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Design of Poly-Fuse OTP IP Using Multibit Cells

Dongseob kim*, Longhua Li*, Panbong Ha*, Younghee Kim*

8 % £ =RoAe ofdE1 32 Efynt B4 (calibration) 50l "3 tlo[elE AR sk B HlE <l
AWA 32bit PF (Poly-Fuse) OTP IPE AASIAE & 719 A" ERMAAE] 2719 PFE ARESte] sl OTP
As Fgstea 2 HES] tlojHE Za I £ e 14-281E9Y] multibit PF OTP A& AiRbsict. ARk 14
-2H]E PF OTP A9 bitcell AlP|ZE= 12.69um x 3.48um (=44.161m2)9] 1/22 7]& PF OTP A9 bitcell At
ojzo] Hlg| A WAL 33% &t TH £ =FoA= AYE multbit A &0 RrE 13 x 328 A offo]
3lze} Fo] 3= (WL 538]2, BL 7532, BL 2% 328} DL sense amplifier 3|2} MEA At
ArE multibit AL ARE3SE 32bit OTP IPQ] FoJoke: Alo]2E 238.47m X 156.52m (=0.0373m2)C& 71&
single bitcell& ©]-83%t 32bit PF OTP IP Afo]Z9l 386.87m X 144.87im (=0.056/m2)°ll H]e] HAES 33% F&
Z%t. 1099 data retention A7 1Ejste] AAE 32bit PF OTP IPE detection read EE=9} read HE9
A Z29E PFY] 4 A4 A BIAE Y post-layout ZOAHY 2} Z4ZF 10.5KM% 5.3 0% HASIAH.

Abstract In this paper, we designed a low-area 32-bit PF (Poly-fuse) OTP IP, a non-volatile
memory that stores data required for analog circuit trimming and calibration. Since one OTP cell
is constructed using two PFs in one select transistor, a lcell-2bit multibit PF OTP cell that can
program 2bits of data is proposed. The bitcell size of the proposed 1cell-2bit PF OTP cell is 1/2
of 12.69um x 3.48um (=44.161pgm?2), reducing the cell area by 33% compared to that of the
existing PF OTP cell. In addition, in this paper, a new 1 row X 32 column cell array circuit and
core circuit (WL driving circuit, BL driving circuit, BL switch circuit, and DL sense amplifier circuit)
are proposed to meet the operation of the proposed multbit cell. The layout size of the 32bit OTP
IP using the proposed multibit cell is 238.47m X 156.52im (=0.0373im2) is reduced by about 33%
compared that of the existing 32bit PF OTP IP using a single bitcell, which is 386.87m x 144.87m
(=0.056im2). The 32-bit PF OTP IP, designed with 10 years of data retention time in mind, is
designed with a minimum programmed PF sensing resistance of 10.5k! in the detection read mode
and of 5.3 Kl in the read mode, respectively, as a result of post-layout simulation of the test chip.
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Flash) 34 &°] At} [1-5]. °l& specialty 378
< F7F 3780] dagls S w=EQl eFuse
(electrical Fuse)g ARESH= OTP (One-Time
Programmable) W% 2] [PE & 3it}

H|ZHRY  dWe]  (Non-Volatile Memory)?l
eFuse OTP IP (Intellectual Property)= &7} &
o] =WQ QUcH1-4]. eFuse OTP IP= WHE=R 7|&
A A7l (Bandgap Reference Voltage
Generator)?} 22 opd21 3|29 VREF Y E
g9 59 HolHE Adste I ATH3L

eFuse OTP H=2] A (cell) eFuse B30l 25
A =0 FHFE E7 eFuseE thermal rupture
o 98l blowingd}™] eFuse OTP 9] eFuse B3
AeHog nwfst, 3 Wt T2 Jhs
wlrz2lo|th5-10]. eFuse OTP A2 eFuse H3
T2 T57] o™ AEolA eFuse HAY %7]
AL 50~100Q AH=o ExEgH7L IEa
eFuse #HIE FAFE  blowingdd @ PVR
(Program-Verify-Read) 2=9! detection read =
ToflAl  eFuse ©AY AN AFE 10kQo=
eFuse OTP IPE AAsto] ol HAENA pass
H= 4§ efuse B39 Z2ZTWHE AP 10k2
oijolztyr & = Stk olet Zo] eFuse® PF
(Poly-Fuse)E AREdk= PF OTP A2 50~100.2
AHZ9 conductive state®} 10k ©149 highly
resistive state % SPE 23 HoH7-8].

PF OTP A2 H¥ EWAAH} 7]ALXR] PF
St 747 o™ HoHI). eFuse OTP IP= OTP A
Alo]Z71 Zololat OTP [P ARIZRE £Y 4 Qo
o=z 22 Waol OTP A F+do] Zas)tt.

£ =EoAe PF OTP A AlR|=2E £0]7] 3
Ag] EMXAE S Jlof] PF 2708 AREsto] shte]
OTP AS F/d5lHA 2H|EY] HolglE Za13%h
o = 14-28]E9] multibit OTP A& A9kt
t}. dubdo=z pF OTP A9 AY E;MAAHE=
NMOS ERHAAEE ARESE OTP A [11]3} PMOS
EHWAAEE ARESE OTP A [1]0] itk I3 =
23 HITojA NMOS EHAAEZF PMOS E#dH
ALEo| Hlg] Yohs ZEIH ARE F5HF7I

e
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A3 o F2 channel widthZ Fdo] 7Fsst=
2 B =FoAE NMOS A8 EHAAHE AL
o] 14-2H]EQl multibit PF OTP Al9] #oJol&
Alo|2E £t} T £ =EolA= multibit OTP
Aol =z wr (T HE read XEE,
detection read RE)o] HEE 18 x 32 Al of
o] 329} 32bit OTP IPS] o] & (WL -5
3|2, BL 75 3|2, BL 29A 3]2%} DL sense
amplifier 3]2)& AIISIHCE. ESF 32bit PF OTP
P9 HAH & AASHY2H, post-layout E9
ATS 59l & 2l Vs IRlsieith

2. 31247

7129] PF OTP A (cel)2 I8 1(a)°X E=
AXE MV (Medium Voltage) 2Rl 3.3V
NMOS A&} EHAAE g 7ot 714411 PF
ME FgEe] ok 123 18 1(b)E 90nm MS
(Mixed Signal) 3422 #oJo}2H PF OTP A9
glojokz (layour) OJHIAIE HoiFaL 9low, A%
HHo] NMOS select EZRAE0]T QEX HEoO]
PF 7]94Atolct. 7|2 PF OTP A9 golok Alo]
2= 11.43m x 2.88m (=32.9184wAelch. 1%
1(b)9] 7I1& PF OTP A HolojoflA & w3fe]
BL (Bit-Line)& M2 (Metal 2)2F M3 (Metal 3)
layerE stacksto] ook EHolln & =gk
WL (Word-Line)2 M1 (Metal 1)°2& &% o]
AUt

BL

PolvFuse
NMOS
WL Select
MN1 Transistor

(@) PF OTP 4 32
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(b) PF OTP M 2jojof2 O|OjX|
O3 1. 71E9| PF OTP 4.
Fig. 1. Conventional PF OTP cell: (a) cell circuit and (b)
layout image.

PF OTP A9 bitcell Afo]2E Z0]7] 5] &
ERoAE I 2004 Hi= uRel o] A= NMOS
EWAAH S 7o) PF 27HE ARESIY] sl
OTP A& FAJaPHA 2HEQ] HlojglE =z agt
4 = 1A-28|EQ] multibit OTP A A
ot 18 2(b)9 AlQkE OTP Ale] Ho]oky: ofu]x]
oA 7}ed FHo] NMOS A&l E#:AAE]T ¢
Z3} 92&0] Q)= FEHo| PF 7|dAAolct. ARt
& 14-28]E PF OTP A9 bitcell #lojok Alo]
2= 12.69m X 3.48m (=44.161m»<] 1/20]H,
bitcell AlP]Z= 7]& PF OTP Ao H|3} 33% &

g EA.

BL L BL R
—d’\}p——%—

PF L PF R

a. B NMOS
MN2

Select
Transistor
V
VSS

(a) 1cell-2bit PF OTP 4 3l2%=

Bi
i
i
i
i
i
Bi

12 Aok 14-2¥]E PF OTP Ao & n-
d HlolojA 27S HojFal §lrh TR Htof
A DIN©| ‘1’o]#A] BL_Lo] A== 3¢ BL_L¥}
WL # 194 He ZAAY 2% VPP7F HHA
PF Lo =ZE279 X%t &34 PEL F2=
thermal rupture®]| 2J8] blowing ¥#, BL R2 &
E¥(floating) “gEHoll oA 2T HAFIL 52
A gFou = unblown AJEHE FARICE BHH =270
H HEoflA DINo| ‘1'o|#A] BL_Ro| Ae=l= 3¢
BL_R¥} WL & 10|4 Ex= vie} go] % VPP7}
WA PE_RO| Z=T73 AF7F Z24 PF R 2=
thermal rupture®] 2J5f| blowing =¥, BL_ L2 &
28 Ado] glowA ZeTd] M7t 5237 gou
E unblown AHE fARITE ZETH HTojA
DINe|] ‘0l 7ALof= BL L} BL R 2% floating
A7l =HA WLe] VPPZ EAJshEs 4$ NMOS
Ag EAXAEZF ON A7 Helgke  BL L
BL R A% OV7} H|[=& PF_L¥ PF R EF Z&
I AF7F 322 FOHA unblown AEHE A
Sit}. Read EEoflA BL_Lo] A8jEl= F¢ E 19
A B Hel Zo] WLo| VDD7F HWHA PF_Lo]
unblown g2} blown A8 ZZte] isf BL L A
2 VBL L¥ VBL_H Z¢to] Z#th ojuff VBL L
AYS sense amplifiero] 5l read datag low=
AAJek= BL Aol A9 oV Folok ghH
VBL_H AYL sense amplifiero] 23} read data
€ high2 Ase= BL AYe]lx A9 VDD F<o]
o 1183 read WEojA4 BL_Ro| AEEE HE=
E 1904 EE= v} Zo] BL_Lo] A™ElE ZHeet
o] ARl

H 1. MQHE 14-2H|E PF OTP Mo| S& ZEH HIO|0A =4
Table 1. Bias conditions for each operation mode of the
proposed 1cell-2bit PF OTP cell.

Program Mode ‘ Read Mode

Selected BL_L | Selected BL_R Selected BL_L Selected BL_R

DIN 0l 1101 0 1 0 1

BL |_ Floating| VPP |Floating|Floating| VBL_L | VBL_H | Floating | Floating

(b) OTP ‘4 2{ojot2 Ola|X]|

O3 2. M2HE 1cell-2bit PF OTP A,
Fig. 2. Proposed 1cell-2bit PF OTP cell: (a) cell circuit
and (b) layout image.

BL R [Floating|Floating|Floating| VPP | Floating | Floating | VBL_L | VBL H

DOUT | x | x | x | x 0 1 0 1

PF | | unblown| Blown | Unblown | Unblown | Unblown | Blown | Unblown | Unblown

PF R | unblown | Unblown | Unblown | Blown | Unblown | Unblown | Unblown | Blown

WL VPP VDD




X 2= JF 29 ARkd 14-2H]E PF OTP A
S ARgsto] dAE 32H|E PR OTP IP9] #8 £
Ae Hoju Qirh HEy 8592 13 x 32¢9
Al offlolg Z= 32M|EClH, program HE& ¥
A9l PFE blowingdl’] ¥8l 4= A mA9] & ==
I3 AR7h "ggstea §b bit¥ Z2Ilsk= B
H, read?} detection read X E+= 8H|EH readdt
ot Tz 2eoa VDDE VPP (Program
Voltage) AYL 27+ 1.2ve} 5Vl vHH, read &
¢} detection read RE= 25 1.2V 23 A
&g ARg3lth d2|F program A7 25CofA
4 20uso]™, DINo] ‘1’9l A% A=id PFo| &
=78 AR7E &84 A9E PFE blowingsta
DINo| ‘0'%l 7%+ PFol Z2T3] HF7t 52X
&ouF unblown AEHIE A3

H 2. 4= 32H|E PF OTP IPQ F=QEH.
Table 2. Major specifications of the designed 32bit PF OTP IP.

[tem Main Features
Main Memory Density 32 bits
Read Mode x_8 bits
Data bus | Detection Read .
Interface Mode x 8 bits
Program Mode x 1 bit
VDD = 1.2V+10%,
Read Mode | vpp = 15y 109
Operating | Detection Read | VDD = 1.2V*=10%,
Voltage Mode VPP = 1.2\/i102/0
o | U2 82196
RAandom DRead_ l\/IoSe 3 Max. 440ns
ccess etection Rea
Time Mode Max. 490ns
Program Time Min. 2Qusper bit
Read Mode =40 to 1256
Operating | Detection Read 25
Temperature Mode
Proaram Mode 25T
Stand-by Mode | 'f2 7N TR
lvop = Max. TmA,
Power Read Mode lver = Max. 20uA
Consumptio| Detection Read | hop = Max. 600uA,
n Mode |\/PP = Max. ZOUA
Program Mode ||vvapD = ,\%g_(‘ 4%%_\A
Initial Cell Status | ow
DOUT DOUT = Low
Status in | Programmed Bit (@ DIN = Low),
Read Mode by DIN DOUT = High
(@ZB%IQ = Hiah)
. ATum x
Size 156.52um
lsolation Tvoe lsolation
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19 32 DBHiTek 90nm MS (Mixed Signal)
THoE HAAH 14A-24]EQ multibit OTP IPE
EELE HoF1 9tk 32bit OTP IP Fof ==
39 394 He AAY 14-281E9] multibit A&
AL 185 x 32989 A ofFlo], WL (Word-Line)
75 ¥, BL (Bit-Line) 532, BL A7 =
9} DL (Data-Line) sense amplifier, A|o]Z3]
(control logic) 3]2& FAJ=]o] Qlch.

CA210[7:0]
CA43[3:0]

CA[43]

Column Decoder BL Driver

CA[2:0]

[sLiz1:09

1cell-2bit PF OTP Cell Array
(TRow x 32Columns)

WL

CE

READ

PGM
DM
DIN

Control Logic BL[31:0]
WL-Driver

BL Switch & DL S/A

DOUT[7:0]

O3 3. HAE 32bit PF OTP IPQ| E8E.
Fig. 3. Block diagram of 32-bit PF OTP IP.

I3 4= OTP Zo3z % sl WL 1532
£ HoFy Qo WL 5329 VPP T2
HEoJA 5V, read ZEQ} detection read HE=0]
Ae 1.2Ve 23] AYo] IUHEER 23] HYow
T5EE= WLEN (WL ENable) 452 W& 53]
7] 9siA= I8 4] HojX= VDD-to-VPP
level shifter 2]=7} Q5. WLEN 4lZof OVit
VDD Zto] QI7k=EH WL 2+t VY VPPE +
BT

VDD —to - VPP
Level shifter

WLEN

O3 4. WL 1532,
Fig. 4. WL driving circuit.
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J9 5% BL 75328 HojFy 9tk BL 759
Ei= CA43_L, CA43_RIt CA2100] 9jsf A==
BL_L# BLR T&32& Hg=o]  glom,
VDD-to-VPP level shifter 3|27} Zgl=lo] Qi
F ojl=gA CAR:I0 X 394 H= e} Zo] 7}
A 9ol X7t BLEE 4714 M™si, CA[2:0]
o] o5 Aei=l= 4709 BL2 CAl4:3]19] s tj=
Qe 922 218 Bl Id 29 A 3=
o] 9= BL_L¥ BL_Ro|t}. IR HEofA
WD7} ‘0e]AY & o&=H A (column address)9l
CAl4:0°1 oJsf A== 2 BLS Hi-Z (High
Impedance) ATE]7} Hc}.

PG!\[:‘ ) D E
WD Ad3 1. |:|
CA2T0 i

J8 5. BL #1532
Fig. 5. BL driving circuit.

B 3. @ O{=2A CA400 28t & O{=2|A mapping
BIOI=.

Table 3. Column address mapping table by column
address CA[4:0].

01115010111
110111011101
= |

i 1]
0 1
f 0]
|

=

=R B B
SITo1Io oo
R e e

o

0j0ii1
1111010
R

=

read HEOA CA[2:0l°1 sl BL 4714 AEo] =
o, Ael® 4709] BL2 CAl4:3]9] 9l 18 6o 2
o= 47} BL%F szt A=o] Eof transmission
gateE B9 DLo| Hdgo] Hrh 3IH RM
(Resistance Measurement) R E=0AE= TG4 AA]
7} ONEHA] DL} RM2 F2HOo = AZEo] RM
o 10uAS] AFE Q7P blown® PFoj| o] ARF
7} 32WA voltage drope] 28 RMY AYL &
JolH blown® PFe] A £7g0] 7ksoict

BL[0] BL{1] BL[2] BL[3]

[0]
[0]
it}
1]
2]
21
B3]
B3]

5
a
4
=
o
12
3
8
BLSW_PG_SEL
=
2

Bstflijm
BLSW _PG_SEL|
B]_S“';;VEASEL
BLSW_PG_SEL]
B]_SW'_;\'E_SEL
BLSW:\EASEL

BLSW_PG_SEL|

RM_ENb

T

G4
T —RMm

RM_EN
DL

J% 6. BL A%%| 3|2,
Fig. 6. BL switching circuit.

18 72 read 2=} detection read EEOA
DLO Hlo|8E AASK= sense amplifier 32S
HolE1 9tk 19 79 MN12 DL =&y EH
AAER WLo] @43} (activation) 57| ©]Ze] BL
I DL& OVE ZapAeict. 18 MP13 MP2+=
ZYZy read H2EQ} detection read HEOJA DLE
EZ9 (pull-up) A7l &Y F5t ERAAH| o
ot read 2E=9; detection read HEOJA ZZ
J3E PFY A4 AL typical ZOAY =A
(VDD=1.2V, VPP=1.2V, TT, Temp.=25C)°lx 2}
Zr Ex AR 5KQI+ 10KQo] HEE MP1d
MP29] PMOS £Y ot ERALEHE Al|AsI3]
TH12]. Detection read EEOAQ] Al 7Fs3t T
23 AP 10Keoz dukygoz AREEHE
read 2E=9] A 753t ARl 5KQES 34 of
o2 1099 data retention A|ZF B9t TR ;Y
Aol 5KQ A= HoHHHe read EEOAE
2 adE AFog MAJSIEE d&Ec). SHH 32bit
PF OTP IPE read access time©| 440nsZ® 1%
Aol o7t glomd DL sense amplifier &



= I9 794 ®He= AAY clocked inverterE Ak
&35fo] AAJett. 183 Clocked inverters AlA]
B2 A Y= A% FN k=7 Hi-Z AEPE =
B2 inverter latch 3|2& o]&sto] FN &= A
& o]do A MUOC=Z latch A|AZCE $hH
AAE 32bit PF OTP P9 ool Alo|=2e=
238.47m x 156.52um (=0.0373m)E 7]Z single
bitcell& ©]&3t 32bit PF OTP IP Afe]=9l
386.87im x 144.87m (=0.056mA°l Hs] WAL
33% A &t

IClnckrd Inverter | [ Inverter Latch

1
| I
| " i
| I
1 1
L o 3 VoD : ::5_4 :
2 g ! 13
S—‘iq 0| B o i
FIRla IR 2 1 G |
B £ [ 1
DL ! L DOUT
! il 1
! il 1
BL_Pcc —|[_ w1 : §_| |: I
1 1
I 1
1 ! I :
I : I 1
I 1 1 1

lam e el | R |

1% 7. DL sense amplifier 3=Z.
Fig. 7. DL sense amplifier circuit.

TG o ¢ D

(a) 7I&Z Mg 085t 32H|E PF OTP IP

(b) ME mMet=l Mg 0|g5t 32H|E PF OTP IP
2! 8. 32bit PF OTP P9 2|0j0FR AlO|= HIwl.
Fig. 8. Comparison of 32-bit PF OTP IP layout sizes: (a)
conventional cell and (b) proposed cell.

Multibit 42 023t Poly-Fuse OTP IP 44 271

3. Rojay Zi

I3 8(b)2] Agrd A4S o]8<t 32H|E PF OTP
P9} HAE ol tisf & B=¥ 7|5 (function)
of st post-layout ROAS] read HE9}
detection read HEof tigh mOAE = PF
A4 A 2oJAET} read EEOA simulation'™
MY 2 mEIHEA] g2 PF JIE B9
52t AZo| i3t pre-layout RAFS AP}
ct.

I8 9= TT (Typical NMOS, Typical PMOS)
model parameter, Temp.=25C)oA 2 mtd
Ad" AL o8t 32HE PF OTP [P
post-layour HOAE ZItE HojFy Qo T
I3 = noAge vpDpet VPP AYS 747
1.2ve} 5VE S7lskar 3o =3 WL, BLY A
elxl PF OPT A9 PF F39 U= (anode)?} =
= (cathode)ol|] theh AY TEFE HoFil Ut
I8 99 ZoAY il Hie= ZAAH PF 3
3 gol= 1.79VY] Aol Al 24.9mA9] ==
I3 AR/ 3282 PF P39 =27 sy A
9] 7] AFE ARG Axt 7200tk I 9(b)et
9 9(0)& PF OTP /o] Z=2 =y Lo dfisf
read 2E=9} detection read 2E=0f tigt 2oJAY
Z23E HoFa gt 1" 9b)et 18 9(o)elA
He AAY  WLol WA 481l DL sense
amplifier 3]29] DL &% Hslof 95 DLo] VDD
2 & =H4A DOUTY dHolg7t T&E &95:=
235 E 4 Sk O9 9b)Y read 2= 1Y
9(c)9] detection read RE=of tist RoJAYS A
P of == PR A 747 5.3MF 10.5
kS ARSI oH, typical BYAE ZAOA PF
OTP 1P9] A4 E#el 5K} 10KS 2F A7t
UE AL HAE oA OTP IPE oA
metal Z9E Ago] ZItE Adolty HOAFL
32bit PF OTP IP29] VPPS} VSS EEO|A 2hd
Aol Mt & M 2EF e AL VIEeE

Lol A,

8,
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CE &

PGM ::

VPPM

oN o

i, ﬂ 2.96V
g 0= 438V
SEL_PF_ANODE : . 382V
AV, =179V

SEL_PF_CATHOI 2W5Y,

223mv

-24.9mA

VSSM

(a) T2 Z&

CE &

READ; |

Wi { 1.2V
o & ( 539mV
¥ ( 393mV

5.45mV.

SEL_PF_ANODS

SEL_PF_CATHODE

1.19v
DOUT[7]:

-1.47nA

i

Time[ns]

(b) read 2=

READ §:

32H]E PF OTP IPY HIAE FHof tigh Z4d
2744 read =9} detection read H=o] TSk T
2% OTP A9 Proll gt Al A% Zo4d
A= E 4o He HiRb 2ok ® 4= Hodd
ZA¥ ZAyZ VDD=1.2V, VPP=1.2V, Temp.=2
5C, TT (Typical NMOS Typical PMOS) model
parameter 704 T2 IWE PR A4 AP
read =2} detection read REOA 22t 53K
10.5k9] 2oAd] 23 U A & & Utk

B 4 35 209 MY KNI st DolME A1t (a) read
DE (b) detection read 2E.

Table 4. Simulation results of sensing resistance by
operation mode: (a) read mode and (b) detection read
mode.

(@

VDD | Temp | SS SF 1T FS FF
-40C | 3.3KQ | 2.9K0 | 4.1KQ | 5.8KQ | 4.8KQ

1.08V | 25 |4.6KQ |4.0KO | 5.5K0 | 7.0KQ | 5.7KQ

125C | 6.9KQ | 5.8K0 | 7.3K0 | 8.2KQ | 7.0KQ

-40C | 3.7KQ | 3.2K0 | 4.2KQ | 5.2KQ | 4.4KQ

1.2V | 25C |4.8K0 |4.2KQ | 5.3KQ | 6.1KQ | 5.2KO

125C | 6.7KQ | 5.9K0Q | 6.7K0 | 7.1KQ | 6.1KQ

IV

= |
=

i 537mv
bL7y

ol 429mv
SEL_PF_ANODE ::

SEL_PF_CATHO! 3.14mV

DouT(7] 119V

op : -1.49nA

" Timelns]

537mv

: [ 429mV

it 3.14mV

-40C | 3.8KQ | 3.3KO | 4.1KQ | 4.7KQ | 4.0KQ

1.32V | 256 |4.8KQ [4.2KO | BKQ |5.4KQ | 4.6KQ

125C 1 6.4KQ | 5.7KO 16.1KQ | 6.2KQ | 5.AKQ

(b

VDD | Temp | SS SF T FS FF
-40C

1.08V | 25T |9.9KQ |8.3KO | 11KQ [13.5K0[11.1KQ

125

-40C

1.2V | _25C | 9.9K0 | 8.5KQ [10.5KQ[11.7KQ| 9.8KO

125

-40C

1.32V | 25T |9.8KQ |8.5K0 | 9.7KQ [10.1KQ| 8.7KQ

125C

1.19V

-1.49nA

(c) detection read 2=
J& 9. Typical 2o X710iM 32bit PF OTP IPS] HIAE
Zlof| CHet =2 BEY post-layout 2oIAE Znt
Fig. 9. Post-layout simulation results by operation mode
for the 32bit PF OTP IP test chip under typical simulation
conditions: (a) program mode, (b) read mode, and (c)
detection read mode.
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Table 5. Simulation results for current flowing through an
unprogrammed poly-fuse link by simulation condition in
the read mode.

Read Mode

VOD|Temp—s T oF [ 11 [ FS T FF

-407C| 59.2uA | 80.2uA | 71.6uA | 63.6uA | 85.5uA

1.08V| 25T | 51.3uA | 68.9uA | 61.9uA | 55.5uA | 74.1uA

125C| 44.2uA | 58.8uA | 53.5uA | 48.4uA | 63.7 uA

-407C| 80.3uA | 105uA |94.8uA | 85.4uA | 111UA

1.2V | 25T | 68.7uA | 89.5uA | 81.3uA | 73.7uA | 95.3uA

125C| 58.1uA | 75.5uA | 69.3uA | 63.4uA | 81.2uA

=40C| 104uA | 132uA | 121uA | 110uA | 138uA

1.32V[ 25T | 88.3uA | 112uA | 103uA | 94.TuA | 119uA

125°C| 73.9uA |94 TuA | 87uA | 80.3uA| 101uA
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Ato]27} 2R AW Q] PF OTP Ao] g4t}

B =FojA= 3§ 719] NMOS A8 EAHXAE]
2709 PFE ARESE 14-2bitH]ES] multibit OTP
Ao ARMeIGLh Ajte 14-2H]E PF OTP A9
bitcell Afo]ZE 12.69m % 3.48um (=44.161m>)<)
1/22 7]& PF OTP A9 bitcell Ato]Zo] |5
33% WAS At AIYE multibit OTP A9 &
Zo| Y=g 13 x 32¢ A ofglo] 3&, 32bit
OTP 1P9] o] 322l WL (Word-Line) 7532,
BL (Bit-Line) 7% 3|2, BL A9 =2 DL
(Data-Line) sense amplifier 325 ASA A5t
Fom, AAHE 324E PF OTP IP AP|Z=
238.47m % 156.52m (=0.0373m)lE 7|&
single bitcell& ©]-8<%t 328]E PF OTP IP Afo]=
9l 386.87um x 144.87im (=0.056mA)°l H]3f HZ
= 33% Ak EX.

St AQFE multibit OTP A& ARESIe] 32bit
PF OTP P& &% foj¥ Ad & HAEE Zs}
7] 3l ElAE FE HASIHNCH, post-layout 2
AHE Bl B HEHE Ve SRl 1

Multibit 42 0|23t Poly-Fuse OTP IP &4 273

I 1099 data retention Al{he lefsto] AAE
32H]E PF OTP I[P+ detection read 2=} read
HTojA maTE PFY XA A AR 4
10.5kQ3} 5.3KQe2 A A 33 1Y
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Aol

REFERENCES

[1] S. H. Kulkarni et al, "A 4kb metal-fuse
OTP-ROM featuring a 2V
programmable 1.37m2 1TIR bit cell in 32mm
high-k metal-gate CMOS," [EEE Solid-State
Circuits, vol. 45, no. 4, pp. 863-868, April
2010.

[21 W. Y. Jung et al, "Design of eFuse OTP
memory with wide operating voltage range

macro

for PMICs," _Journal of Semiconductor
Technology and Science, vol. 18, no. 1, pp.
115-122, Jan. 2014.

[3] Y. H Kim, "eFuse OTP memory circuit,"
Korea Patent 10-1762919, July 24, 2017.

[4] H. Park et al,
differential paired eFuse OTP memory for
power IC," JKIECT, pp. 107-115, April
2015.

[5] J. Safran et al, 'A compact eFuse

"Deign of small-area

programmable array memory for SOI
CMOS," Symposium on VLSI Circuits, pp.
72-73, June 2007.

[6] N. Robson et al., "Electrically programmable
fuse (eFuse): From memory redundancy to
autonomic chip," Proceedings of Custom
Integrated Circuits Conference, pp.
799-804, Sep. 2007.

[71 J. H. Lee et al., "Design of an asynchronous
eFuse one-time programmable memory IP
of 1 kilo bits based on a logic process',
Journal of KIMICS, vol. 13, no. 7, pp.
1371-1378, July 2000.

[8] D. H Kim et al., "Design and measurement
of a 1-kbit eFuse one-time programmable

memory IP based on a BCD process,"



274 siEmEEREM|SEE=2] H17H H4s

Journal of IEICE Trans. Electron, vol.
E93-C, No. 8, pp. 1365-1370, Aug. 2010.

[9] S. H. Lee et al., "Design of an NMOS-diode
eFuse OTP memory IP for CMOS image
sensors,” JKIICE, vol. 20, no. 2, pp.
306-316, Feb. 2016.

[10] S. Hutchins et al., "A high-output power
1-V charge pump and power switch for
configurable, in-field-programmable metal
eFuse on Intel 4 logic technology," IEEF
Solid-State Circuits Letters, vol. 6, pp. 9-12,
2023.

[11] G. Uhlmann et al, "A commercial
field-programmable dense eFuse array
memory with 99.999% sense yield for 45nm
SOI CMOS," Digest of Technical Papers,
[EEE  International  Solid-State  Circuits
Conference, pp. 406-407, Feb. 2008.

[12] H. L Kang et al, "Design of 4Kb
Poly-Fuse OTP IP for 90nm Process,"
JKIIECT. pp. 509-518, Dec. 2023.

AAoH

A % A (Dong-Seob Kim) (831

e 20234 2¥ : Fddisty E7
| TR

| e 2023¢ 9E ~ EA : Y
ARFEAT A

=

@lEop wze IP 47, ofd=1 IC AA

2] % 3} (Long-Hua Li) B

© 20204 6% : Aok A4
3 BEAS} (Z3pAD

- o0 6w dst WA
-~ BEAISIT} (ZSHAD

20220 09 ~ B4 AU
“ AR WA

@lEop wze IP A, ofd=1 IC 4A

&

3} @ & (Pan-Bong Ha) [E413)
° 1981¢ 24 : FAfgtn H71%
w13} (Z e

19834 2¢ : Al&ietn MR
Shaf (A

19939 2¢ : A2ietn AR
e

198749 39 ~ @A : FAfstw
W AT Bous

AR e AAF, SoC A

]

7 9 3] (Young-Hee Kim) E41314]
° 19894 2¢ @ A&t HAE

shat (Z5)

1997¢ 2¢ @ Eggfsta A

ARt (3D

e 20004 89 : makTAElE A
P1AAEE (33D
e 1989 1¢¥ ~ 20014 2€ : &

P4 BT
20014 39 ~ @A) : Becfskn
HAABAT Te

HHECR wiZe] 1P AA|, ofdE11 IC 4A



