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1. =% 8¢ (Abstract)

2 =FdAe F AdgS 292 st Eukd 717y RFID tagsolAd A&
= 4 = power efficient voltage up—converter= #| ¢ttt} Charge pump, VPP
detector, Level shifter® T4 ¥ voltage up—converters= 1 &&o°] w$ FQ3817]
el & =S §80] A4 R 7|EY IEEo] e EAAY 1o wE
AAE AAset, VPP Hdte] &8td4=E &0 o= NMOS type Dickson
charge pump? Al€S HiAIEZ CMOS typeel charge pumps A&, stage,
pumping capacitor, IPP&< i#3ste] A3 vk T3 7]+ A3 VPP
dividerE 7}A+= VPP detector ™2l RC coupled VPP dividerE 7}A+= VPP
detectors Aletstar, Mol AHA® glo]l coupling capacitor ©]-§3te] 3] 2=H g
A 2=5 7HAA stdth VPP Aol Sebdas @S 49 short circuit currentE
U5k level shifteri= bootstrapped PMOSE ©]8-3}1¢] level shifter?] Az AR
Bal olyg}t delay EALS WAAA, VPP 12Vl #|eteE level shifter= 7]& 9]
level shifter 2t} PDP 54 ¢] 3.78) WA E ZAo= YepElth & =l A Altst=
power efficient voltage up-converter:= 0.18um CMOS FAoNA AAEAOH,
RFID tagel 2:°]i= EEPROM IPel &= it}

FA) o] : voltage up—converter , charge pump , VPP detector ,level shifter
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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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d9s da=
4 2= power efficient voltage up-converterE #|¢tstt}. Charge pump, VPP
detector, Level shifter® T4 ¥ voltage up—converters= 1 &&o] g FQ3&17]
o] BzSo] A= FAMN} o] e

A& AAIgTE VPP d o] &8 a45E g&°] BoX+= NMOS type Dickson

by

ol 2 =S ZEo] 4 ¥ 7

charge pump? Al&S HiAIEZ CMOS typeel charge pumpE A&, stage,
pumping capacitor, IPP&< i#ste] A3 vk E=3 7]+ A3 VPP
dividerE 7}A|+= VPP detector ™2l RC coupled VPP dividerE 7}*]+= VPP
detectorE A¢tslar, HEo] AH AR ¢lo] coupling capacitor ©]-&3}o] 3] 2~H g
A5 7HAA stk VPP Aol Sebdas @S 49 short circuit currents
HEAISE= level shifteri= bootstrapped PMOSE ©]-83}¢] level shifter®] A8 AR
Bk olyz}t delay EALS /WAAA, VPP 12Vl A #|ete level shifter= 7]E9
level shifter®th PDP S7d¢] 3.78) 7| E Ao = vepynh &2 = A Altst=
power efficient voltage up-converter= 0.18um CMOS FAHolA AA w0,

RFID tagell 2~o]= EEPROM IP¢| #-& % 3lth.

F A o] : voltage up-converter, charge pump, VPP detector, level shifter,

low power
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7% 11> DRAMlAM S At At ¥WstE HoFrh, g eh 3ol
DRAM ¢ A4 (VDD)= FAsHA A FA T W (VPP) 1o m] A A
e dA b HAlel wimege & 4 2= DDR3 VPP/VDD ¢ H|&
250]°] =Y. EEPROM ¥ 2 Z#A W=y e 4= 18V
VDD & 7MA|a 18V ool VPP E w®tEojof 317] widl VPP/VDD H] &2
10 o]4o] ®Hth 15~1.8V 2 VDD & 7o 1x9te] VPP & wHEo U 7] §l8)A

ke
T

Lo

voltage up-converer system = I Q% 3t} Voltage up-converter = VPP =
TFEo]Y=  generation ¥ WFEolxl VPP E  AAFA FAAZIZ] YE
control %0 & o]Fojzlty, ®uted 7]7|v} RFID tag oA ¢F o] =ik
M7Fsk 3|24 2o]i= voltage up-converer & I J&o] XA Alx®e
Aea s & d3Fs 7z
Voltage up-converter = X*HEE92 charge pump, VPP detector, level
shifter 502 o]Fojx <t} Charge pumpolAdE AY AGozHE 1.8V ¢
AeS Fawkol 10V o]4+2] VPP #AetS wbEo] Wtk X574 = diode-connected
¥ NMOS Dickson’s charge pump & 98 AF&% o] $t=d EEPROM A<} &2
10V o]de] VPP 7F 83k 3|2 A= a&o] g43tA "WolA ol& Al&sl7]dl+=
FE7F Ak agA B =®oAE NMOS type | charge pump & A9 8taL
8ol © & CMOS type ¢ Dickson’s charge pump & 2483t F3 A
stage 704, pumping capacitor &S I#H3}e] I|E2E FHAH3I Yt Voltage
up-converer 9| A 7} @e HH AR E SF+= charge pump & %3 VPP Aol
A&l AFolop gty 1ed 98-S st £

VPP detector &= VPP H<to] LdAS A o]Ao] ¥ charge pump & A3EE

WEOAW A¥LRE

e
Y

B &% HEA stk VPP detector & 71414 divided VPP A ¢S v w3
T+ comparator & A VPP E 7|=AGd Wl Jbes e w Fre)

ANAFE= divider 2 ©]Fo]4 9t} VPP divider &= VPP W3S 7+x 3179 3]



ZHdd 4 9= VPP detector & A|¢Fat3Ath. Level shifter &% 1.8V ¢ VDD
AsE VPP 2Alzz W3t AAF= 984S dhe=d dwbd o2 cross—coupled
PMOS ¢} driver NMOS 2 ©]Fo{4 gla VPP Agte] ¥ Afols 2ake
2EY2E Fo]7] 93] cascode protection MOS 7} F7Fet}h. Cross—coupled
POMS ¢} driver NMOS ¢] =7] Hv]&o we} level shifter o] 5ol AA ==
PMOS 9] =Z7]7F NMOS ¢ Z7]|Htt At pull-up & pull-down ©] A2 FE3
o level shifting o] AU=Z o] FAXH &S F A7l wiLol cross-coupled
PMOS ¢ Z7]= driver NMOS ¢ =A7] B}t 37 Zrojol gt} Level shifter ©]
oL delay o AHAxmel Foz Hrl HEY o= PDP.(power delay
product)2tal 3t} Delay 9 A€ AR+ A2 trade—off A A7] W 3|2E
AASE w F3HA aysoF 3t} Cross—coupled PMOS ¢} cascode protection
NMOS A}ololl bootstrapped PMOS & Adste] 719 level shifter 7} 7FA 1L

A= delay ¢ AHAR FAZS | Z2ste] PDP. A2 Ad 3.78] 34 Al A
B =12 dgihrd wzst mald 7]7|uv RFID tag SolA &8 7F&3h

voltage up—converer A ¢F3HC} voltage up-converer ¢ 7% % xA|3F 2 A=

B A7jer) = §o)



A 2 & Voltage Up-Converter 8] 7+% 2 =297

2-1 Voltage Up—-Converter & +%

Voltage up-converter &= =7 charge pump, VPP detector, level shifter =

o] Fo]& lth. 19l 2.1 2 voltage up-converter ] E5%EE UERT

VPP
PUMP_EN Cep PP
VREF
VPP Charge Level Shifter,
Detector Pump VPP Logic

Voltage up-converter = 13 2199} o] A EZo7 o]Fojzx ¢
Charge pump = %3 W&o VPP AYS = ANAAE(Cpp)oll EH o] o level
shifter Y} VPP logic &% &3 ¥t} Charge pump = voltage up-converter ©l A
Vg B AES ARE7] Wi EeY 717y RFID tag Sl A e o]
AR 7F 17ke 2o A= charge pump 542 34 A & F fUth oy
charge pump ¢ on/off 9e& = 29 A= VPP detector oA o] Fo] Xt}
Charge pump & £33 wEolzx VPP Ago]l LA levelo] ="3H VPP

detector ol /] ©]& #A|, charge pump = turn off A< (PUMP_ENB)E Xt}



Level shifter Yt} VPP logic ol ¢& VPP #Hgto] wrolxl®| wmz7px&E VPP
detector 9| A ©]E 7Z+A8te] Charge pump & turn on AlEZ(PUMP_EN)E HU
dA VPP A¢S FAAIZITh VPP detector = voltage up-converter 9] <44 S
13 bang-bang &2 ¥|ste S| AHI YA 2E TFA oFghT

Voltage up-converter & Tx¢} 7+dst e Yo AWy 2 7}

ARAEE AL Sl A A ® g

iz

29

2-2 Charge pump

Voltage up-converter 9| 4] charge pump &= HFZHFH w2 HJP(VDD)E 3=
Yiolx a7 d =S AHVPP)O R wEo]F= 3| &2olth HA Al 2w A
Eaun

st A=l difito] charge pump 9lA] A&X3SH7] witol charge pump ¢
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Huko}l  capacitor o] 4 A
Atold AFste] st EF50=2 HAYS FFsts Aot dwkdg o= charge
pump ¥ FTAE HIFE FES F AT capacitor oF PO ZHE FFHE HIE

a1 7} stage vttt B Q3 on/off AlEE FHEE clock

a8 22% A 7bF de 2ol dE Dickson's charge pump & UERY

2ol H3].

$ o] charge pump = U]l =9} capacitor(Cpmp)7} 3Fvhe]l stage & o] F4
CLK ¢ CLKB Ol ©J& 7} stage ol SHd3 wrdo] o]Fojxity. CLK 7} ‘high’



VDD
VPP

= le

CLKB
CLKB 7} ’low’ AEi7} W 1WH X=+ pumping capacitor(Cpmp)S E3F
coupling &2 <13 ¢F 2VDD 7}#] Szt Febgke]l 2k Zolo o& 13}

2 w=rAtolo 9l ol AAA Hol A WHA capacitor o] A E o] Q=

]

LIS

F7F % WA capacitor 2 @ol7tAA 2WH =t o] Ao awkE v A5EHA
o}, Wi 2 CLK 7F 'low’ CLKB 7} 'high’ Aei7F W 13 29 == Afo]o
T goleEs AXI 2 3 =T i ToletE AAA Hol F WA

capacitor o A #&¥ H3dlE= Al WA capacitor = AEHUT HYJOoRRE FHEHE

i
0}

s

2
0}

b= 7 stage o] tholQLEVF AA L A= WAoo R HFHow Zwe] Cpp ol
VPP A $4RbE o)A A

tto] @ =5 MOSFETe =2 RHd st WHE 7 3dd 212 NMOS9| =i
A3 AJEE Fo] el F&A7]= Aot 19 232 diode-connected

NMOS® o] Fo]z NMOS type Dickson’s charge pumpS YEFW Z o]t}

VDD

M1 M2 M3 MN

LU TU L VPP

i T T
Ist anJ_ 3rdJ_ 000 Nth
ITT TP
CLK
CLOCK

GENERATOR | CLEB




Diode—connected NMOS®Z o] %012l charge pump® 7-$ charge’} Z} stageZ
Holzd wielcy Y AH(VHREES] dAshdstzl dojdth. EgE Diode-connected
NMOS$] vlo 7} B5F VSSZ #Fod7] wfZo body effect™ L& 3loF s}, stage
7t AAE ALAFE Vg7t AA7] "t ViqAl S7kgktk Virk VDD AR =
UAA stagedl =S =W O o] VPP M FUFEhAl @ol 1 E&o] F43)
A "Wojztt 2 (2.1)& NMOS type2l Dickson’s charge pumpolA HEAH oz o
A == VPP Aol tH4l.

VPP = VDLD— Vik+ Mlm— Vih— m]

21(2.1)

Cpmp, Cp, N, fOSC = Z}7Z} pumping capacitor, 7]A capacitor, stage 7§,
pumping T35 yERAT dHbH o2 10V o] o] H L3 EEPROM
At

application ol = #3384 &= charge pump type ©]2ta &

N

2-3 VPP Detector

Voltage up-converting system o4 VPP detector & regulator & 7] zti=t}.

= ~
System ¢ tF-E9] A= AR = charge pump oA o] Fo %] 7] wfjiel VPP %ol
27 el ZEetd pump & ZFoloF vk witiE F-afellx VPP AdShE

AFg3tel VPP #Hlo] ylolxW thA] pump & ATFoloF shi=dl VPP detector 7}
o]# charge pump ¢ on/off =9 % &S 3Fr}.

O 24% ©A¥A< VPP detector & YEFATH

VPP detector & 7]¥4 o2 H]u7|(comparator) 92 s+ Op-Amp &F VPP

At

o

=3
=~

F+= divider & ©o]Fo & gtk 10V o o]Ae] VPP HAYS nviE



VREF
R1 + PUMP EN
NL [
R2
Op-Amp ¢ HfHezE & F g7l W&ol A3 Age=m HHA

71 A4 (VRER)# Hlalste] &S R yith Charge pump ©l ]3] VPP %Sl
7Fd N1 == AYE VPPxR2/(RI+R2)WHF 458t A €tk N1 9 w==x%te]
VREF ¢ Hd¢Ett oW Op-Amp = charge pump & PUMP_ENB(disable
signal= =#H°o=® uWEUo] charge pumpE ZFH. Rtz NI & xSto]
VREF .t} vitpd PUMP_EN(enable signal)< charge pump = Xt}

VPP divider & A&& o]&ste AASoH AAs dstAwt 14 nE
AR do] AA AFS o]&ste] MAANAE Pl AA T EAR B
T ded A HA ZAHS AFS o]l&dhd N1 = AYgS whEolulr] 93
VPP oA VSS & FAdF IPP7F &A%t Holth IPP
17171 e ®Hu 2o AY
o= A#RE A2t FARFE Fol7l Hs AY%es A W
gojolg- Aol Al WAl A 1 g8l "otk AgS o] &g divider o =
stube] FAIELS A AnkAQl FAHA 1 A7t Atk Heolth AA A A

LAY NI ==d9bs stedna soete 4o Ak o8 1 gtol b2

o
i
(2

N

I #AAH  charge

(o]
c
=
(o]
9
>
e
ol
<
)
"U
_L4
2
o
Ho
D
>

o

AEAA &S

U< 4 9lo] VPP detector 7} 3749l regulator 7]5S 3hA % 4 drh =3
e 2o GFs wol Wy witol] HAA MAAA = AMESHA e
Ao AFs FAHY dANeZ AYAal capacitor & AlEd7| = g

Capacitor divider & A}-83 4¢ FAAFE A & A FAAL] A}

ol
of
o
ftlo



AA W=tk 28y capacitor & 083 9ol N1 :==7} floating ©] =27}
7] Wl FAGANA charge 7F o4 7 o] YA S HAE o

OJF o]z S ol ] wiel AAF Aol 2 5 Ut

47 slofel st olE $l8l UurHoR Op-Amp o FHel FHEEAE
o7l @},

2-4 Level Shifter

WA g7l HHoeR EMX LY AV|7F Eol5al HA S o] FoixaL

1 Q2 Sk} Level shifter & A9 AJozZFEH VDD AEE ol VPP &2

A Al Level shifteres 18 25049 HE Ay} 7o) cross—coupled PMOS ¢}
driver NMOS =& o] Foj# ¢l

Level shifter 9 &2t ¥&+= o2 2tk IN o] ‘high’7F =W Ml EWHX~H7}
AARA M4 EWA~EH Ao]EE VSS & discharge ¥o] AAA Hth. M2 =
A dormzg OUT ==+ VPP & charge ©t}. ¥ = IN o] 'low’ AEj7} =™
M2 = AAA o] OUT ==+ VSS & discharge ¥t} o9} & F20 2 Jevel
shifter & 4= 2% VDD Als& Wo} 802 VPP 455 WHE WA dt

Level shifter & AAE W= pull up 9= 8= cross—coupled PMOS ¢} pull

down 98 &= driver NMOS ¢ =A7|E F9o ZA 2yr AAs|oF 3shr}



n—3—>—

M1 M2

PMOS 9] Z7]9] w&} level shifter o] Aol AAE+=d], PMOS 2] ZL7]= WHEA
NMOS ¢ Z7|xt} Zolof itk Pull up FEE W=7 371981 PMOS 9
aA71E aA sH 2=9H 25 & d, pull down st NMOS ¢F M=z FE3}7]
ol VPP oA VSS 2 &23= short circuit current 7} A&A Ak o] &
short circuit current i+ charge pump & & 9SS 7] H system o T&S
F43A "olx=g A si=d VPP/VDD H]&o] AW F4=  short circuit
current 2] o] Eoldrt. T3 PMOS ¢ Z7]7F NMOS ¢ A7|Htt AH pull
down 3} E£xo % S Fa1 A A o] level shifting 52+ at# £ 4= Q)

o] 2% level shifter ¢ A%< pull up, pull down 9 £%¢ A8 ARz e

fin)

o] =
L

T AxE" o] F UHAY AHTe AME trade off TA] o] oW $gF o}
ol =7 e weEl HAsA e ste] AAE ok sk
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Al 3 & Power Efficient Voltage Up-Converter

3-1 Power Efficient Charge Pump

3-1-1 CMOS type charge pump

2rld 7174 RFID tag 9 (8% += 32sEe d8hHo w$ "zsioh
Voltage up-converter oA 7} @& HHALRE 3= EE0] charge pump ¢/ 2 &2
AHE AR A7k3E B R 220l charge pump & AAE uf, 7 &S T84
AzZreof ol A 74 dE 220l NMOS type ¢ Dickson’s charge pump =
Sl Aw sFlxol ZF stage Pttt - E (V)Y Aot wiEel &E&o] vl

A gt 287] e o& gz AgssA Tt 9

J

B =R a8o] "olx+= NMOS type ¢ Dickson’s charge pump 9
A4S wjA|3t2 Mohammad 7} Aete CMOS type ¢ charge pump & 2% &3}
AASATH4]. 29 3.1 2 Mohammad 7} #|¢Fst CMOS type ¢ charge pump &

HoFE T,
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£ ¢ CMOS type charge pump = NMOS Dickson charge 7} ¢Fil 913 body
Fio] 98t =g -2 HAAEFE o] Yste] diode-connected NMOS
Al PMOS 291X & o8&, 7} stage oA dojut= dAdAdsts 23 4 AvH6l
7y 29 x9 on/off BF2S 935to] stage "FYF dynamic QW EE o] &3t} 9]
SIHEELS Uutzlel e E ¢ &yl ¥ phase o] Wt 7z stage with ~YstE
Akx7F Wsl7] wf &l dynamic I EE Edh 7| 2420 522 CLK 7} 'low’,

CLKB 7} ‘high’ AEi7b =d MO, M2 = A= JE7F ¥, ML 2 7
"ok, 2 A HA stage @ capacitor = VDD o] 9]@] charge i F HA
stage ] capacitor o] A FF o] A= charge= A HA  stage ¢ capacitor =
charge ©t}. &2 phase 7} ¥oi7F W MO, M2 7} AR M1 o] AAA oA F
HA stage ©] capacitor = A WA stage EHE] 2 charge 2 FH T o] 3t
del2 F23E CMOS type charge pump i stage vob A A3k §lo]
=

charge & A& & 4 o] I &49] Dickson charge pump H.t} =

-

oy

100

[es]
e |

IPP/IDD (%)
()]
(]

40

20
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IPP/IDD (%)
sy} L]
— o |

e
=

[
o

VPP (V)

Charge pump ¢ &< IPP/IDD & A9st+=d ofe] 18 32+ ojAa# ¢l

charge pump ¢} ¥ L34 NMOS type & CMOS type ¢ charge pump & &%
simulation 3t Bl uLgk Z o] TH7].

Simulation 2718 VDD 1.8V, IPP 0.1uA, pumping capacitor 1pF < A}-&3}e] 7}
Aol oA HZH3}ste] VPPl wWE F&S AXEAt. CMOS type charge
pump & 4% dynamic SIWE 2 <3k clock generator ol Ao {Eow e
VPP ol M= & NMOS type Hrt S ugt=dl VPP/VDD H|&°] 255
doldw 1 &&o] AA F2 Ao= yEwn. wels EEPROM 3% 2
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22 & g ZoAE CMOS type @ charge pump 7} A §sfvha &

ol
E

3-1-2 Charge pump ¢ optimization

Charge pump 2] type ©] ZAAo] %W o]&3slax} &= VPP #|®o| A 2] charge
pump 3|29 HArt sttt 2 =i HE CMOS 3AHAA o8 & A+
HH3  floating gate type EEPROM cell S %% VPP A4S 12V E
A3 th[8] Charge pump += stage 704} pumping capacitor =Z7]o] o]&] =1
Z&o] GeAT] wiEe AAY W, oj2g FES #F aesfof g9l
12 IPP7F 1uA, 10uA & %%, charge pump 7} 12V 9] VPP & 7] 9|3
I 23 pumping capacitor 27|19 IPP/IDD ¢ &&S8 uYetdl AHolx, 19 33
IPP 7} 1uA, 10uA & o] &85 efxz yerd Aol

5

F 1ol HiEulel o] 12V e VPP AYS 7] Yair:= HA 6stage 7f
gt IPP7F 1luA Y 729, Tstageodld 714 £& &S B IPP7}
10uA & 745, 6stage oA FZ&o] 71E £ Ao=Z YEyo ey IPP 7

=

7]:= S50pF o= A A e

¢

10uA & 4, 6stage ol 4] Z 23+ pumping capacitor 2
AAS A 12 A77F vdAdd o s Y 7 B =Fo A= VPP margin 5%

128l 8stage = A A 8.
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TPP=1pA TPP=10pA

:tz:s Cpmp | IDD | PP/ |Cpmp | IDD | %/
L (pF) [(wA) | IDD | (pF) | (uA) | DD

] 30 (4360 |2.19% [ 50 11099310 1%
[ 12 (4116 |243% [ 440 |110.51)9.05%
g 08 (4134 |242% | 3.5 |118.02)8.47%
9 07 [4273 |240% | 34 |131.60) 7.60%
10 0.7 [4399 |218% (| 34 |14517]|6.89%
12 07 | 5032 ]1.99% | 34 [169.03]5%2%

IPP/IDD (%)

0.0

Stage

3-2 Modified VPP Detector

VPP #t9j= AJztel] we} g3k 2 o] th=v Charge pump + IPP 7}
g w2 sFAeA AAS7] wjEo] IPP 9] Qo] uwel VPP & W3l Zo
g2 4= Quh, wEld A4 VPP ALS w38 7] 93 regulator 24 VPP

=2

1S

B

u

detector 7} a3ttt b oAl AWt el dutH oz AR&eta e AT
o] 83 VPP detector &= standby IPP FAAF9F divider o 343 %9

dEFE o= A oA, 7 b9 @i e® Qldl RFID tag ol M9k #

[¢] = T~ 1o



ggRopln Agar] ofdrh LA B e @ 9 A VPP

detector & A 7| g+t

V_FB

000

19 34(a)¥ diode-connected NMOS chain & ©¢]83% VPP divider & (b)&
diode-connected NMOS chain ¥} capacitor & ©]83 RC coupled VPP divider =
HoF T,

Ags ol &F VPP divider’} il e EAE MAGT] fstd AFES
diode-connected NMOS chain®.z= Ry slo] FAge] @ xke} #o]olgo A g
e} o] capacitorfle] ©s A A A

7FA a1 A AE - VPP detectore] 349l Fzko]l 35 4= <t} Dividerol A <]
VPP FAARE ZE°17l HAsM  Hele= JieE S8 ERALEHE0

sub—-threshold G goA F2ZA]7]H ws &£27F = VPP WHsle] A3 s



T 9t R HkE S E w24 7)Y s EWNAAE S saturation 9 ol A

B e A
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= fdary
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| R e ey Syt o g

" : : : Id
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Parameter {lin) (p)

= 7

2 boundary

s -

7 saturation .

200
Time (lin} (TIME) 400
FAAZIGH 1 AE Fho] Fo} VPP FAAF7F #AA charge pump &%

vmA stk 29 35(a) divider o] EWAAE Y] F2F YA 22 AFE
el (hE#A2H T2 o] wal VPP detector 914 2] regulate ¥ &
VPP A ¢hs HolFr),

ii{e3

i
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VPP Age 12V oA SR o]m=R  sub-threshold GHoAE FAAF7F oF
20nA olstoltt, FA A F7F ZFo} charge pump o PSS FA E&A|9 VPP dt

Aste] g wbg H=7F =y 2" (b)ollA B mkel o] VPP A4S welrhA|

N

oA BiEnwtel o] VPP At regulation EAS wj$ £& Aow ®lth
a8y VPP FAAF7F 200nA o] o2  charge pump o E&3 HAHAE
A5 7FA A )

olg]g wAES Nkl 17 3.4(b)9] dividerE A -&3to] ko] B YA~

N\
5=
=2
>
i
A
e

N

= 7MA = A" VPP detectorE 18 3.6014 Hol=t}
VPP
o E> = PUMP_EN
_[C_hys

I8 369 VPP detector oA divider ¢ EHWAAEHEL E5F sub-threshold

2

FodollAl FA3L A A% = EWALEEL capacitor 2FF 0] F o

12

aly

divider ¢ floating =22 #FolFE &S a1 AA VPP dAwste] 7%

=

capacitor C1, C2 ¢ =Z7] H] & 93] o]Ff %t Charge pump ZHE w50

™
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VPP ZStel 12V 7F =W V_FB ==7<¢t2 VREF ¢ 24 AAEAL VPP
Aol 12V el &Erbd V_FB =Xk VREF 2t} =7 o Hur]s=
PUMP_ENB 415 % charge pump® HUW = &S 34 3t tpA] VPP
Aol 12V o3tz W#Ezithd Ml vA] PUMP_EN 4132 HUW charge
pump & &A1t
VPP detector & bang-bang &2 I3}7] {8t At S| AHPALRE
7bAof kARl FAro]l shseith, AnkH o g I aH A ~E F7] $8ke] vl
go| FRIEEAGE AE B s|zEHgA=E JHAA g Zeu
gA= SlH YA =S 77 flste] ASHH SR static AFE ALESH

ol AHanrt ud dmoAMe A&ty AAsA Edd. 9" 36 9

ol

ArE VPP detector A= WEe HeEA®w  glo] C_HYST 2= coupling
capacitor & F71g o2 3| AH YA AE JHAA HAo 19 372 A<kE VPP
detector ] %S Ho]F+= simulation Z¥o]t}. Charge pump ZH-E WEo|F
VPP Hdgte] 12V o =923 VPP detector ol A o] & A sle] “1glofl A B i=nfe}
Zo] PUMP_EN 2 ‘low'Z ®o]4 charge pump §2S W37 g}k olwl, V_FB
= v E99 y=uwlE wkol HQto] ofxt Asdith. thAl VPP A Sto]
ol V_FB == A= o] Wojx7] AlFtete=d d=w gIFs wol
PUMP_EN ©] 12V 7} ok 11V VPP A ¢tellA 'high’ 87} ¥ o] charge pump &
FZ A 71t} o] VPP detector ¢ bang-bang %< 937 93], V_.FB »==7}
coupling capacitor C_HYST ¢] <3S Hro} 3| A FAAE HAAIZ] Aoz oF

1V ¢ VPP 3| 2H A AE 7FR T}
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Voltages (lin}

PUMP_EN

____________________

" 2 ES e
Time (0 TIED

3-3 Improved Level Shifter using bootstrapping

Charge pump =% wEox VPP 3¢:= VPP logic 3 level shifter ol 4
AE T VPP logic oA AXStE A8 gFE EdA2HE 29 &
45 dojy= dynamic Y2 HEHALAEE Fol7] & & F de WHo H=E
itk 1ol wdk3)] level shifter = I 544+ short circuit HAF7F FA =)
VPP/VDD Hlgo] =AW FF5 Sojur] wZo] Ri=A] gavpol s
Aol BH10]. el level shifter oA o= AHEHA
delay 57 ¢] vtk = 7] wZol F Aes & vl Adste] AA o g
B =82 pootstrapping 71HS o] &3te] AH AREA oly}t delay A T3
WdAA RFID tag 5ol 28 7}e 3 level shifter & Al <tah}.

18 38(a)x 71£9 level shifter 3|22} (b)E =& A #|¢t3dt hootstrapping
level shifter & Xt}

w mwol e S8R okrh 12V o] el aAste w7l wiitel dubA < level

shifter & 2 27]dl= FE7F 9] cascode protection E A 2~E (M3, M4,

Hu
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M5, M6)E F7tste] E#MAAEHO At Ho sttt Level shifter 2
29" E=zxo  JERHoz NMOS driver M2)el 2] 3|
MOS latch ¢ state 7} #}= o

cross—coupled P
PMOS latch ¢ &3 F2& HalAs= NMOS 9 W=l ZHA

EEEEEY

AAEolof st=d], PMOS ¢ Z7)7F ZoW pull-up £59 93-S =t} Pull-up
S5 W24 7198 PMOS Z71E& A W short circuit AF7F Eoue=
ZERE ol el pull-down &0l F&FS o] level shifting o] A= o] Fo] A ]
Atk 17 38(Mh)e] IEE= olye EAE A Y] A3 At level
shifter 3]Zolt}. 7]E A< motive:= PMOSo 32+ pul-up HAFE

regulating 3}¢] level shifter ¢] power-delay—product(P.D.P.)

Ll

MAs= A=
cross—coupled PMOS(M5, M6)2] Alo]E #<4S VPP A TAANA 2Ystes
3tk Cascode protection PMOS ¢ AolE A2 (VPP-Vthl0)ol A
(VPP+VDD-Vthl0)A}el & 293tk M10 ¥ M6 9] 8 d¢2 oF 2V e 05V =
body effect o3 &St Afel7b EAGE 18 7] wliEo] M6+ VPP SHe]

o =
dF=

E =
Afe ngHoIgel net £ 45 W F A

=

“d

O
X
Lo,

‘4
D
o
=
o
o
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19 39 PMOS ZL7]o] W& 7]1E9] level shifter & AJ<tE level shifter 9
PDP A5S HolF+= 1ot

06H © Proposed |-t A .
= : : : ]
= 0 Conventional ! : H,,-’E
C 04 e e
Q. E : e
a : N o SO B _
L e —————— |

vi-\ o dl-\ d:"-\ o & iy
o2 i i
0 1 2 3 4 5

Wicdlth of Cross-Coupled PMOS (um)

27 39004 RiEnpel o] 7]E9] level shifter & PMOS Z7]e] uwhel 1
Exo] AA ATk AetE level shifter = cross-coupled PMOS 9] A
regulating 7] wjitol Z7|9 FEFS A WA ¥ BHu o F& Ass e
Ao 2 verykth B3k level shifter & pull-up & W} pull-down & w2l delay,
AeEamrt =24 vetd 5 7] wiZo] level shifter & AAE of 12
g myste] AdAs)or gtk 17 3102 PMOS Z7le] wel 71E9 level
shifter &+ AJ<tE level shifter oA pull-up, pull-down A] PDP A%< ZXA}3H
i R
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ofgfle] zEfze] M ZFL level shifter ¢ pull-up & el PDP £ pull-down
o] PDP & Ui ez 7]F9 level shifter= I Zto] EF 05 o]d=
UElsttl ol 719 level shifter & pull-up A9 A 5ol pull-down & uwje
AerEt o 2 31o& A level shifting ©] dojdtial & 4 glrh kA
A et¥ level shifter = pull-up PDP ¢ pull-down PDP 7} H|x % H]<=3}thal &

F Qo] mut g Hole @ £ vk

Proposed
O Conventional
= 1.5F 8
1]
=
8
2
©
4
o
[a]
o 05F i
I ‘ 12
0 1 | 1 L 1 1 -1. :l. !
0 0.5 1 15 2 25 3 35 4 45 §

Width of Cross-Coupled PMOS (um)
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Al 4 & Simulation Results

B = A Aetd voltage up-converter = CMOS 0.18um = AA %L,
simulation tool & HSPICE & ©¢]&3}3t}. Charge pump & Eo7t= ZF¥&
IMHz & AA %3, RFID tag ¢ WX &0 2ol HWAY floating gate type
EEPROM cell & write 3}7] 913 VPP et 12V 2 AASAY. 74 5558
# A3}, charge pump EFA= AR AHYE Fo]7] 3] VPP 12V oA 9
AT}
Sl charge pump & E°]7}= clock 1 CLK ¢+ CLKB 7} A& overlap ©] %A

A

IPP 3t& n#sle] A 3¥ stage 719 pumping capacitance #ES

i

A2 . 18 418 non-overlapping clock generator & HolFw ¥

4.2 = clock generator ] CLK, CLKB ¢ 33 & R o 5% simulation 2 3ot}

DelayInverter

A

CLKB

1MHz clock >

CLK
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~Valtages (i

VoRages (in)

Charge pump ¢ A3t 3E0] 3 Waog s=27 &7 93lA diode ¢ switch

oges  wa & clocking A& CLK 9 CLKB+= HHE=EA A2
non-overlapping ©] ¥ oJoF gt} wheF F clock 21&7F A2 overlap ¥ & F37to]
EZAqF g AHIT F diode 7F A reverse current 7} s pump § %ol
o] F oy x| ¢k=t}, 17| & 19 4194 Hi=wkel 22 non-overlapping
3 27F o2 3l CLK, CLKB 2137} overlap ¥/ A ¥ %% inverter & ©]&3}9]
A YW 4294 BEwel o] simulation &2 I F3E

gtelsl At} Inverter & ©]-83Fo] 3 delay & 59U st = charge pump 2

M7 Eoldel wat inverter & loading ©] E=°jvt CLK, CLKB ¢
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0 By iy 150l My iy My iy Iy

Time {lin} (TIME)
overlap o] dojd 4 Q7] W&o T3 =79l WHE delay inverter H ol Fo

AA s oF gt

19 43 8stage ol 4] IPP §1©] pumping capacitor 1pF ¥ wj, NMOS type 3
CMOS type 9] charge pump simulation 23E Ho] =t}

VPP 7} 12V & A o9l 7] wjFo charge pump & A3 AEdT3HS 17319]
Rt =2 Adske EAsoF ghvh ARt sk= VPP A StelA VPP 9]
o VPP Hdste] "olRdE w, thAl VPP level & H7317] 13 Hoh

]_
Be dee] dasty] witel VPP #stelAel 7le7lE 255 Frh

a8 44% 71E9 level shifteret #|ets level shiftere] delayEA 3 HAE LR E
HoFE= 09 44+ 719 level shiftere} A<t level shifter?] delayE54d 3 A€
ARE RBo]FE simulation 2 3o]t}
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ol ®Eukel o] AekE  level shifter & PMOS  pull-up %
regulation 8}7] wiol 7]E2] level shifter @ H|u 3|4 delay, AHAE oA
5 WA EAAL, VPP dste] 12V elA e PDP = ¢F 378 73 Zew
LHERSE

Voltage up-converter ] charge pump, VPP detector, level shifter &% 2+2
HAgstel 1 FAE simulation & &3t Tt 19 45 AF

divider & 7}A|= VPP detector ©] &3+ regulated VPP & Ho]F11 (h)= Askd

RC coupled divider & 7}*]+= VPP detector & ©]-& 3} regulated VPP & H. o] F=t},
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.......... Sub-threshold
Saturation

-
W

Voltage (V)
X

11
1 i i i i
?00 200 300 400 500 600
Time (us)
14 . . .
13

Voltage (W)
o

i,
e

1 | | | \

E?DD 200 300 400 500 600
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I3 45(a)= divider o E @A ~E]7} sub-threshlod oA Fza uwfe}

saturation oA T2k w] Ho]F+= regulated VPP ©|t}. Saturation < <ol A
2% o] VPP &= w9 F& regulation 545 Ho|X| ¥k SHgo A A %ol

3T

VPP FAAF7F Z7] wEo] &&o] £A ¥l sub-threshold G Go A F2d
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W= VPP AR Al siAR wke &R7F 7] wiel VPP dgbel
overshoot 7} w9~ =ZA YeEdT. ¥ 450b)=  d|=H B AL capacitor
C_HYST 7} 27} 0.1pF &} 0.05pF & 7}A]+= Al<t® VPP

VPP & ®H T} Divider & EdAAHE 52AHES w337 ejqqt daste =

o

etector %83+ regulated

B sub-threshold G ¥oA %231 VPP dete] W3l: capacitor division &
23lo] o]Fojxtl w3 RC coupled divider & ©]&3 VPP detector & % &3+
voltage up-converter &= 3]2~HE|Al2 capacitor C_HYST ¢] = 7]o] we} VPP
<}t variation & =4 4 9

9 46 Aot® voltage up-converter 2 483 640-bit EEPROM IP o #
gojol-& HolFE

A58 2 &

2 =2 Eud 7]7]1y RFID tag 53 22 Ad=HS 873t EEPROM #
2o wryolA AHE&3 4= 9 voltage up-converter & A|¢HsIA T Voltage
up-converter 9] Z} Ml EEo|X 9] I2ES HAS st 1 &S HAUYE AT
Charge pump A= = &°] & 7]&9 Dickson charge pump”} oFd
Mohammad 7} A|¢Fst CMOS type ¢ charge pump & #83to] IPP 7} 1uA,
10uA & o, 7F4 HA3}¥ stage S 2ral 1o 2= pumping capacitor & =271 E
AAREAT. T3 charge pump 2HEH #EYX VPP AYES zmyHow
regulate 3}7] 93] 3] ~H| g A~ capacitor & RC coupled divider & 7}% VPP
detector &  Al¢taldtt.  Alek"d VPP detector = ®HEo HAZ¥am  glo

3] 2~H 2] A2~ capacitor & ©]83}o] VPP ¢} variation & ZA7Fs3HA sFA T
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Voltage up-converter 2] #-3l24 F23F= level shifter & 1 24 BS 49

short circuit current 2Asl=d], ¥ =& A= cross—coupled PMOS ¢} cascode
protection NMOS A}o]oll bootstrapped PMOS & 4F13le] short circuit current =
glolal, delay 545 A JWAAATE AE level shifter & 7159 level
shifter 7} 7}A&= siZ3star VPP 12V oA PDP 542 ¢ 3.78] 4AAH VPP
power & 20.2uW & =t}

A ¢tH voltage up-converter = 0.18um mixed CMOS &Aoo Al A 2t= o] RFID

tag & EEPROM IP ¢ #-&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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