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Design of PMOS-Diode Type eFuse OTP Memory IP

Young-Hee Kim*, Hongzhou Jin*, Yoon-Gyu Ha* Pan-Bong Ha*

8 9 Y §eA 2349 AClE 5 9| ofdE 1 IRE EYsly] YA eFuse OTP IP7}F H@sitt 7|&
-4 NMOS tho|eE FHejQ] eFuse OTP A& Al Alo|z7} Z % Uk DNW(Deep N-Well) utAT7F 3 & ¢ =8

2 Bk @0 Ytk & =EollhE CMOS 3404 371 F7go] Q. glowA A Alo]=7t 22 PMOS-THo|e&
FE 9] eFuse OTP AL ARBIFL & =FoA AokE PMOS-tho]E e eFuse OTP A2 N-WELL Qbf
F4E PMOS ERALES} 7]A4AR] eFuse FAZ 0] Jom, PMOS EFRAAEHA 7|H o2 ghEoA|=
pn JY toletE o|8siltt. 181 PMOS-to|eE HH 9 eFuse A olflo|g o] fI3h o] L5325
Alteton, SPICE Zeoldd 23t ARk Fo] I=RE AMESto] 61K post-program A¥E AlAsoich sHd
0.13m BCD 33< ol&sto] AAE PMOS-tHo]2E FHj9] eFuse OTP AA# 512b eFuse OTP 1P| #oJokx A}
o2& Z7F 3.475m x 4.21m (=14.62975m2)T 119.315m x 341.95m (=0.0408mAo]d, Folo oA g
Egt 23 YAHoE m2 I sl ZAg RIS

Abstract eFuse OTP memory IP is required to trim the analog circuit of the gate driving chip
of the power semiconductor device. Conventional NMOS diode-type eFuse OTP memory cells
have a small cell size, but require one more deep N-well (DNW) mask. In this paper, we
propose a small PMOS-diode type eFuse OTP memory cell without the need for additional
processing in the CMOS process. The proposed PMOS-diode type eFuse OTP memory cell is
composed of a PMOS transistor formed in the N-WELL and an eFuse link, which is a memory
element and uses a pn junction diode parasitic in the PMOS transistor. A core driving circuit
for driving the array of PMOS diode-type eFuse memory cells is proposed, and the SPICE
simulation results show that the proposed core circuit can be used to sense post-program
resistance of 61K. The layout sizes of PMOS-diode type eFuse OTP memory cell and 512b
eFuse OTP memory IP designed using 0.13ym BCD process are 3.475m X 4.21m (= 14.62975m2)
and 119.315m x 341.95m (= 0.0408mn2), respectively. After testing at the wafer level, it was
confirmed that it was normally programmed.

Key Words : Analog Trimming, PMOS-diode, Power Semiconductor, eFuse, OTP
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ol HHAFE &7 eFuse YIE thermal
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T2 1. NMOS-diode type eFuse OTP 4 2|2&[10].
Fig. 1. NMOS-diode type eFuse OTP memory cell.
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O 2. Isolated NMOS EZHX|AEQ] SHHHE[10].
Fig. 2. Process cross section of an isolated NMOS
transistor.
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Fig. 3. 5V PMOS diode type eFuse OTP memory cell.
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Fig. 4. Process cross section of a PMOS transistor used
in a PMOS—diode type eFuse OTP memory cell.
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% 5. PMOS-diode HEHQ| eFuse OTP A 2|0]0f2 O[OJX].
Fig. 5. Layout image of a PMOS diode type eFuse OTP
memory cell.
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Table 1. Major features of the 512b eFuse OTP memory
IP designed using PMOS-diode type eFuse OTP
memory cells.

Ttems Main Features

Process Technology DB HiTek 130nm BCD

eFuse Link Type 1+ Poly Fuse with Co Silicide

Cell Array 64Rows X §Columns

Temperature Range -40°C ~ 125°C

Operating Mode Program / Read / Program-Verify-Read

Program bit 1bit
Read bit 8bit
Program Time 20us
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eFuse 37} 1000 AEY A 7IA]3 o=
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B 2. SAZE0| M2 eFuse OTP & HIOIOIA 4,

Table 2. eFuse OTP memory cell bias conditions
according to the operating mode.
PROGRAM MODE | READ MODE
DIN 0 1 0 1
Unselected VDD VDD VDD VDD
RWLb
Selected VDD VDD ov ov
Unselected | VDD VDD VLV VLV
WWLb
Selected oV ov VLV VLV
o | Umsclected ov oV VLV VLV
Selected VDD oV VLV VLV
BL Floating | Floating ov VLV
DOUT X X 0 1
eFuse Blown TUnblown Blown Unblown
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Fig. 6. 512b eFuse OTP memory core circuits: (a) SL drive
cireuit, (b) WL drive circuit, and (c) BL S/A circuit.
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A 2 7004 B viel Zom, Fojoky HA
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Fig. 7. Layout image of the designed 512b eFuse OTP
memory IP with PMOS-diode type eFuse OTP
memory cells.
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W = eFuse Y29 Al o] Hhst SPICE Z9]
A Adk= # 37 Zoh =Y g Eet 22
eFuse OTP IP9 normal read =9}
program-verify-read ZEOJA T2 73 ¥
eFuse F39 A4 A3 Z+zt 30k, 61kNe=
DoAY =HAot 3HH normal read ZEOA A

PMOS-LI0|2 &EfO] eFuse OTP IP 474 69

g Zo] 22 PMOS EWAAEE 0|85t BLO
AYES ALstE=Z eFuse OTP A9 blowing® A
A2 eFuse YAE B S2& A 7] ARE

97.74% 1004 oJHZ A5} T}

B 3. SAHZE0| OE Z2TE eFuse A9 MY Mt 29|
A Znt (@) normal read 2E (b)program-verify-read
L=y

Table 3. Simulation results of sensing resistance of the
programmed eFuse link according to the operation mode:
(@) normal read mode and (b) program-verify-read mode.

(@

Model Parameter
Temp
S8 model SF model TT model FS model  FF model
-40°C 12KQ 21KQ IKQ 1.5KQ 7.5KQ
25°C 16KQ 25KQ 12KQ 35KQ 10K
125°C 23KQ 30KQ 17.5KQ 8KQ 145KQ
‘Model Parameter
Temp
SSmodel | SFmodel | TTmodel | FSmodel | FFmodel
-40°C 295K0Q 42KQ 23KQ 10.5KQ 18.5KQ
25°C 385KQ S0KQ 30KQ 16KQ 245K
125°C 353.5KQ 61KQ 42KQ 265KQ 345KQ

olmol A L o|HT} L7 o|B9] read
mode %4 P& B F1 gloH, JFHo=R
He A Q
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12 8. Read modeOiA Ql0lH =FZY () Z2T 0™
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Fig. 8. Measurement results of manufactured wafer in
read mode: (@) pre-prpgamming and (b
post-programming.
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