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Abstract In this paper, a local DL (Data Line) sensing method with smaller parasitic capacitance replacing
the previous distributed DB sensing method with large parasitic capacitance is proposed to reduce the time
to transfer BL (Bit Line) voltage to DL in the read mode. A new BL switching circuit turning on NMOS
switches faster is also proposed. Furthermore, the access time is reduced to 35.63ns from 40ns in the read
mode and thus meets the requirement since BL node voltage is clamped at 0.6V by a DL clamping circuit
instead of precharging the node to VDD-VT and a differential amplifier are used. The layout size of the
designed 512Kb EEPROM memory IP based on a 0.13ym BCD is 923.4m x 1150.96m (=1.063mm).
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Table 1. Major specifications of 512Kb EEPROM
memory IP.

Items Target Specifications
Read 2.V~ 55V
VDD Write 2.V~ 5.5V
‘Write-Verify-Read 4.5V~ 55/
Read 1.35V ~ 1.65V
wv Write 1.35V ~ 1.6V
‘Write-Verify-Read 1.35V ~ 1.65V
Normal Mode Read / Page Erase / Page Buffer Load / Page Program / Reset / Stand—By
Function |  Write-Verify-Read Erase-Verify-Read / Program-Verify-Read
Others Test Time Reduction / Cell Stress Test
Memory Density 512Kb
Cell Amay 512Rows x_1024Columns
vo 32bit
Page Size 128Bytes
Temperature Range -40~85T
Write Time 2ms
Cycle Time 40ms
Endurance 10K Cycles
Data Retention 10Years
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Fig. 8. Simulation results in the read mode.

a9 99 19 102 page erase FE=9f page
program FEEo|Ae] EoHY AFE HAF g
omn  selected CG, unselected CG, selected SG,
unselected SG, BLe Aol T2 RE=® cell
bias ZAANMAY Yo AL B £ duh 29
Ad zAL VDD=22V, VLV=135V, slow
NMOS slow PMOS =49 s}#}r]E, Temp.=125T
o A x| ATt

i TEm zn
€G> r__
caet>
6@ t_._
G ;
560> |
S6<1> |
S6<2> |
S6<3> [
SL@> ]
SLa1 023>
BLO> li -
BLCI0Z3> e
i 13m 2m

J8 9. Page erase modediiAMe| Zo|Als AD} mly,
Fig. 9. Simulation result in the page erase mode.

BCD 277|gte] D& EEPROM IP 47459

=1

00y 200u 300y 400u 500w 600w  700u

ces |729

(155

ce<2s

ce<a

sgeo> | 2920

bodbed B -

gges |2130

sees [3130

se<3» |-3130

sLps 728

SL<1023>

BL<0>

PGS | Ao | SN | SR S g

BL<1023>

0 100y 200w 300y [MOTW] ' 500u  Goou 700 |
18 10. Page program modedilA{e| Zo|Als! Za} mps,
Fig. 10. Simulation result in the page program mode.

4.4 2

=2 =

F4 F47] USB type-C 52 MCUCIAM 1L
%o 9i7le} 27153 5EAS 7h v vE
g7F 8E A Jdom, IMb o]ske] H g W=
2] IP= EEPROM IP7} 2 A& 9o

Split  Alo]E  EEPROM AS  Agsle
EEPROM IP&= #9719} 223 3
HVSl VPP zsto] AM&stE didl 74
Aol +725VE o] &dlo] H=

o]-&38te] split Alo]E EEPROM A& #]$-7]9} =
2% F34% 433 512Kb EEPROM IPE A
Astgith. A" EEPROM IPAlA = 917] Bz
Al BLe #AStE DLl destE A7k £017]
3 71Ass AAEl A7 2 distributed DB Al
w2 glal 7|8skE AsAE 27 A local DB
A A AbsEATE g i o] AdEelA
BL_DISh Al&%E 33Ve DC AYS THII] 2~

7] BEE NMOS £9AE &8 ONAAFELS 4
oA, ¢7] RE=Ez Y AgHE
BLSW_SEL 4Alze] 93 ¢j7] =& NMOS =
AAE wWEA ON Al7]& BL =94 325 A
orstdtt. wd BL == A4S VDD-VITZ A



=ZX H103 M52

FAsE A DL 293 J2E AREste] 06V
= 7les A&g 512Kb
EEPROM IP9] ®o4d A7 ¢}7] BRI X
Y72 EEPROM A9 access A7+
40nsE TEAIATE 013 BCD 34
AAE 512Kb EEPROM IP9] #oJo
923.4im * 1150.96/m (=1.063mm) <] c}.

REFERENCES

[1] F. Xu, X. Q. He, L. Zhang, "Key Design
Techniques of A 40ns 16K Bits Embedded
EEPROM Memory”, Communication, Circuits
and System, vol. 2, pp. 1516-1520, June 2004.

[2] A. Conte, G. L. Gudiceo, G. Palumbo, A.

"A  High-Performance
Low-Voltage Current Sense Amplifier for
Nonvolatile Memory”, IEEE J. Solid-State
Circuits, vol. 40, no. 2, pp. 507-514, Feb. 2005.

[3] H. Park, R. J. Jin, Y. J. Kang, M. H. Kim, P.
B. Ha, Y. H. Kim, "Design of 512Kb EEPR
OM IP Using Dual Program Voltage,” Proceed
ings of ICIECT, pp. 176-183, July 2017.

[4] S. Kawai, A. Hosogane, S. Kuge, T. Abe,
K. Hashimoto, T. Oishi, N. Tsuji, K. Saka
kibara, K. Noguchi, “An 8kB EEPROM-E
mulation DataFLASH Module for Automot
ive MCU,” IEEE International Solid-State
Circuits Conference, 2008, pp. 508-509.

[5] G.S. Cho, D. H. Kim, J. H. Jang, J. H.
Lee, P. B. Ha, Y. H. Kim, “Design of a S
mall-Area, Low-Power, and High-Speed
128-KBit EEPROM IP for Touch-Screen

Journal of the Korean Institu

Signorello, Very

Controllers,”
te of Maritime Information and Communic
ation Sciences, vol. 13, no. 12, 2009, pp. 2
633-2640.

[6] M. Hatanaka, H. Hidaka, G. Palumbo, "Val

ue Creation in SOC/MCU Applications by E
mbedded Non-Volatile Memory Evolutions”,

Asian Solid State Circuits Conference, pp. 38
=42, Nov. 2007.

[7]1 Y. H. Kim, H. Park, M. H. Park, P. B. H
a, Y. H. Kim, "Design of a Fast 256Kb EE
PROM for MCU", JKIICE, vol. 19, no. 3, pp.
567-574, March 2015.

[8] H. Park, R. J. Jin, P. B. Ha, Y. H. Kim, “D
esign of a cell Verification Module for Large

~density EEPROM Memories” KIECT, vd. 10,
m. 2 . 16-183, Axdl 017

Ao

7 9 #RiJun Jin)

e 200129 649 @ AWUITw A
A4 B} (F3AD

e 200149 649 @ AW A
A B EA 8 (FFEHAA})

e 2014 99 ~ &A@ AUy
st AAEett wpababy

NVM IP A7

e 20109 8¢ : AFdiztw M=

o 2014\ 2€ @ FAdistu Wz}
—I—ELJ,} (—1—6]—/\1,\].)

e 20149 3¢ T AA : FAost
ol A Apgaka) (FshakAL

Non-Volatile memory 27|



3l & ¥(Pan-Bong Ha) [£43 4]
e 1981 29 : Haktistw H7)
253} (oA
o 19839 29 : AgTista A4
—J—Eh,]. (—-—a‘I-MA].)
e 1993 2¢ @ Algdistu Ak

&t (& shakAh
1987 3¢9 ~ AA : FAdst

i AR g

<FHAIFOb> JHlti= A=l SoC A7
7 4 3(Young-Hee Kim) [$43 4]
e 1989 29 : A&EWEtw HA
Bt (234D
e 1997d 2¢ : ¥gIFyusia
A7 AR FE (334D
e 2000 8¢ : X &gFyusiu
A7 AR EE} (oA
e 1089\ 1€¥ ~ 2001 2¢¥ - &

PR DR
e 2001 3¢9 T @A L
ol AApyeta) wgs

< Eop> Wz IP AA, SoC A7

BCD 37|

gt

[

9|

1 EEPROM [P AA|

461



