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3 , . 2 (900) . (90
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/ (20) 1 (1), 2 (22), 1 (30) 2 (40)
1 (30) (31 1 (32) 2 (40) (41) 2 (
42) .
1 (21) 1 (30), 2 (22) 2 (40) (30 40)
(21 22) o1 (21) 2 (22)
Vin Vout (21 22) (31)
(41) Vout :
(31) (2 Vout ( VDD
) (41) 2 Vout
( VSS ) .
1 (32) 2 Vout \%
SS 2 42) 2 Vout
VDD .
, 1 21 1 (30), 2 (22) 2 (40)
7 1 .
, 1 21) 1 (30) ( (31) 1 (32))
1 (21) ()] Vin ()] Vout
Vout (31) Vout
(31)
Vout , Vout (31) VDD
Vout , Vout 1 (32)
1 (21) 1 (30)
Vout
1 1 21 1 (30)
Vout
, 1 21) (31)
Vout .
Vout VDD (31)
Vout 1 1
(21) (31) :
) , Vout ( ) 1
(32) « ) :
(31) 1 (32) (
)
, 1 1 (21) (31)
Vout 1 (32)
: ¢ )
1 (32)
1 (21) 1 (30) Vout
: ¢ ) :
2 (22) 2 (40)( (41) 2 (42))
1 (21) 1 (30) .
2 (22) 1) Vin 2) Vout
Vout (41) Vout
(41) .
Vout Vout (41) VSS
Vout Vout 2 (42)
2 (22) 2 (40) 1 (21) 1 (30) ,
, 2 Vout
2 (22) (41) (
) .
, 2 (42)
2 (22) 2 (40) Vout
( ) :
1 (32) 2 (42) ( 2) )



10-0438205

(31) (41) , Vo
ut 1 1 (32) 2
(42) / (20)
1 (21) 2 (22)
1 (21), 2 22), 1 (30) 2 (40)
/ (20)
, 1
/ (20)
/ (20)
1 / (20)
/ (20) 1 1), 1 (30)( (31), 1 (32), 2 (
22), 2 (40)( (41), 2 (42)) ( )
. on/off / (20)
/ (20) . . , / (
20) , 1 (22) 1 (30)( (31), 1 (32)) ,
2 (22) 2 (40)( “41), 2 (42)) , 2
(22) 2 (40)( (41), (42)) : 1 (21)
1 (30)( (31), 1 (32))
1 (312) 41)
1 (30) 2 (40)
Vout .
/ (20) (10) 1
/ (20) 2) Vout
(10) (10)
/ (20)
/ (20)
(10)
(10) / (20)
® 2 (10)
(1
0)
1 / (20)
. (10)
8 2
8 7 / (20)
8 / (20) , Vin 1) Vout Vin
. (10)
%) Vin / (20) 1 1), 1
(30), 2 (22) 2 (40) .
1 (30) (311) 1 (321) 2 (40) (411) 2
(421) .
1 (21) PMOS (211 212) NMOS
(213  214) : , (215)
(Vin; 1) (Vout; 2) NMOS (213 214), VDD
PMOS (212) NMOS (213) PMOS
(211)( ), VDD
NMOS (214) PMOS (212)(
), (215) VSS (521)



10-0438205

NMOS (213 214) NMOS (213) 1
(1) .
1 (30) , , 2 1 21
(531) VDD PMOS (311) o1
( 7 31) , 2 (532)
VSS 1 (321) ()] VSS .
( 7 ) (521,531 532) on/of
f . . 8
1 (21) 1 (30)
2 (22) 1 (21) NMOS (221 222)
PMOS (223  224), (225)
, NMOS (222) ()] Vin
2 Vout PMOS (223  224) NMOS (223
) 2 (22) .
2 (40) , NMOS (411) , NMOS (411)
()] , 2 (22) NMOS (411)
VSS . , 2 (421) (2) VDD
2 (22) 2 (40) (522,541 542)
. 8
2 (22) 2 (40)
, PMOS (311) NMOS (411) (211 212) (221 222))
8 2 (20) : /
(20) o1 (1) 1 (30) 2 (22) 2
(40) , .
1 (212) 1 (30) Vin Vout
1 (21) 1 (30) (521,531 532) .
Vin , ( NMOS (213 214) NMOS
(213) , 1 (21) (NMOS (213) )
, PMOS (311) 2 Vout PMOS 3
11) ( VDD 2 ) .
Vout NMOS (213  214) NMOS (214)
, NMOS (213) 1 21) (NMOS
(213) ) .
, PMOS (311) , PMOS (311)
Vout Vin , PMOS (311)
, PMOS (311) off .
1 (21) , PMOS (311)
(321) 2 VSS , Vout
Vin , PMOS (311) off . , Vo
ut (321) .
Vout Vin , PMOS (311) on
1 (21) 1 (30) Vin .
Vout ( ) Vin
¢ ) (321)
, PMOS (311) (321)
, ( ) Vin .
, Vin Vout 1 (21)
PMOS VDD , PMOS (311) off

(311) 1
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, (321) Vout ,
Vout .
, Vin Vout , 1 (21) 1 (30)
Vout Vin
, 1 (21) 1 (30) , (215)
, PMOS (311) .
, PMOS (311) Vout ,
C , Vout 1 (21) PM
(O] (311) , (321)
: «C ) -
, (321 215)
, 1 (21) 1 (30) Vout Vin
: ¢ ) : :
, 2 2 (22) 2 (40) Vin
Vout .
(522,541 542) , 2 (22) 2 (40) .
Vin , 2 (22) NMOS
(411) 1 VDD , NMOS (411) on 2 Vo
ut 2 VSS .
, Vout , 2 (22)
, NMOS (411) , NMOS (411)
Vout Vin , NMOS (411)
, NMOS (411) off , .2 (22)
, NMOS (411)
(421) 1 VDD 2) , Vout
Vin , NMOS (411) off , 2
(421) Vout .
, Vout Vin , NMOS (411) on
, 2 (22) 2 (40) Vout .
, Vout , ( ) Vin
, 2 (421)
, NMOS (411) , 2 (421)
Vin .
, Vin Vout , 2 (22)
, NMOS (411) , NMOS (411) off
, 2 (421) Vout
, Vout
, Vin Vout , 2 (22) 2 (40
) Vout Vin
, 2 (22) 2 (40) . (225)
, NMOS (411) .
, Vout NMOS (411) ,
. , Vout 2 (22) NMOS
(411) , (421)
: « ) :
(421 225)
, 2 (22) 2 (40) Vout Vin
: ¢ ) :
, 2 / (20) .
/ (20) 1 1), 1 (30), 2 (22) 2 (40)
(521, 531, 532, 522,541 542) , on/off
/ (20)
/ (20) , ,
Vin Vout



10-0438205

, / (20) 1 (21) 1 (30) 2 (22)
2 (40) .
2 , : PMOS (311) NMOS
(411)
1 (30) 2 (40) , . , Vin
Vout / .
2 , , / (20) (10)
/ (20) 2 Vout Vin
. , (10)
(10) . , Vin
, / (20)
Vin . / (20) 1
0) Vin
(10) / (20)
: (1) (2 (10)
/ (20) Vout Vin
(10) . , PMOS
(311) NMOS (411) , L w (W/L )
, / (20) , 1 (21), 1 (30
), 2 (22) 2 (40) .
/ (20)
8 / (20)
(10)
9 3 3 7 1
/ (20)
1 / (20)
3 , / (20A) (30 40)
(23) .
9 ) 1), ), (1) Vin (2
(10), 2) Vout
/ (20A) . / (20A) (10) 1 2
( ) :
/ (20A) 23), 1 (30) 2 (40) .
1 (30) (312) 1 (32) .2 (40) (411) 2
(421)
/ (20A) . (23) Vin Vout
(32) (41) Vout . 2
3) (31) (41)
(32) Vout , (41)
Vout .
1 (32) .2 (42)
Vout . 3 , / 2
0A)
/ (20A) .
/ (20A) 23), 1 (30)( (32) 1 (32)) 2 (
40)( 41) 2 (42)) .
on/off / (20A)
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9 3 / (20A) 7
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3 , Vout
) Vout
) 1 (32) 2 (42)
)
, 1 (32) 2 (42)
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«C )
(23)
30) 2 (40)
/ (20A) .
(23), 1 (30)
/ /
3 / (20A) (10)
/ (20A) @ Vout
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/
/ (20A) , (10)
' (10) / (20A)
1) @) (10)
(10) , Vout
9 / (20A)
(10)
10 4 9
10 , Vin ' (1) /
Vin / .
10 , / (20A) (23), 1 (30) 2
1 (30) (311) 1 (321) 2 (40)
(421) .
(23) PMOS (211 212)
(231 214), (215)
, PMOS (212)
) Vout NMOS (213  214)
(213) (23) (23) 8
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1 (30) (31) PMOS (311) . PMOS (311)
2 (23) , VDD 5
31) 1 (32) 1 (321) 2
VSS(VDD>VSS)
2 (40) PMOS (411) (411) . PMOS (411)
2) 2 (22) 2 VS
S . (421) 2 42)( 3 ) 2) VDD
.1 (30) 2 (40) 8
, 23), 1 (30) 2 (40) (522, 531, 532, 5
41  542) . / 2
0) .
, PMOS (311) (211 212)
. Vin Vout PMOS (411)
4 / (20A)
/ (20A) 9 (23)
/ (20A) o1 (30) 2 (40)
(23) 1 (30)
Vin Vout .
(23) 1 (30) (23) 2 1 (21)
Vin (23)
1 (30) PMOS (311) PMOS (311)
Vout 1 VDD Vout (23)
, PMOS (3112)
Vout Vin , PMOS (311)
(23) , PMOS (311)
(321) (2) 2 VSS . Vout
Vin , . , Vout (321)
Vout Vin , PMOS (311) on
(23) 1 (30) Vout . ,
Vout ( ) Vin
¢ ) (321)
, PMOS (311) (321)
. ( ) Vin
Vin Vout (23)
1 (30) PMOS (311) , 1 (30) PMOS
(311) off . (321) Vout .
, Vout .
, Vin Vout (23) 1 (30)
Vout Vin
(23) 1 (30) (215)
PMOS (311) .
Vout PMOS (311)
, Vout (23) PMOS (
311) (321) .
¢ )
(215 321)
/ (20A) Vout Vin
( ) (23) 1 (30) Vout
, 4 (23) 2 (40)
Vin (23) . 2 (40
(411) Vout NMOS (411)

) NMOS
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Vout (23)
, NMOS (411)
Vout Vin , NMOS (411)
(23) , NMOS (411)
. (421) VDD
. Vout Vin
Vout (421)
Vout Vin , NMOS (411) on
(23) 2 (40) Vout ,
Vout ( ) Vin
(421)
. , NMOS (411) 42
1) . , ( ) Vin
Vin Vout (23)
2 (40) NMOS (411) off
(421) Vout 1 VDD
Vout
, Vin Vout (23) 2 (40)
Vout Vin
(23) 2 (40) (215)
NMOS (411)
Vout NMOS (411)
, 4 , Vout
(23) NMOS (411) (421)
: (
(215  421)
/ (20A) Vout Vin
( ) (23) 2 (40) Vout
4 / (20A) .
/ (20A) 23), 1 (30) (40) (
521, 531, 532, 541 542) on/off / (20)
. / (20A)
. Vin Vout
/ (20A) , 1 (30) 2 (40)
. Vout Vin
/
4 , (2) Vout Vin
: (10)
(10)
Vin / (20)
Vin . , /
(20A) (10) Vin
/ (20A) (10)
: ® 2 (10)
/ (20A) Vout Vin /
/
(10)
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, PMOS (311) NMOS (411) , L
) / (20A)
2 (40)
, / (20)
10 4 /
(23) 8
(23) (31)
(23) (31) (41)
1l1a 11b 8
/ (20) (10)
Vout . (D
Vinl Vin2
Vm VDD
vm VSS
11a 11b , ( t0 t2
/ ( toO tl t2 t3)
( to t1) , Vout .
on 1 (212) 1 (30) (522,541, 542)
2) 2 (40) . Vout Vinl
, (521,531 532) off 1 (21) 1
Vinl Vout
, ( 12 t3) , Vout .
542( 8)) on 2 (22) 2 (30) (521, 531
(22) 1 (30) . Vout Vin2
(522,541 542) off 2 (22) 2
Vin2 Vout (10)
(10) /
(10) 1) (2)
Vout
/ (20) /
/ .
/ (20)( 8) /
(10) / Vin(Vinl/Vin2)
Vin(Vinl/Vin2)
(10)
8 1la 11b
12 10 / (20A)
10 (23) 1 (30) 8 1
10 (23) 2 (40) 8
(40) .
12 , 10 (23) 1 (30) 8 1 (21)
10 (23) 2 (40) 8 2
(23) (521) /
(531 532) on .2 (40)
on
(10) 1lla Vout
10 12
8
13a 13b 8
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W (WL )

(23), 1 (30),

(20A)
(10)

10
(41)
, 11la

11b 11a

t2 t4)

532( 8))
off , 2 (2

(30)
(10)

Vinl
(522, 541
532) off , 1

Vin2

Vin2

(10)

(1) 1 (30)
(22) 2

1 (30)

2 (40)

1 (30)

(541 542)

11b



13a 8 / (20) (10)
13b ()] Vin2 Vinl( Vinl>Vin2)
13a Vout ( 1) 13b
Vinl Vin2 13a
2) Vout ( 2)
13a 13b , , ( t
0 t1) ( t1 t2) ( to t3) .
. (521,531 532) on 1 (21) 1 (30)
(522,541 542) off 2 (22) 2 (40)
, (522,541 542) on 2 (22) 2 (40)
(521,531 532) off 1 (21) 1 (30)
/ ( t0 2) (521, 522, 531, 532,541 542) off /
(20A) .
(10) / (10)
: : , (10) (€h) 2)
13a 13b , (@) Vin2 Vinl ,
, 1 (21) 1 (30) Vout Vin2 Vinl
, Vout Vinl , 2 (22) 2 (40)
, Vout .
/ , (10) Vout Vinl
, (D Vinl Vin2 ,
: (321) 1 (30) :
) , Vout
, 2 (22) 2 (40) Vout Vinl Vin
2
(10) Vout Vin2 .
, , / (20)
, Vout Vinl Vin2
, / (20) . / ,
/ (20) , /
, / Vin(Vinl/Vin2) (10) /
Vin(Vinl/Vin2) ,
(10)
, 8 13a 13b , )
, 14 10 / (20) (
10)
10 (23) 1 (30) 8 1 (22) 1 (30)
10 (23) 2 (40) 8 2 (22) 2 (40)
14 , 10 (23) 1 (30) 8 1 (21) 1 (30)
, 10 (23) 2 (40) 8 2 (22) 2 (40)
, (23) (521) / on 1 (30) (531 532)
on 2 (40) (541 542) on .
(10) 13a , Vout 13b
10 14 8 13a
15 5 5 7
15 (1A) VinA (2A) 1
(10A) (1B) VinB (2B) 2 (10
B), (2A 2B) VoutA  VoutB /
(20), / (20), 1 (10A) 2 (10B)
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, 1 , / (20) , 5
, / (20) (1 (10A) 2
(10B)).
15 , / (20) (611, 612, 6
13, 614, 621, 622, 623  624) 7 / (20) .
15 / (20) , (611, 612, 613, 614, 621, 622, 623 624)
(611 613) , (612 614) off .
, (621 623) , (622 624) off
, (611 613) (621 623) , off (612 614)
(621 623) , off .
, / (20) 1 (10A) 2 (10B)
7 / (20) (10)
15 7
, , 15 7
16 6 15 / (20)
. 16 : / (20) , VinA  VinB (1A
1B) , (2A 2B) VoutA  VoutB VinA  VinB
/ 6 , / (20)
(611, 612, 613, 614, 621, 622, 623  624) 8 /
(20) .
15 , / (20) )
(611 613) , (612 614) off . , (611 613) (
621 623) . off (612 614) (621 623) ,
off , / (20) 1 (10A) 2
(10B) 7 / (20) (10)
, 16 8
) , 16 8
17a 17b 16 .
, (2A) VoutA Vm
VDD VoutA vm
VSS (2B) VoutB
Vm VSS VoutB Vm
VDD .
(dot inversion driving)
17a 16 / (20) (10) .
17b 17a (1A 1B) Vinl Vin2
Vin2  Vinl (2A 2B) Vou
tA  VoutB Vout 16, 17a 17b
17a 17b , ( to t2 t2 t4)
/ ( 10] t1 t2 t3) . /
, (611 613) (622 624) on (522,541 542) on 1 (21),
1 30), 2 (22), 2 (40) . , VoutA 1 (21
) 1 (30) Vinl , VoutB 2 (22) 2
(40) Vin2
/ , off / (20) , VoutA VoutB
1 (10A) 2 (10B) Vinl Vin2
) / , (612 614) (621 623) on , 5
21,531 532) (522,541 542) on .
, VoutA 2 (22) 2 (40) Vin2 ,
VoutB 1 (21) 1 (30) Vinl . /
, off / (20) , VoutA VoutB 1 (1
0A) 2 (10B) Vin2 Vinl
, / (10) . ,
, 1 (10A) 2 (10B) (1A) (2A) (1B)
(2B)
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, , VoutA VoutB (1A 1B)

, / (20) ,

/ (20) . , / (20)
/ , /

, / (20) /

, 1 (10A) 2 (10B) /

/ 1
, 1 (10A) 2 (10B

) .

, 16 17a , ,

18a 18c 16

18a 16 / (20) (10)
18b (1A) Vin2A VinlA( VinlA>Vin2A) ,
18 VoutA ( 1A)

, 18b (1A) VinlA Vin2A V

OUutA ( 2A)

18c (1B) Vin2B VinlB( VinlB>Vin2B) ,

18 VoutB ( 1B)

18c (1B) VinlB Vin2B VoutB
( 2B)

16, 18a 18c

18a 18c 1 / (

to t1) 2 / ( 11 t2) ( to t3)

1 / , (611 613) (622 624) on (612 614)

(621 623) off

2 / , (611 613) (622 624) off (612 614)

(621 623) on , (521,531 532) (522,541 542) 1 /

2 / on 1 (21), 1 (30), 2 22), 2

(40)

1 2 / , off / (20) .

1 (10A) 2 (10B) 1 2 / 1 2
/ , , 1
(10A) 2 (10B) (1A), (2A), (1B) (2B)

18a 18c ) (1A) Vin2A VinlA , 1

, 1 (22) 1 (30) VoutA Vin2A VinlA

2 / , VoutA VinlA , 2
(22) 2 (40) : VoutA

1 2 / , 1 (10A) VoutA VinlA
, (1A) VinlA Vin2A ,

. , (321) 1 1 (30) . ,

, VoutA VinlA .

2 / 2 (22) 2 (40) VoutA VinlA

Vin2A .

1 2 / , 1 (10A) VoutA Vin2A
(1B) VinlB Vin2B , 1 / 2
(22) 2 (40) VoutB VinlB Vin2B

2 / , VoutB Vin2B , 1
(21) 1 (30) , VoutB
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1 2 / , VoutB 2 (10B) Vin
2B .
, (1B) Vin2B VinlB , 1 /
(421) 2 (40) . , ,
VoutB Vin2B .
2 / , 1 (21) 1 (30) , VoutB Vin2B
VinlB .
1 2 / , 1 (10B) VoutB VinlB
) / (20) 1 / 2 /
, VoutA VoutB (
1A 1B)
) / (20) , / (
20)
) / (20) , 1 2 /
. , / (20) , / ,
1 (10A) 2 (10B) /
/ - b
, 1 (10A) 2 (10B)
, 16 18a 18c ,
19 7 ( 1)
19 , (resistor string;200), (300), (400) (100)
(200) () ; , (300)
, (100) .
(100) , ( / (20
20A) (10, 10A  10B) ).
: ( ) (100)
/ (20 20A) (10, 10A 10B) .
, 15 16 19 (100) , (100) 15
16 .
(100)
. , 19 , / , (200
) : : (200)
20 (100) .
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