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Design of a Cell Verification Module for Large—density
EEPROM Memories

Heon Park - RiJun Jin - Pan-Bong Ha - Young-Hee Kim*

2 ¢ &% EEPROM W X2 E Bl AESE 4% erase timed} program timeo] o] A& A7 b w3k A
A H2ES XdstHA 74 ~5vitt EEPROM A9 w844 VIE H2ET dart . 2 =i A= 512kb
EEPROM A ASE BE 325 A8 oM, negative VIEE Zti= split gate EEPROMS] VT 45 93 CG
(Control Gate) 53|22 A|etaldt). A¢ts CG T53 2= erase VIS &A317] 8] -3V 0VY negative A gto]
Q17Fd 4= A== asymmetric isolated HV (High-Voltage) NMOS AA+& AF&-3FTE 18] 3L test time reduction &
o] A= even page, odd page, chip ¥ & eraset} program 30] 7}s3tE = 325 A7st2 2 512Kb EEPROM
AA W22 E erasedt A program® Wl Al7HS even page$}t odd pageE ©]&3H= A% 4ms, chip AA=Z &= 74
£ 2msE HAE NS 29 4 dSth

Abstract There is a problem of long erase and program times in testing large-density memories. Also,
there is a need of testing the VT voltages of EEPROM cells at each step during the reliability test. In this
paper, a cell verification module is designed for a 512kb EEPROM and a CG (control gate) driver is
proposed for measuring the VT voltages of a split gate EEPROM having negative erase VT voltages. In
the proposed cell verification module, asymmetric isolated HV (high-voltage) NMOS devices are used to
apply negative voltages of -3V to OV in measuring erase VT voltages. Since erasing and programming
can be done in units of even pages, odd pages, or a chip in the test time reduction mode, test time can be
reduced to 2ms in testing the chip from 4ms in testing the even and the odd pages.
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E 1. 512kb EEPROMS| =L EX
Table 1. Major specifications of 512kb EEPROM

ltlems Main Features

VoD 4.5V ~5.5Y
Normal Mode

Read/ Page Erase / Proaram

Function | Write-Verify-Read | Erase-Verify-Read / Program-Verify-Read

Others Test Time Reduction / Cell V; Measuring
Memory Density H12Kb
Cell Aray b12Rows x 1024Columns
Separate /0 8it
Temperature Range -40~125T
Frase Time ams
Program Time ams
Endurance 10K Cycles
Data Retention 10¥ears

E 2. & z2Ed M odlojoja =A
Table 2. Major specifications of 512kb EEPROM

Mode CG SG BL SL

Erase ov VINH Floating VPP
Program VPP 3.3V Floating ov

Read VRD 3.3V 0.6V ov
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Fig. 1. Block diagram of 512Kb EEPROM
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Fig. 2. Row driver of being able to measure positive
VTE voltages
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Fig. 3. Row driver of being able to measure negative
VTE voltages
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Table 3. HV switching power voltages according to the
operational modes

Functions CGHY | SGHV | PSRCCG | NSRC.CG | VRD CG
Read VDD 3 HiZ Hi-Z I8
Program VPP 33V VPP | VINHPCG | 12V
Page Erase VINHE_CG | VINHE §G | VINHE_CG o v
EVR VDD 33 HZ Hi-Z o
PR VDD 33 Hi-Z Hi-Z 18V
VIE VDD 33 Hi-Z Hi-Z VIE
VIP VDD 33 H-Z Hi-Z VIP
0dd Page Erase | VINHE_CG | VINHE_SG | VINHE_CG 0w L
0dd Page Program VEP 3 VPP | VINHP CG | 12V
EvenPageErase | VINHE_CG | VIVHE §G | VINHE_CG o v
Even Page Program VPP ki VPP | VINHP CG | 12V
Chip Erase VINHE_CG | VINHE_SG | VINHE_CG 0w L
Chip Program VPP 33V VPP | VINHP CG | 12V
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E A 7Htest time) S HE =
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A7+& even

E 4. Test time reduction 2=0llAM2| CG Xt
Table 4. CG voltages in the test time reduction mode

Mode EVEE:\:::# OdEi::gl EC' haispe Even Page Program | Odd Page Program P:’:Zm
CG <0> o VINHE_CG w VPP VINHP_CG VPP
CG<l> | VINHE_CG 0w w VINHP_CG vep vep
CG<2> o VINHE_CG w VPP VINHP_CG VPP
CG<3> | VINHE_CG 0w w VINHP_CG vep vep
CG <508> ov VINHE_CG w VPP VINHP_CG VPP
CG <509> | VINHE_CG oV w VINHP_CG VPP VPP
CG <510~ o VINHE_CG w VPP VINHP_CG VPP
€G<511> | VINHE_CG 0w w VINHP_CG vep vep
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