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PMIC(power management IC)E 93+ 24bit ©]3FZ(eFuse, electrical Fuse) <SEI(0TP, One-Time
Programmable) ®WE# FZFol AdojA], 13 x 2489 OTP A oj#o], Alo] 213 (RD, PGM, TM_EN)o] ulz} =z}
Rro A YR AANEE FFsE Ao 27, o1taﬂ* Al4:0]&8 Yzdsle] =233 E= d(colum) S
Aes)F= PGM_COL_SEL 3=, =1 doleE A4ss dold 1(data latch) 3=, BLe] HloJEE ¢
w7l 91gk DOUT W¥, 1g]a dlolg eix|o] #7% “il%‘ tlo]El PD[23:0]1¢F DOUT ¥ #He] ¢foldl dlolH
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AR 1ol eiM, A7) o= QE|Y HEe]e) offF= AL 24bit FwEREE eFuse OTP A A& SHOE
3l vl dolol & TAHA o|F= QEY WEy T2
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1: S. H. Kulkarni et al., A 4kb metal-fuse OTP-ROM macro featuring a 2V programmable 1.372 1T1R bit
cell in 32 high-k metal-gate CMOS, IEEE Solid-State Circuits, vol. 45, no. 4, pp. 863-868, April
2010). eFuse OTP WEgE eFused] HAFE ZT¢] E=ZY(blowing)sty] TEad s (Far|EE312: J.
Safran, A. Leslie, et al., A compact eFuse programmable array memory for SOI CMOS, Symposium on VLSI
Circuits, pp. 72-73, June 2007)(Fi7]%<5313: 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). eFused 213 o]d A3 50~100 2 AHEo|il, eFuseZE: %3 =
2% B[ S2UA eFused] ZRIY F AL i = A 5 ool "k, o]sk o] eFuses 7 H]
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eFuse OTP WX 2= dlolH 'l (retention) AlZFeQt T2 E eFuse B2 Aol ES w A4 B
o] whAskx] YTE Fl= HAAVE LTEHU(Far]EEd4: M. Alavi et al., A PROM element based on
salicide agglomeration of poly fuses in a CMOS logic process, IEEE International Electron Devices
Meeting, pp. 855-858, Dec. 1997). eFuse 839 ZZ a9z A3 ¥EL uyd 71y -9 3 A
(variable pull-up load resistor)< H|ZE 2]7] EX=(test read mode)® 217] EE(read mode)oA w]E=}
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diole] F'lA AIZE gk Al Wkl Age] frh(arr]Ewd5: J. H. Kim et al., Design of 1-Kb eFuse OTP
memory IP with reliability considered, Journal of Semiconductor Technology and Science, vol. 11, no.
2, pp. 88-94, June, 2011)(3a7)<536: J. H. Jang et al., Design of an 8-bit differential paired
eFuse OTP memory IP reducing sensing resistance, J. Cent. South Univ., vol. 19, no. 1, pp. 168-173,
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B ol ofsteA] AAe] AHak=s wkel o], BOD ¥4 7|Wo® PMICE AIEd 24bit FE EE(dual
port) eFuse OTP W=zl & A3, At X—. oJAF NMOS 22325 o] &3 ZT=s) oy Haude=
TRaR-A3-97] BuoA 23 dgoleel 5 dlo|HE H]aste] PFb(pass fail bar) Wo2 "l Az}
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* 1
Process MC 0.35um BCD Process(HP35E65)
Cell Array Size IR X 24C
eFuse Type P-poly(Ti-silicide)
Supply Voltage 23V~5.5V
Temperature Range 4T ~85T
Operating Mode Program / Read / Program-Verify-Read
Program bit / Read bit 1bit / 24bit
Program Voltage 55V
Program Time 200us
Access Time 200ns

E 1A 5 G Hhsk gol, A o
b WAL F

E(dual port) eFuse OTP A& AF&3}% o,

FolE ¥ggd ge
HEe} 3k H|E

ARSI VDD A9
g, el7] el B 4.5 ~ 5.5V7F

)

AW, 24H]E eFuse OTP w|= g A7 <

W, 2 EEag ARE 29 4 de
[€)

= Z47F MM E,| 24H|Eo]a1
2% reol

dole 18 x 2492 FAEO At} eFuse 0TP A2 OTP wWRe] o] glo]

Zo]7] 93] tlH A Ho]=(differential paired) eFuse OTP Aol H]a] A WHo] 2 HFol ¥
eFuse F3+= p-ZdeZ(p-polysilicon) S AHE3ISATE. &=t
Q7] =, ¥ ZeaR-7#%-97] ®E7l Qlth. 23 eFuse OTP W&o Z= 13
2 AI7EE 200s0]th. AFEEE AQHLS VDol dd A o]
- eFuse B o] ZEs 2 w92 TFs7] 98 5.5V7F AME

AbgETE, AAC] AFgE AAFE 5V M0S EWA| AE W AREEFSI T
AFRE Y EE eFuse OTP A9 3 2rE T 104 HE npe}l o
EZZ2IE NMOS ERAAEOND S ¢)7] BRE A/FE &9 5 de &7

£ NMOS E WA 2~E](MN2) 7} Z+2F AREE 2 U},

4 BEW eFuse Ao Hlolojx~ A<k

I 2004 EE wpel 2

RWL ov ov 0.67VDD | 0.67VDD
Unselected ov ov ov ov
PGM_COL_SEL
Selected ov VDD ov oV
SL VDD VDD ov oV
BL Floating | Floating ov VDD
DOUT X X 0 1
eFuse Unblown Blown Unblown Blown
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F 204 & = Qe Hlel o], TR B 12 TR Ia3EE eFuse A9 SL(source line)3}
PGM_COL_SEL A%+ 2% VDR FEHu. o]9} o] eFuseo| HAF7F =W eFuses EZY (bl ow1ng)51ﬂr
aga ¢7] REoA ¢l7]$I=EkI(RIL, read word line)< 0.67VDDE F&3t9, SL& 0VE T&3c). 02 =
2a¥E AL cfuset A% Aejolmz BIEZCI(BL)O] 0VE EHsls vtd, 12 2299 AL uA3F A
o]mL & BLo| VDDE &2 3},

BCD 34L& o]&3te] AAT 24b eFuse OIP WRe o] BE2L T 204 Hi= upe}l o] 18 x 2449 0P A
ofgo], Ao A% (RD, PGM, TM_EN)ol| i} &= E=o] Hgst Y7 AT E Faste Ao 24, =g
Al4:0]15 Yzgete] 2295 A(column)S AE8]FE= PGM_COL_SEL 3%, Tz dolel& Agsts o
o] #]*|(data latch) 3=, BLS] Hlo|EE& ¢lojul7] 91& DOUT W&, z2]a dlolg X|o] Age Z= 1
tlolE] PD[23:0]¢F DOUT ® ¥l ¢lojWl ©lolg] DOUT[23:0]¢] ¥Aet=A HluaFE 3 2a T 9

PD[23:0]¢} DOUT[23:0]& 3% HE7|g Hlﬂé}ai% gl RE HEY X3l 495 AdHoer 2203 F9
B PFh AEE 1S EYsla, 24¥E F 3 H|E oo Axstd 05 =H3th. TM_EN(test mode
L5

enable) A&+= TR gd-AZ=-917] 9} 917

3a, &= 3b, @ X 3cE eFuse 0TPY %z} 2t glo|W tlolo]1H;ES HoJF1 ¢t & 3a

= = X293
Heoxo] eto]y tholojaflolw g F2h o= Al4:0]9F 1% ol DINS WA Q17FgH e
A PGM A&7 lowel A high® @43} HW Mes)= I Wze] Ao g9 Hu, Jgu 203 R
A Zga3 e dolE DING eFuse OTP WEEE ZTRadst=d ALEE Mulk ofg 227139 uolg X
3|2 AT,

\d

T 3be 7] REolAMe] ey tolojmigoln, ¢l7] TA-E RD AEE high® &AYIA7IW 24WEC] F
dlo]E]7} A2 Alzke] At o] DOUT[23:0] LER ZHHth. ol PGM A& low HEIE fA|slek A},
I

83l & 3cE ZRad-AZ-9)7] REo glo]y tholojioeln | RD A& 9} TM_EN A&E EAld high® &
AslshE E21 oA} NMOS zﬂ§m~ o] g3 T dolg vlwsze 2y doly x| 3o X

2o dolEe} ¢l7] BEoA ¢lEZ #E dlo|HE wluste] PFb Fo® v A3E 33,

E 4 TR FHrolA TR adEs 48 AYs|aE PGM_COL_SEL 3 2o, Tz meg HAsA T
W o3 o=~ A[4:0]S YEHSI TR H= PGM_COL_SELUJ VDD(=5.5V) 2 FEH3 Tz Tz o
= PGM_COL_SEL A3 ovE $A&te® s}, agla 97] REAE PGM_COL_SEL[23:0] A& BF oVE

A g

a8z & 5% ZIAERE dEl-7+-23 (positive level-sensitive) D # = efel =213 dolg x| (program
data latch) 3|2o|t}, ZE ¥ oA T2 dlolg¢l DINS T2 3 flolg #x 3|2 AFArc).

T 6 DOUT W 32E dAajst). o] dRoA, ¢y RE9 Z2as-AZ-¢17] = A] BL(bit line) X
XA A1F¢l BL_PCG A&l oa) BLS oVE Zajxbdy frh. OTP m_q RWL(read word line) 2137} 0.67VDDE
%Héﬁ}ﬂﬂj Z-¢] B3t EWHAAEPL = MP2)dll o5 BLS VDDE E-9¥th. eFuse OTP wl=z Aol dol¥

ZF83 Ag¥d DOUT B ¥ SAENb(sense amplifier enable bar) A&7} OVE &A3}le 3 VDD L&
ovel BL AtS AlAske] DOUT £ER ¢1& doleE &3ttt a2A eFuse OTP A& dlolg] ZdlA A7t &
QF 2 9E eFuse B9 A3o] Fol== Ao BL A EFFo] BT 4 drh. LA B @A e =
2% eFuse A3 MES e 7My E-¢ ¥3 2 (Fav|Ewds #F2)E ALl

eFuseE TR IAME & T I7W-AZ-9)7](program-verify-read) REoAE & 69 7 E-¢ Fal Edx~
B % MP19F ONA]A eFuse A 3lo] AAAH oz T2 7A:MEQEX HAESTE, ga ¢)7] EEoAE MP1ETH
-9 AFo] F& MP2WF ONA|A ZE213F eFuse A o] WA WHESIETE BLS Z-GA1A AHAAAQ 1 do]
HZ Adstes svf. 2@ Z2a-A43-97] BE9t ¢7] BEECA A/ 7Hsdk eFuse A9 zbo] ghol
dlole 'l AlZE F<t DOUT W H oA o] BL Al vzl A &o] Frt. gk == IHE eFuse A ado] =4 Wt
= | Z7lslE A$olma EAVE U @

s
o,
o
rl
=
==
ri,
oX
o
=
™
o

H & 72 4 9AM(dynamic pseudo) NMOS ZAZZE o] &8t == 1d ©o]E] HWI|ZE oAstT). o] H]
W EE RO BE o|f ERIOH-HF-oly] REE FIshd X2 dloly XA IR e T2
213} dlolEIQl PDI23:01¢k 18 5 wlo]Ef ] DOUT[23:017F AXateA siEH e HIEZE doleE vag
th e deolH ¥lal Aie PR Ao ¥t}
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COMP_EN(compare enable) 21&7} 0VQl 4 -9-= MATCH A&7} VDDZ X x}A] HlE FX]sta PFb= VDDE &H
o, TRaR-EE-97] REoA DOUT[23:017F WA A-%(set-up)®  AElolA  COMP_EN©] highZ
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