MOSFET BIASING

in active region a.



MOSFET biasing QVps,lp) ?

1st version — 3 resistors, single supply

R
Vgg = ——22—V
GS RGl+RGZ PS
_ _ 2
R RD ijﬂ ID_IB(\/GS VTh)
Vs =Vps —Rplp

© very simple
VBS -
l ® the current in the OP, I,

R \ depends on the transistor
e Vas parameters, A and V,

@ cannot assure the stability of
the quiescent point.




Problem 1 Re1=7.6MQ; Rg,=2.4MQ; Rp=29.1KQ; Vpg=5V

Vpsi V4, =0.8V;  =500uA/V2. OP ?
— R 2.4

Ry | |l1; Vee=—-252 -V, = .5=1.2V

Rar . i 2 TS TR YR, T 76424
= |, = SV —Vi )? =500-(1.2—0.8)° =80pA

Veao Vs

L v Voo =Vo —R 1, =5-29.1.0.08 = 2.67V
Raf | v Voo, =Voo =V, =1.2-0.8=0.4V

- - Ve > Ve, —the transistoris in a.
(Vos +Vpen)/2=(5+0.4)/2=27V =~ Vps=2.67V

The transistor is biased in the

middle of its active region Resize the circuit to bias the

transistor in the middle of its active

Q(2.67V, 80uA) region for 15,=120pA




MOSFET biasing

2"d version — 4 resistors, single supply
RGZ

Vs Ves = Vs
RGl + RGZ
Rp -
Vs =Ves —Rslp
RaT, o J 42 < 2
L 5 l5 = BNss —Vin)
Voo p Vs \
\ > unknown: Vs and I
74 Ip .
GS l » 2"d degree equations system.
Rmu R- > select the suitable I value

1 Vs :VPS_(RD+RS)ID



MOSFET biasing

2"d variant — 4 resistors, single supply - cont.

-

Vs VGS :VGG — RS I D

<
D Rp \ID = BVgs _VTh)2
| i .

I-=0 » Vs depends also on the drain current I

\ opposes to the variation tendency of 1,
v, lf D

5 - negative feedback due to Rq
Re Re © ensure the OP stability for variation of
certain parameters
1T @ Increases the complexity of computational

relations



Problem 2 Re;=3MQ; R5,=1MQ;

Ve R=3KQ; R=1KQ; V=20V
Vo, =2V; B =0.5mA/V2.
R
o ? What is the OP ?
Rex e
R, 1

IGZO

o5 Iy = BVss _VTh)2 Ves =Vee — IpRs
R
GZD 2.
- I5*-81p+9=0; Iy inmA 15, is not suitable;

y y | (Ro4R) — 1,,=6.65mA and results V<0
ps =Vps “lp\Rp T Rg) = =] =135mA
l,=15,=1.35mA
=20-1.35(3+1) =14.6V D 'D2




Problem 3

MOSFET: V;, =2V; =0.25mA/V?; V=20V
? Choose the resistances to obtain

I,=1mA in the OP
Re; Kp lID

:/8(\/68 — VTh i

)
—D =2+ =4V
A 02
VGS

RGE[J R l I DSsat - VGS

T- active region VDSe(ZV; 20V).

<
@®
®
i
>
.‘_
=
>
| |

Q : Let’s choose Vps= 7V
(Vps~ 1/3 Vpg for 3 elements in output loop: Ry, Ve, and Ry)

Vog —Vos  20—7
Vos =Vps = (R + Rl Ro+Ry==2—8 == — =13k

ID




Problem 3 — cont.

MOSFET: V=2 V; B=0.25 mA/V2

V os 2 Choose the resistances to obtain
I,=1 mA in the OP

Rp
lL;. Rp, Rs also sets the gain. For now we
RGI _ .
{z=0 can consider V.= 7V across R:
g s
N\ R, =5 =L = 7kQ
Vs ljﬂ b 1
Re Ry, =13—7 =6kQ
Ry
e Vo, =V +V, =4+7 =11V

R., =180 kQ; R,, =220 kO



MOSFET biasing

3rd version — current source, single /differential supply

e Usual in integrated circuits: biasing with current sources
o I, independent of the transistor parameters

single supply

?’Tf}s |D = |
Re; Ro lfff Voo = Ryl +Vo —Vo, +Vo,
o 16=0 ‘ v Vbs =Vps —Rpl +Vgs Vg

l 7 Voltage across the current source:

o o Ve -Ves



MOSFET biasing

3rd version — current source, single /differential supply
e Usual in integrated circuits: biasing with current sources
o I, independent of the transistor parameters

differential supply

Ves
R, [Hlfﬂf Ip =1
VPS — RDI +VDS _VGS +VGG

l Vs VGG =0
Re \ Vbs =Vps = Rpl +Vg4




Problem 4

£ Vpe =+ 12V
VPS[H R, =500k, R, =4.7kQ, | =1.6mA
Bo | |V k =0.1mA/ V2 W/ =2V, =05V

terminals of the transistor?

What is the voltage drop across the
dc biasing current source?

V=0 _
- ‘ 1 v.s  What is the OP?
RGH V\ What are the dc potentials in the
|
Vs
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