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Design of 5V NMOS-Diode eFuse OTP IP for PMICs
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5V NMOS-Diode eFuse OTP A °, Aetstgdtt 183 eFuse OTP W=g P/} W& 5249 o
3t7] 98141 VREF 3 2¢} BL S/A 329 -4 B3} 3]20] 7]Z<] VDD 34 4] voltage regulation
H V2V (=20V £10%)2] A% A&stsith #letdl VREF 3|29 BL S/A3S|ZE AESI2 2 eFuse OTP IPY]
normal read =E=9} program-verify-read BEo|A 23 ¥ eFuse AA A& 7—. Z} 15.9kQ, 32.9kQo. 2 FojA
g F vl 28]al eFuse OTP Aol A blowing ¥ Al %< eFuseE 3l 32+ 917] A/FE 97.7A= JA 3R 28
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Abstract In this paper, a 5V small-area NMOS-diode eFuse OTP memory cell is proposed. This cell
which i1s used in PMICs consists of a 5V NMOS transistor and an eFuse link as a memory part, based
on a BCD process. Also, a regulated voltage of V2V (=2.0V + 10%) instead of the conventional VDD is
used to the pull-up loads of a VREF circuit and a BL S/A circuit to obtain a wider operational voltage
range of the eFuse memory cell. When this proposed cells are used in the simulation, their sensing
resistances are found to be 15.9kQ and 32.9kQ, in the normal read mode and in the program-verify-read
mode, respectively. Furthermore, the read current flowing through a non-blown eFuse is restricted to 97.7
1A, Thus, the eFuse link of a non-blown eFuse OTP memory cell is kept non-blown. The layout area of
the designed 1kb eFuse OTP memory IP based on Dongbu HiTek's BCD process is 168.39um x 479.45m
(=0.08mm).
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Fig. 2. Layout image of 5V NMOS-diode type eFuse
OTP memory cell
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Table 2. eFuse OTP memory cell bias conditions
according to the operational modes : (a) in the
program mode and (b) in the read mode
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RWL o o 0D oD w o oD oD
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DouT 0 1 1] 1 X X X X
efuse | Unblown | Unblown | Unblown | Blown | Unblown | Blown | Unblown | Blown

2 =% AAE 1kb eFuse OTP w2z IP
o] EEx= 9 394 Hie vkl o] 1289 x
8 do] A oge], WL (Word-Line) 753 %, SL
&3] 59 BL (Bit-Line)¢] dlo]HE& $iolul7] 9]
3 BL S/A (Sense Amplifier) 3|Z, AojAZ
(RD, PGM, PVR_EN)d uwjg} Z2ad] »=,
normal read R=9} program-verify-read FE 9
Aget Ui Ao AeE Fashe AZ4 =
2 FAEY gtk ozgats ¥ o=da (row
address)?! A[9:3]3% @ 1=~ (column address)
¢l A[2:017F Slvk =9 dlelH ]l DOUTI7:013% ¢
2 dlo]E]¢l DINS Z17f #e = o] 9lrh

VDD VLY VSS

!

WL RWL[127.0]
e b eFuse CELL ARRATY
F2I= yrwLs(127:0] (128RXBC)
gl E
g |
wn {ia]
PGH
by CONTROL =
A [ =T toce »| 5L TPEEE &BLSMA
PVR_EN]
DIN ]
DOUT[70]

a8l 3. MAE 1kb eFuse OTP H|22| IPe| SE%
Fig. 3. Block diagram og the designed 1kb eFuse OTP
memory |P

2 =l A AR

BL A4 2= 17 49

PMIC& 5V NMOS-Diode eFuse OTP IP 47 171

A B wpel 3 AEl VREF 2A3 2= 19
5ol Hi= uke} 2o £ =FolAE BL S/A 3
29 golok WAE Fo]7] 93 BL S/A 3=
ntt} VREF 3|28 F& Zlo] oy}l eFuse OTP
IPol VREF 3|25 shit ARt S/A 7]4ke]
D F/FS AHgsks BL A4 325 A3kl

[91[10]. &3 S/A 3] ZolA NMOS differential
pair?} PMOS differential pairE AM&3ls A
BL A%t3 VREF 7ol &} ‘43401 AT E
At = BL¥  VREF NMOS
differential pairE TS5 %iilj—i PMOS
differential pair 25 A}83l9th AAE eFuse
OTP [P+ stand-by AEelAd= BL_PCGS}
BL_LOADb 1&= 747} OV, VDDE fA gt o]
Jejoll 4= VREF¢} BL2 Z=H® Aejolm, S/A
ZAd EWRA2ES MNIF MN2 ERA 2E 7}
ONH Aejolm =2 NI N2 ==+ 0VE g AA
Hr}, ek read EE=9F program-verify-read ==
o] RD 4l&7} high el VDDZ &3+
BL PCG A15¢] high #2o] s 18 4° MN3
9} 19 59 MN47} ONZWHA VREFSF BL #¢t

u —1“ mlo

O

S OVE Zx4 ok BL_PCG A3l 8] BL
< OWWZ ZgxA 8= o]f+ BLE 7|£¢ VDD
2 2 S with unblown AEH &

eFuse ¥IE 3 32+

471 o] el

read ;ﬁ_%’e %? Zl:

kil 0t

BquDh_.i ;‘!’m
R ?

i

I
EL_PCG—| 52m sAE}h—'Ew/m 28

BL

jﬂﬁm Oéhm

§/ABaced DFF

O 4. BL S/A 3|Z%
Fig. 4. BL S/A circuit



BL_LOADS

RI(=13k1)

FYOD HORMA |

PYDD_PVE
B8 um ——I

B3 (=15k1)

<0

174

|—EL_PCG

P

O8 5. VREF 3 Z2%
Fig. 5. VREF circuit

BL_PCG A1&¢] high "2 93] BL S/A9

NIz N2 =22 0VE Zg|x4 A]7]2 VREF 3
29 VREF »=EE& (VE ZaxAd A7 o=

RWL 2137} 0Veld VDDE A 3tEdA 19
19] 5V NMOS-diode type eFuse OTP A¢] 3=

Fel 9l g7l EfA2ERQL MNO7F ON#th
RWLe] #gstd ot BLLOADb 4l%7}

VDDell A OVE &A1 35 A normal read H=9

A9 VREF =& A& 27 59 V2vel GND
Atolell 9l R3 (=15kQ)¥ R4 (=30kQ)ell 28 7]

FAGo] oY B =RoMe R3 AT #
2 e PW AZS
u# ko] 71£9 5kQ thAl 15k 2 F7FAI AT

add PMIC A A% eFuse OTP IP

F

T 23V~55Ve] g $AAY 498 Ze
eFuse OTP IPE Q731 gt} whek 7]&9] 7]
o MAY BL -9 ¥8l2 VDD 39S AL
3= PMOS E#AXEE AFRSHA HY W2 &
A 4GS 2= eFuse OTP IPE AAIsH:E 4
$ 2.3V A#AY VDDA post-program #&o]
15 k@ AXQl eFuseE HlolH '1'2 AAY =5

W 55Vel VDD
eFuse gls o
%& eFuse A= 2 read AF

o 9]&] blowing® & d4to] Uo

A EEJ%JQX] o
blowing %%
os BM @A

Al &
= =2

VREF

40 g5 em

4 9tk 1311’\1 B =Fi A= VREF 3|29}
BL S/A 3|29 E-¢4 {3 324 7]€¢ VDD
¢ Al voltage regulation®d V2V (=2.0V

+10%)9] WYgS  AMESIAT) AtEl VREF 3=
¢} BL S/A32E AM&3E 2 normal read R

A 15kQ A =9 post-program A ¥-g Al SFH A
eFuse OTP 2] blowing® A &2 eFuseE =3

Z2E read AFE 100pA o= JAEAT}. 2

2] eFuse OTP 2] unblown¥ eFuse #H37}

unblown JEHE 2 FAHEE ste A4

< gRrg 5 gk

S MelEl Ao e eFuse HA9 Tz
of w} eFuse #39 IEIRAR=E

L == HdYg2 t2A4 yepdth BL

Ao dolEl7t F#s] HYEHW SAENb Als7t

VDDellA OVE &4 stsdr] S/A 7]9ke] D EF/F

3]®+= VREF$ BL A& nlal-4l74dste] DOUT

of

P

Aol

T Ho
4o

LI ]
g

02 eFuse OTP A9 dlolgE Addic} 21
commercial A& A% 1049 dlo]E retention
e 2RI eFuse HA] Ado] Folte

A5 1183}e] program-verify-read ZZof A=
19 59] VREF ZAg|2e] 7] Ags A
] 2 R4 (S30kQE 4 LA
1+ retention A|7FHs<¢F T2 13 E eFuse ¥
1% #hol Eol=xe A& aste] R3 (<15kQ)
Adete s AA7ZF oA Atk

EH3told 130nm BCD A& o3t A7

# 1Kb eFuse OTP wWEg| P2 # ool WAL
168.39um x 479.45¢m (=0.08mm)o|th. 19 62 A7
# 1kb eFuse OTP wXz|e] o]o} olmx| =
BolFal glrt

o

Ael3lal normal rea

o °
N

>~

KR
=



a8 6. AAE 1kb eFuse OTP IP2| 2l|o|ot o|o|X]|
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Table 3. Simulation results of sensing resistances
according the operational modes: (a) in the normal
read mode and (b) in the program-verify-read

mode
(a)
VDD | Temp miiel miiel ngel miiel ml.?:m
-40°C 150K 149K 149K 149K 149K
2.3V a5°c 147K 148K 148K 148K 148K
135°C 147K 147K 147K 148K 147K
-40°C 155K 159K 153K 151K 153K
sov | 25 155K 158K 154K 151K 155K
123°C 155K 159K 155K 154K 156K
-40°c 152K 15 4K 151K 150K 151K
sy | 250 153K 155K 153K 151K 154K
125°C 153K 157K 155K 154K 156K
(b)
e || m:z?lel m:ziel m—ggel mzflel ngel
-40°C 301K 302K 301K 300K B EK
2.3%V s 302K 303K 304K 300K WK
1257C BT 208K 2B EBK B IK B EK
-40°C 314K 321K 314K 0TFK 314K
5.0V a5 31 8K 328K 31 BK 312K 319K
1257C 319K 329K 319K 314K 314K
-40°C 308K 312K 30BK 30BK 308K
5.5V 5T 314K 320K 313K 30BK 314K
125°¢C 31 6K 324K 317K 31 4K 31 BK
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