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1. =% 29 (Abstract)

2 =RdAe 5 AAES 292 3t BEukd 7]7|y RFID tagGolA 28
2 4 91+ power efficient voltage up-converterE #|<t3stt}t. Charge pump, VPP
detector, Level shifter® 4% voltage up-converter= 1 & &o°] j$- FQ3}7]
el & =i G280 A4 R 7|EY I EEo] HAE wAAY 1o wmE
AL AAgTE VPP dto] &etd4= §8&o] "ojx = NMOS type Dickson
charge pump?] AFE-S HjAlsl CMOS typee] charge pumpE 24§, stage,
pumping capacitor, IPP%& x#3ste] HZA3} Al T3 7]&e A3 VPP
dividerE 7}A & VPP detector t4l RC coupled VPP dividerE 7}A+ VPP
detectorE A|otslal, Mx o] He AR ¢lo] coupling capacitor ©|&3te] 3| 2~H| g
N2=E 7HA A ST VPP AQto]l Letd45 @ 9 short circuit currentE
W ASE level shifters bootstrapped PMOSE o] 8-519] level shiftere] A& AR
wol olygl delay EA4L /WAAIA, VPP 12Vl Al AotE level shifters 7]&9)
level shifter®t} PDP ExJo] 3.78] /A" Roz YElyth B =RoA] #otsl=
power efficient voltage up-converter:= 0.18um CMOS FA|A A=A H,
RFID tagel] 220]%= EEPROM IPo] A &% It}
FA| o] . voltage up-converter , charge pump , VPP detector ,level shifter
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el o
M. M. Ahmadi”7} Aetstes =L 7]£29 NMOS type Dickson's
charge pump 7} 731 Q&= wARES /WAste] CMOS tpye 9
charge pump & 278t o}d. a8y = AHAE S He 2 3= RFID

tag 5o IWE AHLs7] d&57] wEe] IPP, pumping capacitor,
pumping stage 5= 1&, £243}9] charge pump & A8 &&S HF

3 skl

Qadeer A. Khan ¢] #|¢F3}= multi—voltage level shifter = VPP
ol EetdTE delay, d¥ARE SHA B3 A5 <k Stk
o A= bootstrapped PMOS & o] €3] delay & Zo0]1 A8 A
S A7 @F level shifter & 470 3Flch
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H =3 Aersta Q= voltage—up converter + RFID tag &
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- EEPROM IP o & = {vh. 7H¢ d¥AR7F WS charge pump &
= ZolE Ay a2 AH8 sl level shifter BZFolA LAsHE
=<

short circuit currentE A|A3t%] memory 2] write power
consumption & 20.2uW Z =t}

Voltage—up converter & ©]§1 Q&= Al £5% charge pump &%
o= 3 AF(PP)°l wel pumping cap size, pumping stage &
#H A3t eto] a&S =AU VPP detector &% °lA = R—C coupled
A3 divider & ©]&3}9] standby AFE Fola P Zolx wWE VPP
regulating ©] doJUE= 19Tl Level shifter 719 level shifter
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4 9l power efficient voltage up-converter #|¢Fstt}, Charge pump, VPP
detector, Level shifter® 4% voltage up-converter= 1 & &o°] |- FQ3}7]
o] B =i g8 4 ¥ 7€ IREC e TAAY 14 wE

A A VPP Asto] &ebd45 a&o] "ol NMOS type Dickson

S
N
O
—
o

charge pump®] AFES HjAlslz CMOS typee] charge pumpE 24§, stage,
pumping capacitor, IPP&& i12ste] FH=H 3t ottt T3 7]Ee] A VPP
dividerE 7}A & VPP detector t4l RC coupled VPP dividerE 7}A+ VPP
detectorE A|otslal, HMx o] He AR 9lo] coupling capacitor ©|&3to] 3] 2~H E
A 22 7FA A sFATE VPP AHeto] &ebad4E @e oFo] short circuit currentE
WA &= level shifters= bootstrapped PMOSE o] 8-3}o] level shiftere] A2 Ax
wol olygl delay 5L /WAAIA, VPP 12V Al A¢tE level shifters 7]&9)
level shifteridt} PDP SAJo] 3.78] 7§AE Aoz YERWTE B =foa Aokste
power efficient voltage up-converter:= 0.18um CMOS FAo|x AA IO,
RFID tagol 2:0]i= EEPROM IPel| 2§ -= it}

FAo] . voltage up-converter, charge pump, VPP detector, level shifter,

low power
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2% 1.1 DRAM A9l Al st ®¥stE HojFuh gdAeh 3o
DRAM 9] A3 H(VDD)= F48HAl s kAt WA (VPP)2 1ol w1 ]
Xk @A sbd HAlel Wxgd & 4 9= DDR3 VPP/VDD ¢ &
2504l HH. EEPROM 7} 22 Z#A w9 22 9= 18V 9
VDD & 7FA|3 18V o]4te] VPP & vwkEojof &}7] wjio] VPP/VDD H] &2
10 o]#Fo] ®rth 15~1.8V ¢l VDD & 7}Az 38 ¢te] VPP 2 wreojur] ¢34
voltage up-converer system < I Q& 3t} Voltage up-converter += VPP &
RbEojll=  generation 3+ wEO| VPP & AdAS A #AATIIZ] ST
control &0 @ o]Fojzlty, mnld 7]7]u} RFID tag o 49 7ol #Agmo

W 7Fsl 32 oA 2%ko]=  voltage up-converer = I @&o] A AlAHEl9

Voltage up-converter = AMXBEZ°=2 charge pump, VPP detector, level
shifter 5 0.2 o]Fo]x <t} Charge pump oA E AY AgozZRE 1.8V 9
AdS FFRol 10V o] el VPP Aets wEo] Wtk X574 diode-connected
¥ NMOS Dickson’s charge pump & d& A% o] ¢k+=d EEPROM o] Ao} #-&
10V o2l VPP 7} Fo3t s|RZo X a8 4357 "olx o5 Al&-37|d &=

Tz Ak A B =RolxE NMOS type ¢ charge pump & #)9)&}a

ALY

&0 g =& CMOS type ¢ Dickson’s charge pump & 7 &3te] H3a A,
stage 704, pumping capacitor & &3] FI2E HA3Z FtE Voltage
up—-converer 9| A 7} Bo A AR E FE= charge pump = =3 VPP #<to]
BFEolA W HEARE Fol7] S AFolor . a8 4TS e EE

VPP detector & VPP #<¢to] AA3 At

o

14e] =W charge pump & A3 &
B 528 @34 st} VPP detector = 7|54 43} divided VPP A4S ] 13|
F= comparator 8 A9 VPP E 7ZALy wm sEsd dAgozm 4s

A AFE divider 2 o] Fo]x Att. VPP divider = VPP W3E 7+x 351719 3)



U4 dth B =R VPP FAAFE HAs A171a VPP 9 overshoot &

9)¥= VPP detector & #|¢talSdtt. Level shifter %<& 1.8V ¢ VDD
AEZE VPP 2lss2 W3t AAFE 9L F=d durzr oz cross—coupled
PMOS ¢} driver NMOS & o]Fojx 9li1 VPP #Hgto] &2 AHAfde 4AHY
AEYAE ZFo|7] 98 cascode protection MOS 7} F7Fd Tt} Cross—coupled
POMS ¢} driver NMOS ¢] =7] u]&°] u}g} level shifter ] 5o ZAH % =d
PMOS ¢ =z=7]7}F NMOS ¢ =Z7|xt} @Atk pull-up ¥ pull-down o] A& ZE3g
w] level shifting o] AR o]FAAXX] &S £ 7] w&Eo cross—coupled
PMOS ¢] =7]¥ driver NMOS ¢ =7|®1t} 3AF Zrolok 3t} Level shifter <
Ao delay & AHARO HFoz Hrl HiEdY o2 PD.P.power delay
product)g}al St} Delay 9F d#@ AR = A &2 trade-off @A) 7] Wi 3=
AAT o) FQ35tA sz d|oF dktd. Cross—coupled PMOS ¢} cascode protection
NMOS A}olef] bootstrapped PMOS & 4F1ste] 7]&2] level shifter 7} 7}A] 1L

Q= delay o HH A% FAE s)dste] PDP. A%< Av) 374 34 ARk

e

p=]
=i

flo
2

deare ¥zt =2ukd 7]7)v RFID tag 5ol4 €8 7lsgt
voltage up—converer A ¢F3HC} voltage up-converer ¢ T% 2 A8 H# g =

R asr 2 gk



A 2 & Voltage Up-Converter 9] 3+ 2 Z24 7

2-1 Voltage Up-Converter 9 +*%*

Voltage up-converter = =LA charge pump, VPP detector, level shifter &

o]Fo]x gt} 1% 2.1 -2 voltage up—converter ¢ 2% E eI

VPP
PUMP_EN Cpp IPP
VREF
VPP Charge Level Shifter,
Detector Pump VPP Logic

Voltage up-converter += 13 2104} Zo] A EEoz o|Fojx 9
Charge pump & &3 501X VPP Ahe 2 H3;AIE (Cpploll FHe] o] level
shifter 1} VPP logic &2 ¥ 39t} Charge pump += voltage up-converter ol A
7 we AEs AR wiwe ®ukd 717y RFID  tag Toll A 9F ol
AEAR7E 93g 3264 = charge pump 528 T4 A v& 5 ok oy
charge pump ¢ on/off Q&L 3= A= VPP detector o 4] o] Fo] At}
Charge pump & %3] wEojx VPP Aol 2AdA levelo] =Estd VPP
detector 9| Al ©]Z #A|, charge pump & turn off A& (PUMP_ENB)Z X Wit}
Level shifter Y} VPP logic o] &8 VPP #A<to] yrolxw wmpzkrlx]&2 VPP
detector o] A] ©o]& 7}A]3te] Charge pump & turn on A& (PUMP_EN)E HU



a4 VPP #AS FXA7Ith. VPP detector = voltage up—converter 2] <9F4 A&

918 bang-bang &#& ¥|3tE 3] 2~H B Al 2E THA ok

Voltage up-converter 9] 39} 7+ehst s2el= 9o AWy Zu 7t E 59
AA e A Slgo| A distr|2 S
2-2 Charge pump

Voltage up-converter ol 4] charge pump & &|FZFE @& AH(VDD)S 3=

oA "R 3 & ARVPP)o g2 e . AA Al 2=l A
PN

W i
rir
o
HU
o

RatE Ay frFo] charge pump oA AX3E7] wjio] charge pump <

Hiol Azgle] 4B Ba

pump &= FHAH AI}E FS £ Y capacitor & FHORKE FFHE AsS

1 7} stage mit} " Q23 on/off A3 E 3= clock

a8 22% A4 71 g9yl 22ola 9l Dickson’s charge pump £ UERY

2ol T3],
VDD
VPP
o] JTTTT™
CLKB




919 charge pump ¥ tUTlo]9 =9} capacitor(Cpmp)7} 3Ftbe] stage & o] F1
CLK ¢} CLKBo| ¢J8f 7} stage oA F=d3 wWAo] o]Fojztt. CLK 7} ‘high’
CLKB 7} ’low’ Aej7} H¥ 1¥H %= pumping capacitor(Cpmp)E %3
coupling ©.& QI8 °F 2VDD 7}#] &epztrh, Febzke] A<k Zolo <& 1w}
2W wmrAtolo] = fole s AAA EHol A WA capacitor o AFE o] Q=
Aep7k F WA capacitor 2 HojrbdAA 2W mEo] gk awE o st
frh w2 CLK 7 low’ CLKB 7} 'high’ 487 519 193} 29 = Abo]of
AE folo == AXI 2HI 3 o e to]l=E AAA Ho] F WA
capacitor o] A&d®E A3FE= Al HA capacitor 2 AEET Aoz
Hab= 7} stage o] tho]l o=k AA I AA = WAow HFAHow £ Cpp ol
VPP Zstwba 4ol A €t

the] e =5 MOSFETo 2 mdd sk WHF 7HE gk 312 NMOSe| =2
A AEE Fol tole=z FxA7= Aelth. 19 232 diode-connected

NMOS= o]Fo]z NMOS type Dickson’s charge pumps el Z o]t}

VDD

M1 M2 M3 MN

LU TUT UL W

T TN T
Ist EndJ_ 3rdJ_ 000 Nth
ITT TP
CLK
CLOCK

GENERATOR | .CLKB

Diode-connected NMOS=Z o] Fo| X charge pump® 7% charge’} ZF stageE
Yol wnpu} !%E4X4%}(Vt)?}394 Ag7dalrt dojdrh. 3 Diode-connected
NMOS?2] w7 25 VSSE FHoll7] wji-o] body effect®= el s]jof gt} stage
7} AAH AAFE Vg7l AA 7] o] Vi A F7kstth Virk VDDRHE AR &=



dA staged] =@aA HH ©] o] VPP A¢e ZFvhelA] @of 71 g0 54
A "ozt A (2.1)& NMOS type¢] Dickson’s charge pumpol| A HEH o=
A ¥ VPP Aol t4].

ol
-

n2

VDD - G IPP{fore |

VPP = VDD— Vh+ M‘W_ Veh— mj 21(2.1)

Cpmp, Cp, N, fOSC ¥+ Z+Z} pumping capacitor, 7|4 capacitor, stage 7§,
pumping FIFEE YERRTE dubHom 10V olde] Hgte] Had EEPROM

application ol &= # sl #] &= charge pump type o]}z & 4 U

2-3 VPP Detector

Voltage up-converting system o] /] VPP detector += regulator ¢] 7]% <& zt+=t}.
System <] o] dE AKX = charge pump ol A o] Fo] A 7] wjio] VPP #<to]
A4 e =wstd pump & ZFolof Frh RigiE REpelA VPP e
ARE-5le] VPP glwlo] vrolxm thA] pump & ZFoloF dt=H VPP detector 7}
o]¥ charge pump ¢ on/off =% 93-S 3t}

a9 24% A3 A< VPP detector 2 Y EFATH

VPP detector = 7|E-# o2 W] u7|(comparator) &L 3= Op-Amp ¢+ VPP
Asts e divider 2 o] Fojx Utk 10V 9o o] VPP S niR
Op-Amp 9] <=g€em & F g7l wigd HAEd dAgoe=m A
712 H(VREF) % vlaste] &3S WE Wtk Charge pump o 23] VPP 7 o]
b N1 == A4= VPPxR2/(R1+R2)vHE 538t ®vh N1 9o ==z gto]



VREF

R1 + PUMP EN

N1

VREF ¢] Hd¢rt oW Op-Amp ¥+ charge pump & PUMP_ENB(disable
signa)& &% o2 WEWo] charge pump & 7Tt iz N1 o Hgfo]
VREF ®t} vt} PUMP_EN(enable signal)& charge pump & X \lt}.

VPP divider & #&-& o]&sto] AAZoA A= hdeARt 1o wE
WAool o] HAA AFS ol fste] AANAE Fevh AA T EAR B
2 AES o]gdt Nl = A4S wEo7] 3

VPP oA VSS & FAAHF IPP7 &A= Holth IPP7F 7AW charge
P

O

7 e A A

—-
a
2
o,

pump o]l A 44 VP

glojob Aol A WA ol A 1 Z&Aol Bl AFE o] &3 divider o =

shte] EAAS AR dubAQl A 1 vt Avke Aok AAGA
AAR N1 m==debs st3dna stdete g4 eatel o3 1 ghe] t27
e 4= 9lo] VPP detector 7} A4F4 ¢l regulator 715 &A e 4= Qo) LI

A 2o Jgks Wol Wy ulio] AA MA A= ALEEA] FETh

oA Aee FAH AR A4l capacitor & AE3H7| = FECR
Capacitor divider & AH8-8 A% FHARE AL 5 AL 4G9 A0 =
AA W=t 28y} capacitor & o] 83 A g N1 x==7} floating o] ==7}
H 7] wjitel &8/l charge 7F o4 & o] AT AYS BRAT 7 gl

9% o= e ol Wyl Wid] H4e Aol @ = vk



VPP detector & bang-bang 22 ¥ st7] s8] dAH3Z 3| AHYAAE 7R
AA HojoF sh=dl olE & dWtHoRE Op-Amp ¢ =¥l FUEELAE

ol7] = ek

2-4 Level Shifter

A A2l Level shiftere= 138 25049 Bi= A3 o] cross—coupled PMOS ¢+

driver NMOS& o] Fo]# gt}
MS] IEM

—OuT

>

M1



Level shifter ¢ 52z 9alx= b3 2l IN o] ‘high’7F 5H Ml E#@«] 27}
AANHA] M4 EA;A 2B AolEx VSS 2 discharge o] AAA Hr} M2 =
AA Qorz OUT === VPP Z charge ¥t} dbil2 IN o] ‘low’ Abel7F =W
M2 = AAA o] OUT === VSS & discharge ®t}. o]9} 22 Hzto 2 level
shifter &= Y& o & VDD 23 E o}l 807 VPP A3E WHUA Ak

Level shifter & AAE W& pull up 9L st cross—coupled PMOS ¢} pull
down <g-& &} driver NMOS o ZA7|E& F9 ZA A dAsoF 3o
PMOS ¢] =17]<| wieg} level shifter o] A%5o] 24 =4, PMOS ¢ 7] Hb=A]
NMOS ¢ =Z7|®t} ZFHolol 3Stth Pull up HE=Z w24 37198 PMOS 9
A28 AA s 293 52%S & v, pull down s NMOS & A2 &35}
o Fo] VPP oA VSS & & =23 short circuit current 7} A sHA ® o). o]e) sk
short circuit current ¥ charge pump -&%te] & @3S 7] A system 9 E&S
H48A "oyl Al F+=d VPP/VDD H]Eo] AW F44E  short circuit
current ¢ <o) EZojdt}l md PMOS ¢ =7]7F NMOS ¢ z=7|Rt} =thd pull
down 3t £%o| % 38 F31 A A o] level shifting =28 3}# & 4 St}

o]z & level shifter ¢ A%< pull up, pull down & £x¢} A& A2 E LERY
g o] ¥ AY AEe MR trade off TA] glo] oW $&Rold
ol =7tell whel At A e ste] AA S oF

l% N
%0
e

_’IO_



Al 3 & Power Efficient Voltage Up-Converter

3-1 Power Efficient Charge Pump

3-1-1 CMOS type charge pump

zuel 7171 RFID tag 5o T3HE 3=

il
rlo
)
NiL)

AR wjg- RIZFshu
Voltage up—-converter o] /] 7}& @& HAHARE 3= EEo] charge pump |2 &
HAE A7 97sl B R 0] charge pump & AAIS W, 1 §& & F835HA
Azysjop doh A F7bA] 9y 220]E= NMOS type ¢ Dickson'’s charge pump &
Hgol Al AT s %ol 7b stage mhth wHAF(VO)S At witel Z&o g
A Fvh 287 gl olE adiE A E&strld FErt Al

B =R §&o] "olxx= NMOS type ¢ Dickson’s charge pump 9
A8 wjA| 3t Mohammad 7} #|¢ksl CMOS type ¢ charge pump & %8 3}¢]
AASATHA] 28 3.1 & Mohammad 7} #|¢Fsk CMOS type ¢] charge pump &

HoFE T,
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212 CMOS type charge pump = NMOS Dickson charge 7} ¢Fil 1+ body
gy 93t =dd-aAxo AGAEE Solr] Yste] diode-connected NMOS
4l PMOS 2914 & ©|&, 7} stage oA Aot HHAstE A 4 Ad6]
29121 €] on/off F2-& 913te] stage mtth dynamic IHEE ©]&3FUth o]
AHE &L ARkl e ok= @] =% phase o] wel 7} stage vwit} = sh=
Ak 7E etz wiEo] dynamic QIWE e BT 7] 24l F22 CLK 7} 'low’,
CLKB 7} ‘high’ “el7} =¥ MO, M2 &= AYE Aei7F 5L, M1 2 AJE AH7}
At g A HA stage ¢ capacitor & VDD o] )3} charge i F HAH

ma

-
i

stage ¢ capacitor o] A &A= o] A+ charge = | WHA stage ¢ capacitor =
charge ¥t} &2 phase 7} w7} W MO, M2 7} AA 32 M1 o] AAHA thA] F
H A stage ¢ capacitor = % WA stage EFE Q¥ charge = AT o] 3k
Adg2 =#3= CMOS type charge pump += stage vt} A<t 73 §lo]

charge & A& & 4 9lo] 1 &-$&o] Dickson charge pump H.t} =t}

100

[es]
e |

IPP/IDD (%)
()]
(]

40

20
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deal 5 i
\ | :
B0 g e Enspemnssemn: SenmmssSIR
£ INMOs §
) I
o ¥ “:
o |
ot _
0
0 h 10 15

VPP (V)

Charge pump 9] &€& IPP/IDD & #A9dl=d o} 18 32% o]a2 9l

charge pump ¢ v djA] NMOS type ¥ CMOS type ¢ charge pump &&2%
simulation 3}o] B]nL3k o] TH 7],

Simulation Z27A-& VDD 1.8V, IPP 0.1uA, pumping capacitor 1pF & A}-g3}o] z}
Aol oA HA3}ste] VPP wE &S At CMOS type charge
pump ¢ A dynamic QI EE <3 clock generator oA ¢ Hoz o
VPP ol A= d&o] NMOS type Bt} WA 4ysgk=d VPP/VDD u]&o] 25
dojdw 1 g&e AA FL& oz yewt. webx EEPROM 7 2e

i
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Ats Fg =z gt 3|2 A= CMOS type ¢ charge pump 7} A &sicta &

3-1-2 Charge pump 9] optimization
Charge pump 9] type o] ZAAo] W o]&3laxl = VPP @A 2] charge
pump 3|29 HAHgr} sttt B =2 W8 CMOS 34 A o888 & =

HW3d  floating gate type EEPROM cell S E32 VPP HAYgS 12V =
1

A3t [8] Charge pump += stage 7|51} pumping capacitor 7)ol 9] 3j
g&o] gt 7] wFo] AT w, o]t e # gsor Il

% 1& IPP7} 1uA, 10uA & 7%, charge pump 7} 12V ¢] VPP & 7] ¢3

3 9% pumping capacitor =7]¢} IPP/IDD ¢ &

IPP 7} 1uA, 10uA ¥ wW¢] &5 g ==& el Aot

o
o
T
u
£
S,
o
M
W
o
w
oo
rlo

¥ 1A BeEnkel o] 12V e VPP AYS A7 fsixd= FHA  6stage 7}
JQasity, IPP7F 1luA Y A9, Tstageodr 74 £& &% HJYx IPP7}

10uA & 79, 6stage A &80l 7M1 =& Fo a8y IPP 7}

T
T
o
£t
o

10uA & ), 6stage o] A = 23+ pumping capacitor ¢] Z7]&= 50pF & A A

=

A A5 1 ZA77F ddAdAd ez vy A B =iolAE VPP margin &

7 3le] 8stage &= A A st}

o
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IPP=1pA IPP=10pA
coEe Cpmp | IDD | PP/ (Cpmp | IDD | IPR
| () | (uA) | IDD | (pF) | (uA) | TDD
& 50 | 4560 |2.19% ( S50 (1099519 10%
7 12 [4116 |243% | 40 |110.531)9.05%
g 08 4134 |242% | 3.5 J118.02|B47%
9 07 [4273 |1240% | 34 |131.60) 7.60%
10 0.7 [4399 |218% [ 34 |143.17]6.89%
11 07 |5032 |159% | 34 |169.03)5%92%

zof

10.0

| IPP=10pA |

IPP/IDD (%)

0.0

Stage

3-2 Modified VPP Detector

VPP 9= Alzbe we} o38t= 1 %ol tEt}h Charge pump & IPP 7}
HAd wE 7HAsNA AASH7] wiiol IPP o S-sFo] el VPP o] w3l %o
gebd 5 ol webd dA VPP A4S s F7] 913 regulator 24 VPP

T Al
detector 7} #Q3kth ok AolA AHwsigle] dutdow ALgstm e AL
o]8-3k VPP detector = standby IPP A ZAF¢ divider o FAAI L9

flo

GPe W= AYRS oA, T Axe] @Po s RFID tag oA 2

5FO
o = =

_15_



SEEoFoll A Agstr] oHY YA B =R 293 9ds JfdE VPP

detector & A7l gt}

V_FB

18 34(a)¥ diode—connected NMOS chain & ©]83 VPP divider & (bh)&
diode-connected NMOS chain ¥} capacitor & ©]|83F RC coupled VPP divider =
RHolFEo

Aq&e o]g3 VPP divider’t ¢tz = EFAE ddsr] dste ATS
diode-connected NMOS chain®o. 2 =28 slo] FAAS 9219 #o|of2of A<
A7EAE AT 4 Ak 19 34(@olA 9k #Zo] capacitorflo] e A AR
7FA 5 A AEE 79 VPP detectore] 42342l 2ol & 4 Ut} Dividerol A 2
VPP  AHARFE  Fol7l SsiA tole= JiFE By EdAXEHE
sub-threshold oA H2A7]® wg &x7p @ VPP Wslo] Ad3 ojed
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T gtk W R kg SEE mEA 798 EWRA 2~EHE saturation G el A
il ! ',
16 ..; .......... .E'. ......... ..; ..........
iy Af-e-eeee- s iy
- |3]-|..{: .......... .:I. ......... .E.
z m:n-; .......... L ......... ..........
E Bt
us 5111-1; .......... .:. ......... .,..
iin ..{I.... ql.. ....E.....
i [ oS 4
0] :
a2
2 boundary :
5 » Z
7 saturation g
200y
Time (lin} (TIME) 400
SAAZIGH 1 A8 ghe] el VPP AW F{F7F A4 charge pump &&
gmA Stk 719 35(a)% divider o EdA 2 B2 e s2i AR
etz (bES#AA 2B 2 oo wel VPP detector o A 9] regulate ¥
VPP #<te HolFEt
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23] overshoot 7} =LA dojudt}. o] 3t overshoot = EEPROM cell o] ©FA A 2l
VPP A otS 223 4= ¢tk Divider & E %] ~E]So] saturation & o)A 9thd
el HiEnkel ko] VPP Ate] regulation 54 wj$- £ Ao HITH
gy VPP A AF7F 200nA o)A o & charge pump 9 T&¥ Agaw
S A By Ag /HA Ak

olg]g EAEL /MAste] 18 34(h)e] divider® A &3fo] ¢kzhe] 3] E|E A~

2 71A) = A9 VPP detector® 1% 3.69 A Ho]Ft}
VPP
gD T PUMP_EN
_[C_hys

18 369 VPP detector o] A divider ¢ E#:AAEHEL EF sub-threshold

Aol A AT A gL = EWNAA2EES capacitor 25 o] Fo|

Y

A

rr

divider ¢] floating »==% #FolF= d&S 3 AA VPP dAso

=

capacitor C1, C2¢] =7] H| &) ©]3 o]Fo|Xt}. Charge pump 2FE] RHEo]
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VPP Aol 12V 7F =W V_FB =zt VREF ¢ A A= VPP
Hefol 12V el &ep7bd V. FB w=79he VREF Btl A wo] Hlu7|=
PUMP_ENB #41&%& charge pump® R®RUY 1 2L HZFA4 3l thA] VPP
Agte] 12V olatz Welzithd Hlmwr)E thA] PUMP_EN 4155 R charge
pump & “&2A 71

VPP detector = bang-bang &2 3lsl7] 9lste]  oFFFe] I AHPAAE

7hAoF QbR A Q1 F&o] Thstth. dnkA o ® F|aH A ~E F7] 918te] vl
9 FHEEAGE aAE 29 s2HAAE JHAA o gy
THEEZZ = Sl2H YA =S 7FA7] fldte] AlEA 0w static AFE ARG
o] HMEARZE Wz S R2dA= AEetr] HAsiA XY¥H 1" 36 9

Aot®l VPP detector ol A= ®xe A#EAx ¢lo] C_HYST &%+ coupling
capacitor & F71&o 24 3 AHYAAE 7HAA HALh 18 37L& Aok®El VPP
detector ¢] =28 Ro]F= simulation Z¥o]t}. Charge pump ZHE wEojx
VPP zgte] 12V o] =gtslH VPP detector o] A o] & 7HX]3lo] 1)l A] Hi=n}e}
Zto] PUMP_EN & ‘low'® o] charge pump &%& 937 drh ojw, V_FB
EE Hay] 9o guwls wrol Hgto] b A5tk oAl VPP Sl
Hojx| V_FB == HAgE o] WHojx|7] Al&et=d = JIgFs o
PUMP_EN o] 12V 7} o}d 11V VPP #<}toll A 'high’ Aej7} ¥ o] charge pump =
=2 A 71tk o]= VPP detector ] bang-bang E2+S 337 98, V_.FB »==7}

H

bl

coupling capacitor C_HYST ¢] &L Hkol 3| AH| A AE BAPAZ] Aoz oF

1V o] VPP 8| ~dg A ~2 74t
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VPP

1V hysteresis /
3 | i

Voltages (lin}

PUMP_EN

@ 2 -] Ay
Time (hn) (TIME)

3-3 Improved Level Shifter using bootstrapping

Charge pump Z%E wWEojx VPP 3¢+ VPP logic 3 level shifter ol A
AEHET VPP logic oAl ARESE AEe fgiid EdxAEHES ~A¢A &=
BT dolu= dynamic 39 ® HAHARE Fol7] flad & ¢ Qe WHo] =
Stk 1o wrE] level shifter = 1 EAAF short circuit AF7F A=)
VPP/VDD H|&o°] =AW ZF5  Soubr] Wi §r=A] Favep shs
Al HH10]. 22yt level shifter ol A dojub= HAHARE  Folt HW
delay 524 o] vhmtd = Q7] wjite] F TS & vl dekste] AA s oF Fh
B =F2 hootstrapping 7|H-E o] &t AE AR olygl delay EA T3
M A A RFID tag 5o A8 7}% 3k level shifter & A ¢F3Ft},

18 38(a)x 71€9 level shifter 3|29} (h)E =Fo|x] A¢t3t bootstrapping
level shifter 2 R o] £},

B omRdAe §&wobrt 12V ol S thEr] Wil kAl level

shifter & 0= 27])dlx= F87}F 9o cascode protection E #HA]2~E (M3, M4,

_20_



M5, M6)ES F7lste] EdlA 2 St RS ZFojoF 3t} Level shifter ¢

293 e yjEHoxm NMOS driver

cross—coupled PMOS latch ¢] state 7} H}2 ) A

PMOS latch ¢] &3 w25 faiAes NMOS o =ZA7jRt vi=A] 27
A olof dt=d], PMOS ¢ =717} Zow pull-up %o 93-S <=t} Pull-up
e 2 wa24 3]s PMOS =7|E =4 s short circuit AH7F Eo)vs
2N o} pull-down £=o FFS Fo] level shifting o] Az o] Fo] A4
Bs X Atk 17 389 IE= ol FAE Aty f18) At level

shifter 3] &o|t}. 7|22 motive: PMOSe &2 pullup HAHFES

g 5he Eol

o

regulating 3¢ level shifter ¢] power-delay-product(P.D.P.)E 7l A 3&}+=

por

=
cross—coupled PMOS(M5, M6)2] Alo]E #AS VPP A} A4 Y3t
3ttt Cascode protection PMOS ¢ AolE  #Hete  (VPP-Vthl0)ol A
(VPP+VDD-Vthl0)Alo] S sttt MI10 3} M6 ¢ FeHdete ok 2V oF 05V &
body effect o8] FE A<t Aol7t EAjskth. 18 7] wjio] M6+= VPP #<te]
FdFS Ao WA FHFoZA pull-up step olA, VPP Aol WigttEt= PMOS

AR 2AFCIlol Heh B A5e W 5 U
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18 39% PMOS ZL7)9 w2 7]E9] level shifter ¢ A|or® level shifter ¢
PDP A5S& RHoFE Lot

06H © Proposed |-t A .
= : : : ]
= 0 Conventional ! : H,,-’E
C 04 e e
Q. E : A el
D : : r_"_'_la.:_-:f_L______________E _____________ _
L e —————— 5

e AP SR
o2 i i
0 1 2 3 4 5

Wicdlth of Cross-Coupled PMOS (um)

a9 3994 HEnkel o] 7]E9] level shifter = PMOS =ZA7]e] whg} 1
Exo] =A WA AorE  level shifter & cross—coupled PMOS ¢ A7}
regulating ¥ 7] wZel =7]e] FIFS 7o WA i By ¢ F2 HeS e
Ao 2 UelYth T3 level shifter & pull-up & W} pull-down & w¢] delay,

AEAarr ga2A ved ¢ 7] wWEel level shifter & AAE wf Z12F

N

BRo si#ste]l AA& ol stk 29 3.10& PMOS =L7]d ulgt 7]E9] level
shifter &} AJ¢t% level shifter ol A pull-up, pull-down A] PDP A %<& ZxA}3h
e Zoj,
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olgf¢] 1z o] AE=L level shifter ¢ pull-up & wj¢] PDP & pull-down &

o] PDP & Y&
JEpsh

O]l:

ATEY o F& dow kAR

A et¥ level shifter & pull-up PDP ¢} pull-down PDP 7} v]u % H|s=sicla &

F gle] mrh gy A

@go=

ole} o

’

o=
T

71&9] level shifter &= =1

AT,

akel
= 7]1E°] level shifter = pull-up Al¢] d50]

level shifting o] dojydra &

2F 05 o3z
pull-down & ujj <]
S R ww

h=R

P.D.P. Ratio (rise/fall)
ix in
T

=
o
T

O Proposed
O Conventional

1 L 1 1 1 53

05 1

15 2 2.5 3 35 4
Width of Cross-Coupled PMOS (um)
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Al 4 A Simulation Results

B oA A<eks voltage up-converter & CMOS 0.18um & AA a1,
simulation tool & HSPICE & ©]&3}%th. Charge pump & Eoj7l= &
IMHz & A %% 3, RFID tag ¢ WRxe E=o] 2ol HWA3 floating gate type
EEPROM cell & write 3}7] €8] VPP Ate 12V 2 AAEY. 7 258
A3t charge pump EFME 258 A¥E Fol7] 98] VPP 12V oA <
IPP 7S 1e]ate] HZAsle stage 7§59 pumping capacitance &S 2Ettl.
T3+ charge pump & £9]7}+= clock @1 CLK ¢ CLKB 7} A& overlap ©] % #

R84

de2 vt a8 418 non-overlapping clock generator & HolFw 19

4.2 ¥ clock generator ] CLK, CLKB ] 332 X o]33= simulation 2 #}o] T},

DelayInverter

A

CLKB

1MHz clock >

CLK
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~Valtages Lin)

WoRages |
i S =

504
Tirna {lin} (TIME)

Charge pump ¢ A3 580 3 Wakoxz s=2Z4 3st7] YA diode ¢ switch

o w3 Q¥ clocking 21&¢ CLK 9 CLKB¥E dHl=x A=

et
o

non-overlapping ©] ¥ ojo} 3t} whek T clock A&7} A& overlap ¥ & F-7Fo]
ZAgchA 1d3 £ diode 7+ AA reverse current 7} AJEte] pump E#o)
o] Fo] R A vt 28y W ¥ 419A HEwe e non-overlapping
327 da® . CLK, CLKB 21& 7} overlap ¥ #] &% % inverter & o©]-8 3}
delay & 32 29 4294 HiEwkel o] simulation &2 1 F3AS
oIttt Inverter & o] 8-3to] F13 delay & FAU) sty = charge pump 2
stage N7t Eoldol wet inverter ¢ loading ] E9oj1} CLK, CLKB ¢
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overlap o] dold < Q17| wiel T3 =A7|e] W HAE delay inverter o o
‘AA B oF gt
18 438 8stage oA IPP ¢le] pumping capacitor 1pF & w, NMOS type 3}
CMOS type ¢ charge pump simulation 24 3& HoFt}
VPP 7} 12V & A A% 0o]gl7] W&o charge pump & A3t AgdseS 1e]dto
aRY e HeE #wAs ek gtk Abgstaizr sk VPP H Yol A VPP 9]
F Agto] WolA S wl, thA] VPP level & 233ty 98] nu)
B dEgoe] dasty] wie VPP AgelAe] 7&7]= 55 FH.

WE
o
g
-
e
o)
2\

19 44% 719 level shifter9} A|¢k= level shiftere] delayEA Y AEALERE
BRoFE a8 44%= 719 level shiftere} A<k level shiftere] delayE4x A€
AXE Ho]F= simulation 2 ¥o]t},
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g A mEwke} o] Aer®  level shifter = PMOS  pull-up A

regulation 8}7] W&o 7]&<¢] level shifter ¢ H L&A delay, dE2E HojA

nE JNAESa, VPP Aol 12V eAqe PDP &= o 37H] $53F Zo=
e

Voltage up-converter ¢] charge pump, VPP detector, level shifter £%& Z}7}+

= 171

Az st 2 2L simulation & £l HEFsAT 28 45 A

=

divider & 7}#%= VPP detector o] &3} regulated VPP & RHoF3 (b)= Aok=

RC coupled divider & 7}A+= VPP detector & ©]| &3} regulated VPP & H. o=t}

h 84
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.......... Sub-threshold
Saturation

Voltage (V)

1 i i i i
?00 200 300 400 500 600
Time (us)

=

—_—
(%]

Voltage (W)
o

i,
e

1 | | | \
?00 200 300 400 500 600
Time (us)
18 45(a)¥ divider ¢ E @A A~E] 7} sub-threshlod oA ==bsk w9},

&

saturation QoA =23 W] B o]F= regulated VPP o]t} Saturation €3 <ol A
=23 wo] VPP &= w9 =& regulation EAL Ho|Awuk okAto| A At 5Eo]

EsAe] AN

VPP FAAF7 27] wio F&o] =% &3 sub-threshold QoA E=+ak

=
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W= VPP FAAR7E Ao gAY whg FXrt =7] wiEed VPP #SHe
overshoot 7} ®l¢- = A yetdr a8 45(h)= s 2H B A~ capacitor
C_HYST 7} Z+Z+ 0.1pF ¥ 0.05pF < 71X &= #|<tsl VPP detector A 83+ regulated
VPP & HoFt} Divider o EMA 2B = 52AHS 2 F7] siavt Qs g
2% sub-threshold A A] E2rslz VPP #<te] Wl capacitor division <
E3lo] o]Fo]At}t. w3al RC coupled divider & ©]8-3 VPP detector & %83k
voltage up-converter ¥ 3| 2~H & Al capacitor C_HYST ¢ =7]o] wzk VPP
Aot variation & Z&3 £ 3

19 46 ASkHE voltage up-converter & 83k 640-bit EEPROM IP o]
glojol2-g HolFET

A5 4 &

2 = 2utd 7)7]1y RFID tag 53 22 Ad#E 8738 EEPROM 3}
2o mrgoA AL 4 9= voltage up-converter & A|stA Tl Voltage
up-converter & Zt Al &AM 9] IRES HA} sto] 1 F&S HAdw ST
Charge pumpolAE &80 W& 719 Dickson charge pump 7} ofd
Mohammad 7} A|¢Fs CMOS type ¢] charge pump & # &35t IPP 7} 1uA,
10uA & w), 7} H A 3}s stage & 2bal 10] 2= pumping capacitor & 7| &
2748tk =gk charge pump 2FE  WEOX VPP HYES FEHHOER
regulate 3}7] 9ste] 3| ~H| g Al 2~ capacitor & RC coupled divider & 7}% VPP
detector &  A|¢tstHth Aok® VPP detector = ®Hxeo AHAR  glo]

3| ~H 2] Al A~ capacitor & o] 83le] VPP A<} variation

tlo
BN
i)
N
=
off
ol
SO
X
o
Lo
3

o
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I-_-__H—__-_-__---l
Voltage up-converter ¢] ¥3stZA] % 2+sl+= level shifter & 71 B 2ZHA] BE 99

short circuit current 2Asl=d], 2 =T A= cross—coupled PMOS ¢} cascode
protection NMOS A}o]ol bootstrapped PMOS & 4}?13le] short circuit current
Slolal, delay EA4S =A MAAHG. ASkA level shifter = 7]F9 level
shifter 7} 7}A| &= sjZstaz VPP 12V oA PDP 542 °F 37u] A #AH VPP
power & 20.2uW & =t}

A erE voltage up—converter + 0.18um mixed CMOS &Aoo A A ZxE o] RFID

tag -8 EEPROM IP o #-&3}3ith.
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ABSTRACT

Research on framework for SoC platform based

camera in Linux kernel

Jang, Gil San
Department of Electrical and Computer Engineering

Sungkyunkwan University

This paper introduces a power efficient voltage up-converter which can be
adopted for mobile electronics or RFID tag applications. The voltage
up—converter consists of three functional blocks; charge pump, VPP detector,
level shifter. Since the efficiency of charge pump decides the power efficiency of
voltage up-converter system, we adopted CMOS type Dickson’s charge pump
instead of NMOS type Dickson’s charge pump has low efficiency. Also, the
power efficiency is analyzed optimized the charge pump for pumping cap size,
stage, IPP current. The power dissipation of VPP level detector is greatly
reduced by employing an RC coupled voltage divider. And using hysteresis
capacitor, the VPP detector can be avoided bang-bang operation. The short
circuit current of level shifter is eliminated by bootstrapping the gate nodes of
stacked protection PMOSFETSs. The PDP of proposed level shifter is improved
3.7 times than conventional level shifter. The voltage up-converter is

implemented into a 640-bit EEPROM using 0.18um CMOS technology, and
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dissipates about 20.2uW for regulated and consumption of VPP.
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