Ch 5

-V NMOS W/L = 10/0.35 um

EECES69 Analog IC

T T

L ] i i i

“ 1 ||||.". |||||| (I "u “ _ _

(S T T e e T

i Lol i i i “ _ T T _ “ | _

| [ H | ! | [ i i [ P _ _ _ :

L ! ! ! ! “ _ ! ! T T : e

A - “ _ “ _ “ ! 1 i 1 i R |

| I ——pm————- L_____1 i i | _ | | _ _ | | )

| Al 1 \ r i I I _ﬂ | i | | _ _ _ | |

| Wl i 1 0 | T-—=F~" (R 1 i I | | _ |

1 [ | 1 i 1 i __ { T +|||| | | | | “

\ L i I i i ! i i i U T | _ | .

U S A T O A A A B

T St S I L “ | | | | | 2

| N ! 1 1 Tt +||||._| ; i _ _ _ _ _ |

! I ! ! _ ! Rt EREREES : _ “ _ |

1 1 i AT _ _ |

! ﬂ ! ! _ ! L ! _ T T “

(i S| i i i i i b i : : “ . i |

| | - _ﬂ ||||| _ | | | | ! 1 1 1 I 1 AL

I 1 1 | TrTTTTT 4------ i i _ _ “ _ | | |

| s 1 | ! ._.||||L_|_ T _ | | _ _ _ |

| H 1 1 1 ! | T == _ | _ _ _

1l __ 1 1 ! “ I _._ i l_. ||||ﬂ ||||| _ | | |

bt i I ! i i ! ! | | Pl F .

_ A ] _ _ “ i ' 1 i i I i il ity L=

I i I . bomemd : ___ i ! | _ _ | )

I i i 1 i e b __M H _ | | _ _ |

“ 1 1 1 1 “ [ T 1T : “ _ “ _ _

| b i 1 ! i i i B A _ _ “

| I | 1 ! H 1 i ! T 7 _ _ |

||||| 1 ] I ] i _ _ | i

ﬂ 1 B _ | “ _ _ ! 1 H 1 ! 1 e

| | | T S e ___ 1 i _ _ _ _ | | | )

| i 1 | e s ittt _ _ _ _ | | | |

I ol [ 1 1 —-r------ R i _ _ _ _ _ |

1 I 1 1 1 1 ! 1 . - “ _ _ _ _

I ol ! 1 i ! i i i T r N _ _ |

| [ i | [ H 1 ___ i ! ! T |

"u ||||| g .u.ll _ “ _ _ “ ! “ 1 ! 1 T “||||| | =+

I ' it kit (I ! i il “ _ “ “ _ | | )

| I i i S [ H i i | _ _ _

I T i i ! H el sl : | _ _ |

| ! i i i { i | o [ _ _ _ _ _

! P ! _ “ _ " _ | T T |

A T W N N | IV &

| 1 | T-————-r——---- L__ “ i | _. _ _ _ _ | | | )
—|! 1 I | [ | e i _ _ | | _ “ | |
= | Vol 1 1 H T—————" L1 i | | _ _
| 1 (- 1 ! 1 1 i I - _ | _ _ _

w ) i ! i i i ! b i [ P B | | |
] 1 0o 1 ! 1 1 i ! ! I _ _
! N I _ _ _ _ ! 1 ._ | ! 1 1 r-—----- __

“ 1 |.". |||||| b= —— | "| i _ “ _ “ _ “ “ | “l 1.
o Y “ T E— R N ] | | _ | N
=1/ | 1! 1 1 i 1 LR CE e L ; ; ! | | _ .
o i 1 i i ! 1 i ! SRR i _ _ _ .

o fr i ir | i i I i | ! _ I I - _ “ |
oifr----- I | ! | ! P | | “ 1 T
=) e mEUEES S ! ! e | | | | | | ]

1 R _ | | |
E| Lo “ s el SEE S | | | “ | | S
=|i i o | i | i 1 i L A === _ | _ | 2
D 1 1 . 1 1 1 I 1 ! l_. Ilﬂ ||||| _||| | | |
= _____4 — i i i i i U.P i : : [N _|||“ :
= R T S S “ “ RN " “ | i

_ | | L P | . _ ! 1 = 1 —m
=l P90 i ! | —tomoo-- Bl “ | 2 " | :
=z i t | ! | _ N I oot R _ “ 2
L e i b H i ! 1 U ! i ' B — _ >
(] e [ 1 1 1 1= I ] i & _ T I..ﬂ.uf
: | Ao _ _ _ ! i 1 i i o i ! —_

I 1 | 1 [ |“ IIIIII - _ _ _ i _ g | |
E| ! P i S F----F4 _ _ _ |

| 1 1 . 1 I 1 _| - l_ |||||| _ | | _ |

\ Y ! i i i _ [ T |

| “ 1 ' “ 1 i | i “ _ _ﬂ R “ |

oo 4o P ! i ! R “ _ | L e

! ! R R e - " “ “ | | ]

R e e -

| | [ i “ i i T T T | |

F———— o “ Wl “ i _ “ “ _ “ |||||| o "ll

_ | o i _ ! ! 1 1 1 it |

| 1 e == i _ _ _ | |

! ! ! ; A — — " _ | | |

i i i I, I i . o= i I i “ “ “ _ i

" ! | N | ! | T . “ -

Pl a1 H Y 1 i 1 1 “.__ i ! ! i P a m

_ | o rnnuu..ﬂnuu | | “ ! ! i | i ! R =

! ! _ “ heoee- I [ | | “ | |

f ! “ 1 T 1 ! - Tt T LII_..III i i ! ] | “ |

I ! I 1 [ I ! I 1 Tt P _ _ _ _ i

TN T T T N B s S R B e B

||||| . ) B

I Aol L S | N _ | | | ks

! i : e S ] i Y “ _ | | | ¥

| “ ! “ “ 1 ,J..HM ||||| [ ." ||||| M = “ “ _ “ _ .

d i i i ! i T { i e P T “ _ “ .

A ! _ “ Pl M o . kg

. 1 _ ! —— ! [ | 1 1 r--——1F=
| 1 1 IR Lm—— |n | _ i _ - _ | | | ¥

d 1 1 i 1 | LeeeooL = i ki _ “ _ _ .

| ! | i ! | A T e W | _ “ “ .

1 1 ! i 1 i I ' | _.r,|||r||“.||,,|.rf.n:L |||||| i i | .

r-———-—-- ! “ 1 I 1 [} I 1 ! —1 L.IJ. _||| 7T | | m

i | _ _ | _ H = - ———be L=

i I i ——-p----— [ i i “ _ | | o = | )

i ' i i it it NS I i i _ = _ 3

! _ " ! _ ! ! e LR T |

! | ! ! ! _ “ _ ! e s oo FE

T — 1 f ! “ i _ _ _ _ _ .". |||||||| |

: H | | | “ “ “ i i i i 1=

E T == n n _ _ _ |
=3 E J T T _ : : _ _
- ) N E = = = A | “ “ “
— — —_ e —_ m m m 3 ) 3 | “ | _ .I
s 8 2 8 8 8 8 8 |
g 8 8 8 8 & ~
q 2 & 8§ E



Ch 5

-V NMOS W/L = 10/0.70 um

EECES69 Analog IC

=

10um A0, 70urn vbs

nrnosfet {w

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s==s=asss== a===== a===== a===== a===== a===== ams==== b ams==== b ams==== b ams==== amEEmEET F===== ===
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
__. 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1
[ 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1
__. 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R | | [ i P — [ i P — N LIII__ulL IIIII N R — N N R — [ (R R —— | I — | IEp—
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[} 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[ 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[ 1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1
1 _l 1 1 1 1 1 1 1 1 1 1 1 1 1 1
by e aTT=== aTT==== aTT=== aTT==== i I_Illl_ll_ IIIII b i b b ey { ===
1 __ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[ 1 1 1 1 1 1 1 ._ 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 _l 1 1 1 1 1 1 1
IIILII_IIIL ||||| [ i P — [ i P — N R RN SN P — N R — N N R — N [ — | I — | EEpE—
1 1 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1
1 _. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
1 u 1 1 1 1 1 1 1 ._- 1 1 1 1 1 1 1 1
I|||_I|—|II|_ ||||| b D aT=T==== b D aT=T==== i b i e i i i i b | { L
1 1 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1 1
1 __ 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
1 1 1 1 1 1 1 1 1 _ 1 1 1 1 1 I 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RN T S N do____ d_____ do____ d_____ do_—__ SN [ do____ do_—__ do____ do_—__ ] L_____ [
1 l_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 _._ 1 1 1 1 1 1 1
1 ._ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 H 1 1 1 1 1 1 1 _._ 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e e S S B S B S B i B o _|_ ||||| B oI B i B oI B i —Hy--——- BEESSS [
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 H 1 1 1 1 1 1 1 _._ 1 1 1 1 1 1 1
1 __ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 ! 1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 H 1 1 1 1 1 1 1 ___ 1 1 1 1 1 1 1
e 1----- - 1----- - 4 G- === G- 4 G- 4 - i il
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 ._ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 __ 1 1 1 1 1 1 1 1l 1 1 1 1 1 1 1
1 H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
|||._||||__||_ ||||| SIECEEE SISEEES SIECEEE SISEEES SISCEES I I maa SISEEES SISCEES SISEEES SISCEES === EEEEES ===
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R i i i i i Lo i i i R i i
1
1 _ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 _...—.l._ ._ 1 1 1 1 1 1 1 -.J)_ 1 1 1 1 Dl.__ 1 1
1 -_— 1 1 1 1 1 1 1 _— 1 1 1 1 —_ ! 1 1
R T | I P, do____ d_____ do____ d_____ do____ [ T S M, do____ [ [ Ry T Lo ____ [
Ry i i i i i P i i i Py i i
[ __ 1 1 1 1 1 1 ] 1 1 1 1 [ ] 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A T T T A Tt R R
1 __ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T [ T T T 1T T I e T I T AT T i
1 ﬂ 1 1 1 1 1 1 ___ 1 1 1 1 1 1 1
1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 " 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N T TR N N NN N T N S N T S |
1 I
=== i it At q----- a----= q----- il i it - il i it il AT [t [l
1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 h 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1
1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1] 1 1 1 1 1 1 1 ._ 1 1 1 1 1 1 1
1 [} 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 1 I I I I I I I __ I I I I I 1 I
e CI====r= e = =] = =] = e |.|_.|||||. ||||| = e = a-t——— [SI=T=T=tr— ———
i N i i i i i i i i i i i i i
1 1 ] 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1
1 1 H 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 ._. 1 1 1 1 1 1 1 _ 1 1 1 1 1 1 1
1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SRRE EEEE e q----- SREELE q----- == —4----- .“-.__.--." ..... == —4----- == —4-1---- == ===
1 1 ._.. 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 /..,._ 1 1 1 1 1 1 __ 1 1 1 1 1 1 1
1 1 "l 1 1 1 1 1 1 .__ 1 1 1 1 1 1 1
1 1 _J 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 [ 1 1 1 1 1 1 l._. 1 1 1 1 1 1 1
e ———— [ Ppepp—— Hmdm - ——— dmm——— [ Ppepp—— e ———— [ Fpp—— RS TR VR Ry — e ———— [ Fpp—— e ———— TS m———— [Eyp—
i i i i i i i oy i i i i i i
1 1 1 .(r._ 1 1 1 1 1 .__. 1 1 1 1 1 1 1
1 1 1 _.(:..:. 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 . 1 1 1 1 1 .._.. 1 1 1 1 1 1 1
1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1
e s e e s S s T
1 1 1 1 1 e T 1 1 1 [ 1 1 1 1 1 1
1 1 1 1 1 1 Rt | 1 1 1 1 1 1 1 1 1
I I I I I I il I I I el I I I 1 I
I I I I I I I f.lr.“ I I ,J._f.r “ “ “ “ “
1 1 1 1 1 1 1 —- 1 1 1
] ] ] ] ] ] ] ] el ] 1 - ] ] ] 1 ]
[ P, Ao [ Ao [ Ao [ . N Tl F [ s N M I N, N Lo ——
1 1 1 1 1 1 1 1 1 == 1 [ 1 1 1 1
1 1 1 1 1 1 1 1 1 1 Rkl S 1 .rrr...T 1 1 1
] ] ] ] ] ] ] ] ] ] ] -l - ] 1 ]
I I I I I I I I I I I [ | .rr:+ I
1 1 1 1 1 1 1 1 1 1 1 1 .r_||..||.,|. —— 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 Tl 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
s==s=asss== a===== a===== a===== a===== a===== ams==== b ams==== b ams==== b ams==== amEEmEET r=== ===
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
h h h h h h h h h h h h h h H h
— — T — — T T T T T
o o o o o o o o} o o} o o} o o} o =]
= = = = = = = = = = = = = = =
L = [Ty} = [T} = [Ty} = [T} = [ = [Ty = [y
-~ = [} = Lo o = = o [a] [=4} =] —_ —

2.8

2.4

22

1.8

T ]IIE T
voltage VDS

14

1,2




Ch 5

_—

==r------
[}
1
1

1
[}
[}
N
1
[}
[}
N
1
[}
[}
4
1
[}
[}
!
e
[}
[}
!
e
[}
[}
1
-
[}
[}
1
-
[}
[}
1
4
[}
[}
1
-4
[}
[}
1
-4
[}
[}
1
-
[}
[}
1
4
i
[}
1
4
i
[}
1
1
1
[}
1
1
-
[}
1
1
-
[}
1
1
4
[}
1
1
4
[}
1
1
4
[}
1
1
-
[}
1
1
-
[}
1
1
d
i
1
1
]
1
1
1
]
4--

32

—=1
1

——o= T -

— "
[}
[}
1
[}
[}
1
[}
[}
1
[}
[}
1
[}
[}
1
[}
[}
1
[}
[}
1
i
[}
1
[}
1
1
B
[}
1
1
[}
1
1
[}
1
1
[}
1
T

= 10/0.35 um

-V PMOS W/L

EECES69 Analog IC

=)

10um A0, 35um vbs

prinostet {w

| O A D R O R | R S S g S |y

o=
1
1

e | S S | Y S

1

1

1
_______L______{_______L______

1

1

1

1
1
1
i
[_—
=T
I

I
1
1

——T

e e e I e e e e

)

______J_______L_______L______1_______L______
WEGET 8Y )
=

S e

e = T e | SIS e

—— -

B e e -

| === LTttt

[}
[}
1
e e e e e e e T e
[}
[}
1

L=
gdrf'rpl

1 1

1 1

_';:,ac:*
=
1
1

[
=

———
v

B e e

e e e e e e e

B e e
B R

[}

[}

1

2 e e e e R

s

e
B i R e e e i i e s L e e R
& 1
1
1

1

1

1
J_______L______J_______L______J_______L_______L______{_______L______J_______L______J_______L______J_______L______

1

1
J_______L______J_______L______J_______L_______L______{_______L______J_______L______J_______L______J_______L______

1

1

1

e T e e e s T B e T B S R ] S TP

"

J 1
H i

1

B i o e e e S e T e B s LT B il T EE SRR

1
1
1

e e L L - e

i
/!
i
e
f
_‘.f____
S
i

1

1

1
Ammm ek

1

1

1
e | e
e |

[ P

e e e e e e e T e

—— L

[}
1
1
r
[}
1
1

——

[}
1
—_—T

[}
1
L

Fa—a
1
1
Fomm e e e e e e e e —m e —m e mm e — e ——————

1.2

VEGE i

1
T
[}
1
1

[}

1

1
R e ——————

[}

1

1

3

1
1
1
B R e e e e e e ey e e L e E e

—_—

[}
]

!
h
1
R s T T T S
!

B

b D e s B e e

-
P

[}
1
1
S ==

[}

1

1
St

1
1
1

R T I R | = = e S
1
1
1

RS

1
1
1
S S | SO
1
1
1

SRS

e e e e e e e e

oy
N

}

!
-

i

[}
1
1
| p——
[}
1
1

[} [}
1
1 1
e = | e e T e e e e e | S e
[} [}
1 1
1 1
[}
1

[}
1
1
4

=== S S S [ SNR| S PS | HSS S  S5S S SS S| 9SS S| S S | S S

| e s e e e e e e B e e e e e e e e e e P e e e e e e e L e e e b e e e e e e e e e e e e e e e e e e e e e e S e e e

S R = T | | e = L = [ e e | Tl S | S e ==

1 1 1
1 1 1
1 1 1
o |yl

I = I [ T T e e e e e e e e [ = T T e e e L e e T T e e = LT e e e e e e e e e ==

i

4

T
f

F
{____

/

!

-4

[}
1
1
d- -
[}
1
1
-
[}
1
[

R

Jfﬁ_____
3

-

400m  BO00m  800m 12 14 16,18

o0

T =

J}F-—-—-—-d - L Ll e

b | bt Rnfionliolonioliosbunl il et M — E— R — E—— S E—— A S ——— i S ——— R Ri——— A E———

4400 o-----
420u

400u Ap-----

80U f-----

B0u f-----

M0u Ap-----
200 p-----

00y {p-----

280 -
260 |-
2400 -

= 2200 A}
200 -

[

1800 Af-----d-------

160y {f-----
140y p-----

1200 {f-----

100y {p-----

a0y {p-----
B0y {p-----
40y p-----

20u p-----

0
-20u

2B 2.8

24

2.0

1.6 .
voltage VDS




10/0.70 um o s

-V PMOS W/L

EECES69 Analog IC

=

10urn A0, ¥0urn vbs

prnasfet

| | | | | ] | | | | |

1 1 1 1 1 1 1 1 1 1 |
———q--——---= q--—--==- q-----==- q----=--- a----=-=- a-----==- q—----==- a----—--- a------—-- Fo——-——= ===

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

i 1 1 1 1 1 1 1 1 1 1

L 1 1 1 1 1 1 1 1 1 1

I 1 1 1 1 1 1 1 1 1 1
MY e e A e A A RN [ A [ I R [

H | | | | ] | | | 1 1

H 1 1 1 1 1 1 1 1 1 1

i 1 1 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1 1 1

i 1 1 1 1 1 1 1 1 1 1

1t 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 |
gL q=——-===- q=——-===- qm=-=—--- B ittt qm-=---=- a=q------ am=———--- qm=——=-—-- F====F--- ===

1 1 1 1 1 1 1 1 1 1 1

1. 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

I . 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

1. 1 1 1 1 1 1 1 1 1 1
(S S P — demmemm o Ao [ . [ T, . T [ T, [ T [ I [

1 | | | | I | | | I 1

1] 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

1. | | | | 1 | | | 1 |
—==-TT----- q=——-===- q=——-===- qm=-=—--- B ittt qm-=---=- a=-fF----- am=———--- qm=——=-—-- Fe===T-=- ===

T 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

1. 1 1 1 1 1 1 1 1 1 1

(| 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

[ | 1 1 1 1 1 1 1 1 1 1
B St e e e e S S e e e P e e R e e P e (B b | p—

[ | I I I 1 ] 1 1 1 I I

[ 1 1 1 1 1 1 1 1 1 1

[ 1 1 1 1 1 1 1 1 1 1

1 . 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 - 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1
——— - ———————H———————— H——————— - H-——————= —_——————— H———————- H——t-———- —_——————— —H————— - F————1-— -——--

1 1 1 1 1 1 1 1 1 1 1 1

1 . 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 i 1 1 1 1 1 1 1 1 1 1

1 ¥ 1 1 1 1 1 1 1 1 1 1

1 o 1 1 1 1 1 1 1 1 1 1
AL ___ do o~ [ R O [ N [ IR R I

| = | | | | ] | | | I 1

1 1 1 1 1 1 1 1 1 1 1 1

1 o 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 . 1 1 1 1 1 1 1 1 1 1

1 [ 1 1 1 1 1 1 1 1 1 1

1 H 1 1 1 1 I 1 1 1 1 1
- - H——————— - H-—————— ———————— H——————— H—— - ———————— —H————— - F————1-—- -——--

1 C 1 1 1 1 1 1 1 1 1 1

1 1 . 1 1 1 1 1 1 1 1 1 1

1 H 1 1 1 1 1 [l 1 1 o= 1

RGN | | | “ | & | | =l

1 I — 1 1 1 1 1 — 1 1 [ ] 1
A ___5_ Hlee e s e ey e T ) e ey e | I R | —

| 1 _“.._.l_._u_l_ | | | ] =4 | | I H 1

1 - 1 1 1 1 1 2 1 1 1 o 1

1 L 1 1 1 1 1 N 1 1 [ 1

1 1 1 1 1 1 1 1 1 1 1

1 L = 1 1 1 1 1 P = 1 1 P 1

1 i 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1
- F-—A--—----- dmmm e Hm——————— Hm—————— B e it Hm—————— e ————— - e -

1 1 1 1 1 1 1 1 1 1 1 1

1 i 1 1 1 1 1 1 1 1 1 1

1 H 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 ! 1 1 1 1 1 1 1 1 1 1

1 H 1 1 1 1 1 1 1 1 1 1
o ____i__ Vo o __ o __ o __ o _ 1 o o ___ Lo L___

a 1 a a a il il T il il r B

1 . 1 1 1 1 1 1 1 1 1

1 1! 1 1 1 1 1 1 1 1 1

1 = 1 1 1 1 1 1 1 1 1 1

1 1 ! 1 1 1 1 1 1 1 1 1

1 N 1 1 1 1 1 1 1 1 1

1 1! 1 1 1 1 1 1 1 1 1
Be e e e | e | e e e e e e e [ e [

1 '] 1 1 1 1 1 1 1 1 1

1 HE] 1 1 1 1 1 1 1 1 1

1 i 1 1 1 1 1 1 1 1 1

1 - 1 1 1 1 1 1 1 1 1 1

1 [ 1 1 1 1 1 1 1 1 1

1 .l 1 1 1 1 1 1 1 1 1

1 1 1 1 1 ] 1 1 1 1 |
B I.-._In_ |||||||| I . B B I B . [ [

1 11 1 1 1 1 1 1 1 1 1

1 =1 1 1 1 1 1 1 1 1 1

1 31 1 1 1 1 1 1 1 1 1

1 g 1 1 1 1 1 1 1 1 1

1 X 1 1 1 1 1 1 1 1 1

1 15, 1 1 1 1 1 1 1 1 1
Bee e e | e e e e e e e et SEE LT S e o e e

1 1w 1 1 1 1 1 1 1 1 1

1 1 -, 1 1 1 1 1 | 1 1 1 1

1 1 - 1 1 1 1 1 1 1 1 1

1 1 Tl 1 1 1 1 | 1 1 1 1

1 1 [ 1 1 1 1 1 1 1 1

1 1 1T 1 1 1 1 ! 1 1 1 1

1 1 1 e 1 1 ] 1 1 1 1 I
. L aAaTTTTTOT ST T I B L f.lll_ IIIIIIII [ | i |

1 1 1 [T 1 1 1 s ! 1 1 1

1 1 1 1 -, 1 1 1 1 1 1 1

1 1 1 1 _._._...l.;r' 1 1 "l 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 .r..__l....._. 1 1 _-/ 1 1 1

1 1 1 1 1 e LV 1 1 - 1 1 1
(PSS ] —— ] ] S [ e T | S NN | S LEPEE ] . [

| | | | | ] [T | — I 1

1 1 1 1 1 1 1 T 1 1

1 1 1 1 1 ] 1 e [T 1 1

1 1 1 1 1 1 1 1 -l | 1

1 1 1 1 1 1 1 1 T .Irrr.rr,.rr 1

1 1 1 1 1 1 1 1 1 - 1

1 1 1 1 1 1 1 1 1 [
———q--——---= q--—--==- q-----==- q----=--- a----=-=- a-----==- q—----==- a----—--- a------—-- r---== -==-

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

T — T T —T T — T T —T — —T T

= = = | 3 = = = 3 = =

= = —_ [} = = = = = =

m [mm] [dm] b o = [mm] o -t [ ]

al

2.8

2.6

22

1.9

T
1.6

i Im B00m 2 14 1
voltage VDS

400m BOOm

20m

.D..




Ch 5

Gm NMOS W/L = 10/0.35 um

EECES69 Analog IC

=

10um A0, 35um vbs

nrnosfet

formem o el

==+

T T e L e

e [ o e e e | PSP

e

VGSE .2V

L D B

4
1

1

1

1

1

1

1

-

1

1

1

1

1

1
L

q=————

] P

e e B e ey e e e e e e L e L e EEEEE LR
1
1
1
1
1
1
1
1
e e e I e R I e

4

2.8

2B

22

1.8

1.6

141
voltage VDS

12

1.8m f-----

1.4m p-----

800u

600u {f-----

anny {f-----

2000 {f-----




Ch 5

.3. 4I

I3. 2.

24 2E 28

. I2. E.

1.4

Gm NMOS W/L = 10/0.70 um

EECES69 Analog IC

T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
_——— —————— dmm F———— F e - 4 - 4 S —————— + - e s
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 i 1 1 1 1 1 1 1 1 1 1 1
! 1 1 [ 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1| 1 1 1 1 1 1 1 1 1 1 1
_y o o o __ [ Vo 1 1 1 1 1 o 1 1 [ I
il T _._. T B a r a r il T il T r
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1| 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 __ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
e e e = S IS e - 4 - 4 = e + - [ ——
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 __ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 __ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[ o o 1 _|||||_ |||||| | 1 1 1 1 o __ 1 1 [ I
T il T r T B a r a r il T il T r
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L S S [ e - E - E = e + = [N S ——
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 ] 1 1 1 | 1 1 1 1 ] 1 ] 1 1
T==r== i T=====" | T===="" B hl r hl r i T il T===" [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s R ST LSS [ S e - E - E = e + = [N ——
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 _n 1 1 1 _u 1 1 1 1 1 1 1 1 1 1 1
._.III_ I T===77° T TTT T T T [ a r a r aTTtT T o T = T-==" [
1 Lo 1 1 1 1 1 1 1 1 1 1 1 1 1
1 P 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
.ﬂ. 1 Vo 1 1 1 1 1 1 1 1 1 1 1 1 1
o 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1
1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1
.W B B —— T|._.|||+ |||||| - - - - - —Hm———— + - B A
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 _ 1 1 1 _ 1 1 1 1 1 1 1 1 1 1 1
1 [ 1 1 1 1 1 1= 1 1 1 1 1 1 1
= I - ERF ! ! & | ! ! ! ! ! !
m 1 e 1 1 _ S 1 1 =] 1 1 1 1 1 1 1
| 1 T 1 1 T | 1 UL 1 1 ] 1 ] 1 1
(] | I I A IIII._.IIIIII_III__I._._I._. |||||| [ a=-==-=--" r Tt T T r-=—=—=-- I T-=7=77 I B [
-] 1 | 1 00 1 1 o 1 1 R 1 1 1 1 1 1 1
1 ._ 1N 1 1 _.G 1 1 1 1 (M 1 1 1 1 1 1 1
1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1
m 1 L= 1 1 _Hv 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 .__. 1 1 1 __ 1 1 1 1 1 1 1 1 1 1 1
—lf--+——--f 4= B [ e S H e S e (D e e e B [E—
11 1 [ 1 1 .__. 1 1 1 1 1 1 1 1 1 1 1
= 1 [l 1 1 | 1 1 1 1 1 1 1 1 1 1 1
1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1
] 1 T 1 1 _ 1 1 1 1 1 1 1 1 1 1 1
== 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N 1 L 1 1 | ! 1 1 1 1 1 1 1 1 1 1
I 1 1] ! 1 1 | 1 1 1 1 1 1 1 ! 1
= b [ B _||||_|I._. |||||| [ a=-==-=--" | I r-=—=—=-- I T-=7=77 I B [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 _n_. 1 1 | 1 1 1 1 1 1 1 1 1 1
1 ¥ 1 1 1 1 1 1 1 1 1 1 1 1 1
1 ___., 1 1 1 1 1 1 1 1 1 1 1 1 1
[ T A [E. F P e Ao I E F [, [ I, [ Ao [E—
| [ | I ] 1 | I I | | | | I
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 PN 1 1 | 1 1 1 1 1 1 1 1 1
1 Y 1 1 1 1 1 1 1 1 1 1 1 1
1 1 : 1 1 ___ 1 1 1 1 1 1 1 1 1
1 1 W 1 1 1 1 1 1 1 1 1 1 1
| 1 o 1 L | 1 1 1 1 | 1 | 1
-—T-==-= B e B F====—y---—--- r---== q----== F====qa------ r---=-= a----=- T—---- a----=- To---=- ===
1 1 ./+ 1 1 1 1 1 1 1 1 1 1
i i e i i i i i i i i i
i i AT i i i i i i i i i i
1 1 1 - 1 1 1 1 1 1 1 1 1 1
e, 'y
[ TP (VR SRV S AT N VIR S Ao [ I | R [, [ Lo Ao Ao [E—
| | | I AT, 1 | I I | | | | I
1 1 1 1 [ 1 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 1 1 1
1 1 1 1 1 e R 1 1 1 1 1 1 1 1
1 1 1 1 1 1 | 1 1 1 1 1 1 1
1 1 1 1 1 1 g 1 1 1 1 1 1 1
1 1 1 1 1 | - 1 1 1 1 1 1 1
—-—T--=-= a----=- To---=- r----= To-——— r---== = B ik I itk r----= a----=- T—---- a----=- To---=- ===
1 1 1 1 1 1 1 = 1 1 1 1 1 1
1 1 1 1 1 1 1 T 1 1 1 1 1 1
1 1 1 1 1 1 1 1 —- 1 1 1 1 1 1
1 1 1 1 1 1 1 1 - 1 1 1 1 1
1 1 1 1 1 1 1 1 1 - 1 1 1 1 1
1 1 1 1 1 1 1 1 1 —1 1 1 1 1
[ T [ demmmmm [ [ em———— dmmmmmm [ e m [ L [ demmmmm [E—
| | | 1 ] 1 | 1 | 1 | | | 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 = | 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 1 |
——T----- am----- T=—===- === To——==- F---=- q-==--= F-==== q==---= F===-= a------ To——-—agm-—--- T==== i
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L L L L L L L L L L L L L
T T T T T T T T T T T T T T
m m m m m = = = = = = | 3 3 =
- o= o = = = = = = = = =
. 2 -~ - & & E 8 B 8 8 § g

15,
voltage VDS

1.4

1.2




Ch 5

Gm PMOS W/L = 10/0.35 um

EECES69 Analog IC

0

B e e e e iy el ey R

10um A0, 350m vhbs=

proostet {w

==t =

1
1
R

]
——tT
i

T

B T = e T e 1 e = | = e = = =
1
1
1
1

e 5 S o ] I s e e e e e S e e e o e P B e e B e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey

———————

T
1
1

1 -
e
o .

WEGET BV

I
1
1
1
"
1
1
1

1

1

1
=

=L e e B Sty et ettt Fent el nfente ettt Tttt ittt R

————r———

e e e e S e e e

1
1
1
1

e Sl
1
1
1
1

————r———

(SRS | N

1
1
1
1
e e e
1
1
1
1

I e e e e e =

1
1
1
1
1
1
1
=
1
1
1
1

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e A [

1 1
i 1

1] 1

11 1

] 1

T I
o 1

[ 1

b 1

1 1
[ 1

1 1

1 1

| i I B
1 1

1 [T

1 [

1 1 T

1 1 [

1 1 1
s el T
1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

[ IR N
r il T

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1
Lmmmde el
I | |

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

1 | 1
F===a--—-T1----

1
1
—_——————

Toopmme—--q--

e e e e T |

e et

W

A b e e e e e A e e e e e e L e e A
v

B e

—_———d -

[}
[}
1
—
[}
[}
1
1

T

[t

VEGH1.2v_ L

T

i
1
L

-
S e e e e e e e e e e e e e m e m e e ———— e ——————

_—_—-l’“l:_

-7

e

————r———

|
1
1
1
fommmm e ——————

!
;

; L
hﬂz’l

e e B

!

&
s

[}
|
1

S T T T T T e T T T T e e

7/

S S e e e S e e

e e e e e e e e e e e I e R

i

]
B T T e e i et e B it e S B e Tl S B Sttt T

B e e e’

e o T L e e e e

- ,.f:,r_

,-'f'
7 fl‘ -
i

. i m
aTT-TTTTTr

————r———

Bl e e e i e e e e e e b e e i

L e e e e e e e I A R

————pm——————--

B R e T e e e e e e e e L

5 e e e ey e A e e A e e

34

2.8

24

2,2

LN L B B T T T
A00rn B00rn 800 1,2 1.4 1.6 1.8
voltage YDS

200m

.D..

Im 4f-——
950y -----

900y -----

850u -----

g0y -----
750y -

700y p-----
B50u -~

600y 3 p-----
550y -~

£ 500y f-----

o

450y -
350y p-----
300u f-----
250y 4p-----

2000 -

150y -

100y f-----

50y Jp-----




Ch 5

Gm PMOS W/L = 10/0.70 um

EECES69 Analog IC

0

L e L e e e R

10urn A0, ¥0urm wbs

prnosfet {w

Y SV RN Ny r NPy SRt Rt I SOt S EpU PPt (RPN SR PR Uy P S =i

I e =— =17

e =TT

WEGT1 .4

+

|

7
¥

1 ;;
1

B e e
[}
[}

1
[}
[}
]

—_————_——_ e L e e

L______J_______L______J_______L_______L______i_______k______i_______L______J_______L______J_______L______J__

______Jﬁf_____

=== | ST
I 1

x

B e e e e e

4
L

L e e

i
1

{

Sl

e e e e D e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

i

T T S T T T LTy iy Py

!

i

!

-.ﬂl'l !
i/

[ TR S

e L e I e

e e e

LS

B e e o e ] e e e e e e e e e e e e e e e e [ S S e S e e e e [ e e e e e e e

0.av

T

V3G

e e e S e e e e e e e B A TR e B

!

L

/

L

dlese e

i S

-t rTTTrTToA T TTITITTTrTTTrhTTAT YT T T T

—-L

- T

1
1
1
1
1
|
1
1
1
1
1
|
1
1
1
1
1
1
[l
1
1
1
1
1
|
F=T
1
1
1
1
1
1
-1
1-+

41-1

1
[}
[}
1
1
[}
[}
+
1
[}
[}
1
1
[}
1
]
1
[}
[}
1
1
[}
+
1
1
[}
[}
1
1
1
1
1
[}
[}
1
1
+
[}
1
1
[}
[}
1
1
[T
[}
1
1
[}
[}
1
4+

=T

——

T

._.Jl.rrr

[}
1
T
1
[}
[}
1
1
[}
1
1
1
[}
[}
1
1
1
T
1
1
[}
[}
1
1
1
[}
1
1
[}
[}
1
1
T
[}
1
1
[}
[}
1
1
I
[}
1
1
[}
[}
1
+
[}
[}
1
1
[}
[}
1
1
[}
[}
1
1
[}
[}
+
1
[}
[}
1
1
[}
1
]
1
[}
[}
1
1
[}
+
1
1
[}
[}
1
1
1
1
1
1
[}
[}
1
1
4
[}
1
1
[}
[}
1
1
1
[}
1
1
[}
[}
1
4+
[}
[}
1
1
[}
[}
1
T
[}
[}
1
1
[}
[}
4
1
[}
[}
1

T-
-

[}
1
-

1 [l [l [l [l [l [l [l
1 1 1 1 1 1 1 1
i Attt ek etk Ttk Hininie il btk At
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 [
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 F_
RN TR S PR (RN AU SRR [
] 1 | I I 1 | ﬁ_
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 F_
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 __
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
i Betid mhlk et ik sty i e B
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 J_
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 __
1 1 1 1 1 1 1 1
S S TR N SO TR SN N
1 1 I 1 I 1 I __
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 |i
1 1 1 1 1 1 1 T
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
b Bl ks il ekt bl |
1 1 1 1 1 1 1 f
1 1 1 1 1 1 1 I
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 I
1 1 1 1 1 1 1
] L e I e e e e e |
I I 1 I I I 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1 _
1 1 1 1 1 1 1
EE e e e e e ]
|1 1 1 1 1 1 1
I 1 1 1 1 1 1 I
it 1 1 1 1 1 1 I
1] 1 1 1 1 1 1 I
1! 1 1 1 1 1 1 I
-l 1 1 1 1 1 1 1
+h|IIFIILIIILIIIPIIIFIILIIIF
T 1 1 I I I 1 I
I 1 1 1 1 1 1 1
il 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1
] 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1
i1 1 1 1 1 1 1 1
il ek Bt e e Rt
i 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
T 1 1 1 1 1 1 ==
1] 1 1 1 1 1 [
il 1 1 1 1 1 [
I 1 1 1 1 1 [l
-m---_.--.“--L_---T--T-.“L_L_
1 1 1 1 1 P2
[ 1 1 1 1 1 1 By
1 1 1 1 1 =
" 1 1 1 1 1 1 1
1 1 1 1 1 1 1
h 1 1 1 1 1 1 1
B e L e it
I 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1
1| 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 I I I I I I I
1 1 1 1 1 1 1 1
_w 1 1 1 1 I 1 1
“ITTTrTT T T TATTTTT T I T T
1l I I I I I I I
[ 1 1 1 1 1 1
[N 1 1 1 1 1 1
[ 1 1 1 1 1 1
[ 1 1 1 1 1 1
o 1 1 1 1 1 1
B T N = Ny
[ 1 1 1 1 1 1
1o 1 1 1 1 1 1
[ 1 1 1 1 1 1
[ 1 1 1 1 1 1
[ 1 1 1 1 1 1
[ 1 1 1 1 1 1
XNy __a___1
T .:../ B it bl sl el bl
1 I 1 1 1 1 1 1
1 (RO 1 1 1 1 1
1 1y 1 1 1 1 1
1 1 [T 1 1 1 1
1 1 1 L 1 1 1
1 1 1 [T | 1 1 1
ek A= ke - —— 4
1 1 1 1 [ " 1
1 1 1 1 1 [T N
1 1 1 1 1 1 [
1 1 1 1 1 1 1 +
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 I 1 1
STTTTrTTATTTATTTTT T TTTTTTT
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
R S SR JPR P SN SRR P
1 1 | I I 1 | [
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
i Bttt e i ekttt btk
1
1
1
1
1
1
T

HqF-————=d——————__L

500y {F-—---

280y p-----

LT | SR
440y -
420u {p-----
400y {p-----
3600 -

40y of-----

3200 f-----

300y f-----

2800 —f-----
£ 2r0u

(=1}

2400 f-----

e e By manees

T e e

180u op-----

120y {f-----

=
=
=

alu 1
Gy -_------J.--
40u 1

32

2.4

22

BO0m BO0m 1z 14 16 18

400m

200m

.D..

voltage VDS



Ch 5

=M

10urn #0,35um vbs

nrmosfet {w

ro NMOS W/L = 10/0.35 um

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i . atTT o . atTT o . atTT o . atTT o . atTT o aT T T T T [ T [ [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1, ! oo ! ! ! ! !
1 1 1 1 1 1 1 1 =
1 1 1 1 | 1 1 1 .“m 1o 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
———— e —— A ————— R et T A ————— Ao A A ————— ————— ————— -
1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1
1 1 1 1 1 1 1 1 ! 1 4 1 1 1 1 1 1
i i i ; i i i A A i i i i i i
1 1 1 1 1 1 S 1 £ 1 1 1 1 1 1
i i i i i i i T R i i i i i i
——=—=-—-- a=---- I e Atk a=--== a=---- a=--== |“_1|||||_|||.~.-||_ ||||| a=--== === === F---== === ==
1 1 1 1 1 1 1 T 1 1 1 1 1 1 1
1 1 1 1 1 1 1 h - 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1
1 1 1 1 1 1 S [ 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 £ i 1 1 1 1 1 1 1
ey e e | e | oSS RSSO | 505 S0 5SSO | S0 OSSRy Sy | S SSSySps | SHSySySmpsgss | Sysyses
s m A T et L B S
1 1 1 1 1 1 v 1 1= 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 '] 1 1 1 1 1 1 1
1 1 1 1 1 1 [ 1 i 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 ) 1 i 1 1 1 1 1 1 1
S S SN SN SN U SN SN S« S D S SN S —
1 1 1 1 1 [ 1 B 1 1 1 1 1 1 1
1 1 1 1 1 1 1 = 1 1 1 1 1 1 1
1 1 1 1 1 1 N‘ 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 H 1 1 1 1 1 1 1
1 1 1 1 1 1 | 1 I 1 1 1 1 1 1 1
1 1 1 1 1 1 h 1 H 1 1 1 1 1 1 1
R Rt q----- a----- 4= q----- - Am-- - Ho-oe- Am---- q----- qm----- === === === ==
i i i i i i h i 1 i i i i i i i
1 1 1 1 1 1 __ 1 L 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1
1 1 1 1 1 1 __ 1 m 1 1 1 1 1 1 1
B | e e e A m e mH———— et s e e e S [EESEe S ———
1 1 1 1 1 1 _|n 1 1 1 1 1 1 1 1
1 1 1 1 1 1 ___ 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1
1 1 1 1 1 1 |! 1 il 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1
[ 1 1 1 1 1 _._ 1 1% 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 | | | |
i e a---== a----= a---== a----—f----- a----= e e bl a---== a=---=- r-—=== r---== r-—=== ==
1 1 1 1 1 ._“ 1 11 1 1 1 1 1 1 1
1 1 1 1 1 4 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1y 1 1 1 1 1 1 1
1 1 1 1 1 | 1 1 1 1 1 1 1 1 1
1 1 1 1 1 I 1 [ 1 1 1 1 1 1 1
1 1 1 1 1 I 1 [ 1 1 1 1 1 1 1
MDD | [ [ R, [ [ R, [ Lf_llllL ||||| N N T [ R, [ . | . | | . [—
| | | | | | | | =0 | | 1 1 1 1
1 1 1 1 1 1 1 1 L 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 __. 1 1 LA = 1 1 1 1 1
1 1 1 1 1 1 ___ 1 1 [ oy 1 1 1 1 1
1 1 1 1 1 1 1 1 LT —_ ! 1 1 1 1 1
1 1 1 1 1 1 1 1 | T 4 L L L L
||||||||| H—————d———— - ———— === =A== === —b - -
1 1 1 1 1 1 1 1 W OO 1 1 1 1 1
I O . N -2 T e e
= 1 1 1 1 | = 1 1 = 1 1 1 1 1
o 1 1 1 1 1 2___. 1 1 1% 1 1 1 1 1 1
1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1
T o S T L s S
ol 1 1 1 1 ] o 1 1 A 1 1 1 1 1
oo 1 1 1 1 1N ."_., 1 1 LY 1 1 1 1 1
I 1 1 1 1 1 1 I 1 1 1 1 1 1 1
U T A e A R R
1 1 1 1 1 1 1 PN 1 1 Y 1 1 1 1 1
D T T T T T E Y T S T T T .
1 1 1 1 1 1 1 1 R 1 1 ! 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 ./_,./ 1 1 .r. 1 1 1 1
i i i i i i i i i i i S S i i i
1 1 1 1 1 1 1 1 P 1 1 1w | | |
it Bt i et a=--== a=---- a=--== a=---- a=--== a=---- Jllurﬂlfl_ ||||| a=--== I e F---== === ==
1 1 1 1 1 1 1 1 1 1 1 1 - 1 1 1
i _ i i i i i i i - i i LS i i
1 I 1 1 1 1 1 1 1 1 1 1 [ 1 1
1 1 1 1 1 1 1 1 1 [ 1 1 T 1 1
4 4 4 4 4 4 4 4 4 Ao 4 A L L
I N N B S
1 1 1 1 1 1 1 1 1 1 r/.rf..;." 1 T S 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 17 1 1 o 1
1 1 1 1 1 1 1 1 1 1 [ 1 f.__ 1
1 1 1 1 1 1 1 1 1 1 1 r}.,r 1 " 1
————a————- —H————= —--——= === —H————= —--——= —H————= —--——= —H————= —--——= H———— =R ———— F--——= Fr————F——
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 I 1 1 1 1 1
[ | Sy S S [ S o | S S S S —— TS | S S S [ S S e e e e e e e L e e e
| | | | | | | | | |
1 1 1 1 1 1 1 I 1 1
1 1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 1 1 I
1 1 1 1 1 1 1 1 1 1 I
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
Ee ot e e e s = IS e e e e e e e - p—
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 |
————a--—-- a----= a---== I e e a----= a---== a----= a---== a----= a---== a=---=- r-—=== ==
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 e e e T T T T T T T T T
it i it i s i e i e i it i s it e =
[} [wm]} [¥u] = o [} (==} [fw] ==+ [N} = (==} (=] = (=]
o ol [N} [aN ] o [N} —_— —_— —_— —_— —_—

EECES69 Analog IC

I3. 4.

.3. 2.

24 285 28

. .EIE. —

L L L T T
400 B00m  800m 1.2 1.4 1.6 B
voltage VD%

o00m

.D..




Ch 5

ro NMOS W/L = 10/0.70 um

EECES69 Analog IC

10

=

10urn A0, 70urn vbs

nrnosfet (w

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
] 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1 1 -+
I F====r="""-===°97=°=°7 F====T===="1==="" il Rty iy R | i ity iy R [ e L v
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 / 1 ‘._‘. 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 P S 1 5 1 1 1 1 ]
- e R e b o e ittt [ A | N
1 1 1 1 1 1 1 1 1 1 1 1 1 A 1 1 1 1 | O
1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 N 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 Kl [ 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 D [ 1 1 1 1
] 1 1 1 1 1 1 I 1 1 1 [ 1 1 1 1 1
—TTTT T T | B R . | e i R _IIIIIﬂIIII._.II._._nll_ IIIII [l il ity Ay heit r=—--r---qrm™
1 1 1 1 1 1 1 1 1 1 1 .._.. 1 [ 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 10 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 [H 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 ____. 1 :_. 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 .m\ 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 oo
————d———— F——- Amm - [t T PR et ittt Rttt Amm - R s ket [T T T ST |
1 1 1 1 1 1 1 1 1 1 1 1 |_r_" 1 1 1 1 1 [ ]
1 1 1 1 1 1 1 1 1 1 M 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 .___ 1 1 HI 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 i 1 ] 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 N 1 1 1 1 1 L
1 1 1 1 1 1 1 1 (I 1 ) 1 1 1 1 1 i
————--- T-———----~—--- F-=———T-——-q-—---— r--—-r-—4--1----q---—[r----r— "~~~ ---q--~-~- r===-r=———q9F -
1 1 1 1 1 1 1 1 1 1 __ 1 1 _ﬁ_ 1 1 1 1 1 | &
1 1 1 1 1 1 1 1 1 1 1 1 |t 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 V1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 ._ 1 1 |t 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 __ 1 1 m 1 1 1 1 1 1 .
A T P TP SO N R | T _|||||r|__|||._.|||||_ ||||| | Y TS N R [ T | B
1 1 1 1 I 1 I 1 1 1 I 1 I 1 I 1 1 1 o
1 1 1 1 1 1 1 1 1 1 _ 1 1 i 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 o 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 _ 1 1 il 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 _ 1 1 ul 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 |_m| 1 1 1 1 1 od
||||||||| 1||||ﬂ||||._|||||_|||||_|||||4||||._|||||_|||||1|__|||._.|||||_|||| ittt itk At ittt ittt ity |
1 1 1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 __ 1 1 I 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1] 1 1 1 1 1
1 1 1 1 1 1 1 1 1 ._. 1 1 K 1 1 1 1 1
||||||||| . Sy Ay A | B N
i i i i i i i i F i Ph i i i i
1 1 1 1 1 1 1 1 1 __ 1 1 Y 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 Yo 1 [ 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 Y 1 1 1 1
1 1 1 1 1 1 1 1 1 __. 1 1 1 L 1 1 1 1 1 oo
||||||||| [t e T e o e e e o e e ey e e E e e T EEEE | Sh
1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 —
1 1 1 1 1 1 1 1 1 i 1 1 _.“ 1 1 1 1 1 (1]
1 1 1 1 1 1 1 1 1 1 1 1 L= 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 Tl 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 LT 1 1 1 o
1 1 1 1 1 1 1 1 1 h 1 1 i 1 1 1 ..._u_._.t._nc
|||||||| [ e e e e e e e | e e e e e e e e e e e [ e e e e e e B e I|ILII|II_I|II|._rIII||_.I||IL||II|_IIIII_|III|| 1]
I I I 1 1 I I I 1 _..H I I L ! I I I —m
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 s 1 1 L P 1 1 1 o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 s 1 1 1 ._,_Hv 1 1 1 1 =
1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 1 1
1 1 1 1 1 1 1 1 1 N 1 oy 1 1 1 .ﬂ.o
Bt e e e e e et e ) R e e L e B e e e L L L ey E e |
-
1 1 1 1 1 1 1 1 1 1 . 1 1 [ 1 1 1 —_
1 1 1 1 1 1 1 1 1 1 1 W1 1 1 ..f_ 1 1 1
1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 w N 1 1 ._.. 1 1 1
1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
1 1 1 1 1 1 1 1 1 o= 1 1 1y 1 1 1 od
IIIIIIIII —_——— —_—————bee e - ey e e LT
A L L d . L 1 d L L 1 H-4 | L 1 d [N L
I ] 1 I I I 1 I 1 I [ 1 I [ I I ] —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1
] ] 1 1 1 1 1 1 1 1 [ f._ 1 1 o 1 ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Nl 1 1
1 1 1 1 1 1 1 1 1 1 P " 1 1 S 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1
————d———— [ it ittt it [t T PR et itk Tttt bt et R R it el ahatats | e
1 1 1 1 1 1 1 1 1 1 1 1 R 1 [ 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 R 1 [T 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ool 1 L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 1
. 5 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 _,/,/ 1 1 ] 1 I E
] 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1 =
T TTTTr T a o | I i [ AR i [ il mik >ty Ay it & A [ =
1 1 1 1 1 1 1 1 1 1 1 1 1 ., “ 1 =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ \ 1 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 Lo -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ FE
- P [ L dmmmm I N EELEEEE | Sy
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 =
] 1 1 1 1 1 1 1 1 1 I 1 1 1
A r-—="—""r=-="="7"91==="°—~~77 r-—=—"—""7"7"=71 -TTTr/TTTIT T T r T 1=
1 1 1 1 1 1 1 1 1 1 1 1 1 =
=+
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 i I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 =
R F . [ Iy SO PR R IR P F N Lol [ P [ S NP - dl=
1 1 1 1 I 1 I 1 1 1 1 1 I 1 =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
1 1 1 1 1 1 1 1 1 1 1 1 1 1
- ———m - [ ittt sty Eadebedete ittt [ ittt Bl Eadebetet ettt F-——-T---- a----- (it ek ialninits el r-——fH---1r=
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 L L L L L L L L L L L L L L L 1 E
T T T T [ T [ T
= = it it i i i e = = = = it it = = =
[} [} [} [} [} [} [} = [ (] [ [ [} [} [} [}
r—— [im} Lo == o [} — (=) [wm] [l [m] L - o [N} —

100k



Ch 5

ro PMOS W/L = 10/0.35 um

EECES69 Analog IC

=

10urm #0,35um vbs

proosfet £
e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e E e e e

3
[}
[}
1
1
[}
[}

EEEEEEEREEEE

=1
[}
[}
1
1
[}
[}

T e e T e o e S e S T T e R et e T EE E

B el T

Am ek

S e e e e e e

o e e e e e e e L e e B e e e e e e e e e e e e e e e e e e e e e

e e e

S| S|S0 Y S0 SV | S S00 S S SESY| S SO | S

R e e e e e L e e T Y e T

B o L B i T e s DT S B it Lt T B i e et T SRR B

1 e e s i e e e e

===

260k

240k p-----

220k f-----

180k {f-----

160k {f-----

140k

ol

120k Jf-----

Bk

40k p-----

11

34

3.2

‘24 26 28

22

T T T T
'Yoltage vDS

.Lz..




Ch 5

ro PMOS W/L = 10/0.70 um

EECES69 Analog IC

12

| | | | | | I | | | | | | I | | | | | [
1 1 1 1 1 1 1 i i 1 i i 1 1 1 1 1 I I -+
e e e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I i i i i i 1 i i i i i i 1 i i i i i [ o
e 2 S Sy SR Sy Iy R Oy S | et
1 1 I I I 1 1 1 I 1 1 I 1 I I I I I [ o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i 1 i i i i i 1 1 1 1 1 1
IIIIIIIII b intaiuinty Infalaint: Suteieink: Sninteduts Snleieint: Sufuteind dabnteiek deieieid teriniied deieinted deiainted sbetbeted sintaiuiet minteind sinteie ot platataie r Sebiaier niniutaly | nl2y]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 fa=]
||||||||| e 2 S 2 A S Sy Oy S S S |
1 1 i i i I 1 1 i 1 1 i 1 i i i i i o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
e e R B e At e B e e e e e Al s e e o e 1 it nlellts | S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _—
[N K VS R T N S Sy RN IR I I [N IR SV SYS B Y IV | SR Sy | S
I I I I I I I I I I I I 1 I 1 1 1 I I od
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (=]
it e et e e e i i itk ik Selebint teieinlt flteted el elebel sttt shbtd of pleltnte ritettey mbeietly | P
i i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RN i S VN R T N ST S [N IS I S RN IR SV SYS R OF IR S Sy |
1 1 1 1 1 1 I I I 1 I I 1 I 1 1 1 1
i i i i i i 1 i i i i i i 1 i i i i i F
— 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I i i i i i i 1 i i i i i i 1 i i i i i
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 fum}
=||----44---4---—d--— =4t f -t —f-———F————F——-—F—-——F-——}F———-H—— - —-—{ |- -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
= i i i i i i 1 i i i i i i 1 i i i i i o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ol 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
mm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 TS N 1 -
i i i i i i 1 i i i i i i 1 i [ i
B e s et G B e | B et | o -
- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 mw 1 D 1 MW
i i i i i i 1 i i i i i i 1 i i i i i |
= = 1 1 1 1 1 1 1 1 1 1 1 1 1 1= h %_ 1 b
= 1| S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3
=i [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
= i i i i i i 1 i i i i i i 1 i i i i i =t Zm
T |t el . e bttt bt e e e e e L e e e e L et e e B e LT | Sl
= 1| no 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —
. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A i i i i i i 1 i i i i i i 1 i i i i i 3
— = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
e 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 F
(]| P Y N TR 1 S PUVEPVY: FEVEVIVY NV NUVURPRY NNUPVRY INUPRRUY [Py IPUVRVDN IVRVRPY SYVRVEVRN IRV § EYNRVIRN & NI SRR | B
=] i i i i i i I I I i I I i T i i i i i —
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o i i i i i i 1 i i i i i i 1 i i i 1] i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RS N + Ry SORMEOYRNR ARE BRSNS Py SRSy Sy S Sy SSSpRRS | SRR S SYRSPRSpil S | SN
1 1 1 i i i I 1 1 i 1 1 i 1 i i 1L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1o
i i i i i i 1 i i i i i i 1 i i [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Lo I =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Lt =
TTTTAT T AT T T T T T----7~--"—f{~ -~ T~~~ T~~~-"T~—— -7~~~ T———"r~————r~——-r~————r-———~t—-————~~'5———-—1 |D
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! |
y o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i 1 i i i i i i 1 i i [ "
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 P b c
R J 4 + B s LT T e e el et T T S e il ST | e
| | | | | | I i i | i i i 1 i i 1 [ =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 fa=}
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 N [
i i i i i i 1 i i i i i i 1 i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 % L E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
TTTTATTTTAT T Tt T TTITTTTT T T T T T T r r r r IIII_IIII.J._Illll =
1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 L =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ =+
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 L
i i i i i i 1 i i i i i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 I E
MMl b0l Lo _L____L_-2T IR BN =
1 1 1 1 1 1 I I I 1 I I 1 I 1 1 1 =
i i i i i i 1 i i i i i i 1 i i i i =]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 F
i i i i i i 1 i i i i i i 1 i i i i |
1 1 1 1 1 1 1 | | 1 | | 1 1 1 1 1
e e R e e Bl e e e e e i e e e e e e B .y kel |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i i i i i i 1 i i i i i i 1 i i i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
h h h h h h H h h h h h h H h h h h h E
T T T T T T T T T T T T T [ T T e T T T
e e s s o ko e s > o e e e o = s = == =
o (] (e (¥ o] ol ] — — — — oo [im] - (|




Ch 5

Gm x ro NMOS W/L = 10/0.35 um

EECES69 Analog IC

13

=l

10urm /0, 35um vbs

nmosfet {w

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -

1 1 1 1 I 1 1 1 1 1 1 I I 1 1 1 1 1 1 I =+
A e Y A e Ay A R A A R e e

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 A 1. 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 14 ¥ 1 1 1 1 1 1 1 1 1 1 1 1 ol
B s et Tt T e P it T e S s LT T S S s | ity

1 [ 1 1 1 | | A [ 1 1 1 1 | 1 [ 1 1 1 1 o

1 1 1 1 1 1 F | 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 ey 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 .“__ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 x.w. ' 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 A1 1 1 1 1 1 1 1 1 1 1 1 1 1
e et e e e e e e e e e e e e e e Il

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

i i i i i v i i i i i i i i i i i i i

1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 L ._r 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 : 1 1 1 1 1 1 1 1 1 1 “ “ “ “ o

1 1 1 1 I 1 1 1 1 1 1 I I 1 1 1
L i ._.IIIIﬂIIH__. _IIII.._I_IIIII_IIII|_IIII._.IIII._|IIllﬂIIII‘IIIII_IIIII_IIII|_IIII._.IIII._.IIII_ﬂIIIl_ﬂllllulllll I_u/r_.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

N N 0 O A T (N A

1 1 1 1 1 1 1 1

1 1 1 1 1 ._. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 .___ [ 1 1 1 1 1 1 1 1 “ “ “ “ “ “

1 1 1 1 [ 1 1 1 1 1 1 1 1 =]
e L L e L L | e L L e |

I [ I _m 1 _.| | | | | I 1 1 1 | I | I 1 1 1 o

1 1 1 | 1 1 1 1 1 1 1 1 1 1 “ “ “ “ “ F

1 1 1 [ 1 1 1 1 1 1 1 1 1 1

1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 m 1 1 1 1 1 1 1 1 1 1 “ “ “ “ “

1 1 1 1 1 1 1 1 1 1 1 1 1 1 L

1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
=TT _|L_|||_|||||_|||||_||||._.||||._.||||1||||.|||||_|||||_|||||“||||.".||||.".||||"|||||"|||||“||||| e

1 1 1 o 1 1 1 1 1 1 1 1 1 |

1 1 1 Lo 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 __ 1 “_ 1 1 1 1 1 1 1 “ “ “ “ “ “ “ “

1 1 1 1 1 1 1 1 1 1 1

1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 Lo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )
B =S ] P Sy I||I_l||m_.|_||IIL|II|LIIII._.II|I._.||II_||II|_III|I_IIIII_IIIILI|II._.|II|._.II||_|I||I_|||II_IIII|I o

I I I I a 1 I I I I T I 1 I I I I I I o

1 1 1 1 i 1 1 1 1 1 “ “ “ “ “ “ “ “ “ L

1 1 1 1 1 1 1 1 1 1

1 1 1 ___ 1 .._._ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

i i i o f i i i i i i i i i i i i i i

1 1 1 1 1 1 1 1

i ; ; Phoo _M ; ; H ‘ A S S H H - . £
N N N B B N B R e e R N E—. -

1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 ___ 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1o 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 ._.. 1 1 ._.... 1 1 1 1 1 1 1 1 “ “ “ “ “ “

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 _._ 1 1 Yo 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 __. 1 1 ..r“ 1 1 1 1 1 1 1 1 1 1 1 1 1 [am]
-1---[T----T----r-——4%-r---9----4}--—--q----f----Tr----r----F--- -~~~ --q- -~~~ ~—-r-—--r----r-—-——r--—-1F_-

1 1 1 1 _..._ 1 ", 1 1 1 1 1 1 “ “ “ “ “ “ “ ]S

1 1 1 1 1 1 I 1 1 1 1 1 1

1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 e

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 =

A SR SR IR B S R T S R R SR SO AU ST SR SO M w
|L_ |||||||| .“.||||“|||||"| ._zlllnlllllnlluluu.l.¢.|||| [ B Y “|||| “||||“||||“||||“ ||||“ ||||“ T ILF

1 1 1 1 1 1 I 1 1 1 1 1

1 1 1 1 ..... 1 LY. _..__... 1 1 1 1 1 1 1 1 1 1 1 1 o

i i i i Lo iR i i i i i i i i i i i -]

1 1 1 1 1 1 I —_—

1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 #. ¢ty ., 1 1 1 1 1 1 1 1 1 1 1 .ﬂ.ﬂv
(N +||||T||||T||||T.)...||||.||nhv...||||+F|||f||||r||||T||||T||||.||||..||||+||||+||||T||||T||||T||||I =]

1 1 1 1 = [I=— [ 1 1 1 1 1 1 1 1 1 1 —_

i i i i bR i P i i i i i i i i i i

1 1 1 1 [ | K 1 1 [ 1 1 1 1 1 1 1 1 1 1

1 1 1 1 [T ,..+ 1 1 [ 1 1 “ “ “ “ “ “ “

1 1 1 1 1 1 1 1 1 o 1 1

1 1 1 1 1 % 1 _./LA 1 1 1 ,KT.. 1 1 1 1 1 1 1 1 1 [N ]
e Ittt B’ bkl wldtett il == o bl bt~ Ebdedly Db sitententend n Aoty mibbeiey miediete hntaludeds hubdedely Sl tteteied sbnteleied slteteiel niutataty I

1 1 1 == 1 = 1 1 [ | 1 1 1 1 1 1 1 1 —_

1 1 I 1 1 1 1 1 1 1 =1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 +// 1 1 1 T 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 -t 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 [ 1 1 1 f..rr_ 1 “ “ “ “ “ “

1 1 1 1 1 1 1 1 1 1 1 1 1
B S S e e e B _|IIII_IIIII_IIIILIIIILIIII.H__....rLA.II._-IIII_|IIII_IIIII_I...rI...V.ILIIIILIIII._.IIII._.IIII_IIIII_IIIII_IIII| I

i i i _ i i i i R i i T i i i i i

1 1 1 1 1 1 1 1

1 1 = 1 1 1 1 1 ,.T 1 1 1 [ | 1 1 1 1 1

1 I (=2 I I I I I I I rf.f..._ 1 I I = I I I I I

1 1 1 .l 1 1 1 1 1 1 1 1 1 [ 1 1 1 1 1 3

1 1 1 ._H. 1 1 1 1 1 1 1 .T.,..rf 1 1 1 “ ....,..._? “ “ “ “ L=

1 1 1 1 1 1 1 1 1 1 1 1 1 -
RN R AU ol PN TR . |.|||||.||||..||||+||||f||||r|||.,.U...rn.|||T||||.||||..||||+|Fﬂ|+|l||T||||T|||lT|II| =

1 1 [ 1 1 1 1 1 1 1 [ 1 1 1 " 1 1 1 | =

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ™. 1 1 1 o

1 1 = 1 1 1 1 1 1 1 f.__ff... 1 1 1 [ 1 1

1 1 1 1 1 I 1 1 1 1 1 1 [T 1 1 1 .r._. 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 [t 1 1 N 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 J.r.“f., “ “ 1 “ “ FE

1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
- -——T----T----r—---r | b et R e S e PR e L L TEEET T i el Im

1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 i 1 L

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I, 1 w

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 “ " “

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 R =
S L | Y TSV | VSRV | EVETEEnYe) Smeete| 4 L L . |n .n .“. ||I._r||.||"||||| L=

I | I 1 1 | | | | I 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 “ “ .;_._.. “ 3 m

1 1 1 1 1 1 1 1 1 1 1 1 1 i

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ..._“_ 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L =

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H_.__._
BRI e i e e L L e e e s el Skt . -——— =

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I __._“ | m

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i

1 1 1 1 1 1 1 1 1 1 1 1 1 1 “ “ “ “ I L

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L

1 1 1 1 I 1 1 1 1 1 U bbb b____1_ N | P
A e e e e S Aty E il D R r B il a T T r

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I L

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 I I I I I I I I I I 1 I I 1 I I I I I E
- e

oo [Am) = o [ oo [Am) = oo [dm) - o = [am) (A} - [l R e |

[y ] L] L] [y ] [} [ ] (=] o —_ —_ —_ —_ —_

Qm

E 20
o




Ch 5

14

I3. d,l

I3. 2.

.EIB.

.EI E.

Gm x ro NMOS W/L = 10/0.70 um

EECES69 Analog IC

=

10urm A0, 70urm vbs

nrosfet {w

24

22

L L T T T T
400m  B00m  &00m 1.2 1.4 1.6 1.8
voltage VDS

200m

|:|”

=
-

H

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I
A e e e I I

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 (I 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 % It 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
——k - - - et e e ety

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 g 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 g 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 \_ .* 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 LA A 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1
--r---r r r e B i e e e e it ity et et b

1 1 1 1 1 g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 K 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 A 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(St | Sy L L _—— L

I I I I I T I I I I I I I I I I I I I

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1y 1! 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
——F===F r r Bt Sl o e o e e o e et e

1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 I I I I I I I I I I I I I I

r r==-r r I i H e e e I I I i R I I I R R R N

1 1 1 1 d 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1] 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1y 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

- (RS - B T T I N T R

1 1 1 1 b 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 3\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 ol 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 v 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

r r-—-r r B e e et et et et et e i et el mldtl ikt s

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 Wl 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 W 1 1 1 1 1 1 1 1 1 1 1 1 1 1

L L___L L RN SR, SO SRSV NIy SRR PSRN PRIV SRR Sy SNSRIV IR SRR MU SRV SRR SO SPR Bp— A

1 1 1 1 1 el 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 IR 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 Jf 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

F-=-F + + B it e e e e e it e e ity

1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 f_ 1 1 1 w1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 f 1 1 1 1, 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 (R 1 1 1 1 1 1 1 1 1 1

1 1 1 1 ot 1 1 [ 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1

1 1 1 Ly I I L I I I I I I I I I I

r -r r A T et e e s e e I I Y I

1 1 1 1 1 "y 1 1 [ N 1 1 1 1 1 1 1 1

1 1 1 1 1 SR 1 [T B B 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 [ /ﬁ 1 1 1 1 1 1 1 1 1

1 1 1 1 1 T 1 [ . 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 [ ] [ 1 1 1 1 1 1 1 1

1 1 1 1 1 1 ﬂ 1 [ ] [ 1 1 1 1 1 1 1

. - B e e e e e e e e s

1 1 1 1 1 = 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 [ ) (=] 1 [ 1 1 1 1 1 1 1

1 1 1 1 1 1 T 1 1 1 1 “ 1 1 1 1 1 1 1

1 1 1 1 1 [ 1 1 1 1 1 Lo 1 1 1 1 1

1 1 1 1 1 [T 1 1 1 1 1 [ 1 1 1 1 1 1

1 1 1 1 1 g ! 1 1 1 1 1 ol 1 1 1 1 1

1 1 1 1 1 1 1 1 I 1 1 1 1 T 1 1 1 1 1

r=—-r---r r == m = == = S e e = e = e = = e e = e = e = = ]

1 1 1 I 1 [ 1 1 /ﬁf 1 1 1 1™ 1 1 1 1 1

1 1 1 1 1 1 1 1 I 1 1 1 1 T, 1 1 1 1

1 1 1 I 1 1 1 1 1 [ | 1 1 1 [ 1 1 1 1

1 1 1 1 1 1 1 1 1 1 T 1 1 1 [ | 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 ffﬁ 1 1 1 [ 1 1

L_——L___L L RN T SR TN TPV EpRpRN SR S fﬁlrlllrlllrlllruw1r|||r I

1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 L 1 1

1 1 1 1 1 1 1 1 1 1 1 1 JJf 1 1 1 1,1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 [y | 1 1 [ 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 e 1 1 [ 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 k! 1

1 1 1 1 1 1 1 1 1 1 1 1 1 -, 1 1 g 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1™ 1

F==——F=-==F F --r b =——m e —— m—— — == = = — = S = = = = = b = = = = —H

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ™1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :r?r [ 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 b

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ m_

1 1 1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 J, 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

L -L-—-L L | | | P SR b | | | | | I—

I I I I 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I

Fe——F———F [ -k - it e T e i itk o - - = - —— —H

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
--r-——-r---r r --r-—-r---r---r---r---r--- - -~ r---r---r---r---r -=-r

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

I I I I I I I I I I I I I I I I I I I
L L L L 1 LI 1 L LI

L ] Ly = = Lo [} Lo [} L = L = L = Lo = Lo O L

—_ —_ [} (my]) - [ifm] [dfm] Lo Lo =t =t (] L] (=] [N ] —_ —_ [




Ch 5

Gm x ro PMOS W/L = 10/0.35 um

EECES69 Analog IC

0

B e e e e e e e e it R e e R e e

10urm A0, 35um vbs

pronosiet £

[l
=
1
1
[}
[}
1
1
[}

t--———-—F—-———-

i A VUSRS S S U Ry SR U By NI PP R M-

WEGET A

B e e e e e e e e e e e e i M B

== [ LIt

cmard

=

e T e L ey e e e e e e

EEEEEEEEY T

I

e e e I Rt
-~

e e e e

e S S S e b S e e e S e

T e ==

;

qm————

50 f-----
45 p-----

% f-----
0t
25 -

20 p-----
10 {p-----

1.8

===
1.6

voltage VDS

14

1.2




Ch 5

Gm x ro PMOS W/L = 10/0.70 um

EECES69 Analog IC

1
[}
[}
1
1
[}
-
1
1
[}
[}
1
1
1
r
1
1
[}
[}
1
1

e e | e T

| Rk B

[} 1 1 [} 1 I 1 ] I 1
Tttt Tt T T T T T Tt T T T r T T T TT T AT T T r T YT TT T T

1 1 1
1 1 1
1 1 1
e b Tkl bbbk Ll
1 1 1
1 1 1
1 1 1

===l L __

e e
1
1
1
1
1
1
e e
1
1

I 1 ] I 1 ] I 1 ] I
I e E et Rt I E R I H e A

16

1 1 1
1 1 1
= a Tl
1 1 1 1 1 1 1 1 1 1 1 1 1 1 i b
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i b
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- + + - + - - - - - - - + - - H
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 118
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| T T r T b r b r r hl r T b r T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i\ F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 118
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I o
e e | B e e e e | Sy Sy S |5 d | RS I [ I I I E—
1 I I I I I I I I I I I I I I I I N g
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ o
Bt e e e ey e e L e e P T - Rt e e EE e S e L L LT | Ch
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 118
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 I 1 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I =t
I L I “TTTTTrTTTTTTTAT T YT rTTTTT T AT B I (R B A N R e e T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 =T]
e — - T N N T S R e TR N e O B R N
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i b
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i\ F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 118
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-=a----r b fntutnts nlabeded shaleints St ninteded debniedy huiter ntalebnd el Entnteiel nintatnt debubets iieiel ninteled deteted s ebnbeie! miaiink deteids bubaieiel niatatad | § nt=t
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 118
— 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il
i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
.W e—de L S S S S ST ST S S T FAR SR S | IS SRV SUUEUN I S ST ST RS SRR | L =)
| 1 [ 1 1 [ 1 I I 1 1 I 1 1 I 1 1 I 1 I I 1 [ —
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
=] 1 1 1 1 1 1 1 1 1 1 1 1 1 | __ 1 = 1 1 1 1 i T
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [T 1 1 1 1 i F o]
= 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 o 1 1 1 1 1 =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 | § =]
o | R e e b e el it S ittt Atk bt ai i i altatt Tl v b it aial . vk it aiaiatat R i aatatar. | L |}
- 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 h 1 1 1 1 I —m
1 1 1 1 1 1 1 1 1 1 1 1 1 [T 1 I m 1 1 1 1 1
= 1 P 1 1 1 1 1 1 1 1 1 1 [ _ 1 [ 1 1 1 1 i el
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il A=
= 1 1S 1 1 1 1 1 1 1 1 1 1 1 1 __ 1 1 1 1 1 1 1 -
=] 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
1 1 1 ] 1 1 I 1 1 I 1 1 I 1 _|_ 1 1 ._ I 1 1 I || =
==~ ---r-H-y---a——---r e R e e e e e i R I | E
z 1 1 in 1 1 1 1 1 1 1 1 1 1 1 | 1 1 i 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
— 1 1 W 1 1 1 1 1 1 1 1 1 1 1 1 1 __ 1 1 “. 1 1 1 1 i r
[T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i b
-— 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _ 1 1 ik 1 1 1 1 1
wy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H 1 1 1 1 T~
[ || e il ]l el Gt |...||||T|||+||||_||||T|||.r||||_||||T|||...|||._|._.||T|||...|||.__r|||T|||+||||_||||T|||+ -
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ._ 1 1 1l 1 1 1 1 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18
1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [T 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _. 1 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1_ 1 1 1 1
--a----r-——71-t-——---r |._.||||_||||._.||||_||||_||||._.||||_||||_||||ﬂ|||._||__||_||||._.|||._||..|_||||._.||||_||||_||||._. —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 __. 1 1 1 1, 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 B 1 1 1 i\ F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 [ 1 1 118
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1, 1 1 =
e L1 AL |._.||||_||||._.||||_||||_||||._.||||_||||_||||._.|||L||||.._“|||._.|||L||||_||||._.L.ﬂ||_||||_||||._. L=
I 1 I 1 1 I 1 I 1 1 1 1 1 1 1 I 1 1 1 [ 1 =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ) 1 |1 ==]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 s 1 1 1 [ i F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1 1 [ 1]y =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 N 1
et et e e et e e ity el bt st St bt il Rkttt atddd ik dc ool it kel Stk o aldalnd =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 ] i =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ | 1 i [ ==
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Tt 0 1l i F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (B 18
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ =
o e e b e e [ d — L R g g Sy g g g R i H | Eppny | Y o
1 1 I I 1 I I I I I I I I I I I I I I 4.__“ =
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 i b
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 =
B e - + - - - [ P S - - ey S - ———{ =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
== ---r---T---O----r ~ T am--r T--—Aa----r---T 1 r Ltk Tl mhiadat: datedaly | -1 =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 il
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i r
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 e
— T T~ T T T "~ T T ~ T T "~ T~ T "~ T "1 T 1 T T * 1 T T * T * 1
= = = _= = [} = = ] = [ = ] _= = = = = _= = Y | =
[ = [m ] (4 m] =t ol = [um] (] = [ ] = (mm ] [dm] = [ ] o } [mm] [dm] =t o [ ]
= b o o [y (] o od (=] [aN ] [a ¥} [N} — —_ —_ —_ —_
ol Wb




EECES69 Analog IC

Ch 5

Parameters for hand analysis (for wide W)

L VTO KP LAMBDA
NMOS 0.35 0.50 94U 0.09
NMOS 0.70 0.59 132U 0.04
PMOS 0.35 0.72 48U 0.12
PMOS 0.70 0.75 52U 0.03
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