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LECTURES ON CURRENT SOURCES

Simple Source (Cont.) CS3
Diode Connected Transistor :

EECS140 ANALOG CIRCUIT DESIGN

bipolar diode exponential

Ip A \

vV Vp

>
T >

Vo

diode connected transistor quadratic

V,s > Ves — V; } After we reach the point V, >V, the transistor will always be in Sat.

LECTURES ON CURRENT SOURCES

Simple Source (Cont.) CS5
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Current Calculation :
Analysis:
| = | = VDD_Vesl
Ds1 REF RREF “
B,
Vew = V, + 685" = v 4 DV
G a W™
ekex—g
L
1 DV = VDSAT VouT
(0}]
IREF VDD _VT _§ XI LT
ektx—g
Iterative Solution !
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Simple Source (Cont.) CS4
_ o KOy oy
|051 - éLEl X2 X(VGSI VT)
6 K¢ 2
IDSZ = éﬁ\i'/g XE X(VGSZ_VT)
Mo _ alo =
If eLE - éLEZ, then |051 - IDSZ
s
) e Lo
otherwise  loyr = luee X —2
zAl0)
e|_ﬂl
IREF = I[)51 y IOUT = IDSZ
k
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Simple Source (Cont.) Cs6
Design :
& 03
VDD_VT_ELI':/E\;i
&ktx—g
RREF = VDDI_Vesl = I L

leee = 10MA | V,, = 5V, =07

K =90 10°
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Simple Source (Cont.) CS7
Small Signal :

Rur =10 =

ROLJT ROUT ot
T loyr = 10mMA
H —— | =0.01
Ror = 10MW
VDD

NMOS — current SINK
PMOS —» current SOURCE l
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CsS9

Simple Source (Cont.)
How to make R, better (ie. larger) ?
Degeneration?
VDD

I REF J RREF

Rour = o X[1+ (1 +X) xg, xR{]

V, = Vo +gxX[(Vg +25F )7 = (2 )]

i VouT > VDSAT + IOUT XRS

R, 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.
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Simple Sour ce (Cont.) CS8
Bipolar :
VCC
IOUT » Vcc _VBE(ON
RREF il ouT RREF
VBE(ON) » 06
ROUT = ﬁ
N
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Cascode Source CS10

M2 Let g = 0 ortieall wellsto sources

V; + V.., for EOS
M1
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LECTURES ON CURRENT SOURCES

VGS = VT + VDSAT

1

B,

DV = :
&k Wy
L
| REF
RREF

= VDD -2 xf VT _VDSAT) F/DSAT VT =‘ 2 xVDSAT

Cascode Source (Cont.) Cs11

M1 SAT
M2 LINEAR

M1& M2in LINEAR
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LECTURES ON CURRENT SOURCES

Triple Cascode:

Cascode Source (Cont.) Cs13

M3
Roor = (1+C,) X(1+ C.) XQyp XUy XM oy XM, XT
M2
HUGE!!
M1
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Cascode Source (Cont.) Cs12
Rout for Cascode Source:

IOUT
‘ Rour = e X[1+ (1 +C,) X0, *ry,]
» (1+C,) X0y, Xry Xr o,

[ w2 ) }

- 6. = 2o 4.8 10°

° I Xl DS €
o1
1 .2
o » 107 x& 0 »10°W

Ro €0.1 x10°2
| =0.01
g=0 2 = 2 Xl oyr Vosur » 0.2V
le = 10MA Vosr
W _(1+c) 2
— =5 ROUT - x
L I 2 (VDSAT) X(IOUT)
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Cascode Source (Cont.) Cs14
Problem with Cascode is the v, + 2 xv, . drop required for saturation.
High Swing Cascode is the solution

IREF

2 xVDSAT
for EOS

VD SAT
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Cascode Source (Cont.) CS15 v Cascode Source (Cont.) Cs16

How to implement Battery? e o 5

g 2 IREF Z

VBias |i VIO l' Voo = @220

XV;+ 5 XVpsr out @Yo~

Vi +2 Evm Skoxd L"Zlg

1. a6 o o ® o3

} } H ng__vz ] }Hﬁ [ eLe eLo c =

1 1 1 g -

DV Vo, = §-220me

l . ol [ M 2o ¢ -

AC Coupling eLe g L eLe eLe. gk¢x - i

v = 2 xVDSATl
» 2 xVDSAT
k
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CS17 é CS-18

Cascode Source (Cont.) Wilson Source

Power Reduction :

If wewant I,,; = 1mA,

Voo Vv then we can either: e (4 Yot Assume g= 0
IREFl Reer ;mi lour a) Set (W/L); = (WIL), (or resistor) y
and Iger = lout \—{ M1 lour = D
ﬁ b) Ratio (W/L); and (W/L),
M. }+—{ + M: so that | ger <l gyt €. Set Voss = 2X(Vr + Vour)
Ve Ve |7 (W/L),=100(W/L )50 that ws ||y, [, m2
lrer = 10MA Equivalent to Cascode

The tradeoff is between power and area.
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Wilson Sour ce (Cont) CS19 Wilson Current Source Cs21
Small Signal Analysis:

I DS1

1
NI

xm xCox X\_e/ X(VGS _\/T)Z X(l +1 XVDS)

—i(rﬁ\‘

IREF

withl =0

¥
ML =

assuming same W/L and

N
O = Ome = Oms = On
M3] M2 VGSS = VGSZ

N, = 0 XM= QG XNy ><rm+i(><%<
ngsl = _i«Xroa _>§{

M= XM+ g XM Xr;) 5 Rour = T X(1+0,%r,;)
k
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Wilson Current Source (Cont) Cs-22 Wilson Current Source (Cont) Cs-23
Rout :
. . . —© assume m1 = m2 = m3 = m
For this we must apply the small signal analysis, +  Gmle g g g g

. n
it is not correct to calculate R, as for acommon source

_ . ROUT
with degeneration : 1 + M, diode
I \ = Ness connected : 1
Rout NO' <‘> mangsa g"‘z - : > gm
N

Vin

ROUT =T, x(1+gm XRS) io = gm XN +I:]--(-)--:--I:]1-—‘3

o,
gm Xngsl + no il 2 = ngsa xgmz nO = X 2 + X|
Rs I : > T o X(2+ 0, XMy)

oo & Ny g.xn,; = 0

los
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CURRENT SOURCES

Wilson Current Source (Cont)

IREF

VDD
IDSl = 1- meCox X\-A-/ X(VGS_VT)Z X(l +1 XVDS)
leee (' ' lo 2 -
with| 1 0
4{ Ml VDSZ = Vssz = VGS
+ + Vosa = 2xVGS
2xVGS] Ves low — L1H1 XVo _ 141 XV,
_ M3 M2 - e 141 XV 142X XV

CS-24
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CURRENT SOURCES

Widlar Current Source

| =
| o
I Lo

VBEl = VBEZ + IO XR
ROuT

Q1 Q2

for BJT

Vee = V; ><In||—° S0,

s

R
V; ><In|—|-E =V, ><In|—|-9 +1, xR
Rowr = - abs |0
I, xR =V, ><Inélo XISP
for emitter degenerated BJT v |
I, = = xIn= solveiterativel
Ror = o X1+, X(RIIT,)] R I, y

CS-26
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CURRENT SOURCES

Wilson Current Source (Cont)

To solve the matching problem,

| REF ‘l ouT

-
Vot Voss Vi + Voar
M3 }—{ M2
Ti

IO = IREF

R, = sameasbefore

CS-25
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CURRENT SOURCES

4 Low Current Bias Circuit (bipolar)

Very low |, ~ nanoamps

VBEl = VBEZ+ IRXR
V; ><In|—E =V, ><In—|-9 +1.R
| |

letlg, =1
— a;IRxRb
l, = IR><expé ———-—-VT p
for I, = 1I0mMA R = 12kW
I, = 100nA

allows low | ; with reasonable values of R

ROuT =TI

Cs-27
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CS-28

Supply Independent Biasing

IOUT = IREF

| VDD — VGS
REF R

Hence, | ger depends on the supply
voltage Vpp. If the supply isa
battery or similar device, then this

will change over time, causing the
reference current to also vary with
time
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Supply Independent Biasing (Cont.) CS-30
For most self-biased circuits, there is a startup problem:

I

_ IV curve from bottom half of source

Yo !
Operating Point
>l
}‘—”\ Resistor R.Offsets |,
or Here

Soln : add Rg to top mirror

ll%F%%jw o

Supply Independent Biasing (Cont.) CS-29
Vt - Referenced Self-Biased Circuit :

VGSl = IRXR = VDSAT

. :wa -

M2
assume g%-vg >>1, Vdsat is then negligible
M1 R l|L =1,
I VTl
R ==
R
lo =1, = V_Tl
R
k
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/
Supply Independent Biasing (Cont.) Cs31
Vbereferenced
IOUT = IL

VEBl + VGSl = Vesz + IR xR

M1 & M2 matched
VGSl = VGSZ
VEBl = I R XR

I ouT

e

Ioutb
§/(herma\ In I_Sg




CURRENT SOURCES
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Supply Independent Biasing (Cont.) Cs32
With Temperature Fluctuation
DIy
e| 9 "
TC = parts per million/degree C = ppm/°C = ———I-T- = gel__l__ X%”Tg
I = VEBl
ouT R
Tor - 1,V _ Vo IR
T R T R qT
1c = LVa_1,4R
Ve 1T R 9T
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CURRENT SOURCES

Cascode - Self-Biased Source

VDD
T
Standard Cascode
¢I ouT
Vthermal )
Reference Rour ~ 9 XT
R
loor =V, i)
R
n
<

CS34

CURRENT SOURCES

CS-33

Supply Independent Biasing (Cont.)
Viherma Teferenced Self-Biased Circuit :

VDDT

IOUT XR + VEBZ = VEBl

¢ IOUT

lour & abourd
lopr XR+ V, xIn&wr O = v/ x| 88our
ouT T enxl V] T elmﬂ

s1

V.
= I xIn(n
= xin(n)

lour XR = Vipema XIN(N)

N L
n times bigger emitter
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P
Current Source Load CS35
VDD
VDD
i
1.y R
nOUT
..;VOUT _> nH M 1
n RREF
in M1
or any other current source
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CURRENT SOURCES

R

Rou

Current Source Load (Cont.) CS-36
1 1
= r 2 = rol =
L.l |, I,
= Rllrg = rllry,
A = =g, X(ra ) i1, =1,
= ZVXI 2 <«— Handy Formula
__2x, _ 1,1
VDSAT 2 XI XIL I xVDSAT 5
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CURRENT SOURCES

Differential Pair with Current Source Load (Cont.) CS-38
Rout for Differential Pair :

s2

T g(itc)

gmnsg4

Re: = 1 X[1+(1+c)xg,xRe] =1, (2]
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CURRENT SOURCES
Differential Pair with Current Source L oad CS37
Doubleto single ended conversion without loss :
Voo Calculate GM bxéo%#gemcgnnection
% M4 iOUT %’_nsgxgm = idsl = idsa = idsA
i —
dst o — e o}
] Nour lgo = é—E“—nsﬂ XQ
%[l o, .. ..
2% Y =i _j =& _nb6yy _eMl_0
) 2 lour lisa — las2 ) nsﬂ xgm ) 2 nsﬂ
four = O XNy
i
GM = =1 = "
Ny g
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CURRENT SOURCES

-

Differential Pair with Current Source L oad (Cont.)

Ie = loo =l

PR n
IdsA - gm ang4___(

nsg4 = nsga = %1;3 xidsl = =l xé“:‘g
n 1 n
» XNy, = Xt X—= =
—g. XN, = =g, . g 2w
i -__Nh__n
2., T,
i = e = ot Db
2Xr, 2xXr, I

CS-39




