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Operating point and bias circuit design

>

Voo =V :

In

—

1) Insensitive to device
variations (e.g. beta, V,)

2) Transistor should
stay in the active
+—  region.

>

VDD VDS
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Classic 4-resistor Bias circuit

Suitable for
discrete transistors.

VC C
RC
2
+
VC E
ERE
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Classic bias circuit analysis
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Classic Bias circuit analysis




Classic Bias circuit analysis

V,=I,R, +Vy +(I,+1.)R,

t

Vi = 1R, + Vg +(ﬁ+1)IBRE

[ = Vth_VBE
*"R, +(B+1)R,

_ :B(Vth _VBE)
"R, +(B+1)R,




Classic bias circuit analysis

VCC
R,
V. -V
IC IC — ﬁ th BE
R, +(B+1)R,
V., R, =Ry IRy,
R
Vi =Vee o2
RE RBI + RB2
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Classic bias circuit analysis

V. =+10V
V. -V
R.. =60KkQ R.=35kQ [ . = th BE
" : PR (B IR,
l c=1TmA ]
VCE:VCC_ICRC_ECRE
V..=7V
I[.=095mA
Ry, =45kQ R, =35kQ ¢
B =100 V..=34V

— V=07V 10



Sensitivity to beta

Ve =+10V
R, =60kQ R.=35kQ _
What if beta doubles?

l le=095mA |7 _095mA

—1.02 mA
V.,=34V

Ry, =45kQ R.=35kQ Why is the circuit
so good?

B =100
— — V =07V 11
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Negative feedback

Ve =+10V
R, =60k R. =35k
l I[.=095mA
IB
Vep =34V ICT VRET IB\L chl/

Iy v LTt
R, =35kQ

B =100

— — V =07V 12
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From the equations

VCC
] :ﬂ Vth_VBE
C
Ry, Rc R, +(B+1)R,
l e (B+1)R, >>R,
VCE [ = ﬁ Vth_VBE
© (B+1) R,
R
o2 RE ] = Vth_VBE
C
RE
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Classic Bias circuit design

Start at the output:
R
¢ Have 7 V to split between 2
l resistors.
I.=10mA

Let: Ve =V, =35V
35V

R.= =35kQ
1.0 mA
Ry, R 35V
E — ~
=i Re=gra 700K
V =07V
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Classic Bias circuit design

Now move to the input:

V,=V, +0.7
=35+07=42V

I
I,=—=001mA
100

~07V 15




Classic Bias circuit design

I, =101,=0.1mA

RBl

I, =0.1mA= 10-42)V _ sk

B1

IRBZ = IRB] - IB
=101,-1,=0.09 mA

4.2
I, =009 mA="2" 5 467 kQ




Load line analysis (input)

. Vee /Vr
1) Device: I,=—=e"m

V.-V
. " I — th BE
2) Circuit; B Rth +(ﬁ+1)RE
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Load line analysis (input)

I/
1) IB :_SeVBE/VT
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Load line analysis (output)

A

IC
R
: 1) Device:
|
>
VCE
VCE
— I.
2) Circuit: V..=I.R.+V..+-<R,
R, &
[ = VCC — VCE
C
R.+R,
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Load line analysis (output)

I, 4
Vee
R .+ R
2) ) zVCC_VCE
C
R.+ R,
>
= 0.7 VCC VCE
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MOSFET 4-resistor bias circuit

VDD

Analysis: Given the resistors,
g R, power supply voltage, transistor
parameters, find the currents
| and voltages.
I

> Design: given the transistor
parameters, power supply, and
desired currents and voltages,
RS

find the resistor values.

G2
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MOSFET 4-resistor bias circuit design

v, =10

I,=10mA  Transistor model:
kKW 2
R, R, IDZEZ(VGS_Vm)
v
KW
22— =0.1mA/V° ¥V =10V
| + 2 L n
| v, =50V
P - 1,=0.1(V,—1) 1) device
1=0.1(v,,—1)" 2) given current
R, R,
3) Solve for Vg

4) Select resistors to

22 produce Vg and Vg



MOSFET 4-resistor bias circuit design

Voo =

+
V=50V

P
R, éRS

0y 1 —10maA
RGl RD
v
I

Transistor model:

kKW
1= EnI(VGS — th)2

D

kl
”%zO.lmA/Vz V =10V

in
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MOSFET 4-resistor bias circuit design

Voo =

10 I,=10mA )
1=0.1(V,,—1)
R R
Gl D V. =4.16
v
| (some arbitrary choices)

+
V=50V
- V,=25 R,=R,=25k

V.=25+4.16=6.66
RGZ R
S R, = 2.5kQ R. = 50 kQ
R, = 2.5kQ R, = 100 k€
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MOSFET 4-resistor bias circuit analysis

Vip =10 ,=?mA Transistor model:
RGl=50kQ RD=2.5kQ 7 k—’—(V —V)
D
! 2 L
I k’
T JK=0.1M2 V =10V
v, | v =ov L

2
1,=0.1(V,—1) mA (1)
R..=100kQ

G2

R, =25kQ  (device)
Ves =V Vg =V —1,R; (2)
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MOSFET 4-resistor bias circuit analysis

R, =50kQ
VG
R, =100kQ

Vop =10 I,=?mA Transistor model:
2
R,=25kQ  I,=0.1(V—1)
v
| +
I 100
V..=7V V.= 10 =6.66
> _DS ¢ 504100
Voo =V, —I,R;
R, =2.5kQ

1,=0.1(V,—I,R ~1)

D

Lundstrom: 2019 26



MOSFET 4-resistor bias circuit analysis

V,p =10
[, =7mA 2
P 1,=0.1(V,-I,R,—1)
R, =50ke2 R =25kQ
2
v 107, =(6.66—2.51, —1)
o+ 12 —6.131, +5.12=0
V., =6.66 | v, =ov
™ - I,=5.14mA or 1.0 mA
R.,=100kQ
R, =2kQ I, =1.0mA

V. .=50V
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G2

|
|
>

Load line analysis

1) Device:
E =25,
2) Circuit:
VGS = VG - [DRS
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Load line analysis
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Gl

G2

Load line analysis (without Rs)

VDD

4

Device:
=2,
Circuit:
VGS = VG

Lundstrom: 2019
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Load line analysis

I W 2
¢ ]D__I VGS_Vm)
Ve = Vs
[ =Ye
bR
S
I/tn t; VGS
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Also a good bias circuit

RB

IB
S

l
l

Il

C

Vee
RC
+ 1,

I.+1,

I

See Lecture 12

J = VCC_VBE
¢ 1 1
R 1+ﬁ +RBﬁ
B— oo
] )VCC_VBE
¢ R
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Summary

The classic 4-resistor bias circuit for discrete transistors
makes use of negative feedback to deal with variations in
beta or threshold voltage.

Other bias circuits can also make use of negative
feedback to stabilize the operating point against
transistor variations.

Bias circuits should also be designed to that the
transistor stays in the active (BJT) or saturation
(MOSFET) region.
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DC MOSFET Circuits

Bias circuit design
BJT bias circuits
Load line analysis
MOSFET bias circuits
Load line analysis
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