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Chapter 10
Integrated Circuit Biasing



BJT Current Sources
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Transistor Current Mirrors, Source, and Sink

e A current source/mirror have three terminals. The common terminal
IS connected to a power supply or ground, and the input current
source is connected to the input terminal.

e The output current is equal to the input current multiplied by a
desired current gain.

e If the gain is unity, then the input current is reflected to the output
and named as current mirror.
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BJT Current Sources

¢+ Current sink
¢ Current source

Load

Function:
Its maintain a constant current at an
infinite output resistance under all operating condl’rlons

Uses:

¢ as biasing elements

¢ as loads for amplifying stages

¢ more economical than resistor in IC

Types of current sources:
¢ the basic current source ¢ the Widlar current source
¢+ the modified basic current source ¢ the Wilson current source
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Basic Current Source
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Assume () and (), are identical
Lo =T+ 1p + 1y =1 +21

l,=1.,+21, =ICI+2]C1
I.=1.,= [R2 _VCC_VBEI X 12
1+ R, 1+
p p

If the current gain  >> 2, then,
Loy =1, =1y

[, is the mirror current of /.,
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Basic Current Source (contd.)
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Basic Current Source

Collector current ratio:

1+VCE2
]CZ — VA
ICI 1_|_VCE1
VA

Output resistance R, :
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Example 4.2.1

(a) Design the basic current source in Fig. 4.2.1 to give an output
curent of [,=5u4A. The ftransistor parameters are

p=100,V. .. =30V,V,, =V, =V =07V, and V', =150,

(b) Calculate the output resistance R, , and the collector current ratio

if Vg, = 20V .
l IR' +Vee
Ve
R, Iy IQL A
E{C] Figure 4.2.1
e Igs
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Example 4.2.1 (contd.)

(a)
We know,
l,=1.,.=1.,= Ly —
2 posec
1+
p
=1,=1, 2 5/1A(1+ij 5.1uA
,B 100)
Now,
I :VCC_VBEI
R Rl
=R = Vee Vipr _30=0-T_ 5 75316
1, 5.1uA
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Example 4.2.1 (contd.)

(b)

Again,

R, = L _ 159 30ma k=
e A

The collector current ratio is,

14 Vce2 Vees 14 20

I, _ Vi _ 150_1 128
I, - Vg - 0.7
Vv, 150
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Modified Basic Current Source

o Basic

‘ current
‘ source

[Rl IB_:)'_’ V +VCE2
le1 | B |
V
\I 15;53}71 Ies 1, Applying KCL at the emitter of 0,
<+ Ig SR
Ql T L. 4 h\Qz Icl 1C2 2[CZ
VBEI VaE2 % [E3 — ]Bl +[BZ = T -
. B2 g B B
5 3 I, 2I

—_ ’[ C2

BT1+ B B+ B)
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' +Vee
R, é lfca
Modified Basic Current Source k)| +Veps
I l o, Qs : - [Ql
: N h A
Applying KCL at the collector of 0 Wi ferir - Q
21 | (‘({ VBEI VaE2 ‘l\&
¢ L=l =1+ - - -
p+5) =
] - .
ol =1, =—"¢ =
1+ 2 Rl o3 Em3V3 .
2 C, "n3 G, 4—££
rr ACIENe p3"
o ] = VCC o VBEl o VBE3 702 %l>8mnvbc rm%‘ Vbe T2 égmzvbc %roz j}_"x
§ R, | A | |+
= R,

Output resistance R, :
Vx VA

== ==
. 2
I I

X C2

R, =
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Example 4.2.2

(a) Design the modified basic current source in Fig. 4.2.2 to give an
output current of [,=5u4. The transistor parameters are

p=100,V..=30V, Vet =Vaes =Vies =0.7V, and V,=150.

(b) Calculate the output resistance R,, and the collector current ratio

if V.., =20V.
+Vec
R, § i"ca
R|| Igs +Ver
i o I —IQJ Figure 4.2.2
I VBE3 _ Ies 7
Q[\' ‘:]Bl l
»A VBEI VBE’> ’W
=
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Example 4.2.2 (contd.) i—“’—(ﬂ

Pt
(a) T
Lo =1cy =5HA, Vigpy = Ve, = Vs =07V, gng V,=1501
The output current of modified basic current source can be given as,
Io=1c,= ]Rz
1+
p+p
=1, =11+ 2 —SyA(H 2 jNSﬂA
S Y Sy 100° +100
Now
| = Vee =Vipr = Vies
R Rl
P Ve =Viapr = Vs _ 30-0.7-0.7 5 7kO
- L 5uA R
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Example 4.2.2 (contd.)

(b)

Output resistance,

R, = Vi = 100 =30MQ
I, Sud

The ratio of two collector currents,

l-l—VCE2 1_|_2O
I, _ Vi _ 150 _1 123
I, 14 Vet ¥ Vs 14 0.7+0.7
Vv, 150
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Wilson Current Source

+Vee
ng Jllc._, ¢ ]Bzle_]Cl

v 1E2 :(1+IB)([R _ICI)
S
¢ [, =1,

)
llCl -Ciﬂl ¢ I, =1,
lfcs .
IB] 183 V [Cl z]CZ
e — Q3
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Wilson Current Source o
C, = |\\Q2
| Icy G ‘LIE
L, =+ ), == 1)+ f) ) 11(:3
Assume R, =a, V,=aand [ =], oY o L - R

1 1 2
¢ 1y :]C3 +133 + 1, :]C3K1+ﬁJ+g:]c3(l+ﬂj

oI, =1 ﬂﬂzlm(sz po_p 2*h

C2 E2y V; m: C31+,B
1
’]C1:1R_132:IR_£
1+ 4 1
’]C1:[C3:Iczmzlze_ﬁ
0[0:]C2:[R (22+18)ﬁ :]R 1_ - 2 z]R ...IB>>1
L +20+2 L +20+2
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Wilson Current Source

C,
—_— C; o
- B,
° R] B] Sm2V2 T2
Output resistance R, : v B, + 2 — E, +
1 T X
r.n,z s o + e
¢ Re o 7'01 || Rl Em1¥1 rol% £ 4 é"ﬂ ¢gm3v3 éﬂﬁ vy L
_ — - |
\ R3 — 'zl ||r7r3 ||I/;)3 E, i E, [T?

Applying KVL to the circuit left of 7
oy, =ir, 40 | RY - 2,0, ¢ % t

R :h: r;z2+(r01 ||R1) 1 '\Qh{\f v o C)_Vx
Coi 1+ (rol ” Rl)gml ¢g""v1 %Re Vi $R3 V3
. o ST - 4
*R = LRE UE S>> R g - .
1+R g, , ) ;

Equivalent circuit

o1
*R,~— (ForR >>r  and g, % >> l)

e
gml

05)

a | )
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Wilson Current

Source v E ,
Tl V| I3 Em3Vs roz vy
= =]
= R,
B Small-signal ac equivalent circuit
V ' r '
R, =" =R,||R +1,| 1+ 5222 R || R
I R,
r '
*R,~r1, 1+gLvﬂ2R3 R,
R t,
Sm2V2 o2
(R,|R) _1 “AA- e}
M- v
Assume —2> ¢ =— - + 2 :
e 2 8m1V1 R, Vi Ry vy
gm2r7r2 IB e ‘—]‘!\V 3 _ ‘—}ll\a
OR, ~r,|1+°0252 |5y | 142 : ;
2 ’ 2
Equivalent circuit
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Example 4.2.4

1-21

(a) Design the Wilson current source in Fig. 4.2.4 to give an output
current of [, =10uA4. The ftransistor parameters are V,..=30V,

Vgt =Viags =Vep = O.7V,VT =26mV, V,= 100and £ =150, Assume
all fransistors are identical.

(b) Calculate the output resistance R,,.

© Electronic Circuits
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Example 4.2.4 (contd.) z e

Iy I,
C, l —= |\\Q2
(a) e Ll
I,=1,,=10u4 1 Jles
Iy, Ig3 }/
The output current, er(i 2o BB. = HQB
I,=1,1- : 2
L +20+2
2
10uA=1,1- =1, =10
ua R[ 1502+2x150+2} r =104
The reference current can be found from,
[ = VCC B VBE] B VBE2
R Rl
P Ve =Viaer = Vg, _ 30-0.7-0.7 7 86MO
1 I, 10 1A

il 5)]
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Example 4.2.4 (contd.)

1+ 4 1+150

=10
“2+p ”A2+150

o =V 106 0700
I, 9.93uAd

po= Va2 100 om0
1A

I, 9.93u4
= = = =381.9 V
gml gm3 VT 26mV lLlA/

I., 10ud
=2 —384.6 AV
S = T S emy A

T
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=9.93u4

l[cz
l]R Ig;
C,¢ — Q-
| e
{
| Icy Cs 'L o
v <>
'L[cs
Ig) Ig3 }/
<+ — Q
B, B,




l]R Ig;
Ci¢ —> 2
l"-\Q
| Icy CL,'L[E‘-
e l 'L[cs
s fa
Then, Q, 4_9 i’ I‘/Q:’,
B 150 r" Ay B ’\7
P ST, = = =393kQ)
gml 1
=P 150 39000
g ., 384

R, = n}{u%} = 10M{1+ 384'6; 390"} = 750MQ
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Widlar Current Source

Widlar current source which provides biasing currents of low magnitudes,

typicallyS pA.

+Vee

-+ — /Q')
- B, )
VBE2 _
VBEI - R,
i —
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¢ ]Cz e [R
I.,<<I.  (inuAd range,R < 50kQ)

Applying KVL at the base-emitter loop
e _(]cz +132)R2 =0

Since /., >>1,,

¢ Vigr = Vg — LR, =0 o o ool
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Widlar Current Source

Assume R, =a, ..V, =«

& Iczl{ex ‘;/ﬂ_ }(1+V@jz156><p‘;/3’3

T

i
=V, =V, ln(;j
S

Applying this value into egn. (1),

V In| = le, —V, In| == le, —I.,R, =0 or
[Sl Isz ¢ V. In| = ]

For identical transistor, i.e. [, =/,

¢ VTIH(§C1XISZJ_102R2:O ¢ I =1,exp———+
S

C2
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Widlar Current Source

¢ 7 — Vee =V
! R
1

¢ [, =1.+1,+1, :ICl(1+;J+I;

Putting the value of /_, from eqn. (2),

¢ I, :—lJr'Blczexp[CZR2 +IC2

Ve B

— I, is nonlinear function of /, and R,.
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Widlar Current Source - X

%

.+_

Vi & Tm2 Em2V2 £Y)
+ - m Eq m 0 +
Vi -0 Vy
. %Rz

| =

= R,
. ﬂ] B _ é . ﬂ Small-signal equivalent circuit
g m T - rn’l o

V., r

T

Output resistance R, :

1
¢ Re =1 ||—||R1 Hrol

ml

ml

A

B,

3 1 1 & j]l ‘_[_-

Since f>>1, r, > —and R, >> — x
gml gml V2 Fm2 Sm2V2 r
1 & 02
¢ Re N~ — L §Rc -
gml é
R

+ Cj: "x
¢ v =i[R ||, +R)]

V3
m—.
7R R " &
V. ¥, Lr r., + =
L 4 v2 =372 __ xm2 2 ”( 72 e) Equivalent circuit
r;z2 +Re r;zZ +Re
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R,

% B, ..

Widlar Current Source p

G,
‘ s
Pt g Emi1V1 s § vy ol = C) Vx
_ ?Rz
| -

i % R,
¢ il = ix — gm2V2 Small-signal equivalent circuit
B, A
: : + loc L
Ve SVt L =Vt ol =8V 3 §,ﬂ2 goaVs
_ R AU % -
_V3+’/021x+ R ’ §R — C) v,
rﬂ2 + e ; . i =
Putting value of v, R, "3
. =4
_ X ik
¢ RO — . E— R,
lx Equivalent circuit
=R ||(r,+R)+r 1+ Emle p (7, +R)
- W 2 e 02 2 72 e
rﬁ2 + e
o R ~r |1+ 5mn2 p (7., +R) cr, S>>
0 ~1o2 2 w2 e * 02
r7I2 + e
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!

C,
v: %rﬂl ¢gm2.b %

i‘
4—

o

INS+

C

I
RO

Small-signal equivalent circuit

N R BN .

]Cl i s
72 T X b
Em2 I N Hew G M . re !
1 § ® Q
[, >1, ,r,>— and r,>>R, e
gml __J__ ;30
¢ Re + r;zz ~r T2 Equivalent circuit
‘R =T, [1+g 2(R ” 2)]
Vi R =7 gm2R2(1+IB)+IB:r 1+¢g,,R,
,B>>landrﬂ2:g— 0~ fo2 R, +f 02 1_|_gmsz
m2
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R, =
é B, G o
Widlar Current Source

2 4+

, +
% Vs I'e2 8m2V2 To2 "
= E’: 4
Tol § 8m1VY1 <l> Tl § v o Vy
. %Rz
1 -

RO
Small-signal equivalent circuit
B, A
IB >> g m2R2 + hy %
[ R Va T2 8m2V2 7o2
*R,~r,(1+g,,R)~r, 1+ ’ I y
VT Y §Rc e C)_ Vx
_ Ré :
=
—— R

M 0

Equivalent circuit

= R, dependson/_ R, i.e.the dc voltage drop across R..
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Example 4.2.3

(a) Design the Widlar current source in Fig. 4.2.3 to give an output
current of /, =5u4 and [, =1mA. The ftransistor parameters are

Ve =30V, V., =07V, V, =26mV ,V, 6 =150and S =100.

(b) Calculate the output resistance R,,. Assume V, =26m/V .

Figure 4.2.3

il 5)]
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Example 4.2.3 (contd.) cl

We know,
] = Vee =V
R Rl
R - Vee = Vg, _ 30-0.7 — 19 3kO
1, ImA
We know,
1, = 101(1+lj+[£ = 1mA = [Cl(l
p) b
Again,

Vln(] ) IR, :>26mV1n(990’UA
Spud

Cc2

© Electronic Circuits
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LHA L _990
100) 100 ¢ HA

j 5udx R, = R, =27.5kQ
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Example 4.2.3 (contd.) o =

Q;} = - \é

Since, - :
- V, _ 150:3OMQ, rﬂ:VT'B:%mVXIOO:SZOkQ

lo, Sud I, SpA
and,

I, _ 5ud

= = =192.3 |4

& T D emV uA/

Therefore, the output resistance,

R ~r [l+g (R ||r.,)]=30MO[1+192.3 1d/V (27.5kQ2 || 520kQ)]
= 180.68 MQ
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MOSFET Current Source

MOSFET current sources are analogous to BJT current sources. We can
convert a BJT current source to an equivalent MOSFET current source
by assuming that thef of the BJTs is finite. Since MOSFETs do not draw

any gate current, there is no need for base current compensation as
there is with BJTs. The choice of a BJT source or a MOSFET source
generally depends on the type of integrated circuit involved (e.g.,
bipolar or MOS). BJT sources have some advantages over MOSFET
sources, such as a wider compliance range and a higher output
resistance. However, a higher output resistance can be obtained by
cascode-like connections of MOSFETs.

© Electronic Circuits
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Basic Current Source

g = Vury
é 9 ¢ Assume M, and M, are identical.
R = .. _
! L[Dl 0 ¢ 1, =1, Vst =Vasa
Ir
! ¢ Thus, [,(=I,,)will be the mirror of /
r)
[Dli ‘IT_ ol .
i :l | | [: M, M, will be in saturation -V, ., =V,
: ¢ M, will be in saturation

for (Vs =V.o) <V > Vs =V20)

il 5)]
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Basic Current Source (contd.) [ §R ‘ | Ior =l
"
L WK o e

— x 2 v

]D_E 7 (Vos =V (L+AV)) Mz:“ I M
V

:KP(VGS_Vz)z(l‘FVLMS f

where V, =threshold voltage ~Vop

W = width of the channel, typically 10 um — 500 m
= length of the channel, typically 10 m — 500 um

A = channel modulation length, typically 0.01/ "

1 ° °
V. =Z = channel modulation voltage, in

2
K = u C = channel constant, typically 20uAdlV

L. = mobility of electrons, typically 500cm* 'V

—4 b
C = capacitance per unit areq, ’rypic:c1||y3‘5 x10™ pF /| um

1 WK,

© Elec{r%ﬁi(':s A Snstcmt given by, P q
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§ R, 7 Ipy = Io
Basic Current Source (contd.) x| :
Ipy | r’"ol
M, l__‘——‘ s i
¢ 1, :]O:KPI(VGSI_KI)z(l_I_ﬂ“VDSl) :l
¢ [, =1, :sz(VGsz_sz)z(l'Fﬂ‘VDﬂ) —500

As all the components of the current source are processed on the
same integrated circuit, therefore K and V, are identical for both

devices, thus, the ratio of/ , td, is given by
Ly _ Kn(+AVp) _W/L), (+AVys) _(W/L),

¢
]R sz(l + ﬂ'VDsz) W/L)z (1 + ﬂ'VDsz) W/L)z

AV, <<1

We can change/, by controlling W/IL.  is usually fixed, W varies
from device to device to give the desired current ratio 7, /1, . With
W, =W, and L, = L, one can ensure that, £,

Since V., =V,,—RI.andV ., =V,
¢ ]R:[DZZ pz(VDD_RllR_I/tz)z
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Basic Current Source (contd.)

Transistors M/, and M, are used as voltage dividers to control the
gate-source voltage of transistor M. If M, and}/, are identical, the
output current /, exactly mirrors the drain current throughl/, and
M. The value of V., should be made as low as possible without
taking M, out of the saturation region.

gt Yoo
]Rl
o
+— | Ip1 = Io
v
_.__l Mgy VDs3
Voie L=
GS3___ rfol
o2 +
| :
= —1 LM Vbsi
_| M, Vps, rasi_ i
Ty EA
GS2 ,

il 5)]
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Basic Current Source (contd.)

Since ., =V ..
ID2 — IR — sz (VGS2 — sz )2(1 + ZVGsz)

Since V., =V, —
[D3 — IR — KP3(VGS3 — Vt3)2(1 + /1VDS3)

— P3(VDD — VGSZ - I/t3)2 [1+ /I(VDD — VGS2 )]

Since [,,=1,,=1,,
sz (VGSZ B Vtz)2 (1 + /IVGS2)

Kps (VDD o VGS2 o I/t3)2 [1 + Z(VDD o VGSZ )]

Thus, by controlling the constants K ,, andX,,
desired value of V.., =V ;.

© Electronic Circuits
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— +Vop

I
R| ;
+— | Ipy = Io
v
et
Voss |~ [ ol
l]D'\
y +
- n ”:Ml Vpsi
e v 4
_-,‘i My - Ypas  TOSF
; AR ©
Vas2 l
=~ VoD

we can obtain the




ik +Vobp
Rl :
o g ‘!'[Di =1Ip
Basic Current Source (contd.) ; M; Vs
"GS & r‘fm
i |l: M, "DSJ
Output Resistance R : [# vm Vosi _
The small-signal drain-source resistance r, Vos
can be derived from the equation, _¥DD
1 WK Vos
I, == -V )y d+ Ay, K,(V..—V)(1+—=>==
p=g p VsV A Vo) = K, (g =V (142
1 Ol K /
— = Dl = PI(VGS—I/I‘)zzLI
rdsl 5VDS1 VM VM
Thus, the small-signal output resistance of the current source becomes
V, 1
Ry =1, = [M = IY:
D1 D1

which is relatively small. This small output resistance is a disadvantage
of having only one MOSFET M, at the output side of a current source.
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