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Design of 256Kb EEPROM IP Aimed at Battery Applications
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8 % E =EdAEs MCU W43 1.5V ©¥dY 256Kb EEPROM IPE HiEE] §8& 93 A= 7129
body-potential H}o]o}A] 3|25 A&3SH= cross-coupled VPP (Boosted Voltage) H3FHIES] 2= erase?l program &
oA WU 1 5V cross-coupled PMOS &A1) 8.53Ve] 140l Ag|HA] junction breakdown©]U gate oxide
breakdown®ll &J8 A&7} wtalE 4= Qlt}h. A E =Fo|AE cross-coupled ASPEES|29] &8 == VDDE I
A7 Al H LEES ZF ¥ 99| JYAALE TYAASIERE 5V PMOS &4 5.5V o9 1Hgke] 4
g4 AEE ot 2 breakdowno] Yolu= A& A g 256Kb& erasedtAY programots Al £°17] 9
5f| all erase, even program, odd program all program =5 A Y5t Ut ESH cell disturb HIAE A7HE &o]
7] 93 cell disturb B]IAE REE o]-83}0o] 256Kb EEPROM A9 disturbS 7o) Q7IStE& disturb HIAE A7t
S 29t} Ao & o] =ROJAE erase-verify-read BEOA 40ns9 cycle Al7HE W=E517] §J3 CG disable Al7Ho]
B2 CG T532e MEA AT=AE

Abstract In this paper, a 256Kb EEPROM IP aimed at battery applications using a single supply of 1.5V
which is embedded into an MCU is designed. In the conventional cross-coupled VPP (boosted voltage)
charge pump using a body-potential biasing circuit, cross-coupled PMOS devices of 5V in it can be
broken by the junction or gate oxide breakdown due to a high voltage of 8.53V applied to them in
exiting the program or erase mode. Since each pumping node is precharged to the input voltage of the
pumping stage at the same time that the output node is precharged to VDD in the cross-coupled charge
pump, a high voltage of above 5.5V is prevented from being applied to them and thus the breakdown
does not occur. Also, all erase, even program, odd program, and all program modes are supported to
reduce the times of erasing and programming 256 kilo bits of cells. Furthermore, disturbance test time
is also reduced since disturbance is applied to all the 256 kilo bits of EEPROM cells at once in the cell
disturb test modes to reduce the cell disturbance testing time. Lastly, a CG driver with a short disable
time to meet the cycle time of 40ns in the erase-verify-read mode is newly proposed.

Key Words : Battery Applications, Cross-Coupled Charge Pump, Cell Disturb, Disturbance, EEPROM,
Single Supply, Test Time
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X 1. & REYH SSTC Ao Hlo|H{A =A.
Table 1. Bias conditions of an SSTC cell according to
the operation modes.

Operation Cell 494 CG SL BL HPW | HDNW

Selected Row & Selected Column 16.8¥ OV |Floating | OV oV
Selected Row & Unselected Column | 16,8V 94V |Floating | OV ov
Unselected Row & Selected Column 0y 0¥  |Floating | 0¥ oY

Unselected Row & Unselected Column| OV 94V |Floating | OV o

PGM

Full Chip oV 13 | Floating | 132¥ | 13
ERS Selected Page ov 1324 | Floating | 132¢ | 132V
Unselected Page 132¥ | 132 |Flogting | 13.2¥ | 13.2¢

Selected Row & Selected Column kAL oV 06Y [ o
Selected Row & Unselected Column | 3.1V OV |Floating | OV oV
Unselected Row & Selected Column ov ov 06¥ ov ov

Unselected Row & Unselected Column| 0¥ 0¥ |Floating | 0¥ oy

Read

o IUHEEEA] 0.13um EEPROM &
of g S-82 fls dAE 256Kb EEPROM IP
o F8 EAS ® 29 Tth 15VY &Y 1Y
VDD (=1.5V)& AR&3F992H, Normal functione
read ©E, page erase BT, page buffer load
HE,  page b L A =T
write-verify-read EZ  erase-verify-read &
9} program-verify-read RE=7} Qlow, 7]Ef
function®Z test time reduction XE9} cell
disturb HIAE RE7} Qo

40 /\}_9_

program HE=7}

E 2. 256Kb EEPROM IPS| FREF.
Table 2. Major specifications of 256Kb EEPROM IP.

ltems Main Features

VDD 1.3V ~ 1.65V
Normal Mode Read / Page Erase / Page Buffer Load / Page Program
Function | Write—Verify-Read Erase-Verify-Read / Program-Verify-Read
Others Test Time Reduction / Cell Disturb Test
Memory Density 256Kb
Cell Amay 256Rows x 1024Columns
170 32bit
Page Size 128Bytes
Temperature Range -40~85%C
Write Time 2.5ms
Cycle Time 40ns
Endurance 10K
Data Reterttion 10Years
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128 1. Dickson M5HH Z[6].
Fig. 1. Dickson charge pump[6].
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a2 2. 7|&2| voltage doubler 3[Z[10].
Fig. 2. The conventional voltage doubler[10].
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Fig. 3. Cross—coupled charge pump using a bulk—potential
biasing circuit[9].
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Fig. 4. The proposed cross—coupled charge pump.
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a8 5. All erase ZE0iA{e] A ofzfo| Hiolo{d 3| 2.
Fig. 5. Cell array biasing circuit in the all erase mode.
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Fig. 6. Cell array biasing circuit in the all program
mode.
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Fig. 7. Cell array biasing circuit in case of programming
checker board data pattemns: (a) even program and
(b) odd page program.
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Fig. 8. Cell array biasing circuit in case of programming
inverse checker board data patterns: (a) even
program and (b) odd page program.
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Table 3. Output voltages of HV switching power according
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