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Abstract—A 116.7-mn# NAND flash memory having two modes, memories even in the low-performance market. This comes
1-Gb multilevel program cell (MLC) and high-performance from the small gap of time-to-market between MLC and SLC
512 -Mb single-level program cell (SLC) modes, is fabricated with | A\p flash memories having the same density. Nowadays,

a 0.15um CMOS technology. Utilizing simultaneous operation - :
of four independent banks, the device achieves 1.6 and 6.9 mp/sthe density of SLONAND flash memory grows twice a year

program throughputs for MLC and SLC modes, respectively. While the chip size remains the same from density to density.
The two-step bitline setup scheme suppresses the peak currentTherefore, MLCNAND flash memories based on SUGWND
below 60 mA. The wordline ramping technique avoids program technology should be developed at the same time to take the
disturbance. The SLC mode uses the 0.5-V incremental step pulse 54\ antage of the higher density with the same chip size. In this
and self-boosting program inhibit scheme to achieve high program .
performance, and the MLC mode uses 0.15-V incremental step paper, we report the dual-modénp flash me.mory.havmg
pulse and local self-boosting program inhibit scheme to tightly 1-Gb MLC and 512-Mb SLC modes with the slightly increased
control the cell threshold voltageV;,, distributions. With the small  chip size compared to a only 512-Mb SINEND flash memory.
wordline and bitline pitches of 0.3 1xm and 0.361:m, respectively, The mode selection is not opened for general use, but provided

the cell V1, shift due to the floating gate coupling is about 0.2 V. ¢5r simultaneous development of the MLC and SIEND
The read margins between adjacent two program states are flash memory

optimized resulting in the nonuniform cell V;,, distribution for
MLC mode. Itis well known that the incremental step pulse programming
Index Terms—CMOS memory integrated circuits, EPROM, (ISPP) scheme can effectively adjust a dgll, because a cell

flash memory, floating gate coupling, multilevel programming, V;}, follows the ISPP step pulse [1]. Therefore, the ¢&]] dis-

multilevel programmed cell, NAND flash memory, wordline trihution can be tightly controlled by decreasing the ISPP step

ramping. pulse at the expense of program performance. Also, the local

self-boosting (LSB) scheme, which can be achieved by keeping

|. INTRODUCTION the wordlines adjacent to selected wordline 0 V, is more effec-

MERGING portable mass storage applications, Suéwem reducing the widening of cell;;, distribution due to pro-

as diaital still cameras. digital audio plavers. persondfe™ disturbance than the self-boosting scheme [2]. However,
— 9 » A9 players, p %e LSB scheme restricts the programming order to ascending
digital assistants, and electronic books, have accelerated hg ) .

; . . ofder. The key to dual-modeanD flash memory is not sacri-
development of high-density flash memories. Nowadays, SUf ing one mode for the other mode. The SLC mode uses 0.5-V

applications require high-performance flash memories as w: : .
From this viewpointNAND flash memories have great potentia EPP step puise to achieve high program throughput, and the

because they have very small unit cells and operate by multibsteelf'boostlng scheme to provide random-order page program-

unit, which leads to low bit cost and high data throughput. ﬁung, while the MLC _mo_de uses 0.15-V ISPP step pulse to
. . . tightly control theVy,, distribution, and the LSB scheme to re-
multilevel program cell (MLC) technique drastically reduce

the bit cost, doubling or even tripling the memory density with" - the program disturbance.
» doubling ping ) e y The memory is fabricated on a 0.18a CMOS process with
the same chip size ofanD flash memory using the single-level

o X o 5
program cell (SLC) technique. However, the need for tigh die size of 116.7 mf The effective cell size is 0.14m>. The

threshold voltageV, control decreases the program perfor(-: ip architecture is determined to minimize the chip size, the

mance. Therefore, MLGYAND flash memories are suitabIeSkeW of page-buffer control signals, and the noise distribution.

. . . S -~ ~The detailed device organization is shown in Section Il. With
for low bit cost and high-density applications, such as digital . o

. ) . . : . .. such small cell transistors, a bitline precharge-and-sense scheme
audio players which require CD-quality music recording wit

somewhat low program throughput, while SN@ND flash ] is adopt_ed to sense the bitline for specific length of time.
In order to improve program throughput, & 4rogram mode

memories are suitable for high-performance applications, su . . .
as digital still cameras which require high program throughp o PGM) is adopted by d|V|(j|ng the cell array into four banks.
Though MLCNAND flash memories have very low bit cost owever, the & PGM operation gengr:_ates a large peak current
thev have been debrived of their market by SNEND flash ‘that should be reduced. A two-step bitline setup scheme reduces
y P y the peak current. In addition, a wordline ramping technique sup-
presses the wordline-coupling that causes a serious program dis-
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The widening of MLCV,y, distribution due to a floating gate PRE4 ﬂi’ , SO = SO .T:HPRE’
(FG) coupling has not been reported yet, but it would limit th
. . SEL¢4 SEL1C
scaledown of MLCNAND flash memory cell pitches. An opti- a o
mization of the MLCV;}, distribution with the FG coupling, in !

consideration, is the key to MLC design for high program spee
This is described in Section IV.

—
oL, 1 oL, 1 I_.|
Il. CHIP ARCHITECTURE o
2

Fig. 1 illustrates the micrograph of the dual-modeiD flash
memory. The 1-Gb MLC array is divided into four banks. Théig. 2. Simplified schematic diagram of the sense-and-latch unit(s) and four
four banks are arranged in ax2 2 matrix, with page buffers Stn9s:
located on one side facing the chip center to minimize the chip
size and the skew of control signals. The input control buffeemly 0.5 ;.A, which is insufficient to sense the bitline within
are located near the input control pads, which are far from th®en time. Instead, the bitline precharge-and-sense scheme is
internal noise sources such as page buffers and high-voltag®pted [3]. During read operation, the unselected line(s) be-
charge pumps. Cells in each bank are organized in a single 1fiéen adjacent selected bitlines are shielded to ground level.
row by (8 k+ 64) column array. Sixteen rows form a block and'he selected bitlines are rapidly precharged to 1.0 V by fully
1 k block decoders are split into left and right side of each bamlrning on the PRE transistors and setting the corresponding
so that a block decoder layout can be drawn within a two blogBL level to 1.6 V, while the unselected SBL level is 0 V. Then
pitch to accommodate the tight wordline pitch of u&1. The the bitline levels are split by on cell states and off cell states
extra 256-column so-called spare data field is typically usedghere the selected SBL transistors are turned off. Finally, the
store system data and/or ECC data. Each 1-b sense-and-lgiphll splitting of the selected bitline level is amplified by set-
(SL) unit of a page buffer shares two adjacent bitlines in ordghg the selected SBL level to 1.0 V and reflected on the sense
to minimize the overall page buffer size and also to make paggt (SO) node td/,. and 0 V, where the SBL transistors cou-
buffer layout easy. One 2-b SL unit comprised of two 1-b Spled to on-cell transistors are turned on and the SBL transistors
units is shared by four adjacent bitlines through an SLC opti@aupled to off-cell transistors are turned off. Consequently, the
transistor, which allows 1-Gb ML®AND flash memory to op- SLs can sense and latch the on and off cell states with sufficient
erate as 512-Mb SL®AND flash memory. The SL sharing di- sense margin.
vides a row of 8 k cells into four pages to have unit program Bitlines should be set t&. or 0 V before program voltage
depth (512 B+ 16 B) compatible with the unit of conventionalis applied to the selected wordline. The worst case occurs in
SLC NAND flash memory. The page buffer schematic diagramx pPGM for SLC mode when all selected bitlines should be
is shown in Fig. 2. Program and read operations are performg@grammed. In that case, the inhibited bitlines adjacent to the
in one page unit therefore the unselected bitlines, 3/4 of 8 k bife|ected bitlines should be chargedto, whereas the selected
lines, should be shielded during the operations. Erase is psiitines remain at 0 V. A long bitline setup process degrades
formed in two block units of 64 kB. program performance because it is performed every ISPP steps.

For the SLC mode, the 1-b SL unit is shared by two adjacefih the other hand, a short bitline setup process generates large
bitlines, which divides arow of 8 k cells into two pages. One haffeak current. We adopt the two-step bitline setup scheme. For
of 8 k bitlines are shielded during program and read operatiofge first 2 us, all bitlines are charged up .. with constant
and the erase unit is a block of 16 kB. current supplied by the pMOS coupled to IHB transistors. Then
for the next 2us, the selected bitlines are selectively discharged
to ground level according to the latched data. The peak discharge
current is suppressed by stepping the SEL level. Finally, another

A load-current sensing method is no longer practical becaukgs is needed to stabilize the bitline setup sequence. The bitline
the small size of the cell reduces the worst-on-cell current $etup sequences are schematically shown in Fig. 3.
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Fig. 4 is a schematic diagram showing the wordline coupling 0 N
problem. During the program operation which utilizes the LSB 0 2 4 6 8 10
scheme, the SSL level of the selected block is séf.fand the number of V__ steps
program inhibit bitlines are set t&.. so that the program in- pgm S'EP
hibit strings are precharged 14..—V;;, and the corresponding (b)

SSL transistors are shut off. The channel underneath the sg-6. Peak coupling betwedi’/ L5 and string-select-line transistor with
lected wordline is localized once a program pass voltgge, (@) Vi rising time and (b) the number 6f,,.., steps within 5s at a ISPP

is applied to all wordlines except the selected wordline and tREP:

wordlines adjacent to the selected one. After tpg, is stabi-

lized, a program voltag®,,.., applied to the selected wordlinedecreases the body effect of the SSL transistor, and hence the
boosts only the localized channel. Therefore, it is important &fective threshold voltag&}y,. Fig. 5 shows the,—V, char-
decouple the localized channel from the others to increase #uteristics of an SSL transistor with the varidis (effective
efficiency of LSB. The worst case occurs when W&Ly; is  body bias) levels. In the case bf. equal to 2.0 V, the local-
selected. When th&,,.., is applied to thé/L,;, the SSL is ized channel charges are swept away by about 200 nA where the
coupled tolW/ L5 and the boosted level is around 1.4 V if anypoosted level is about 1.4 V, which lowers the localized channel
efforts to reduce th&},.., slope are not made. Even though theotential by 5 V in 30 ns. Therefore, it is impossible to inhibit
string select transistor is in the subthreshold regime, the loceklls by the LSB scheme.

ized channel loses its charges in an instant because the channalvoltage-ramping technique is used to suppress the word-
capacitance is rather small, about 0.5 fF. Therefore, the pifime coupling. However, there is a tradeoff between program
gram-inhibited cells are disturbed by tHg,..,. [t becomes more efficiency and wordline coupling suppression efficiency.
serious with lowV,., because the lower bitline precharge levetig. 6(a) shows the peak coupling level betwd&iL,; and

Authorized licensed use limited to: UNIV OF CHICAGO LIBRARY. Downloaded on July 28,2024 at 18:24:12 UTC from |IEEE Xplore. Restrictions apply.

IPR2024-00794 Page 3



CHO et al.: DUAL-MODE NAND FLASH MEMORY 1703

A
S V
. pam £ fastcell.  slow cel
g g >
g,z <® 3 . X
E g 3 % HY Vyipgm o verify level program stop
o Switch NSFEE e
P S
asPP<
Vref ¢ A *
start Vg,

Fig. 9. Nonideal ISPP behavior of fast cell in an early ISPP step and the ideal

Fig. 7. Schematic of ramping circuit. Vin level of slow cell after verify operation.
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Fig. 8. IdealV,, distribution width and the redl;,, distribution widened by
parasitic effects.

SSL coupling level with thé/,., rising time, where the shape

of the ramping output is ideal. As shown in Fig. 6(a), the
wordline-to-SSL coupling suppression efficiency is rapidly
increased withV, ¢, rising time until 5us. We adopt a staircase Cyz  field oxide

wave form generator instead of an ideal ramping circuit be- (b)
cause the layout overhead of the ideal ramping circuit is large.

. . . . ig. 10. Schematic cross-sectional view of faiD flash memory cell array
Fig. 6(b) shows the wordline-to-SSL COUp“ng level with th nd the parasitic capacitance between adjacent two floating gates,(an

number ofAV,,.., steps for given %is. The ramping efficiency the bitiine direction. (bYr, in the wordline direction.
is saturated after eight steps, as shown in Fig. 6(b). According

to these simulation results, we designed the wordline rampigg,, program speeds are the same for all the cells. Unfortunately,

C'r_?_trj]'t to hav_e e'ghm‘./{)g.‘“ steps 'T‘ S’és' fati decod there exists process variation, which widens the &g|l dis-
€ ramping circuit 1s comprised of-a tmer, a decotey, oy width even without any noise. This is schematically
an 8-b digital-to-analog (D/A) converter, a comparator, and

high-voltage switch pump (HVSP), as shown in Fig. 7. The DI $own in Fig. 9. The celV;y, shift follows theAISPP after the

e ‘ i oating gate of the cell transistor is saturated. Therefore, the
converter divides thép,., at a given step. The HVSP rAISCSstart program voltage should be lower than the critical voltage

Vivipgm until the output of the D/A converter is eq“‘?" o thg r.ef- t which the programming of the fastest cell starts, so that the
erence voltag®’.;. At the next step, the change of input d|g|taii

. astest cell can be saturated before the tgl|lreaches verify
coding lowers the output level of the D/A converter below thf%
! . vel. The low start program voltage, however, degrades the pro-
Vier and the HVSP raiseBpem until the V..., reaches the e g g 8

. .~ _gram performance. In this process, theéSPP of 0.15 V is used
target value pgn). As a result, the wordline-to-SSL couplmgto reduce the ideal cel;;, distribution width for MLC mode at

is reduced to 0.4 V to have lower than a few picoamper .
. . . e expense of program performance compared to the previous
subthreshold current of the SSL transistor, which drasnca@j P prog P P P

. . - design [2], while theAISPP of 0.5 V is used for the SLC mode
reduces the program disturbance caused by wordline COUpI"?g'achieve high program performance. The &l shift due to

the nonuniformity of cell program speeds and the system noise
IV. THRESHOLD VOLTAGE DISTRIBUTION is about 0.1 V. y brog P y

Ctur\

Fig. 8 shows how much the parasitic effects widen the idealThe FG coupling arises from the parasitic capacitance be-
Vi1 distribution. The ideal celV;;, width should be slightly tween adjacent two floating gates in a string and in a wordline
smaller than the stepping voltage of the ISRRSPP) if the as shown in Fig. 10(a) and (b). If we assume that the cell tran-

Authorized licensed use limited to: UNIV OF CHICAGO LIBRARY. Downloaded on July 28,2024 at 18:24:12 UTC from |IEEE Xplore. Restrictions apply.

IPR2024-00794 Page 4



1704 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 11, NOVEMBER 2001

read level

sistor that is being read is fully turned on, the FG coupling ratic

... verify level
in a stringg,; and in a wordlineyy,, can approximately be ex- °
pressed as R . .
o 5| . | i
fgl b : i |
Vigl = (1a) , ;
& C(ono + C(tun + 2C(fgl :
and -2vSS 0.2 0.8 1.4] 2.1 ‘ 28] 34
Crg2 ! ! :
Vg2 = (1b) 0 03 10 15 24 29
& C(ono + C(tun + 2Cfg2 @
where C,,,, is the capacitance between a control gate and FG coupling
floating gate,Ci,y, is the capacitance between a floating gate 1.E+08

and a channel, and’,; andC,» are the capacitance between

1.E407 |
adjacent two floating gates in a string and in a wordline, re-
. . . . 1.E+06 |
spectively. The order of page program is restricted to ascendir

order in a block because the random order of page programmir% 1.B405
significantly shifts the celV;;, when LSB scheme is used [2]. & 1.E+04
Therefore, in the worst case a cell is coupled by five neighbo:; 1 E+03 |
cells; the right, left, upside, upper right, and upper left cells,
If we ignore the effect of upper right and upper left cells, the
change of cell;y, read from the control gate after five neighbor

cells are programmed can be written as 1.E+00

1.E402
1.E401 |

f\
L 1 1 1 Il
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

AV = g AV 4 AV gV Vin V]
@) ()

4.0

wherep and ¢ denote thepth bitline and thegth wordline, re- Fig. 11 (a) Target and (b) measureq, distributions.

spectively. In the worst case, the neighbdrig shift from the
erase state (“11") to the highest program state (“08%;1—00,
and the FG coupling can be simplified as

CSL resistance, which effectively leads to the positive body
bias of the fast cells. Consequently, the CSL noise reduces
the sensing current of fast cells. The CSL noise may not be a
Avt(lzl% 9 _ (Vsg1 + 27622)AVi1 00 for MLC mode.  (3) problem if the same amount of CSL noise exists during read
operation because the cells feel the same body bias. However,
In this process, the worst FG coupling is about 0.2 V whetbere is no CSL noise after all cells are programmed in a
g1 ~ 0.02, vee0 & 0.006, andAVi100 = 5.4 V. The FG page. Thus, the SLs sense larger sensing current during read
coupling can be reduced by lowering the height of the floatirmgperation than during program verify operation for the same
gates and the thickness of field oxide facing the floating gatesglected wordline level. This causes the underprogram problem.
Lowering the floating gate height, however, degrades the prbherefore, the selected wordline level should be lower during
gram performance because it lowers thg,,, hence the pro- read operation than during program verify operation, which
gram coupling ratioypem = Cono/(Cono + Ciun). The thick-  Means underprogram margin. Decreasing the CSL resistance
ness of the field oxide affects the isolation between adjacent t#" reduce the CSL noise at the expense of chip size. An un-
cells. Therefore, the FG coupling, program performance, ad@rshooting of p-pwell noise caused by the capacitive coupling
cell isolation should be carefully optimized. The total couplin§&tween bitlines and p-pwell is added to the CSL noise. The

of the worst case should be modified for SLC mode utilizing PWell straps in a cell array reduce the p-pwell noise [4].
self-boosting scheme as ogether with the CSL and p-pwell noise, the larger power

noise of program verify operation causes the underprogram.
AV&{” 9 _ 2(Yeg1 + Ve2) AVio (4) The underprogram is slightly larger for SLC mode because 4 k
bitlines operate simultaneously. However, the underprogram
because the random order of page is permitted. Therefosepblem is less serious for SLC mode than for MLC mode
the worst FG coupling for SLC mode is about 0.2 V wherbecause of the sufficient underprogram margin of SLC mode.
AVio =4V Another important effect is the interplay of maximum cell
The differences of noise levels such as pocket p-wél, and read pass voltagé..q applied to the unselected word-
(p-pwell) noise, common source line (CSL) noise, and powéne during read operation. The higher thg,,, the smaller the
noise between program verify operation and read operatibackground pattern dependency (BPD) [2]. However, the reten-
cause an underprogram of 0.1 V. In early ISPP step, just a féan failure limits the maximum allowabl¥....4. Therefore, it
cells (fast cells) are programmed. In that case, almost whaderequired to optimize the gaps between two adjacent program
bitlines are discharged from the precharged level to grousthtes to lower the maximum cé];, of the highest state. In this
level except a few bitlines coupled to the programmed celldevice, the worst-cadé, shift due to BPD is about 0.05 V for a
The CSL level rise high by the discharge current because of thg,4 of 6.0 V with the maximum celV;;, around 3.0 V [2]. The
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TABLE |
DEVICE PARAMETERS

1705

order for MLC mode. On the other hand, the SLC mode utilizes
the self-boosting scheme to allow random-order page program
because the program disturbance problem is relatively small.

Process 0.15-um CMOS, STI, triple-well, 2-metal

Tunnel oxide 8 nm

Interpoly dielectric 15 nm (effective)

The ISPP with 0.15-V step pulse is used to keep narvpy
distribution width of 0.6 V for MLC mode. For SLC mode, the
ISPP with 0.5-V step pulse is used to achieve high program
throughput. The FG coupling is found to be the most serious
parasitic effect widening the célt, distribution width by 0.2 V.
The cellV, distributions are optimized not to degrade program
performance for MLC mode resulting in the nonuniform distri-
butions. The device parameters and key technology are summa-

rized in Tables | and Il, respectively.
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TABLE 1
DEVICE CHARACTERISTICS
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Density 1Gb 512 Mb
Page size 512B+16B 512B+16B 32-33.
Erase block size 128 kB @4x mode 64 kB @4x mode
Program inhibit scheme Local self-boosting Self-boosting
ISPP step pulse 015V 05V
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Read transfer time 20 ps 9us
Erase time 2ms 2ms

V.eaa Of 4.5 V is sufficient to reduce the BPD-causgg, shift
for SLC mode because the maximum dgl}, is below 2.0 V.
The downward cell;, shifts due to charge loss are 0.3, 0.
and 0.1 V for the highest, the second, and the lowest progr
states, respectively. The targel, distributions of the four
cells states are shown in Fig. 11(a). In addition, the measured

Viu distributions of the three program states are shown NP flash memories.

Fig. 11(b). Only the sequential programming is permitted for
MLC mode. Therefore, the cells under the fifteen wordlines
(W/Lo—W/L14) are under the influence of the FG coupling
but the cells under the top wordlingV/L,;) are free from
the FG coupling problem. Thus, the distributions shown i
Fig. 11(b) have two peaks for each state after all cells a
programmed. The distribution having the first peak is th
distribution of the cells coupled /L, and the distribution
having the second peak is the summation of the distributio
of the other cells.

V. CONCLUSION

The dual-mod@AND flash memory has been fabricated using
a 0.15xm CMOS technology, resulting in an effective cell siz
of 0.14 xm? and a chip size of 116.7 mimFusing changes
the mode from the 1-Gb MLC mode to the high-performand
512-Mb SLC mode. The program throughputs of 1.6 MB/s a
6.9 MB/s are achieved by adopting42GM operation for MLC
and SLC mode, respectively. The two-step bitline setup sche
suppresses the peak current below 60 mA. Also, the wordli
ramping technique reduces the wordline coupling below 0.4
The LSB scheme is used to effectively reduce the program dS

V.

Taehee Chowas born in Seoul, Korea, on March
19, 1969. He received the B.S., M.S., and Ph.D.
degrees in electrical engineering from the Korea
Advanced Institute of Science and Technology
(KAIST), Taejon, Korea, in 1992, 1994, and 1999,
respectively.

He has been with Samsung Electronics Corpo-
ration, Kiheung, Korea, since 1994. He joined the
flash memory design team in 1999, where he has
been working on the design and development of
high-density NAND flash memories and low-..

Yeong-Taek Leewas born on February 19, 1964, in
Junnam, Korea. He received the B.S., M.S. and Ph.D.
degrees in electrical engineering from Seoul National
University, Seoul, Korea, in 1987, 1989, and 1998,
respectively.

He joined Samsung Electronics Corporation,
Kiheung, Korea, in 1989. From 1989 to 1994, he
was involved in developing 4M and 16M DRAMs.
In 1998, he rejoined Samsung Electronics and has
been working on the design and development of
high-densityNanD flash memories.

Eun-Cheol Kim was born in Pusan, Korea, in 1970.
He received the B.S. and M.S. degrees in electronic
engineering from the Seoul National University,
Seoul, Korea, in 1993 and 1995, respectively. He
is currently working toward the Ph.D. degree as
a Graduate Research Assistant at Texas A&M
University, College Station.

From 1995 to 2000, he was with Samsung
Electronics Corporation, Kiheung, Korea, where he
worked on the design of the high-speed synchronous
SRAMSs, such as PBSRAMs, NtRAMs and DDR

RAMs, and high-densitwaND flash memories including 256 Mb and 512
. Currently, he is working on the research of VLSI design and verification

turbance and restricts the order of page program to ascendititg emphasis on fault tolerance and reliability.

Authorized licensed use limited to: UNIV OF CHICAGO LIBRARY. Downloaded on July 28,2024 at 18:24:12 UTC from |IEEE Xplore. Restrictions apply.

IPR2024-00794 Page 6



1706

Jin-Wook Lee was born on April 3, 1971 in Seoul,
Korea. He received the B.S. and M.S. degrees fror
Yonsei University, Korea, in 1995 and 1997, respec
tively.

In 1997, he joined the Memory Division of Sam-
sung Electronics Corporation, Kiheung, Korea. Fromr
1997 to 1999, he was involved in devloping high-
speed SRAMs such as 4M DDR SRAMs. He is cur-
rently engaged in circuit design of high-densigND
flash memories and multilevelanp flash memory.

Sunmi Choi was born on April 11, 1974, in
Kwangju, Korea. She received the B.E. and M.S
degrees in electronics engineering from Pohan
University of Science and Technology, Korea, in
1997 and 1999, respectively.

She joined the Memory Division of Samsung Elec
tronics Corporation, Kiheung, Korea, in 1999, where
she has been working on the circuit design of high
densityNAND flash and multileveNAND flash mem-
ories.

Seungjae Lee was born in Taegu, Korea, o
September 30, 1974. He received the B.S. anE
M.S. degrees in electronics engineering from Seo
National University, Korea, in 1997 and 1999,
respectively.

He joined the Memory Division of Samsung Elec-
tronics Corporation, Kiheung, Korea, in 1999, where
he has been working on the circuit design of 512-Mb
single-leveNAND flash memory and 1-Gb multilevel
NAND flash memory.

Dong-Hwan Kim was born on October 10, 1972,
in Seoul, Korea. He received the B.S. degree ir
electronics engineering from DanKook University,
Korea, in 1998. i
After joining Samsung Electronics, Kiheung, ™
Korea, in 1998, he worked on the developmen.
of NAND flash memory as a product engineer. Hes
joined the flash memory design team, where h
has been working on the design and development
of high-densityNAND flash memories, including a
multilevel NAND flash memories.

A

Wook-Ghee Hanwas born on August 17, 1972, in
Kyungnam, Korea. He received the B.S. degree i
semiconductor science from Dongguk University,
Korea, in 2000.

He joined the Memory Division of Samsung Elec-
tronics Corporation, Kiheung, Korea, in 1991, where
he has been working on the design of EEP-ROMs a
high-densityNAND flash and multileveNAND flash
memories.

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 11, NOVEMBER 2001

Young-Ho Lim was born on September 4, 1963,
in Taegu, Korea. He received the B.E. degree in
electronics engineering from Kyungbuk University,
Korea, in 1986.

He joined Samsung Electronics Corporation, Ki-
heung, Korea, in 1985, where he has been working on
circuit design of EEPROMs, MROMSs, and high-den-
sity NAND flash memories.

Jae-Duk Lee (S'92-M’'00) was born in Taejon,
Korea, in 1970. He received the B.S., M.S., and
Ph.D. degrees in electrical engineering from Korea
Advanced Institute of Science and Technology
(KAIST), Taejon, Korea, in 1992, 1994, and 1999,
respectively.

While with KAIST, he was engaged in research
fields including BICMOS analog circuit design,
thin-film resistor, and microelectromechanical
systems. His Ph.D. dissertation was focused on
the 2400 x 2400-dpi monolithic thermal inkjet

printhead, which has 3600 nozzles on a chip for high-resolution and high-speed
n Printing. In 1999, he joined Samsung Electronics Company, Ltd., Kyungki-Do,
orea. He is responsible for cell device méND flash memory. His research
Jnterests include cell structure design, cell device modeling, and cell reliability,
such as endurance and data retention characteristics.

Dr. Lee is a member of the IEEE Electron Devices Society.

Jung-Dal Choiwas born on July 16, 1964, in Taegu,
Korea. He received the B.E. degree in electronics
engineering from Kyungbuk National University,
Korea, in 1986.

After joining Samsung Electronics, Kiheung,
Korea, in 1985, he worked on the circuit design
of nonvolatile memories such as EEPROMs and
mask ROMs. From 1990 to 1994, he was engaged
in process integration of high-density mask ROMs.
Since 1995, he has been working in the process
integration of high-densitwanDp flash EEPROMSs.

urrently, as a Project Leader in flash process development, he is working on
%he 512-Mb and 1-GbianD flash project.

Kang-Deog Suhwas born in Kyungi-Do, Korea,
on October 2, 1956. He received the B.S. degree in
electrical engineering from Seoul National Univer-
sity, Seoul, Korea, and the M.S. and Ph.D. degrees
from the Korea Advanced Institute of Science and
Technology (KAIST), Taejon, Korea, in 1979, 1981,
and 1991, respectively.

He joined Samsung Electronics Company, Korea,
where he was engaged in the CMOS logic IC design.
Since 1991, he has been developing EEPROMs, flash
memories, and MROMs. Currently, he is an Engi-

neering Director with the Flash Team.

Authorized licensed use limited to: UNIV OF CHICAGO LIBRARY. Downloaded on July 28,2024 at 18:24:12 UTC from |IEEE Xplore. Restrictions apply.

IPR2024-00794 Page 7



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


