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The FET Bias Equation

Basic Bias Equation

(a) Look out of the 3 MOSFET terminals and replace the circuits with Thévenin equivalent circuits as showin
in Fig. 1.
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Figure 1: Basic bias circuit.

(b) Solve the FET drain current equation for Vgs.

Ip
Vas =1/ N + Vro

(c) Write the gate-source loop equation in the gate-source loop and let Is = Ip.
Vaa —Vss =Vas + IsRss = Vas + IpRss
(d) Solve the loop equation for V.
Vas = Vae — Vss — IpRss

(e) Equate the two expressions for Vizg and rearrange the terms to obtain a quadratic equation in v/Ip.

IpRss + \/% ~(Vag = Vss — Vro) =0
(f) Let a = Rgg, b= 1/\/?, and ¢ = — (Vog — Vss — Vro). In this case, the bias equation becomes
alp +b\/Ic+c=0
Use the quadratic equation to solve for \/Ip, then square the result to obtain
o ( —b+ é@) ’
a

Note that there is a second solution using the minus sign for the radical. This solution results in Vgs < V7o,
which is a non realizable solution. The desired solution is the one which gives the smaller value of Ip.
(e) Check for the active mode. For the active mode, Vps > Vas — Vro = +/Ip/K.

Vbs =Vp —Vs = (Vop —IpRpp) — (Vss + IsRss) = Vop — Vss — Ip (Rpp + Rss)
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Figure 2: Circuit for Example 1.
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Figure 3: Circuit for Example 2.
R2 RD
Vag =V*+ -1 R Rae = (R1 + Rp) | R
GG R+t PRpt R+ ¢ = (R + Rp) || Rz
R+ R
Vpp=V" ! 2 Rpp = Rp|| (R1 + R2)

Rp + R+ R»
Vss =0 Rss = Rg

The gate-source loop equation is

R2 RD

vt ~1
Rp+Ri+Ry, "Rp+Ri+Rs

Ry =Vas+ IpRs



This can be solved for Vg and equated to v/Ip/K + Vo to obtain

RpR, Ip V+R, )
Ip|Rs+ ———— = (—= VWV =0
D( s RD+R1+R2> K (RD+R1+R2 ro

The a, b, and c in the bias equation are given by

Rplts 1 VIR,
R Py ey X N (RD+R1+R2 TO)
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Figure 4: Circuit for Example 3.
V+*Rs
Vee =5——=  Rge=Ri|R
¢a Ry + Rs GG 1” 2
RS RD
Vss = V7 —1 R Rss = Rs| (Rp + R
s =V R R T Rs  PRp TRt Rg s s = Al (o )
VDD:V+ R3 + Rs Rgs

+1 R Rop = Rpll (Rs + R
Rp+Rs+Rs ' °Rp+Rs+Rs © pp = Rpl| (B3 + Rs)
Let Is = Ip. The bias equation for Ip is

VTR, Rs Rp ) Ip
e L —1I Rs ) =1/=2 +Vro +1Ip[Rs| (Rp + R
Ry + R, ( Rp+Rs+Rs "Rp+Rs+Rs & T Vro+ IplRsl| (Rp + Rs)

which gives

RpRs Ip VTR, V*tRs )
Ip (Rs| (Rp + Ry) - ——225 =L - —Vio ) =0
D< sl (Bp + Rs) RD+R3+RS> K <R1+R2 Rp+Rs +Rs ¢
The a, b, and ¢ in the bias equation are given by
RpRs 1
= Rgl|| (R Ry) - —F7+—— b=14/=
a= Rsl|| (Rp + R3) Ro T Ryt Rs %
( VTR, V*Rg >
c=— - —Vro
Ri+Ry Rp+Rs+Rg
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Figure 5: Circuit for Example 4.
Example 4
For M;
Ry
Veei =V T——=—  Rgc1 = Ri||R Vssi=0  Rss1i=R
feles) Rt iy a1 1] Re 551 SS1 S1
Vppr =V+ Rpp1 = Rp1
The loop equation for Ipq is
Ry
T = =Vgs1+IpiR
"+ I as1t+ Ip1fis
This and the equation for Vg1 can be solved for Ip;.
For Ms
Vaeez2 =V —IpiRp Rgg2 = Rp:

Vss2 =0 Rsgo = Rgo Vop2=V™+ Rppas = Rpa

The loop equation for Ips is
V*t —Ip1Rp1 = Vasa + IpaRso

This and the equation for Vggo can be solve for Ips.
Given Ipy and Ips, it can be determined if the two MOSFET's are in the active mode.

Example 5

Ry

Vegr = VH—2—
GG1 "+

Raai = Ri||R2 Vss1 =0 Rss1 = Rs:

Vaaz = Is1Rs1 Raae = Rsi Vssa =0 Rsso2 = Rsa Vopa=V™* Rpp2 = Rpo

Let the currents to be solved for be Ip; and Ips and let Ig; = Ip1 and Igo = Ipo.
The gate-source loop equation for Ip; is

Ry

Vr—=—
R+ Ry

=Vaes1 +Ip1Rs1

This and the equation for Vg1 can be solved for Ip.
The gate-source loop equation for Ips is

Ip1Rs1 = Vgs2 + IpaRs2

Given Ip; and Ips, it can be determined if the two MOSFETSs are in the active mode.
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Figure 6: Circuit for Example 5.



