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Abstract: Metal-Insulator-Metal (MIM) antifuse has always been used in Field Programmable Gate Array (FPGA)
interconnection structure unit. A High-performance and High-reliability Metal-Insulator-Metal antifuse was
fabricated with high kAl O; deposited by Atomic Layer Deposition (ALD) as the dielectric. The anti-fuse unit's off-
state resistance exceeds 1T, and the on-state resistance is very low, which satisfies the normal distribution, the
on-resistance value is concentrated around 22}, and the standard deviation is only 3. 7Q, so it has high on/off ratio.
In this paper, the Time Dependent DielectricBreakdown (TDDB) of the structure is studied. The results show that
the predicted lifetime of the unprogrammed anti-fuse cell is 1591 years at 2V operating voltage. At the same time,
when the read current is 0~20mA, the programmed anti-fuse remains stable. This shows that the antifuse has a
very high reliability in both low-impedance and high-impedance states.

Key words: metal-insulator-metalanti-fuse; atomic layer deposition; on/off ratio;time dependent dielectric breakdown

1 5§

FPGA BLE 9 1z b Tl A5 il A K545
AU Horp, A 22 ) FPGAN Y DR S M 4 s 1
B BT REORIES 4 = T S8k (0 R i 3z 1 A
ISR RATIR, S 227 FPGA (A% 03 2 05 24

WisBEE. 2018—04—26; 1B HHEA. 2018—05—17

FTT. AR B AR AN A B R ASTR] B UL B S s 22
JUAT B E AL Y- A W CONO) [ 22 3T L i
B2 R 22 Bt F MIM B iz 55 22 5T, Horp
MIM Jz 45 22 550 AT 26 TR/ L G Bt I Fi BELALK | 3k
JEEDRL AR A T T 32 oy FH T e e 2 ] R
ZH.



42 W 2 L

2019 4F

MIM S J5 22 550 F 2 h bR AR R ] 4 5
2 =2 AR FE A SR AR , AR PR R R B A
A T 75 2 2 T L LR K. SRS A TR R AE— R 1Y
FLIAAE T KA b 25 1Y) B 2408 1l i s » U BR R 18
Z BRI S RETEA B2 B B — 45 R IE. I,
SN 22 WA AT DA G B2 I 1 v B 27 A s I IR 285,
TR WS 22 BT Y B A TAEREZ T Ik
NG 22 ITHE T AR T 1Y Al Sk 2 G H 2, [R] )
TEAS L BRI S 22 2 A 10 SR S48, A R
FHIRE T 25 g s 1 e

HATE N A MIM 6 22 5050 2 % 4846
RALHE 2 MR EAE A R A 25 B TR
TN A 5T 0 JEE BE A AN IR ) o K A5 I
Y22 AT TDDB i (] 70 9 AR 45 I X S5 4% 22 1) mf
SEPERR I T R R R, ST AR SO T s A
HHME AL O AE R AT, R ALD T2 EK
T 2B AL Oy AR MIM 46 22 2544 (1)
T A T2 RIS T 98/ FL AR 5 A B A et 22 ] 1)
I 1 385 L AN [RA L 2 8] S A 4 8, AT T
Ti A1 TiN /£ MIM = B34 25 44 v (%) BHL$4 2 i i
V2. B FRATAT DA B — 808 350 Te R LS
BE LA S b R R 422 i R 1Y) 0 22 B T, FRATT R
Al O A1 J51 2 JRE X SN 22 451 B4 52 i) LA B 0 24
7 G 5 L 2R R AR T IR AR SR A S gk
PR ARBERTT AL Os s 22 50 e iy i 28 R Pk DL K
FEFT 5 PACIRZS A ] FE k. 20 K oA L AL
O R 22 BT B By s 28 v e s HAE TAERL R
T EA RS A R 1 — B

2 g

AR MIM s 22 2540 & —Fh = R 45
¥ LA s BB AL Os A 2 . B iARpf
L3RR CTD FES (W) [F] B A 3/ N L 5 A 5T
2 Z BT 5 B 1A 2 5 Wi 2 TR A4 i, AT
TE L S5 B2 Z E3E I T — 2 A ALK (TIND AR
it R SHPZE. A B)Z RN 7 nm, T LK
400 nm JERE S JEZE, B 10 nm JEAEK
wEJE. ALO, )2l i Z DU T 264 i+
JRUUR T2 — R Je i i v B 2 R, BR B AR 4f
b o] 1 JRE S L T R A 4 T 2 e Ak
S A EFR (Chemical Vapor Deposition, CVD) 45
AR R 4R i S Y E S TE AR (Physical Vapor
Deposition, PVD) il #. 524 22 1) 45 J& T2 6k
i AlCu,id@iid PVD il & B U 22 450 7 2 K

B TR, AR 22 BT AR 0.5 pm x
0.5 pm. fERRIEE #h 428 AAL Y 2E S (CMOS) T
LRIERE b R A BN AR RS Al
PVD T 24K —J2 AlCu, V35 R CVD 4 K&
JE 4 000A 134 8 J2, SRS R ALD T 2B K —
JEIEEE R T0A [ AL O, B 5 i it PVD AR K
—JRJELRE R 200A (94K 4 IR EAE 1 e M FEAE
PVD 4K — R AL CTINDAE A TR 2 5 ik 2
(B8] (3 8 )2 FBH Y )2 . e fm FH PVD A= K —J2 AlCu
16 b HUB B 4 8 IR

AICu
TiN
Til

Sifsubsratc]

1 ALO, AL HE
3 ERfdiERe

AR SO FH 2 HEAE 4156C 2 AR S B0 B Uk
I B s 22 BT A RE T o R IR % 42 3
A, N R, IRR g AL O, SO 22 2814
1) -V R h e an & 2 v AR A A B R, 78 T
ERE 2 VR ImH /N T 1 pA, RIS 2219 ¢
AKX T 1 TQ. 7RG X8, SOl 22 3 B L
R B 2E L R TR R R Xk, an T 2
s 0] PL FH Poole-Frenkel #1 i $1 4 i 2k, Poole-
Frenkel & S #Li A AL Ay - B8 A0 J53 )2 v i) gk
FETH AR SR J PRI A I s B B 1] 4 ) HLH A L
TR R A= (D.

T e :CEexp[—e<¢BpF— [_eE )//eTJ (1
TTEVE,

X E N Birb iy i3 5 e 1 HUGT 5 ouer K FEABIE
Plpie) WESNHEEE e, HALO, MHEEGE N
PR ZE SR T R W SO 22 f i v R i 26
In(Jee/E) 5VE BATIAHE]— Sk HLR A2k
Jim s UL RO 22 2500 S N E R R TS
L~ Poole-Frenkel %& G114,

K 3 &/~ T o % # & (Breakdown Voltage,
Vi) FIFFASHL B B 43 A1 BEAS S 116 4> Al Os )
2285, T EF R A IR I(E Hy 5. 85 V., bRifE
2278 0.13 V IYIES /0 A HobrfE 22 AR/, R 2%




H18 BRSO 55 SE T ALD Al O, BRI 22 F5 PR 0 AT SRR T 43
-6 DM T 23 Bt R, AR P ERF R0 36 A0 7 980 o P, 7 47l
RN T LI E AR S AR F i
8}
10
@ -10F 2 1075 L
9 —— stressed@4 V
= -12+ 10°F —@— stressed@4.5V
-145 ]' é é T é é § —&k— stressed@5 V
Voltage/V §
141 5107
| A
\
0 ¢)
16— QO R e e —|
0 5000 10 000 15 000 20 000 25 000 30000
Sqre(E)/(V/m)" 107
0.01 0.1 1 10 100 1000 10000

B2 RASZH LV ik gk

PR —PELT o 28 o HE D Sl AN K. 2 F BELIIR A
YA H 22 Q. bRAEZE R 3. 7 Q WIIER M. W%
MR BERE, PR TR TR T2, AR &
(B, [l B A A P o 28 67 R 58— 1. AHXT
FREHEMAKXT 1 TQ, ﬁﬁF%BﬂﬂEMﬁE”ﬁ 22
Q74 T LLIF G2y 2R 10", 3 02 — AN 1R 4 b
TR

50 F

40

30

20 Hf

mmm\\@\\\\\m

B RITIIIN

0 I Kk
54 56 58 6.0 6.2 6.4 20 25 30 35 40
(a)Antifuae breakdown voltage/V  (b)Antifuae on-state resistance/Q

o TR o FR A2
B 5 7116 M BMh s SR EMFSEESH

4 S[EAEMGE

JJs 22 25 AT SEE BRSO TAE LR
T H A RS FFar FEs RS SR TS H
FaE.

R T AR B 22 BT 0 B AR i 2R R (TD-
DB), X &% 14 jiti fin 45 22 2 & (Constant Voltage
Stress, CVS) A FHIIAF] 1 mA B (1) i [H].
B 4 R T8 EATR CVS R i HL 7 BE & i i
J B[] P AR A5 1O o > F S A P s ) 8 ok A () (L
J » e 00 T P U 2 T SHRG I 3k R R o 2 ) LA R
B 4 A e A RO AR T R

stress time/s
B4 SBHERE CVS FHEEH

BN ET A — D4, [
JE T AR AR 0 B fg A —FE %7 A5 & Weibull
G338 H P HL Weibull 23 A v 9 R AEAEAE by [ 5
HLE T B % A B, Weibull 4304 AA K (2), Hp F
FoR B REAMEA, B S Weibull 438, £IoR 6] —
JE T o R TR 70 A B B S 263 2 A — U T
63. 2 %0 (RS PR Rl 2RI A ] AR % L R T A R
Sl

W(F)=In[—In(1—F)]= ﬁln<i) (2)

ARSI 22 A 1Y T A o AT AL 5 B, 6T
HLEN 3. 5V B 5. 5V, 435l 45 Y T AR Y weibull
?4%‘: ,8 %Hfﬁ?ﬁ Trns DA tes E‘Jﬁj@*ﬁ@ %E‘F%%ﬁ: E/‘J
FEAir

In/(-In(1-F))

15=30557s

B=1.12
V,=3508s

-5 1 1 1 1 1 1
107 10" 10° 10' 10 10° 10
TDDB/S

B 5 HEARMRBRERHET.HMEH TODB 5%
H1 T S 22 R 4 A2 i B9 = A AL A Poole-

Frenkel &4t iF LA B0 75 i 45 8 Oy E A0, 4fy
AU 2P 1R Y log RS A IR P B ) — O 7
RILME R FR AR 6 JBR TAEA R T gk



44 P T2 SR

2019 4F

A i 2 I E] S AT LAFE ol 20 I 1) T 0936 25557
T RN O E LA 2V TARRL R R
el FR TN 73 4 Ry 1591 47, IX 4 m i) R A ] SEdE
PR A BUZ D A HLU RO AR AL O

""" N difetime@2V=1591 years)

10’ '
1
1
!
g 10°r |
3 :
= 1
|
10'} i
1
1
i
1
1

10° ) ! ! ) ! 1

0.5 0.6 0.7 0.8 0.9 1.0

Root(E)/(V/nm)"?

B6 BUFoMEENTL
a5 o HL B A TS R R T A L BELAE
T (o] (SRR I PR A AR L TR 7 s T LA S dis
22 AR PE A L LB 3 PR O P A v il 2 DA ]
WL B A AN 20 mA, #ROF 0 L B IR A R
AN g ) A R — B /N T 20 mA I

PR AT AR A ORAFAR G 04 ] S,

28

26
24 1

2F

Resistance/Q

14 1 1 1 1 1 1 1 1 1
0o 2 4 6 8 10 12 14 16 18 20

Current/mA

B7 RBEFSEESIEBRBRNXR
K8 JE/R T E R ar R AT LT RS I LA R . 36
BZ A AR 20 mA HLUR R £80d 50 ks, MM 25 HL B
BARKAZE LA R BRI SRR ST
HAR m Y n] SR,

5 HEWIE

ARSCRFH A LB RO R AL Os VR A =
A RO 2 R il 7 —Ffes PERE . w5 m
FEVER) MIM U 22 50T, S g R R I U 22
FICHARE IR B3 T 10" [RE 2 VT

b
(=]

20 mA constant current stress

w
W
T

w
(=1

[
(=}
T

On-state resistance/Q
[\ ]
W

—
W
T

10 1 1 1
1X10' 1X10° 1X10° 1X10*

Time/s

8 BR47E 20 mA B T B TR MR

PERUET AR F RS A7 A a8 1591 4. 7EHL I O
~20 mA FFT L AE RIS R B AR AR E. S5 R
KWz MIM Kl 22 5T REBAR 4 Y B 1) FP-
GA.

S 30k

[1] Hu C. Interconnect devices for field programmable
gate array [ C]// Electron Devices Meeting, 1992.
IEDM ' 92. Technical Digest. International. UK,
Glasgow, IEEE, 1993:591-594.

[2] Hamdy E, Mccollum J, Chen S O, et al. Dielectric
based antifuse for logic and memory ICs[ C]// Elec-
tron Devices Meeting, 1988. IEDM '88. Technical
Digest. International. San Francisco, IEEE, 1988.
786-789.

[3] Zhang G, HuE, YuP, et al. Metal-to-metal antifuses
with very thin silicon dioxide films[ ] ]. IEEE Electron
Device Letters, 1994, 15(8):310-312.

[4] Tamura Y, Shinriki H. ON-state programming and
off-state reliability of metal-to-metal antifuse based 10
nm-thick SiNx film for 3. 3 V operation[ C]// Relia-
bility Physics Symposium, 1995. Shanghai, China,
IEEE International, IEEE, 1995:36-41.

[5] Wong R J, Gordon K E. Reliability mechanism of the
unprogrammed amorphous silicon antifuse[ C]// Reli-
ability Physics Symposium, 1994. IEEE Internation-
al. San Jose, California, IEEE Xplore, 1994.
378-382.

[6] Tian M, Zhong H, Li L, et al. A new high-kx Al,O;-
based metal-insulator-metal antifuse[ J]. Solid-State
Electronics, 2018,7(12). id. 125327.

[7] Tian M, Xu J, Zhong H, et al. Role of Ti electrode
on the electrical characterization of filament within

1, Os based antifuse[ J]. ECS Journal of Solid State



514

XRG4 LT ALD Al O, 750 S 168 24 2310 1 ] S5 PERF 5% 45

Science and Technology,2018,7(4) :N37-N41,

[8] Gonzalez M B, Rafi ] M, Beldarrain O, et al. Charge
trapping analysis of 1,O; films deposited by atomic
layer deposition using H,O or O; as oxidant [ ] ].
Journal of Vacuum Science & Technology B Nano-
technology &. Microelectronics Materials Processing
Measurement & Phenomena, 2012, 31(1):01A101.

[9] Ding SJ, Hu H, Zhu C, et al. RF DC and reliability
characteristics of ALD HfO/sub 2/-Al/sub 2/0/sub
3/ laminate MIM capacitors for Si RF IC applications
[J]. IEEE Transactions on Electron Devices, 2004,
51(6) :886-894.

[10] Remmell T, Ramprasad R, Roberts D, et al. Reliabil-

ity of silicon nitride dielectric-based metal-insulator-
metal capacitors| C|// Reliability Physics Symposium
Proceedings. 2004 IEEE International. Beijing, Chi-
na,IEEE, 2004.573-574.

EEE T

RRERAT U, (1992-) WL AFSE A=, WIS J5 1) o 6 0l HL B S
5 T2, E-mail;: zhaows009(@gmail. com.

B & 2,991, [ EaFsR A BF5E 5 nl o 42 A AR I 5
FTZ.

LA B, (19735, i, B gT B3 WF 5 5 1) ok 4 A H %%
W

(E#E% 40 )
5 HEHRIE

ASCHE T —Fh i el SRk AR 1 e A () 41 2k
PRI S B B M B T 58 U S pR B, e
T A3 N 7 R 25 5 RUNRE A 5 RIE SR AR A
A B, I 2 B A 28 1) 2 A A Ok Y ], 9 7E
VOC2007 % ¥ % I 09 kS i 38 78. 3%, i
YOLOv2 %553, Al 17— B 8 1 % & i
J5 s FEE R BEALI S A5 B Rl A SRE A 2 RO %5
AR LS B (- T e T 245 8 T i L, HAE
Cityscapes ¥ 48 5 I 0918 F 05 B AH L 3t 48 O7 1%
pix2pix &7+ T 7%, It B S KE B A B F R LSS
BT 55 s AR bl 8 EGCR AR B H. AR SCHE i
P sRE A K R A i AR AL ASGE FH T4 BEAIL
P Wids 280 RV REE T oA B ARR AT 55 A 5%
2N A .

S 30k

[1] Joseph Redmon, Santosh Divvala, Ross Girshick, et
al. You only look once: unified, real— time object de-
tection[ C]//The IEEE Conference on Computer Vi-
sion and Pattern Recognition (CVPR). Las Vegas, Ne-
vada, USAIEEE,2016.779-788.

[2] Joseph Redmon, Ali Farhadi. YOLO9000: DBetter,
faster, stronger[ C]//The IEEE Conference on Com-
puter Vision and Pattern Recognition (CVPR). Hono-
lulu, Hawaii, USA . IEEE, 2017.6517-6525.

[3] RenS, He K, Girshick R ,et al. Faster RRCNN.: to-
wards real-time object detection with region proposal
networks[ ] |. IEEE Transactions on Pattern Analysis
&. Machine Intelligence, 2017, 39(6); 1137-1149.

[4] Liu W, Anguelov D, Erhan D, et al. SSD; Single shot
multibox detector[ C]//European Conference on Com-
puter Vision. Amsterdam, The Netherlands: Spring-
er,Cham,2016.:21-37.

[5] TIsola P, Zhu J Y, Zhou T, et al. Image-to-image
translation with conditional adversarial networks[ C]//
The IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). Honolulu, Hawaii, USA: IEEE,
2017.5967-5976.

{EEE T

SRERPR 5. (1992-), LA 5T A, W55 1) 9 KO 4R LR
i it. E-mail: zhuxyl5@mails. tsinghua. edu. cn.

i & F,A9720) 1 BIRFIE B WF5E T e B AR AR
RGBT

EER 5. (1988 Mt WP TT BT R AR ST



