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DC circuits with BJT and
polarization of transistors

OBJETIVES

Summarizing the operating regions and introducing the
amplification (active)

Active, Cut-off, Saturation

* Analyzing basic BJT circuits in DC. Static characteristics
and Load line.

« Understanding the need of polarization circuits
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owing and analyzing typical polarization circuits of
nsistors. Bias (quiescent) point.
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Amplification concept with BJ T
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1« (mA) SATURATES
60 Vo=0V
50
40 AMPLIFIES
30 Vo = GVi \\
o /
CUT-OFF /
19 Vo = Vee \\
, /
Vo 0 0,2 0,4 0,6 08 Vee(V)

= Small changes of Vi result in greater variation of

Vo, thus providing gain Vo/Vi

= [t should be around a bias point or quiescent
point VBE-Q, VCE-Q
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Superposition of DC Bias and Signal
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= VBB is a continuous source that
provides along with RB a bias
point (polarization) : v, = 0
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= A variable signal is introduced
and it is added to Ves Vap+v
g

Session 12

N

1N

<

N,

N

VBB

VBE (V)




Amplification focuses on Active region

« Datasheet VBewon) VcEsay hre VBE(sat)
Search BC547 in hitp://www.fairchildsemi.com/

Cut-off Reverse(OFF) Reverse

Active Forward (ON) Reverse (Transistor Effect)
Saturation Forward (ON) Forward (Saturated)

Cut-off VBE < VBE-ONO IB=0 IB=0, Ic=IE=0

Active VBE-ONY VCE > VCE-SAT IC = hFE.IB [VBE=VBE-ON]
Saturation VBE-ON y VCE-SAT VCE =VCE-SAT [VBE=VBE-SAT]
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Graphical DC Analysis

+\Vee

T 7 = Cancel the signal (superposition)

EXAMPLE RC C Vv, = 0
«sRC=1000 *Analyze the input
» RB =10 kQ ] = Device Equation
RB 5 + -
«\VCC =10V R (Input Characteristic)
«\\BB =10 V WO + |$k CE = Circuit Equation
n VBE(on) — 0,7 V @ Vg VBE_ - A | (LCI:ad line)
- VCE(sat) = 0,2 V ]E nalyze the output
= hFE = 100 + = Device Equation
) _— VBB (Output Characteristic)
1 = Circuit Equation
- (Load line)
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Ve = VBE(on)

Input Characteristic and
Load Line (I)

N

N\

N
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J = VBB o VBE(on)
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» Graphically
= Characteristic:
g =1 (VBE>VCE)
= | pad line:
_— Vs — Ve

l, =
B R
B

= Analytically
=\VBB > VBE(on)

Ve ) Vpe = VBE(on)

Vg =Vgr Hig- Ry




Output Characteristic and
Load Line (Il)

| = Graphically
60 LA o
U4 » Characteristic:
50 LA lC =ZC(VCE,ZB)
-{'B =4OMA\ = L oad line:
PR Ve =veg
30 LA le =
— RC
= Analytically

20 LA
— =\/CE > VCE(sat)
10 LA

. ic = hpg - ig

0 2 4 618 10 12 14 '16 Vee (V) V.. =v. +i.-R
VCE Vee CcC ce Ttc " f\¢
]C:hFE']B VCE: CC_]C'RC
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DC equivalent circuit: Analytically

EXAMPLE +Vcc
«RC =100 Q = Analyze the input
«RB= ] = Device Equation
=VCC =10V RC C
= Circuit Equation
= VBB = ... ]
= VBE(on) =0,7V
VCE( i oy RB 28 , |+ = Analyze the output
(sat) =0, | + |3\VCE = Device Equation
= hFE =100 + 1% 3
— VBB BE . .
T — = Circuit Equation
_ I,
VBB=10V 1 1
RB =10 kQ
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Solution: DC Analysis

+Vcce
= Analyze the input
=\VBB > VBE(0on)
RC ]C = Device Equation ~ Vpg — BE(on)
]B = Circuit Equation VBB — VBE + iB * RB

RB > +

. S + B\VCE = Analyze the output
e Ve |7 *VCE > VCE(sat) |

T B l]E = Device Equation I, = hFE lg

= = = Circuit Equation VCC = Vg + iC . RC

VBB o VBE
e _ (on)
VBE NVBE(on) [B_ R ]C:hFE']B VCE:VCC_]C.RC
B
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Bias circults

+\Vce +\ce
RC Rec
Co
Ve ¥ Vo
Rg Ci .
||
i Ve % [ HL
: Rb
r”‘l\vx f—
RE CD Vg lee — Ce
-Vee = Vee

= Set a stable operating point desensitized against the transistor
parameters.

= Optimize the signal amplifier circuit.
» Separate bias circuit if necessary (signal AC coupling).

UC3M 2010 ECC - Session 12 11




+\Vce
RC
Ve
= Ve
RE
-Vce
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Example

= Reasoning operating region
= Calculate the voltage VE
» Calculate the current |E

= Derive the relationship between Ig, IB
and Ic

= Calculate the curents Ic and IB
= Calculate the voltage Vc

DATA
=VCC =12V
= RC =RE =10 kQ
= VBE(on) =0,7 V
= VCE(sat) = 0,2V
= hFE = 100
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Types of polarization circuits
Biasing with RE

Practical circuit

=

Tvee +Vee +Vee

RC RB2 RC = RC

— VBB

}./"
=
— RB1 §
RE
' f f RE - RE

= | ower sensitivity to the transistor current gain
= Stabilizes the bias point (quiescent point) against VBe, hre, etc.
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Case 1: Biasing with RB

DATA:
«\VBB=5V =*RE=2KkQ
»\VCC=10V =VBE(on)=0,7V
=»RB=50kQ = VCE(sat)=0,2V
=RC=3kQ =hFE=100

» Reasoning the operating region
= Indicate the value of VBE

| = Calculate the currents IB, IC e |E
3 RC = Calculate the voltage VCE
= Check that is in active
___’ ME = Recalculate if you change hre = 200
M SN —— Vcco
RB —
—_ VBB
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Case 2: Biasing with RE

DATA:
=VBB=5V *RE=2KkQ
«\VCC =10V =VBE(on)=0,7V
»RB=10kQ = VCE(sat)=0,2V
=RC=3kQ =hFE=100

"*;j-f.fi RC

A A
ITATAY
L ¥

RB N — Vecce

— VBB = RE

= Reasoning the operating region
= [ndicate the value of VBE

» Calculate the current IE (you can
neglect the base current IB)

= Calculate the currents Ic, IB

» Check that IB is negligible

» Calculate the voltage VCE

» Check that the BJT is in active

» Recalculate if you change hre = 200

» Generalize if not negligible 1B (eg if
RB = 50 kQ)
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Biasing with current mirrors

‘+Vcc
+ R3 <1k R2 < 10k
12V —
4 | RL"
@
———%
. |02 o1
+ v v
12V —
B RL2 ? >
l BWQS
' Vce
R
_ 2 _10. _
102 _[refRT_IO ]ref ]Ol ]ref
3
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Proposed exercise: Current sources

+Vce=+15Y

!

EEE g

Vz=3V3

:
o
i

!

-Vee=-15Y

RL
4K7

RE
1k

Zener ideal:
V,=33V
lin =10 MA
Transistor:
VCEsat =02V
VBEon =0,7V
B =270

» Calculate I, I, Iz and Vg, Vi, Vg, Vg, L.
* For R =1 kQ, calculate |, y V,

« For R, =22 kQ, calculate I,y V,;

* Plot the load lines (three cases).

- Maximum RL as a current source?.

* In the case R, = 22 kQ, calculate I, |,
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+\/cc=+5V
Q1 Q2
O
+
Rref
43&&2 s sor
llref ILl )

» Obtain the ratio |/l

* Reason if |5 is negligible

* Obtain |

* There is the scale factor |, =
214 between both transistor.
Calculate Vo.
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