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Described is an apparatus forming complementary tunneling field effect transistors (TFETs) using oxide
and/or organic semiconductor material. One type of TFET comprises: a substrate; a doped first region,
formed above the substrate, having p-type material selected from a group consisting of Group III-V, IV-IV,
and IV of a periodic table; a doped second region, formed above the substrate, having transparent oxide n-
type semiconductor material; and a gate stack coupled to the doped first and second regions. Another type
of TFET comprises: a substrate; a doped first region, formed above the substrate, having p-type organic
semiconductor material; a doped second region, formed above the substrate, having n-type oxide
semiconductor material; and a gate stack coupled to the doped source and drain regions. In another example,

TFET is made using organic only semiconductor materials for active regions.
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Complementary tunneling FET devices and method for forming the same
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[532]

Described is an apparatus forming complementary tunneling field effect transistors (TFETs)
using oxide and/or organic semiconductor material. One type of TFET comprises: a substrate; a
doped first region, formed above the substrate, having p-type maferial selected from a group
consisting of Group III-V, IV-IV, and IV of a periodic table; a doped second region, formed
above the substrate, having transparent oxide n-type semiconductor material; and a gate s_tack
coupled to the doped first and second regions. Another type of TFET comprises: a substrate; a
doped first region, formed above the substrate, having p-type organic semiconductor material; a
doped second region, formed above the substrate, having n-type oxide semiconductor material;
and a gate stack coupled to the doped source and drain regions. In another example, TFET is

made using organic only semiconductor materials for active regions.

876645-2 -2-



1620316

876645-2

—

(@]

&

i PR CT—
v l/ I =k
5| | eme T * SRy
2| | #Ea | FHRIB
e
E \
L - B e B
E 1A
120
R |
. ]/ PEE (LK)
| | e P SRRATIRIA iod
& B FEIA
5
|
= N
Lo~ GHEGHIAR | R
1B

TR G

ity A



1620316

200

IR 2R,

SRR

4e

vac

E GEE

EZBEAER

& 2



= 5B

1620316

m M
' =) ' L UVW |
e @ B c < | S 89
g 0Q . & £ | . £
g \ : . :
| | S " Ao
m ! Sy “ espD
“  SYED “ 7l spo
| m Y o eLuz
" ! 8iP0 “ |sguz
m . SR | ] suz
! | SPD “ “
| 1 1 1
! “ oLuz “Jn m : ' Zodnoug
1 " - ! " )
: | estle ] " \ fowvng
“ | suZ “ L O
m m oI | o
“ m 0’0 " " q
| " Quz " : ‘
I ' z ' ]
! ! o _ “
m “ WOF—w I “ 1 1 _ !
I T ...._..__h._.i._....._. Py o~ = < @ p
° 7§ 9 1



1620316

[f£=E ]
[AEEREE]  S(1)HHE -

[ EFEZFFHEERE)
100 © ZERx G W E & B

il

i

120 : ZF BB W E &

[AXEFE2NE  FHTREEAEHTENLEAX] © &

876645-2 -3



1620316 1064211 H23H f#&I1FE

% 106109794 5% RE 106 £ 11 A 23 HEELE

BN E ) -

B 1B E M p & TFET 89— & TFET &5 # 120 - [
% TFET BAHAEXHNWGINE K HE)ENEESE
MR EES NEMBEAHE A BRI HMBEY p
MEBHEGRE pE) EREZ THRINERBEERE
OFHl L)BREEBEAKEY - EHMBRY p HIHE
(RET pREMMNE—WLELEVREEE BN
ENEFREBEY pRENEHE - 0 2B EHEME B
MR T PR REEMRN ABR - T ERME CCRHE
WHE AR BUBR n"BEEZRBE - 48 AR BE
S2E ALY - B2%E 1B ¢ BEEEBEESL 'K
PR E B4 B2 B B MR KR GRS o M BioR o 42 B
BeB T pERNIHEGBESTYRBEBRE - £ —
F WGl > TFET(n-TFET K& /= p-TFET)E & X, FET ~ =4
B RETRERGREE -

B 2 M — B REAB TN — WG 2 TFET 694
MY B 2000 QAL HAE T E T BT 8
BB (S0 ) B 2 9B L5 5T R TT DL DA AE {7 2 Bl 3R B
FRBIERIER  BEEFRBERL -

B x BiEIER Y MEE TR (V)R HE R 2 8
BMER B- B CEERELNBTRABE ML
R - WO RTENNEE T ESHEORE > B/
MERE)  BEGR T EBMBEFEES RGERNUR
ot B G T2 R R W B R B o T R ORE ) BSOS B o B

876645-2 -9-



1620316 - 1064211 H23H f#&I1FE

% 106109794 5% R 1064 11 § 23 HEE

EaETRERAEERENERENEEER R > B
REEVR RS E R - IR W EH  REEGERRT
ERAEBRESRRX TOHBEE

B 7% 200 R p B TFET WAREFRH % > p & TFET H
mEEE p BONN > pTRB)ZKE HRE -V IV-
IV~ K& IV (B4 Ge~ GaSb)RI# H A gk - BN p '
M) Ge» BEAMEEGNE - Ewo)® B 4eV o L EH
HIBE B (RN > Eveo) BN Eeoe EERRBEN B EHE

E-FE—EHfT RHEEESEBLREN o BORE > o
BE)EHESEtWErERBMB WA o-Ga0; ~ B-Ga,05 »

In, 05 ~ 5 SnO,)BEL - Sn0, WHBEH KA E (JRH Ecsnoz)
EBR(RER > R BEBEERER)ERPERERBED
Evee s ERBEHEFHBEZEHNERESHERA LT T E
B BB (B1 40 0-Gap0s ~ B-Gay03 ~ Iny 05~ B SnO,) AL AY
REREN o MEORE > n) - B NEZEE T HFE
BE/MENMESEBEMN/ R @I OME B R EZHE
HH)RER—AZE)EEBRLER ECHESEREE
M /B (RE - M B NRERBESOZEHANEM
(kK ®MIEE k) - £E 200 F > EEESFBZER L
EE XK EZAEMT -

3A-D ERRBARB RN —BEHEA ZEHSEDF
AR p B n Bl TFET ZREHM %8 - WZEREE > &
EHAEHEECBENTHEERARKR(EELB)ZE 3A-D NE
BT UM EAENZRHEHFANBRERER ERLA R

876645-2 4 -10 -



1620316 1064211 H23H f#&I1FE

% 106109794 57 KB 106 £ 11 B 23 HETE

FH g B A EL E

1. —FEERBERERE > B8 ‘

FEBEMH  HEPNEEHEN S MY E T RM RS
WoRTERBMREES -V EXEBME - IV-IV &
EEBMH - RIVELXHEBMHERNESE

HEEE  CZERXYEAHNE LY EERBM BN
F—HoWNFREL  ZEBEEZEFSE —HREZE M
e

RHE > CFEZFEGERNZE-UBENXLER
Mok LR

RIBE > FHEZEGBHEBNZE MM ENZEHR
TEHNE LY LEPERBMBNE _#H 5 H -

| 2. MHFEMEESE | HEREREHE 4

ZREPRFLEANE LY LERMENZXE -T2 EALL
ZEHNLYEPHNESCYEERMBNZE Mo EEDY
BHEEE -

3. MHEFEMNEES | HZERBREREE » Hf
VBEHNEBHNE LYWL EBMNEES 0-Ga05 - b-
Ga,0; ~ In, 03 K SnO, 4H B¢ HY BE 4H -

4. MEAFHEFNHEEE | HrHEBEREHE  HF
ZERBEREEBESNE &B (FET) » HEH# KX
FET - = FET - RAFX R KGN FET H R I BE4H -

5. WA EEMGEE | BHrEBERERE  H4
ZEBEREHEFTBSNE S BR(TFET) -

876645-2 -1-



1620316 106411 H23H #I1FE

% 106109794 5 EE 106 4 11 A 23 HEE

6. —TEERERGEHBNMEITE  ZHEEE

FREZEPHNELEEANELCLYEERBM BB ENFE
BAK > REBBMNEES ULV EEZBME - IV-IV
BEEBME - RIVEFERMEKNREFSE

FREBREEREZEARLEHNE LY FLERM B
ME—MBoINRE L ZHEBEEBRBEEE -—AREZSE —
R % EHY B = A

FREBELTHEZEABEERNZE —NEENZTE
MR d s Bk

FREBEEEAZEBEENZE AR ENZEN
Y EHANELYWFrERBMBHNE LT H -

7. MHAFEFEBEE 6 HZHE > b > ZEPH R
LEHNWELLYEEBMENZE X EAFLEZEHK
TEZEHNELYFEBEMROZE B oEBRNEER
BE o

8. MHFEHRMBESE 6 HZHAE  HF > ZBEHIK
ETEHNE LW FERBMBERZEE 0-Gay03 ~ p-Gay05
- In;O03 & SnO, 4 gk AV BE 4H - |
O. WHFBEMNBESE 6 HzxhE  Ef >  ZEESE
BEBEERERE (FET) » HEBHERX FET - =ZFH Kk
FET - k7o & Kk4 =0 FET dE AV B4 -
10. WEFEFHEFGHESE 6 HzHE E > ZHEES
BREEE T B E N E &R (TFET) -

11, —EEEERER 29 ¢

8766452 . -2-



1620316 1065£11 H23H #1E

% 106109794 5% KB 106 11 A 23 HEE

EMEEBARN > REHRE ARG R LY LR
O

MR e B o 0 SR 0B U A 4R K A R
E—WAMETL  RMEESEES — B RERE— M
T 9 5 =

B - B A — S
MR MR

T AR R S B OB T
EEEN R E B NE 85 h -

2, MEBEARES 11 B BN &
o MEEREEENE LY ERBA N R E — A
FLZ B REB RO LY LB RN R E —F 5 T
KON BERE -

3. MEBEEARES 1| By RBEEEN o B
o MBERREBENEA LV EEMHEERERE o
Ga;0;3; ~ B-Ga,03 ~ Iny, 03 & SnO, 4H G AV Ef 4H -

4, MEEEFAGES 1| B REEBEEE > K
o B A ML BWB MR EEE PIHT - MDMO-PPV -
PEDOT : PSS ~ CoPc ~ [ CuPc 4H K HY Bf24H -

15, MEHEAEES 4 A RBERER 0 B
FooRBHREBERNA LGN L E BB REEE o
Ga,03 ~ B-Ga,03 ~ Iny, O3 f2 SnO, 4H X WV BE4H -

16, MEPHAGEES 11 By BB EEEHE > X
h BB G S NE &M (FET) » HEEE

876645-2 -3-



1620316 1064211 H23H f#&I1FE

% 106109794 5% RE 106 % 11 B 23 HEE

FET - =M FET - B 535k 4 5% FET 41 j 60 BE 4 -

17, MEFEAGES 11 B MEEREE o K
oo %S B S5 8 2 0% B A B & 8 (TFET) -

18, —EHBEBEBINETE R EEE

T B 29 B S 2K O 9 B 1L 0 B R R 0 R
N MR |

o ok T A 4 A AE 2% 08 B B0 K OB B 60 R (0 o B R A R
ME—MANEEL ZEBREBEAS - MRELE —
B R 5

T B R R T SR T A o A O 3% B — AR O OB i
EHBHRE MR

T B T B M A A 3% 45 (A6 B B 3% 0B
REBHNEL WL BB NE - H5 P -

10, MMEEEARES 18 Wy Hk o Ko 2B
REBHNE VL EBHBORE - BHAFLEZRE T
REBHGE YL EBHBORE %S FEG RS
fg °

20 MEFHAFEES 18 Wk b %56
REBHNE YL BB EIEE 0-Ga0;5 ~ B-Gay0s -
In, 03 K SnO, &H Al HY B¥ 4H -

21, WEEHAGES 18 H ik Eh o %A%
M MBS bF Rl B EEH P3HT - MDMO-PPV -~ PEDOT : PSS -
CoPc -~ % CuPc 4H R By BE4H -

0. MBS EAEES 21 HYHE > Kb %6 W

876645-2 -4 -



1620316 1064211 H23H f#&I1FE

2 106109794 5% BB 106 F 11 B 23 HEEIE

e B S L BB EEE 0-Gas0; + P-Gay0; -
In, 05 B SnO, 41 5% 9 BE 4 -

2. mEHEAEEE 18 HY hE o Hi o LEE
THEGEHERNERE (FET) » ZME 8 FET- =W
M FET - 5 77 62 5 6 =% FET 415 69 B 4 -

2, WEEHAGES 18 By 5k L REE

EREBETFR S WE & & (TFET) -

876645-2 -5-



1620316 106411 H23H Ik

1700
EREE
1780
= | %A
v me | 1
s EETRM
A 1720
1772
— | //////
1774 ‘\\\\
PREEE 1 o 228
1710 1740
ST R
1760 ErT#
1730
BTV
BhEE Y
1750
S 2

1790

| 8



	BIBLIOGRAPHY
	DESCRIPTION
	DRAWINGS
	CLAIMS

