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Output resistance of current mirror

L Loy

p
Vop — GS, _
R Db Assuming both transistors is
< in ideal MOS saturation
uC W, 2
=—2—=(V, -V
L D, 2L2 ( GS, t, )

I}, , Vg, are unknowns and you have two equations, therefore you can find them both.

(Then check for V3 >V, =V, )

I, W,/L
Once you have Vo > Vi =V, and 2 :L
) IDZ W, /Lz

I, , that you will find is for the case your MOS#1 has infinite output resistance.

If that is not the case then:
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— I/Vl/Ll . (1+2’VDSI)
POwW, L, T 1+ AV,

Visi =Vesa = Vosa

The goal is to increase R, so the current Ip; is independent of Vpg;.

t

Source degenerate current mirrors

To find Vi , 1), :

2

w
ID2 = /’lncox E(VGSZ _Vt,, )2
> again two unknowns, so you can find VGS: S

2

Voo _(Rs2 +R)ID2 :VGSZ (Vps. =Vis.)

- check for V¢ >V, =V,

Ty



Now, to find 7, :

VGS2 _R521D2 = VGSl +RS[DI 3\
known known unknow unknow
C W
ID] - :Unzzx : Vs _Vt,, )2
1
J

you can find 7, and Vi

To calculate the output resistance:

gs, — Ctest .RSI

lrestRS] + rds] (ltesr - gml Vgs] ) = vtesr

lrestRS] + rds] ltesr + gm] l ’ RSI ) rdsl

test

iz‘est (rds] + RS] + gml RS] rds] ) =V

test

vl‘est — R
i

test

=V

CD gW’l v851 rdsl

test

Since Rg; is typically much smaller than rg;

itest l % RS

our — rdsl (1+gm|RS] )+RS1 = rds] (1+gm] RSI)

test

test

32
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Therefore the output resistance has been increased by (1+ g,R; ).

The penalty is now you have voltage drop across R; (and also Ry ), so it is harder to

keep M1 in saturation.

You can do the same thing by using a transistor instead of a resistor.

Cascode Current Source

<

DD

= w,

J—— u,

Same analogy with resistors > R, =r, (1+g,7r, )+7,

But now you need to keep both transistors in saturation.
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out < >

M, Triode

<
>
e
2

\ .
\ V.,

M, , M, in triode

Wilson Current Source

Rour = (l + gm2 rds3 )rds2

Rl llout out — ‘/;S]
2
1 D, l M,
M, :] Make /,, small
R
’ LA large
L L

1
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= Iom zR—”
2

Integrated Common Source Amplifier

Components:
*  Active load for gain

*  Current source for biasing

current mirror

VDD

! —\ v active load
——

1 . LJ e

A AN L

. in
threshold | |
reference
biasin B
g vin Rin RG
Rom = rdx(nmos) ” rdx(pmox)

current mirror
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&l I TROR,
Ry +R,

v

Common Drain Amplifier

Source-follower

Vs =Vop =Vs =V = IR,

VDD
Rl
R Voo Vs “R+r, L,
Ry | | Ve =1,R.
I I | I vOLl[
I
Vin |_;ez e N K = o V.,—I,R
R GS R1 +R2 DD D" C
RA out
m lllnCUXW
I, ===V -V, )?

Two equations and two unknowns

e

You can find both V;; and I, = test V,,; >V, -V, forideal MOS saturation.

Equivalent Circuit:

: 1

R, =R IR,
R, =?

out



_ B

gs_
2 Vo121

R IR, Il R, v, Dewe Dsw, Ty

Vg = O N vtesr + _ — 7
8,V gmvgs = Liogt
R 7,

Viest .
+ gsvtext + gmvtext - lte‘vt
R-r,
i 1 1 1
= t+g 4+g, —> R, =—I—IR.r,
vrest RC ” rds gm gs
1 1 11 val high
>R = IR Nr,| = R = S.ma value at high currents,
8,18, g, +g, since g, Tasl, T.
. 1%
To find A =2
vin
R IR,

Ve =0 vin
Ry +R/ IR,
vom‘ = (gmvgs - gsvx )(rds ” RC ” RL)

V.=V

s out

ng :vg _vS :vg _v()uf



- vom‘ = (gmvg _(gm +gs)v0ut)(rds ” RC ” RL)

vour + (gm + gs)(rds ” RC ” RL)vour =

Vou 1+ (8, + 8 )1y IR NIR,)) =

g, (r IR R, )vgs

g, (r, IR.IR,)-R IR,

R, +R/ IR,
A = Yo _ gn(ry IR, NR,) __RIR,
Yooy, 1+(g, +g)r, IR.NR,) R;+R IR,
— — _— ~ J
<l <l

Em

At best you can get A, ~ .
gm + g_)‘

in
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