(1T =S VAT T
fEEZes Ik ol

BCIIRE K KR
| o] ELF}
k& 11

AXE

[K
o



(1T =S VAT T
fEEZes Ik ol

SoC &AF 7|vt JHi[=tE #3252
71d ZE Aol I A

Research on framework for SoC platform based

camera in Linux kernel

PRS] PN I VPN 7
A E g o] B Rt
E&F

m



(1T =S VAT T
fEEZes Ik ol

SoC &AF 7|vk FHi=tE #3252
2zl Aol Ik A

Research on framework for SoC platform based

A

camera in Linux kernel

PCIAETR S — KRB



e RoE e TER

A B

s O =

=] = =
ey

2022 % 6 H H

wFhEAER A 5 A
wALEH o] A A
wFhER &2 T




B Rl e i
FE TRl e ii
TER TR et ii
Al L 2 A B e 2
A 274 Voltage Up-Converter & 72 L FZL 3 e, 5
21 Voltage UpD—COonVeTter ] 15 ooeeeeeeeeeeeeeeee et ee e e e e et e e e s s 5
272 CRArGe PUITID. ..o ettt ettt e et eaeeee s 7
273 VPP detOCLOT ...ttt e 10
274 TVl SIITLET ...t 13
A 3 & Power Efficient Voltage Up—Converter.........cecenneene. 15
3-1 Power Efficient Charge PUIMID......cccoooiiieoieee ettt 15
3=1-1 CMOS tYPEe ChArZE PUITID...cciiiitiiiiiie ettt ettt sttt s e sae s 15
3-1-2 Charge pump & OPMIZATION. ...cveveeieeeeee ettt eee e eeeees 18
3=2 Modified VPP deteCtOr......ooiiiiiiieieieiiiiiseeece e 20
3-3 Improved Level Shifter using boOOtSIrapPING......ccoovevieieiiiiceeeeeeeeeeeeee e 27
Al 47 Simulation RESUIES......cooovvoicvceeeeeeeeeeeeee e 31
A B T LB e 38
FE LT T e 39
A DSTIACT e 41



2%

¥ 3112V ¢ VPP E wEou7] $1dl 2ot stage 7Ngol w2 pumping
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(b) bootstrapping & ©]-&3F Aot level Shifter .....oocoooeoeecoieeeeeeeenene. 29
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= 2ukY 7171y RFID tagSolA A &4
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d8s 482
4 2= power efficient voltage up-converterE #|¢tstt}. Charge pump, VPP
detector, Level shifter® T4 ¥ voltage up—converters= 1 &&o] g FQ3&17]
ol =S ZEol T4 &S 7IEY RS A= wARAY 1o wE

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

by

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 S57d¢] 3.7v) 7| E Ao = vepyth &2 = A Altst=
power efficient voltage up-converter= 0.18um CMOS FAHolA AAEJ o,

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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xao. @A b AHAAJe vixget & 4 %= DDR3 VPP/VDD 9| H&2
25014l HAY. EEPROM ¥ #Z2 ZF#A] Hw=E 2E& F$= 18V Y
VDD & 7FA|aL 18V o]/ VPP E whEojoF 3&}7] wiitel VPP/VDD H &2
10 o]%Fe] €tk 15~18V ¢l VDD & 7FAaL 12xke] VPP & vb=ojui7] 9lafA
voltage up-converer system < HQ=% 3t} Voltage up—-converter & VPP &
TFEo]=  generation ¥ < WEoizl VPP S  AASFF A FAATZ] e
control £% 0.2 o]Fojztt, ®uld 7|7y} RFID tag olA <k #Zo] e iR

d

N7F3E 3| R4 20l voltage up-converer = I &&o] HA Al
Agagol & I Rt

Voltage up-converter = AXPE%03% charge pump, VPP detector, level
shifter 5082 o]|Fo]lx <t} Charge pump ol E Y HAGozZEE 1.8V 9
S FEEol 10V ode] VPP A whEo] Wit A 574+ diode-connected
¥ NMOS Dickson’s charge pump & 98 A8 o] $k+=d EEPROM o 4 ¢} &
10V o]42] VPP 7} 23 3|2 = a&o] 43 "HolA o5 ALE37]o =
T2 drh e B = AdE NMOS type ¢ charge pump & A€ 3t

T80l ¢ =& CMOS type ¢ Dickson’s charge pump & 2% &3}o] H3 %

=L

stage 74, pumping capacitor 5 & 3#3dte] 3 =ZE HZA3 S TE Voltage

up-converer oA 7} @& AHALEE St charge pump © 33 VPP #<to]
TEAAY HAEARE Fol7] §8] 7AFolof vk 1Yd 9EE e 550
VPP detector & VPP #¢to] adA3t et o]4o] %W charge pump = A& E
B 528 W34 3. VPP detector + 715443 divided VPP A4S 4] 3|

S+ comparator & IZHYe] VPP E 7|F=HAGI vl 7E3dt AYgo=

ol
ol
bl

A AFE divider 2 o] Fo1Z gtk VPP divider = VPP ®3tE A 317] 913
Ao o]Folxl  divider & Ab&stEW olEd AF Fe] AtwW VPP

FARAFE AM AHAEE A BE VPP FAAFE Sol7] dall AR e



aA std VPP At ®stE wElrtA] Rd] overshoot 7} & VPP s wHEO]
W og . 2 =wdAe VPP FAARE HAA2E Al7]aL VPP 9 overshoot &
4% + 9= VPP detector & AlRFetSth Level shifter &% 1.8V ¢ VDD
ASE VPP Ae=2 W3 ANAF= 9ES s=d Iubd o= cross-coupled
PMOS ¢} driver NMOS 2 o]Fol# 9lar VPP Hdgte] %2 Afoles 2xte
2EY2E Fo]7] 938 cascode protection MOS 7} F7Fgt}h. Cross—coupled
POMS ¢} driver NMOS ¢] =L7] ®] & wel level shifter o Aeo] AA = =0
PMOS ¢ =7]7} NMOS ¢ =712t} At pull-up & pull-down ©] A2 =3
uj level shifting o] A= o] FAXA] &S F A7l @t cross-coupled
PMOS ¢ ZL7]& driver NMOS ¢ ZL7]®t} 34} Zholop str}, Level shifter <
AL delay & AHARSY oz H7l He=dH o]& PD.P.(power delay
product)2}al 3t} Delay & A8 ARE A2 trade-off A 7] wio 2=
AAS w] F23A ysioF 3tl. Cross—coupled PMOS ¢} cascode protection
NMOS A}olol bootstrapped PMOS & Adste] 719 level shifter 7} 7FA] 1L
AE delay ¢t ME LR EAE sldste] PDP. A5 Hd 379 I AATH

del Ao W7kt 2ukd 7] 7)Y RFID tag SolA &8 7153 voltage
up-converer A ¢tatt}h.  voltage up-converer o T % zAE TA AdYE

ekl B B A M R s



Al 2 & Voltage Up-Converter ¢ 7+Z %L FZ 47

2-1 Voltage Up—-Converter & +%

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

o]Folx gtt. 18 2.1 & voltage up-converter ¢ E=%E ERTH

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

Voltage up-converter = 13 2.1 A4} Zo] A EF0 2 o]Fojx <t} Charge
pump & &3 wWEAAX VPP AL Z ANIAAEH(Cpp)ol FHe] o level

shifter Y} VPP logic &% &3 ¥t} Charge pump i= voltage up-converter ol A

7V we AdHES ARsy] wiEo ®Eufd  7]7]y RFID tag SolA ¢ 2o
AE L7 U743 3 2o A= charge pump 52HS 34 =S 4 gl olesh

charge pump ¢ on/off ¥&&& 3= ~9 X VPP detector oA o] Fo] Xt}
Charge pump = %3 wEold VPP HAgo] LA levelo] =23 VPP

detector 9| A 9]

il

ZFA], charge pump = turn off 21&(PUMP_ENB)E H it}
Level shifter } VPP logic o <3 VPP #<to] ywrolxw nupzrix2 VPP
detector ol A ©]= 7ZA|&e] Charge pump & turn on A Z(PUMP_EN)E EU



A4 VPP AYS FAAZIth. VPP detector + voltage up-converter ] <Al &
$18l bang-bang &2tS I8l S| AHE A AE 7FA o3t
Voltage up-converter & Tz 7retst F2Ag = 919 Ay} 2

ARASE AW Sl AWy = g

f

N
e
Jfu
Lo

2-2 Charge pump

Voltage up-converter 9| 4] charge pump & <FZFE & HAH(VDD)E 3=
WielA e g & %S AHVPP)o R wEolF I Ro|th, HA| A€ A
2

Bole A™Hel gifiEo] charge pump oA AXS7] wiiEol| charge pump 9

kol capacitor o] 9A
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g
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X
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a
=
ol
il
ok
i
HE

Asteld AAstel dad E5o=2 AYS THsk= Aot dWbH o= charge

ag 22 A4 7bE de 2olal Y= Dickson’s charge pump & ERW

ZLol B3]
VDD
VPP
o] [T TTT™
CLKB




$19] charge pump ¥ T}o]2 =9} capacitor(Cpmp)7} 3&Ft}e] stage & o] FH
CLK ¢t CLKB el €& 2z} stage oA 3 o] o] Fojxith. CLK 7} ‘high’
CLKB 7} ’'low’ AEi7} =™ 1¥ %=+ pumping -capacitor(Cpmp)E =3}
coupling & & <la °F 2VDD 744 bt Febzkel At Apolel ofsf 1 ™3}
2¥ wmEAfolo] e Holets AAA Hol A WA capacitor o] A E o] 9=

Ast7t F WA capacitor = Hol7FHA 2 == Mot avkE y s shHA

i ol s X 293 39 wEo] Qi toles: AXA Hof F WA

thol R =5 MOSFETOo = 2Eld e WHET 7 1hdsgk 312 NMOSe| =3 <l
I AlEE Fol tolozg FAAI|= Aotk 1Y 232 diode-connected
NMOS= o] o]z NMOS type Dickson’s charge pumpE YERW Zlolt},

VDD

M2 M3 MN

LT vep
T i [

Ist J_ mﬂ_: Id 000 Wi

CLK T

CLOCK
GENERATOR | .CLEKB

Diode-connected NMOS= o] 5012 charge pump® 4% charge’} Z} stageZ
Holz wimpry FEAHVOTEY AgAstrt dojdrh. ®gk Diode—connected
NMOS®e] vt 7} 25 VSSZ Fo Q7] wiEo body effect™ i#d3sfoF 3t} stage
7F AAE ALAFE VesZ7b AA 7] wjZol VigAl F7ke Vizk VDDRRE A A =
A4 staged =EsHA W ¥ o] VPP A2 F7FekA] ol o1 a&o] H43}




A "ozt A (2.1)8 NMOS type? Dickson’s charge pumpolA HExow o
Al == VPP Astolth4l

VPP = VDD— Wh+ Mm— Vih— m]

21(2.1)
Cpmp, Cp, N, fOSC + ZZ pumping capacitor, 7|4 capacitor, stage 705,
pumping T35S eIt dukdg oz 10V o]Aate AH<gte] FA 23 EEPROM
=

4>

application ol = &334 &= charge pump type ©|2ta &

2-3 VPP Detector

Voltage up-converting system ©|4] VPP detector = regulator & 7]5< 2Zr=t}.

System & tiH-#9] AH AR = charge pump oA o] Fo] A 7] wj &0 VPP #$to]
A e Z=gstH pump & ZAToloF Stk HbUlZ FESlo|A VPP HAYE

Abg3Ete] VPP #llo] wolx|™ thA] pump & AHFoloF =4 VPP detector 7}
=3
1Y 243 A3 A2 VPP detector & vEFITE

o]l charge pump ¢ on/off =9 TS

ok

VPP

VREF

Rl + PUMP EN

N1




VPP detector + 7]|¥ %02 H#H|u7|(comparator) 9GS 3= Op-Amp ¢ VPP
Ads HFFE divider 2 o] FolA Stk 10V 9 o]4e] VPP HSts HiE
Op-Amp 9] S§¥ge= & F g7l " ALd dAgoe=z w3 A

2SS R Charge pump © 28] VPP A gto]

A% VPPxR2/(RI+R2)WHE 538 Al vk NI 9 == 7#<to]

X

o
)
N
)
Z
s
[
2

VREF ¢ HdAgHY oW Op-Amp+ charge pump & PUMP_ENB(disable
signa)S &% o2 WHWo] charge pumpE 7Z=tl WHE N19 Hgto]
VREF E.t} 2t} PUMP_EN(enable signal)< charge pump & X it}

VPP divider & A&<S col&sto] AAZSHA HAA= tdeAw o wE
LA o] AA AFE o] &t AANAE etk AA T AR =
T dsd A HA ZAHS AEgE ol&FdtH N1 == HAhs wEoldr] 9l
VPP oA VSS & FAd7F IPP7F &Add= Holth IPP7F AAYH  charge
pump 14 44 VPP

"olwelt A%E etk FHARE Fol/l 93 AFEL A dohd
o]

ol
ol
=
Lo
Sl
2
o
rlo
2L
o%
rlo
e
r]I,

R
r o
oK
o,
=
>,
N
to
2
N
)
[
)
rlr
X
-
=
il
)
ox
-3
>,

o

& 4 9lo] VPP detector 7} 473442l regulator 7]5& 3H4 X 4 Ul =
Age 2mol s Wol W] wiEo] AA HANAME AFESA T

QoA AFst EAAe slAadoz A& capacitor & AFE3 7%= sho)
Capacitor divider & A8 25 FEAARFE §S1d 5 J3a FAHG Aol JF&
A A Hb=t}. 28y capacitor & o] 8 A 9ol= N1 ==7} floating ©] ==7}
7] wzed FAGANA charge 7F £014 4 o] dAS dAgS BAT gl

9% o= GFE Wel Wy WFel A4 Aol ¥ 5 ¢k

il



VPP detector = bang-bang &2S 33t7] fld dA3sk 3| 2HIA=E VA2
AA EHojoF st=dH olE fdF d¥bHoe® Op-Amp o =¥l FUEEIZAE

wol7| %=

2-4 lLevel Shifter
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A& Aol Level shifters 18 25049 ®HE A3 o] cross—coupled PMOS ¢}

driver NMOS & o] Fo}#] it}
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Level shifter ¢ &2 92l v 2ok INo] ‘high'7F H Ml E#A =7}
AAXNHA M4 EHX 2B Ao]Ex VSS & discharge o] AAA ol M2 &=
A JoerR OUT ==& VPP & charge ®th W2 IN o] 'low’ “Fej7} =W
M2 = AAA Hol OUT ==+ VSS & discharge #t}. o]9} 28 FZ0=E level
shifter & Y= o= VDD A5 & Wof 8902 VPP 4A&5& YWEUA HAd

Level shifter & AAE wl= pull up ¥¢S = cross—coupled PMOS ¢+ pull
down &S k= driver NMOS o =7]E& F¢ A A9A AAs|oF 3
PMOS 9] =L7]el| ute} level shifter ¢ As°] A H =, PMOS o 27 REE=A]
NMOS ¢ Z7|®Ht} Zolofk 3t} Pull up =5 WA 37198 PMOS ¢
715 3A W 293 F22 @ ), pull down s NMOS 9F A2 FE53}7]

23+ short circuit current 7} WASHA ®©} o]k

ot

ol VPP oAl VSS =
short circuit current += charge pump &2toll & GFE v A systemd S&S
F48A4 w"olmgl A 3E=d VPP/VDD H]&o] AW F4=  short circuit
current ¢ o] Foldth TEE PMOS ¢ A7[7F NMOS ¢ Z7|Hth ATH pull
down 3t £ Eo% S Fa A A o] level shifting B2+ 8h#] %3 4 gt}
o] 219 level shifter ¢ A%< pull up, pull down & %9 A8 A2rz yepd 4

=d o] F A9 Aee AHME trade off TAC o] oW F&Fof

rol=7kel whel HdstA arefsie] AA s o g

32

_’IO_



A 3 & Power Efficient Voltage Up—-Converter

3-1 Power Efficient Charge Pump

3-1-1 CMOS type charge pump

2utd 717y RFID tag 59 35+ 25 dldhro wg w735
Lk p

Voltage up-converter ol 4 7} @& HAHE LR E SF= 5 59] charge pump °| 22
HAEA2R7F 97k3 R 20]= charge pump S AAE w, 7 &S F25A
AZrsfoF sk A F7kA] Ay 2ko]= NMOS type ¢ Dickson’s charge pump &
AN AH dFAxel 7 stage vtk wE K (VOS] At wiEol &Z&o] v

FTA @k 2%7] witel oE IR A&l F-27) 9

o

e}
B =i A= &80 "olx= NMOS type ¢ Dickson’s charge pump & A&

2

Wl A 3Fal Mohammad 7} A|<tg CMOS  type ¢] charge pump & 483}

AASAEH4]. 29 3.1 2 Mohammad 7} #|¢Fgt CMOS type ©] charge pump &

H o] F T},

_’I’I_



9ol CMOS type charge pump &= NMOS Dickson charge 7} ¢Fil 0+ body
ol o]t =g Q-4 ARAEE §lel7] H8Fe]  diode-connected NMOS

ot

P

Al PMOS 291215 ©]§, 7} stage ol dolub= HdstdstE si4dd = A6l
zt ~90%9 on/off BFL $38Fe] stage WY} dynamic QW EE o] &3t} o]
SIHEES dutAel ¢lvg o= gy 9 phase o Wt Zb stage mhth A5
A9F2171 Weky] wFo] dynamic QW EE 2@ 7]2A0 F24S CLK 7} low,

CLKB 7} ‘high’ 4El7F €1 MO, M2 & AdE Fe7t =3, Ml 2

¢

N
0O

Aok 2 A WHA stage @ capacitor = VDD o] 9]@ charge
stage ¢ capacitor ol A FEF o] <di= chargei= A WA stage & capacitor &
charge ¥t} &9 phase 7} W7} H™ MO, M2 7} AR 22 M1 o] AAA tA] F
HA stage ] capacitor = A WA stage ZHE] ¥ charge 2 A ¥ o83t
422 F23E CMOS type charge pump i stage vrob A A3k §lo]

charge & A & 4 ¢Jo] I &89 Dickson charge pump H.t} =

-

nt

100

[o=]
o]

IPP/IDD (%)
[asp]
e

40

20

VPP (V)
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100 . :

IPP/IDD (%)
= =

e
=

[
=

VPP (V)

Charge pump ¢ E&< IPP/IDD & A st oty 13 32% o] 43l

charge pump ¢} #®]usfA NMOS type & CMOS type ¢ charge pump T&%
simulation aFo] Hla g Z o] T}H7].

Simulation Z7<% VDD 1.8V, IPP 0.1uA, pumping capacitor 1pF < A}-&3le] zt
Aol oA HZH3}sle] VPP wWE &&S AAsEE . CMOS type charge
pump ¢ 749 dynamic UAWME = A3+ clock generator oA o] HFHow Yo
VPP oAM= &&°] NMOS type Bttt S ust=dvl VPP/VDD ®H|&°] 255
dojw o a&ol A ¥ AR yEiuth wEkd EEPROM % 2

_13_



AYS dog 3t 3 ZoA= CMOS type ¢ charge pump 7} Agsitta &

4o
%2
£Y)

3-1-2 Charge pump 9| optimization
Charge pump 9| type ©] ZA#o] =W o]&stuxl st VPP @™o A2 charge
pump ¥ =29 HA3rF HQst) B =72 W8 CMOS TAAA ol&dd F Qe

HHE  floating gate type EEPROM cell & Z3%& VPP A4S 12V =

A3} E[8] Charge pump &= stage 7H<5=Y pumping capacitor Z7]] <3 =1

BEo] G 7] wiiol] AT i, oleld Fis & aefsior g9l
3% 12 IPP7F 1uA, 10uA € A%, charge pump 7} 12V o] VPP & 7] 9|3
= 23 pumping capacitor =7]¢ IPP/IDD ¢ &8 uYebd AHola, 19 33

—
T

P7F 1A, 10uA & W9 &&5 2822 vekd Zoju.

® o1elA miwlel o] 12V e VPPAYE 7] SslME Hi 6stage 7t
A3t IPP7F 1luA Y A9, TstageolAd 7FE £& &85 HJa IPP7}
10uA & 749, 6stage A a&°] 7MY 2 Aoz YEiyt a8y IPP 7}
10uA & W, 6stage ol A ZH &3 pumping capacitor ¢ Z7]+= 50pF &= A A FH ol
AAE AS 2 A7 ajddder YUy A B =FdAE VPP margin 5

a¢]sle] Sstage = A A 84T}

_’IA_



IPP=1pA IPP=10pA
Cpmp | DD | PP |Cpmp (| IDD | IPR
(pF) | (uA) | IDD | (pF) | {uA) | TDD
& 50 | 4560 |2.19% | 50 | 109.935159.10%
T 12 [ 4116 |243% | 40 |110.31]9.05%
g 08 (4134 |242% | 35 |11B.02|B47%
9 07 4275 |240% | 34 | 131.60] 7.60%
10 0.7 [4599 |218% | 34 |145.17]6.89%
12 07 | 3032 |199% | 34 |169.03]592%

zof

satgss

10.0

IPP/IDD (%)

0.0

Stage

3-2 Modified VPP Detector

VPP 39 A zto] wg} 48t 1 9Fo] tt 2t} Charge pump &= IPP 7} A
5 e AAE7] Wil IPP o 2o whel VPP 9] W3l Zo] dEbd
At wEkbA A VPP A4S F3d 7] 9138 regulator 24 VPP detector 7}
Z 8 3}t
detector = standby IPP FAAF<} divider o] #4883 %9 IS W=

Aazke] ex, F 7R wx oz 23 RFID tag ol A9t #Z& $-8FofolA

HS

FollM Adrstie] dnbHor Abgstal 3= APdE o837 VPP
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AL3st7] o]HLy, agA B =S ayd dHE JHdE VPP detector

VPP VPP

V_FB

000

a9 34(a)= diode-connected NMOS chain & ©¢]83% VPP divider & (b)+=
diode-connected NMOS chain ¥} capacitor & ©]83F RC coupled VPP divider &
HolF o

b

oot

A o]gd VPP divider’t 91 Y FAES sAss] 9ske] A
diode-connected NMOS chain®. = X9z 3sfo] FAAS] 9 xpe} #o]o}--o
A7 AE MNEAT F Ak 19 34l A9 2ol capacitorgle] T A&
7hA 3L A A g 7é—r VPP detector®] A%<l 2ol &5 4 vt Dividerel
VPP  FAARF =ol7] fsAd  dele= Vs =¥ EAAZHE
sub-threshold oggﬂoﬂ A EZA7)IAE WS £ g VPP Wsle] A A3 o
gtk R Bk S5 wEA 7| YE EWAAEHE saturation 9 1

1~ﬁjzl‘ﬂ‘lﬁnﬂo

010 mn 2 r-1n:_>.:
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sAAIGHE 1 A3 ghol Fol VPP FAXF{7E AA charge pump &S

d 35(a)= divider o] ERA 2B Y] T2 FHoA9 52+ AF
el (hE#A 2 FF o] wzl VPP detector ol A2 regulate ¥ &=
VPP HstS HojFEt),

VPP AL 12V A RF o= sub-threshold FgoANX= FHEAF7E oF
20nA ofstoltt. 77k #kob charge pump ol &= T4 HskARF VPP At

Astoll tiek vbg Hxrb v 9 (b)ellA K= wkel o] VPP Hehs webrhA|
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23] overshoot 7} =LA dojdt}. o]#l gk overshoot = EEPROM cell o] <F4 A ¢

I S

VPP A}S &5 o §lt). Divider & E WA AHE9| saturation QA4 JvbdA
O A BiEnke} o] VPP A regulation EAL wj$ £& How HolUh

a3y VPP FAAF7E 200nA oA S E  charge pump & E&¥ HAHLAE

SRl =2 H= 7hHAa o
olf gt FAlES /MAdstel 29 34 dividerg 2 &3dto] oFghe] 3] ~E| A~

=

2 7}A = /A E VPP detector® 18 3.60)4 HolF=th

VPP

+ PUMP_EN

_|: C_hys

a9 369 VPP detector ol 4] divider & E#:HAAHELS

5% sub-threshold
FAoA F23t}, A dEdS = EWAALEHELS capacitor ZRF o] F o3
divider 2] floating »==% ol 9TS s AA VPP dAgHse] A=
capacitor C1, C2 ¢ Z7] d] &l 93] o]F %t} Charge pump Z5F s X
VPP Agte] 12V 7 =W V. FB ==#H<¢e VREF ¢ A AAEda VPP
Mol 12V old &7k V. FB == VREF Bth =A Hol nluy|s

PUMP_ENB 213& charge pump & RU 1 %28 W34 3stp. thA] VPP
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Aol 12V olstz ezt ulnr]E= vA] PUMP_EN 4132 HU charge
pump & &2A] 71t
VPP detector += bang-bang &%g ¥ 3s}7] sle] <F7te] 3| AH YA 2E LA oF

EGAR s2kol Thseith AnbH o R S| A A AE F7] st valy] FH

FHEEY A AE B szdAsE A @ a2y
FUEEYAL sadeAsg 7HA7] dgte] ASHOR static AFE 22
Wi AHrEsl W HwoME Ay Adstq RE@v a¥ 369

ARbEl VPP detector A+ HEe HdHiR glo] C_HYST g+ coupling
capacitor & F71go 2 M 3| AH YA AE JHAA HAT 29 372 AH VPP
detector ¢ F#2 HFE simulation ZA¥olt}t. Charge pump ZHE wEo1 X
VPP 7Qto] 12V o Z=gsld VPP detector oAl o] & #HA|ste] Tl A Hi=nle}
Zo] PUMP_EN 2 ‘low'® ®o{# charge pump &< W34 $t} old, V_FB

= Hay] 29 s wol ko] ofgt AFSdith. thA] VPP Aol

t

ol V_FB == AYg= o] WojA|7] AlZtele=d v=w g3Fs wol
PUMP_EN ©] 12V 7} o} 11V VPP A<}l A 'high’ A Ej7F T o] charge pump &
FZA) 71t} o]3= VPP detector ¢ bang-bang 522 ¥3t7] Y3, V.FB ==7}

VPP

/  PUMP_EN

H
Time {lin} (TIME)
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3-3 Improved Level Shifter using bootstrapping

Charge pump =5F w5z VPP 39+ VPP logic 3 level shifter oA
ARET. VPP logic oA ARSI dA8Le giE EdX2EHEo ~9H e
A9 Aoy dynamic IR AHEARE Fo]7] Y & F AdE Wy EH=
Atk 1o Hb3)] level shifter &= I 544+ short circuit HAF7F EA S
VPP/VDD H|&o] =AW FF5 Zojur] wZo] Ri=A] Farvpop  sh=
Aol vH10]. 22k level shifter oA oy AHARE  Folvp BW
delay 574 ¢] thibd = 7] wj&o] F Aes & vl Aol AA o g
2 =S bootstrapping 71H S o] &3te] g AwEE oy} delay 54 w3
WA A A RFID tag 5ol A& 7153k level shifter & A ¢ksit}

18 38 71£9 level shifter 3|29 (h)E =Fo|A A <tdl hootstrapping

level shifter & X o &=t}

VPP

VPP
o
s
|
I
ms | pb—52—d| ms
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=AY S&Ee7E 12V o]Ae nHsts thFr] wimel dRkA<l level
shifter & 2 27]d = F27F 209 cascode protection E A E (M3, M4,
M5, M6)E F7hstel E-RA LB At FHES ook @tk Level shifter ¢
2~9A" T2 7IEHSZ NMOS driver E#WA=EHMIL, M2l 23]
cross—coupled PMOS latch 2] state 7} v w] dojddr}, oAl A3} %ol
PMOS latch o] €23 &2& fsid= NMOS 9 Arjru we=Al 2
AAE ook st=d, PMOS ¢ =717} 2t pull-up &= 92 =t} Pull-up
£E5 w2A sr198 PMOS A7]1E AA s short circuit AF{F7F v

ZARE oYt pull-down Fxel F3FE 5] level shifting o] A HE o] Fo] A X]
B T Utk 1§ 38Mb)9 2= olHd EAE sAsty] el AtT level
shifter 3] Zo|t}.  7]E 22 motive= PMOS© &2+ pulllup AFE

regulating 3¢ level shifter ¢ power-delay-product(P.D.P.

cross—coupled PMOS(M5, M6)2] Alo]E ¢S VPP At ZAHAA ~Yste
sk tk.  Cascode protection PMOS 9]  Ale]E A2 (VPP-Vthl0)olA
(VPP+VDD-Vthl0)Atol & 29 gtk M10 % M6 o] #9dy4S oF 2V ¢ 05V &
body effect & &Y Afol7} EAgtt. 227 wiito] M6+ VPP #dste
dFS A A Ewo2ZA pull-up step olM, VPP dste] ®stH et PMOS
HAE A B} FL2 A

-0 W1 Z= 9]
=

AFe= do= ¥ T
1Y 39 PMOS ZL7]d] & 7]F9] level shifter & A etH level shifter ¢ PDP
eSS Hojs g zolth
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% 3904 HEnkel o]l 7]E9] level shifter &= PMOS ZL7]ol wel 1 54 9]
A ASFATE A okHE level shifter & cross—coupled PMOS ¢ Z5F7} regulating
7] wZol A7]e] FTFES AL WA Zu HTF ¢ F2 TS Ue o=
UEstE 3 level shifter & pull-up @ w9t pull-down & w ] delay,
AEamrr 24 yebd = Q7] wiiEol level shifter & AAE o 1%
aeste] AdAs el ek 17l 3102 PMOS =7l maEh 71EC] level
shifter ¢t AJ<t# level shifter ol A pull-up, pull-down A] PDP &S XA}
Lol
ofgfjo] zEfxz el MEZ=L level shifter @ pull-up & wWe] PDPE pull-down &
o] PDP & i #oez  7]F9 level shifters 1 o] ESF 05 o8&
el ol 719 level shifter & pull-up A9 4 %°] pull-down g w9
Aert o £ Aoz ok A level shifting o] dojdtiz £ 4= gluf. wbd
A ¢k level shifter & pull-up PDP ¢ pull-down PDP 7} v & H|Z=élcha &
T Aol ®Hup b Aolet & 4 Qi
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A 4 & Simulation Results

B =FoA A<k voltage up-converter &= CMOS 0.18um = AA =L,
simulation tool & HSPICE & ©|&3}%t}. Charge pump & E°7l= 82
IMHz & AA %A, RFID tag ¢ WXy EZof 220]= HHEH floating gate type
EEPROM cell & write 3}7] $13] VPP k2 12V 2 AASAL 7 8555
HA A8} charge pump E2AE 28 AHYL ZFol7] 93 VPP 12V oAl
IPP & 1edte] HA3E stage W59 pumping capacitance #HE5<S 2t

w3 charge pump & ¢ 7}= clock @1 CLK ¢ CLKB 7} A& overlap ©] A

o

t- 2 3kt 19 418 non-overlapping clock generator & HoJFW 19

o

4.2 = clock generator ¢ CLK, CLKB 9] 33 & X o5+ simulation 2 ¥}o|t}.

DelayInverter

|

CLKB

TMHz clock >

CLK
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~Valtages Lin)

VoRages (lin)

Charge pump & A3 s Eo] 3 WFoz s=2A 37 YA diode ¢ switch

ez ]
=2

ok

= ¥ d¥=  clocking 4Al&¢l CLK$ CLKB+= REEA] A=
non-overlapping ©] ¥ ojoF gt} wkek & clock 21&7F A =Z overlap ¥ & T7Fo]
EA)echd lH3 % diode 7} AA reverse current 7F 2] pump FFo]
o] Foy 22 e 28] Wl ¥ 4194 HEWel 22 non-overlapping
3lz7F He® 3t} CLK, CLKB A&7} overlap ¥ A &%= inverter & ©]-&3}¢]
delay € T3 27 4204 HEnkelh o] simulation &2 1 FAS
skl sttt Inverter & ©]-83t] FE3 delay & Tt st gt = charge pump 2

stage MF7F =oldol weEl inverter ¢ loading ©] w91 CLK, CLKB ¢
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overlap ©] dojd 4 Q7] wlFo FES =79 WHE delay inverter Hol Fo

AA ok kot

19 432 8stage o4l IPP §lo]l pumping capacitor 1pF ¢ @, NMOS type #

CMOS type ¢] charge pump simulation 235 H o]t}

VPP 7} 12V & AA 7] wj&iol charge pump & A3 dAdszdS 11835t

R 2 AdS BA& o vk AR&staA sk VPP AgelA VPP ¢

712717k stvbdd VPP Zdsbe] Hojxl& |, Al VPP level & &H78t7] ¢l ®t}

B deol "asty] wie] VPP dgelAe] 7ere 545 Frh

a9 44% 7159 level shiftere} A|etH level shiftere] delay5A4 3 HAHARE H
A

AT 17 445 71EY level shiftere} #|<tE level shifterd] delayS/d =k =
25 HoF = simulation 2ot}
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agol A HiEwkel o] AE  level shifter = PMOS  pulllup AFE
regulation 3}7] W&o 7]E9] level shifter &F H| 3| A delay, AZ AR HolA
25 NAEA5, VPP dste] 12V eAe] PDP+= ¢F 3748 g Aoz
LERR T

Voltage up-converter 2] charge pump, VPP detector, level shifter &% 2Z}7;

HAslsted 1 2SS simulation & E3te] HIFTSEY ¥ 45()= A

AL

divider & 7}*+= VPP detector ©]-83F regulated VPP & H 53 (b)= A|<Hd

QLA WY

RC coupled divider & 7}A+= VPP detector & ©]-&3F regulated VPP & H o] F1}
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a9 45(a)=  divider ] E WA 2E]7} sub-threshlod G4 2w},

-1 =

saturation 9 Goll A s2& wf H o F= regulated VPP ©|t}. Saturation %< ol A]

=28k wfo] VPP &= vl £ regulation 54 HolA| 7k bAoA A& 50

VPP FAAF7E B7] witel &&o] FA %3 sub-threshold G SellA =#&

W= VPP FAARZE A9 AW v SX7F =7] uiiEed VPP A%t

overshoot 7} w9  =ZA YEldt. 29 45(b)= 3l &EHB AL capacitor
0.

C_HYST 7} Z+z} 0.1pF & 0.05pF < 7}#]+= Alet® VPP detector %83k regulated
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VPP & Ho]ZU}. Divider & EdAAHE BSR4 w37 ey ooz
55 sub-threshold @9l F2tsta VPP Hdete] W3k capacitor division &
Z3le] o]Fojxit}. Hd RC coupled divider & ©]§3% VPP detector & %83t
voltage up-converter = &]Z=E| A2 capacitor C_HYST ¢ =7]o] we}t VPP
A%} variation & Z2HE 4 Atk

7% 46 AHE voltage up-converter & 83 640-bit EEPROM IP 9]
gojol2-S HolFTh

e T |
& BERE 1 b

i
|& FEEEE EEEEE BN EEGY EEEE YN WELE FEECH EIEED ELERE TUEEE TOTEl RS (TR SR BT DR BRRR EERE ERE W )

_29_



A% 4 &

=2 2utd 7174 RFID tag &% 22 Ad¥S 238+ EEPROM ¥
7o yrgo A& S 9+ voltage up-converter = A ¢HsFA L. Voltage

up-converter °] 7} Ml EFoA 9 I ZES A gt I 2&S HUZ AT
Charge pump 9lAX&= Z&o°] Y& 7]E9 Dickson charge pump 7} ©}d
Mohammad 7} A|¢kgF CMOS type ¢] charge pump & A -&3e] IPP 7} 1uA,
10uA & W, 714 A 3% stage S 2l 1o 2= pumping capacitor & A7

AAstdtt.  ®3  charge pump 2FEH RSOl VPP AHSHSE EHRAHC

i

regulate 317] 93] 3] ~HgJA 2~ capacitor ¢ RC coupled divider & 7} VPP
detector &  Al¢tsld . Alk"E VPP detector & ®HE9 A am glo]
3| 2~H 2] A2~ capacitor & ©]8-3to] VPP # S} variation & Z&A7}s38HA st
Voltage up-converter & F3st2A F2F3}= level shifter = 1 5FA] @& 9o
short circuit current ZAst=t], ¥ == cross—coupled PMOS <} cascode
protection NMOS A}¢]oll bootstrapped PMOS & 41913t short circuit current =
Shollal, delay 545 AA MAAATE AE level shifter = 7159 level
shifter 7} 7FA]&= dl43star VPP 12V oA PDP 542 oF 3748 JAAH VPP
power = 20.2uW & =t}

A okE  voltage up-converter = 0.18um mixed CMOS FAH A A ZE o] RFID

tag & EEPROM IP o] # &35t}
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ABSTRACT

Research on framework for SoC platform based

camera in Linux kernel

Jang, Gil San
Department of Computer Science and 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
mmstead 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
37 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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