
Biasing the BJT

I Finding a starting point for biasing the BJT is confusing initially. Its
not as easy or straightforward as you might expect.

I It’s important to understand the basics of how the value of one
resistor effects the amplifier’s characteristics. There are a lot of
moving parts and most are connected in some way. Its like a
balloon. Poking in one place causes bulging elsewhere.

I There are many parameters to consider:
I input impedance
I output impedance
I gain
I current consumption/power dissipation
I temperature stability

I In addition, you usually don’t get to choose any resistor value but
only standard ones; and preferably not 1% ones.



Biasing the BJT

I Consider the following common emitter amplifier.
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I The parallel combination of R1 and R2 effects Rin. R3 effects the
input impedance, gain and output swing of the amplifier.

I R3’s effect on input impedance is modified by transistor β. Its
resistance value is effectively multiplied by β.

I R1, R2 and R3 all effect the temperature behavior of the amplifier.

I R1||R2 should be at least 10Rsrc to lower IR drop across Rsrc .

I Current through R1 and R2 should be at least 10Ib.

I AHHHHHH!!!!



Biasing the BJT

I Here is general procedure for our simple amplifier circuits. It still
requires some fiddling around. But, fiddling around gives insight.

I This procedure makes some simplifications, maintains stability (DC
primarily) and gives pretty accurate results.

I Suppose we want a single-stage BJT amplifier with the following
parameters:
I Vcc = 10V , Gain= 20, Icc < 20mA

I First we choose a suitable transistor:



Biasing the BJT

I There are literally hundreds of transistors that could work.

I The short list would include the 2N2222, 2N3904, 2N4401.

I These are all cheap, easily obtainable transistors. They could be
considered the ”cockroaches” of the BJT transistor family tree.
They will be around when all the others have disappeared.

I For this example we will look at the 2N4401. The important
parameters are: Vceo , β, Ic , and Vbe which is about 0.6V at the
current levels we are interested in.



Biasing the BJT

I Let’s first take a look at the maximum ratings. These are values you
want to stay away from.

From: https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf

https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf


Biasing the BJT

I What’s important here? Does this apply to our application?

I You have to carefully read datasheets and think about what they are
telling you, what they are not, and what to carefully infer.

I You must pay close attention to the conditions for each specification.

From: https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf

https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf


Biasing the BJT

I Now, what’s this telling us? What’s important, what’s not?

I Now we see what Note 1 tells us. Did you miss that before?

From: https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf

https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf


Biasing the BJT
I Let’s look at the small signal current gain, hfe . We can usually call

this β.
I This tells us where we should set our transistor Ic .
I We want β > 100 to make our approximations work.

From: https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf

https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf


Biasing the BJT

I This graph tells how hfe changes with Ic and temperature.

I Just something to keep in mind.

From: https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf

https://www.onsemi.com/pdf/datasheet/2n4401-d.pdf


Biasing the BJT

I From the datasheet, the following can be chosen as starting points:
I Ic = 5mA, as β ≥ 100, power dissipation and Ic is not exceeded.

I We will choose a circuit topology as shown below:
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Biasing the BJT

I For maximum dynamic range, we choose a quiescent Vc = 5V . So,

R4 =
Vcc
2
Icc

= 5
.005 = 1000 ohms

I Now, to minimize Ic variations due to temperature changing Vbe we
want Re Ie > 10Vt where Vt is the thermal voltage or 26mV at
300deg C.

I Let’s shoot for a Ve of 0.5V.

I If we make the assumption that β exceeds 100, Ic ≈ Ie , so:

R3 = Ve
Ie

= 0.5
.005 = 100 ohms.

I Note the gain is roughly equal to R4
R3 = 10. We will fix that later,

wink, wink.



Biasing the BJT
I Since we know Ve , we also know Vb and can solve for R1 and R2.

Vb = Ve + VE = 1.1V
I R1 and R2 can be solved for with Matlab or by hand.
I We want the current through the R1/R2 voltage divider ≈0.1Ie .
I This ensures that variations in Ib will not alter Vb. The voltage

divider also reduces the variation in Vb with changes in Vcc .
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Biasing the BJT

I Solving for R1, R2. First the voltage divider relation:

Vb = Vcc

(
R2

R1 + R2

)
1.1 = 10

(
R2

R1 + R2

)
and so,

R2 = .11(R1 + R2)

R1 = 8.1R2



Biasing the BJT

I Now keeping in mind that we want the current through the R1/R2
voltage divider ≈ 0.1Ie we can say:

Vcc

R1 + R2
= 0.1(Ie) (neglicting Ib)

10

R1 + R2
= 0.1(.005)

10

8.1R2 + R2
= .0005

10 = .0005(9.1R2)

R2 = 2197 ohms, and

R1 = 17795 ohms

I In the implementation, we would use R1=18K and R2=2.2K ohms.



Biasing the BJT

I Our circuit (DC only) looks like this:
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Biasing the BJT
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.title dcopt1.sp
*determine dc operating point of transistor

.include 2n4401.mod

Vcc vcc gnd 10v
R1 vcc base 18K
R2 base gnd 2.2K
R3 emitter gnd 100
R4 vcc collector 1K
Q1 collector base emitter 2n4401

.control
op

; DC operating point analysis
print v(base) v(emitter) v(collector) ; print DC voltages

.endc

.end

*results
*Doing analysis at TEMP = 27.000000 and TNOM = 27.000000
*v(base) = 1.041303e+00
*v(emitter) = 3.774958e-01
*v(collector) = 6.249428e+00

I Our currents/voltages are a little bit off: Vb low, Ie low, Vc high



Biasing the BJT

I Let’s try fiddling a bit. Lowering R1 a bit should help all three
parameters.

I We will try 15K instead of 18K. This raises Vb, Ve and lowers Vc .
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.title dcopt2.sp

*determine dc operating point , fiddle #1

.include 2n4401.mod

Vcc vcc gnd 10v
R1 vcc base 15K
R2 base gnd 2.2K
R3 emitter gnd 100
R4 vcc collector 1K
Q1 collector base emitter 2n4401

.control
op

; DC operating point analysis
print v(base) v(emitter) v(collector) ; print DC voltages

.endc

.end

*Doing analysis at TEMP = 27.000000 and TNOM = 27.000000
*v(base) = 1.215030e+00
*v(emitter) = 5.411213e-01
*v(collector) = 4.622165e+00

I Are we good or what?!


