
���������
	 ����
�� ��	�������������
��
������� �"!�#%$&$�'

(*),+.-./�021 3.454 6&78059:45;2<=/�7>(*/
4 ;*<�/?7@(*/BA2CED@F�GH6I3KJML,+.32L,0

<,0 3K-�1 N

/�05OP0Q/�R205- N
0�S,3KOT7UJ.3VRW7@),JX1 4Y/
N[Z]\?1505^E_a`bD>ced]f�Cg`ih.N
0�S,3KOT7UJ.05-�1 9.c2j.kl6IGaA2^E_ah@hK45Fnmpo[ZpZ
9.+.-23VR*7>),JX1 NqF�d]r
ceh
7UJM/�R*-Y+M(YRW7@),J,/s1t3.f�h>AQ_icKmvulG[ceD@hWdpwVxMr
_ah>D@CEd]fzyH{|m[ZY}B~

Gpf��TNvdpD@F
_ic2�?r
_ah>D@CEd]f�h�{|Npm5}�_aGp`�Fs~
9.d�f
dpD2D@r
cef�d"�p_ic.D@F�CghWu�G[�p_
r�f�D@Cg^&Cgf�h@D>cer�`bD>_a��D>d���dHh>d
k
RIdpD@Gp^�f?r����s_icQdpw�ulG[�p_ahKm

y



�����?�i���������l��3Kflh>A _ic*�l�p_=ulG[c@D@h*dpwID@F�CghK��r�_ah>D@CEd]f%k
{�G?~B0V��ul^gGpCgf�D@F
_�dpu�_ic�G[D@CEd]f�dpw�D@F
_=D>D@^&JM),-��]G[D>_�h@F
d A2f�Cgf�¡�CE�]r
c@_By[k

¢ FlG[D2Cgh2��_aGpf£DW�?¤�¥>`ir�c@c@_af�D2h@Cgf
¦�Cgf
�H^Edp�]Cg`i§£¨

B

TrA   1 Tr  3

Tr  2 Tr  4

Tr

Tr

0 V

Tr  5

+ 5V

Out

  7

  6

¡�CE�]r�c@_�y[1Qx,r�_ah>D@CEd]fzy]{�G?~
{��%~ ¢ FlG[D2G[D>_�D@F
_MulceCgf�`iCEulGp^%��Cª©s_ic@_af�`b_ah2�s_iD«AQ_i_af�D>D@^&Gpf��P(YO¬)�/­^Edp�]Cg`=�]G[D>_X`iCEc@®

`ir�CED@h�¨
{�`�~�(YG[c@c@¤vd]r
D D@F
_2w�d]^g^Ed"AKCgf
�q`bd]f£�p_iceheCEd]f�hYGpf��H_b��ul^gGpCgfBD@F
_K��_iD@F
d?��Cgf�_aGp`�F­`iGph@_pk

C�k.(Qd]f��p_ic@D.¯�Z]o]¯?yiZ]°±D>d­;2_b�
Gp�
_a`iCg�BGp^�k
CgC�k.(Qd]f��p_ic@D*²£Npm[9.²£³´D>d�9._a`iCg��Gp^�k
CgCgC�k.(Qd]f��p_ic@DKo]¯ ° D>d­L,ceGa¤�`bd��
_pk
CE��k.(Qd]f��p_ic@DKµpm ° D>d�jYCgf�G[ce¤pk
��k.(YGp^g`ir�^gG[D>_XD@F
_�f
_i�]G[D@CE�p_Xdpw�¡�9=(YjYZ]³�k

{��s~�9.ceGaA¶G­`iCEce`ir�CED.A2F�Cg`eFPCg�Hu�^E_a�H_af�D@h*D@F
_XD>cer
D@FTD@G[�l^E_�heF
d"A2fT�s_a^Ed"A=kM(YGpfTD@F
_
`iCEce`ir�CEDV�s_Wh@Cg�Hu�^gCª�l_a��¨B;2d A·AQd]r�^g�v¤pd]rqD>_ah>DV¤pd]r
c�`iCEc�`ir�CED�¨nL,CE�p_WD@F�_*��Cgf�D>_ice�
^gCgh>D2`bdpc@ce_ah>usd]f���Cgf
�qD>dHD@FlCghWD>cer
D@F�D@G[��^E_pk

3 j ( x
Z Z Z Z
Z Z y y
Z y Z y
Z y y Z
y Z Z Z
y Z y y
y y Z y
y y y Z

¸Q¹ ��� º ¸Q»l¼�½ �n¾¿� ¹ �����?�i�������±�ÁÀ>Â�Ã"�

Ä"ÅUÆ�Ç|ÈlÉpÊUË|Ê8ÌªÍ£Æ�Ç|Ç|ÎlÉ]Ä"Æ¿Ï@Ä"ÐÑÆ¿Ï@ÄaÒ�Æ N



{�_[~B9.ceGaAÓD@F
_n`iCEce`ir�CEDB��CgG[�pceGp�ÔAKF�Cg`eF·Cg��ul^E_a�H_af�D@hvD@F
_�w�d]^g^Ed"AKCgf
�zjQd�d]^E_aGpfÕ_b�?®
u�c@_ah@heCEd]f Ö

× ØXÙÛÚ�Ü Ú�Ü·Ý�ÜÁÚ
Gpf����]CE�p_XD@F
_MD>cer
D@F�D@G[��^E_=wÞdpc2D@F�Cgh2jQd?d]^E_aGpf�_b��u�c@_ah@h@CEd]f&k

{�wb~ ¢ FlG[D5Cgh��H_aGpf�D���¤�D@F
_WD>_ice�BhM¥e(Q¤�`i^gCg`i§�Gpf���¥>-2_bßl_a`bD@CE�p_a§XGph5G[u�ul^gCE_a�qD>dXL.c�Ga¤
`bd?��_ ¨ ¢ F£¤vCghVD@F
_KL.c�Ga¤v`bd?�
_*h@¤?h>D>_a�àwÞc@_a�?r
_af�D@^E¤�rlh>_a�qCgfHGpf
�]^E_2Gpfl�vu�d]heCED@CEd]f
h>_af�h>dpc�h�¨

{���~B0V��ul^gGpCgf�A2FlG[D2Cgh*�H_aGpf�DW�?¤BD@F
_�D>_ice�Ô¥e(YGpf
d]flCg`iGp^�/�r��ádpwV45c@d?�lr�`bD@h@§vw�dpce��k
45r
DWD@F�_=wÞd]^g^Ed A2Cgf
�B_b�?u�ce_ah@h@CEd]f�Cgf�D>dHD@F
_�(WGpf
d]f�Cg`iGp^I/?d]4�wÞdpc���kÖ

×�ØXÙ Ú�ÜÁÚ­ÙâÝ
{�Fs~­(Qd]f�h>D>c�r�`bD5D@F
_.D>cer
D@F�D@G[�l^E_.A2F�Cg`eFBc@_iu�ce_ah>_af£D@h D@F
_,`iCEce`ir�CEDYh@F
d A2fBCgf­¡�CE�]r
c@_,N?k

C

D

A
B

Q

¡�CE�]r
c@_�N?1Qx,r
_ah>D@CEd]fzy]{�Fs~

Ä"ÅUÆ�Ç|ÈlÉpÊUË|Ê8ÌªÍ£Æ�Ç|Ç|ÎlÉ]Ä"Æ¿Ï@Ä"ÐÑÆ¿Ï@ÄaÒ�Æ o



�����?�i�������Õã%��9._iceCE�p_MD@F
_MOTG���D>_ice��^gCgh>DYw�dpcYD@F
_Mj d?d]^E_aGpf�_b��u�c@_ah@h@CEd]f��
_b��f
_a�­��¤HD@F�_KD>cer�D@FBD@G[��^E_
h@F
d A2f��s_a^Ed"A=k
L,CE�p_�D@F�_=OTG���D>_ice�ä^gCgh>D2`bdpc@ceh@u�d]fl��Cgf
�vD>dHD@F�CghWD>c�r
D@F�D@G[�l^E_pk
9.ceGaAåD@F
_Yæ=G[ceflGpr
�]FXOPG[uvwÞdpc�D@F�Cgh�D>cer�D@F�D@G[�l^E_WGpf��Xdp��D@GpCgfqG.h@Cg�Hu�^gCª�l_a�=_b��u�c@_ah@heCEd]f
wÞdpc,x�k

3 j ( 9 x
Z Z Z Z Z
Z Z Z y y
Z Z y Z Z
Z Z y y y
Z y Z Z Z
Z y Z y y
Z y y Z y
Z y y y y
y Z Z Z y
y Z Z y Z
y Z y Z y
y Z y y Z
y y Z Z Z
y y Z y y
y y y Z y
y y y y y

¸Y¹ ��� º ¸Q»l¼�½ �T¾«� ¹ ���I���i�[�����Õã%�
�����?�i��������ç&��R*F
_,^Edp�]Cg`,�]G[D>_=`iCEce`ir�CED*��CgG[�pc�Gp�áwÞdpcWGqè]æéß�CEuBßldpu�CghWh@F
d A2f�Cgf­¡�CE�]r
ce_Mo?k LMCE�p_=Gpf

Gp`i`bd]r�f�DKCgf�A dpce�lhWdpw�D@F
_Mdpus_iceG[D@CEd]f�dpw�D@F
_,ß�CEu�ßldpu&k
0V��ul^gGpCgf�D@F
_�dpu�_ic�G[D@CEd]f�dpw�D@F
_=_a�
�p_=D>c�CE�p�p_iceCgf
�HulG[ceD*dpwID@F�_Mß�CEu�ßldpu&k
¢ FlG[D*wÞ_aG[D@r�c@_ah*dpw�D@F
_Mß�CEu�ßldpu�_af�G[�l^E_�CED2D>dH�s_=r�h>_a��Gph2G�`bd]r�f£D>_icb¨

Clk

J

K R

S
Q

Q

¡�CE�]r
c@_Xo?1QxMr
_ah>D@CEd]fno?k

Ä"ÅUÆ�Ç|ÈlÉpÊUË|Ê8ÌªÍ£Æ�Ç|Ç|ÎlÉ]Ä"Æ¿Ï@Ä"ÐÑÆ¿Ï@ÄaÒ�Æ ²



�����?�i�������·ê���+Kh@_.D@F�_=�H_iD@F
d���h dpwIjQd�d]^E_aGpfnGp^E�p_i��ceGvD>dHh@Cg��ul^gCEwÞ¤qD@F�_.w�d]^g^Ed"AKCgf
��jQd�d]^E_aGpf�_b�?u�ce_ah8®
h@CEd]f%1 Ö

× Ø�Ù Ú­Ù ÝvÙÛëTÙ ì±Ü Ø�Ù Ú­ÙâÝ.ÙÛëTÙ ì±Ü Ø�ÙÛÚ­Ù ÝqÙÛënÙ ìíÜ Ø�ÙÛÚBÙâÝ,Ù ënÙÛì
Ü,Ø�Ù Ú­Ù ÝqÙÛënÙ ìíÜÁØ�ÙÛÚ­Ù ÝqÙÛënÙ ì±ÜÁØXÙÛÚBÙâÝ,Ù ënÙ ì

�����?�i�������Õî%��0V��ul^gGpCgfTD@F
_�dpus_iceG[D@CEd]fTdpw�G­mpmpmBR*Cg��_ic2d]h@`iCg^g^gG[D>dpcakML,CE�p_qGH�l^Ed�`@¦��lCgG[�pceGp�ädpwVD@F
_
Cgf£D>_ic�f�Gp^£`iCEce`irlCEDI�l^Ed�`@¦�h&dpw
D@F�_QmpmpmKR*Cg�H_icakI9K_ahe`bceCE�s_pï�AKCED@F=D@F
_QGpCg�=dpw���CgG[�pceGp�Bhiï�D@F
_
AQG"�p_iwÞdpc���h=AKF�Cg`eF�¤pd]rðA d]r�^g�ðdp�lh>_ic@�p_HAKCED@FðGpf�d]h@`iCg^g^Ed]h@`bdpus_­A2F�Cg`�FðCgh=`bd]f�f
_a`bD>_a�
D>dvD@F
_,D@Cg��Cgf
�v`iG[ulGp`iCED>dpc2Gpf��­D@F
_,d]r
D>u�r
D u�Cgf�A2F�_afBD@F�_.`iCEce`irlCEDYCghWh@_iDYr�u­GphWG�w�c@_i_
cer�f�flCgf
�vd]h@`iCg^g^gG[D>dpcak

�����?�i��������ñ&��0V��ul^gGpCgf�D@F�_=dpus_iceG[D@CEd]f�dpw�D@F
_�-*®¿N[-é^gGp�l�
_icKf
_iD¿A dpce¦�rlh>_a��Cgf�D@F�_�9=ò�3´`bd]f��p_ic@D>_ic
h@F
d A2f�Cgf�¡�CE�]r
c@_�²
k

S

Vref

2R

R

2R

 0

R

2R

S1

R

2R

S 2

R

S 3

2R

 R f

+ Vout

¡�CE�]r
c@_�²
1Qx,r
_ah>D@CEd]fPm
/�F
d AóF
d"A�D@F�Cghv9=ò�3ä`bd]f£�p_ic@D>_ic­`iGpfÁ�s_­r�h@_a�ôD>dðCg��ul^E_a�H_af�DXGpfå3Mò�9õ¡
_i_a�
�lGp`e¦
`bd]f£�p_iceD>_icak�9,Cgh@`irlh@h,D@F
_qGp^E�pdpceCED@F��BhKAKF�Cg`eF�G[c@_qr�h@_a�TD>d�`bd]f�D>c@d]^VD@F
_vdpus_iceG[D@CEd]f¬dpw
D@F
_ah>_=w�_i_a�
�lGp`e¦�3,ò�9à`bd]f��p_ic@D>_icehak

Ä"ÅUÆ�Ç|ÈlÉpÊUË|Ê8ÌªÍ£Æ�Ç|Ç|ÎlÉ]Ä"Æ¿Ï@Ä"ÐÑÆ¿Ï@ÄaÒ�Æ m


