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W OE AT AU BN GOK g N RT R L B AS T T 28 nm CMOS T2 MOSFET # 4 i, RNVM
AR — KA TTIR UK FER) 2808, AT 7 HAETF 56 H (107°) BRAR R (1 V) JFEGE 7 10 25 5 T 1Y 25 4 B 24 bk
BELIF RIS TR IR SRR . 45 R R I TIR 40 K B 5 2% 48 77 76 MOSFET 1, L., B J1iBfk —44.90% .
751. 64 % DL K RRAM 1§ BRI 37 1 A2 2 1) 5 o7 28 208 B Y B0 T 40 57 28 PR AU SRR AT R 3 &2 . /0 M I O 2% 1 i B 75 o
TT1IR 442K B 30 2524 D HC i A 45 40 R A AN VA 20T 52 2% SO0 28 T AL 1 51 A vas V0 Vi el R 3559 4 2% 0 T e A T i
JEHP S, T LT IR T Z DB ITIR 9K BES S8 4l SE . gt 28 nm K DL R 5 £ CMOS 2%
ARk RNVM AR 51 & (45 7T 52k ) gt 5%,

W HRAK TR 1 TIR 8 — &4k ;s MOSFET; RNVM; 28 nm il #2 ; 7] £ M3 5 25 0F 9
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Research on the reliability of 1T1R nano-device in array
integrated RNVM with 28 nm MOSFET
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2. College of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, Chinas
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Abstract: Aiming at the application reliability of the next generation of new electronic nano-devices, the storage-
computing 1T1R nano-devices in array actively integrated RNVM with MOSFET based on the 28 nm CMOS process
were designed and fabricated, and its comprehensive electrical performances were tested and evaluated in terms of
switching ratio(10”*), operating voltage(+1 V), storage windows and so on. The specific reliability experiments were
designed and implemented. The results indicated that the unique failure phenomena which did not occur separately in
discrete devices truly existed in 1T1R nano-devices in array including the 1, /1., degradation (—44.90%/751.64%) of
MOSFET in stress and the reverse hard-breakdown of RRAM during cycling tolerance. Taking the microscopic physics
mechanism of nano-device into account, the conclusions were summarized that the unique reliability principles triggered
by high source-drain voltage and weak gate-control conditions were attributed to the complex micro interaction
mechanisms due to its unique structural features and operating modes of 1T1R nano-devices in array. The pertinently
specialized test regulation schemes were proposed to improve the reliability of 1T1R nano-devices in array. References
for resolving the unique reliability issues caused by the integration of RNVM nanotechnology with logic devices at 28
nm CMOS nodes and below were provided.

Keywords: new electronic nano-device; storage-computing integrated of 1TIR; MOSFET ; RNVM;28 nm manufacturing

process;reliability measurement;device physics
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% R %A F 28 nm MOSFET £ & RNVM #5 1TIR 4 K53 4T £ AR
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ARG A G A (0 BRAE R BE  IR TR R S
B AR R TR T AR, R —
AR BN K H T R 77l 0y PR oK S LB AR 1 5 A G
o ) R A R 5 M e 1 D DA T A e B X WL A TR
fifi %% (resistive random access memory, RRAM) S HL#F =
B ML A7 B A7 i %% (conductive bridging random access
memory, CBRAM) Fl 4875 Z 4 #% (phase change memory,
PCM) 45 g A 3% 1 BELBY - 94 J M A7 4 £ R (resistive type
nonvolatile memory, RNVM) [K H &3 & Mg AL I FE .
AT 46 Ak BE 7 R AE O SO AR Tz Sk i, ik A R
RRAM A AR B 32 W 1T G4 1 & 01 G 7 452 A
JE VHIRESFE 7 T AR HE T i A S I A 1 A% G A7 il R 3R
RO R B R GE AR S A S, 2 R 1 T
ZHARNEE S A 28 nm £ Z TR, K Gk 2 H 2 A IR
T RNVM H AR E— 25 4 7 HAE 24 B 1 ) AL 55 75 i
MFa g7, Ftl, st —F B TSR AR — e A
2 T ) T — ARG K i 7 e g D £ R S

AR F S [ BR 2 7] (Semiconductor Manufacturing
International Corporation, SMIC) 28 nm #5# CMOS T.72
AR 4 - AL -2 516 3 8800 & 1K 4 (metal-oxide-
semiconductor field-effect transistor, MOSFET) {E b ik £
I BT RRAM 1728 LR, 4 p—Fh B4
FER — R AL T RE 19 44 K & 7R A7 -FH 28 #7 f#% #% (one transistor
one RRAM, 1TIR)A AL MIES], A 28 nm H AT &
(19 CMOS 32 4 5 1 B Bk 52 3 H s 1 e A = ] 5 4 . HL B
Xt RNVM A B i 0] 5 Pk © 2 g ) 2 iF gt SR i 26 F
28 nm H E TR 4 CMOS 248 4% 18 5 17 i 2% 18 2% i 77
T A 008 BT 52 45 T 0 IO RO A ) B ] B
TR A 28 nm MOSFET 45 RNVM J& 2 5 1 B /R B2 2
A5 — R Ak 1TIR 9% K &% 1F 5 51 & % 4b i Al & 4 [n)
B H R E P AN T R B TTIR 40K 2% 08
TR T SRR 5 R R PR TT 12T B A4 oK 4R R A
TR A I RS B AL PR A7 55— AL 1TIR 99K 51
AR I A ] S R IR . AR SO X R B A K L T
i P R T I Jhk 251 ) A, 38 1 OF B RUBFSE T 44K 1TIR
14 270 85 DAL R R A 5 68 A 1 R U 32 L AL )
514 1) MOSFET Hl RRAM ¢ A7 1 n] 5g 145 7] 2. 3 i %
EiES A IR R C R B s 2 NS R i & X E R T S U
PyEALH, WG T3 TF 28 nm CMOS 1.2 MOSFET 4 i
R RNVM 75— Ak 1TIR 94K [ 5 #4544 ke A
RRAL  IF B XS Y TR O R O A T B TR B 4 0K
HL AR R T S 2%

1 1TIR %) 24 50K

1.1 I1TIR EFHFHFEITEH &
RFA K RRAM Wi 0485 5 g b i 2, R A
TR SR B 45 R AE B G T S P A v R L B 4T,

B 5 15452 K D FE IR 2 7 s B A T N L # 7E RRAM +
FAE XBEH B A K AR O DR e Y AR SRR
1 1TIR KR 5 Sy o 04 J5 48 s 254, Bl 1 fr o, i H
MOSFET 4 i F RRAM BEH#EHIHiEE . CRLRIEL
A& B LL Cu,O S RRAM BH 728 4 (9 1TIR [ 41
MOSFET & £ % i . F5 & f B i /E JH . Wang 4210 T
B ZHERZEM I TIR 4504 80T R 715 48 1TIR F: 51 s
DS AR B30, 8 1 TIR 00 1R B 48 0 & AF° W A5 2E
TR — AR08 B3 4 A7 At SR R AR
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(b) Unit structure of 1T1R device
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Fig. 1 Schematic diagram of 1T1R array and device

AR SCWITHY TTIR M H) AL 238 i 7 4k (word line,
WL) F{ 2k (bit line, BL) 3 ¥ [ 41 i i) M3 25 14 . I 2
MOSFET A JE5EM: , i 75 2 35 28 (selection line, SL) 3k
A2 5 gl 2k . AR 4 WL .BL FI SL 4548 i 75 0 B,
AR N XN 19 1TIR BES4r A 4 A3, i 1)
FE7R AR 3C 1TIR BEF R 2 1B B X804 25, 0 il ok 4 3k
T ELTT (selected cell, SEL) (X “F £ 1% 1 B 5T (WL half-
selected cell, WHS) | ¥ 1y £k % 4 B4 5¢ (BL half-selected
cell, BHS) L) B ok & /B JC Cun-Selected cell) . & 1(b) 7/~
T ITIR #F - 25 R

Bl 2 75 T A SCE T TTIR 99K B 51 £ 42 2050 19 4
MR EE . 1TIR KR 5188 4k A SMIC 28 nm 1P10M
Frif CMOS T 203 fifil i , Foh nMOSFET R £ S A& &
1k fk A 2 M B 7 38 K M 30 nm, RRAM 1Y 45 ¥
W/HIO,/TiN, 1TIR £Z & W T2 4 : £ nMOSFET I
W5 25 50 nm 4 )& W /5 RRAM JE A% , 8 5 8 1 2
V€ Catomic layer deposition, ALD) 7 5 A4z K 3 K g 1
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5 nm High-« /¥ it HfO, 1 30 nm TiN 4+ %I/E % RRAM FH
75 2 H TR B, oE S O 2 S B X BRE X AR SCHE T
High-r 4 2% )2 1 2 AU A RE A H e i T2 19 32l 1=
=23 F G T AW BT /T LS k5 i CMOS T
T AHAEN 5 nm AEHR AT RRAM £ T2, 52
BT 1TIR 775 — R Ab 5 B 40K 25 11 1 4%, i@ Je T i A X
e R AR 2R I BEARME A

BE PAD

LT

Source

nMOSFET

P-type Si Bulk

B2 1TIR #4204 aoR & E 5 b AR iR
Fig. 2 Composition schematic diagram and port table of

1TIR device unit

1.2 ITIR FEFIEEHMK &40

SR AR IR L ST & LB S A Agilent BIS00A
10 Fi A8 e B 09 B B A 2 S R 25 44 03K 43 BT A6 1T1IR 44
K BB i 2 St L 4 R BB S AT SR PRI . T TIR oo % F
M B EAE 3¢ FiR o MOSFET A9 Ml | 8 o F1E
HL B 51 £ B0 /E WL 3%, SL %% F1 Bulk 3%, RRAM £ i,
F MOSFET i ot , H TR AR 51 2612/ BL % . I RRAM
JERARBSNE] HIE R BE B, 1TIR £ 845 I3 20 oo R
EEWE 3(b) Frn . fA 4 A2 Bulk S A WL 3 ,
A E BL 3%, SL 3 1 BE 3% 9% 40 41, % B vl 5z 3
MOSFET 5 RRAM S—#5 0 1TIR #8442 PR

ITIR 5PDR

BL

Transistor

BE

SL

(a) Tudiis a5 B R G H

(a) Test structure of five-terminal device

3 1TIR #& M 25 48w = E

Fig.3 Schematic diagram of 1T1R device testing structure

(b) Integrated test unit
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KAE F 3k, ITIR #F 4 WK i 5 A (SET) ., # B
(RESED) (2B (READ) 85 $5 15 X i jife i 19 45 4 Fi 1 i 2
WM 1R, S E 1) X R H A RLRSF 5 R 1% X I 28
BB A R0

R 1 1TIR FEFI R HIREBIER EHRIR
Table 1 Device operating voltage configuration in
1TIR array
Bt o e AR IR
LG IR Read SET RESET
WL Vi Vi Va
SEL Cell SL V e Vitr GND
BL GND GND Vine’
WL Vi Vi Va
WHS Cell SL GND GND GND
BL GND GND GND
WL GND GND GND
BHS Cell SL A Vitir GND
BL GND GND Ving’

2 2 PRI T HRAE B 5 3 10 O 2 D R AR T R
M &F. Bl 1) H ITIR #3 SR onbe i iy o 1 L R 5 3% 1
PEERRR RN 2 R (D~ fras, 1TIR #84F
A PR R 0 R DL R A% R BL-SL B i 7€ 1T1IR 11
L B 43 & T MOSFET #il RRAM., 478 BL-SL H, &
BT IE#HEAE SEL g8 4F , HMR% R V., F1 BL-SL P i B,
JEBE Vine/Vin 397 R85, LRI 1TIR #% {476 SET/
RESET it 8 vl & B % 78 4 F, n 3k 2 v (5) . (6) i
IR H N Vier Vieser 43518 RRAM £ SET . RESET i ##
B K Tspr I reser 239028 SET . RESET 53 72 X Jif
HLU s MOSFET JF 5 ML 1., Al RRAM JR B3 R R F 4%
{4 SET/RESET s #2 v A 7 (4 H 370 1 FE . BHS #8141
# BL-SL M3 % Vi T MOSFET o, B it 3o B
MOSFET W LR 1o B 8 /N, DUGRHIE BL-SL 7 3 R B
FEAE MOSFET E. % 2 (D PR, 1TIR #14
I3 3 A v A o T O A DA B AL AR R IR AR S A
Yo 45 ),

TR N XN [ 1TIR B 51454 . 8 5 % bk o
e ¢o 1L R AR S B 1 P 0 38 BR 5T L Al 2R N 7 3
TR AR FAE 23 1 E D 3 3 3R Ak 0 2 A T A T
X T4k F R RS B SEL #8144 200, MOSFET ¥ 45 8% b
JIEHRIR Ky ¢ X E L Horh E Sl F7Aff 25 40 152 2 i 0B 5 % F
BHS 1l WHS X 38 #) MOSFET , H: 45 2 7 F7 i [8] i
to XEX(N—1, 1TIR 5445 J1 38 Ak 3 o 72 v oK [\] X
RS A N SRR 3 A FI BT R . % )E I E BL-SL
Pisin R Voine S B I8 7 MOSFET P uii I [ 1h 4
INF Vi B —2F, AR SCOE 1/2 Ve fE4 SEL 23 14
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%A T 28 nm MOSFET £ s RNVM #5 1T1R 4 & K7

BAFT EHATL %143

®2 WAORE 'ﬂiéﬂf REXRERFHEMNXEE
EHEMEH

% 4 1TIR 28 nm nMOSFET lliz B8 £ &2 &

Table 4 Test voltage configuration of 28 nm

Table 2 Relationshlp between the port voltage and the nMOSFET in 1T1R A%
operating voltage, and the voltage conditions which Bk WL BE SL Bulk
should be satisfied during device testing RN (I,—V.) 0~2.5 1.05/2 0 0
i & KR/ FM bR, — V) 2.5 0~2 0 0
V=V —Vs (D
i H R Vi =V — Vg (2) %5 I1TIR 5 nm RRAM iX B EERE
5?‘*‘% [,=1,@(Vy =V, (3) Table S Test voltage configuration of S nm RRAM in 1T1IR
BIEXA L=1,@(Vy =0) (4 v
SET:Virg> | Ver + Btk WL BL SL Bulk
52 0 gt SET Cell ‘ Vi@Igr | (5) Forming 2.5 0 0~3 0
i RESET:Vipi "> | Vigser + SET 2 0 0~2. 0
%Zﬁﬁ Vi @I geser | (6) RESET 3 0~1.5 0 0
BHS Cell | Vit =V | <
@ (V=0 Min(Vgeser s Ver) (D 0'r —a—y, =105V
—0—), =2V
MOSFET # ff it 2 I8 % 749 3 1 e B k(5. 1TIR 2 o -
MOSFET $ff: . it 114 3 s, o e :fiﬂljzv/""ﬁ““‘:lo
< -~
£3 ITIR BHS MOSFET RAERES B ARE | |
Table 3 Operating voltage and stress configuration of 7 400
MOSFET in 1T1R device 104k 200
N3 X35 e A Vi V, { Bifective S tress ' 0 05 10 15 20
SEL Cell SET  1/2 Ving Vi E-t, 10— 05 10 15 20 25
RESET 1/2Vi’ Vi E«t, ViV
7 SET GND Vi  Ee+t,~(N—1) 4 1TIR # k¥ MOSFET # B Rebk i £ 5
WHS Cell RESET GND Vi Eet,+(N—1) WA e &
SET Vi GND  Eer,+(N—1) Fig. 4 Transler characteristic curve of transistor in 1TIR device;
BHS Cell RESET Vi GND  Eez,e(N—1) Illustration: output characteristic curve

2 1TIR FEFFBERATEHENRS 2

2.1 1TIR SF4 N S5EN

SIPEAN BB TTIR 4K BE 5 28 28 P fig 3 E 2 A
SCER BRI Sk W sE et S e AR 1.2
TR M T RS &M 4 E T 1TIR 28 nm
MOSFET 5 5 nm RRAM &4 #fFE TR . £ 1 5
5 PR, FHESCHE T AR L. B 4 R T 1TIR
MOSFET % % 5 % 5 R v ih 22, v W A& 3C il & 1
MOSFET BHA 7~ 8 AN $ ik % 1) JF 3¢ H 0 BE I 1 (3 {6 42
e 5 LA 3 O e M X A A IX

AN 1TIR RRAM 8 mf #/ERE X 18 5
FRZE A & B 7R, il MOSFET 5 U 3 1R B 45 57 76 5 B
B Y ZE W) 4R 4K (Forming) s e 4+ Vi, H 2.5 VL SET
A RESET i #2435 4 4% Ve, b 2 VAL 3 V, i RRAM P
S 43 R 2 LA 2 4% 4 Forming . SET.RESET %47 Ky B {H

A XA, RRAM #REE A ME AR HIBET M -V 5

P an B 5 s . A7 DU A I D 3% 88 14 Forming i 7 /9
-V RetE il £
RRAM Forming HLJE#J 1.7 V, Forming i & 1 S H

W K B T AR B AR 2 B AR 2 s . RSt
—1.5~1.5 V IFE IR d K. RRAM ¥ 40 545 1V #l
—1 VA ARA, WA SC 1ITIR S8 E R RN
+£1 Vi RbRdE St R RN E 1.1 V RA
SR YT g 7E SET R RESET B H A W i il 4151 i 77
st O, 7 AT A0 Bl B AF (R R .

PEINN Z P H A RIE S T BB S Re ), R 5%
I TEIRZ —. B 6 AL 1TIR RRAM 23 #5T
P8 TR 32 1 0, 43 s T L RIS 20 YR R AR
PRI TV B A . T LA SC RRAM #24E il R A7 fif e O
FYHRARIFMEZ N, RGBS SR PR AR R EN
TAERES , B B 06 it 52 7k

DL R 4 SRR A SO T & A — 16 1T1IR
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5547 % L I A S
10 N 2.8 Vo Vinw/2 Y4 SEL #80F MOSFET 5 il F 4 5t
KIEHBEREBEE V. F 1.4 VIHEBREV, B 1.2 V, 3
R IV LB B WHS A BHS KB 280, X F WHS K
il v =10V — 1oV P MOSFET . Il fL I Vi, B 0 HLAH% LRV, B
el ‘ 1.2 V; % F BHS K#{ P9 MOSFET, FIMHE KV, 0,4
~ o} BL T RRAM S B H I Vo 42303 76 MOSFET W 3, 0 0500
orming
Vﬁm BE V=7V B Vo Bih 2.8 V, T LL R 2 500, 43 51 %)
onstant
107" wir— Bulk SEL.WHS.BHS X #{F MOSFET 7£ V., 4 1.4 V.V,
Transistor| V Sweep 0 03 I”(':.,“l; 20 25 1.2 VEWFHIEER I, MEV, H2.8 V.V, HO0ARK
W50 s o 05 10 15 Wi HL P T 64T B 73R AL U, M Z5 R N E 7 () 5 (b)
VIV
B o
K5 RRAM #{F7E— FUIAME R i & T -V -
P 2 96« 75 0 B A 9 5% 25815 38 4 Forming '8 88838Bana 44
AR LV R ok _ o o
. . . / degradation of
Fig. 5 The output I-V characteristic curve of the RRAM device nof\/IOSFETs under
with cyclic voltage; Illustration: Schematic diagram of device testing §= “20F © SEL cell stress @ . (m]
operation mode; I-V characteristic curve of device Forming process i; ok Vg:]-2 V. V=14V
< A WHS cell stress @ (m]
Vg:l 2V, V=0V
or [ BHS cell stress @ o
V=0V,V=28V
50k 3
T T T TR T TR
Stress time/s
< (a) FFRE L,
= (a) On current I |
800
. / u. degradation of a
1" eycle nMOSFETs under
20" cycle 600 © SEL cell stress @ . o

10‘ 1 1 e 1 1 I
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
VIV
B 6 1TTIR 2% 140 20 1 A2 1 i ik ih 28 &

Fig. 6 Cyclic tolerance test curve of 1TIR device

YK 5 50 5 A A S RS R JT G H (1070 HRAE L R
(E1IV) AT O & 3R 32 4 (200 45 7 ¥ B A R =
B 2 PERE L IESE T 7R SC 1TIR 40K B4 3] 4% 1 45 44 55 ) i
I*iiﬁfrﬂ’ﬂﬁﬁ'ﬁ#ai&ﬁ A AR SC Ry R i e 5
A BT S8 A M S A

2.2 ITIR 2FHATEHENR

Sy — BRI A SCIR T TTIR 955K B 51 #8145 A 1)
A 4EME A5 % 1TIR 28 nm MOSFET 5 5 nm RRAM
Ay BT I St T AT S R

11TIR 28 nm nMOSFET #] §& {1 i

MG 1.2 350k or A fn 2k 2 s (5) ~ (7) Tl A,
RNVM #8147 22w 0 f TR DLW B0 5% 78 4% 1, I i
ITIR 28 B BEVE R Ve SEA MOSFET & ¥ i
JERE Vs 5252 W HL ] S M () G B, D 3R AE 1TIR 23 44 P
MOSFET #£ & 30 i20 F 9 7] 56 4, A SCXF 28 nm #5 1
CMOS T Z#l#% i 1TIR nMOSFET #47 i 1318 16 ] iz,
EFXT 100 MHz i 500 T 5K . ¥ BL-SL P R B Ving %

o« D7 .

V=12V,V=14V
| A WHS cell stress @

A/leak//leak/%
S
S
f=}

Vg:1 2V, V=0V
) BHS cell stress @ o
200 170V1728V
o} A nEEBBBﬁﬁﬁB
10‘ 10" ]0‘ 102 10‘ 10*
Stress time/s
(b) KM,

(b) On current I

7 1TIR K% SEL,WHS fil BHS X3 nMOSFET
;7 3B Al 3 2
Fig. 7 Stress degradation test results of nMOSFET in SEL,
WHS and BHS regions of 1T1R array

7 7R AN IR R N ST R (Rl 100 s, RS 16
MB 1TIR B3 h RNVM 2§47 100 MHz 3855 % & B,
FERK 58 2 10 ns HL @A B 10° MK £ {4~ BHS
5 WHS X34 200 77 B 8] 4 9 — B, AR 4 L 45 51
B A RO S BT 101 s XPHOE K & 10 s s f v, SEL
A WHS X 3 MOSFET I, iR fk 51 43 3 Ak — 1. 49 %
—0. 28 % K & — 6. 54 % Al — 2. 57 %, I .., 1B fL 72 BE 0 5
M 9. 42950 3. 46 YoM F 12. 40% F 5. 48 %, ¥R K A= WA



% R %A F 28 nm MOSFET £ & RNVM #5 1TIR 4 K53 4T £ AR

514 W

R AL T BHS X3 MOSFET 1., I .. 764 RN 77 5 [H]
10° s Je TP tn & AL B ARk 76 100 s B T, A0 T LR IR
A L1 43 31 — 44. 90 % F 751. 64 % iB AL L W3,

MOSFET JFJ5 Wi 1., IB465 3 RRAM i B R el
B2 HOR R DL R ¥ SET/RESET # 1F 1, J& 1 2% 2%
MOSFET SCWi I 1. 1B 633 BHS X ) RRAM H
S JR RS R = R F SET/RESET #4815, i 7= 28 3
FRRAES 450470 . 1TIR MOSFET JFJS oL 1., 16
W EL I T BB VE T I TIR G025 EREA 00 45 48 BRAE 70
FER T & 2 28 AL 5w R L TE 7 R T &AM 51 & 1)
L TN P IR X Rl L T e sML ) 7 B R ) R BR
ITIR GK R

2)1TIR 5 nm RRAM 7T & #4 i 2t

HFAE 1TIR 2845 5 nm RRAM f 7] 5% 1% , A< 5 %
28 nm Fr#fE CMOS T.Zil#& /) 1TIR 1 RRAM 2§ 4 i 47
RN MK T ESHESES 1.2 TR -8 BiFE
HEER IR L BRI RRAM #5148 95 30t 52 4 1) 8 280 2 5k 47
9 HARE PR AR B R T RESET W % 2R B4 B2 v i 7 28 31
%, WA 8Ca) firn , IETEHEAT RESET By #4428 4R I 1H)
WG MR TV R 2RI . ILET RRAM BHAS 298
2, T R TCVE T R AT B AR AR B, 02 — Bl T3 Y
ARG,

1 %103 hard-breakdown
104 Vos@15 V

< 6x10+
B 4x10+
2x10

0

LRSready to RESET

0020406081012

VHI/

(a) R It 5

(a) Reverse hard-breakdown

5%104, V@12V
104 V@25 V
able to RESET

1x10 V@12V /)
8<10 1, @1.5V

< 6x10% -
~ 4x10% 22104
2x10+ -
0 o/HRs

(b) TBEERESET
(b) Unable to RESET

8 1TIR Ze{FH ot RRAM 7 AR /EH £ T
RESET #ij H X} e 5 2 8508

Fig. 8 Output comparison and failure characteristics of RRAM in

(c) IEFRESET
(c¢) RESET normally

1TIR device unit with different operating voltages during RESET

X 8(a) 5 (b)), 4 Vis=1.2 V HVy=1.5 V i
RRAM T3 RESET & 45 Vi, AN 28 T 48 KI5 I B IR Vs
% 1.5 V,RRAM ¥ s 1) 8 of 28 J 30 % L 8(b) 5 (o),
FPRFF Vs NART G KM R Vi, 2 2.5 V. 7E BL Jiife
JnAR 46 B S 0] fff RRAM IE% RESET,

i T4 MOSFET #l RRAM J& B 1T1R 2§ {4 0 it

T 2R 2 A Hr R i 4% 4 3K (5) ~ (7). RRAM #%
AR E T 32 4 B8 0 R T R G 4 RO G B {E
B AR S, B I T SR AR X B R 9 #4F i R LA TE RRAM
IEH# SET/RESET, 1 W) H J5 2 B AR 96 248 T vk 4647 HHRAE
HL 5 T AT AR 56 1 A R 1 S T AR R R D R R Y
BefEr e . SR KR AE B UK AR A1 5 | & Al 1 R S )
B, R SE R R TTIR 40K BE 5 2% 14 I 3 45 4 W TR i
EXTH 5 nm RRAM fEER 32 M B 250, 11 RRAM
PEFR 2 PR H 1TIR TR S R B HZE,

25 1, LTIR 44 K 5 51 3% 4 B H A W4 L T 28 nm
MOSFET J& #lUFe i TAERBE L K 5 RNVM #8845 238 B
BLERL AN 5| & (R 1T 5 ) A2 R R ik ke 1) S
2.3 1TIR SRHXBBORWE I 547

S5 A 9K B ORI BRAL ], AT AT T 1 TIR #5844
' MOSFET 1 RRAM $:45 (9 2R 2L ) 55 foUl L3 , O 42
HTRITMHIR TR,

WA 7 MOSFET B 318 A i 25 3R 70 4 o i P s Fit
FERGI R HE TR TN FETRE, 45500 BLHLH
24 MOSFET i U He B KRBT, #E )2 300 2% W 37 #H 0 35 K
PRI it A B IR 0 0 F A S A R E ] T ERERZ N
TR R, AR R 08, SRR A3 1) L & A
AT A BB A 52 T A 5 T B 2 D s TR B 75 i L 19
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