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In some embodiments, a method for manufacturing forms a semiconductor device, such as a transistor.
A dielectric stack is formed on a semiconductor substrate. The stack comprises a plurality of dielectric layers
separated by one of a plurality of spacer layers. Each of the plurality of spacer layers is formed of a different
material than immediately neighboring layers of the plurality of dielectric layers. A vertically-extending
hole is formed through the plurality of dielectric layers and the plurality of spacer layers. The hole is filled
by performing an epitaxial deposition, with the material filling the hole forming a wire. The wire is doped
and three of the dielectric layers are sequentially removed and replaced with conductive material, thereby
forming upper and lower contacts to the wire and a gate between the upper and lower contacts. The wire

may function as a channel region for a transistor.
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In some embodiments, a method for manufacturing forms a semiconductor
“device, such as a transistor. A dielectric stack is formed on a semiconductor

substrate. The stack comprises a plurality of dielectric layers separated by one
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of a plurality of spacer layers. Each of the plurality of spacer layers is formed
of a different material than immediately neighboring layers of the plurality of

dielectric layers. A vertically-extending hole is formed through the plurality of

:ii: dielectric layers and the plurality of spacer layers. The hole is filled by

i1+ performing an epitaxial deposition, with the material filling the hole forming a

wire. The wire is doped and three of the dielectric layers are sequentially
removed and replaced with conductive material, thereby forming upper and
lower contacts to the wire and a gate between the upper and lower contacts.

The wire may function as a channel region for a transistor.
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of a plurality of spacer layers. Each of the plurality of spacer layers is formed
of a different material than immediately neighboring layers of the plurality of

dielectric layers. A vertically-extending hole is formed through the plurality of

:ii: dielectric layers and the plurality of spacer layers. The hole is filled by

i1+ performing an epitaxial deposition, with the material filling the hole forming a

wire. The wire is doped and three of the dielectric layers are sequentially
removed and replaced with conductive material, thereby forming upper and
lower contacts to the wire and a gate between the upper and lower contacts.

The wire may function as a channel region for a transistor.

[RzHE]
[AxEERERE]: B 24 -
[ARFEFFHREER]:
100 : EJE
110 : g3l k&
130 ~ 150 : W EJE
122 : NNEHS
140 ~ 160 ~ 190 : @ /&
200 @ Zk A gh ook &
220 : i
220a ~ 2202’ : FTEAT
220b ~ 220b° : | 3#f;
220c’ : JERAL
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B B BT ZE (R - AEF B EME R G > B 290 A LIER > Bl E
fR 290 TIREfH - EEMBEHIIGEEN LRE DI EMERE

53938pifl 21



1609491

BEE 103132556 SR ERBAEEEREIE R EERARI4E1 B 21 H
A EENE  BEFARECCHE —EUSREE FEE HEE

FREBAOFMBANDE - flal > BEEHSR31IC ABEIHAR
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(chelating compound) ff] ¥& i £ #8 B 52 CO.(88 B (9 (& 4 B %5
+60°C ~ 3 150 B - R EREBEARE ETE£8E - 55
CEHRLEYLERBEREER CO.F - PCT A WO
03/053895 - A. Cabanas % A fEM EHLEHTIE 15(15)(2003)
2910-2916 H ~ E. Kondoh & A TEEF TREE TS 64(1-4)(2002)
Ry 495-499 H - B2 J. M. Blackburn % A £ ] 2 H T &
@ 294(5540)(2001)59 141-145 HWEE B REE A CO, hyiRE /6
| -
(0059 T LLBR R 2 » YLARA 38T 1 8 T LA F A 1 A 2
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REYVEASEAREMBENRZIE BEK - B
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BT - EEME MR - BEEAEFAL(in situ) REG BB P&
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HEESBENRMRBRBOBEAEY - RE > BEODRERIRR
BECEFER) HMOSRARERBHENRIMR - RIRAEMH
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SR ERY - EEREEPEEET RARESEHENEERE
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I
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53938pifl 25



1609491

58 103132556 SR A ERBA S MEREIEE EIEEH8:1044£1 H 21 H
BMMES  HEeHESBE AWMHER » BE TIN - TaN » NbN £

WN- REMNES - EEEEHAF - LEEE 320 AT LLER
ALD iR - BB 320 B g 220 9 _E B34 220b B 220b° i
o MHEFEEAEBN EREWET YR ELMERNEM®E
%)
[0066] [ 25 BB 24 MBI REIEE - EFTR - K8k
Z e 1FJE 200 3Bk E BT 702 §— BT A DA S EEs T
@ GEELAE-EH2SERSESEEHPERTIFNMLERYE—(E
i mRIBIF - EEEME 320 - NEMBE 250 - B 290 Ry ]
DEEFEERABE ENMFBEMSREE > UEREHEEBELERE
B - MBI EELFRE L FEBEY 320 TUEER > W F
BT 250 HEEEM 290 AIDIE R A - AILIEEHNE  EBFR
HoZEEN > HUFMAEMER RENE X EENIHER
- RERBTHEEAEEZZRBLUERSERTY K - #BE 3200 T
@ FBE 250 M 290 IR S NEHEMBEREEES - b IHE
RAE  ELRELWELHHWMBLIMNEAEYN B4
UERWERN RENE  EEREBERSMOELIURSEEN
AR HEGHEEREERFIAMERNEEREAE S HE
HMFEPINEEERMECRE ) - B WTUEBKNZE > B 24
Bl 25 R A BHXFN G EPRNEEERE S EE -
[0067] TTDIEEFRME > WIUE X HBENHEMSEB - Al
A o A DA A BT AR S E S A 22 240 ~ 270 ~ R/

53938pifl 28



1609491

B 103132556 B EREAEMEIREER EEHER:1044E 1 H 21 H
B 310 - AESLEEE AT > AW T UHEM M B FRE - B

LU IR - AR E R BT REREA
FIANE A ~ ARHE AR A - R/ERMER ST > AR A AHE
HIAE SR E R IR A SR ZE [ - fl4n - Z2Rd 270 W LIEJR Fa iR
T B RE A 290 T Z2f 240 B2 310 B DL 41 A9 EE MK TR HE DAY Ak
TEME 250 B E BT 320 - 440 HAREBE A S YA LU
ALD VT TiN > BEEASBRAYTEY (B2 TiCl)REAATE
(e NHy)- PR A& R ER (G 2ES B UIEN ALD RJE
W), B AL & (B2 WFe) LR R B (B 2 i 5 (borane) » BIAT—
T4z BoHe) o FEFLE BRI h - SR EF 250 B2 320 A DAER{L [ & &
B4 B O TR SRR (L T B AR A 290 RYUFRED Y K - B0 - W LA
PSR DU R FE Y ALD JIERY B8 %5 250 & 320 -

[0068] pt4f > FEREEHEEIF - KHEE 120 B 170 BYA[FH

b

MADNTENBEBEUFRE SRR NEE 120 8 13001
EELRE B B 120 D RER BN ERE 130 BERED
NERE 170 U RERBHENNE/G 180 - fl0 > AIENERE 120
LR GEERLEEA  EERTHWHAOSREHRU—EEE
R EBEEA - R BETLEEBENES - AERZERKRE
ZHRRENNERLEENL  2ERHUS-—EHEHENBER
HMEINEE 120 AUEMIRA - A%k HAEMENNBEZHEN
B SR EE N LM IR - BE 0 ERER - AMEE 170 JLUEL
DRERBERHE ERLHEMEBEAT  SRBHENNERE 130

\\

53938pifl 29



1609491

R 103132556 BB MBIRIEE R EERME1044E 1 A 21 B
B2 180 A] DLE M DAY s AH U B FE SR BT F RV E S -

[0060) B HEGIE - /B 120 B/ 170 i DL RBE » |
ANERABAEKRBREER 220 Zig 220 AfATENERKBHE -
ERNIERGBHETDESRE 220 NEBHARBEENEDFE
BERHER > HTIRELUEEERY RN ERBNEEIIEN
] FE I
[0070] AR LEFHEH > Eig 220 IR ERBRENERE
® (TFET) - FFE2EE 10 DAEMNZEENBHE NE FIA 0 W
JELATHEIFEZI B B85 N E0AL 220a ~ 220a" BE B ESfL 2200 -
2200" - BIAN » FESAL 2208 82 2202 WL, P ALIBEERE - i L 18
fi 220b & 220b° AJLA N BIBEHBH - EEBHE T F#E HHEEMEL
—EBREEANBHENER 120 130 AU R —ERBEEIBHENE
J& 170 ~ 180 ZRZE R » A1 » AN AT Ay - RISAIT# A M K >
_ RBEB AR 220 | - EREEMEHEIF > EiE 220 Z2LIAT
@ ENBERIVIEREE-
[0071] F#EEZIRE 10> EXEEHKE S - B TFET LI
; HERESEEE NRABHE SR TFET B R - FE4I 220a
g1 220" A LURRIAMERE > 7 LESAL 220b £ 2200 ALUER
FABHE > BREBIAER 220 S LEMETEHMTLUER
EIHYBRE - B0 - TESAL 220a B2 220a" AJ LIS FIiB%E N BlE
B P EIBE > 1 LEAL 2200 B 220b° W LIS BB D P BlBE

BN BUBE - 020t Fraft - 2 5 7] LA (5] K R /B A T IR 58 oK

\

WOtk

53938pifl 30



1609491

B2 103132556 SR aGRIAEEEIMETEE BIEEE104E1 521 H
[0072) FEF e E AT B aE R A TFET R E 4R 220 AJ LIE &

2 RE SR N PR - fia > T 220a > 220"
aRf 220c ~ 220 LR o 1 L EA 2200 B 22067 E L)
FEETH AR - AR S B A P - W RIER A AT DUR N BB R 1B 5
T 8% 40 8000 FT DU P BUIR 4 - BRI AEE I B VS TR B2 -
A M E RS NER TFET A/ DI EE 220 M E BT HE
Ry EasiE A o I - (ERBE MR TFET ZHE+ > £ 8§
220 TS P BUBEIOSEA DR N AU g B R 18 4 10 B
fy s TE MBS 220 LA S N BB LRE S DK P&
e LR IR HE RO TSR0 - |
[0073]. B DL MR A2 - TFET WY VE R /7 iR 452 ) 9 B A A m] DL 8¢
24030 R BT E BL » DU R R AT 250 B2 320 LA R A 290 -

[0074) FTLLEEMEEYE - MM 290 DUK B2 250 B2 320 A DL
MR FERR - BRIE » eh%hRE 110 ERFEE 140~ 160 ~ 190
{57 38 3 B e 7 LA T R A AR - B AR AR o B
i 290 ] DL7E TR R B B B 250 52 320 R -

[0075] gL HRBREBEAUEFSRBEARHN@ERN - ¥ L
STt B BYA2 B S RIS FE IO BN~ S ELEAN - 3R B 00 R B A
MEBETUMEEASRTES  EMEEABHNEER -
5 5 1 51 ) 45 PR O A L MBS T DA M B P 2 — S S BRI
£, BT S8 e R0 7 A0 O 9 E S 0 9 0 N O W S R 98 T R

EREEA -

" 53938pifl 31



1609491

55 103132556 5 A HFEIEEERREITEAR EIERE:104F 1 B 21 H
[ RraREREA ]
[0076])

10 : M EEHFAEFE

100 : HJE

110 : ghzl o 1k &
120 ~ 130 ~ 150 ~ 170 ~ 180 : /&

122 : - EBEHS

¢ 140 ~ 160 ~ 190 : /&
200 : K ERAH IEJE
210 ~ 230 ~ 260 ~ 300 : B
220 * EHifg
220a ~ 220a’ : | ERAL
220b ~ 220b° : | ERAT

‘ 220c ~ 220¢° © HREfY

232~ 262 : EE

240 ~ 270 ~ 310 : Z=Fj
250 ~ 320 : BT
250a ~ 290a : ZEfHER
280 TEFE

290 * [ 1R

702 BT

53938pifl 32



1609491

| 1062 088 290 {EEEﬁEj

2017-08-29

EEnEI —r%u &
1. —ERUSEET TS B
B RCE &R - B ‘ -
RYEBERE LEREERE Jﬁﬁ CHED JE RS

E—NERE

LAl — N EE ENE—HIEE

| LAl sE —ERE ENE =" EE

5% <& F 8 i 2+ B e T BR % EE ERE R EYOR

DL EEE SR E AT IUR

EEEBEREDVMOFAE —NEE - U EAERT IR
—MRERIE T R mAySE —E AZER

DLV TR Pl 55 — 3 A Z ]

EEMEMERE DM AE_NEE - P EAERTILER @
“HRERE T TEMNE S EARER S DK |

DLERS I pral 58 — 3 A VZE R -
2. WHFEBEFGES | ERR A UEEE T TN E

m

AL
 BEEBREVESFRESNERE UERESEARE
T A

PlERTEA e =EANEH -

53938pif3_# &4 1
163132556 R AQ202 1062272 564~0



1609491

1064 085 290 EEEHBE

2017-08-29

3. MHGFEMNEES 2 B AHDHEEFTHEN L
HAERE
ELEBREME M ARNEM A/ > DA BIE S s

=8 A K B -
4. 6H AR 3 TR LB B T T AR
o 8 3 5 T 455 — ) 2R B AL o L
B AR 5 £ A 52 T M A A L
® S. S0 BRI 4 LA L ALE T T 5 P A0
505 T A5 = 1 0 B 0 LR o L
BB A A4 5 4 A S22 M 0 B L
6. 405 B BRI 2 AL AL T T A T
o 75T AL S5 — A S 2 T AR T ST AL 56 — A 5% 2
BT S AR B A R - LR
B R34 - |
PY ARG | R B E T 0T
Hp A ERZE 15 nm B E/D -
S, 0% SHARESE | TATALA A BT T80 7% -
S 0 45 15 LI 42 0 75 LT ML 2 G B LR A A

e

9. —HEF LB T SR - Al

TR S AL

| RRFLERBNENE - FLENE SRR
53938pif3_f #]4 2

108132556 FHEEE AD202 1063272564-0



1609491

1065 088 290 ﬁiEﬁiﬁﬁ'T -

2017-08-29

o B P i T S B R R IR R 0 L EE
R — AR
UE— MBS —EARZEINE MR
DS M RAT S AR MR
o T S M R L ¢
B = A R ZE R PR ES A 7 2 R
M — BB T — S R
DS T M TG B AR ZE R MR @
EREALE - EAREE A DS N EEY
B = 1 A R ZE R -
K FiE - ERNN EERENFLE N E/E
CEE
10, WEFHFGES 0 BHFLNAUREBEET TG
% o B DT LSS — 1B B T AL S — 3 A 22 R A 4 DA
55— 1 B P A — B A 22 I 1 2B K R BE A - .
1. —EANEEE TN B
TR e E
WL E R BEEE > LB S ERRE
T B B B R R IR AR L
R — AR
U — BB T ”—@AﬁW%M% 19;3
PSS — BB A IS — B AR ZE R

&

HY 9

i

53938pif3_#& E|4% . 3
F B 20202 10632725640

103132556



1609491

1065 058 290 EFEEE

2017-08-29

R E B RS - BT
T pce A SR R 0 BT A R 2 P
g — BT AT — R B AR MR
Pl SRS I ARER S MR
o Bl 7 it B B 6 5 — R R S > B
A= ARZER DR
DS S MBS A T A = A S 22

o 12, MEEEHAMEEE 11 FEHREH S E T TR T
B HPFTME M LS SENALE S SR aEEE

SIE -
13. MIERHEAFEES 12 BRI RS E T

o HP S — RS - FTILEE TN B R = M IR AR
SBRMLY -

53938pif3 & &4 4
103132556 : FEGY A0202 1063272564-0



	BIBLIOGRAPHY
	DESCRIPTION
	DRAWINGS
	CLAIMS

