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摘要 
 
大多數的類比電路，都需要參考用的電壓、電流、或是『時間』。參考電壓提

供一個準則，如 DAC 或 ADC 的 LBS 大小、穩壓器（Regulator）的輸出電壓位

準、電池充電的開和關等等，都是由參考電壓源或參考電流源所提供來決定。近

年來，由於製程的進步，以及環保的需求，使得系統操作電壓不斷地下降，本論

文提出幾種不同型式帶差參考電路（ bandgap voltage reference）來討論。 
 
本論文主要內容是改善傳統帶差參考電路內部 op 的迴變率及頻寛，並且，依

據傳統帶差參考電路的缺點來加以討論，就如供給電壓必須超過 1V 以上

（1.6V~4V），我們則是利用另一種帶差參考電路來改善；使其供給電壓為

（0.98V），但因為電路過於龐大，我們利用次臨界區（subthreshold region）操作

的溫度補償電路來大大縮小面積，然而，由於還有電阻補償參考電壓，所以我們

就採用真正全 CMOS 並能供給 0.9V~4V 的帶差參考電路，來一一作比較。 
 
在本論文中實現了各個帶差參考電路的模擬結果，能夠真正完成操作在供應

電壓 1V 以下，並縮小晶片所佔面積及使用 TSMC 0.35um CMOS 製程進行設計。 

 
 



 IV

 

High Slew-Rate Class-AB Amplifier for the Designs of 

Reference Voltage 
 
 

Student：Zhen-Chang Lai         Advisor：Dr. Chu-Sheng Hu 

                                       Advisor：Dr. Ke-Horng Chen 

 

Industrial Technology R & D Master Program of  

Electrical and Computer Engineering College 

National Chiao Tung University 

 

Abstract 
 
 

Most of analog circuits need reference voltage circuits for developing accurate 
signal process. Bandgap reference voltage can provide a reference standard for 
digital-to-analog (DAC) or analog-to-digital (ADC) converters.  
Besides, the designs of regulators also need the temperature independent reference 
voltage to provide a regulated and stable supply voltage to system-on-chip (SoC) 
systems.  

In the recent years, because of CMOS processing technology advance and 
eco-awareness, the system supply voltage is scaled down for low power and low 
voltage operation. The target of this thesis is to propose some useful designs of 
bandgap voltage reference for SoC systems. 
 

The target of this paper to improve bandgap bowel of OP slew rate, bandwidth and 
amendment shortcomings, for example the minimum supply voltage needs to be 
greater than 1V（1.6V~4V）. In this thesis, the improvement is based on the previous 
literature with the minimized supply voltage about 0.98V. However, the circuit is too 
immense to be implemented in a small silicon area. Thus, we use the advantage of the 



 V

subthreshold region for temperature compensated voltage reference generator to 
reduce the silicon area.  

The advantage of the circuit is the simple design with only one resister for 
temperature compensated voltage by full CMOS technology. Besides, the supply 
voltage can be extended from 0.9V to 4V according to the design technique of the 
voltage reference generator compared to the other voltage reference circuits. 
 

According to the simulation results, the proposed bandgap reference designs 
complete sub-1V COMOS bandgap voltage reference with small silicon area. The 
circuits proposed by this thesis is suitable to be fabricated by 0.35-um CMOS 
technology. 
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    ¹ ä � å � æ ¯ ° � ç è �ã é � æ ê ë § Ð ì í ? � � 2 Ù > î ï � ð �
Q > ¥ å R� � k F J � ñ ò ó ¬ ô õ ö ÷ �ø Î �} �� æ ù ú �
 � Y ñ ò

û ü ý K �§ Ý þ � �� / �� ó õ ����0 ø � 2 î ï � ù � 	 / ó X � 


�! 

 
ö > ? ��� À � æ Ý þ ± �
 
 � 2 � � � � � � ñ � �ì � � � � ? "

� � � 2 � ; �� Ð � � ± � ô E � � � ñ � ô � � 3 �� k � ��0 ø � � í

? � �  � 2 � ; IC�� ! � j k � j k � � 3  (DC-DC Regulator) � � N a
< é : " � À � 3  (Switching Regulator)� � # $ % � 3  (Charge-Pump 
Regulator)� LDO � � � 3  � & ö � � � ' � é � � 2 � ; IC ( � ñ � � �
� � � (Bandgap References)�)�. 1»�. 2�. 3 ì � � 
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�. 1  � � � Switching Regulator � �  

 
 
 
 
 

 
�. 2  � � � Charge-Pump Regulator � �  
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�. 3  � � � LDO � � 	 
 � � �  

 
 
 
* + � � � � � , � - . Ù > � 2 R­ ® �   ¢ Ö � p � / R. / " 0 1 ¢

Ö � � j k   2 �3 4 ö 5 �� � � § � A 3 � k � � 6 7 � � � � Ý × �0 8

9 q Q - � � � � 3 : �R ; < �ô + = �� D/AR A/D � �  ± � � ñ � �
� � � � % & F G RF J Ó = � H I � 

 
 

1.2 ��� � � � 	��� � � � 	��� � � � 	��� � � � 	  

 
� � � � � � > ? � > ? Ð ^9 R  l � � ± � @ A � � ¹ 
 B ; C D ´

_DRAM`R E F C D ´ _Flash Memory �̀0 8 � � � � � � �� G Ù � H �
% � � 3 I� � ¹ . / »Ù > � 3 ��­ ® � X ¨ ö Z X � 3 2 �0ø�J��

@ � K � ��� � � � � � Â L M N �O / �� Ð � ��� � � � � � P " ? �

� ] � �  _two-stage op Ìô + ��ó Q · A ^ � �  �� * P ô R� ? � ]

� �  � S �� � �? T U V �� W � Z X 8 AB ^ � �  �� � � G X - : �

W X 6 _slew rate`� P Ô _bandwidth �̀� Ä � Y Z � [ 7 e f � � � � � �

� \ � = � �� Ê � ] � IO G J � < é � ô �� � � � � � �N ^ � _ Ù g

Sub1-V �� � � � � � � � ] p r s t �. / S T � � � � Rp r t u v w �
� � 3 � � � O [ 7 � � ` a Z [ � � � M N � 
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���D N ~ H � � b 0 , ã � � �e V . � � U c ) � : 

� � � d � � : e � b 0 ���� � 	 
 � »� 
 � � �� f g ã é � � � � �

� �> ? �� 
� � � d � � � � � � �� �  : M N . N O � �� � � 3 � ! " # $ �% & R

h À i , � 
� < � d � � � � � � �� = > ? _� ? � = � j � ] À B C � �  _A ^ � �

 `�: ; � � M N � O G J � ? T U V �� W � k � ] À B C � �  

_A ^ � �  `Z X a 8 AB ^ � �  �> ?  
� b � d ã À �� � � � � � 9 d � E c_l K T e f �� � � � � � � � m n

· : ; � O � � [ 7 Y Z � � ò I � 9 d ã H � � � � � � f o - _g

% p Ð 1-V� CMOS � � � � � � »] p r t . / S T � � � � Rp r
t u v w � � � 3 p p � O § 5 ´ � � � � N O R| Ò � � ù � � � E

c� O § � � | ´ z { p p � 
� ~ � d � �� � � � � : § 5 ´ �� 	 q r � O N �� � � ¥ �� 	 � � � 
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2.1 � � 	 � � � � � �� � 	 � � � � � �� � 	 � � � � � �� � 	 � � � � � � (Bandgap References) 

 
 
Ý × � � � � �� � � s t . Ù > � 2 R­ ® Õ Ö �uR v / " 0 1 Ö w �

� j k� 3 x � k��� = y �> ? ± ì � �. / ¢ Ö � z ù - < é « À  : (1)
RÜ § . / a 9 4 (proportional to absolute temperature, PTAT) ; (2) {   Gm � |

�� } ~ � ³ ´ �� , 2 � � � %  ; (3)R. / Õ Ö �� � �. 4 � � H � ï �¥

¦ � � � � � 
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�. 4 � � � � 
 � � � �  �1� 

 
& ö� � ï ¥ ¦ � � � 3 � � � OP � �  F G A m � 3 �� K � , � � �

� � �F J Y � � � � � �� � �Vos� S � � . / � �   �ì � 9 � � � � �

� � G � � X ¨ © O k � � á } 
 Ê A � ; � 2 �� � � � � H � 2 � � Ì �.

/ �   �øÎ �Q1 � Q2� beta 2 Y � � � / � � Q1 � Q2�" ¼ � ] � Ì � �

/ ó ( � q Q � > � � �T Ä �� � H í U V X � 
 � ; � � � � 2 @ � � �¥

¦ � K �9 � � � � �. / H I � ¹ ä . / öZ X �ì � �� � � � � � � � �

� � � � � � 9 Z � \ � � Z � � \ � � « � 

 
 

2.2 � � � �� 	 � � � � � � � � �� � � �� 	 � � � � � � � � �� � � �� 	 � � � � � � � � �� � � �� 	 � � � � � � � � �  

 
� � G � � � �  �� � � h � Y Z � � § � � � �  ì ? � � � � � ! "

# $ % & q b 0 , f o " : ) * + , - (sub-threshold conduction)». / 0 1
(Temperature coefficient) »� 2 � 3 4 5 6 (Line Regulation) »� 2 7 8 9 (Power 
Supply Rejection Ratio) �� Y �# $ � � ) � : 

 

2.2.1  ! " # $ ! " # $ ! " # $ ! " # $  (sub-threshold conduction) 

6� � k h À  

])(2[ 2
2
1

DSDStGSoxnD vvvvcui −−=                                ( 1) 
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� tGS Vv < R�> � 0=Di �u | Ò O ¬ )ø�� GSv � K Ð tV R� � � " ] K �

k, - �ø � 8 ) * + , - (sub-threshold conduction) }   �¡ � k � 8 ) * + �

k� m ± : 0 ¢ b 0 ) � : 
(1) tV � £ § � ¤ á � ç × ¥ ¦ � * + Rö% & ��u GSv � K Ð tV R�� §

á � ¨ " ß æ ¦ � � � « �© � ® / � ¥ ö ª �� 5 � � GSv � K Ð tV R�

¨ " ] « ¬ � - ­ ® �� 
(2)0 S»D ] à 8 n ¯�ö� § � � p ¯�Ð � * < � � ° ) ô � ± � � npn
� ³ ´ � 

(3) Ê Y DSv R�0 8 S ] � l T p �² Gv � m ³ ´ ì j a �� æ ¦ � µ / 8

T � �)�ì �  ; ô R�D ] à � � l T � �Ð � Gv �ø ¶ · � � æ ¦ �  

� « O � ¸ �0ø�S ] à ) ô npn � � ³ ´ � ¹ ] ( � º ; µ / ) �ö D
] à » ¼ )� p º ; � ½ ] � 

(4) � Ð 0>DSv � ²�� k ø ± � npn � ³ ´ Ð Þ � E À �� � ç × ¾ ¿ � k� 

 
 

U 5 � � B Ð ) * + R� ¨ " ¦ � ö× �� æ � � S ] à ¾ ¿ À D ] à �²j

a ) * + � k� O / ¡ � k ¢ ¹ )( GSt vV − a Á & & Â   a Ã � Ä & � ô Ð

MOSFET � { ¶ · R � Å m � k�0ø�� GSv � K Ð tV R�| Ò � Æ R� � �

� ¢ R; � � " ì � � �)�. 5 ì Ç � � � 
¦ 5 � �� tGS Vv > R�MOSFET � ) * + � k ¢ ¹ )( tGS Vv − a Á & Â   È É �

²© Ê � 0 , � Å m � ka y � 

 
 

 

Di

GSv
tV

GSv
tV

 
�. 5 MOSFET � � � � � � � 	 
 � � 
� � � � � � � � 
 � � ��2� 
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2.2.2 ���������������� (Temperature coefficient) 

 
� ! ? � N O � � � 3 Ë . / X ¨ � q Q ��   8 Tc_temperature coefficient`

m % & ) � : 

)/(106 cppmTc T
REFV
REFV

°×= ∆

∆

                                   ( 2) 

 
Y Z � ! { ? � . / à ° _0 ~80� � �̀ � 9 d Ì - ¥ ¦ � � � 3 � �

_bandgap`R� � ¥ ¦ � � � � Tc� ` a �m 2 Í K �Î á F J � 3 Ë . / X

¨ �q Q Í K � 

 

 

�. 6 � � � � � � � �3� 

 

2.2.3 � � � � � 	 
� � � � � 	 
� � � � � 	 
� � � � � 	 
  (Line Regulation) 

� 2 � 3 4 5 6 (Line Regulation) � ? � © Á � F G � 3 X � R, F J � 3 ¥
Ï Ð � � % �� % / �% & ) � :  

 

     )/( VmVtionLineregula
inV

Vref
Vref

∆



 ∆
=                ( 3) 
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�. 7 �  � ! " # $ � � � �3� 

 
 

2.2.4 � � � � 
� � � � 
� � � � 
� � � � 
 (Power Supply Rejection Ratio) 

� 2 7 8 9 (Power Supply Rejection Ratio) � © Á � F G � 3 X ¨ , F J � 3
¥ Ï Ñ Ò X ¨ �¥ å , % & ) �  :  

)(dBPSRR
inV

Vref
∆
∆
=  at all frequencies                  ( 4) 

 

PSRR
f r e q0d B =1V/V

∞−

實際理 想

 
�. 8 PSRR � � �  �3� 
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2.3 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �  

 
{ ? �� � � 3 � � " : (1) ¥ ¦ � � � 3 � � ( Bandgap Reference Voltage 

Circuit) (2) CMOS � � � � (CMOS Voltage Reference Circuit) \ é � 

 

BEV

KVt

tV

BEtREF VKVV +=

q
KT

tV =

Σ

 

�. 9 � � . / �   � 3 2 ¡ ¢ £ ¤ . / �    �1� 

 
¥ ¦ � 3 � � � 2 N O ) Y �ì � �pn ½ � Ý × � H Ó . � Ô -2.2mV/���
. / �   �ô R ó � Õ � 3 (thermal voltage) Ý × +0.085mv/��� . / �   � Ö

Y H {   k�)ø� � F J � 3 } 8   

    VREF�VBE�KVT                                                                  

            ( 5) 
; �Y � b K � 2 > ¡ k 5 H À æ �. / �   8 Í �0ø Y Z � � G Ù 
 ×

Ø � VBE 2 � � K 2 �ù % �8 - Ù ­ 5 H ¥ ¦ � � � 3 2 �B · �Y Z ñ l ¥

i , J VBE�. / Ú t Ö � � 

 
�ª ß æ � ] ´ ± � Û ] � k Ü /                                                

  ( 6) 

 
ö npo 8 � ] � æ � Ý Þ µ / �Dn 8 � æ Ý ß ¾ ¿ {   �WB 8 � ] Ô / �

� 0 

 
                                   ( 7) 





=

T

BE

B

pon

V
V

W

nqD
Jc exp

A

i
po N

n
n

2

=
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ö 

                                       
                                       ( 8) 

 
 

D � . / Út{ ��VGO� ¥ ¦ � 3 _à. á â ã V �̀T 8 . / �  �) ø �

� À æ _6`R_8 �̀ � ä � � H å � Û ] � k Ü /  

 
 
 
 

                                             ( 9) 

 
� Y À ì á � � A�@ � y æ å � Û ] � k Ü / ± ì Î á �. / Út{ �m

± . / �   T � γ O � � 3�0 8 Dn ± �. / � R. / �   VT ¡ ¢ q Q � 

 
½ ä Y Z � � ¢ VBE i , a � â �« À _ 

 
 

                                        ( 10) 

 
 

} � Y Z ¢ Jc . / �   z ù 8 T0� � � � â �À æ _ 

 
                                                   ( 11) 

 
Y Z 9 d � � JC � JCO_ 

 
 

( 12) 

 
 
) ø � � � � � å á � VBE_ 

 
 

                                                               ( 13) 

 





 −∴=





 −=

T

GOBE

T

GOBE

BA

V
VV

AT

V
VV

DT
WN

qDn
Jc

exp

exp3

γ





 −=

T

GO
i V

V
DTn exp32

GOBE V
AT
Jc

q
KT

V +


= γln

( )


 −= GOBE
r

C VV
kT
q

ATJ
0

00 exp









 −−−





=

0

0

00

exp
T

VV
T

VV
k
q

T
T

J
J GOBEGOBE

C

C

γ





+


+


+



 −=

0

0
0

0

lnln
0

1
C

C
BEGOBE J

J
q

kT
T
T

q
kT

T
T

V
T
T

VV γ
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��������	
� T� T0
� 

 
 

                                            ( 14) 

 
� � � � � � � � � � � � VBE � �	 T � � 
��� � � � �  � ! " # $ %

& ' ( & ) * 	� � 
�� � � V� BE+� � , - �%.10/0 1 2 " � 3 �VBE

� � 
�4 5 � 

 
                                           ( 15) 

 
6 7 � � 8 9 : � ; � �	
� T��� 

 
 

                                              ( 16) 

 
 
�< = > � T0
9 : ? �	
��8 @ � � 7 �%.14/A.16/B C D E

F �? ��%G H � 

 
                                                             ( 17) 

 
K” � I J K L � M N " & O � P �M �< Q ��R �S T �U H V � � W @

9 : � 

 
                                              ( 18) 

 
 

K � ; X Y �K L � M K=K”ln(JC1/JC2)Z�< 7 [ �\ ] �� � � K ; ^ �

�� 

 
                                            ( 19) 

 
� � 7 �%.19/_ ` N a 2 H �W @ 9 : 2 " ` � b G H 8 c � 

 
                                            ( 20)  

 
6 7 9 : �%K d VREF=VBE+KVT�e f M g h VREF � �	
�� T0�W @ 9 :

( ) 



−+−=∂

∂
=

q
k

T
VV

T
V GOBE

TT

BE γα
00





=−=∆

2

1
21 ln

C

C
BEBEBE J

J
q

KT
VVV





=∂

∆∂
2

1ln
C

CTBE

J
J

T
V

T
V

( )
0

0

0

0

2

1

0

0 ln"0
T

V
T

VV
J
J

T
V

K TGOBE

C

CT γα −+−+









=

( )
0

0

0

0

0

00
T

V
T

VV
T
V

K TGOBET γα −+−+



=

( )[ ]
0

00

T

TBEGO

V
VVV

K
αγ −+−

=

( )αγ −+−= 00 tBEGOt VVVKV
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���� � � � � 	 
 � � 
 � � � � 
                                        ( 21) 

 
� 	 
 � � 
 � � � � � 27���γ=3.2�α=1�� VREF=1.262�� 
� � 

� �� �� � � 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�. 10 � � � � � � � 	 
 � �  
1� 

 
��. 11�� � 
 VBE  ! " # $ % & ' ( �)� * + , - . % �) Vt  ! "

�/ 0 % & 1 2 (Vt=KT/q) �3 4 5 6 7 8 9 : ; < = > ?@ A VtB K
C D �

E � FG ! H / B VBE I J K ! " ( L M ? 

 

V

T e m p
VB E

KVt

Vo u t

 
�. 11  VBEB KVt . % N O �P Q Vout 

( )αγ −+=
= 0

0
tGOTTREF VVV

-60 -40 -20 0 20 40 60 100 120

1.240

1.250

1.260

1.280

1.290

VREF

Temperature 

T0=400K

T0=300K

T0=200K

0=
∂

∂
T

VREF

0=
∂

∂
T

VREF

0=
∂

∂
T

VREF
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R S T $ % & . % ; U VBE��V W XY�. 12
P Q . % �S X VoutFZ [


! " \ 5 ] �^ _ Z ` 
� a ? 

 
 

V

KVt

Vo u t

VB E

T e m p

K’

 
�. 12 � KVt� K’ � � � � 	 � � � � � � � VBE 

 
� � b c 
 � � 1.25V
P Q d & e f I g 0.18um W h 
i j ? 

 
Fk l n-well
 CMOS i j m n ] �V W o T p q 
 PNP BJT 
 r s t �

u � � b c 
 � 
 v ?* w 
r x y z { | } � + Model?��. 13�o T F n-well
] 
 P+ ~ � � e (emitter)�n-well � � ~ � e (base)�P 	 � � ~ � � e (collector)? 

 
 

 
�. 13 � CMOS � � � � �  ! 	 PNP BJT � " # $ %  
4� 
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������������ 

� � � � � 	 
� � � � � 	 
� � � � � 	 
� � � � � 	 
 � �� �� �� � OP 
 � �
 � �
 � �
 � �  

 
 
 

3.1 ������������������������(Start-UP Circuit) 

2 � � � � b c 
 v �bandgap�

 � � F� � �� � K 
 � 
� � �@ A
� � * + � �
 v �# � � � � � * � � b c 
 � IREF�� � c � Y� I � � b

c 
 v 
! " �   �temperature range = -40 ~140� ��W ¡} ¢ 
 � �   �voltage 
range = 2V~5V�?£ � t { ¤ ¥ ¦ � § ¨ W ¡© ª « j ? 

 

MPS1

MPS2

MP3 MP4

MPN1

MPN2

MNS5 MN2

MN1

R

I R E FI R E F

啟動電路 偏 壓 電路  

�. 14 & � ' ( � )  
1� 
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FMOS M3BM4

 � ¬ ­ �® g � 
 � ¯ 
@ ° �� W � « MOS M1B M2



 � � � ± ² ?F� ³ � � ´ µ M1
¶ e B� e £ * 
 · �# ¸ ¹ MOS 


s e º ¢ �body effect�? 

® 
 v ] V XA ' ( �
1

1

2
β
I

VVRI THNGSREF +==×               ( 22) 

» ©  β1 ¼ � , ½ b c 
 �  REFI �� � V X� 

R
V

I

R
V

I

GS
REF

THN
REF

1
=

=

                         ( 23) 

» © � � �    MN1: =
L

W
� � �¾ X L�W�M
� ` ? 

¿ À Á ( )212
1

tGSoxnD VVcui −= �¾ X VGS1? 

£ � t � � ¾ 
 · � � `
S

GS
REF R

V
I 1
= �¾ X RS� 

 

3.1.1 ���������������� 

 

( )21
1

1 2 THNGSD VVI −=
β

R
V

I GS
D

1
2 =

 
�. 15 � � � � � � � � 	 �
  �1� 

 

� + Â � 
 v 
Ã � M Ä Å � AB B Æ M �Â � 
 v 
b c 
 � IREF µ § M

B � Ç �� �
 v �Startup circuit�
b c 
 � IREF � � �È É FM A? 
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MNS1� MNS2�MNS3 B MPS1 

�Ê 21 GNATHN VVV −<  ⇒  5MNS  ""ON  

�Ê 21 GNATHN VVV −>  ⇒  5MNS  ""OFF  

¾ X VGN2 

¿ À Á ( )222 tGSD VVi −=
β

 

XY VGS2 

 
V ¿ ¾ X VGN2= VGS1 + VGS2 

  
£ � t � � �Â � 
 v 
P Á 
 � � a W ¡! " � a � P Q 
 � 
Ë Ì Í

Î �� �� � � 

 

 

�. 16 
 � � � � � � � � � � � � � �  
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� � � � P Á 
 � 2 2VY 5V�# � � ! " 2 -40�Ï25�Ï85�B 140�
Ð
Ñ � � �Ò Ó t Ô Õ + Corner
P Q 
 � � a ? 

 
 

Ou
tpu

t C
urr

en
t (A

)

 
�. 17 
 � � � � � � � � � � � �  

 
� � � � ! " � a 2 -40�Y 140��P Á 
 � 2 2V¡ 5V
Ð Ñ � � �Ò Ó

t Ô Õ + Corner
P Q 
 � � a ? 
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3.2 CMOS ���������������������������� 

 

 
�. 18 � � � � � (Two-Stage OP)�A � � � �  Class-A! 

 
®g��bc
v(bandgap) ³ � T Y
Ö � × �� * + ÆØ Ö � × (two-stage 

op) ² Ù 
� Ú � A Û Ö � ×  (Class-A)��. 18 � � �£ � t  A 
vt * * Ò
Ü? 

 
¿ A Ý ¤ ¥ P Á Þ �
� ß à : 

(a) á � Â �(random offset) : @i j â �� ã J 
ä å æ ç � ? 
(b) è é Â �(systematic offset) : @
v© ª æ ~� ã J �ê ë ��  : FÂ � 
�
ì í  : 

(1) 
� ¯ î ] VGS3=VGS4�ï © ª ð 
� � � I3=I4=I�R ¿ c� ñ ò ó " ô
� º ¢ ��õ ö ÷ Y VDS3=VDS4? 

(2) FMOSÆe s M3]�@ VDS3=VGS3�øV ù VDS4=VGS3=VGS4? 
(3) FM6 ì í �@2 VGS6=VDS4�g� V ù VGS6=VGS4? 
 
 
 
 
 



 20 

 
FÂ � 
� ì í  : 

(1) F PNP
� ¯ ]�» © M5BM7 ú ´ ± ² 
û ü ý � �� I7=I5=2I? 
(2) @ I6=I7=2I�ø I6=2I4? 
þ Ê  : 

@ VGS6=VGS4��
� � � I6=2I4�@A �û ü ý � © ª õ ö � I
( )
( ) 2

4

6
/
/
=LW

LW
"

� �� � � � P Q Â �ß à ? � 	 t ê � 
 � © ª õ ö � I  

( )
( )

( )
( )5

7

4

6
/
/

/
/ 2 LW

LW
LW
LW

×= #                                       ( 24) 

3.2.1 � 	 
 � �� 
 �� 	 
 � �� 
 �� 	 
 � �� 
 �� 	 
 � �� 
 � : 

  ~P Á 2 � Í 
� VICM���Â � 
� 
 � æ � �g� � MOS
 VGS / � g

� � ?@A � g � + MOSFET ) � �VICM � ã J 
 � � E E Fg VDS � ) � �

@A  

 

 
�. 19 $ � � � � � % & ' (  �2� 

 
(1) VICM
� �  : ~ VICM � ` ��¢ � æ o g M1BM3?æ « �®gMOSÆ                       

e s M3 õ F � B\ æ { � Á � e � \ �# � VDS3=VGS3�

g� M1
 D e 
� � _ g VD1=-VSS+VDS3 æ � ?@A �~

VICM « � ���M1 V � @2 ¶ e 
� « � ) � Á � e � \ ?

� � î �VICM 
 � ` � � � � g M1 � B � � �  �

( ) tpGSSStpDICM VVVVVV −+−=−= 31min                 ( 25)   
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ï ]�VGS3 V ®Â � 
� I ¾ X � � tnnGS VKIV += /3  ; ! û �R W « " "

� 
� VOV=VGS-Vt( # $ ´ º 
� Veff) t � � ��h� V % J

( ) tptnovSSICM VVVVV −++−= 3min                                        ( 26) 

 

(2)VICM
h � � �  : ~ VICM | , ��@ 1GSV � _ æ � �g� VS1=VD5 � á VICM

h & ?�A � � { � ' 5DSV � ` ) æ o gM5?@A �VICM
� � � � � � M5

� B � � �g� V ù ( ) ( ) 1min5max SGPSDPDDICM VVVV −−=                           ( 27) 

h� R � W « " " � 
� VOV=(VGS-Vt) t � � ��@2

( ) 55min5 OVtpSDPSDP VVVV =−= �# � tpSGPOV VVV −= 11 �øh� 2  

( ) ( )tpOVOVDDICM VVVVV −−−= 15max                                     ( 28) 

 
 

 

�. 20 � � � � � � � 	 
 � � 
 � � � � �  (ICMR) 
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Vo
lta

ges

 
�. 21 � � 
 � � � � �  (ICMR) 

 
h�. 21
% & % ( ) � � * 
 � B\ 

� � �� � V W Ô Y � Í P Á 
�
� � 2 0.3VY 1.5V + , ? 

 

3.2.2 ������������������������ : 

 
Vo � � î � �  : FgM6 � B � � î � �@A �

( ) ( ) 6min6min OVSSDSSSO VVVVv +−=+−=  

Voh � î � �  : FgM7 � B � � î � �g� V ù

( ) ( ) 7min7max OVDDSDPDDo VVVVv −=−=                                            ( 29) 

P Q 
� 
�   2 ( ) ( )76 OVDDoOVSS VVvVV −≤≤+− �� - . / Vo
 0 1 ��¢ ©

7 2 � Vov6B 7OVV 3 « " " � 
� � ? 
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�. 22 � � � � � � � � 	 
 
 � � � � �  

 
 

Output Voltages

Vi n

Vout

 
�. 23 
 � � � � �  

 

3.2.3 � � 	 
 �� � 	 
 �� � 	 
 �� � 	 
 �  : 

 
` 4 5 3 º 
v��. 24 � � �ï ]� 
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h _ � À 2 % k � l : (1) Bnadgap Core (2) Start UP (3) VSB bias m(4) Low 

voltage OP�X. 47�h _ bandgap � � �amplifierV N1m N2 U ' ' Ö = � k �

K Ô R2A2=R2B2̄ R2A1=R2B1�: [ Ù % N ã ä J � PTAT(VtlnN)m� ã ä J �

VBE j * 1� < I�) � < 7 � ; m ã ä âVDDâ� � ) 0 ¯þ	W current mirror 
M1~M3�mirror¶ R3� , - Vref. 

 

4.2.1����������������������������Forward Basing the VSB of 

PMOS����: 

 
~VDD[ ¶1VA�( "OP1s t {| ¶M1~M3PMOS1Gate{�[ È \ ¶|

Ñ } hGroundi¯̂ [ È ¹© OP s t 1NMOS Ú ï � N ! � ��X. 481region 
A¹1OP1d e  � û ó . 
Y Z ¹5 n � Body� I 1¼ � � � n � PMOS1Body J | ¶VB�¹© PMOS

1Vth [ � � [ � o �úOP 1s t {B Q [ 1 p \ �ß à OP � û ¸ 1d e ¯�
X. 48 region B. 
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