIE, S8 B BA B & = F 5 R4t
EAAR) 6 dh 81, G, T HSI06, 4B AR INE B Fa ik 8 —F F4kAT
LT BAR B AT 2 AAFF4KEE R, P EPTiR SN E B T R —F
FAREE R M 49 g & I A A {1103 3R {100}, & T AESNEE EegEAFhéAn
st F AL B —F - ARAT R AR B a6 S R4S kA, Bk B ERTES —FF
AT R LT R BT ik 3 — AR EE 7 AR-FAT 69 5 —FAREE f B, BTid A =
F S REE K ey 64 h @ xt B A {1003 R {110}, L F FIKEE K ehmid & & b
(100} BF, 451Z F SR 88 K H11E ANMOS B4, % F K88 K eyl & 5h @
{110} 8%, iz ¥R F HIE APMOSE4F, TR SEATHESE, R
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S ey tge . ML AR — &\ L AR AT BB KR 49 5k a9 F
REE R T AR T LR, S AR SATR GG AR F

[0033] T, %4 E4-FE 1055 AL 69 —A Faep]of 4] AR HATHE,
[0034] & &, dwE4APT=, REF —FFHRATIR200. EARHLLG A, &
TAAEF LR FFIR, TEE —F A R—BRARY, AT RyRaTk
o 1) 7 B AR A B v R EA201, AYREAZRT AGASOE R, 100E K. 200
ZR. 3002 K. 4508 RF. FFEF —FFHRATRTARIFEZE, AM400
AR B1000 K R F . ATk & —F FRATRAMIL A (100} db &0 . A EZ 20148
H[110]48 7.

[0035] FA/5, A T RAFEHE 6 E —F T4 &, TA@E$4RESMARTCUT
IEHF, EPTR S —F FIRATR30069 — M & EEAH; EAF EA£10° ~
2107218, EANEEAL~2um, FREEGRL, FRENEERKERTFTR
BERRFFREREMITEZNZHE. REABLEE T L HATH B R
1~2um/F 49 & —FF R4t &.

[0036] &4, JwESH 7, RS ZFFIKATR300. HLAEEL S Pt 5 —
F S ARAT RAR R AR, 235 224 b TR, FTR B = F AT R — AR B
5, KT R oAt A dh & m IR 6 v oA 301, ATR AR E FEH S0
Zk. 100K, 2005 K. 300 K. 450 K5, TS —F FRATE T A
RATREF ., MA00H KB 10004K 5, ATk & = F §RAT IR AL 4 {100}
fhid . ATEMA30MEE[110]5E ., EF RS —F SRR T LGS
Brik 8 — ¥ ARG R+ Fadh @48 F .

[0037] R/E, dBE 6T, ATk E —FF AT R EAI01485F BT ik 5 —F
FARAT RS EA201524545° A TR B —FFARATRGEAHE — MK @ 5
ik 5 —F F AT R G — MA@ ATA34E S, TS T2 RALTY
B PPk FSRATR A @ AT, Fvk, ARFENL (OH BARRF BT
) AR ERBEMT, FAEFFHRATRE TS L,

[0038] Fi)E, dET7AT, e mutiTi& K, 1B KIE/ZH400C~6007C,
ik A500°C, B K BFIE30min~120min, KB XK B 694 FEFEAATE G
HE 5ATRLEMF B .
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[0039] % /5, sT4EAsmatiTd — ki K, A@#L, RE, BXEEN
1000°C, &K A A430min~8hr. 3tk iB K B 89/ F3875% 5 —F F4RA & Fo
B FFHATR A AR, iR R @M, REE, AR
ZFFHRATR 69 B —F FARAT R GG F] B IR0 B AL R T AR F 5
IREE R0 B B, RAT RITE B TREN S —FF AT RS —F 5K
AR A LA tE A

[0040] =45, JwE8FT=, EFTESE —FFHATRGEDT R A ZNEIRE
210, #ATHFIEN, FRTESF —FFHRAT &I 2 = FFRAT R AR ab L0
R 38220, FTR# I BRI KA B2 ie R, BARTT LA R 4%
AR 2 T BT X2 P (e-beam lithography ) =X Hfe a3 69 7 ik
TR TR A AL, TR B TFIiEAMB 69T RAEANFFARR
B, EABETHLERAGe, EAFZLEL10%/cm® ~ 11107/cm®, EAME
H400keV, BT ENEEERTAEE —FFHRATRZE, vAKHR5H=F
FARAT R X 3 AE ah AL,

[0041] B /5, *BEOFT-T, HRATEEIRE, JATid 4k dh b R R 451 E AR
g3t B PTIA B ARSI IE LY, AT A dh L R AR AR S, R AL
K% —_FFhAatRAMF LA @A dh @ 454 ({100} dh &, [110]4h7)
4991 2E E200.

[0042] K5, 4B 10afe 10bFT T, R FH—F 5Kt k2005 5 —FF 1k &
H300454. Bh, ELMEBTRERBIKE, 26, RARKBIEXT
Ak, WM A0S RO0° FE), RARAL-FATE TR F —F AR
R Andh —F-GARGE R eE A PR B —F FR0E K s @ B @ o F —F SR
AVRSTEA G RE, H{110}; AR E FFhRE R LEMNEHHE G HE =
F - ARAT RS R4S A ShE ke, A {100}, Eib, LHRARFS
PREEM],

[0043] & /5, &5 —FF4KEE I Fof —FGIKEE N KT AR &, &
TP RARABAI B £ TS AR, SR VA 3 — AR 8% | o — 51K 88 1
25 M) F B 55 T PMOSFNMOS 44 . AT A AR & /F B £ Inm-15nm,
BT A SKRAKKA A, PR AR B Z ££20-90nm, #HH+T i% # Poly-Si .
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Ti . Co. Ni. Al. W. &4, & By,

[0044] T &, STARIE AL I 69 F ARG M BATRE A

[0045] AL A RAE—FF F IR M, O3EFFHRATRF L T FFHRAT R
BEVAANFFIRE R, b TR E DV AAFEFIREE K 095 @4 24T,
VAR L 2V WA FFAR 88 | A8 BT 4T 69 M & 69 5 &) 2 T A8 F) .

[0046] FTid F-FIRAT R GG FE L A A2 R4, FHEA B ENFRE.
I i - G- AT SR A b @ LIRS {100} §h &y, BB AN -S4k EE A A8 B 4744
A 64 &b @ 45 4 {100} F= {110} &b &) .

[0047] ATt FFHATR B4 HE —F SRR LT F 605 = FFHRATRU A
BT ik 8 —FFRAT RGN A B, BTiR 2 AR | o5 b ik 8 —F
AT R Fe BT i B —F AT R AN IE BT AR, TR B —Fe B —FFIRAT R
Z AR EAE S —A, FFEEE G69[110] @R m45° XA, PRy
a0 8 4 {100} F= {110} & 0 49 F 7178282 | 53] A T 7 RNMOSFPMOS 2 1+ .

[0048] ARAE AL G 5 — 75 &, H RF R LEM A @ EA = RE) dh @ 69 ¥
PR EEH) 6 SEAED)

[0049] &2, RAEE—. BB E ZFFRATR., AL YA, 5T
AR FRRFFH, RS — F ZUBE ZFFHRATR—RRZRE,
T Rt ah @) dmFlAE e s 0 RaF 34, ATRABFAGAS0Z K. 100
ZAR. 200K, 300E K. 4502 RKRF, ATEE—. HZURE ZFFHAT
JETFT VA RAFERE, MA0040K B 10008 5, TS —. B ARF =
F S RAT R ARE {100} dh Fy . TR AARE[110]4h .

[0050] /&, HRIESMARTCUTL 485, EFTiE S —F FHAT R —MA
@EAH; EAFTALI0C ~2:10"2 08, EAFELL ~2um, FREFHA,
P iE NIR AR KT RE M RAF1K 8 h 5 PTE 2093 /E

[0051] RJ5, HATik 5 —F FRAT RS E AARS BT 5 —FFRAT R A
REEASC . HFATE R —FFHRATRGEAHS — MA@ 5 ik B —F F R4
JR M A @ AT A4S, T4 T ERA e T H B 3t ATd FF4RAT
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RA@UATIOR, Fik, ARE (OH BWRRF B FHR) 43, ATEE
T, BET iR FARAT R A @ A E—AL,

[0052] Fi)E, it a4 B4R K, 1B KB E H400C~6007C, 5% 4500C,
iR K B 8 30min~120min. $tK iR K B &9 & TAEFEAAT R HE 54T R EH
F B

[0053] /5, sT4EAssmatiTsd — kiR K, A@#t, R#E, BXEEHN
1000°C, &K BF18] 4 30min~8hr. ki K B 694 T8 5% % —F 54T R A=
HZFFARATR A 0946 5R 5. il ATk R Emdek, BARITE 20 E —FF
PRAT J&Fr 5 - RAT R A LA A

[0054] 25, & =ZFFHRATRELNELE, FFEN, 4. BRKUARF
B L, i F—FFRAT R Fe 5 = FARAT IR 69 40645 A 3 mh b 38 e 7
B ZHFRAT R M, FRIEFTY, ARSI, TR ZFFRma
T F —F AT RAEEE30° A B &M L6 % =A%
KT FFHEER HA.

[0055] 454, EATEE ZF ARG R@T R EZERE, #THTIE
N, B RIBAEF T & = FFHRAT R A 5 — F R AT IR R IR 3R dh
o, VAR R RIBARAF TR 5 ZF FIRAT IR, 5 —F A RA R 5 5
ZF FRATER R BAE dh . AR IR B R R BRI AR A AN, AR
DAER AR AFRRH e k2 L7, B-FRZFP (e-beam lithography ) =X £
R B~E 6 77 R TS R FARF AL, Tk & FiEAG B 694& T 3F L AT iEN
b9 F AR R IR, EAKETHIERFAGe, EAFZEE110%/cm® ~ 1-10/cm?,
ENBEE HA00keV, BFENREE K TS —FFHRATREE, AR
o5 —F FARAT R R IR IE dh L.

[0056] F-/5, HMRATEIGIEE, STk 3F stk KR EARsl L, @i pr
R EAIE LE, AR AR SR IR A B LE B, RSN BLE M), AT
H I B AR RIBEA 5 5 —F-FARATRAR B KR 69 dh @ Ao dh &) 254
(C{100} S d@m. [110]847 ), Rk st B M3 RIREA & & —F Fk4T
RARE) KA 4y Sh @ Aol @ 25449 ({100} db &, [100]4H @ ).

[0057] RE, BmE—. F_URE=ZFFIRE R M. B, EEHMET
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T RSB ib I B X5, SRR ER R TR 24k, W EMATAEL0 RK0°
T, BRAALPATEIESE —. & ARG ZFFIREL S sy, PR
+%% K EMME @ B —FFRAT R S kT, A {110Y; AT
ZFFAREE | A& & @ o B = RAT R R Lk 45450 A dh )
&&,ﬁmm;%u ZFFAREE MM o & & B = FARAT R AT A
HAREE30C AAEIRE, A {210}, Eb, LW RATREFFIREM,
[0058] ARA4E AL W 69 F F G MBI % 7k, BB EHR9ATIEA S5,
TTALEATREE LT R ATE, B R BN 5 & 6 AT ke R TR
B A SR 88 B @ dh & 45 A {1003 4= {110}, 4314 F B ANMOSF=
PMOS &4, A AT HCMOSHIEIRM AL, & TR F 5K R LM 2
T A6, FITF R RRMEE, AR S o B &R T, BIRIUT4EM A A,
RELE@RA AR, FRASKIZT P, BATE R M T A THR,
S AN RN &
[0059] & &% T 74| Zp] R ALkE CEEmBLE, B REBARKSE AL
BF) G HE AP o BT AR A B SR PR 0GR P TE B 69 1F UL T, 7T VAR 3X 28 52 36 45] AT
SFEA, B AS B, T AT, KRBTSR ARAR L KR
fRERIFAL AR TTEANGR N, TLFEGRFTAERA,
[0060] st.ol, A K B8R 64 5L A ST B R B P T 9L 8R4 P 43k 69 4 & 52560189 T
T ML Bl MR TR, FERATER., ARLAGATAS, 4
K KA G BPEARA KR 53R, 3T 8w LA ERE B PRI A
e T Ay FlEL HAR. TR TERTE, EFentiTs kR
KB RGIE 69 5F B 523645 RARAR ) 69 3 e R RAF KRR 69 45 R, ARBER A
BT AR E AN BEAT AR . B b, KA BT AAZR G EFXE LY, b,
B, BRER. FER. FEXTROAELRPTCEA.
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