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esign. Our research aims at a smart DC-DC converter and adapts a suitable power management
theory in the self-sustention system. Based on this architecture, this self-sustention can get stable
supply energy under the optimal energy transferring efficiency.

The generator of microelectromechanical systems can generate tiny energy about hundreds
of «W. We can use rectifier and DC-DC converter efficiently convert the unstable voltage to a
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specified and stable output voltage. According to the industry’s latest round of DC-DC
converters’ technology, we can use an inductor-based switching regulator or a regulated charge
pump converter. In this self-sustention system, we need high conversion efficiency, low quiescent
current, high system integration, and low noise. Thus, a lot of systems with green sources use an
inductor-based switching regulator as the DC-DC converter architecture. In order to reduce the
disadvantage of higher noise, we can use some low-noise technologies to reduce the influence of
the effect. In other words, our research will be an inductor-based switching regulator with
ultra-low noise. Based on this architecture, we can develop our power management for this
self-sustention system.

This project proposes a smart power management theory. The feedback mformanon&r Q

the frequency deviation between the operating frequency of the digital signal proces§> $§§

in this self-sustention and modulation frequency, utilization of the energy from ME %

the deviation of loading, and the capacity of the storage device determme; f the
modulation technology we should use. The modulation skills contain Mjﬂ e width
modulation) and PFM (pulse frequency modulation). According to the\loxjgzjjr t, swap the
modulation skill between PWM and PFM. When the load is light, the Sy\te es PFM. When

the load is heavy, the system uses PWM. It makes the efﬁmenc?efthe stem have the optimal

value. Using buck/boost converting skills, we can step-down.or step- do\vél the output voltage to

the range from 0.9V to 1.6V. Make sure the energy cons%ed\ e system and the energy stored
in the storage devices to the best converting efficieney. ' A

A current-mode DC-DC buck converter

system compensation is presented. Curre ec itor multipli kes a small capacitor be
multiplied to generate a large capacitor e Based on //T\ 0.35um technology, we
demonstrate that the small capacitor_is. multiplied by a fat@ aﬁout 201. It allows the control
system compensation circuit DC- D\ ‘buck conve tfe&bfe easier integrated on a chip and
occupies less chip area. Th ' I results SI{W at the efficiency of the current-mode
DC-DC buck converter-with Em— apacitor }nd@ller is about 88%~92% for the load current
from 50mA to 4%}6 \ntﬁe 2\regulated tpu%/oltage is 2V and the output voltage ripple is
12mV. e
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it@aalve cap@@nultlpher for control

ifier ~ DC-DC converter ~ PWM ~ PFM

TRSTFAEAE AR L o AR TR D 2 SO0 B L o SIE S
BRGFENTRFEITOFE > MIBRUAFET ICHEFRERFLER - KA "‘f’l & Jf,

FEN TR SO AL o ek U otk R R S A /’5'?;“’”7" *é’
LR EIED 4Tk o a B <A HTRFEIR* & CPUE T E
_’rﬁiﬁé{’_@iﬁ# FLR bu&ri#&:ﬁ , %*fsful lﬁf%}%fm% s 4R ﬁﬂa‘i:‘/%r%ﬂ’—_’%‘r’.ﬁ"”ﬁ -
i R B (DVS)IE * A O R (58 iR B b o

‘?‘“



Ultra Low Power Wireless Micro Sensing Module

! Environment Features | Events:
I A. Chemical: gas, fluid, concentration ! E'rih%oms(-
| B. Physical: temperature, pressure, I La B
. -~ = and Slide,
! hum'd“y_ . | Health Monitoring,
i C. Mechanical: angular rate, acceleration | S
: D. ... :
S 05 0 00 0 o D 0 0 o O e O O e D e o o e 1
|E__% — — — — — — — Em
m P3: P4: Mixed P5: Ulira .
Micro ., Mode | Low Power | | I UE R'.= /
- Transceiver d
“L Sensor Sensing Sie AD Ckt ‘
- Ckt L:':ﬁ Converter — —
1 Aux | t t o 4 \
| Power - ===== = | Power Line 1 \\\\ ) )
! Supply Ii| P1:Micro = = = =2 Power P6: :ﬂ
i Power »[anage Ckt Antenna ?/,
m t| Generator ! BN
[ . | . //
MEMS Technology SOC Technology RF Technolo -

Midti-Chips Assembling Technology

Z
W&
W1 i S R

% I~
Q \/
MEMS VA &A b
Generator Rectifier Stors& —
Power
Management
Drive and
~ Self-Sustention
Dead-TNme>
System

/;ﬁﬁ&m

[
*

)]
&?// e
Basic Buck/Boos =DC Converter

W2 AFEE T

GHCH TR -T A E 0 R WA BOWLSNZ 2 e hp s R A R
ﬁﬁﬁ$’”ﬁﬁ%%¢WéWmmfﬂmmvﬁ%ﬁ%ﬁ%ﬁéﬁiiﬁM@Wmm
frCv maxehps B gk > AT o Jpdgd BRI R B Cvt e B B R IT 007 i ch2] 87
(Vmax=Cv min f=Vmin=Cv max) °



TREEER BT RI(a):

Veol

Cwv

e e
T
Q
Q
e
i

B(a). TREEEPTE

d 7 BERDEEE 4 i TR AT DB M A% < E(Cv min fr Cy, ma@Q

R L)% Ji il 41 B B BIE T B o Bl(b) -

=TS

|
|
Veol— ' Vool — @
Vo2 jc l‘# LT S l# Vi

Q —

2. AEBTRECLL RS dg LR T e ) g R A R
FAEER R 0 AT F =
B A8 Tehr F B G

% (Current-Mode

ower Management) %] &k 3% & -
" Wl kN B - e
Converter) ki 3| F it emp o

CUDINE e 4 BT Q\ (Current-Mode Control DC-DC Switching
Converter g 2k A VR e VAL Y ?;mﬁia?] NREREE PR
B g AP R LT U TR e o Tk

£ 3&@@%&%?%fﬁﬁﬂﬁ?@ﬁﬁﬁﬂﬁ“ﬁﬂ%&%&%?
SUR ACRTLE R4 15 A S AL e A U S T e R R P o
e FARTE TR BNR T ERAY SR BITEE TS TR
win ke e o
SR T B BlheT B3



TS IArl
|
|
|
| NMOS .
| —
—
oc Q)] a € LOAD é
| = R1
|
|
| ufiel ‘
I Stage
; T
|
|
| PWM | OTA
: L | Generator Compargtor 3 Vref
| | Compensalor
|
: é R2 /
i | v O
| Compensation OTIVE
| Ramp & Clock
: Generator
' - v ™~
: Current @; = /
——————— Sensing
Citeuit g Ri @
[ T i g VR P X N\ B &
B 3. 7 orHos ol FUE R-E & g B B]

ARFTALUT S B R

(1). 5 % % &4 (Pover NOS)P 3 ~ O

(2). & ~ Bk suar i B(0 E§§§§9mpensa

(3). BRI 7 ongEd B(V-1 rter 0

(4). # F B M 2 1§ % PFéa A % B (Compensation Ramp

& Clock Generator)o
(5). ¥ B7% kTR A
(6). 7 & B B dodnXE br
(D). B &7 =% (Currel i it)°

2
j
s’%5Wﬁbwwhwwamim@ mﬂﬁﬁ
;r?
w

B R 71 B R g Gt en
Eﬁpﬁﬁﬁﬂﬁ4#ww@*im%“‘Vﬁﬁﬁﬁﬁfﬁ b
MR RART AL - TES AT I AL D e AR
{d PAHFBME B LTHFhTIn - pave 5 CMOS e * » 1%
AR T ST 10001 ] S0t BIR k> T F RS Bl

FREEBTG - B AALERT AR R BT EE L P TEA #
BB SAERL 0 FI kA ST - B BB TIET G AL -
BAARE ZRENSL IR P AL - BREEL ATk AR AT



A HRBEL R & A R D1 (O SR R B S BN ) 20%
UL AR
@ Yoenk BuAd 1 B4oT B 4

Rl

BlA BamEaadgis <§;§

-

Eﬁ%wmﬁiﬂﬂiiﬁ—% BFE MR P INnT i SRR
» BT BB B mrzig—)xmgaﬁﬁ;a_q\ U =0 R B B W
m’fﬁf& S~ RERE SV }a ek AT % Suend & Bk oA E
agﬁyFwia,vgfiﬁaméin L N Eh
FEAL - BRI RIS R E nF ¥ ke
BITtIT R A 2FE dh P30 A 30, gm
ﬁ#—’%* mf_‘f{ fge 5P FR 0 AT gt A
LR R %k o R R SR o
LEETREE A FE2 (5> 8 F
SRR RS PR - B R 2R

GO

 BEAR 1B AL

f@'* PR @% 2 :ié—_g_ i3
SRIL o ] TF AR
B B @?J% 2 B
”Wﬁ%ﬂﬁﬁﬁéiﬁ

=
Cu o M,
iy o
¥
<J Viconvert_out
Ea Currentsource_p
- [ S
M i
! Viconverl_in
Lt £49.7k 50k 3 =

Blo wRITIERE

Bl 6 & FHE MR RAEEFNEEL E ““iiﬁ»ﬁf??‘%?i&’*/’?{— BIRTER BT
M F%%’{#EFE’W’J{QE:"QEU)&"}‘]LL?J ?fb‘%{mm" TPk bﬁ,@m%])“&%* JAE



R e T k2 0 A FIL o FEMAE AL G LN AR % R A
WAL MEE S PR S AR R - BEF S LRSS IR

+ |
Ve Ramppos,_oul - m : |
|2
Famppos_ck
i>{}—* : B
7V I k=
= o l
h - O

Bl 6. = 2B MRS %k S ar (s A 4 B §§§

FEMAR SRR 5 FET AP g T A # FF B
N A= 5 E e B é»gaﬁ‘*;é FfJL B A R T

{5$§§

ANEERY

Q B 7. #»FEMES ¥R

CXRE S RS R P A TR 4 5 S
R B b dow it AR RS TS & :
AT R 2?'%3:% e N L ALk SuAT O BenRtAE 0 B 8 :; LE ek Bk At

'?ﬁmﬁ, #

K
o

Aol
T e
W ¥
B
&)
=1
[



iraf +

R,=33.025K
R
: ‘:1 vad EJ
L r M:".‘
1 100
Jive sevind connected ng A E
'|.|'I 1
Vollage
Followar
— C=80.1 P
-

B8 &FTSBRY &L

dRFAETR DA AN RBBETFR - A
TR FERF RS R EGET F PTG
)

w®

Iy
S ﬂ W =k
b

> AT X rﬂ’bﬁﬁ:
T EN BEEIL
RS 100 A3

AP - BRMAER - W offset Voltage EREEAB B KB A BT 5
;”@#g_‘ﬁ,ﬁw’,?fgw_ﬂ;,y??:,—H';f LI I P PR

ﬁ%xm%ﬁ?ﬂﬁ%?%%ﬁﬁ@%%ﬁ’$%&%ﬁ:dTUﬂEQ%$%°E
R - BB WA S L g‘ Forrg Rimendo s B2 B B S PR RE B
FrRART RS R N ok a8k 3|

FRRE  ZRABLF-AEDR fni
23 %;.,k:}g, a ’]ﬁ%#ﬁli » B e A ,f‘. Feenfri fﬁf!‘!_hﬁﬂg

%»

B g I AR A



X R
A F] 5

; A

BEHEm:

AR ATIE 2
M |F3’J+ Ek%;c«’:

,:r,
I
D R TRSTA A R BE IR AR o

FEE A2

P

T2 Cn R IEi® 5 Ru

TR 0 TR Ry JF R

3 z
E T 1 |r-1||r1||r1l1|r-1|r|-1||r
aye REEEE e 1 I ; X
X! EEEEE IREE A S B N e Y N R IRRER ™ RSS! BaaEs thns s mas o) B
! o 1 |. o T T
! 1} T | I 1 I J |
l wardl Bt Fn 1 1 Ip

||r'|||r'|1|r'.1|rr1||r'|||r

&

ER AT RN R

4

i CENR

= e

R RN N RS EN S

W14 # %D

'

oo RO R ’}’ﬁ%}zﬁ;q 2 HLA r'/ 5

\; ,.I\-r./,. "'1""["'@’”"":

L
ilu%llri}l -45
i b ot

Leatifeai rnllrnlrrnu-:n-

; i) 25,8

A A b e ]




3.
+,£r IERERS
f_ _
=1
=
i
3
3
1

&
I

R R e R R R TR e N -
I

E S
B3
g
L
g
-
=

1“,Q“.JI-H.l"|--.'I'I.'.'J1.I-'-'I.I.V.I"-'Il ------ T IO‘- //\\\\
TRAVE WL 6T R 7&\,//

v
T

B 16. f %% 1 P2

3] Chen J.-J., Su J.-H., Lin H.-Y., Chang C.-C., Lee Y., Chen T.-C., Wang H.-C., Chang K.-S.,
Lin P.-S., “Integrated current sensing circuits suitable for step-down DC-DC converters,”
Electronics Letters ,\ol: 40 ,pp.200-201, Issue: 3, Feb. 2004.

[3] Palumbo, G.; Pennisi, S., “A high-performance CMOS voltage follower,” Electronics, Circuits
and Systems, 1998 IEEE International Conference on, Vol: 2 ,pp.21-24, 7-10 Sept. 1998.

10



