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1.5V 256kb eFlash "2 & [P€ *H3 DC-DC Converter A7
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Design of Low-Area DC-DC Converter for 1.5V 256kb eFlash
Memory IPs

YoungHee Kim*, HongZhou Jin*, PanBong Ha*

8 o E =EoAL ey 382 98] AW DC-DC WS ZH= 1.5V 256kb eFlash wl@e] [PE AA35I%
th. A4 DC-DC W] AAE 9o & =RolAe &9 AstE=Z 3204 HE =9 XM VIN HYges &
ZRIAgFE= 290 AZA-AEZEE (cross-coupled) 5V NMOS EH;MAAE Al 5V NMOS ZAHd EHR|AEHE
ARSI, B o BAgE AYL VOUT Lt AYdFE EMAAEHR 5V A2A-AEZE PMOS EHAA
EIE ARESIQITE 3 5V NMOS ZEjapy ERAAEL A|E Lt RAE-ZF 7] IZE ol§sto] VIN A
¥ VIN+VDD Aoz AYS=E si9ich 12 3 AYAHY % =91 S5 4SS A2 3 24 (ting
oscillation) 7] =2t full VDDE AYsH| Y3 Z+ &9 stz 3|2ojct 24 QHE (local inverter)S 3715}
At 183 A7 2E (erase mode)?t T2 RE (program mode)olA BEAUR} ti7] (stand-by) AMEI7}
2 o FARE Y2 VDD Ade g ZAPsiF= 225 AMShs il HV (High-Voltage) NMOS EHA|AH
£ AR8std VDD Ages mEjapy sixinh. olekdo] ARl FEE DC-DC ®¥d] F=Ro] HEStH=E 256kb
eFLASH IP9] #lojokx W& 7|& DC-DC ¥eY] 32E ARESE AET 6.5% F= £t

mlm

Abstract In this paper, a 1.5V 256kb eFlash memory IP with low area DC-DC converter is
designed for battery application. Therefore, in this paper, 5V NMOS precharging transistor is
used instead of cross-coupled 5V NMOS transistor, which is a circuit that precharges the
voltage of the pumping node to VIN voltage in the unit charge pump circuit for the design of
a low-area DC-DC converter. A 5V cross-coupled PMOS transistor is used as a transistor that
transfers the boosted voltage to the VOUT node. In addition, the gate node of the 5V NMOS
precharging transistor is made to swing between VIN voltage and VIN+VDD voltage using a
boost-clock generator. Furthermore, to swing the clock signal, which is one node of the
pumping capacitor, to full VDD during a small ring oscillation period in the multi-stage charge
pump circuit, a local inverter is added to each unit charge pump circuit. And when exiting
from erase mode and program mode and staying at stand-by state, HV NMOS transistor is used
to precharge to VDD voltage instead of using a circuit that precharges the boosted voltage to
VDD voltage. Since the proposed circuit is applied to the DC-DC converter circuit, the layout
area of the 256kb eFLASH memory IP is reduced by about 6.5% compared to the case of using
the conventional DC-DC converter circuit.
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1. M2

[

MCU€ H)3]¢H wEZ](Non-volatile memory)
£ 1Mb ©J5te] EEPROM "&ejt} eFlash #&e]
IP (Intellectual property)’} F2 AREIL Uttt
[1-5]. Z18)ar afjElE] -3-8olA BliEl=e] &8 571
A1717] 8l A8 A% (Low power dissipation)
£ Zk= EEPROM E+= eFlash IP7} 8759, AH
g ARE H=A7|E eFlash [PE A WHL
A% (Power supply voltage)& R¥3+= Folc}
6l. @A HiEg] 3-8= flol Wol AMEE= eFlash
4L 0.13p eFlash 370, 0.13w eFlash 3%
oM 22 &4} (Logic device)oll AMGEE AU
1.5Vo|E& 1.5V &Y HYS AR8sh= Ao] F=24
AE FAsHA & 4= UEHEL

31H 0.13p eFlash [P 16.8V9] VPP (Boosted
Voltage) MstEX 325 "aa cH2][5]. VPP
Astg 322 pn HY To|QEE ARSI
Dickson Z3HHZ 3IJZ[7]1%= AAY eFlash 1P
VPP Hstgn 3|go] ARgst=t] EA7F ArH5]L
3HH eFlash IPS] VPP AslEXZ 3|22 5V NMOS
2} PMOS EHAAHE ARESE IZ2A-AZC
(cross-coupled) HsHHXZ 3J|2[8]E AHESH ¢
Z27] HE (erase mode)?} TZ I
(program mode)°llA] BPAUE o Zt HY
(Pumping stage) FSHHEI 20 &8 L& S
VDDE ZRAA7|= A0 H E52 2 ¥
B T dPHYger meAsteg VPP Aok
I 3&2o] ARgE 5V &7 MY 1137 (junction
breakdown)o|tt Alo|E AkShet 53] (gate oxide
breakdown)ol QI3 EAIE HET 4 AtH5]
TER[BIOIA AtE 24 EHY o s 3|29
&Y AU Motz 3|2 Ro] FAgHE bt A
4 7 g7 9] JPAYe R T AAFE=
=4 3]2E HV (High-voltage) PMOS EHA]
AHCSF HV NMOS E#RAH ARE ARgsiEz
glojolz: HHo| F7Igirt.

b~

JHA 2 =FolA At ©e] HshE Sl
+ H% 59 AYE VIN dgez maAs)

FE 20 AgHE Z2A-#EE 5V NMOS
EJHRAE 4l AE AYS FARAIA ONA|
7] 5V NMOS ZaHy EHMAAEHE AR5
A, HY =29 BAYHE HE VOUT k==
AGoF= EJAAEHE 5V ARA-AEZE
PMOS ERAAHE AHESIATH 5V NMOS &
YA ERMAAEL AC|E LE= RAE-E5
7] J2E o]8ste VIN A3 VIN+VDD
HAgor AYst= HA® NMOS AClE AY=S
ARSI, 1813 of A (multi-stage) VPP A
SHHZ 3|29] 7t k9] HMstEn 3lgEuirt 24 <l
HEE F7sto] 22 § WA (ring oscillation)
7] 5 " AAIH Y TE 20l F9 4D
£ full VDD AYoz AY3chr] Y5 22 AHE
(local inverter)& F7FotAtt. 183l A 97| &
ot 2 O BEoA whAukel of7] AdEi7t 2

FA”E A VIN Ago=g Zaxpsjs=
3] th4l HV (High-Voltage) NMOS EHAA
HE ARgstlch HiEE &= #s 0.13w
eFlash IS ARMEsto] 1.5V 256kb eFlash IP
£ A5} AAE eFlash P& oA d3H
Aotd dZE DC-DC ®#¥7] 329 VPP,
VPPL (Inhibit voltage)®} VRD (Read voltage)
Astgz =0 HEsioh AEA  AStH
DC-DC ®¥g7] 325 AMERF 256kb eFlash IP
o] gloJohx M2 0.7493r= 7]& DC-DC Wt
7] 3|28 AMEFE o 256kb eFlash 1P9] o]
oh% &Sl 0.8014nE Tt Hojokx WAL 6.5%
A &4

2. 1.5V 256kb eFlash IP &4

0.13p eFlash 34& AR85to] wig g S-&&
Al AAE 256kb eFlash #lxe 1Pe] 8 &
2 ® 13 2ok 1.5V £ 10%Y ©d o9
VDDE ARg3tom, eFlash IPHH 7|2 5%
2E9] 97] HE (read mode), Ho|A] A&7 &2
T (page erase mode), Ho]A] ¥ ZE HE
(page buffer load mode), Ho]A] T2 BT

(page program mode)E A¥stal Ut
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H 1. 256kb EEPROM IPS| =2 E%.
Table 1. Major specifications of 256kb EEPROM IP.

Item Main Feature

VDD 1.35V ~ 1.65V
Read / Page Erase / Page

Normal Mode
Buffer Load / Page Program

Erase-Verify-Read /

Function
Write-Verify-Mode

Program-Verify—Read

Memory Capacity 256kb
Cell Array 256Rows x 1024Columns
I/O 32bit
Page Size 128Bytes
Temperature Range -40°C ~ 85°C
Write Time 2.5ms
Cycle Time 40ns
Endurance 10K

Data Retention 10Years

52 nEo] wE eFlash A9 HloJo]A AYL
B 2014 Hi= vie} 2ot 3 2004 Hi uiel
o] IR oA HolEI IRF o] 83 F
AE A A7) (boosted voltage generator)
Q1 VPPE} VPPLY] A2 22 16.8VE} 9.4V0]
3, A7) BEoA VPP AFLS 13.2Vel AL
E & Stk 3 ¢l7] ZEolA VRD (Read
voltage) AL 3.1vVo|t} SHH # 32 A RE
H Astm 3R9 B AYE HolF1 qth
B 394 HE vie} o] a2 Rl 297
mEo]A VPPE VPPL HYL VDD (Power
supply voltage) A o] H4S WRE S}
A FEHFE 104 oY ARE L8R st
Atz 3271 Agtsict. 183 VRD AL =
2O B, 97| BES g7 BEOJA 3.1V
O] AYS 8 E SHHA 1004 olF9] +EHFTE
49 = olug AstHm 22 Fdo| 7Hsoltt

H 2. & B9 eflash 9| HIO|O|A ZA.
Table 2. Bias conditions of an eFlash cell according to
the operation modes.

Program Erase Read

cG Selected 16.8v oV 3.1V
Unselected| oV 13.2V oV

gL | Selected floating floating 0.6V

Unselected]  floating floating floating

SL Selected oV 13.2V ov
Unselected] 9.4V 13.2V oV
HPW | Selected oV 13.2V ov
HDNW | Selected oV 13.2V oV

B 3 SAEEE MotHD 3=o| ZHME
Table 3. Target voltage of charge pump circuit
according to operation modes.

Operating Mode| VPP VPPL VRBD
Program 16.8V 9.4V 3.1V
Erase 13.2V VDD 3.1V
Read VDD VDD 3.1V

Positive charge pumping®l 2J3 dgA¢<l
VDDETH B & £¥4Y VOUTS Fdai5E A
S 32& 1% 19 Dickson MIEI 3=
7} k. Dickson ASHEI 32= 7 1004 B
= Hie} o] pn Fgtie] =9 MOS B A
AlE &Z2 GG =0l glow, ZF gt} tho]le &
o A-Q AYG &£Ao] Qo] & 29 B2 HE
oA 1.5Ve] VDD AYCZ 16.8VY VPP AU
ITaot7] oA 3479 B o] Bash] o
2o VPP AstH I 29| Folol HZo| F7}
3ttt A Dickson AStHI 3J2&= AAY
VDD &0l Arg-st=tl] of#go] Slth

CLKb L’ij ses ‘%
VDD N . u | vout
—l}l D —H%

% 1. Dickson Mot 3|2[7].
Fig. 1. Dickson charge pump circuit[7].

4 eFlash IPo] AM8-== VPP HSHHI 3=
= I9 2904 HiE He} Zo] 5V NMOSe2
PMOS EARNAHE AHESt BPBC
(Body-potential biasing circuit) J2E Zr=
ARA-AEZE HsHE R JZ[5)7F AREE AL T
19 2014 Hi= Hie} o] 7|EL] ARA-AEE
HolE= 3|2+ cross-coupled NMOS E#A]
2 (MN13} MN2), 32A-AZ= PMOS EH
AAE(MP13 MP2), BPBC E#AAE (MP3,
MP4, MP52} MP6)i= 5V EAAAE 7L ALGEH T
gt Hag AmfAlE (MC13 MC2), A7 =g



1.5V 256kb eFlash M22| IP® XM@X DC-DC Converter 44 147

D203 HEoA BEAUE o B =291 N1}
N2 =& HUYE VIN Agoz ZH AAFE
neapy FRo] AMEEE EWAAH (MPT,
MP8, MP9, MP10, MN32} MN4)& A°|E Aks}
ot o3 HQtolut JE I AYS 1Este] HV
EWHAAHE ARHEStofof gt} =1 1929 9l
£ VOUT ZER4 3|2 A97] BmEg =2
A RToA AU b VOUT &8 AYE VDD
AYoz Ay AAFE= 9T o, 19 3
9] sl=e}t At} I9 29 25 AHESH AstEx
J2E A7 HEgt ZRH HEoA wpAUE:
o 18 29 MsF ¥ =9l N1TF N2 =& A%
< VIN Agoz Zapy A|AFI VOUT AY
< VDD Aoz A A|AFEE Aol HE
2o A8H IAZA-AZE NMOS EHAAES}
AZA-AZE PMOS EAXAE Ao|E Atshat
o3 Aoyt He wIAG ol 1HYo] <7t
g7 G2 FHE 5V NMOS/PMOS £419] A=A

=49 gug & 9

vout

% 2. 7129 cross—coupled MaIHI 3|Z[5).
Fig. 2. Conventional cross—coupled charge pump
circuit[9].

VDD
MP11 b
MP12 —VouT
VPP_CP_ENb
MN11

I3 3. VOUT Z2xid g2,
Fig. 3. VOUT precharging circuit.

I8y 29 29 32A-AZE NMOS E#Z
2E (MN13 MN2)&= Aot HYAl 83 =& (N1
I N2)o] BE Hsll A2A-AZE PMOS EH
A28 (MP13# MP2)E &3 =Rl VOUT =
= Hdo] ojof sh} Y Hol= ARZA-AE
= NMOS EHAAHE E3] 48 =591 VINS
2 AU EA-C] ItH9l. 1Ea A9
Do m2 73 oA WY w) NI &5 A
< VIN Aoz majipy A|AFE 32 (MP7, MP9
3 MN3), N2 =& A¢E VIN Agoz ZazA A
AFE= 32 (MPS, MP103} MN4)9} VOUT =& A
A< VDD Ao r mejay AlAF= & (MP11,
MP129}F MN11)o AH&E NMOS®F PMOS £4AH=
HV &5 AHESIEE ZStE T 3]29] go]oke HA
o] & To] gitt.

JA £ =5oA AjtdE 19 4(2)9] AstE
I 3|2 O 29 &) HoHHE 3204 HY
9] AYL VIN Ao g ZaysiFs 32
o ALEE IZA-AZT 5V NMOS E:AA
g 4l 5V NMOS ZZAy EAAH (MN21
I MN22)E AHESHRL, HY Lt HAgH
AYS VOUT LEZ AYsFE EAXAEHRE
5V A2A-AEE= PMOS EHAAE (MP213}
MP22)E ARE3H3TE 5V NMOS ZE|3H4 Ef
AAEC] AOlE =X (N23T N24)= RAE-F
= 9hg7] (MN23, MN23, MC233 MC24)E ]
£3to] % 4(b)olA Hi= Hie} o] VIN Az}
VIN+VDD Hgoz AQAsl= HAHY APE
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ZES Aot a8 &Y AstEI F R
A BY AAE MC213 MC22)9] 3H& =91
CLK1b® CLK2bZ full VDDE 29317 93
7} &9] MshHz 3]gEnict 24 IHE (INV21%
INV22)E F7Fskoitt.

O% 4b)lA B AAE 4749 25 4
(CLKO, CLK1, CLK2¢+ CLK3)E AAA &&=
(non-overlap) 22 Al%olt}. CLKOS} CLK2=
AAA F= AI7HQ 129} 16 A7 A QJstalE 7]
2Hoz 72 A 7HtE fARSHAl CLK13
CLK3+ AAA %= AIZERL 139} t5 AIZHS A9
St 7|1EAH o g T2 YAE 7HIT I9 4(b)
9] L& N213} LB 229 AAA Y AHAYL
NMOS Z 24 EHAAH (MN213} MN22)<}
NMOS H3 AMAIE (MC213 MC22)°l 23|
VINZ} VIN + VDD Ato]9] AgofA At
J™-4(b)oll Hol= t49] Azt #7HsF CLKO,
CLK1, CLK2¢} CLK3+ ZZ 0V, 0V, VDD
VDD Aol ok TeiA N21, N22, N23¢}
N249] AYL Z+zF VIN, VIN+VDD, VIN®
VIN+VDD HgolE& VOUT AYL ONH
MP21 PMOS E#MAAEE &3 VIN+VDD AY
o] ®t} 1d4(b)2 t108 HEAE A7t 7H5<t
VOUT ALLS ONE MP22 PMOS EHAAAHE
B39l VIN+VDD Hgo] Htt. ojekgo] CLK1b
Aol OVollA] VDDE AQABIAA N229] A
95 AsiF MP212 B3 VOUT =2 HY A
517} 3 Ag =3 CLK2b Aol 0VolA VDD
2 AASAA N239] EA”E Asrt MP22E
&9l VOUT =EE ¥ Ashrt & 3 AgEE
2 39 4(2)9] AtE st gugze 3t 25
Ato]E Botoll AstEgoe] 28 dojue= 2-94
AstE 3lzolct I9 4(a)9A AtE At H
3 329 VOUT k& Fofj A= VIN+VDD A

U7HA &= AT

VPP_CP_ENb_VRD cLko cLk1

INV21
CLK1b)
Tan2s mc23 mc21 voD:

Mmc24 Mc22
MNz6 CLK2b,
INV22

VPP_CP_ENb_VRD cLk3 cikz

(a) 312

CLKO

CLK1

CLK2

CLK3

V(N21) ViN+vDD|

IRl

V(N22)
V(N23) ViN-VDD

V(N24) VIN /IN+VDD

uilwein 9

|t

(b) Steady-stateOlA timing diagram

O3 4. HOrE Hel MoHEE 3=,

Fig. 4. Proposed unit charge pump circuit: (a) circuit and
(b) timing diagram in the steady state.

Shd 1% 29] 7|2 HoHHE 32 A97] HEY
Z203 RToA whAu2 ARl 7] AFEjofAl
VPP_CP_ENb_VRD 4157} OVollA] VRD (=3.1V) &
goz AYASHA N1z}, N2 k&8 VOUT =&
A% VIN Ao g TPy A|AF= 3= (MP7,
MP8, MP9, MP10, MP11, MP12, MN3, MN4%}
MN11)o] AR&E NMOSQ}F PMOS £AH= H5% HV 4
A5 AHESIEE HetHE 329 #oJohx WA &
o] it} AP 32 9] Fo]ok HAo] A=
S S Eo] oA 2 =RoAE I8 49 @
9 HstEz 32 5V NMOS EHA|AH
(MN213 MN22)9] A°|E k=& (N233} N24)<}
Zr &9 HopgEIo &3 L= (VOUT) HYE
VIN AYgo g mAAsiF= =5 HV PMOS
EHAAEQ HV NMOS EHA|AE 7} Z3hE T
24 32 & AHgst= th4l HV NMOS E#A]
A SR diAIsHATE o|FA £ H o9 Mot
HXI 3|2E VPP, VPPLS} VRD H3IHI 3|20

U8 AT,
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3. Zolde! 3l 20[0fR A

I 4= VDD=1.35V, SS model parameter,
Temp.=85°C2] slow ZJAY ZFAo|A 1F 2
9] 71& VPP Atz 3=} 117 4()9 At
VPP At F|2of gt W7 7)o & Ast
Az =9 HPHFE LAHT dijo|tt. 2
4 QAHEE AHESHA] B2 7]E AstE P JE=
H 404 E= HieF Zo] 1549 HEARE T
AZ17] 918l 60nsY] B 3 F7|2 HAE S
ot vHH A tE dstE= 2 1500 HBA
£ WSl 4 9" F7]= 30nsol=2
Tosc=30ns& A5}t ojnf 7|29 Hg AHujA|
E| Afo] 2 250/11.28 m=5%] §H, 2 QI
£ 250 AMEE Aijtd H AWAIE Alo| 2=
ghz 2718 60nsolA 30nsE EO|BZ 20
/10.50 m=42 &4 & AU

H 4. Slow 2oJAE TN oscillation F7|0f T2 A
SHHZ 3|=o| HEUMF Doy At

Table 4. Simulation results of the pumping current
of the charge pump circuit according to the
oscillation periods under the slow simulation

conditions.
Tosc Conventional Proposed
15ns 24,494 16.324
20ns 25.05¢ 16.654
25ns 24134 16.0144
30ns 22704 15.004
35ns 21,134 13.904
40ns 19.6244 12.844
45ns 18.18¢4 11.834
50ns 16.89¢4 10.934
60ns 14.704 9.434
70ns 12.924 8.254
80ns 11.494 7.304
90ns 10.3444 6.534
100ns 9.35 5.89u!

sjzo] o] dstEx

19 5= VPP dAstExn
25 IY 4(2)9 AlMd HSHHZ 32E AN
P& T2 REoA fi7] ZER YT 1
opA ) o]l Qe 9] ASHEE J=o] HIY k=
Q1 N21, N22, 44 VIN, =3 A4 VPP
=20 AY e HofFal Qi mojdd 23t
oA Hi= AAY 5V MOS &40l A8 2o A
U2 5V ol Z 5V MOS &) A= 4ol &A17}

(o3]
At
% 16100 _ﬂ
o 14 L § VIN
>
v % k\ VPP
T N
o & ’*\‘
Z o N .
L1, PGM -
o
;

101u lﬂl‘.Su 10‘1(1 1ﬂ2‘.5u
Timel[s]

O 5. 07| 2E2 NS of MotHI S|201M L= MY
or,

Fig. 5. Node voltage waveform in a charge pump
circuit when entering standby mode.

0.13n eFlash F8& AHEsiA HAE 1.5V
250kb eFlash IP9] #lo]o}% HAZ 7]& eFlash
P 0.8014wollA4 0.7493u2 FoJol WZAS
6.5% = E94tt. 18 62 AUE HtHz 3

g Aot AAE 1.5V 256kb eFlash H|2
IP9] glo]okg olmX|& Kol §lrh.

741.18um

I 1025.015m
O3 6. Motel MSHHE 3|25 ARSI MAE 1.5V
256kb eFlash MZ2]| 1P| 2{|0]0tR O|O|X|.
Fig. 6. Layout image of a 1.5V 256kb eFlash
memory |IP designed using the proposed charge

pump circuit.

4. 28

IMb ©Jste] MCUS HIFHY Hxge
EEPROM w2 & eFlash #zg IP7} F& A
|51 Qleh 12 wiE 2] S804 viE ] 4
B Z7HA717] Y98 eFlash wl=e] 1P T3
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AS 1.5VE F3HA A7HE FAA717] Y8 A
H& DC-DC converter AA7} Q=)

JHA B =RoAE &Y AstEE 3204
Y =9 AYL VIN Aoz ey s
3l=o] 5V NMOS Zejaty ERAAHE AHES)
A, BY Lo EA”E Mo VOUT kER
AGsFE EMAAHE 5V AZA-AZE
PMOS EHAAHE ARSI 5V NMOS g
A7 ERAAE Y ACIE kE= BAE-ZE T
AY71E o]g3ste] VIN 3t VIN+VDD Hetoz
295t FAH AClE EF5& ARSI 1
21 9] AstEE F2oA HY AWAIE gt
= w9l 28 A5E S g wd 37 59
full VDDE A5ty {8 24 QIMEE F7Fst
Arh. 123 X 97| BREQF TR HEoA
Auet bi7] dEivt 4 o RA"E AYS VIN
Agor meAAeiF= 2 E AHES= diAl
HV NMOS E#HAAHE Aot ghd ==
I8 nEY X9 REOA 7] REE HYTH
o Z+7}9] o] Qe w9 HIHE F2o wHy
LT, JEAA VIN, &8 HURl VOUT k&
9] Y-S VDDE T Al7|BZE 5V MOS &
249l Aol EA7E YI=E sFelt.

0.13p eFlash T3S AM&3iA VPP, VPPLY}
VRD ZoHE I 3]|2of AQte o] HAstEz 3=
£ 283t 256kb eFlash IPQ] #lojo} Alo] 2L
0.7493r2 7]& DC-DC HE7]9] FoJolg HZ]
oy 6.5% = EATt
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