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ABSTRACT

In this paper, we design a non-volatile memory IP, 1-kb one-time programmable (OTP) memory, used for power management ICs. Since a
conventional OTP cell uses an isolated NMOS transistor as an antifuse, there is an advantage of it big cell size with the BCD process. We use,
therefore, a PMOS transistor as an antifuse in lieu of the isolated NMOS transistor and minimize the cell size by optimizing the size of a OTP
cell transistor. And we add an ESD protection circuit to the OTP core circuit to prevent an arbitrary cell from being programmed by a high
voltage between the terminals of the PMOS antifuse when the ESD test is done. Furthermore, we propose a method of turning on a PMOS
puil—up transistor of high impedance to eliminate a gate coupling noise in reading a non-programmed cell. The layout size of the designed 1-kb
PMOS-type antifuse OTP IP with Dongbu’s 0.18;m BCD is 129.93x452.26/mr".
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18714 1-kb OTP P2l £2 5%
Table 1. Major specifications of the asynchronous
OTP memory of 1 kilo bits.

Kl 9 57
A F5-3te] = 0.18m BCD
v R & 1-kb(1283) x 8)
VDD 1.8V
A9 A
VPGM 8.0V
= -40~125C
TARE xR BE
Access time 500ns
Program time 200us
VDD VPGM vss
] { i
WWLI27:0)
ROW OTP & 0j20]
oad RWL{127:0] 1kb (128RXSC)
RSTL = =
Al6:0}
SL PHER&ERDSA ‘
DEN[7:0 [}
DOLT7:6]

a7 1. B|ES7|4 1-kb OTP HZ2|e] EEX
Fig. 1. Block diagram of 1-kb asynchronous OTP
memory.
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Fig. 2. Timing diagram (a) at program and
(b) at read mode.
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3% 3. (a) dAE OTP M 3|2 % (b) fo]ot= o|o| X
Fig. 3. (@) Circuit and (b} its layout image of the
designed OTP cell.
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A 3 1-kb PMOS Antifuse-Type OTP IP 2 7

Tpepl Al / Cell
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Brness o) st E
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Ryl®

Paramster {ny (rartt

{b)

O3 4. (a) BAFol UH2 IAF 2oAy Ha}
{o) RAFOI| 2 VPP Fotel molAMH AHx}
Fig. 4. Simulation results of (a) IAF w.rt. RAF and
(o) VPP w.rt. RAF.
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Table 2. Bias voltage conditions for various operation
modes of a OTP cell node.

EX Ak Rk Q7] B
VPP VPGM ‘ VDD
WWL VPP 0
RWL 0 VPP
DIN 0 1 X x
SL VPP ov ov ov
BL VDD VDD ov VDD
DOUT X X 0 1
QtE]F 2= | Broken | Unbroken | Broken | Unbroken
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Mels) 3= VPP 293 32|tk VPP 293 3|29
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DC_ENb

a3 5 VPP A9E =2
Fig. 5. VPP switching circuit.
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Fig. 6. (a) WL driving circuit and (b) SL driving
circuit.

ESD Protection Tr.

RN -
I

AAE OTP W22l vlo]E w8 2233 53
HHolE T 2 ¢)7] Ta& Fdc) 18 72 Agtd
Y UvE e 2R FE7 2 E B Fa g
Y79 BLYA I 2 v Ju A2 -9 (pull-up)
EWA2E MPO), 2 29 F.9 EAAAFH
(MPD), 22| 3 £¢ AWE & ZED-YX 22 74
5 o] 3tk §7] R=o A RWLe] 841 3}5|7) o] 4ol &

1862

Rk

*4 PRECHARGE 4139 9|3 BL& 2% VDD

2 T34 "ot RWLo| A4S EHA 24 1
2349 Ao JA¥ BLS VDD A ¢S
FAFE N 2@z 22 A AL QE TR
7} @etelo} 9lom 2 BL& 0VE Hx A 71tk BLY ¢
7] dlo]El7} 53] AEH 5 SAEND (Sense Amplifier
Enable bar) 2137} OVE 431 £ AW E FH|
o] ZA $%7]= BLY VDD EE 0VE A3
DOUTS.Z ¢ HolH & £33t} 7]£9 BL S/A 3|
i ) BB B B R B e e R e o )
28 2t - EWA 26T 29 o] dojubHA A
YA E] AZY H0] 27} BLo] F3-E n AT 2gPAM B
=EoAE MP1S 84 ONAI7| B2 A&
xﬂﬂﬁ}@v} A 1 ol H & A& 3% OFFH dA

ERWR 2H 9 +A A Fol o3 BLo| HAHA $=
% gtk

L) rlo
o lﬂ H’«~
u

wolzE

Clocked Inverier

e Pl
> o #
H ; Do—.noln

a3 7. Clocked ¢IH{E|] EHEfo| ZIX| 7|
Fig. 7. Sense amplifier of clocked inverter type.
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Fig. 8. Simulation result at read mode:
(@ in case that ‘0" is programmed in the cell and
{b) in case that ‘1" is programmed in the cell.
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Fig. 9. Layout image of the designed OTP memory
of 1 kilo bits.
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