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It is an object to provide a memory device whose power consumption can be suppressed and a
semiconductor device including the memory device. As a switching element for holding electric charge
accumulated in a transistor which functions as a memory element, a transistor including an oxide
semiconductor film as an active layer is provided for each memory cell in the memory device. The transistor
which is used as a memory element has a first gate electrode, a second gate electrode, a semiconductor film
located between the first gate electrode and the second gate electrode, a first insulating film located between
the first gate electrode and the semiconductor film, a second insulating film located between the second gate
electrode and the semiconductor film, and a source electrode and a drain electrode in contact with the

semiconductor film.
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It is an object to-provide a memory device whose power consumption can be
suppressed and a semiconductor device including the memory device. As a switching
-.element for holding electric charge accumulated in a transistor which functions as a
me_m;g);x\e,lement, a transistor including an oxide semiconductor film as an active layer
is providcd for each memory cell in the memory device. The transistor which is used
as a rﬁé}ﬁéry element has a first gate electrode, a second gate electrode, a semiconductor
film located between the first gate electrode and the second gate electrode, a first
insulating film located between the first gate electrode and the semiconductor film, a
second insulating film located between the second gate electrode and the semiconductor

ﬁlxﬁ,“ and a source electrode and a drain electrode in contact with the semiconductor

film.
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Memory device and semiconductor device
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MR WAEEABE R 450C AR AE R BT HE R — )
B

EEWH 3 P EERBERY 600C 2 RESH - A
SET DRRERHOR DY —WER HEwen
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W) R IE 405 B 406 KBEBMNER - LUK I B & 5 & 1
HRE A -

BEENE MAESHUEFABEAEE - B ATGE
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B 6N (99.9999%) E A » #ES TN (99.99999%) &
BER (B HERER 1 ppm EK > ®ER 0.1 ppm
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MW LERE FANEML 522 B S LK
(31 wt%BEMALE) ~ Bk (28 wt%dt) - MK ZBEH -
F—EERE UHEHASRE (CL) - &4l (BCL,) &%
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G PEEE 406 MMBEMS 402 26 0BG HE
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NIWERBE - BEEOE BRAERE 3 4 HE
EBAE A2 AFSEAENRELDLEEIE 406 2 5 Ff
PROEEEE 402 FRE—BE RENRELDLY
BE 406 AR EMEERS 43 FRE _BEZE
BETHNTREETESHT  EE K08 EER
BEEHE - BIM > AR AEERE 421 5 ERVRELY
LEEE 406 2R RWMEEE 402 AESE &
B REMREMLM L EBE 406 2 %KY ME
BE AERE -BEIEHE  BEEORE EEHD
B A% 7 R AR 413 KOG AR 402 MBI AR 420 1
K S 408 -

4 £E B BRTHEES 43 ERBEEA
e B 416 ZHEPESH T BE KRBT FRR
RILER - IESHAEEH I3 EBAEEEA LS EE
i BEM R B E DL o W R A

BEENE  SAULUBOESR - BILW Y
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EEOEEES AR

ik MAEEES 30— BRUEHSTEE
BRELYLHBEFSECENRE  GSBEXREES
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B (S) MIRMGEM (D) -
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BRmE  HWERBMBARE Kz &IEERiEnNS RS
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EEMENELYSLEBONEFEMNN () Z M8 H
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E—HREBEEY  SBFHNETFEAREXERALES
BRF -B—FHE 8 ZBHNELYFEES o B4 H
B8 REHBKRER (Ef) MAERKRELEEN (Ec) = HE
MERTROFPHEMZABEKER (Ei) - FEENE
BEHENYFEBICENRrBREREE n WELY
PEHBHIRRZ— - B4 CHETRERELE n HELY
LEBHREAC— -

HEH > RBEAZHN-—EEHED  REAYWFER
EREFTREEEZER A EEBECKUESERL  HHFT

BERTELYLEBNIERSCHOEE ' B

 FELMYLEBBREELABELMYEEE - /FED
EFEHAMBEE  MEFEASEUTERERETNEMELNRR
KEEHELEESME  FEESAE (i B) 8B
KEEBLRAMH (I ) $ERBLELYFLEE  MESR
Y4 EEBREBEEAREMY ST SR - A A LARKEHE
BokEER (Ef) EBE LB EHRAMEXRER (Ei) HE
Wy AL ¥ > A& AT 7R -

EERAMFERERKR (Eg) B 3.15V: EFHM
7 (y) iR 2 43 V- BREREFEBEBNEBER S &
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AeEcBHNECWYFERBZIHEBTEF -
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ELWLBIT > E 4AFT  BFREZEBEEEENS
EBRLNELYPEBrENNET S EEBENE LY
s ETHEBSB -

E 14B b HEABMNEMIMEBER (GE)
PEBETCERNEELBE At BREELERFS

Rt THELYLEBIUABRFEE - In-Ga-
Zn-O EEMAMY P HBEOEBKE 3.05 eV KRB ILHEK
HEAMBTEE CHELNEFIEESH B)ERE
BUT T 4 3R % R 2 B ok -3k R AR B
(AR 1]

/&) = ———
1+exp( kTF]

EHTHEEANZHEES (REL) c—REHBZH
T o e T ER R -
[ 2 2]

|[E-E.| > kT (2)

a8

AL FEHUTHAXRAICEBRES MO A
RRBAMEETF LA 1 BB K-KAL 54 e
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[ 3 4]
n,=N.N, exp —f—?— 4)
i c'y 2kT

Rk Si (W) WEEHMKR (Eg) M In-Ga-Zn-0 &
kP HBIEBNEREE (N k Nv) ZEHNAE
ARAN RABEAMEBETEE - BRETRNERL 1.

# 1
(4 IGZO
Ne (300K) [cm™) 2.8x10" 5.0x10'
Mv(300K) [cm™] 1.04x10" 5.0x10'8
Eg (300K) [eV] 1.08 3.05
n; 300K)  [cm?] 1.45x10"° 1.2x107

REE Si [ > In-Ga-Zn-O WEMAMHFERE T M
BRAHHTHEE - EEEE 3.05 eVIER In-Ga-Zn-0 &
S FEBOUETRZATFF > BEEXK-KA XD M
GFRITEAIEAGETEE  MWTHRE Si WRTFEER
In-Ga-Zn-O HELYW L BB B FEEY 107 F—&K
* o

AR RRHAANEEESERMUNEMTFTEREL
EAENRAREERCTERELGR -

B 18 EEANESMEMANHEER CEE - B 18 &
HEEBEREERARERANE LY FERESRMHIURKR
REWERFERSTCUBRTHNELE - M HHBES
B RBHEHEBEUINRCRFERAPHNENEZALRAESE
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