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A 5-V-Only One-Transistor 256K EEPROM 
with Page-Mode Erase 

TAKESHI NAKAYAMA, YOSHIKAZU MIYAWAKI, KAZUO KOBAYASHI, 
YASUSHI TERADA, HIDEAKI ARIMA, TAKAYUKI MATSUKAWA, 

AND TSUTOMU YOSHIHARA 

Ahsrrucr -A 5-V-only one-transistor 256K EEPROM with page-mode 
erase is described. Erasing and programming are achieved through electron 
tunneling. In order to inhibit the programming to the unselected cells, the 
unselected bit lines and word lines are applied with the program-inhibiting 
voltages. The number of parity bits for ECC is five per two bytes, which 
are controlled by the lower byte ( L B )  signal. Using a conventional 1.5-pm 
design rule n-well CMOS process with a single metal layer and two 
polysilicon layers, the memory cell size is 7 x 8  p d  and the chip sue is 
5.55 X 7.05 mm2. The chip size is reduced to 70 percent of a full-featured 
EEPROM with on-chip ECC. 
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Fig. 1. Cross section of one-transistor memory cell. 

I. INTRODUCTION 

ECENTLY, several types of the flash EEPROM have R been proposed [1]-[3]. These flash EEPROM’s have 
an EPROM-like one-transistor memory cell and all mem- 
ory cells are erased electrically. They can be housed in an 
inexpensive plastic package and still be fully tested in 
contrast to a one-time PROM. However, they require an 
external high voltage supply for programming. Further- 
more, their ERASE/WRITE cycling is limited to less than 
1000 cycles, because programming is accomplished by 
hot-electron injection into the floating gate. On the other 
hand, full-featured EEPROM’s [4], [5] whch are byte 
erasable are guaranteed 104-106 ERASE/WRITE (E/W) 
cycles, because these are erased and programmed by the 
Fowler-Nordheim tunneling current. The ECC technique 
is also used to enhance the endurance. The memory cell, 
however, consists of a bit select transistor per bit, a mem- 
ory transistor per bit, and a byte select transistor per byte. 
Because of the large cell size and four parity bits per byte 
required for ECC, the chip size is two to three times larger 
than those of EPROM’s and flash EEPROM’s. 

This paper presents a 5-V-only one-transistor page erase 
type 256K EEPROM in order to realize a hghly reliable 
and small chip size EEPROM. The 25613 EEPROM is 
erased and programmed by the electron tunneling and is 
program inhibited by program-inhibiting voltages applied 
to the drains and the control gates of unselected memory 
cells. The number of parity bits for ECC is five per two 
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bytes controlled by the lower byte ( L B )  signal. LB is the 
lowest address input. The chip size has been reduced to 70 
percent of conventional EEPROM’s by the small size 
memory cell and reduction of the parity bits. The device 
has fast 2-byte serial access mode. 

11. ONE-TRANSISTOR CELL TECHNOLOGY 

A .  Cell Structure and Programming Scheme 

The cell cross section is shown in Fig. 1. The cell is 
based on the FLOTOX-type EEPROM cell, and integrates 
the select transistor. The cell size is reduced to 80 percent 
of a full-featured EEPROM. The first-level polysilicon is a 
floating gate and the second-level polysilicon is a control 
gate and a select gate. The tunnel oxide layer is located 
between the floating gate and the drain. The thickness of 
the tunnel oxide and !he oxide between the polysilicon 
gates is 100 and 300 A, respectively. Because the select 
gate is merged into the control gate, the program-inhibit- 
ing voltage must be applied to the unselected cells. 

The programming scheme of the cell is shown in Fig. 2. 
The erase operation is similar to that of a conventional 
EEPROM. The selected word line, WL,, is applied with a 
programming high voltage Vpp,  and all bit lines are 
grounded. Only the selected cells that correspond to M1 
and M2 are erased. M1 and M2 are written ONE. In a 
program operation, bit lines connected to the memory cells 
to be written ZERO are applied with Vpp. In order to inhibit 
the programming of the unselected cells, the unselected bit 
lines and word lines are applied with program-inhbiting 
voltages Vspl and ifWpr, respectively. Table I shows the 
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Fig. 3. Program-inhibiting characterihtics. Cell current: 1 Z  = 1 V. 
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potential difference between the control gate and the drain 
of the cells in the program operation. 'The potential differ- 
ence of M2, M3, and M4 is small enough to be compared 
with that of M1. As the tunneling current strongly de- 
pends on the electric field across the oxide. i t  is possible to 
prevent programming of the unselected cells. Conse- 
quently. the only selected cell that corresponds to M1 is 
programmed (ZERO is written). M2 retains the data ONE. 

and the other cells maintain the previous condition. Each 
cell has its own source line, and all source lines are held 
floating in the program operation. There is no leakage 
current flown through the unselected cells (M3. M4). 

B. Cell Churcicteristics 

The program-inhibiting characteristics of a single-bit 
test device are shown in Fig. 3. The cell is erased and 
programmed by a 4-ms 15-V V,, pulse. The open circles. 
black circles, and triangles correspond to the unselected 
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Fig. 4. Block diagram of 2S6K EEPROM. 

memory cells M2. M3. and M4. respectively. I t  is shown 
that i f  V,,, is set to 2/3 V,,,, (10 V) and V,,,, is set to 1/3 
V[,, ( 5  V). the program-inhibitable cycling is over lo7  
cycles. In a page-mode-only 256K EEPROM that consists 
of 512 pages of 64 bytes. the program-inhibitable cycling 
required is 511 (the number of word lines minus one) times 
10' (E/W cycles). So the lo7  cycles is enough to realize a 
page erase type 256K EEPROM with this architecture. 
Although the potential difference between the drain and 
the control gate is maintained t o  be the same. the 
program-inhibiting characteristics between the two condi- 
tions, that is VD = V,,,. V(, = 0 V (designated by open 
circles) and V!, = V,,,. 5; = V,, ,, (black circles). are differ- 
ent. I t  is estimated that the difference is caused by the 
coupling between the floating gate and the substrate (chan- 
nel region). When VI, = V,, and V(; = VI+,,,, the average 
potential of the channel relative to the drain is lower than 
that of the other condition. so that the potential difference 
between the floating gate and the drain is larger. 

111. CIKCUII. TECHKOLOGY OF 256K EEPROM 

A5 described above, in order to realize the 5-V-only 
one-transistor EEPROM. program-inhibiting voltages must 
be generated on the same chip and distributed to the bit 
lines and the word lines. A high-voltage generator which 
supplies Vpp  and program-inhibiting voltages (V,+,,, V,,,) 
and a column latch circuit which includes a data latch for 
page-mode programming and a high-voltage switching cir- 
cuit were developed. As the erase mode is restricted to 
page mode, parity bit reduction is possible. In the normal 
full-featured EEPROM [4]. four parity bits are generated 
from eight bits. In  this device. five parity bits are generated 
from the serially inputted two bytes. These two bytes are 
controlled by the LB signal that is the lowest address 
input. A block diagram of the 256K EEPROM is shown in 
Fig. 4. The memory cell array consists of 16K words of 16 
bits. The higher order address bits A 5 - A , ,  select row 
address, and A , , - A ,  and 1.B select column address. 
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A .  Column Latch and Row Decoder 

A circuit diagram of the column latch and row decoder 
is shown in Fig. 5.  The clock timing diagram is shown in 
Fig. 6. A V,, switch is a high-voltage pumping circuit. In 
an erase operation, PGM is set to “L,” and the selected 
word line is pumped up to V,, by the V,, switch and 
unselected word lines are grounded. As BLR is set to “H,” 
all bit lines are grounded. The electric field across the 
tunnel oxide in the selected cell causes electrons to tunnel 
from the drain to the floating gate. The threshold voltage 
of the selected cell shfts high. 

In a program operation, as PGM is set to “H,” all bit 
lines are precharged to V,,, through a transistor T1. If the 
latched data are hgh, transistor T2 turns on. Then, the 
only bit lines that are latched “H” are pumped up to V,, 
by the V,, switch circuit. The other bit lines are main- 
tained at V,,, level. The selected word line is grounded 
and the unselected word lines are applied with the pro- 
gram-inhibi ting voltage V,, by the inverting circuit of 
the row decoder output. The threshold voltage of the 
selected cell shifts low. The inverting circuit of the row 
decoder output consists of a predecoder, a row decoder, 
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Fig. 7. Block diagram of high-voltage generator 

and an inverter. In a READ and ERASE cycle, this circuit acts 
as a normal row decoder. 

T h s  device also has a flash erase mode that is accom- 
plished by applying V,, to all word lines and grounding all 
bit lines. 

B. High- Voltage Generator 

A block diagram of the high-voltage generator is shown 
in Fig. 7. All high voltages, VBpp, V,,,, and VBpr,  are 
generated internally. V,,, (programming high voltage, V p p )  
and V,,, (program-inhbiting voltage, 1/3 Vpp) are ap- 
plied to bit lines and V,, is applied to word lines. V,,, 
has two different voltage levels that correspond to V,, 
(erasing high voltage) and V,,, (program-inhibiting volt- 
age, 2/3 Vpp).  As the program-inhibiting characteristics of 
the cell are sensitive to the potential difference between the 
control gate and the drain, the ratio of program-inhibiting 
voltage to V,, must be accurate. Therefore, the program- 
inhibiting voltage is generated from the divided output of 
only one charge pump circuit. As there is no dc pass to the 
ground, the current drivability of the charge pump is 
enough to feed the capacitance of all bit lines and word 
lines. Each voltage level difference between V,,, and 
VwpI, V,,, and V,,, is always maintained to be 1/3 Vpp 
level in the program operation. Accordingly, the program 
disturbance is minimized. The frequency of the oscillator is 
7 MHz. The VBpp level is controlled to be 15 V by the V,, 
regulator. V,,, and V,,, are regulated to be 10 and 5 V, 
respectively. 

C. ECC Circuit 

The floating-gate-type EEPROM’s with tunnel oxide 
have a failure mode of the tunnel oxide breakdown. The 
intrinsic cell endurance has been demonstrated to be more 
than lo6 E/W cycles. However, there is a possibility of a 
few weak bits in the memory array wearing out in less than 
lo4 cycles. As the probability is negligible that any two 
bits in the neighboring two bytes will be worn out in lo4 
cycles, the device has been designed to correct any single 
bit error in each two bytes. An ECC block diagram is 
shown in Fig. 8. In a WRITE cycle, two bytes of data, that 
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IV. DEVIC~. CHARACTERISTICS 
is the first byte ( WD,,,_07) in LB =“H”  and the second 
byte ( WD,o-l..) in LB =“L”  at the same address input, 
must be inputted serially. The first inputted byte is latched 
in the data-in latch. Then, five parity bits ( WD,,o-E4) are 
generated using a modified Hamming code from first and 
second inputted bytes. In a READ cycle. five check bits 
(So_ , )  are generated from the 21 bits ( RDoo-07. RD,,-,,. 
and RD,,- and decoded to correct the READ data. One 
of these corrected 2-byte data switched by LB is trans- 
ferred to the data output buffer. 

A photomicrograph of the chip [6] is shown in Fig. 9. 
The memory cell array is divided into two blocks. The row 
decoder is placed in the center of the array. The ECC 
circuit occupies approximately 10 percent of the chip area. 
The process technology is a conventional 1.5-p m design 
rule n-well CMOS process with a single metal layer and 
two polysilicon layers. The chip size is 5.55 X 7.05 mm2 and 
the cell size is 7 x 8 pm2. 

Photographs of the address access time and LB access 
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time are shown in Fig. 10. The address access time of 80 ns 
and LB access time of 20 ns were achieved at a typical 
condition. The access time delay by the ECC circuit is 
estimated to be 10 ns. 

The features and measured ac characteristics of the 
device are summarized in Table 11. The programming time 
is 10 ms/page. The active and standby currents in the 
worst case are below 40 mA and 100 !LA, respectively. The 
device is housed in a 28-pin package. 

V. CONCLUSION 

A 5-V-only one-transistor 256K EEPROM with page- 
mode erase has been proposed. The program-inhibiting 
scheme has been developed in order to realize a one-tran- 
sistor memory cell. As the cell is erased and programmed 
by the F-N tunneling mechanism, 5-V-only operation and 
lo4 E/W cycles have been achieved. The chip size of the 
device is reduced to 70 percent of the full-featured 
EEPROM, because of the small cell size and reduction of 
the number of parity bits. The 256K EEPROM is pin 
compatible with a full-featured 256K EEPROM. 

The device will be suitable for the memory card applica- 
tion that is expected to replace the magnetic memory 
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