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The BJT Bias Equation

Basic Bias Equation

(a) Look out of the 3 terminals of the BJT and make Thévenin equivalent circuits as shown in Fig. 1.
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Figure 1: Basic bias circuit.
(b) Write a loop equation for the base-emitter loop.
Vep —Ver = IpRpp + Ve + IeREE

(c) Use the relation Ic = SIp = alg to express Ip and Ig as functions of the current desired. Let I
be the current.

I I
Ve — VEE = ?CRBB + VBE + ECREE
(d) Solve for Ic.
I Ve — VEE — VBE
© Rpp | ReE
- + -
153 «

An “educated guess” of the value of Vpr must be made to evaluate this. Typical values are 0.7V for IC
transistors, 0.6—0.65 V for low-power discrete transistors, and 0.5—0.6 V for higher-power discrete transistors.
(e) Check for the active mode. For the active mode, Vop > 0.

Vep =Vo — Ve = (Voe — IcRec) — (Vep — IgRpg) = (Voo — IcRec) — (Ver + IgRpe + Ver)

Example 1

yo ViR 4 VOR,
BB = R+ Ry

Vee =V~ Rge =Rg Voe =VT Rce = Re

Rpp = Ri||R2



Figure 2: Circuit for Example 1.
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Figure 3: Circuit for Example 2.



Example 2
R2 RC

Ver=V" 7 R R . r .

BB Rot+Ri+Ry “Rot+Ri+Ry ° BB = (R1 + Ro) || Ry
R1+R2 R2

Vee =V" -1 R Roc = Ro|| (R, + R

ce Rc+ R+ Ro BRC-|-R1_|_R2 c cC CH( 1+ 2)

The base-emitter loop equation for I is

+ 1t —I fle  _p,-1lc
Re+Ri+R CRo+Ri+R 2B

I
Rpp + Ve + ECRE
This can be solved for I and it can be determined if the BJT is in the active mode.

Example 3
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Figure 4: Circuit for Example 3.

Vi — VIR, + V™ Ry
BB = Ri+ R,
Rg 7 Re
Rec+ Rs+ Rg CRC+R3+RE
Rs + Rp Rg
I R
Rc+R3+RE+ ERc+R3+RE ©
The base-emitter loop equation for I is
+ - 1
VTRy +V R1<V+ REg I R¢ RE)——C
R+ Ro Rc+ Rs+ Rg Rc+ Rs+ Rg I5)

This can be solved for I and it can be determined if the BJT is in the active mode.

Rpp = Ri||R2

Vep=VT

Rg Rpp = Rp|| (Rc + R3)

Vee =V™T

Ree = Re|| (Rs + Rg)

I
Rpp+ Ve + ECREE
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Figure 5: Circuit for Example 4.
Example 4
R
VeB1 = V+ﬁ Rpp1 = Ri||R2 Verp1 =0 Rer1 = Rp:

Veer =V —IpRen Roeo1 = Re
The base-emitter loop equation for Ioq is

R I
vt 7 +2R2 501 Rpp1+ Ve + —RE
1

This can be solved for I¢.

For Q2
Vepa =V —Ic1Ren Rpp2 = Rca

Vep2 =0 Repo = Ree Veca =VT Rcca = Reo

The base-emitter loop equation for 1o is

Ioo
Vt —IciRer = B—Rm + Ver2 + —RE2
2

This can be solve for Ios.
Given Io1 and Ig9, it can be determined if the two BJTs are in the active mode.

Example 5
VBB1 = V+£ Rpp1 = Ri||R2 VeEe1 = —Ip2Rp1 = *@Rm Ree1 = Re:
R+ Ry B
I
Vepe = Ig1 Rp1 = C%Rm Rpp2 = R VeEr2 =0 Regr2 = REo Veca =VT Receo

Let the currents to be solved for be Io1 and Ico. The two base-emitter loop equations are

R I I Ioq
V+F2]%2 - (-%Rm) 5011 Ry||Rs + VeE1 + —RE1
I I Ico
" Rer = 2Ry + Vs + —RE2
aq B

= Reo
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Figure 6: Circuit for Example 5.

These can be rewritten as follows:

Ion <R1||R2 n RE1> ey <RE1) _yt Ry 2 Vm

Ieh ai Ba Ri+R
R R R

—Ien (ﬂ) + Ico <ﬂ + ﬂ) = Vg
o By

The above two equations require simultaneous solution. The determinant solutions are

1 R R R R
Ien =+ [(V+72 - VBEl) (ﬂ + ﬁ) - VBE2£:|

A R+ Ry Ba Qg Ba
1 R1||R2 REl) Re1 < Ry )]
Ico=— |- + —— | Veg2 + vt -V
C?2 A { < ﬂl o BE?2 o R1 T RQ BE1

where A is the determinant given by

Ry||R R R R R R
A:<1”2+ E1)<E1+ E2>_<E1>(E1>
B aq B2 Q2 aq B
In the event that Ig1 > Ipa, the Ioo/f, term in the first equation can be neglected so that the first equation
becomes

R2 IC1 ICl
Tt = R|Ry + V] —R
T+ 3, 1|| R + 13E1+a1 E1
In this case, the approximate solutions are
Ry
Vi—— -V,
o "+ I BE1
Ri||Ry | Rm
+ ——
/81 aq
R
Icy <£> — VBEe
Ico = -
Ril|[Ry = R
+ -
61 aq



