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Deign of Small-Area Dual-Port eFuse OTP Memory IP for Power ICs

Heon Park, Seung—Hoon Lee, Mu—Hun Park, Pan—Bong Ha, Young—Hee Kim”

2 o B =FoAME cel Aoz Z& dual port eFuse OTP(One-Time Programmable)Z Ap-&3}H A
VREF (Reference Voltage) 3| 22 eFuse OTP IP(Intellectual Property)ol slubwh A&l S/A(Sense Amplifier) 7]4F
o] D F/F& A48+ BL®Bit-Line) A4 3zZ Z*]O}O}Ojdr Aetd AA 71%E-e read currentE 6.399mAdl A
388MMAR =Y & Jut 2Ea old 21 MAS 32 E program-verify-read R =9} read REOA ZEaH
eFuse?] A4 A& 27 9k, 5kQo. 2 W& 4= itk —l"/] A7) % 328 E eFuse OTP W X2l 9] #olo}% HZ-&
187.845um % 113.180im(=0.0213mr) &2 AW A FHo] 7153 S el

Abstract In this paper, dual-port eFuse OTP (one-time programmable) memory cells with smaller cell
sizes are used, a single VREF (reference voltage) is used in the designed eFuse OTP IP (intellectual
property), and a BL (bit-line) sensing circuit using a S/A (sense amplifier) based D F/F is proposed. With
this proposed sensing technique, the read current can be reduced to 3.887mA from 6.399mA. In addition,
the sensing resistances of a programmed eFuse cell in the program-verify-read and read mode are also
reduced to 9kQ and 5kQ due to the analog sensing. The layout size of the designed 32-bit eFuse OTP
memory is 187.845um x 113.180um (=0.02131m2), which is confirmed to be a small-area implementation.
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differential paired eFuse OTP cell A}o]=9] #
9 12 FEo 2t} A B =FdMe A
WA eFuse OTP IP AAE 984 dual port
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BL SL

s

FD

T8l 1. eFuse OTP cell SI2Z% (a) dual port eFuse OTP cell
(b) differential eFuse OTP cell.
Fig. 1. eFuse OTP cell circits: (a) dual-port eFuse OTP
memory cell and (b) differential paired OTP memory cell.

(b)
a8 2. eFuse OTP cell 20JotR 0[o|X| (a) dual port
eFuse OTP cell (b) differential eFuse OTP cell.
Fig. 2. Layout images of eFuse OTP memory cells:
(a) dual-port and (b) differential paired.
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Table 1. Major specifications of 32-bit eFuse OTP memory IP.

Items Main Features

Process NI 0.18um GF-ACL Process
4R X 8C
2V-5.5V

-0 ~150 T

OTP Cell Atray Size
Supply Voltage (VDD)

Temperature Range

Operating Mode Program / Progratn-Verify-Read / Mormal Read

Program bit/Read bit 1bit/8bit
Program Voltage VDD =55V
Program Time 208

Access Time 200 ns
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Fig. 3. Block diagram of 32-bit eFuse OTP memory.
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Fig. 4. Cell array circuit of 4 rows by 8 columns for
an eFuse OTP memory.
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S8 =2 X H8H 4T

O3 5. 7|&2 BL S/A 3[Z2E.
Fig. 5. Conventional BL S/A circuit.
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Fig. 6. Timing diagram for the conventional BL S/A.
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Fig. 7. BL sensing circuit using a S/A based D F/F.
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Fig. 9. Layout image of the designed 32-bit eFuse
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Fig. 10. Simulation results in the read mode: (a) in
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Table 2. Simulation results of read currents under

oz woddy Ayrt ygoH3]l, Dual port
eFuse OTP2] eFuse A A&dS 4 ko= A
Ast7] i e Al A 2oy AitolA

[e]
¢ 9Fol UXAY AYe B VRER

different  simulation conditions: (a) for the ~
, o ¢} BL #SHs vla-AAse ofgEa Aol
conventional BL sensing circuit and (b) for the .
A o]t}
proposed counterpart. - Ao ot
VDD Temp §Smodel | SFmodel | TTmodel | FSmodel | FF model
-40T 327.8uh 574.3uh 528,84 423 64 768.7uh i* 3. I‘HO._"EI }.\ilél §|E§ A|"g'3+04 /\E‘Uﬂ% 32bit eFuse
20V 25T 299.9uh 504,64 474 3uh 392.50A 010 CHsF = 2y | EI o A-||)\| X OL
OTP IP ot =23 & eFuse P32
130°C 274314 41374 4267k 36414 610.8uh Oﬂ EHé._I' EE%‘@ jedJ_'—|' (a) program—verify—read
40 4.0§7mA 4.884md 474504 | 4.621mA 3.53mh
v 2% 3536mA | 4243mA | 4141nd | 4022mA | 485%mA mode (b) read mode.
150C | 276smh | 33smA | 3asmé | Go0mh | 3g9%m Table 3. Simulation results of sensing resistances for a
40 Sy . .
ABIh | 567 | SS20rh | SAOSmA | 6.399mh programmed eFuse link: (a) in the program-verify-read
55V 25 4.165mh 4.934md 4.822mé 4705m 5.628mé q d (b) in th d d
150 3.257mh 3.862mé 3.877mA 3.738mA 4.5mé mode an In the read moce.
(a) VDD Temp SSmodel | SFmodel | TTmodel | FSmodel | FFmodel
-40c i 9K TE 6K 8K
VDD Temp SSmodel | SFmodel | TT model | FSmodel | FF model
20V 25T 7K 9K TR 6K g
40T 181204 35350 285. 1k 2187k 431.6uh
150C
20V 5% 169.7uA 312,104 264,504 208,51k 398404 * e = &= =
40T
150T 160.9uh 255uh 248 44 202.7eh 361.8uh o o o " o
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40T 2.416m 3.017mé 2.828mé 2.627mh 3.368m4, oK 5K 5K sK oK
150
SV 25 2.056m 2.571mé, 2.43mh 2.255m 2.907mé, i s s e LS
150T 1590mh | 2008mA | 1957mA | 1781mA | 2084mA e oK oK oK oK oK
-40°C 2.856mh 3.501mé 3.305mé 3.095mh 3.887mA 357 »% g8 o o o i
55V 25T oacemé | 29mma | 28TmA | 28%mA | 3351mA 190 S 28 28 128 28
150°C 1.883mA 2.274mA 2.279mA 2.094mh 2.628mA (a)
(b) VDD Temp | SSmodel | SFmodel | TTmodel | FSmodel | FFmodel
-0 4K K b 5K 2K
¥ 32 B =FoA AokdE AA 32E A} 207 T x x E K bl
B . o 150 K K B " b
&3lo] AAE 32bit eFuse OTP IPo] tj3h & oo - - - - -
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