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Low Dropout Regulator Automation Design

in Nanometer CMOS Process

Student: Shih-Hsin Hsu Advisor: Wei-Zen Chen

Department of Electronics Engineering & Institute of Electronics

National Chiao-Tung University

Abstract

This paper presents a nanometer manufacturing process used in analog circuit design
optimization process automatically, and applies a low dropout regulator on a design. Most
major programs use C language as a platform. After electrical specifications are given, the
user could obtain transistors dimension of the circuit by optimized automatic design program.

We use a simulation-based design concept for transistor dimension design. By the results
of circuit analysis to receive various design parameters, and then use simulation software
program to find out the dimension needed. With the design parameters are given, the method
can find out the size of transistors within the 5 to 10 minutes.

And we integrate the concept of an optimal design which called geometric programming,
using this algorithm can replace the circuit design process of calculating the value of each
parameter, also avoid some initial guess problem. In this way, the various design parameters
can be calculated in just tens of seconds and is optimized.

In order to integrate optimization algorithms and simulation-based design, we also added

a model generator to generate a mathematical model of the device characteristics. After

iv



verification, the device characteristics model produced by the generator can accurately
describe the device characteristics, and in the design process can be successfully combined

with optimization algorithms and simulation-based design.
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Al 1+ Ap 1+AEAxgmp><r0p><ﬂ AEAxgmpxﬂ

BArApa s B H w2 F]F frif B 3x+ B2 3 5 > @ gy B E_power MOS =1
WHE o FL S ESBM G PT 2 (T ] g B L] o
I 3 BR > 4p 23 *Y(Phase Margin)»2 2 PSRR

R A PR SRS SRR AT SRR OTRFRI ST
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o 3 BAREE2 B ehb o AR S SoenR T R T U4 L B L A
B iE o
G,, =22xGBW xC,_,

(2-24)
1 G
G < 5% C 2 (2-25)
¥ b B+t PSRR 08 > 0 3% i k& ch e 0 do
PSRR = % = % (2-26)
bat

He hAZFBRRAVPREBESFROGRET DR E > @ A B EIER »
?.‘:%E‘Jﬁé‘]:‘! AT SRR TR F AP ERER ARL - BE

- B kb ﬁﬁ%éﬁ - W EMERN F G - BiRE K AL RIT R

v 1+ —fS—
PSRR = 201log [\%) =—20log 2db (2-27)
ou S
t AEAgmpﬂ(l-i_ f}
L GBW

B foey TEE - W EHER 0 A el LA B R - SETH M G

F I8 e £ PSRR AR ch% 38 4 Fl4e Fig 2-6 0 2V i i 7 57 TR H 0 & 3
F2Z b oo
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PSRR(dB)

PSRR spec line

Frequency(Hz)
1k 10k 1M >
Fig 2-6 PSRR #f % 4 i 7 1. ]
¥ 1 3 & (Transient Responce)
B RGeS AR RO L FRDER > A - RRPRRF S

proa # ﬁi-%l VR R I EAR o T B

Ak

i A R A R RS Al

Fig 2-X &— 1 fj 5 %7 i 2%+ 29

Fig 2-7 #7 i 2%+ & B

6”3«

R R R (V)2 & f R0 (loa) ~ 35 1R % (C)
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TR AT e BRI HRRIREHENTF 2R S8 - KEF(TyZ
(TR IR - F AT R TR AR AT A st S

(2-28) e 14
Ve=— (2-28)

AP F R (Ty) i 2842 #:# & (Internal Slew-Rate) % p-crfm ™ » H
'Efj‘ug dAF B> @ IR g KR F2R 4 ek By idiE A i (Pass

Element)sh 2 €% LB B o F AP 7 BB E RFF £ 7 2405t
=+ (2-29) =7} 3¢

1 AV
T =——+C, — i

Sr

H ¥ GBW E_7 i fF iv gadf % (Closed-loop bandwidth) » Cpyr fr g 2_18 3%

~EnFE 2 R E e E TN AV BB f e T

9
-\*“I_

g Eilg ) BEA E g Al BT R FREATE D D

G A TiEA > AT A FT RS i AR EE

EfeRn o BEC LY R o S AR P IR AR T 4]

FPREBAESC G S A G XA T R TR

2 O

mqi&%,;u;,*4\]?3Hﬁ—?}mm‘f{ff}§,}i%j§ ’JJ)L‘T\}\}E

=®

2o B R RG2S BRG] R A aE * AN 17 A strong
inversion ¥ %

B Gullg » F[1]4- Bic 5 973 TR B~ 23R BE 58I 5 R
g E s NTAPRFHAL - TH REfoRL o F 2 AP ER

Fena i e F®F L oo
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Gnllg* ZREA R

Guflg ? i A & R B & 1% it enff o2 KK TR 0]
Gullyis T %8s (T— B it k&35 A0 ¥R R & 1 7 5k (Normalized
current) lg/(W/L) » %115 4251 > * Gullgic B S8 ¥ iF- BAHELFE G 7
Iz BFF LB S TR TS ARG R R 2.0 R 5y
iR (RS Ffo{frR)3 TR RTL - B R RKE

32 — —0— Id=2uA, L=65nm
L —O—Id=2uA, L=0.7um
28 —/\— |d=5uA, L=0.7um
—/— Id=10uA, L=5um
—J— Id=5uA, L=65nm, FF
24 —>—Id=5uA, L=0.7um, FF
——1d=5uA, L=65nm, SS
20 —O— |ld=5uA, L=0.7um, SS
_'U
£ 16
O

12_ oy
| [

1E-8 1E-7 1E-6 1E-5 1E-4
| /(WIL)

Fig 2-8 NMOS 2z Gyl $f lg/(W/L)# 12 ¢ %t §]
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—0O— 1d=5mA, L=0.7mm
—/\— |d=2mA, L=65nm
24 <7 1d=5mA. L=65nm
—<}— Id=2mA, L=65nm, FF
— > 1d=2mA, L=0.7um, FF
20 —O— 1d=2mA, L=65nm, SS
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_° 16
—
€
O
12 %%&
; B
4

1E-8 1E-7 1E-6

| J(WIL)

Fig 2-9 PMOS 2. Gu/lg ¥t lg/(WIL) 4 12 " 5§

L B
>

b RGP o HoEip T JH - BHETT A (B5 T

* N3 (2-27) ~ (2-28) ke £ F T N F o iE R

_‘
9
<
=
Y
e
N
"=
(\x
B
T

1E-5

R 0 AT Y

(2-30)

(2-31)

VEd o @ Gullg i B - B R-R R  E E

DT IR TR R FIAE L P E R FRAS DR E o 7

A7) i ey > FaE il F 4 s d (Transconductance generation

efficiency)z. 7L % -

B Gullafrd S M= 4k (TR BPME > NPT FED T 5 2 (2-30)
fo b G B % Fig2-7~ Fig2-8 ki 2 ¢ M &



|
o< d
g, 14, a(niy)_ | LWL (2-32)
|

I, 1,0V, oV, oV,

¥ & weak inversion e0pF iz 0 lgfe Vo 2o BF & oA Bl > 3 4 At jies 3
mmﬁkﬁ’i%{ﬁﬁ@éiéﬁaﬁ’ﬁ%%%ﬁW?uﬁﬁﬁé
(2-3L)f H er- BREFETT 5 Ik o FBR Gullg b B B2 (5487
WhoAE RS BEN- B L EE- B EORERETT @A
i# % subthreshold =d% (¥ A % - @ 4 % strong inversion shpFiE » H 2 fF e
BRI & T TS Bt A N RS E ,T!L%L]E]r’ N

FF B o FIE ST L Gllg %1 Y T A g R

(2-33)

6{'”LW'?L>}LC S Cugan| i

oV,
W
= l,= —e“%
L
FPOAPERFEAFHER SRR F2FONG - B R 3

o 8@ N3 (2-30)F B IR Gpllg - BRI AR R A enddieo

‘L""il -

M Jf%l—i% [pmt |D/(W/L)J~»l P &Fl S E U E L T A0 B o T t4 {9 A :ﬁ

2 enhd ¥ AR D S g0t E b= RN S Rt R g

mk

Rl
=h%
=
-
7
Z

=
A m g ABErFIEA AR R AREERT R
PEiE > € A AcE R E 4 A 4 subthreshold % e % & (Fig 2-7, Fig 2-8) »

WAROT RS RO R 2R RS F iekib o
FHER2ZT o APEFEFTER - B L] AP TR

HEmfefident | > $ 7 A3 LR FRTAFTACER Q7

22



g -—} =Y ,] 2 a.L
® THWBANIE:

FhieB 2 A AR L TR A A G FR A PEL
Z 2R IRE 0 s f{"’ T H oo drPiE IR TR EN A2
ARk - oo d W - A PRETREDFERS AT fET 0 T
AR I o - ffﬁﬂﬁi%fé(@m)ff%l VEFURo)2 A WK P TR R
(Width)fe£ & (Length) o & Gpflg = 2 ¢ > Vi ar % chi L A T B T Bl fic

2| 8 - B4cT B Fig 2-10 e0 3 r g i)

Vg

H
"

(a) (b)

Fig2-10 (a) 5 ¥ #5373 NMOS 4] (b) 5 ¥ i.#31] PMOS 7

APEFBTRRRLT TN - B whdm s RiE4Hr Bk R
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@R - B Gullgfo lgf/W b b 50 £ 5d SBM Y 3B RO
Boo e Bt BN ORI RENT 0o 08 Lo aim T R (Vo) iR
TARS AL RES T o MU AR AL F 2R A RRA A
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A 2 R s iR R T LG pRE R
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Fig 2-11 (a) & %€ ¥ NMOS "ttt e PMOS = i 9% e 5. 7 4 (b) 2 PMOS

& Wik o NMOS 5 it en PMOS £ #9597 % e 3 7 B

BB T B R 0 FlA b r T BE R AR FRRANRE
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Pt o F]p AP Rl P R (Width) = f <o) > RS s ARl
<ol = % o Bldr Fig 2-11(@)eh? v A 2 eh R Rz H =X ] B Wem ¥ Bk
(fingers) £ 2 RIE + T @ BT AL L 22 h FHRPM - 5
We @ & B ficerak 32 B2 0 R ikt 2 B a(R ¢ ch X)ehg fez v
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Kitom ALY ARG RIS LA SR A (B Y 2 Wig)frx B 8(Bl @ 2
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® FiAvcdiinf
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fo Roz ¥ g d é‘é\ﬁ;?] D e PMOS & 3 PR (E o F] P 2N i E 0 {2 mﬁv}#
MAPNTE RS TRFIQ2-12 £ 5K F D BTRATT Y TR

z‘?\:' /' ﬁ;‘i‘tl

&

25



Vbat(min)

Vhat{min)

Py Mo
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1, <N (¥) GD 3

(a) (b) (c)

Fig2-12 (a)i£c~ B% - &7
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b
=
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S BFTREY ZFERRAEY

B REIN SRR = L e & VL R R
Flob A ¢ JCE = echfip ) B AERRREE o i 3 A @ xg - power MOS £ ¢
Aol Fpt A e T e R P B R TR Vg 0 o *@f
L5 - sl TR S R N PMOS S fm TR o d T F S i
Fefii & fd it My e My, e0E B(Length) & i o § 24 0 58 20 gigl
DT R R L AR R T B A B e R in 2 1 (Fig 2-12(b)) 0 T B 4
AR~ &MH#Mmﬁéajﬁmﬁﬁﬁiﬁﬁﬁﬂmﬁ%éﬁ°ﬁﬁ@
BAPEI - B SR R KR REF Rl N Ry 0 RS R
ERs AF - BT iR LTI R R R o

&&?%’%ﬂﬁﬁﬁQﬁAQNGQQ,ﬂW£¥%
A& gEd 52 R Gy X33 % = e Common source 7 i
B4 REGGEXTREG? Y S ABRATR o d Y A alRg T
KPR R A R B R S G B I = 4 R Fig 2-12(c)
ST § RIS LR T R B AT R o fI* Gyllgh R

AT g o R Ee TR E S IAPHE D /W s B FR
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|
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AR EEVApR GRS o
B fs 20 R RN A T B G P 2 A BT 0 A PTR
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APRFRTERZE > FERAFTROY AL MEFRRI DT

B A AR R TP AP P U R AR KA R B AR ARR
FA s LR FRRE o TRERBEZ TR R (T2 FLRER
TEG A AR FIU A AR O R SR SR e
TR E ST - A il o F AR P HRA L SIE PSRR SR A o - B4
£ B o B MO ] A R R R RO B R TR R R

RIS w0 5 e 5 PR R gdeledd B ST R o @R
el

B2 Ffrd# g B A $FA P T e PSRR GO £ T 6 BIE L A B
R E T M FIF RE TR SRR A2 25" § L ed SPICE

T HCER T B PSRR a4 B 0 4o % PSRR MR PF iF e T yEE i TR
EROBERAFA RS BOMEIE R LI G AT IR
B2 P AT SE oL A f s b RIESE U] F A 4] ik
Proptip b Bl - ERFEINHMMFARNETRRE L BF

s
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Fo K m'ﬁ J}_EI%ir“‘ml'&%}:pig jrﬁ‘ Lﬁﬁé-ﬁ Fo

Ml R - BE R

FSRBEARY e 2 TR DRR SHTER A

HHEZ A F D RLE Rop 2

PMOS ¢ % /]
PFRiEfrm 2 PR R 5 B4 5
# 1KHz Eﬁf]*w

R W

PSRR(dB)
PSRR spec line
50 -
-60 -
=70
I"
-Aea oo
Frequency(Hz)
1 1 >
1k 10k 1M

(=

AR o ARy T o AP A

=S g Al

PSRR

1KHz §r 10KHz s 5 T >

TR E o PB4 T B Y power

PSRR(dB)

A

-5() =
-60 -

=70

’
-Aea Jo. o’

F] 5 AR PSRR MR K (B 0 A g A
B3 é%f@dz i 0
SRR E R 5 4o B Fig 2-14

- BieEhz 87T

. PSRR spec line

Frequency(Hz)
>

)
10k

|
M

Fig 2-14 PSRR #f 5 &8

PU AT B R R 425N € 3 4r power MOS % < & o] k1@ 7T FEE R R

AT et - AT RAEE BT AR BB T Bl- g #H

T E PR B2 PSRRAEFch& AR E PR R K o
AR B EAp = 2f 2 (Phase margin) ek i 5 i@ ¥ F] 5 LS
it f FR Coy B~ 0 Ft € % ¥ Phase margin chi Mg L > F
Pz A e 4 TR Phase margin % 43 PF 0 i B AR AT TR

H ¥ & 2 Phase

By SR R 0 do% ST

LIS
e b F
R i
BB AL H o A Al BRI AR R LA
margin > & & 2. B el i< R E g IR
BN 9 R H ¥ & 2. Phase margin ¥ &f + & & 2 % K2 978 F ¢ Phase

29



margin > R &34 ¥ - sz EE Gm2 > ¥ ¥ € ATHAL RC ok F 45 it 59
Pl 2 BB g fRen®s (T4 ¢ % ¥7endg 40 Gm2 2 F| 3 Phase margin 2 #
< EARE T RARARE Ko

25 A #WP AR PP AR

pthd- BRI T g2 TP AN R H 5 4

I
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S

K2 ieA v e82 0 A& RFFIED T AL FRDOF]F E - BA 40

N

2]

=

Koo AR e f AR OB R BRGNP R

2

EREY
SHBERTIR AR ERA T A GRS Ry - B BERR -

TR G BRI PANE RS R AR RPT R 2 A

B (e & PR AT T A& FFE R
BB FnB e R GRERERHEE
2 A B2 R ERF MR g
0 M5 A o R MRER R e MRE TR S LT

ARt bl B e BB

R,z => Second stage
length (Lsna)
G2 => Device width
(W2)
R,1 => First stage Decrease current
length (Lg) partition ratio

Specification

Increase Iq or
Line & Load decrease GBW
regulation

Feedback resistor &
Power MOS sizing

@ ¥V ™
Determine Aga, Ro1, PSRR @ DC & G, => Differential
Gain partiion (N) |  PSRR first pole it width (W)
: e GBW & Phase
Determine Gn1, Gm2 margin
" Determine current partition (M) )

Fig2-15 msd s Adffe s © A2 2 22 R me
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AP AEBEFae R AFT L FEZ2meERL 7 0 s AT 7L HGE

F - Lk E I EE R AP L PERS PR RS
2. s = 42 2 > = 445 444 = g

iR B 0 2 Hdol B BT o AR E gL - R

PR enih R ET B 1V 2 S BT R e AR

31 BB REZDER ‘

Boif M3kt - B A T ARET P ARG R R PR A o doe Rkt O g
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-
ST
e
|
ol
P
=

=
e 59 I AR HEERE R T R E e S o € B AT
{

HHE S AERR 0 50 BH R F S LA ML ARArS Vi § WA
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BEALRANPHR Y SRR 2w APR AR - TS D
—EERGLAFEAFR TP WL R PRGNS AR T

AR A ()R A B E B F(2) L A#H S 2(3)r kit

) £ 35 @it 328  B4pg 5P G aeg B - 2 R fg 5t
B0 JE o b dok i E B 4R (Steepest descent) & & 3 12 p 3k #ic(Lagrange
multiplier) » g & Al e id i 2 2 S - i 2§ ) > )4 Penalty
multiplier methods » & * »* & fa . i3 it AP Ag 2 545 - LR T o

BHMRAFEZOBEEFAGE f]*u—@a— ® A~ 4 f% (Initial
solution) 7 ¥ dp i e N ik BT E G fE > HAAAT 1 TH NS
(3-1)-(3-3) & # &

for min o (x) (3-1)
X, =X, +d.xh (3-2)
d=-1'(x) (3-3)
A d e b M B RN E B e o A MR- Fioh > o AT ANEEgE o
BRFEZEERS AR FNIROFH o I LEEE
Foobp il B hfRAE R L E 24 R RN AT

m—% 1‘2‘ ° FF ’E\Tl/q,\‘ 'li["—r

for min f (x) (3-4)
st. g(x)=c (3-5)

HP f()E P ESN oa gxX)=C B R REiE 24 o AP S BB R AET
o R B B g L gX)=C fr f(x) e B Aipo B 0 6 iR -

BRI T NPT - HE I - BEH () gX)=c R E e BTG
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Vf (x)=AxVg(x) (3-6)

AR - B ARG (T R E 2 e R 13 X 19 B A

—\

Fedt AR5 B = aE B2 4o Lagrangian relaxation % = 2 ¥ 02§ ) o
TATL B B E T URA S S B PR R A 2 B Y 2 h R
AR JRAPER L Y o 7 E A R T AP BB R
S TRERCAEIS Jﬁmﬂ*q\u P Ao AL KPR EIFEGR Dok
FAFF LB ¥ %{Eﬂéﬁ” pESRER o N L A A s LR

s

A

;&%

Vg S o BB AEe T 2N Z B B S - s A S
2) MATEE AAH ve R ﬂ»mﬁ‘{ér}/ﬁ—n/é”’ R R =
WA WTEE > e A AT T RB U R AFE X S 2 kAR SR

MHRUFE ) K H - RS BcRFRFE R RGR It 0 B3

#2383 5 0 1 g % 49

¥4 iz 0 HRARA R PAeT Bl e
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Start

Y

First Generation

Y

Assess the value ’ .
of individugl New generation | Mutation
Crossover
. No
eet the conditions 0 Start Evolution - Copy
termination

Stop

Fig3-1 A FJif & i2 2 i AZF]
R - Rz REAHRT2E SRR A2 T T BE AL
L322 3 L ihfd o ¥ by BRiEaiEy BE T A v 4B (i

BF]) ok - Sl epd RS gRn G 1A oo SR BT R 2 0L & B

ROLRN T GRJL &R R PTG TRt L gt 0 A D g
N SERRER L s
3) 2B H G2 S ¥ * h3 Branch and bound friti?

X (Simulation annealing) % i % 72 - #% i L % 5 5 Branch and bound - i
B B2 g AT DfENBHR RO RER RF P L HS 0 A T
#§ % & (Bound)fr 2_& 4F e & S di(Cost function) ™ » € 24 2| ¥rE B Rz
SfE 0 F - RES L enf@ ot i A3k T @ (Bound) 0 R i B AT R

2
_s./l—

(New bound) kB~ ik fp A e B (B o 2 H_F = A Sffeen| %7 G ovi 515 5

EeEA VR FER AR TORRE o PP TR BRILEOF S ER 0 T
AT - BRELEFLIE AT PRGN PT UFR AEBFEZE
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B R EfeS A S AI AV E R FLE AT AROERES
£ NE A KNS BG4 A REE S BT AR E B VSN ERAES S
FEfe ] Awis iRy 0 BRFTRE- BANRHET L BERIPFRFZ
FHEER BRI ZTMVFOERFRA 8 2N
x> ﬁir’ﬁ—ﬂiﬁag a0 EAATR A EREEI SR EE
MRV ZREY - BaaE ISR GRaRE 2 FA R
AR EBEL I RS T I A BB A AT UES S E
TR TP E PP RATE R R c e BAEZ B B AK

She

- BEIR R FlcfoA 403 BREFFH ATl B Ry P s A
& Fe(Cost function) k 2 %71k % o § 1T cnfF iR cnpd i B M K EE B ATD
FARES B F T fET L G RN BRG0PI Y - BT S
FhA T A TR RSP RANGERBER L - B APV BT HEH TS
F 4T N3N & T

) 1 it AE<0
P = exp(~ AE/T)Tif ' AE >0

(3-7)
27 AE Tﬁf«‘?&\ A 3L (fra(¥)-fo(x)) - @ T RIEUE & o & B doahpeiz
TERHIT- B hlcE g P Seehdedn B R - BF € Rl - £ i
PR EE

XA R HOF TR 0 R RS A Sk R ATIR g
oo 38

FE A LT REPIATOE o - BAME R B DR
BPIIRA fiR e 5 g @3’@{%¥ﬁ&&&%%ﬁ%&%“@%§
BERIIRA IR > RS E AR LR R B T2 o TR
SR PIBEER AU A4S A AL F AR A Rl F 1 A il
EDII b L AAEATE R TSR PR A TR e

A - B2 R & 23] (Convex programming) 0 i & -
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B Sfcfot F BE SR E kY 7 B < R o B enak
gL £LH R A0 ] AR s B S iR B e § &
WRBGE SR o TR AP AT RKG L TR &Y DI R0 <
¥ o LG R|eh- fEaE 0 R AT G — A e 4] (Geometric

programming) % #5 it > F]P AP ASBE* TAE LR E 2 KPEA PG

t !
W RS IR RN B TR 7 R SR Bt W R TR R
v o APl B RAAL 1R kB R Bh H TR

IR L

TS

Ao A A RERIFE BB A RSB T RK I
AT R UEE N S

3.2  Posynomial 2 4 =

Posynomial & # & %;)I} R * KA 4 Posynomial & 3% » 2% 79 03k
GnfRd TERY LA BRAL TR AEE B & R LS e R
(Geometric programming) fad & i JF & * o 5 7 v B A P R E At
BiEfE APRER G - BioEmaFE i kel B B 7L 2 #c

FHA > B AR NS - B E R ITWN E T R b R 2 A
ﬁ:v:;i 4 B2 AR o
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Sweep current from
1uA~10pA, width

from 1um~200uM,
Experiments setup (with minimum
lenngth)
Model Extraction by Model Extraction by
SPICE SPICE
Arbitrary Posynomial Performance O SO % (Gzrlnv(;’rnziGma)-u)
Template Extraction m d ov v d1\,/d2. (6 )
oviy Vov2, Vov3: ..

Optimization-based Direct Posynomial g ; :
Regression Least square fitting / conjugate gradient
Posynomial Model (C,a1,02)

Fig3-2 #&EH3 42 B2 nfell, o iifiif, v+ 5> 2F %P0 7

EATEF ORI B BOR PG R R 22 BTRR
PRI E R R R GG A REL NN @S TRETA
P BBEE TR oo BT RAPRLE B &R A N T RIS
B2LFHZE- WA R -
3.2.1 Posynomial ¢r2_#%

% /i % posynomial 2w > SV R & LAy - B A AL T o g AN
42k 2k signomial > v B - 485 HBcSl T ouE A A -5 s N

FBREFF RO ERTT o AP T 04 signomial B = T 6 54 3 (3-8)
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M N
f (%0 %) =D | 6T (3-8)
i=1 j=1

TR oy R Boo B AP M-FE o "4 5 I BB R signomial
85— 4?5 8 (Polynomial) e 4o % & B P4 thlicc 5 0 F B Bl S
S E AT R A 2 enposynomial 1o ¥ oAb A PR E R A - B S
monomial - T &_% = posynomial % 4% » # monomial > $%4c 5% é&i;]-} X
posynomial o @ & {2 [ 5 13 5 7 & AP - T > posynomials 2
FFfite ~ i 2 28 f @ ki2 2 18 % 5 posynomial » @ monomials 2. fF ¥ 5
G K* % -1 ¢ %4 monomial - ¥ ¢t posynomial 3 + monomial & {Mf 3
monomial z_ & Esﬁ ¢ &_posynomial ¢ f€2 7+ 7% 34 i T 0y ﬁ R
posynomial # £ monomial » #8 i T k2 & = a7 5 HEA] ehft FoAp i o & TT%
AP T L S ASN kAT AP OATRAEA EHA om P APy T
LA b ehip k3 B ARl o Rl SR enR TN R e
3.2.2 B T3 ITHLE

B T g ik ho[3] H- AAECE R R4S N AR W e 2 4B
PR A A * ¢ drih- B FRERY 5 B BT RN R
FTHEEEEGiT2d A2 Fend @T 2 chgfer @ 2 &) A # 3 Hfzp

Frig 1T 2 W A (4o Fig 3-3) -

Y
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Performance

-
Design parameter

Fig3-3 & T 2110222 B2)7 & B

P
o
=F
&)
A
,—:[
_)u
7
3
=
E»
EN
N
(#n
s
s
e
I
e
RN
7
3
¥
=F
fln
i
i
T
e
)

nﬂn%%C)::ji[f(Xr)-g]z (3-9)

B f(X)EB@ignd > a X £- 2K 285X X ... xn} > Pr B2 AP H
%ﬁﬁﬁﬁﬁimo—&%ﬁ’iﬁ@MO&&¢@%{%£%W@6ﬁ

Bolisk2 2% 0 BB EL BRI L0 S

BrligdarR 2 AN nme Gum EAENE R T 250
i PRAA P R H Rl N YO)HF B GBS B 41 5 b

Sa i TS S S E S £ BT S

A - g i e 5% Lhposynomial * o fd o 2 g it k
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faLp > H
H & 77 V40T 2 ‘\-3-(
3-10,3-
11) :

:Z::Citi' =] x"
v - 3 [$len)-n] .
(3-11)

i=1

2

H ¢ *
= f(X)i‘ .a
i< ‘J'\:" o RN
1B ? fi‘\“ ’ T Qi
X Ci f ij g i Eﬁ:
s R
F AR A
Biid it e

|

T
Pl ZFATIRS
,—;z—i
T om AT
R AT er
it der oy K-
S A B BN
HCE R A
k2t ¥ 1

Bl Rl 2
EheT G N3 (3-12)

oY 2&{2( ,”) pj}xtlj .

8_T
oc, 22 n
, j=1_|Z:];(CItU) pjjl L =0
(3-12)

/) 212 L
e
3 438 5 (3-13)

)
F*
<k
bl
Erul
4

=

o
);_‘Ht
bk
\ &

1\;‘

Zptt
+
14 ZC Gt +- +ZC 3
n-n 1

ZCt11t21+ZCt t " ;pjtlj

2bajlaj T +ZC y
ZC 14 nJ+ZCt JZJ ;pjth

- +ZC m (3-13)

n-n
j nj ;pjtnj
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S S R Ty S de ) 3 (3-14) seprt A X

M m m m ] m

2t bty o bt 2Pt

=1 =1 =1 Hol =1

m m m 1 m

;tljth ;tzjtzj ;tnjth y C:z _ ,Z:;‘ Pitz (3-14)
m m —C”— m

Dbty Dbty o Ztm nj 2Pty

j i=1 j | j=1 |

4rd AP R JoiE B N E B A §y(3-15) et

t11 t12 e tlj t11 t21 " tn1 R Cl 1 t11 t12 e t1j P,
t21 t22 th « tlZ t22 th $ Cz i t21 t22 t2j y P, (3_15)
_tnl [ tnj_ _tlj t2j tnj_ _Cnd _tnl tp - tnj_ _pj_

Fligf o AP ERAPECP B GITE R ER - B REEL S e

BAT T o @ in BB S 2 PR AT B 2 R 3 (3-16,3-17)

TxT'xC=TxP = c:(TxTT)'lexp (3-16)
T'xC=P (3-17)

B THeT 4w dd tored sl fofh 3 29 > & P e Lo
performance(p;)#7 & = e » C P E 0 P & Repih fortle & ehapid o T
APERERE S 2N il ©R RS 6 T*C=P ki m- &
B AR T RETE HGHT o ek R ITOT RN E - Bk
SehzE s Bl E B Co(TXT ) IXTXP g au@ 5 58 8 482 2 7 (@ 5|91 &
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HiTeS AR N2 Co S 2 i B 0 B - BehipdfoR B g B
Ao B SR o B Rl BRI SRR R
AR 2L RO < L

> b HE] en %”iﬁitﬂfr%jﬁﬁiti@ﬁw}f&_ W] o s e g2 § - Aengt bR

CRNESE

N

AR E TR AT o ek B E A B - A F B piThdkY A

7

GGk ipthen- BRI KALo d AR RV RE o FLE R P bt

PAFLE B 2 2 s > E & e H- & 2 (Conjugate gradient) iz %

Z oM AR &Y NPT and B ¢ — 58 e Fletcher-Reeves 72
MEFEHFRZ - SRBFEZAPRE LT - B &todni g o

3.2.3 £ $=$- R #* (Conjugate gradient)
#ﬁﬁ&ﬁﬁ%&izﬁ@?ﬁ{&gﬂ%%fa$4@4&ﬁ@ﬁﬁﬁ
Ax=Db (3-18)
HY Xz ARwae b 5 -2 dme £om AR F - B2 a3 A5
HfLhr e o R AR R F1E A LD e Fp A RT
r2 4] * quadratic form % -] & k 2 % x> quadratic form & &+ 4o 5%(3-19)

1

F(x)=5x Ax—bx+c (3-19)
A Ax=b 3 i{ 5 2 & 6 48 quadratic form shk ] Bt S o 330 R

eI )b B TESHNEERE S RO S o Fp LR X)T-‘fa{f}
N ACOH R & B Pk 2203 R quadratic form f(x) P ] i S R EH R S
B gk E_AX=D R anE P AT L 53 [10]0 S R 5 RGRE o FRA

AP AP T R RIFE A2 (8 [ AR KRN PR o
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TR IEAN AR I A IS S I et R USE I A o & 2 Y e e 4T
oo @ R BTN R o @ LR BT N AR PG 2
) T R T S ST T TS T E

R A R SE ANk SeenfE 0 @ 2w g Sgat WOF|2RARE K SLenRt ALt

—\

B3P EERP LR 0 § R AAREF B2 G TRD] - PR

LA A e g afie 2507 @ i »

o AR

N\

2.15% FEHL(step size)h 1z 3t ¢ #
3Br‘1’13333‘&4, g%,gi ’:‘;Jf?’i

ho LSRR GEHRR B ¢ T AR R R AT BT ¢ L
é—jh‘ﬁall‘i/:‘(%;‘b,} E_ij’,ét\/)» "]B—"gﬁ —%’;’Bﬁ“’]"ﬁ’é %Eﬂiﬁ_

Wt 8 B e 2 > @ Fletcher-Reeves # i [10]+ § — B T &40

.
Vi)
ﬂ(|+1 . (3_20)
YW
Atk eh B E & A 7T 2 #-Fletcher-Reeves 2R3 14 ey §s - B 5% 5 2 il

o fRA4eT 4 3-1 %o
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% 3-1 Fletcher-Reeves ;% 5 /2 A ~ {5 4

dio) =70 = 'f'(xm));

Find ¢, that min f (x(i) +a(i)d(i));

Xisay = Xo) + @ d);

B V(Ti+1)7(i+1) _
:B(m) -1
YiyZ (i)

i) = Yoy T By

AL PR - T BIAR - BhhE LG - BAEER X0 A f(X)
Hip BB A B B AN RGER T e BEFAPLRRFD
oo i F f(xtad) € Bolve RSIABETE ISFEFS T - B Xy 0 A
PTG W g s b LA e dd T o BEESGED 2 4
T — 1B f# o & ¥ Fletcher-Reeves =iz 5. & 27 540 B et & 0 F] AP E 0
iEM EEP T - IXBIEF DD ey BT REFS

LR e S St ERE L TS B R

v

FHIfE o P eAF T RP OGN TA EA 2 hNEREE A2 4
SAsdn B AR TR R 0 P BT g Bl AR o PR £ AR o
F2RI7nik e P E2ERMnE iR RIFE 2 A A A K o @ A
VO S g B2 [10]00 T o enildB At REG 0 AP AL K- B
Posynomial = #2.;% efaid * 3810 2 2 & RF i g T3 L2 piea N

L7 H e G 23 (3-23)
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m

=3t 4 =TT 5 @21
_ ;(ea,ol—[ ) (3‘22)

delta =f (a) (3_23)

af Ita a

adizzllz(f( p,)c In(x, Hx (3-23)

Bolkiw > FEZ a3 NEBEEG)HT ()2 EHRT BV > AT
VLH G i h S ke 2 A B L S e S A e G d o A

LSRR Y TY LS LR

G, =CxI{ =V (3-24)
= f(a)=€®xIfxV, . (3-25)
L T (3-26)
ot (X)) % 2(F(0)-Gy)T ()
— o =—| OF (X)/x, | '=[2(F(x)=G, )In(1,) f(x)
of (/0% |5 [ 2(F(x)=G,, )In(V,, ) f (x)
d, (3-27)
=d =|d,
d2

—od, /o, -od,/a, -od,/oa, |= 2[(1‘() }In(l)

{ado/aao —od, /oa, 6d0/aa2] 2 (1(x )—Gm)f( )+f( )]
fdelta”
—-od, /o8, -od,/da, —éd,/oa, 2[(f() } ; 528)

ho N he
h|:th hy, hlz:|

h20 h21 h22

LA T L R B g B RS A R Dk 0 T A 32 WL

ik ok IR Fletcher-Reeves & & % e 4E o
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% 3-2 Fletcher-Reeves ;& & /% 2

=

7 IR

Compute r=d =—f,. (x) & h=fg,
Oy = d"xd :
Dof
Oremp = d" xd ;
Do{
j“:_([ delta(x)] )/( x fgora
X= X+Axd;
j=J+5
}while j<j.. & lzxé}emp &?

Compute r = - fy, (X);

5new=r X

Oren/ 00’
5 Orens
=r+fxd;
i=i+1;

Wwhilei<i_, &8, >£2x5,

(%)

(x)xd);

for min f,,. (¢+Axd)

B iax T Jmax T 55 4 & 1 B)(CG iteration) - = %z v B](Newton-Raphson

iteration) g~ F U fic > @ e frE A B

tolerance){- = # ;% £ % % /& (Newton-Raphson error tolerance) -

FE R IFE R A PR SES BILE

WA LAR L] 0 A4

47

B kAL
d k20 > AR S AR

% & (CG error
TR R

é@ :}'5.1"’[‘ B
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3.3 B ff 1L 3 2 -8 4] (geometric programming)
A= RF1(Geometric programming) Z_f£ "y & £ 4 (Convex problem)zt #

moReh- B E /ﬁﬂzz[G] B PB’l - BFEEHEFCHPE WE H

P 5 hE LRI A P LT 0 T U N - RS hip s i T
ERFRARE LR G BT RAPRENG DTEI Y P RF) KE

b idivenp b
3.3.1 M & (Convex)shz_&
T NP REFE NN T e U EH R B G RA WA

iy
P& T ede i 1R R ¥ € AdeT 6 543 (3-29,3-30) 975 5

minmize  f;(X) (3-29)
subject to = f (x)<b, i=1...m (3-30)

HP fo(X)E AP R B iEChp a2 ﬁ‘!&{fk i en¥t % (Subject) » @ f;(X) R
F A 4HE B P AR 97K T ik 284 (Constrain) » A B AR TH - B

X* i 39 BT eniE 2] fe P A 59 0k & Fo(x*)<fo(X) > At x* I R e
RSB R o B AR €L R RAEA S 2 RG]
S EF A RANFEE R KR Ferg e f(X)F FARET BTG 5

(3-31) » R iE it B RE A 5 SR F](Linear programming) > & H_ LAt

AU & 228023 (Nonlinear programming)
f,(ax+By)=af (x)+ B (y) (3-31)

R H AAPAPHRY > APRBADERECEETET EAM S 2 -

g2 A ALY - AR Do B & 1t R 3E(Convex optimization
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problem) sz ® A i - & i@ 4] (Geometric programming) > FJpt A i E £ A
KRR e FAER 40 20 2305 PALZ Y BR AP0 AP g &
6% hE &GP o e (Convex)enE &3 A 57 BN AL Nhe &
& (Convex sets)fe L m & 3¢ (Convex function) - /L& £ & (Convex set) & #ic
+ kg TT%{— e E& Cas E(3-32)

Ox +(1-0)x,eC, 1<6<1 (3-32)

B g feXo v B3 Ce fHKH » A8P P hL AT E B L Cag enix
AAEEXIX2E R Hi M2 BFiz- 8y ¢ 3084 CHG > g2
BE e B A REFLNG SRR Fo B LT 6 iF 2 (333)
f(Ox+(1-0)y)<of (x)+(1-0) f,(y) , 0<O<1 (3-33)

EXfry P i e f A Pt BSSNEAL Ld St oA 2 F AP
L fgAcngc i R AL 0 B Ao iE B IR s B G St 2 Tk Pt
iR R 2 e B i v R 32 (Convex optimization problem) o 822X 7L 5 &
RS R- BHHoEE NSRS R X RE G BT R T
"G AR ENfE A-ie RE e R o 2hiE (Interior-point method) B H ¢ — i B4F *
TR E R NPERE ARG .
332 B el

ArRPE - e d VR @ 3 £ G5 997558 (Convex form) >

N RNRIE L Eﬁfi‘?‘g\' o FPiEen— Bae i ¥ BFRE[6] - 2w 12 ;;%‘gi

- WA R g R A DR 3L & 2 %2 5 R 48 (Convex problem) > iE @
- H GRS NEAR e BK S G - B A T
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minimize  f,(x) (3-34)
subjectto f.(x)<1, i=1....m (3-35)
h(x)=1 i=1...,p (3-36)

# ¢ ehf; 5 posynomial @ h; 5 monomial> f# iz en- BRI H L B e
2.4 (Geometric program) o e § L P RE R A ¥ A - T H G APAE 0 Ft

T AR R M R R e RN o 2 BRSPS L
- B R AP AR SEBR S kR B AT 4 yi=log

Xi > #7040 X =expy; o 78 A — B monomial i 3t g(x)4eT 3¢ (3-37)

g(x) = 0%, - X, (3-37)
£ B 1 15 4o 5 (3-38)

9(x) = c(eM)* (") (e2)®

a'y+b

(3-38)
—e

Ak e 02 > APy ¥ o #— B posynomial (3 ;N # A > 4 > posynomial
7 E_monomial sde & 0 Fpt SN i R A P T L s b g el S

(3-39)

f(x)= Z}i:c(eyl)alj (%)™ ... (e)™

K
_ Z eajTy+b
=1

(3-39)

G EA AN R AL APT B A S PR P -
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B 0o B AE4eT 6 5 (3-40)-(3-42)

mln fol(y) = Iog(z}j(ileagjwrboj ) (3_40)
subject to f,/(y) = Iog( ';Ole*iy”’u ) <0, i=0,.,m (3-41)
h(y)=g/y+h =0, i=1..p (3-42)

aigzo® o f(y)F s XM o (convex) g 2 0 @ hy(y) ¥ & & St (affine) e
EE e FP A PRI BRAELE DR - Bhe A0S RRL] 8 R
A R RERIAL 5 Posynomial 255t & g e ¥ AR EF - K E L b oG
gAE P NPT e EREE 0 R EE SN gk F
VIR RSl SN AR S S

3.3.3 p ki (Interior-point)

TR ,u&i»u{; 0 RfFAe 2 7 F N0E 2 s34 (Inequality
constraints) e i it B 4E o H oA G A 3 NIE 2G| i JEg S &
FEIEENRGIAON AL ERBEGE Y G N IE R en2 g E o 5 A
A R B F (L R BE ) A e 8 (3-43)

minimize f,(x)
subject to f,(x)<0, i=0,..,m (3-43)
Ax=b, i=1..p
N BEE end P — fE e s kR (Barrier method) o i3 8- L R R 9 4k 2
HHEREE S 3 2 c BB > R332 B0 UG PR T i eh
Hde A T G E N R R U R AL 0 R AT Y O] R A R el

3o B - [ AR B R ALE B S heT X (3-44) A5 X

minimize f +Zm: I ’( ) (3-42)

subjectto Ax=Db, i=1..p



A9 [(f2)) AT 5% (3-45) 4t

0 z<0
"(Z)={ i (3-45)

o z>0

+ )

EEER N ERS 2 EN e A AT o e Btk KRS

P ARSI H T T A ST R R T 2 A B R

GEEEE EE NG Y E (IR TS A Y
H 0 A ST AT 0 e T 6 S (4-46) 607

fr(z):_Tllog(—z), t>0 (3-46)

Hoe t 85 - BT ARR fp th o AR S PFRIT VAR R ARG o Bk T

R F R AN F >0 epFiEpigte B E A > B P RNTE -

P B B 7 e el B SR T ORE w E A AR ok R IT o RSP
gtk eiT N £ ATECE R & R R 40T 3¢ (3-48)

m

nimi -1
minimize f,(x)+>. —log(-f. (x
o () 2urgrlon (=1, (x) -
MR AR BT AT SN s SRt ane BB E APy T ok
Hecks 388 A eV S (3-48) A7
m _1 m 1
VIZ T =X g V) e
i=1 i
B R OTE SR SR T R RS R AT - kR

SR - BRI A BRI BT G 7R

FOEE RS T oA > R AR T R A RR a3 G o0 A BTt

AT B S G R R T R U f tAR A S R AT AR AR R
2 PIARTL > TR b ORGR Y UABIT Y LA ehpE g IRT 00 AR R HRAT A A 2
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Boo AP FT R EtBE X% BRSPS VL A R

LA bt Bl G T - BA ARt E R A 2

hi
-
i
o
7:‘7
~my
Iy
\i;
-
o

TS chR AR o RSP R BRI A RF TR Bwint
e B BFFEULF L - BA B RS R REE v I It Bl
FF - w2 A fr’@‘/?ﬁ’-n Z AR S R e ofron

% 3-3 K= (Barrier method)

initial x, to

set p>1 & >0

Repeat
Do{
Compute x* for minimizing objective function, starting at x
Update x=x*

} while m/t>¢

Increase t=¢ xt

FAg oM @ PIE_tehE VL e F B

)

B e A BFAFLHE J @&
)

At

oy
=2
e

-
=
%’Q\
0
ES

CRranAr o A S apdliod ok ik
FOT At bl PRSP E L B R A B R R
FMAT 2" Gullg™ 2 kTt A ent 4 A0 T o BRI

Bl4c™ 6 Fig3-4 #7778 7 B i (5 8 2 % 7 4.3 (Geometric programming)

frr i = 4 K3en% £ 4 Fig 3-5 1w
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Posynomial Geometric
—

S —»  Device sizing  —» Circuit verification
generator programming

Fig3-4 B it i pdegs iz

Specification
Line & Load
regulation

(W)

Feedback resistor &
Power MOS sizing

y

R => First stage
length (Lyst)

Determine G, Gr, Rot, Roz, Geometric
N (93‘“'95’2?‘.‘)'“ (current programming G4 => Differential
partition) pair width (W)

BAY-H AL AL - A& E T R g Posynomial #3) B % 3¢

[4][5] > #te 1 it B R 00 B Rpld @it kB N A G OfE a &
L B r‘fbiﬁ“ﬁ@ FREGHlg PR RE A S FAE R A AR
SRE LR RS IRI T PRI RS LB TARETIRLD
b 2ok WA A g
FMEE S UV BAdp M e S 5RO c RELZ T BESPRY

N
5
i
F_L
A
-~
;E\'%
2‘_

BB e d AN IUAE b ohA ol

Boid v a5 REmOBE M kRt E o F F £ - B Posynomial
R2EAALFRONA - EBAL FL R LINHT T Pledy k0 A2

s SIS RS A IR R s S I s B
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FZRgiTd 2@ info s il Bl 2 Fl 2 AP SR
Pehp B 50 R ER A SN2 3 A8 REER P A K]
TR RAE DL AR SR o R FMRA G Nk h A B A )
RERALOEFSEFFIE - ERFTE P BB PR S G
CREE o S RAlE i LA BEREPET R RTT iR

H 2 BE R L - AxfRd - et SR T P AR GRE[6] o Flat AP R-T R

SRR T R R A S AT

T EIEBAEATERDT I E LS BRI A R B ¢
FEdked TREFTRIME > QT A Gyllg FiE [k 2 %

,ﬂfu | # ﬁ_%ﬂﬁ@gﬁmﬁpé_ 44'7515;;54 B 4 %k 4F o ¥ Akl
£\

MR o ok SR E T WAL P TDEIRE A U Sk
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g P m)ﬁq‘% 2 M— BARPAERBOEL P B R R
Fo bR BREC APREHL - FEAE L2 ARG P BRI
VVAREEN g

A& ¢ A @i WgRine B3] > RS 428 ¢ 247

& g S ,‘\‘}IJ’# ﬁ,l]’fﬂfl]y\?}tgi %&&ﬁaé\-

o
|
4
T
>—L
E
=

e
4
ﬂm

ﬁ?
k-

vt ﬁiLi’}:‘: x 200 ﬁi‘fr’ﬁx £ L2 s 2 A &f—-«ﬁ“fﬂ’_% IE o

11 A3 AR

PSR B enp b iRt w0 AR R g B R LR
FoAauE 2 0 B A2 B WA RS 0 R A2 (e R BREMGE L

- AR ARG RF I B F L o A H g?'“* o '_g‘_*"—r/}é;méi

R
™
&

Z | Tﬁ‘%ﬁmi]iﬁ(g%ﬁiql °
M—%ﬁ{%iﬁﬂkabi@ﬁ%ﬁ°ﬂ%ﬁﬁiﬁﬁgﬁﬂ*

g 41 4 e Posynomial 24 Bk A2 4 > 7 & ;t,%gg} =g

Ee
=
RSN
i
\\x: -\mb

- WL Y Jeay N

ETTS

BF R $en 5 AR Kb
Ao APt AR E 2 <3 B 0 - AL E w2 AR
~ > ¥ ¢b - F@ P E_subthreshold % 2 A B H A & > KA F T/ DT D
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NS A T AR AN AR AT & N3 (414254 7 o

— Asat-1 Asat-2
G — C X I Dsa Xvovsa

m-sat sat-0

27182850 x |1 XV, @)
Gm-sub = Csub-o x | ZS“b'l X ( EXpVov )asub-z
=2.71828%0 x | gsub-l X ( EXpVOV )“sm).z (4-2)
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dofe % - FARG MY E R G A4 2 e il > APEY - RE - 1R

%

LT EN B R L A F AR D &fn Bk > ¥ oba 2 ey Bt

GIR]E_ m 2 enRd ke 5|58 5 (4-21)-(4-23) '# 5 monomial F 3 E;ViE it

%transistor model

gm1l = subgmCoeff*(id1”subalphal)*(vov1~subalpha2);
gm2 = gmCoeff*(id1 alphal)*(vov2~alpha2);

rol = lemda*I1/id1;

ro2 = lemda*12/id2;

vovl <=1.15;

vov2 <= 1.648721271;

1.0010005 <=wov1;

1.2210005 <= vov2;

%Circuit Behavior define

m = id2/id1;

n = gml*rol/(gm2*m*ro2);
gain = gml*gm2*m*rol*ro2;
ft = (1/2/pi)*(gml/cc);

fp2 = gm2 /2/pi/cp2;

fp3 = gmp /2/pi/cl;

%Circuit constraint
eagain <= gain;
GBW <= ft;
2*GBW <= 1p2;
4*GBW <= fp3;
4<=m;

n<=1.5;

0.1<=n;

rol <= 10e6;
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ro2 <= 10e6;

5*id1+id2 <= 40e-6;
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AR A4 TRAE A

Device Width/Length
M1,M2 26.07um/0.55um
M3,M4 2.756um/0.7pum
M5,M6 1.378 um/0.7um
M7,M8 1.378um/0.55um
M9 1.378um/0.55um

M10 1.378um/0.7um
M11 13.78um/0.7um
M12 13.78um/6.2um
Power PMOS 11600um/0.45um

24 45 DEARITHEN;EE- T
Specification Manual design Optimization design
TT FF SS TT FF SS
Vin 3V~4V
Vout 25 V.
lout & Load Cap 200 mA /100pF
IGBW(open loop) 800 KHz 1.38MHz J1.45MHz | 1.31MHz |1.39MHz |1.43MHz |1.36MHz

Line regulation 10 mV <0.1 mV <0.1 mv

Load regulation 3mV <l mV <0.5 mv

Error amplifier 57 7079 | 6879 7238 | 7062 | 6549 | 741

gain(dB)
Phase margin 50 71.15 70.07 69.83 83.43 83.01 83.78
<-50dB @
PSRR 1KHz <-54.5dB @ 1KHz <-56.1dB @ 1KHz
<-30dB @ <-37.2dB @ 10KHz <-36.1dB @ 10KHz
10KHz
%‘fﬁgﬁ?t 40uA  [39.06pA | 39.020A |39.08pA |29.450A |20.24pA | 29534
Area(mm?)
w/o power MOS 83.11 33.65
Power saved 25%

66




Volts dB (lin)

VoltsdB (lin)

180

N 160
Gain 140
= 120
100
{ 80
¥ 60
. \‘\ 0
20 4 o 20
10 4 \ 0
o {18 3 \\ -
RURE | \ \
. X -40
-30 ] e 2
-0 § e e e e s PSS P Bk~ e
K b -100
60 ] A -120
0 ]
-140
E
= -160
90 ]
-180
-100 ] ase
1 10 100 1 10k 100k 1x
Frequency (log) (HERTZ)
Fig 4-3 NMC % # & 200mA 388 it ™ 2 47 % B R @V:=3V-4V
110 4 F 160
100 4 — 140
ol \\ Gai“ E
80 B, 120
. D ] F 100
60 T F a0
50 4 \ \/
<  J &
40 4 TN F a0
30 \
- 0
0 4 \\
10 4 S i
0 ez I —— b2
-10 b -40
-20
-60
-30
-80
-40
-50 i \\ b -100
- \_ h [ -120
-0 \\ f-140
0 4 = \ % -160
e has b -180
-100
i 10 100 Frques G0 G.Ilfélﬁm) 100k 1x
. » N
Fig 4-4 NMC ﬂﬁ’f# ImA § i\ & oo T 28E F U@V =3V-4V

67

Volts Phase (ln)

Vaolts Phase {lin)



Yolts dB fliny

305

295 4
29
285
28 1
275 1
27
265 1
26
2.35
25 1
245
24 1
| 235 4
23 A
225 4
22 1
215 4
21 A
205 1

Voltages (lin)

195
19 4
185
18 A
175
17 4
165
164
155

v

-

T 1% 0 i B AR A R A S e b

1
Frequency (iog) (HERTZ)

Flg 45 PSRR & TT,F S MEEEE IF‘L@\/in:?)V-Ar\/, l10ag=200mA

r 180m

r 170m

[ 160m

[ 150m

r 140m

[ 130m

r 120m

T 110m

r 100m

Pazams (in)

[ 90m

[ 80m

[ T0m

[ flm

[ 50m

r 40m

r 30m

r 20m

F10m

-10m

ERLT AU R U ETL S UPTR S S S
R

‘ 5 T ‘ | | |
a0 .
“ Time {lin) (TIME) 3!

Fig4-6  § 42 7% 1 # B ImA~200mA ¥ i 5 @Vin=3V

B F AR E Y

%
Tj’ é_i /IJI_L ﬁ&_{? i Jllé\‘?,];}i
68



Ause

69



>\_
E
i
4
3
2l
hpas)
‘ﬁg\
u
aa
.

R L N
Fo SR MEIEB IR APERT - A Y R TR — SRR
Fils AP D R TR A1 AN SR 2 2 2 —Gylly S i G S

R RS SR R I O W (Lol BT Gt &) P A STl

¥ B R A P TR g AR ] R B R e Gyl i
Ao F AR (657R o) BB A2 H] Bt Hspice #FAR X p
Bt AL RRAEL AL FEAL 2 BRs AR ENPTER
E3enT BRE AR TR RARTG TRI AR R AR § B R
AR o @ Bl L AR BT AR T e R R AR L E R
B R HRAEL G 0 528 RE SR RO R AR 3 F

AEALOLF PR E R o n

L )
TR RRAA S FREFRS N AL K] BT A ”}3 B e

OB T L AR BT R R b %0 5 0§ Rk

Iéﬁ; ° 52'—13@;-9‘ & i:ﬁ,ﬁljg‘f’!’él_;gl; ’ /?/;\Eu /HLAV\FT"-‘ LU ,'}'JE'J’J‘%‘%*%’,{%:Q&% _%E-’%'K? Iy

b}



e Er
__I.
¥l MBLRCR i iT 0 A T R RFEE 0 - B

«—.

4=

= »
oo
N
&J\
Ay
S
"=

Xy
&
e
(w,
[N

B AesN e Rt Sl dp il > T

=
oo
g
@\
<
wE
=P
GHe
™

FEORES > TR U EEAP ARS PR

b

| P

—
7—\-
5
5\
e
o
=y
3
@ »
o
N
&J\

ﬁ;.al:q-x B ‘/ u— /)é‘ Fﬁ‘i}c_m}g 4 o

\w_rs

i {4 %iﬁgf@‘;{ LR AR A N AIAL T fie é" ?,ﬁ% 7 LR ;:_g,
Wi Sl R 18 0 Bl R Y MR R R kA2

(2=

&
e

Aol FREATEERL PpERE YN TR AL
GBEFERF 2N T LRS- BREERER I A AT LR

"']%ﬁ’sif ﬁ"’r}:’/nﬁi°

71



[1]

[3]

[4]

[5]

[6]

[7]

8]

[9]

F. Silveria, D. Flandre, P. G. A. Jespers, “A gmn/lp Based Methodology for the
Design of CMOS Analog Circuits and Its Application to the Synthesis of a
Silicon-on-Insulator Micropower OTA,” IEEE Journal of Solid-State Circuits,
\ol. 31, No. 9, pp. 1314-1319, Sep. 1996.

Maria del Mar Hershenson, Stephen P. Boyd, and Thomas H. Lee, “Optimal
Design of a CMOS Op-Amp via Geometric Programming,” IEEE Transactions
on Computer-Aided Design of Integrated Circuits and Systems, Vol. 20, No. 1, pp.
1-21, Jan. 2001.

W. Daems, G. Gielen, W. Sansen, “An Efficient Optimization-based Technique to
Generate Posynomial Performance Models for Analog Integrated Circuits,”
Design Automatic Conference, pp. 431-436, June 2002.

T. Eeckelaert, W. Daems, G Gielen, W. Sansen, “Generalized Posynomial
Performance Modeling,” Design, Automation and Test in Europe Conference and
Exhibition, pp. 250-255; 2003(DATE 2003).

W. Daems, G. Gielen, W..Sansen, “Simulation-Based Generation of Posynomial
Performance Models for the Sizing of Analog Integrated Circuits,” IEEE
Transactions on Computer-Aided Design of Integrated Circuits and Systems, Vol.
22, No. 5, pp. 517-534, May 2003.

Stephen P. Boyd and Lieven Vandenberghe, “Convex Optimization,” Cambridge
University Press, 2004.

K. R. Laker and W. M. C. Sansen, “Design of Analog Integrated Circuits and
Systems,” McGraw-Hill, 1994.

Ka Nang Leung and Philip K. T. Mok, “Analysis of Multistage
Amplifier-Frequency Copemsation” IEEE Transaction on Curcuits and
Systems-1, Vol. 48, No. 9, pp. 1041 — 1056, Sept 2001.

Xiaohua Fan, Chinmaya Mishra, Edgar Sanchez-Sinencio, “Single Miller
Capacitor Frequency Compensation Technique for Low-Power Multistage
Amplifiers” IEEE Journal of Solid-State Circuits, Vol. 40, No. 3, pp.584-592,
Mar 2005.

[10] Jonathan Richard Shewchuk, “An Introduction to the Conjugate Gradient

72



Method Without the Agonizing Pain”, August, 1994
http://www.cs.cmu.edu/~quake-papers/painless-conjugate-gradient.pdf

[11] Robert K. Brayton, Gray D. Hachtel, etc, “A Survey of Optimization Techniques
for Integrated-Circuit Design” Proceeding of The IEEE, Vol. 69, No. 10, pp.
1334-1362, Oct 1981.

[12] Sergio Pernici, Germano Nicollini, Rinaldo Castello, “A CMOS Low-distortion
Fully Differential Power Amplifier with Double Nested Miller Compensation”
IEEE Journal of Solid-State Circuits, Vol. 28, No. 7, pp. 758-763, July 1993.

[13] Vishal Gupta, Gabriel A. Rincon-Mora, Prasun Raha, “Analysis and Design of
Monolithic, High PSR, Linear Regulators for Soc Applications” IEEE
International SOC Conference, pp. 311-315, 2004.

[14] Yali Shao, Yi Wang, Zhihua Ning, Lenian He, “Analysis and Design of High
Power Supply Rejection LDO” IEEE 8" International Conference on ASICON |
pp. 324-327, 2009.

[15] Gabriel A. Rincon-Mora, P. E. Allen, “A.Low-Voltage, Low Quiescent Current,
Low Drop-Out Regulator”, IEEE Journal of Solid-State Circuits, vol. 33, no. 1,
pp. 36-44, Jan 1998.

[16] Ramy Tantawy, Elizabeth J. Brauer, “Performance Evaluation of CMOS Low
Drop-Out Voltage Regulators”, The 47" IEEE International Midwest Symposium
on Circuits and Systems,2004.

[17] Sai Kit Lau, Ka Nang Leung, Philip K. T. Mok, “Analysis of Low-Dropout
Regulator Topologies for Low-Voltage Regulation” IEEE Conference on
Electron Devices and Solid-State Circuits, pp. 379-382, 2003

[18] Pual R. Gray, Rual J. Hurst, Stephen H. Lewis, Robert G. Meyer “Analysis and
Design of Analog Integrated Circuits,” Wiley, 2001.

[19] Behzad Razavi, “Design of Analog CMOS Integrated Circuits”, McGraw-Hill,
2000.

[20] DasGupta. S, Mandal. P “An automated design approach for CMOS LDO
regulators,” Asia and South Pacific Design Automation Conference, pp. 510-515,
20009.

[21] Gabriel A. Rincon-Mora, Phillip E. Allen “Study and Design of Low Drop-Out
Regulators”

73



