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EECS140 ANALOG CIRCUIT DESIGN LECTURES ON MOS DEVICE MODELS
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4 Simple Source (Cont.) CS-3)
Diode Connected Transistor :

Vv bipolar diode exponential /

o4 \
- 7 / I

Vr Vp
T |

diode connected transistor quadratic

Vs > Ve— V. } After we reach the point V, > V., the transistor will always be in Sat.

N J
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IDSl - éLﬂ 2 X(VG81_VT)

if @V - a6 then

éLg éLg ) IDSl - IDSZ
1 2
_g"éLVC')_
) el 9
otherwise I, = e X 2
s
eLg |
REF - IDSl ] IOUT = IDSZ

Simple Source (Cont.)

CS-4
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4 Simple Source (Cont.) CS-5)
Current Calculation :
Analysis:
| = | - VDD_V651
DS1 REF RREF A I|
______ |
I
% 0,0 ’
Ves: = Vo + §5—07 =\ + DV |
G W™
ekex—g |
L | _
DV = Voer Vour
a82><I C-)%
IREF - VDD_VT_g_REF:
KEx—
ekixT o
Iterative Solution !
N J
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Simple Source (Cont.)

Design :
% .0
VDD—VT—EX—REFZ
kEx—
VDD_V681 © Lg
RREF - —
IREF IREF
| er = 1OITA,VDD = 5,VT = 0.7

K =90" 10

R.. = 415kw  (Pretty Big!)

CS-6)
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Simple Sour ce (Cont.) CS-7)
Small Signal :
I:QOUT = r0 — 1
7 ? I ><IOUT
*_j ROUT | ROUT
v o] U lour = 10MA
Hg — %g = 001
~ R = 10MW
NMOS —» current SINK Voo
PMOS — current SOURCE j}‘ 4{[ l
O
=
_
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Bipolar :

=

Simple Source (Cont.)

VCC

V=V
IOUT » CC BEON)

N

RREF l | oUT RREF

\Ji— Vieeon » 0.6

¢

V.
Rour = i—'

ouT

CS-8)
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4 o)
Simple Source (Cont.) CS9

How to make R, better (ie. larger) ?
Degeneration?

VDD

| REFJ RREF L 4

T I Rur = 1 X{1+ (14X) xg, ¥R

VOUT > VDSAT + IOUT XRS

-

V: = Vi + gx[ (Vg + 2 xF )= (2 xF )]
R =~

> Vs NOT AT GROUND

Not avery efficient way to get high R,,; too much areafor resistor.
Better method is to use transistors instead of resistors.

N J
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Cascode Source CS-10

VT + 2 ><VDSAT
il ouT

Mo Let g= 0 ortieall wellsto sources

o

2(V: + Vosur)

V.+ V... for EOS

V; + Vos

IMl
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Cascode Source (Cont.)

Vos = Vit Vg

02 Xl oot
DV = ¢&—osv

o}

&K x%’%

_ VDD — 2 ><(VT — VDSAT)

IREF -

RREF

M1 SAT
. M2 LINEAR

CS-11)

T

M1& M2 inLINEAR
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4 A\
Cascode Sour ce (Cont.) CS12
Rout for Cascode Source:
O | IOUT
LY Rour = I X[1+(1+C,) Xg,, Xr,,]
Ro \
o » (1 + CZ) ><gmz ><r01 ><r02
[ mz 1
1 _ W . §° 4
ro - I XIDS gmz - ?Xk(txt ><IDSg » 10
M1
1 ..2
s» 107 xE2 =0 5 10"
Ro €0.1 x10°9
| = 0.01
g=0 O = 2VX—IOUT Ve » 0.2V
|« = 10MA S
W +
T_— = 5 ROUT = (1| 2C2) X(V )2x(| )
K DSAT ouT j
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g Cascode Source (Cont.) CS13
Triple Cascode:

-
i
i
-

Rour = (1+C,) X(1+ Cy) XQnmp X XV o XMy XI5

| ||v|2

HUGE!!

I T M1
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Cascode Source (Cont.)

CS-14)

Problem with Cascode isthe Vv, + 2 xv,,drop required for saturation.

High Swing Cascode is the solution

I REF

i

2 X(VT + VDSAT)

|IOUT

\|
2 XVDSAT
for EOS

VDSAT
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Cascode Sour ce (Cont.) CS-15
How to implement Battery?
VBIAS
% || % })
\ a e
l LAC Coupling
A4
J
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Cascode Sour ce (Cont.) CS-16
T VDD

& O

— Q 2 X| REF _

IREF " 2 X\, + 3 xV V 2 %\ | |O VDSATl - g %\/O

T | Vet e X owr )y &P o0

1,26 ] | | 26 H 26 % 63

4 eL8 Jlyo °LL, °LZ, ¢ :

¢ 2 Xl -

Y DV VDSATZ - (Cf - :

a6 a6 % 2o g g%vg +

e 9 1_

L% ||\/|1 °LY, °LP, ekex 4 2

N = 2 xVDSATl
> 2 ><\/DS.AT




EECS140 ANALOG CIRCUIT DESIGN CURRENT SOURCES

/

\
Cascode Source (Cont.) Cs1r

Power Reduction :

If wewant |5, = ImA,
then we can either:

V..
.j ?R : J' a) Set (W/L), = (WIL),

and | ger = lout
b) Ratio (W/L); and (W/L),

| |
ME -+ V| +-M2 S0 that IREF < Iout’ €.0. set
Ve Ves (W/L),=100(W/L);s0 that
IREF = 10nA

The tradeoff is between power and area.
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4 CS-18)
Wilson Sour ce

I REF i

y“OUT Assume g= 0
(or resistor)
VDS3 |
| M 1 I ouT — I REF
VDS3 — 2 ><(\/T + VDSAT)
M3 };\l_{ M2
gs2

Equivalent to Cascode
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4 Wilson Sour ce (Cont)

Small Signal Analysis:

nt <—‘ROUT
- gmlngsj-q) ? <J
_ItrOS‘\ r .
ol |t
O
+
1 .1
M3 (\:jmg.ngs2 g—mz Ngo = Itxg—mz

= |t
v
gml — gmz - gm3 — gm

nt — itxro_gml ><ngsl ><r-ol-l_ itXK
ngsl — _iterS _>§

N, = 1, X(Fgy+ O XMy XMes)

ROUT - rol X(l + gm Xr03)

CS-19)
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Wilson Current Source

1

IDSl - = meCox X\—C—/ ><(VGS_VT)2 X(l + I XVDS)

2
withl =0

Io - IREF

assuming same W/L and

VGSS — VGSZ

CS-21)
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Wilson Current Source (Cont)
Rout :

For thiswe must apply the small signal analysis,
It IS not correct to calculate R, as for a common source
with degeneration :

T Ry, NO!
Vin

I:QOUT - ro X(l + gm XRS)

CS-22)
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g Wilson Current Source (Cont) CS-23)

o * Ro
© ~ asume g, = 0., = 0.: = 0,
+ gmlngsl J g g g g
r01
+

SO
@g Q_$ Copnecte %E o

v | ¥ Rouwr
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- A\
Wilson Current Source (Cont) CS24
VDD
IDSl = !- xXm ><Cox XW X(VGS_VT)Z X(l + I ><\/Ds)
IREF * | |O 2 L
' withl 1 0
| M1  Vie = Vew = Ve
+ + VDS3 - 2><VGS
2 XVGS:| 4’ VGS b _ 1+ ><VDsz _ 1+ XVGS
_ M3 M2| - s 141 %XV, 142x XV




EECS140 ANALOG CIRCUIT DESIGN

CURRENT SOURCES

/

Wilson Current Source (Cont) CS-25)
To solve the matching problem,
|er @ | our
Ol |
] }‘4_‘[ Io - IREF
V; + Vier V. + Vo R, = same as before
w3 e
~
J
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. A
Widlar Current Source CS-26
l, =
I
VBEl = VBE2+ IO><R
for BJT
Q1
V.. =V, ><In||—C SO,
R
V. xIne = v_xinle + | xR
N S1 Isz
Rour = _ Br o | <0
I, XR VTXlnéonlaﬂ
for emitter degenerated BJT
V I : :
|, = = xIn=£ solveiterativel
Rosr = o X[1+g, X(RIIT,)] R d
J
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Low Current Bias Circuit (bipolar)

Very low |, ~ nanoamps

VBEl — VBE2-|-I XR
V- ><|n|—B = V; ><InI + 1R

S1 S2

let g = Iy

X
lo = Iq ><expge RVRg

for I, = 10mMA R = 12kW

|, = 100nA

alowslow |, with reasonable values of R

ROUT — roZ

CS-27)
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: Q\
Supply I ndependent Biasing CS-28

VDD I
ouT
Vout

I ouT
I REFj RREF o i I VDD _ VGS
REF — R

Hence, | e depends on the supply

o Je e Low
SV, Veo |- voltage Vpp. If the supply isa
battery or smilar device, then this

will change over time, causing the
reference current to also vary with
time




4 Supply I ndependent Biasing (Cont.) CS-29)
Vt - Referenced Self-Biased Circuit :

VGSl — IRXR — VDSAT

T
2 X|,
Tﬂw I, - ~*Vn
R R ' MXC,, <20
LY® M 2 el_gl
| assume &L 0 >>1, Vdsat isthen negligible
M1 ? R | =1,
N IR»V—T1
R
I
lo = 1z = R
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g Supply Independent Biasing (Cont.) CS-30)
For most self-biased circuits, there is a startup problem:
I
A
S e IV curve from bottom half of source
Vs ,A
R Operating Point

-
>~ ResistorRsOffsetsl,

or Here

Soln : add Rg to top mirror

= JMR IR

Iy
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Supply Independent Biasing (Cont.)

Vbereferenced

M3 M4 I M5
e b
|L¢Mlt\-/'\/231 \ZSZMZ
{le ly=— R
N

Ves
R

IOUT - IL

VEBl+V681 — VGSZ+ IRXR

M1& M2 matched

VGSl — VGSZ
VEBl — IR XR
IR — IOUT
Iou .
§/thermal I n _tg
s 5
= » -
R R

CS-31

\
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g Supply Independent Biasing (Cont.) CS-32)

With Temperature Fluctuation
1o
TC = parts per million/degree C = ppm/°C = 1% = &l o
P P = PP DT 6|OUT ﬂT 4]
I — VEBl
out R
&)UT _ 1 xﬂes Ves XB
1T R IT R T
Tc = L Ve 1,0R
V. T R T
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g Supply Independent Biasing (Cont.) CS-33)
Vineema Teferenced Self-Biased Circuit :

VD D

|

5

g

3

9_)
X
oD

~
oD

N

|sz - nx|51 §£2 |OUT xR =

7 L
n times bigger emitter
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g Cascode - Self-Biased Source CS-34)

Voo——
L < <

Standard Cascode

_J)
Vthermal }_" '

2
Reference Rour ~ On %I,

— . xn(n)
"R

I ouT




EECS140 ANALOG CIRCUIT DESIGN CURRENT SOURCES

g Current Source L oad CS-35
= Voo L
[
(D) =R
—

.—VOUT Ny
O—‘ M1
nmg{ M1 RREF

or any other current source
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CURRENT SOURCES

Current Source Load (Cont.)

An — _gm ><(rol ” r02) If I n — I p
2 Xl
On = <— Handy Formula
VDSAT
2 x|, 1 _ 1
AV P IV

CS-36)
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Differential Pair with Current Source L oad CS37
Doubleto single ended conver sion without loss :
Cdaculate GM bfoﬂ#(r:reeg})nnecti on
M\ﬁ }74H E/M- |OUT éé%j_nsgxgm — idsl - ids3 — ids4
Ids4 . ni ..
0 ;L“ o2 = éaizg_nsgxgm
id
Do 1 M1 M2 P n. - -
2 4{ i i 2d lour = low—law = g&j—nscxgm—@&d—nso
idsl ns idsz e2 e € 2 e
lour = On XN,
ISS |
GM = n—id = On
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Differential Pair with Current SourceLoad (Cont.) CS3

8)

Rout for Differential Pair :

B

N

-

i e

i

—" ‘* gmnsg4 NV
j Roz ? o
n,

1
J

iMZ]@

R, =

Ry, = e X[1+(1+cC)xg,*xRy] = 1, X[2]

~ Ou(l+c)
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4 . . . . 2
Differential Pair with Current SourceLoad (Cont.) €539
It - Id32 Ids4
N,
low = QO XNggy — —
nsg4 — nsgs — ée_mg ><|dsl — |ds2
n 1
XNy, = =g, X—— X—= = —
g K /g 2 ><r02 /gm
g = L n
“ _2xr02_r04
I, =i o= e I
t ds2 ds4 — 2 xroz 2 xr02
Rour = 7 = T .,
. Y,




