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Design of Small-Area MTP Memory Based on a BCD Process
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Abstract

PMIC chips based on a BCD process used in automotive semiconductors require multi-time programmable (MTP)
intellectual property (IP) that does not require additional masks to trim analog circuits. In this paper, MTP cell size
was reduced by about 18.4% by using MTP cells using PMOS capacitors (PCAPs) instead of NMOS capacitors
(NCAPs) in MTP cells, which are single poly EEPROM cells with two transistors and one MOS capacitor for small-
area MTP IP design. In addition, from the perspective of MTP IP circuit design, the two-stage voltage shifter
circuit is applied to the CG drive circuit and TG drive circuit of MTP IP design, and in order to reduce the area
of the DC-DC converter circuit, the VPP (=7.75V), VNN (=-7.75V) and VNNL (=-2.5V) charge pump circuits using
the charge pumping method are placed separately for each charge pump.
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AFFE REEAolA ARSEl= BCD 34 7I8t9] PMIC 32 ofd®1 3&2E EYsty] ) 71 vkazrt Bagls MTP
(Multi-Time Programmable) IP(Intellectual Property)s 7%t & =EoA+= WA MTP IP AAE Y3l 2719 EA]
2H2E 17§9] MOS AMAIHE ZH= single poly EEPROM A1 MTP AloflA] NCAP(NMOS Capacitor) T4l PCAP(PMOS
Capacitor)& A&t MTP AlS ARg3lo] MTP Al Alo]ZE 18.4% A® &}t 1811 MIP IP & A4 &4 MIP IP
AA9] CG =32} TG 53|29 2-stage voltage shifter 3|Z2E #8511, DC-DC H3] 329 HA-S £o]7] Y
st B3 9HAlE AREsH= VPP(=7.75V), VNN(=-7.75V)} VNNL(=-2.5V) s} HZ 3|2of|4] Z}zto] Ao} Hunjoh Hra &
1! Q1= ring oscillator 3|25 U & F2E Al°SFE.0H, VPPL(=2.5V)2 ASHEI th4l voltage regulator 3|25 ARES}
£ WA Askgltt. 180nm BCD 37 7I9ko2 AAE 4Kb MTP IP Alo]2= 0.493mrolth.

Key words . MTP. BCD Process, Small Area, Non-volatile, Memory

. M2 ADAS(Advanced Driver Assistance System), AFA|
(Chassis), QIZHQIHE(Infotainment), AF|(Car Body),
g HteAl= AsAE ARAoPgA] ' A W A G EHRI(Power Train), A=A HE 59 &oF
AHA| x| of| AREEE= HEEAocH1]. AFE HIEAE of AREETH2I[3].
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Design of Small-Area MTP Memory Based on a BCD Process

Table 1. Major components applied to automotive
semiconductor [2][3].
B 1 A8 YA £ HE 2E[2][3]
o} AFE Gh=A] 28 F9 BE
okl . ADAS | IPMS, oot 5 - Apdod AR, 4 B, o
i 72}, AEke= H 7lHEl eMirror, In-Cabin ADAS
R A, A, ESHL ZEE, AAHA,
# ARlE A ua, FAFA
AEHIHE Navigation, ZHEA
A Zlolg, glojm, AFI TAAEL
TelEl EWAUA, ECU, IR2 Z2EE, 33}, 285 ZEF,
= Start-Stop, 48V A|AH], $H, AEsh
AU T QI¥E, DC-DC AHE, BMS &

g A|A”HIOIA PMIC(Power Management
Integrated Circuiti= YFHLE WobA] g6k= <t
JHol1 G&ZQl AYoZ Welste] FFok= otk
[4][5]. PMICOJIA] oPd=71 3]=9] EZT 5o AREH
= NVM(Non-Volatile Memory)Ql MTP(Multi-Time
Programmable) WEZEd+= F7} opATr7F ©Q Q=
single poly EEPROM Q1 MTP Alo] ARgE|o] ZIch
[6]. ¥HH BCD(Bipolar-CMOS-DMOS) &% 7I5te]
MTP IP(Intellectual Property)= ¥71& £°]7] 5]
AHA MTP A Z3jt AHA 9] HA7E at=]ofx
tH7]. E3F BCD 374 7I¥te® HAE MTP IP+= 1K
cycle®] endurance E47} 1099] data retention &
S TS| Yol erase?t program HEOA 5V
MOS 4219 gate oxide®ll A= AUF} drain-source
of del= AU 8.5V oJUY HYo] A= HAE
SlojolRttH8].

2 =24 2719 ERRAAELE 1712 MOS # 5
A& Zh= MTP A4 NCAP(NMOS Capacitor) 9
41 PCAP(PMOS Capacitor)& AR&3H MTP A& ARE-
st MTP A Alo]2E &t

J2]3l 180nm BCD &4 7[RtelA AA1E 4Kb MTP
[PojlA] FoJok Afo]=E £0]7] fis] MTP IP AA]A
AR&E 3-stage voltage shifter [8] 4l DP(Double
Poly) EEPROM IP A4 AMEE 2-stage voltage
shifter 3]2 [9]& MTP IP AA 9 CG(Control Gate)
F=3]29} TG(Tunnel Gate) =320 ASA &
SHAtt. 183 7129 TG A9A] 3204 5V NMOS
EJRAE Q] Alo|E AU VPPL AYo] A2, Body
92 VNN Zfo] AeHA 5V gate oxideol=
10.25Ve] 114%o] A= vhd, AEA AIjKE TG &
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9] 3]2&= gate oxide?} drain-source 2] 7.75V
oJij9] AYo] ATA stEE 5V MOS £A9] Al
SHSIEE AAE 5Hlth. 3HH DL(Data Line) Al43]
29} # 2.5V~5.5VY] wide voltage range® &2
HQF sk= MTP IPOIA] clocked inverterS ARE-0k=
DL AlA] 3]2& erase® AZ 91412 3= ON current
7} S0nAR Y&F 22 FHoRdE 7L Qltk. 1A £
=2olA AQKE DL AR AASE+= erase H A9
ON AR5 1.20A ~ 3.20A HRIZ A AJoteS
Stoit}. HH DC-DC ¥3H] 329] | £017] ¢
S st HE WAE AMESlk= VPP(=7.75V), VNN
(=-7.75V)2} VNNL(=-2.5V) o} H= 3|Zojx 7z}
9] s} Hxnjt HEg 1 Q& ring oscillator 3]
2E spyt & JEE ARbeIew, VPPL(=2.5V)
HsHH Al voltage regulator 325 ARSsH= 4w

A2 A9,

1. 3244

¥ 2+ single poly EEPROM ARl MTP AlolE/d<
Hwgh Zolch FaEd (1012 (1119 MTP A2 5V
NMOS E#HR|AE] 9] AP|E oxide FAE 12 o]&
St Ao] oly7] W] tunnel oxide FATHE FAISH
7] flsliMe= miaa oF o] FUkEE R, JaEd
[12]e] MTP A2 5V NMOS EMAAES] APlE
FAE A2 ol&sta 7] wWiZel tunnel
oxide P& A3t 71 vpAT7F g Qi o
=4 [12]9] MTP AL erase 52 NW(N-Well)zt
TG(Tunnel Gate)oll 18Ve] 11ZQo] ©Q=7 slEZE
HV(High-Voltage) MOS 4AF7} HQ35}ct,

oxide

Table 2. Comparison of characteristics of MTP cells.

H 2. MTP Alo| EAM H|uw
Ref. Process | Cell Size gm.gzl Erase PGM
No. Tech [im2] é;ﬂ] L123) HpA]
=

[10] igo‘.‘m 2 110A | BTBT | CHE
ogic

(1] 1{30%‘““ 12.1 854 N CHE
ogic

[12] igof‘m 5.91 1304 EN BBHE
ogic

This 180m

work BCD 31.75 1334 FN FN
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DNW
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(b)
FG
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NW PW INWV| PW NW
DNW
p-substrate

(©
Fig. 1. MTP memory cell: (a) circuit, (b) process cross—
section of MTP cell using NCAP, and (c) process
cross—section of MTP cell using PCAP.

J8 1. MTP 4 (a) 312 (b) NCAPS AFESH MTP 49|
ST (o) PCAPS A3t MTP 40| ZHEBIE

I9 12 & =204 AR MTP A9l 2% [13]
OF IAGHEE HolFal Stk AREE MTP A2 CG
(Control Gate) AZ% A-AIE CC, TG_SENSE
HRAE MN12} select ERAAE MN2ZE A4E 0
QJtt. TG_SENSE EFAAE MN12 program¥} erase
T= Al tunnel oxide ¥TES BFHA] read HEA]
sense EFXAEH H¢Z 51, 5V NMOS EHAAH
Ql select EMAAE MN2+= TG_SENSE EHA|AE
FG7} over-erase &2 W BLOJAQ] FEARE £0]
7] $13t Aolth. MTP AojA AEL AuAlE= 138
1(b)et 19 1(0)°llF H= e} Zo] NCAPE ARESh=

E
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7352} PCAP= ARESh= 74971 itk NCAP= ARESh=
3% PW (P-Well)o] N-DIFF layers 0.7im enclose
dfioF sl= ¥HH, PCAPE AM8SH= -9+= PWo] P-DIFF
layerE 0.12im enclose 31H T EE MTP Al Ao]Z2E
£ 4 9lth. 180nm BCD 374 7I8ke] NCAPS AHE-
3t MTP A APo]2E= 6.184im % 6.295m(=38.93m? )3

v PCAPS AR MTP Al Alo|RL 6.184mx
5.135m(=31.75mH)E &= A & 4= Qlch

X 32 I3 109 PCAPS ARESE MTP A9 5%
ntd HpojojA 27 HolE& HojFal Qlty. TR
H mooa AgE Ae] CG, TG, WL, BLY DNW-2
Z¥z}y 775V, -7.75V, OV, Floating®} 7.75VZ H}o|o]
2 AW 21715HH FN(Fowler-Nordheim) tunneling
o ol 1™ 1(c)9] FG(Floating Gate)°ll electron
injection®] FWA Vric(Cell Threshold Voltage)”7}
3V ol =Pt Hlole T2 Z2 19 Hr} Erase &
TojAq Mgl Ao CG, TG, WL, BL¥ DNW-2 2}
-7.75V, 7.75V, 0V, Floating¥} 7.75VZ Hlo|o]A A
A2 A7FshH 19 1(0)9) FGOl FN tunneling®ll 2J3H
electron ejection®] YOIUHA VicZb OV m[EHe]
negative A0 & HojAHA] ‘0'R erase HT}. Read
TooM= CG, TG, WL, BL¥ DNW o] 2V, 0V,
VDD, 1Ve} VDDZ HlolojA Ak 17k BLE &
oA S2= HF7) erase® ON HF7F 529 (0, =

Table 3. MTP cell bias condition table by operation mode.

B 3. & Y MTP A HIO|HA = HO|E
Operation | Mode CG TG WL BL DNW
sggG& 775V | 775V | OV |Floating| 7.75V
SC&] 775 | 25v | v |Foating| 7.75V
PGM
U[?%G& 25V | 25V | OV |Floating| 7.75V
US%}G& 775V | 775V | OV |Floating| 7.75V
ERS s%;G& 775V | 0 OV |Floating| 7.75V
SCG &
Oy o | vob | 1v | vbD
S%gG& 2V 0 VDD |Floating| VDD
Read
UCG &
o8 oy 0 ov | 1v | vpD
US%}G& v 0 OV |Floating| VDD
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2% ¥ OFF A/t 329 ‘1'& DOUT dHloJeE&

Zeudt
X

I

H 4= T7 109 PCAPS ASH AjAEHRE ARE3L
P AlZ ol-&sto] AAE 4Kb MTP IP9] =8
Hojzoh 4Kb MTP 1P| All ofgf|o] Alo]R= 643 x64
o)1, 3+ AY VDDE read®} write(program E
& erase) BEOAE wide voltage rangeQl 2.5V ~
5.5VolH, write-verify-read(erase-verify-read E+=
program-verify-read) LEOA= 4.5V ~ 5.5V9] T
S ARgRt F7HQl 715282+ Vic measuring
HEE Z9Ystal 9lon, HAE HEx= TTR(Test Time
Reduction)= 9Jal all program 2EE A|¥stal Q)
o} AEC-Q100 qualification®] automotive grade O
£ BRE GAE oial7] ol 2= el -40 ~
150CoJtH14]. Endurance® 1K cycles EHZ okl
Qlom, data retention time< 10Wolc}. MTP A9
erase®} program A|72 X5 10ms°]t}.

A
|
d]

= (o]
Ad] Ex|o

1T o=

5

Table 4. Major specifications of 4Kb MTP memory IP.

HE 4. 4Kb MTP IPQ] 2 EX
Items Main Features
Read 25V ~ 55V
VDD Write 2.5V ~ 55V
Write-Verify-Read 4.5V ~ 5.5V
Read Read
Ful\r/lliiir;n Write All Brase / Program
Write-Verify-Read EVR / PVR

ERS_VT Measuring,

Additional Functions PGM_VT Measuring

Test Mode All Program
Cell Array 64R x 64C
Temperature Range -40~150C
P/E Time 10ms
IP Size 576.343um0'2938m5n]26.417um =
Application Automotive
Endurance 1K Cycles
Data Retention 10Years

4Kb MTP IP9] £E5=+ 11§ 204 Ei= Hiel Zo]
043 x 6489 MTP Al ofglo], 52+ HEof wzt Ao
A5 ¥AIA)7]= control logic 3]Z, row address?!
Al8:3]° oI5l 6478 rows g rows A"ste] CGLF
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WL +531F= CG 7532, TG 29X = =273
ZEoA column address?l Al2:015 decodingst]
87/i= FAE TG F-53]29] 3t Hlo|EQ] TGDE 33
&= 8719 TGOl AgAAT= TG 4914 3=, read
HEojA sfgE= g Hle|EQ] BL Ho|EE DLI7:01°0
HAGAA F= BL 294 329} DL Hlo[ElE AAJsh=
DL S/A(Sense Amplifier) 3|2= “g=|o] Qich. 12
11 programi} erase HEOA st B 4o osf
VPP(=7.75V), VNN(=-7.75V)3} VNNL(=-2.5V) A%
S S3ok= 3=, voltage regulation WAlo| ol5f

o I
Ads v

VPPL(=2.5V), VRD(=2V), VPVR(=3V)2] AY=S
F= 27t 1Y 29] DC-DC HElr] g0 I3
o] Urt.

1
R

VDD Vss
DCfDC ) TG Driver / TG SW
Converter
TG[63:0]]
CG [63:0] i
. MTP Cell Array
CG Driver -
WL [63:0] (64Rows x64Columns)
| BL[63:0]
RSTb
RD
ERS Control Logic BLSW & DL S/A
PGM
DIN [7:0]
A[8:0]—> |
IDOUT [7:0]

Fig. 2. Block diagram of the designed 4Kb MTP memory
IP.
J3 2. BA1E 4Kb MTP P9 22k

a9 29 FolglRofA CG 53828} TG 532
£ 3-stage voltage level shifter 3]& [8] thAl DP
(Double Poly) EEPROM IP dAofIA] A8 2-stage
voltage level shifter 3|2 [9]15 ARESIATE

a9 39 MTP 1P AEA #8d CG Fe3==
7.75V ofste] ALH MY #=5F 517] 98 VRD -
VSS, ROW_HV - ROW_LV9] 2-stages voltage level
shifter I2& ARSI OH, Alo]EZL VSS(=0V)oll A
2% 2719] PMOS EHAAEH(MP13¥ MP14)} Alo]
E7F 294 592l NG_VPVRY] 9124 2719 NMOS
EWHZAE(MN137} MN14)7}F AREE}. Program
TEolAq ROW_HV AYo] 7.75V7F SIZFElE& program
B4 BEOfA selected CG2} unselected CG 320
A MP13%Z+ MP14 PMOS EZIAAE]S] AA - &9l
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AL} gate oxide ALY &I BH =} Program
R EOA selected CG 3]29] N14 AL |Vrp| H=
9] ALLS fAlBIERE MP129] &4 - =l o]
7.75V oJst9] A4S A5k, unselected CG 3|22
N13 At EZE |Vl HEo] AYEZ fAlSE=Z F= 9
A 9] voltage level shiftero] AF&E= PMOS EH
AAE Q] A - EFIQl AYS HF 7.75V olste] A
Qo] A&}, I8l1 4709 PMOS EWMAAE(MP1,
MP12, MP133} MP14) 2% gate oxide©] Z&+&= A
P2 7.75V olste] HYo] A=tk THH erase HEOJA]
ROW_LV Aol -7.75V7F A7IEEE erase 45 &
TolA CG 3204 4709 NMOS ERAAE(MNI1L,
MN12, MN13% MN14)9] =891 - &4 43} gate
oxide HYS 15| ¥ Hr} Erase ZEolA CG
3]29] NG_VPVR o] VPVROA OVE Af1AsHA
Al N113F N12 AY2 247+ -7.75Ve}t -Viy A=) A
A2 AR T+ WA voltage level shifter ©9] 4
7iel NMOS EfiZIAE ] =Yl - &4 HAY¥F gate
oxideo]| ZE HYL BT 7.75V olslo|tt. Wik
NG_VPVR o] OVZ AQA3IA] 983l VPVR(=3V)
A4S FARFH erase FEOA N12 Aol VPVR
- VIN o] Zg|HA MN129] =%l - &4 HY2
8.5V o} AeHA 4A19] Aol A7 & 5= 9L
ot A & =FoflA NG_VPVR HYZ program X
L9} erase HEOA] VPVROA OVE AYHst= A
% BE ARgSIGITh

Fig. 3. CG drive circuit using two-stage voltage level
shifter.
12 3. 2-stage voltage level shifter2 Al2St CG 7532

3 19 49 TG 532k 11 39 CG +&3]&2
@} u7IAIE 2-stage voltage level shifter 3Z2&
ARESHEE afol] Al o AY= 7.75V olsk=
AT

I3 5% ZF columntth EA5H= 7129 TG A%
2] gl2oltt. 19 59 TG A9A] 3]2&+= program X

Fig. 4. TG drive circuit with two—stage voltage level
shifter.

T2 4. 2-stage voltage level shifterS Af2$t TG 7532

Zollq 64 columns Al2:019] decoding®ll sl Alei=
8 columnef 18 59 MN31, MP30, MP313 MP32
EWR|AE7F ONEWHA] TGD[7:0] AL TGI7:01°
AGAA F= AR 92 goh v AEER] ok
Ho|Eo]| sldE= TG A91A] 3|=+= MN31, MP30,
MP313} MP32 ERiZIAE= OFF ¥ MP33, MP342t
MP35 EZiXAEZF ON EHA VINH(nhibit Voltage)
Q1 VPPL(=2.5V) Zo] TG ko AL=HA A=E
2] &2 MTP A2 FN tunneling®] dojupA] =tt
9 62 program HEOA DIN 4 dlo]g7} ‘1<l
A% 7189 TG 2914 3204 7 o] dej= A
WZ BAIRE J=o|tf. I 694 Hi Hie} o]
MN319] AlP|E 92 TG_SEL AUR! VPPL(=2.5V)
o] ZA7]al, MN319] body AYL H 504 HE=
v} Zo] TG_LV AQl -7.75V7F AeHA MN319]
gate oxideo] Zul= Y 10.25V HAYo] ZHA
5V NMOS EfHAIAH S| 44} Al=l/do] A7t 3= &
ity ESH MP31 EHAAHE body?} gateof ZHz:
2.5Ve} -7.75V Zgto] Z=HA 5V PMOS E-AIAH

A7) Alzel BAVE 94 4 ek

TCD VINH

P30 MP33
)o‘i" o—vss

N3 MP31 M3 MP34.

Te_sEL E TG_LV TG_HY El TG_SELb Erc_u

DNW: VSS

MP32 MP3E
VSS |
o—vss

Fig. 5. Conventional TG switch circuit.
J3 5. 71&9 TG AYX| 3|2
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VINH

2.5V

MN31 MP31 _7, 75V MN3]

4‘ Em v Tc:,m'_.EI TC_SELb ETG’ ;

75V 25V DNW: VSS

ol

TG_SEL

1.5V

MP32

VSS

-7.75V
TC

Fig. 6. Circuit that displays the voltage applied to each
node in a conventional TG switch circuit if the
DIN data is ‘1" in program mode.

2 6. Program Z=0{A DIN GIO|E{7} ‘1’21 AL 71Z9] TG

ARR| BZ0IM ZF 20 Z2l= TS EAR 212

Table 5. The output voltages of the HV switching circuit
by operating mode.

T b5 SE HOCY HY AQA 3|29 &3 Tt

Operation | pow yy | ROW.LV | TG_HV TG_LV
mode
Read 2V ov VDD ov

Program 7.75V -2.5V 2.5V -7.75V

p Al 7.75V -2.5V 2.5V -7.75V
rogram

All Erase 2.5V -7.75V 7.75V ov
EVR 2V ov VDD ov
PVR 3V ov VDD ov
Cell 3V -3V VDD ov
Current

VT Test 5V ov VDD ov
Cell 3V -3V VDD ov

Function

VT Test 5V ov VDD ov

T4 £ E=EoAle 5V NMOS EMAIAEH At}
5V PMOS ERMAAE 440 Al AYS 7.75V °]
St2 AYLE sl 19 79 TG 2914 I2& AEA
ARbetct. MEA AYEH TG AR J=2+= gate
oxide®} drain-source o] 7.75V oJyj9] o]
Ag|A k== 5V MOS ERAIAH A7) A=)/ &
Heles HAE oilth. 119 79 AlRKE TG A91A]
3|24 NG_VPVR_TGSW 4l&+E program HE=9}

(83)
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erase X EOJA VPVR(=3V) AYof|A OVE AYA 2
2 MN403} MN422] NMOS gate oxide®l] 7.75V ©]
el Aol Ae|xs skt Selected TG A91A] 2
204 program R E0|HA DIN Ho]El7} ‘1’9 H$-
MN41& 53 TGDS -7.75VE TGO #Agshd =Ho
2 TG_NG_SEL 4= AYo] OVo|H F-&3] Hdo] &
o}, 7123l program X =014 DIN Hlo|g7} 0l H-¢-
MP41& 53 TGDY] 2.5VE TGol| Agshd =HE=z
TG_PG_SELb A% #%}o] gvolH Hr}. $HH program
R TofA unselected TG 29X|Q] - MN413} MP41
2 OFF AHE #-A8oF sl=2 TG_NG_SEL 459}
TG_PG_SELb 4l&+= Z¥Zb -7.75Ve} 2.5V HII,
MP449] Alo]E X159 TG_PG_SEL A+ 0V A4S
SFOFEE ON AEof Q= MP43, MP44, MP45 E#
ALHE Bl TG k= HY2 VPPL AUQI 2.5VE
HlojojA =} SHH all erase REOAE TG NG _SEL
A58} TG_PG_SEL A% A¥L 0vel 7.75V7F Z¥zk
=0l MN41 NMOS EZHA|AE9} MP44 PMOS E
WA AE = B OFF A#ol U1, TG_PG_SELb 4l&
7} OV7} EWA MP40, MP413}F MP42 EZHXAE7}
ONo| FHA TG AYL TGDY VPP A9l 7.75V7}
SF9ch 2879 ARME TG &294 3]2= program
HE9} erase HEOJA EE PMOS EHAAEHS HE
NMOS E#XAE Q] gate oxide?} drain-source]
A= AP 7.75V ol HES sto] 5V MOS E
HAAAE 2219] Aol A7 ik

8
g

VINH

MNA0 MP40 MP43
NG_VPVR_TGSW ——' Fﬁe\'ss |()7 tieVSS
. P41 NP4
TG NG_SEL oI )OEPG*SH"' ’e—'m PG_SEL
b, - © TG_HV PG _;
 NG_ —' TG LV 2 T6 AV
MN42 MP42 MP45.
NG_VPVR_TGSW f—| |°— HeVSS |% HieVSS

DNW : VS#

Fig. 7. Newly proposed TG switching circuit.
O3 7. M3 MetE TG A9 3=

3HH VDD power supply A¥o] 2.5V~5.5V9] wide
voltage range©l|A read 3= QE sk= MIP
[PAlA 18 89] clocked inverterg ARg-sk= DL Al

A FE2= MP513 MP52+= A4 pull-up loadet
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clocked inverterg ARESIEE PVT (Process-Voltage-
Temperature) variation®& Q15 erase® A& readout
< Sk= ON current’F A2l 50nAR HHF 2 FHoRdS
7R itk 1A 2 =ollAe 11 99] Ajke DL
AR A3]R2o)A Hi= HIR} o] bandgap reference
current generator 3|20 23l 355+ VPBIAS_SA
HiolojA  ZQFE o]8sdld MP619 PMOS current
mirrors 539 tHA| mirroringsH2& MP61 PMOS EH
ZIAHo|| mirroring=l= pull-up AFE 1AZ FHF 0
2 3ok} o|eF Zo] PVT variation®| insensitive
St 1pA9] mirroring AFS Tg5H22 A DL Al

f A =
o
R

4] 3204 erase® A° ON ZHF variation©]
HAZ A AdsteSE s

SAEND

MPS!
DL_PUb
MPS2

VDD

—

DL_PCGh

4?#

DL

E DOUT

Fig. 8. DL sensing circuit using a clocked inverter.
T 8. Clocked inverterE At256k= DL AIA 3|2

SAEND

VDD

VDD

P61
VPBIAS_SA
P62
DL_PUb

DL_PCGh

4?%

E DOUT

CVI_MEAS
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Fig. 9. DL current sensing circuit.
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VNNL o} g 2|2oflA] Zyzre] Hof ganje; Ee=
1! Q)+ ring oscillator F2E T a1, 0] ring
oscillator®] &8 A3E Z95)4 ARLsl= F2E A
QFstglom, VPPLE W20l & HAsHHE 3|25 AMES
= Al Az og HAo| 22 voltage regulator 3
25 ARk HHAE Ajtsteith
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Circuit
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VPP Ring Control | crpsgp| ~ ver l
Level —— Ri F——  Clock Charae VR
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Fig. 10. Conventional DC-DC converter circuit:
(@) VPP, (b) VNN, (c) VPPL, and (d) VNNL [16].
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(c) VPPL (d) VNNL [16]
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Fig. 11. Charge-pumping circuit that shared one ring
oscillator proposed in this paper.
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DB HiTek 180nm BCD 34 olgsle] A4 4Kb e =
MTP IP9] #loJok Alo]ZE 576.343m x 856.417un
(=0.494mi)olc}. 1Y 123 A 4Kb MTP 1P2] 7 BLLERS g =
oloke olujAE Hoj=1 glth. $HH DC-DC #E] cG <630 w
820 WAS Zol7] g5 At WY YA A8 w T -
VPP, VNN#Z} VNNL A3} Bz 3]go4 zzte] As} e IEm—

] — = TG <63:0 4
Hxuolt} ring oscillator J2& ¥EE Fil = AL =

gloJoR Alo| 2= 1,447.9um x 26.015um(=0.038mr) 2l Fig. 13. Post-layout simulation results for all erase mode

Hhd, 2 =RofA A|St ring oscillator 3|EE st under typical simulation conditions (VDD=5V, TT
al & 3]20] AL Foloke Afo]R 1.271.647m X model parameter, Temp.=25°C) [17].

o _—4 8 #fel l‘i\; o}o!q;(q o . Zui 2! 13. Typical 2ol&& XA (VDD=5V, TT model
26.015m(=0.031m)= #oOhE WS 18.42% E. parameter, Temp.=25°C)0ilA] all erase ZE0
12|31 VPPLE ASPHZE ARSSHE B9 #olokx At TSt post-layout 2OAE Zat [17]

O]Z&= 165.571im % 26.015m<! ¥4, voltage regulator
325 MRSk A% dlolohx Alel2& 78.627m X o T ==
26.015m= #Folobe: WAL 52.5% F= A ot o .
Unselected CG N -2.57V
WL = v
Unselected TG S |
Selected TG 7.8V

Fig. 14. Post-layout simulation results for program
mode under typical simulation conditions [17].

O 14. Typical RoAE XM program ZE0f CiSt
post-layout 2O Zut [17]
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A5 A4 ®419] DL A 3]20)l4 DL pull-up current
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Fig. 12. Layout image of the designed 4Kb MTP

memory |P.
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post-layout 2% AFE HojFal glom, CGl63:0] oA DINo| ‘01 et 1’9l % unselected
o} TGI63:017F ZZF VNN, VPP Z¢o] QI7ts= A TG A91A] 329] = Hdo] thigh Hojdd dys
= 4 Qltt. 1831 19 14= typical EYAYH 2A9 HojZxw 9ot 183 I9 18 all erase HEOA
Al program 2Z0] o$t post-layout BOJAY AAE TG 29 29| L= Qo] st oAy AvsE
HolF1 Qlth. Selected CG2} selected TG VPP Hojz7 9t 78 16, 18 173 I 1804 B v}
(=7.75V)2} VNN(-7.75V) ALZ Wlshs AL & 9} o] TG 29A] 3]2°] PMOS2 NMOS EZHA|AE]
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I VPPL (=2.5V) A4Z 7IctE=E AHER] = A 7.75V o7} ElB& 109 retention®] 5V MOS £At
=9] disturb7} He AS WASkL Qick Agdoll= ZAPE HA &= AL & 5 Stk
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Fig. 15. Post-layout simulation results for read mode .
under typical simulation conditions: (a) erased ) '
cell and (b) programmed cell [17]. Fio. 17. Simulati s of th i i of
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Fig. 18. Simulation results of the voltage per node of
I . TG switch circuit in all erase mode [17].
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50nAZ St BL 924 program¥® 2] OFF leakage
current®] g 7p7to] Qlomz HA vplo] RS 4

At BHH 2 =REolA ARk AR Al A9 DL
AASZ2 = erased A9l ON currentE HE 6(b)ollA

R uio} Zo] 1.2 ~ 3.20A W A A
= AS B & 9k
Table 6.

Results of simulation of on current by sensing
circuits [17].

H 6. 44 E=ZE ON current 2Ol Z1t [17]
(@)
Model Parameter
VDD Temp
55 SF TT ES FF
-40T 0.1¢A 0.1¢A 0.1¢]A | 0.1p,A | O0.14A
2.5V 25T 0.05¢A | 0.054A | 0.050A | 0.1,A | 0.1pA
125C | 0.05¢A | 0.050A | 0.050A | 0.054A | 0.05uA
-40C | 1.5pA | 1.4uA | 1.60A | 1.80A | 1.8uA
5V 25T 0.9uA 0.9uA 1A 1.1uA 1.20A
125C | 0.6pA | 0.6pA | 0.6pA | 0.7uA | 0.96A
-40T 2.20A 2.20A 2.4uA 2.7uA 2.6uA
5.5V 25€ L4A | 144 | 14eA | 170A | 1704
125T 0.8uA 0.9uA 1A 1.1uA 1.2uA
(b)
Model Parameter
VPP femp SS SF TT S FF
-40C | 1.90A | 1.4uA 2uh 29uh | 2.2uA
2.5V 25T 1.8uA 1.5uA 2uA 2.6uA 2.20A
125€ 1.5uA 1.5¢A 1.8uA 2.2uA 2.3uA
-40T 1.7uA 1.20A 1.90A 2.9uA 2.20A
5V 25T 1.8uA 1.3¢A 2uA 2.8uA 2.2uA
125TC 1.8uA 1.50A 2uA 2.7uA 2.3uA
-40C | 1.9uA | 1.4pA | 2.1¢A | 3.20A | 2.5uA
5.5V 25€ 1.9¢A | 1.50A | 2.2¢A | 3.00A | 2.50A
125€ 2uA 1.7uA 2.20A 3.0uA 2.6uA
n. z#=
g SteAolA PMIC 32 &7} vpAa7t 28 ¢l
£ BCD 34 7I9te] MTP IPE ol8sto] ofd21 3
25 Egyeith g BCD 34 71§t MTP 1P+ €
712 Zol7] 98] WA MTP AL makst Auza] [p
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32E ARIelor, VPPLY HsHFEZ thAl voltage
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MTP IP9] o]k Afe]2= 576.343um X 856.417m
(=0.494mr)°|c}
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