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Design of A Stand Alone Energy Harvesting System

Student : Cheng-Chou Li Advisors : Dr. Yih-Guang Leu

Institute of Applied Electronics Technology

National Taiwan Normal University

ABSTRACT

This thesis deals with a stand-alone super capacitor charging system. The stand-alone
system contains a self starting /self powering circuitry which allows the system power to be
turned off while not in use. This proposed system does not use batteries or have a connection
to a main power utility; it constitutes a true stand-alone, low maintenance and pollution free
system. Additionally, it proposes a feed forward charging scheme to eliminate the needs of
using voltage feedback, current feedback, or both, and hence reduces electronic complexity
and cost of the charger. A detailed analysis of the feed forward charger, and the
self-starting/self power circuitry was carried out to obtain the relationship between the system
parameters and the outputs of the system. This thesis also presents simulation results and
experimental data to reveal performance of the charger and the self-starting /self powering

circuitry.
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WREZ DG TIRMP A R FREET LS

-
U

. Y N I . B 4 oAy 2
FLRAHE L FTURBRATTLAER

P
R @ﬂ o

( #®EL )

X %) 5% R 18 B AE

Bl 2-19. &% T % Rt 7 #[30]
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$F=F% ITREZEVWRHLEKES
E-FeHASERRETE B AR AT BT KR YRS
Eéﬁﬂiﬁéﬁ‘?ﬁk’%ﬁﬁﬁt%—%%i&&%* I I Yy B A 5 7 3% B PRB A A

B RS o AN R Y BN B T AR SR AR AR R

el
P
et

[
:_\i
=
e
W
-1

e ERC o d AR p w R/ p R ks & Charge Pump 4p B

B o A F &8s § 4 % Charge Pump # 3% B3 (t 12 o

pﬁﬁaﬁﬁmﬁaﬁaﬂm@%ﬁ?{&*&ﬁ’ﬁﬁif3@§€ﬁ*

ThREF SN B EL S EFL 0 REHOF R BRFE I FR L aw
)

EIRE TNV SRR RE T IS L TS 3 EE LS SRR
R R A EE F R & T 54 E[36][37]

EREACER R RE LA 00%1 b o $F ERAE 4 iR kR
FEAABRBREYFIZ T LAFER o
2 2683

A

RFAFTRAF T ABAF T A RToR* 297 #2140 4

\4.\

IERERER TR Y 2T B~ & VO MAEES A o
(3) fp R F

i o ATrdp AT g

oL
&
)
g
=%
o
=
I
fim
S
b
|4
)
b0
\\.‘.:
=%
ﬂt
NS
(ﬁm
=
&
=

(4) =g
dONI S T FAERFIE T ) 2 X A i TR
PR E R WA e B

X
(5) %¢ A5
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ER LR G2 AR VG g IRRIA R
FIRFHTERA DLV AL FLRIAGSHF
WAEE TR CE R R R ARG R R TR R AR
SREZGLR AFFEHAKEEIREY HE O MRREFARIEIR
P Y B AHE I B R REE A FTRERN AN

@ﬁ%])‘f%'ﬂ@ s -"r;i %])\ |F“§[§ ‘d:&fj‘lj‘gb %’Qﬁ:e‘.f—ri‘u?-ﬁrﬁ 3'1[21][34]°

AC % pC| %|pC| &

—D :/g :{) a;%ié :{) %
- ’% i
% i

Bl 3-1.igac KB & s H[21]

En T Rig ik B(DC to DC Converter) 1335 L9 HEN < ¥ 4 5 S0 K
(Linear Regulator) 2 +» 3% 24 £ (Switch Regulator) = ~ &g > & 33 BA v 0 B R
B R R EE'IIEJ.,’EE@J“"'*@'@ CRBRERF RS HE A TR A
ZFREFETURMEN MR MRS TETEDRR AR
R Rl o R RS 2 T b FIAP S K [36] 0 kst el (T
A AR TR RIS MR RENFEFL AL AR S
EASTRESAEHE DRSS ER N BO R A ERF R 2 - KPR
iy o %R [39]

(1) =g % i¥(Constant Frequency Operation) :

E‘Lﬁ‘hﬁ'e’gm*’#ﬁ*ﬁ?ﬁ LEEE e EY E&Fﬁ(ton) LS.

Fev FINEER 0 2t B E AR TR P % (Pulse Width Modulation) 4
(2) % 4 #& i¥(Variable Frequency Operation) :

PR RE A B EE( ) CEBH RS A TR A
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PR RPN B A T R 2B TR 0 2 2 5 % (Frequency

=

Modulation)##1 -
i E léﬁﬂﬁﬁﬂéﬁwﬁﬁiﬁﬂ Pl ETERY ¢ 7 RLC
SRR TR STIMEAT NE E R A TR 0 TS AR T AR, S
TR 0 T R B TR0 TR § AR S N4 AR Y R 1t
TG e F R BE RO o

3.2Buck/Boost #& 4% B A * 1 it RIZ
Bl R a5 ok it > 1 ' R 5% (Step-down/Buck) v R 50
(Step-up/Boost)? f& 5 A *EFHE > THFHF IR FMITEREZ RLCZ IR
A o] 320 T A EP S AT BRI A k2B 1 [34][40]
BMER (( RIC_mE%

B13-2. A+ 3 @i ae: @)%R: ()~ &[39]
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(1) "2 B

A BB P o R TR R e BRA B TR(V)BEHTA
B2 P (R HE TR - 408 3-3-(3)

B. BRALEFDTRE T (L) H A8 5B AT T R, B

TR R L 4o 33-(0) ¢

+ gl I B +
I 7, ey S A
_ T < . _

L 4 L

(b)
B33 RN EETER @QFMEI KL O)EFMA L R
d B3RS ESETLERERG LA FA TR T EF R TR
(Vo) B 20 TR (V,) % 1 (w3 8 (D)= % M :[38] % @ M 0 (DT)P L& TRV,
4oV 3-1

diy,

V. =V,-V, =L
L d [o] dt

(3-1)

31 S ERIE S At s

diu _ Aiu _ AiLl _V d_V 0
dt At DT L

23



AORE TR (A) 0 Aot 32

Ai, = [Vd [VO jx DxT (3-2)

FEMAL(I-D)T)FTRE T mH - BT BER > TR TRV )4t 3-3

V, =V, = L% (3-3)

£33 TS A2 0 R
diLZ _ Ai|_2 _ AiLz _Vo

dt At (1-D)T L
R R R e (Ai,) 0 et 34

-V,
L

AR T 832858 34 % & 5 4ot 35

A, =

x(1-D)xT (3-4)

Ai, +Ai,=0

(Vd [VojxDxT +£_\L/°x(l—D)ij:0 (3-5)

V, xDxT _V0><D><T _V0><T +VO><D><T _

0
L L L L
B 2RV, ) B B 0 dest 3-6
V, =V, xD (3-6)

d 35T BREE L PR R i-:’—’k%i?fiﬁ%])‘ TR R

(2) = 5t

A. RHEIF - BUA > BE W TR(V)EFHLE > R
3-4-(a) °

B. RHELETETROV):mr TREEITRV)PIRL 2T
BT i B | (R )% 8 7 TREf P T A 4o Fl 3-4-(b) ©
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(a)

(b)
F3-4 A RNEEHTE  QFMEELRE S DFME L RE
d B34 SRS E PRI LA A T RN 0 T U TR
(Vo) # 1 RB(V,) % 1 (T (D)= 4 M A[16]> % # M HT (DT)F LR TR(V,)

Fg TR Arst 37

V =V, = L% (3-7)
23T EE T A2 p

diy, A, A, _V,

dt At DT L
AT TR (L) 4est 3-8

mu:%meT (3-9)

FRME L ((1-D)T)F » A TR)E 0 » TRAH T RATRL » st

3-9

di,

V, =V, -V =L
L d o] dt

(3-9)
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;9 3-9 ‘g IE S 475N 0 B
diLZ _ AiLZ _ AiLZ Vd_Vo

d At (1-D)T L

AR T () 0 o5t 3-10

A, = VLVJQ D)xT (3-10)

P n R Ed N 388N 310 & x5 4ot 3-11

Al +Ai,=0

p%xDxT]+@Q[VU«I—DyJJ=O (3-11)
SRBRESL R

\

4 xDxT +\£><(1— D)xT —\ix(l— D)><T =0
L L L

B LR (V, ) IR 1S > o5t 3412

V,
V,=—= 3-12
= (3-12)

d A2 W RHE A D RA RS M e TRER SR
TR

33 FH BB TR
EoondE i Bondk (FRONE 0 A =2 2 48 i 058 (Continuous Current Mode) -
2L:d 4 45058 (Discontinuous Current Mode) % i # #-5% (Boundary Mode) » i & d ¢

ERmif FgRRTime ] EA%E > P @i 4Rl 3-5-0) 5 T T

Bl EESE > WL AR RS AoF 35-(0); A SRR - AP TR TS
SRR 35(C) TRARAE R AHEEAT M o 1T A U RN o R

edf (T HC E 2 [40][41] -
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A A
i A
A

Yy

TS
(a)
‘f!,
A
-~ - < IL=IO
. bL DL bor,
P o DT B
- . .
(b)
il
A
= ___fzfzo
"~ nr DT, ¢
- Vl‘ Ll
TS
(c)

Bl 3-5. B nddde B (Ek AL C (Q)id BN 5 (b)2ad S (0) R RS
(1) "% R 50

BT F ARERETIRE R TR TR R(1)E ) FTR(1,) 45t 313

I =1, == 3-13
== (3-13)

load

PR BA7 I ET R T bt gy & B 1y * 4058 3-14 315

i 1-D
mmn=h+éi=lﬁ—+1Pﬁa—Dﬁl=m) 1 ,0-Db) (3-14)
2 RIoad 2 L Rload 2 Lf
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Aip vV, 1V 1 (1-D)
Limipl——==>-7|-2(1-D)T |=V, - 3-15
{2 R Z{L( ) } °[ 2Lf } (3-19)

load load

d 5% 315 FpR A 0T L AriE R S g (TR i

A. éﬂﬁ_‘;\ :
IL(min) =V0 1 _(—1_ D) =0
R 2Lf

load

(X232 BN

1 _a—D)
Ry  2Lf
TR SBEEE > 4o 3-16
1-D)R
L= % (3-16)

ST ER R

1-D)R
> ( ) load (3_17)
2f
C. =zt 45
1 (1-D)
o R~ 2Lf 0
load
ik g s
1 (1-D)
Reg  2Lf
TR SEEEE > 4ot 3-18
1-D)R
L<( 22 load (3—18)
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SR EE (P E N I (R st

—(1%bJ (3-19)

| = (3-20)
(1_ D) Rload

I 387 MR ET R T % g E 5] By 4r5¢ 3-21 ~ 5% 3-22

Ai, Ve VDT (3.21)

| =l +—+t=
T2 @D R 2

Ai, V, VDT (3.22)

loo=1 =
L(min) L 2 (1_ D)g Rload 2|_

d ;8 3229k B E uff'lg—lfi}\':}ﬁl‘t"}fg_ [ERE

A R B
V, Vv, DT
I L (min) = 2 B B O
(1— D) RIoad 2L
ik =3 2o
V, _ Vv, DT
2
(1_ D) Rload 2L
TR FHEIEE > dost 323
D(1-DY R
L= (1-D)" Roas (3-23)
2f
B. i A5
\2 _Vd DT >0

I =
o (1_ D )2 RIoad 2L
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E BT R

V, V,DT
>
(1_ D)2 Rload 2L
TR FHEEE > 4ot 3-24
D(1-D)’R
L> ( ) load (3-24)
2f
c~ zhih s o
I|_(min) = de _Vd el <0
(1_ D) RIoad 2L
SHEHFE R
Va VDT
2
(1_ D) Rload 2L
TR ABEER > dot 3-25
D(1-D)’R
| DO-DFR., oo
2f
3.4Charge Pump ## Bl 1 it RE
E/fﬁ;}ﬁ'% ’}; - fﬁ? * g ?_,),T{\:?;él‘?;; €@ %‘Ebi'vﬁl’?"&? z-ﬂ #-ie &

WA g i o £ 2 45 Charge Pump i % > e L5 FIR + A SRR
A2 R EBARI > TR M FTF+ A & Charge Pump £ &

- BRERFESIHTECBHTEZEA BT F 2 ioF 3-6[42] -
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i
LI

5 4
8

LAy,

B] 3-6. £ %] Charge Pump 7 ¥ [42]
?&;{ﬁ%%gmﬁiﬁi&&ﬂ% Ha kA3 E 2R RE HBERELT
(T A2 B4 @) 3-7[42] :

(1) FE RS SRR RIS, S A AR

=
%)
N
wn
N
\p"
A
la)«
prvs
._\
)
*
[

() FE A B E RIS S AT BRSSP ARE

O
=3
»t
e
=3
at
&
A\
(]
(@]

2*«3’1?1%?]'}3@_@ ‘Ff;ﬁaa])‘ m%ﬁumégmaﬂj?ﬁ*j%

Ak 3% f
>
Sp Sy
>
Sl -
> !
Vs —
>/
Ve,
>

®] 3-7.Charge Pump # %7 #2 8]
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Charge Pump &% B * ¥t &7 U AKF S 2 BB > A 97 UA X BRT
k& ~Dickson Charge Pump ~New Charge Pump~CCTS = # ~Heap Pump 7 #& Charge
Pump it £ #& 4% 7 8 > BRI T R f{iu i B 7 B ~ Dickson Charge Pump = i 2 25
HE T2 FRE RB IR E TR E u'f,]}/\ w4 % & § B ~ Dickson Charge
Pump = Jﬂzggjxl TR
(1) B BRTE
BRI ELEPAMITR A TROATHFE] - BT F A

S BEMES4oB 3-8 FS, S, ASTE LKL BT RCH &?@:w“@?]
BV et 3-26 0 T - WS, S, AP AR AL - RIB R RV,

ENRFRHEFLREL A REFBRLT ot 3-27[43] -

—e/
Sy
Vp_f i‘f C Vi

] 3-8. Charge Pump # % 7 §:[43]

V. =V, (3-26)
CxV, , =CxV, +C><(V -V, ) (3-27)

out

Vi =V + (Vo —Vo)

out
“iﬁigﬁ,ﬂ%‘ UL ﬁ‘;f\] : Fi( out)-&r;\: 3-23
Vout = 2VD (3_28)

(2) Dickson Charge Pump :
d P RBRTREECELEE {F TR R Cockeroft - Walton 3%
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TFPROZ O LALRF I AR EF A I TRAMfR > 1
Dickson :z & Cockcroft-Walton = ;= » B B %2+ * CMOS Charge Pump

SRR R 390 § - BaWRE  RITEC L BRI TRY,
vyl 329 T - BHHREF - BEETRY, 53 9~ TR 4rst 3-30
et A TRV, A (N+L) 3 8~ T B4t 3-31[43] «

L TL (L,
it T T T T

m V2
S.
Sl S Chi= 3o,

= o
. |

¢ .
] 3-9. Dickson Charge Pump[43]
Ve, =V, (3-29)
V, =2V, (3-30)
V, =(N+1)V,, (3-31)

15 b P ¥ 2 4eig Charge Pump 24 % 4 4% 15> 2 d [ 3-6 ~ 3-8~ 3-9
¥ 4w Charge Pump iy = € T 452 % 0 Pl o S sk T 5 &
F|if ik >k o 2 Charge pump 4= i 84 d TR S 4rdl 0 oL G TR~ 4 0
Fog g T ;*T&%%ﬁ 4-4+ Charge Pump * i< ;1 st 1 55[44][45] :

(1) Zee F -

B~ RIS T E T G REMT R

\4
XN
\’»
“
Rl
8
&
i=
it
14
&

N 3T % Pl % 1N o
(2) 4 » LC ik % -
ﬁeﬁ] ~ #823 Charge Pump 2. B 4e » LC gt B> 7 1 b gt 20 FF R % >
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T LC = it B LB E -
d i 4 % Charge Pump # 12 Eﬁ?]}‘ TR R
1) TEfE -

1245 B 3-6 ~ 3-8~ 3-9 P » ¥ 11 4rif Charge Pump % & B B T &

(2) »=F % :
FIXFRREFEERY T FERTRE T AR LR R
Mo om 1 IR RE T KT RPN FERERE -
(3) = &% :
PP RRMARY T FRR DV NEFS APRMOBITF
(4) TRFEE B ]

BAS P RTE R TR T TR STET R 2
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Fr3 PRATRETEMRL AR

Ay M op AR BEA G A & 44 Charge Pump #3  ~ w 4 5t R
ARBHEBRATAARTRES > Ad WA EERYRETF > ATUATE
BedFet s hINR RAE R (L EH5) e 7 Charge Pump 4% i (2RI H050)
Ha FRBFL A1 TR TREREIPAERR T A PR TR AT

pig
G50 T AT~ B e e BB (A SR -

% - FESZFOL IR RERAEESEALRP > APT A Ag
BREHTHBE ] HIRAEF KT EE L ALT B TR R
HA o #rriT E KRBT FARY VST FAAMAS 2 BB T T TR

B3
AEE R RAAT AR RE L FTREER P A K AR TR P

TRFAFERE AT IR L TERARR A FALE L FTRATIET G

AL PR AR T PR W ERL ER RS R S
HESERE Y TEER S VS S
ARy - BHEIRRAR A% I FAS D RS B A D

TREBATI OV UEEAHRERG O ETE FIPAMTRIDGE ™1
&

TRELRAL A TRALTR P AT s » TRES RS FEH L
KRBT FENER T e AT A Bk ER

B
WEP AFF i1 FRRA N P ATIRGERETF § A AL PIA%
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AR ET A S AR E - Charge Pump 3 E %A TAB R T

Balea o @ AR AT AR T UBRRR R P EF M A FELfp
J B ki A AT B2 R4 41 o
R, Charge Pump '
Diodes I : Diode, I;E
Tam Gt o & :=1J12
l: Dwdeslzf

| i e oo V. ]
- / iode, o1
I in .

A XA L T Y
R i1 T

N/

Wk ik T -
AEER

B4l bz ATk AT R
3 v}iﬂ B ,9?-&'"? .
(1) % -r& e

A BAH AL ENDE AR CRERTE A TE B EZ
Charge Pump ## BT i R » 3+ 8 Ah> AWM T BK > S8 ¥4

Pspice &2 Matlab k@4 H 2 f2 8 g % o

™

Q) %=1 g
IERAFERATRADEFRTHERD S HA TR A% AW
RERT 580 2P A RAMTRR BB TR A5 Jhd R ER S
LRGP R R R AR R S LR AL
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ARGRIT RIS SRR A T R R R E (T AR AT

EEEHI L LN RRRER R

2 LRI L AT
B 4-1 AT B 7 i A3k~ 4 5LF 04 & Charge Pump #4% % ~
ARABEHR B -RATAEAAR TR BRALEY > A HRE S MEHEP L 9 FH
TR ITRILE TR
(1) Charge Pump i #& %
W3 3-4 F &L 3 f§ P Charge Pump 2L ~ & i m 12> @ Charge
Pump #&# B A~ AT EPFAFRATRDRLLITTR AT
r2 Charge Pump L E} 7 7 fga AR ’3:3@%] »TREGEFEIE gk BE

5 AR e g
/n ﬂ‘}'&l'k N I;‘{:»

Dy

{0 B 4-2 2.4 ¢ § §450 Charge Pump # A&
B 0T R 12 [43] -

VmI

] 4-2.Charge Pump #3% % f §* T & F[43]

A ES S FE S, SR T F(C)FRI N TR 4-1 2 3
G T AN 420
VC = Vin (4_ l)

Q = C ><Vin (4_2)
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B. #S SRS, S, FEM > TF(CLBRENHNTRE A TF

out n

(C)&’?}E?ﬁ?}ﬂ?ﬁ’ﬁ])‘ TREZ (Vo —V,) 43t 4-3

VCOut :Vin +Vc (4_3)
C. it Bz iy » L B 2 0B il £ 0 4vst 44

C ><Vin = Cout ><Vout +Cx (Vout _Vin) (4-4)

2xCxV, =V, (C +C)

out

B R (Vo ) ST 5 ot 45

C
+C

Vo = 2V, (4-5)

out

TGP EAP P U B AL ANTR BMe T A TEART

BoA 2 gl gy HaSF s 1 T (D=T,/T) #4H F

ATTRFEALBR CATRE  FC,TF T REINAMTEE |1
ERRCHTRL P AT/ ETTRAA IR TR RTRA L&
& i 22 536> MOSFET B BRI p 3 LB enC #C, 2 2 -4 B M 31 (T,)

Eﬁvx*%?‘@i%&ﬁ)\?-»@(Vm)”éFﬁr&géi(Toff)%Vxﬁj%i{@i%&ﬁ%)\
B e by TR(V,,) 0 @ R4 £ = 12 E Charge Pump & ) € &

(Voz )'Qr';\: 4-6 °

1
V,(n+1)=V,,(n)+ C—(Cl(\/in ~Voe)-C,(V,,(n+1) +V, -V,))

_ ((\/OZ(H)R—VZ)XT)+ (Ve —Vg(n))xT

(4-6)

)

H P C(Viy—Vos)~ C(Vop(n+ D)+ Vo =V, )2 C R Z R AHHETC R 7 BYE

w

C, 2% i Ml \:;s —V.)xT g_Charge Pump { §4(R,)T 5%

z
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Vo VeoMXT R BT 304 T T i o
R4

RS Wi 5 il
AHTIRATANRLES R TRES U TR RF = e
FBERTREA S FRIFE A L 5RE MOSFET BB > @ 23~ 42
A TEREY A RC L 2R TR PESRMEATIA > H R R R-R

4-3 -

&

§&=2k R, = 48k
Ry =100k M

R, =430k

W
2

T, =017

L

38kH, ——

>
-
1
=
—

Bl 4-3.9% F T #2454 4 T

HY RS RF T RAMFHY 3BKH, 72 2 Bt B * LM393
IC> @V, Z & F 1 1737 & Charge Pump 3 F #F T & 2 4V 424
A (V)R L2V 5%t R 3 2 (PWM) e T3k §) “i?tfg"ﬂi%] L

BIL4oB 4-4 0 F BT P % Bl4c B 45 -
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}

1

MOSFET Gate Signal

/

Bl 4-4.1 1F

Tek ol . @ Stop

(_'__

%1 B

It Pas: 0,000s

CURSOR
Type

Source
CH1

+

ot 480008

1+

CHY .00 R

23-hpr-12 13:34

(@)

Tek Trig'd
+

/
J/

CHT 200mb

1+

P 0008

CH1

K Pos: 0.000s

CH1

Push an option buttan to change its measurement

(b)

40

=z 208.3kHz
=0 332

Cursar 1
-200ns

< LaEY

37.3940kHz

MEASLRE

CH1
Mean
S23my
CH1
Pk—Pk
118y

CH2 Off

+  Mean

CH2 Off
Pr—Pk

CH1
Freq
37.99kHz

4 Ddami



Tek S & Stop M Pos; 4,900 ,0s CURSOR
o
Type

Jource
Y ER
W T a—— S i N (1)1
1% a3 63.33kHz
<N 0,004

Cursar 1
-300ns

CHY .00 b 25005 CHY .7 185
24-hpr-12 1701 <10Hz

(c)
Tek el & Stap b Pos: 5100 08 CLRZ0R
Type

Source

* E

j—

| S i | R 1
T+ =5 J3.46kHz
&N 80.0mY

Cursor 1
—300ns
400y

CHY1 1.00% FA 2,50 s CHY 7 1.63Y
24-ppr-12 1812 «<10Hz

(d)
B 4-5.7% it %R 8 St Bt (2) it 3B (D) 4B UL () ~ TR 5 35V
1T 46% 3 (d) W r TR S AV~ 1 ERH L 40%

AU 44V S A RS TR TR S TR R (R R))

Q@’é&%ﬂm?uﬁ%NJﬁﬁﬂ@@%ﬁ»@@%ﬂaﬁg,@
A-5-(@) % BT Ao U PR S 48us > EERLC, T AR ER
@ gEdh ok T B % MOSFET B M 40+ RC “u 2z end B @ W pf fF 3 #ic
gt o Bl 4-5-(D)AE T 4B A UELARIT IR B 4ES A B 0 B 4-5-(c)
B 4-5-(d)&_x e dp &3“@%] »ERBNAR LS S RT

BARE L T H B Mg S BIT T A AP S L D 5 TP do

(=
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FHTF AL R ko 4-6-(D) -

‘1,\:‘<

4-6-(a) > 2 PR, <R, € 7]

Tek g @ Stop r Pos: 0.000s BUTOSET
-+

CH1
Mean
52

CH1
Pk—Pk
124

1+

Unda
hutoset

CH1 S00mb 100 s CHY 7 524m'
2-May-111314  37.3952kHz

(a)

Tek JL 7] an’d M Pas: 0.000s MEASURE
CH1
e Mean
~ spike 26
CH1
Pk=Fk
1,22
+ (CH2 Off
Mean
CH2 Off
Ph-Ph
CH1
% switchi Freq
PO 37.99%Hz
CH1 200mY M 10,0 05 ¥ CH1 7 ES0mY

(b)
Bl 4-6.4%% % % 53U ¢ (QBIT T & AUF B 424 L35 5 (b) R, <Ry & s
PR 46 W R R BB M g RS s d 2 BIT 3 SR
T 5 LT g RS 0 ST AR it R MOSFET B Bk » % 0t 2 o B

AR 3 ohimd BT ey g3ty

5 32233 F & Lw o GIFEE iR BTG A A
A BRI EH B 47 BEE R F R R
REAABTF I PRBTRAE G A AT TR AR
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?ﬁ~%@$14ﬂ?ﬁ@ﬁ’%ﬁ&éﬁﬁﬁwﬂabkﬁaﬁﬁﬁw’ﬁ.
T R 4F L 405 (& Charge Pump T B)2 B A 4 B R £ 31

v A R A B T R

Tek L. Trig’d M Pos: 15,00 s MEASURE
+

CH1 Off
Mean

CH1 Off
Pk-Pk

CH2
Mean
4.2mY

CH2
Pk-Pk
174mV

CH1 Off
Freq

CH2 50.0m¥ M 5.00us CH2 7 81.0mV
25-Apr-12 11:23 37.9933kHz

¢
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