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ABSTRACT

In this paper, a small-area cell array method of reducing number of SL drivers requiring large layout areas, where the
SL drivers supplying programming currents are routed in the row direction in stead of the column direction for eFuse
OTP memory IPs having less number of rows than that of columns such as a cell array of four rows by eight columns,
and a core circuit are proposed. By adopting the proposed cell array and core circuit, the layout area of designed 32-bit
eFuse OTP memory IP is reduced. Also, a V2V (=2V£10%) regulator necessary for RWL driver and BL pull-up load
to prevent non-blown eFuse from being blown from the EM phenomenon by a big current is designed. The layout size
of the designed 32-bit OTP memory IP having a cell array of four rows by eight columns is 13.4% smaller with 120.1xm
x 127.514m (=0.0153 1 mn®) than that of the conventional design with 187.065um x 94.525um (=0.01768m).
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Fig. 2 Block diagram of analog signal processing[1]
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Table. 1 Major specification of a 32-bit eFuse OTP IP

Items Main Features

Process

OTP Cell Array Size

M3 0.18Um GF-ACL Process
4R X BC

Fuse Type P-poly (Co-silicide)
Supply Voltage (VDD) 23V~55V
Temperature Range ST ~607T

Operating Mode Program / Program- Verify-Read f Normal ReadPOR

Program bit/Read bit 1bit/8bit

Program Voltage (VDD) 5.5V

Program Time 200us

Access Time 200ns
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Table. 2 Cell bias conditions according to operational
modes

FROGRAM MODE READ MODE
o 0 1 0 1
RWL v ov vav vav
Unselected v oy v [u%
ok Selected VDD VDD av oV
Unselected v oy v [u%
PD Selected v VDD ov U
BL Floating Floating 0 Vv
DOUT X X 0 1
eFuse Unblown Blown Unblown Blown
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Table. 3 Simulation result of V2V according to simulation
conditions

Model Parameter

SS SF IT FS FF

ST 1.802 | 1.805 | 1.806 | 1.800 | 1.795
0.9V 1.6uA 25T | 1.805 | 1.798 | 1.800 | 1.798 | L.793
60 1.800 | 1.796 | 1.798 | 1.796 | 1.805
ST 2001 | 1.996 | 1.996 | 2.002 | 1.990
23V v 2uA 5T 1.999 | 1.994 | 1.994 | 1.993 | 1.987
60T | 1.997 | 2.006 | 1.991 | 1.990 | 2.004
ST | 2206 | 2185 | 2.200 | 2204 | 2.197
1.1V 2.4uA 5T 2206 | 2.179 | 2.176 | 2.204 | 2.161
60T | 2184 | 2.206 | 2.198 | 2.204 | 2.203
5T 1.804 | 1.807 | 1.807 | 1.801 | 1.797
0.9V 1.6uA 25T | 1.807 | 1.800 | 1.800 | 1.799 | L.794
60 1.802 | 1.797 | 1.808 | 1.797 | 1.807
ST 2002 | 1.998 | 1.998 | 2.004 | 1.992
55V v 2uA 25T | 2000 | 1.996 | 1.995 | 1.995 | 1.99%0
60 1.998 | 2.009 | 1.993 | 1.993 | 2.006
-SST | 2207 | 2194 | 2203 | 2.205 | 2.200
1.1V 2.4uA 5T 2207 | 2.191 | 2.191 | 2.206 | 2.184
60T | 2195 | 2.208 | 2.202 | 2.206 | 2.206

VDD | VREF 1V | IREF 2uA | TEMP

H 4= 220 57| oS eFuse 332 read AF
of tf3l 7| 2o HoJAY ANE HojFal Q) om,
FF 129 el e, -5Cof A 2] read HF= 5864 =
As2E A 5 ook 181 # 5 AekE 3|2
o] ma ¥ 57| ¢k8 eFuse & 3.2 read AFof 5t
AS AE Hoj5a Qo) 2diA 19 83 13 109
A¢] 3|82 E o]gato] RWLI} BL &-¢] ¥.8}= VDD
S ARShE Al A W] A2 V2VE ARt
blowing %] #] ¢}-& eFuseo]] 32 HFEE 89.3uA o]
& %o eFuse OTP Y] A2 A4S 811 519] T}

4. T2 X L2 eFuse 32| read ME0| Ci5t 7|
Z 3|29 HolMy At

Table. 4 Simulation result of the read currents of non-
programmed eFuse links for the conventional circuit

Model Parameter

T
5T | 396uA | 537uA | 47SuA | 426pA | SBEPA
5T | 374pA | S10pA | 450pA | 402pA | 55TuA
60°C | 352pA | 483uA | 426pA | 380pA | S28pA
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H 5. T2 IML|X| LS eFuse 232| read XRO0| 5t =
ofAF Zut

Table. 5 Simulation result of the read currents of non-
programmed eFuse links

Model Parameter

VDD VREF IREF Temp

TT

ST | 06ua | 3BINA | 324uA | 246uA | 49.9uA

09V | LépA | 35T | 217uA | 393uA | 323uA | 249A | SD.1uA

25y 60°C | 227uA | 398uA | 324uA | 251pA | SD6uA
ST | s4pa | soopA | 467WA | 365uA | 64.0uA

LIV | 24pA | 25 | 33504 | 572uA | 454uA | 361uA | 620uA

S0 | azgua | 555MA | 443uA | 354uA | aD4us

ST | 2224 | 396uA | 352uA | 260uA | 500uA

DSV | L6uA | 25T | za0pa | 4270A | MBWA | Z700A | SLiua

P 60°C | 25.pA | 460uA | 3S2HA | 2710A | SLSpA
ST | 457uA | TI6uA | 641uA | SLIMA | BO.3uA

LIV | 24pA | 25°C | 460pa | T9.1uA 63 2LA 50.61A 88 2UA

60°C | 453uA | TRuA | 6L3WA | S04pA | B62uA

= 6.
Zut
Table. 6 Simulation result of the sensing resistances of
programmed eFuse links

T2OHE eFuse FH9| My M0 chet ZoMY

Model Parameter

Mode YDD VREF IREF

SF TT FS8

ST 53K | 28K | 41K | 59K | 31K
09V | L6pA | 25T |53k | 28K | 41K | 58K | 31K
Program o

S0C |52k | 28K | 41K | 56K | 31K

Venly | 5.5V

-5

Read 37K | 22K | 30K | 37K | 23K
LIV | 24pA | 35 | 33K | 22K | 30K | 37K | 23K
60°C |39k | 23K | 31K | 37K | 23K
ST |1k | 7K | 13K | 21K | 9K
0.9V | LopA | 25 |jog | 7K | 12K | 20K | 9K
60°C | 17K | 7K | 12K | 19K | 9K

23V
ST | 14K | 6K | 1K | 16K | 8K
LIV | 24pA | 25T | 14K | 6K | 11K | 16K | 8K
Normal 60°C | 14K | 6K | 11K | 16K | 8K
Read ST |19k | 7K | 13K | 21K | 10K
09V | LépA | 25T |3k | 7K | 13K | 21K | 10K
60C |17k | 7K | 13K |20 | 9K

5.5V
ST 13K | 6K | 10K | 14K | 7K
LIV | 24pA | 25 |13k | 6K | 10K | 14K | 7K
60°C | 13K | 6K | 10K | 13K | 7K

Line Scan Sensor& XM=& eFuse OTP AA|

% 62 Z2 I eFuse P9 A Ao et
oAy Avtolck 7wl B¢ ¥} B2 S AMgS
E VDD=5.5V, VREF=0.9V, FS(Fast NMOS, Slow
PMOS) 24l u}zlu]g, -5C29 PVR =2} read =
of| 4 2] eFuse AA] #1382 Z+7) 59k, 21kQO 2 H 9]
A9 =3l o] A9 =W E eFuse AFo] 109 &
QF 38kQ = HolX|X| Qb= o] A o= Aol
7}551ch 18] PVR 2 E9] VDD A48 eFuse OTP
o g Ho|ES m2 I3l 7 H}E PVR BEES 9l
aof sfme Xz mEo] VDD Mokl 5.5VE A
galoick

9y b =2y woof wodd Azt
A[4:0]5 A QI7IRE Aol A PGM A1 27} high= 2+
/33t =¥ DINoJ “1°¢1 -9 19 12(a)oflA] H= Hie}
o] AHE eFuse Al9] SL2} PD= & high7} E o]
219 4(6)°] ONo| Elojgliz MN3E %8 =273 2
27} &34 eFuse 3+ blowingEt} HHH DINO]
‘0’91 B9 13 12(b)o| A Hi= B} ZHo] SL-2 higho]
A9k PD= low7} E]o] MN3&= OFFE|o] T2 130 A&
7} 32 %] =t} eFuse Yol T2 1YW AHAF7} 52
Z] ¢S blowing F] A] ¢F=t}.

rou ] oD L |
o ] = |
rwn g F oV ||
se i 458V |
4 T

m {[] = n
o i [ VDD L]
w ] b )

o M L B iy 10y T Wy 160y 180 F
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a8 12, =20 DEoAMe 2oAlE Zut (a) DINO| “1
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Fig. 12 Simulation result in the program mode :
case that Din is ‘1’ and (b) in case that Din is ‘0’

(a) in
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18 13-& 32H| E eFuse OTP WX 2] o] t}st read =
Eofxo] B3] dto|rt RD 4137 &3} =H
RWL 4137} high& %31, BLoj| eFuse OTP Al 2] go]
E]7} AgE ¥ SAEND AlZo] ¢Jsf BLY dlo]El=
DOUT xE=& ZE¥Hr}t. VDD=2.3V, VREF=0.9V,
Temp=60 C o A HA| A A ZHIAC)S 58.8ns0]T}.

.................

tac= 58.8ns

12 13. Read ZE0A ‘02 Z2 M E AR0| ROJAS Zu}
Fig. 13 Simulation result in case of being programmed
with ‘0" in the read mode

“I

wig L 71

' 120.Lpm

T2 14, M= 32H|E eFuse OTP m|22|2| 2|0|0F2 0|O|X|
Fig. 14 Layout image of the designed 32-bit eFuse OTP
memory
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Weko 2 eheg sk thAl 3 ke = 2hed sle e
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