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Design of MTP memory IP using vertical PIP capacitor
Young-Hee Kim*, Jae-Han Cha**, Hongzhou Jin*, Do-Gyu Lee?*,

Pan-Bong Ha*, Mu-Hun Park*

8 9 Wireless charger, USB type-C 59 -3-8°lA AMEElE MCUw 571 34 utAZrt ZowA A Alo]=7t
e MTP dzesl 279k 7129 double poly EEPROM A Afo]=7h ZAjut 3~5 & Hwo| 27p 24 upa
27} 9=, FN HEd "9 single poly EEPROM A2 Al Alo]=7t & o] Qjtt. B =RojA+&= vertical
PIP AMAEIE AESFE 110nm MTP AL AlRtelglct AkE MTP 49| erase 522 FGLF EG Afo]9] FN HEH
< o859 T2 TH &2 CHEI Y 9HE AR8siE=z MTP A olfo]9] PWE Jfote] MTP A A]2E
1.09m22o & &%t 3 USB type-C 59| S804 2F5E MTP w2 [P 2.5V ~ 5.5V € AY o
Al &k Aol E8sith. I-H VPP HehEno HiY AF= VCC o] Al 2.5VY of 7P =2 Wi, g&
A% VCC APol 5.5V wf FA Yepdeh. 284 £ =xoAe VCC detector JZE ARESI] ONEl= Aot
Hu9] 7i5E Alofste] VCC7t EoAElgte HE ARE AW 474.61AF AAIBIER SPICE HoAEE B3 VPP
g2 AYE 0.19V oY= &3tk

Abstract MCU used in applications such as wireless chargers and USB type-C require MTP
memory with a small cell size and a small additional process mask. Conventional double poly
EEPROM cells are small in size, but additional processing masks of about 3 to 5 sheets are
required, and FN tunneling type single poly EEPROM cells have a large cell size. In this paper,
a 110nm MTP cell using a vertical PIP capacitor is proposed. The erase operation of the
proposed MTP cell uses FN tunneling between FG and EG, and the program operation uses
CHEI injection method, which reduces the MTP cell size to 1.09m2 by sharing the PW of the
MTP cell array. Meanwhile, MTP memory IP required for applications such as USB type-C
needs to operate over a wide voltage range of 2.5V to 5.5V. However, the pumping current of
the VPP charge pump is the lowest when the VCC voltage is the minimum 2.5V, while the
ripple voltage is large when the VCC voltage is 5.5V. Therefore, in this paper, the VPP ripple
voltage is reduced to within 0.19V through SPICE simulation because the pumping current is
suppressed to 474.6yA even when VCC is increased by controlling the number of charge
pumps turned on by using the VCC detector circuit.

Key Words : MTP IP, VPP charge pump, MTP cell, VCC detector, Ripple voltage
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w227t Q=3 IoH1-7]. Wireless charger, USB
type-C 59 -84 A== TH=A] HojA= MCU
& EEPROM W&2g] [P7} 8 TH6-8].

H 1. EEPROM 49| £4 H|u.
Table 1. Property comparison of EEPROM cell.

Reference Process Cellsize Erase Program Erase Program Data
No. Technology 3y EE] Time Time Endurance
0.13um )
B 2 2 c
[9] BCD 0.97um’ N N 2ms ms 1K
0.13pm 5 < "
[10] BCD 33um’ EN N 10ms 10ms 100
1] E’%‘: 7.37um? N CHE 100ms 20ms 10K
12 Y:1ium 2un? BIBT CHE 100ms oms | 100K
Logic
110nm ) ,
This work LPF 1.09um* 1o\ CHE 20ms 208 1K

EEPROM A2 Hst& A%dh= storage layer
7} 1= FG(Floating Gate)?l FG AA}7| Wo] A}
&5, s dgan EAdo] 4% 2T FG
EEPROM Alo] o] ARE= AL Qit. ?HH 2T FG
EEPROM A9l split gate EEPROM cell& AM&3
£ double poly EEPROM A& HHEQOH
erase®} program W4]0] FN(Fowler-Nordheim) ¥
ds] HFA]o] 4t EEPROM cell¥] coupling A€
= vertical PIP ATAIE Q] double poly EEPROM A
Fzo|Bg A Afo| 2= 0.97m* o2 ZTHE-9]. FIE
3 1019 single poly EEPROM A1 X123l [9]9]
double poly EEPROM A3} npa7FA 2 positive B
1 AP VPP negative B AU VNN LS
ol g3t FN B 49| erase®} program S4H&
gt} g R3] FFo] o]FojRe A9
coupling AWMAIEE FAHsk=  PW(P-Well)z}
TG_SENSE EHAAEE FAok= PW2 44 VPPt
VNN AYE 7151, erase B&0] o]Fojx& A9
coupling AMAElE F4doh= PW TG_SENSE E
WAAHE PAole PW2 22 VNN VPP A9
917}stolok 3 & single poly EEPROM Al ojo]9]
DNW(Deep N-Well) A coupling #HujA|E]<}
TG_SENSE EW;AAEH| PW2 A= Fe|A| Aok ot
2 A AJo|z7} 33m’E AtH10). 3 single poly
EEPROMS] Al Afo]2E &o]7] fsiAe= AT PW
ot 225 FAsh= Aol Fasith sUg PW St

Vertical PIP #AIHAIEIZ 0|23t MTP mz2l IP &4 49

A5 PASI= single poly EEPROMAIZlateral
MIP(Metal-Insulator-Polysilicon) AHAIE S AR5}
WA FG EEPROM nz=20Hsk] 6
CHEI(Channel Hot Electron Injection) 412 AME-
sto] PWE GNDZE Hpolo}4 3ItH11]l. Coupling
ratios 0.8152 FAI5}7] YA+ lateral MIP #j
AE7} A ehe HEo] B A Afo] 2= 7.37m* R
At} Frasex= BTBT(Band-To-Band Tunneling) %
A% AMgstal Z2IW2 HCI P4 ARSSH=
merged MOS AWAHE Zt= MTP Al12]0] A<t=
o0, PW& GNDE HoJol4 stn& Zj% PWol
49 glomg M Ao|2E &Y 4 YA merged
MOSAHAIAIEE PWoll FAHoF stEE A Afo|2E
Zol=t] A7} Qltt. 3HH USB type-C 59 589
A 7EE MTP Hl2e] [PE 2.5V ~ 5.5V §2 A
& H9lolA F2sk= Aol RSttt 1 VPP Aot
Huo] g AFE= VCC Aol H4Q1 2.5VE ¢ 7t
o vk gE A (ripple voltage)S VCC AY
o] 5.5V o A veht= A%l ok Tk 32H]
E Zg o] 32004 ©149] VPP B3 AF7F 87
= A% 7129 VPP AstgEY ZE AU 5.5V
VCCOllA SPICE 294 A3} 0.85VE Y& =4 Y
Efdth 25V ~ 55VY H2 AY WA
endurance®} retention E4< guranteedst’| 54
VPP s o] 2l& Y2 7Fsohd 3% o= A
Stz Zo] Zasi.

B =FojAE dtoldA 110nm 34 o183t A
E9 ARAEE Bk Hoto] vertical PIP #A5A|
ElE AMERE MTP AZ AIReIglom, erase 52
FG2t PW Ato]¢] EN B9 th4l FG} EG Afol9] EN
EdgZ o] &5t T2 A2 CHEI 39 34
< ARESIER MTP A ofgo]9] PW(=0V)< 375t
MTP A& Afo]2E 1.09m’C.2 &%t 183 A¢kd
MTP A& ARgste] AAE 512Kb MTP IPoflA=
VCC detector ZE A&t ON=& VPP Aot H
9] A5E AoJsks JEE AbstE 2 VCC7} ot
AT 2.5V ~ 55V H2 VCC S H{lolA
VPP BY HFE A 474.60AZ AASFATE ONE+=
VPP Aot o] 7jE Alojsl= AlME J=E A

Mo
2=



2. 3= 4A

stolgA A|ARIoto|Ko| A AIQFH  vertical PIP
AYAEHE AHEE MTP A2 A Alo]2E £0]7] ¢
3 AEY AWAEHE 9 WEG AL HAT 2
vertical PIP AWAEE ARESto] ASTE AAEE
FstEE AEY AAIE 7 Aot HAS &
o, 110nm CMOS ¥4t 374 7|9ke] MTP A &
olofo] A PIP o] #HE DR(Design Rule)
1.5V LV(Logic Voltage) &% ruleg A-&3 1 PIP
IAHL 5V MV(Medium Voltage) 3 7142 AHe
sto] AAH/B3AH T-O)A violationo] =S Sk
183 FG MTP A9 =209 F2- CHEI ®4le
AFE3Sto] electron injection Al7]1l, erase &2F
FG®} n+ junction Aol overlap® gate oxided
FN HY®& o]&sto] FGOl S+ electrong 475}
02 program¥t erase &40 olFod uf PWE
p-substrate AY¥T FLg AUQA GNDZE Hpoloj4]
stE2 Fdst PW Qo] MTP A ofFo] &% 3
goto] 228 PWE AMgoHe FETH Al Alo|2E
9 & Atk 1A AlKE MTP A Afo]2&= 1.09
m?o]c},

I8 1& stoldA A|AHoto|KoA AlRbE 23
x 2% MTP A ojgo]] Al goJol oJu]|X] & Hof
ZF3 ot MTP AL & ®3ko=Z  CG(Control
Gate), SG(Select Gate), SL(Source Line)°] +$-8
By, g WFoZ BL(Bit-Line)¥ EG(Erase Gate)
As7E g9y "Hoh 2 =204 AME MTP A
< 1" 2004 HEHiel Zo] 5V CG PIP #
T AE(C1), EG gate oxide AWAE(C2), FG
MOS EHAAE(MN1)Q} over-erase HAS o
BLOlA 9] off-leakage ARZS ZEol7] 3t
select EHAAE(MN2)E FA=o] Qlch. 18
I MTP Aol AHE FG MOS EHAAFE,
select EAAAEQ} EG n+ junction® PWE
o] St

M (B MNBL) X EG)

T 1. 2 x 2% 4 0019 50/<A MTP 4 g[00kR O[oj].
Fig. 1. Layout image of 2 x 2 Hynix MTP cell.
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Fig. 2. Equivalent circuit of MTP cell.

2+ MTP A9 & Zt Hpolo]A A %
HolZ3 It} Frase BE+ erase times
7] 9ol g Frow)oll AZH 1024vEQ A
o dig== T Ho|XE AW
page erase W42 AMESAIL}. Page erase &
oA AeH page rowol 9Z" A9 CG, SG,
SL, BL, EG, PW A2 242+ -7.5V, 0V, OV, 0V,
7.5Ve} OVl AU Holoj4] 5HA 3t rowol A2
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H ZE A9 FGY U= electron EG =EE 4
AZHA erase® A9l FG MOS EWA|AEQ]
MN19 EHHU(threshold voltage)?l VIEE
-0.5V A% dr} 3hE 2 FToA: 324
EX xg2 8 £35H, CG, SG, SL, BL, EG,
PW A ZHzF 5V, 2.5V, 0V, 7.5V, 0V} 0V
7S HpolofA] sk HCIO 9Jsf AgjE 49| FG
2 electron®] FYEHHEA mzII=E MO FG
MOS EZHAAEQ MN19] EEAYS] VIPE 4V
A% "ot 3 read BEONA CG, SG, SL, EG,
PW A2 Z+zt 1.5V, 5V, 0V, 0VeF 0Ve] A9t
< Hpo]o]4] skal BL AYE VDD-Vi&E T34
51 erase® 49| BLo| OV 7}7to] "ol st
W, Z2 Y g VDD-V:& {Agc},

o)
d A2

H 2. MTP 49 SAZEH A HI0|0]A =21,
Table 2. Cell bias conditions according to MTP cell
operating mode.

Mode ‘ Cell State ‘ (¢} ‘ 56 ‘ SL ‘ BL | EG | PW
Selected Row / Selected Column 5V |25V | OV | TSV | OV | OV
Byte PGM | Selected Row / Unselected Column | 5V | 25V | OV | OV | OV | OV
(HC) | Unselected Row / Selected Column | OV | OV | OV | 75V | OV | OV
Unselected Row / Unselected Column| OV | OV | OV | OV | OV | OV
Page ERS Selected Page T o | ov | v [T v
(FN) Unselected Page oV [ OV VOV |TEV| OV
Selected Row / Selected Column | 15V | 5V | OV | 15V | OV | OV
Selected Row / Unselected Column | 15V | 5V | OV | OV | OV | OV
Unselected Row / Selected Column | OV | OV | OV | 15V | OV | OV
Unselected Row / Unselected Column| OV | OV | ov | ov | ov | ov

Read

AAE 512Kb MTP #%e] [P 8 E4& # 33
2t} AL EE A2 vCCe VDD(=1.5V)9] dual
powerE ARESIT 13 VCC AYL 2.5V~5.5VY
W2 & A9 HAE 7K. 54 Be= e
E= read ILE, page erase X5, TZ 3 HT7} Q)
o write-verify-read =& erase-verify-read®}
program-verify-read =7} Qlt}, MTP A ofgol=
5128 x 1,024¥2 FA=o] 31oM, read, page
erase, T2 W &2 ZF7F 32bit, 1Kbit, 32bit &
A= Pt 8 erase time, program timeZt
read access time Z}Z} 20ms, 20us?} 40nso|tt.

Vertical PIP AIHAIEIE 0|g3t MTP mi22] IP 474 B

H 3. 512Kb MTP IP9] 2 EXA.
Table 3. Major specifications of 512Kb MTP IP.

Sugoly vee 2.5Y ~ 5.5V
Voltage VDD 1.35Y ~ 1,65V
Normal Mode Read / Page Erase / Program
Function | Write-Verify-Read Erase-Verify-Read / Program-Verify-Read
Others All Erase / Cell Vy Measuring
Memory Density 512Kb
Cell Array 512Rows x 1024Columns
1/0 32bit
Temperature Range -40~125C
Erase Time 20ms
Program Time 20ps
Access Time 40ns
Endurance 10K Cycles
Data Retention 10Years

I 29 FAREE A Hio|olA HAYS FH5H] 9
Ae I 404 BEHRe o] voltage regulator2
VRD(Read Voltage), voltage follower 325 o]-&3t
VCP%} VEVR(Brase-Verify-Read Voltage), positive
charge pump 3]Z& VPP(Boosted Voltage),
V5V(5VPower), VPVR  (Program-Verify-Read
Voltage), negative charge pump 3ZZ VNN
(Negative Voltage)?} VNNL(Lower VNN) 24 32
7} B85}t

B 4. SAREY DC-DC #eb/|of M Sty & 32 &5
Table 4. Output voltages and circuits of DC-DC convert
according to operating mode.

Voltage Source | Page Erase | Program | Read PR EVR 9=z

VRD LV 25V v 1V 18V | Voltage Regulator

VCP 125V 12 Ve Ve vee
VER W w o w v

Voltage Follower

Voltage Follower

PP v TV vee s vee Charge Pump

sy Y ) 1 H v Charge Pump

VAR VRD VRD VRD b v Charge Pump

VNN -1V ] o ) o Charge Pump

VNNL 25V v o v v Charge Pump

H 304 HEHEQ} Zo] program EEAE
AYEl= BLol 7.5V9 Aol FRStA page
erase HEOME RE EG kE0] 7.5V Z<to]
g gsitt, -8 7.5V AL 98 L€ vCC
Ho} o 2 ZYolx 32H|EQ AS HCI ¥22
g Z2IHs7] fsids AT 549 AFE 19
Sh 1604 o9 F+eAF7E a7He VCC Ay
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B ¢ 2 AYA VPP EAH AYES {3t
DC-DC HEr = PWM(Pulse Width
Modulation) ®4]3 Hst H3g H4]o] 7HsshH
[13], 875 = 5 AR7E AA =g 31gsto]
3204% &2 % st @ #4lo] A2 gojokx
HH o2 HA7} 7hsslEg & =RoA= 19 3
I 22 st By A9 VPP ot X JRE
AMES & Qlnk 9 39 Aot g 9] |
Z7|(ring oscillator)+= 8709 oscillation A&
OSC[7:018 &¥stH, 2-94 cross-coupled &
9l Aot HI 3|E[13-14]5 AHESIEE Mol 3
Al VCC 53AU4YEY peak AFE S ZdAbwt

ZHEMD 542 @ 4 iH13]. 294 19 3
oA AHgE B ER7I9] TX F717F dojA 87
o] OSC[7:01& &8 & YA MTP 1P A&

=& VPP Aol Hmo] H HF= A4 vpRle 1
gsto] 3204 oS ERE AHASHE F9=
VCC=5.5V, FF(Fast NMOS, Fast PMOS) =& 1}
ZtulE], Temp.=-400A LA F7|7} 15.7nsE
goro= 8719 OSC &8 AT E v &= jl
0% YRS ZH= OSC_TH OSC_B A& W
=0] AT & Ut ZZke] OSC_T# OSC_B 4l
T+ 4-stage VPP Aol HI 3|20 AZHT]

4 vout
e
Reerar

g Comeer

O3 3. Mot M WAIZ 0|88t DC-DC H&7| 22[13].
Fig. 3. DC-DC convert Block diagram in charge pump
method [13].

%9 4% 4-stage VPP Ao} HI 3|29 Ty
Aot I2E Hoja 9lom, NMOS charge

transfer 29X(MN1, MN2), cross-coupled

PMOS charge transfer AYA(MP1, MP2),
body potential H}o|oJA] 3|2 (MP3, MP4, MP5,
MPG6), NO&F N3 :=E& VINZ VIN+VCC Aol
294 715 sk APIE A" IJE(MN3,
MN4, MCO, MC3)2+ H33 #5jA[E (MC1, MC2)
£ A= it} 83 AAIE = 5VY isolated
NMOS ERMAAEF AHESIATH 4709 clock 4l
S (CLKO, CLK1, CLK2, CLK3)= non-overlap
clock 4150, VCC AYLo R A gt} 19
49| xst H3 FJ&E= g 7] <t CLK17} CLK2
9] rising edgel ¥ A st Figo] dojuh=
2-9Vd Ast H A9 glEo|ty A wkek
90% AAA7E OSC_TS} OSC_B7F Z+Z; 4-stage
Ast = I2E F55HA =HH I9 594 B
viel Zro] dh7] UXEQF Hoks 4 HWol=
4-9 AstEng F&ebA "ot 19 4-94
4-stage VPP A3} HILE AMESH= 3¢ VPP Mo}
HIo] Hy HARFE VCC AYo] AL 2.5VY o
3200A9] HY ARE WSOl E AAstoiof g}, gt
oF 2.5V9] VCCollA] 320149 BB HFE WSSt
AASHE 5.5V9] VCCAAE 1.9 UFE =4 35
Hog g AL SPICE 24y 23t 0.85VE Y
F =4 Jepdt}. gk VPP g A2 VCC AY
o] 55VY wj IA yepdtt.
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N

,
D
w
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4 CT]

VOUT

H

J% 4. 4-stage TIOFHT 320 AISE S| Xt BT S=2[15].
Fig. 4. Unit charge pump circuit in 4-stage charge pump
circuit [15].
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Fig. 5. Simulation results of 4-phase charge pumping.

I8 62 & =20)A Akt VCC detector JEE
ARERE VPP AY A7) 329 EFLE HojFu §l
th. VPP A 2AY7] 3]2+= VCC detector 3] &, 874
9] 4-stage VPP Aol HZ 3|2, VPP level
detector, ¥ &A7|(ring oscillator)?} VPP L]z}
3|23 FA4=o] QJtt. VPP level detectors= VPP A
e 1/52 Hek Hufgh AUl VPP_DIV AT
VREF_VPP(=1.5V)& H|wsto] VPP H¢o] 7.5VEL
w2 739 OSC_EN°] VDD7} Hof 3 w317]9] ¥zl
(oscillation)o 9J3] 4-stage VPP A3} HZ 3J)=29]
Bgoj| 9sff VPP AYgS FA”IT 1Y 69
4-stage VPP o} HX 3|20] 9] Mo H= 32 =
19 49 J&27F AR EGeH, & Mt HE d=g
B OSC A159] rising¥ falling edge®l| positive A
Sk HESIEE 2-94 Aot WP F4joltt. VPP WA
7] 3|Z2of|A TOP/BOTTOM®| U= Z2+9] 4709
4-stage VPP Ao} B 3|2 JF 47 1748 4
ON=lo] qlew, 119 79] VCC detection Z¥}o] w
2t I 5004 EeHkel o] 2.4V7EAE 87Y, 2.5V 7
N, 2.6V 671, 2.9V7HA1= 570, 3.3V7HA]= 47,
4.1V7HA= 370, =2 YA 5.5V = 2719
4-stage VPP As} Iyt ONHL}. 18 72 6719 &
g Zr= Flash A/D ¥87]E ©]83t VCC detector
JZE HojFT 9lon, I (o)A Hojz: 8719
4-stage VPP AT 3|8 2 ONEE Hslg o] 7)

Vertical PIP #{THAIEIZ 0|23t MTP =2l IP 84 53

22 Aofshe ol

Precharging
Circuit

V¢

AL e
CPON: =
4-stage VPP
o Cnargz Pumy
—— 4-stage VPP
—
o Chargs Pumy
=1 4-stage VPP
1 Cnarge Pump
——— \P?
i oscT
T wled fing
VRENRD | Detictor Oscilator
i oSt = destagePP ||
\/R;_F 1F‘ T — CP.ON4E4) M
Wm — 4-stage VPP
WEgr Ve _| (p,cw,su%g%
\REZEY|  Detctor O;rgﬁmp —s
25! CF 0N :
a%‘% —— 4-stage VPP
= Charga Pump

T2 6. VCC detectors Z&lot= VPP 27| 3|29 225,
Fig. 6. Block diagram of VPP generator circuit including
VCC detector.

VCC VREF_4p1V

}
VREF_3p3V

VREF_2paV
+ > P_ON_SEA
VEC DET VREF_2pBV
+ > CP_ON_6EA
cpEnb—]
VREF_2p5V
— 1+ > ON_7EA

VREF_2p4V
+ : CP_ON_BEA

1% 7. VCC detector 3=.
Fig. 7. VCC detector circuit.



b4  siEyEERsMI|sE=2x H13H A1E

H 5. VCCOj| mZ VPP HMoHHI ON 7h=.
Table 5. ON numbers of VPP charge pump according to

VCC.

VG | CPON3EA | CPONEA | CPONSEA | CPONGEA | CPONJEA | CPONGEA | CPAR |
22V vee | vee vee vee vee e 3
23 v | wvec vee vee vee 73 3
24V ve | wvee | wvee | wee | v | we 3
5V v | wc vee | we | v | o 7
26V vee vee e Ve o o 6
v vee vee vee o o o 5
28V e e vee ov o w 5
29V vee vee v o o (] 5
10V vee e o ov o o 4
v vee vee ov o o o 4
3 vee e ov ov o w 4
33V vee vee (] o (] w 4
W | v o ov o v w 3
35V vee oV ov o o o 3
36V vee ov ov o o v 3
v e ov ov o o w ]
18V (3 ov ov [ [ w 3
35V vee ov o ov o o 3
aov vee ov o v o o 3
v vee o o o o o 3
av o ov ov ov [ w 2
av o o ov ov o w 2
v o [ v ov o ov 3 2
asv o | ov ov o o o 2
a5 o | ov o o o “w B
av o | o o o o w 2
a8v oV ‘ o ov o o o 2
asv oV o o o o o 2
50V oV o o o o o 2
51V ov ov ov ov o w 2
sV o ov o o v o 2
53V oV o ov o o o 2
54V oV ov o o o o 2

s o | ov o o w 2

9 82 AAH 512Kb MTP Hl&2 1P o]
oR% W22 1238.125p X 1064.3p (=1.318m)°]c}.

O3 8. HAIE 512Kb MTP M=2| IPS] 2{0[0}% O]OjX].
Fig. 8. Layout image of the designed 512Kb MTP
memory |P.

3. Holdg At

E 62 Temp.=25C, typical Z@ njz}u]g 9] o]
A ZAA VCCH 4-stage VPP As} HxLo] w3

A5, ON== Aot ¥z 7i5= 4 total VPP B AF
H| w3t Ao|t} 4-stage VPP AstE o] Hy AF
VCC7t 7185 S71ske R, VCC7T $71d+
ON=l&= #3 AFE A5 total BB AFL
320ur O3S TEESHEE MASHY . 84 VCCot
EOMH L total VPP HY AF= E (oA HEwt
9} Zro] At 474.6A% AT,

e e

H 6. VCCE 4-stage ot HIZO| HE MF, ON&= Fot H
I I 2 total VPP EHE NI H|w,

Table 6. Pumping current of 4-stage charge pump by
VCC, number of charge pumps turned on and
comparison of total VPP pumping current.

L gl | OVIR ot purng e
22v | 37aam 8 299.52ph
23v | ad.aoum 8 3552044
24V | 51308 8 410.404h
2.5V | saieum 7 407,12y
26V | s4sep 5 389,88k
27V [ 71790 5 35895
2.8V | 7ssem 5 392905
29V | ss33m 5 426,650k
3.0V | s2.03u 4 36812
34V [T 4 394,844
32v 105.400 4 421,604k
33V [ 11z200m 4 448,004
3.4V | 11860 3 355804
3.5V | 125200 3 375.605A
3.6V | 131700 3 395104
3.7V | 13s0m 3 414,30p4
3av | 144500 3 433.50ph
3.9V | 15070 3 452,10pA
40v | 1s6.00u 3 4707048
4V | 1s2.90 3 488,704
42v | 1eB70s 2 337.40ph
43v | 17a.20m 2 3484044
4.4V [ 179.30p4 2 358.60,h
45V | 1sa.40m 2 368.804h
46V | 18950 2 379004
a7V | 194.60p 2 389.20p4
4.8V | 199.80¢h 2 399,604
49V | 20520 2 410.404h
5.0V | 210500 2 421.004h
5.1V | 215800 2 431.60ph
5.2V | 221200 2 442,404k
5.3V | 226.600 E 453,204
5.4V | 23200 2 464.00ph
5.5V | 237.30m 2 474.60ph

1Y 9% Temp.=25T, typical 22 mebo]g 9]
oAy xHA 7]&9] VPP Mol HE I 2o} A
Q= VPP HotHI 329 VCCHE HEHLE v
3 A3E HoF Y}t VCC detector JE2E
AR AlRkE VPP Ast HEZ 3dlz=  ONHe
4-stage VPP A5} HI 7j4-=E xdsto] Hff VPP B
B ARE 474.00AZ JAISIERE VPP & A% 1
& 904 HizHie} Zo] 7]& VPP Aot HI 3R
0.85VELH Y2 0.19V =2 ¥o3t &AL EAS
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Fig. 9. Comparison of VPP ripple voltages in VPP charge
pumping circuit.

4. 2 B2

Wireless charger, USB type-C 59] -804 A}
5= MCU ollX+= F7F70] A 851 Al A
0|27} 2% EEPROM°|Y MTP Aol Q€. 1]
3 VPP Ao & AYL 2.5V ~ 55V {2
AY WA endurance®}t retention EAS
guranteedt’] 93] 3% oJW=E AAst= Ao] Qs}
o},
2 =EoA= AEY AdAEE &9 WAT A
A”RA7E 2 vertical PIP AHAEE ARS-5lo] #&3
AAEE FHIEE AEY 71@/\]‘517} AA sk H
A& €0l MTP A ofFo]9] PWE F-Fsto] MTP
A Ao 2E 1.09m* .2 &9 MTP QQ AR5t
Wireless charger, USB type-C 59 AM&-%+& MCU
ol MTP A&A gt 9] F71 upAIE ARESHHA]
MTP A Afo]z7} Zouz tfgsF MTP IP AA0fA
AN ARAES stHe 4 Qo 3 VCC detector 3
25 AREsto] ONE+= VPP Aot HIo] 7i4=E Aof
oh= P2E AUBtER VCC7F EokAE e 2.5V ~
5.5Ve] W& VCC Ak HelolA VPP H3 AR7E 2
o 474.6)AT JASFelEZ VPP g & ALY VPP &

A 7.5V 3% o]l 0.19V o|Hi&E &Y 4= 9]
Ak,
stold A AlAglotol] CMOS 34 7|¥te & 4

Vertical PIP HIHAIEIZ 0123t MTP miz2| IP 44 Bb

A" 512Kb MTP #jx2] 1Po] FHlojohx 22
1238.1250 x 1064.3p (=1.318m)°]tt. St Aot
9 vertical PIP AHAIEE A83E 110nm CMOS &
7 714re] MTP A #& PIP #idlo] ¥ DR 1.5V
LV &% ruleZ HEHL PIP 342 5V MV 34 71&
< ARESto] 24H/F4 BA violation®] YLF ot
o™, FF 110nm CMOS FHE 53| vertical
PIP ASAEHE AESE MTP A3 AAE 512Kb
MTP IP9] 7142 B4 HST Agolth
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