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Design of a 64b Multi—-Time Programmable
Memory IP for PMICs
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8 oF E =FoAE AW 64bit MTP IPE A ASATE A4 AA7]& 2% MTP cell9] inhibit voltageE 7]&<]
VPP/33} VNN/3 At thal =5 OVE AL&3 22 VPPL(=VPP/3) regulator 3] ¢} VNNL(VNN/3) charge pump 3]
25 AAsAY. 282 external padE ©]-83}e] VPP program voltageE forcingdt= 2 VPP charge pump 3 Z&
AABFATE T3 VNN charge pumps VPP A4S o] §3}o] 1-stage negative charge pump 3 2% pumping 3l A
-VPP2] ALe FFIEE HAAZ 3. AAE 64bit MTP IP sizei= 377.585um x 328.265um(=0.124mm2)°] ™,
DC-DC converter## layout sizet= 71¥9] 32 thH] 764%S =t}

Abstract In this paper, a 64b small-area MTP memory IP is designed. A VPPL (=VPP/3) regulator and
a VNN (=VNN/3) charge pump are removed since the inhibit voltages of an MTP memory cell are all 0V
instead of the conventional voltages of VPP/3 and VNN/3. Also, a VPP charge pump is removed since the
VPP program voltage is supplied from an external pad. Furthermore, a VNN charge pump is designed to
provide its voltage of - VPP as a one-stage negative charge pump using the VPP voltage. The layout size
of the designed 64b MTP memory IP with MagnaChip's 0.18m BCD process is 377.585um x 328.265um
(=0.124mm2). Its DC-DC converter related layout size is 76.4 percent smaller than its conventional
counterpart.
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Table 1. Characteristic comparison of MTP memory IPs.

Cell | Tunnel
Ref. | Memory | . . Erase PGM
Size Oxide
No. | Process 5 i Voltage | Voltage
[#°] |Thickness
0.35m o
[3] . 37.7 125A 15V 185V
BCD
0.13m .
[4] . 12.1 85A 12V 12V
Logic
0.18m o
[5] 2 110A 9V 55V
BCD
0.18m .
[6] - 82A +65V | +65V
BCD
WL
L MN2
[Tl g
co
2=
€6 |1 i
MN1

a2 1. MTP cell 3|2,
Fig. 1. MTP memory cell.
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12l 2. Erase modedlA MTP cell® write cyclingoll =
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Fig. 2. Results of VT with respect to write cycle for an
MTP .memory cell in the erase mode: (a) selected
row and non-selected column and (b) non-selected
row and selected column.
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O3 3. Program modedlM MTP cell®l write cycling®l
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Fig. 3. Results of VT with respect to write cycle for an
MTP memory cell in the program mode: (a)
selected row and non-selected column and (b)
non—selected row and selected column.
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Table 2. Bias voltage conditions of an MTP memory
cell according to the operation modes: (a) write
mode and (b) read mode.

Erase Program
. Selected Row
Sienal o S‘elech;ar(l:j‘;mmn Selected Column - S:l?chedjlé:i;lmn
DIN=1 | DIN=0
CcG -6.75V 6.75V 6.75V 6.75V
6 6.75V -6.75V oV oV
WL ov ov oV oV
BL 6.75V-Vy -6.75V | Floating Floating
DNW 6.75V 6.75V 6.75V 6.75V

(a)

Selected Row Selected R
Signal Selected Coluwnn Non—Seella::ed C?]‘;:Jml’l
DIN=1 DIN=0
CG VRD VRD VRD
IG oy oy oV
WL VDD VDD ov
RL VRD-V; oV Floating
DNW VDD VDD VDD
(b)
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AAE 64bit MTP 1P| 8 542 % 33 2
o}, MTP cell array+ 138 x 64&olt}, dd¥g57

w

J
g¢el  VDDE read mode, write mode,
write-verify-read modeold  Z}ZF 1.8VH5V,

3V55V, 3V55Ve voltage ranges AF&3ith &
Z REE page
program-verify-read, erase-verify-read, stand-by,
power-down, reset modeE A3l MTP IP2

write time 5ms©] i access time 500ns°]t}.

read, erase, program,

E 3. 64H|E MTP IPe| 2 £7F.
Table 3. Major specifications of an 64b MTP memory IP.

Items Main Features

MTP Cell Array 1R X 64C
Cell Type Single poly EEPROM cell
Read 1.8V ~55V
VDD Write 3V~55V
Write-Verify-Read 45V ~55V
Read Read
Main Functions Write Page Erase / Program
Write-Verify-Read EVR /PVR
Others Stand-By / Power-Down / Reset
Temperature Range -40~125°C
Write Time Sms
Access Time 500ns
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a8 5. MAE 64bit MTP IPS| ESE.
Fig. 5. Block diagram of 64b MTP memory IP.

71€9]  256bit MTP  w=EZ IPlA HV
(High-Voltage) =914 32& A< DC-DC
converter7} 2kA|sHE #oloby- WA 17 6ollA
ekl Zo] 464%E AAT Je=2 Atk 1
AR mRAAE ofdREa ERY £EZ 64bit
Ame WY £ F22 s MTP IPA
ARA 32 AAE stk AW dAAVeRE
a9 19] MTP cellolA] inhibit voltageE 7]&2]
VPP/33 VNN/3 st thal 25 OVE AREstE

PMICE MBH 64H|E MTP IP M7 423

2 VPPL regulator 3|29 VNNL charge pump
322 AAsArt. 18l3 VPP program voltage

5 YWHHoZ pumpingdhi= A external padE

o] g3lo] 675VE  forcingdt=Z VPP charge
pump 3|EE AAsHTE. H=g VNN charge

pumpi high voltage® ¥H ¥+ VPP AYS o]
83to] negative feedback$le] 1-stage negative
charge pump 3¥|2% pumpingdl|A -VPPe] #¢}
S TFIEE pumping stage & E3 L VNN
level detector 3|2 A|ASEZ 7]E&2] VNN
charge pump 3 ZHT} AHHoT AL g}
%3 VPP, VPPLel ARE®  charge reservoir
AA RS, VNN

reservoir capacitors= negative feedback $1°] ring

capacitors charge

oscillator®] oscillation®l A4 pumping 2=

loading current’} # 7§ charge reservoir
capacitances =9 4 9t}

a9 62 s w2l FSOURCE %=
VDD #¢he AEslFE VPP A9 29134 32 e
tf. PadE® %3 FHEHE external program
voltage?] FSOURCE #%F2 write mode$! page
erase®} program modeo|ARF 6.75Ve] AdS
ot ¥, U REoAE OVE FA g
g 19 69 VPP Y 2913 S ZeA VPP
= page erase®t program  modeol AWk
FSOURCE(=6.75V) #AtE F5stal ymx] EE
+ VDD %S F538th

VEP FSOURCE

FM.H -

YDD_SELY

Vs Vss
CP_EN VPP

VDD_SELb

FSOURCE_SELb

8 6. MotEl VPP MY A 32,
Fig. 6. Proposed VPP switching power.
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Fig. 7. Designed cross—coupled VNN charge pump.
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Fig. 8. Drivers: (a) CG driver and (b) TG driver.
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Table 4. Output voltages of switching powers according
to the operation modes.

MMode Reset Read Program Page Erase
CG HV VDD VDD 6.73V o
CG LV o o o -6.75V
TG HV VDD VDD o 6.75V
TG LV o o -6.78V o
VNNL_CG LAY o0 o0 VNN/2
VNNL TG o o VNN/2 o

o) A 0.18m BCD E4S o] 4dhel
&

&
AAE 648 E MTP IP9] dlojols- W& I3
377585um %

©

olA  mimkeh ol
(=0.124mm2)©] t}.

328.265m

328.265um

WY

377.585um

8 9. MAHE 64H|E MTP IP 2llo[ofR ARl
Fig. 9. Layout plot of the designe3d 64b MTP memory IP.
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mode: (a) erase mode and (b) program mode.
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