Analog Electronics
ENEE236

Instructor: Nasser Ismalil

L8- DC Biasing - BJTs




Example

e Assume VcEesa)=0.2 V

* Find mode of operation of 3kQ

Q1l7?




Determine Mode of Operation
of BJT?

e Solution:

« 1) Since BE junction is forward biased ==> Q1 can be either in
Active (Linear) or Saturation mode

« Assume itis in Active Mode
5=200kQ. 1, +V,  +2kQ.I_
But, . =(1+ p)I,
9-V,.
200 kQ2+ (1+ B).2kQ

Solvefor |, =

|— 5-0.7
> 200 kQ+ (1+100).2 kQ
4.3V

= =10.7 pA
402 kQ




I =Bl
=(100).(10.7 pA)
=1.07 mA

le =(B+1)lg

=1.0807 mA
Now we find V. from output circuit

10-1..3kQ-1..2kQ=V_
=V, =4.63V> VCE(sat)

. Q1lis in active mode and the assumption is true
we can also verify that the BC junction is reverse
biassed which is required so that the BJT operates

In active mode




10-1..3kQ -1 .2kQ =V

= Ve = Vg - Vis

= Vg =V — Ve =4.63-0.7=3.93V
5. Vge ==V =-3.33V

BC junction is reverse biased




e Solution:;

1) Since BE junction is forward biased ==> Q1 can be either in
Active (Linear) or Saturation mode 3kQ Lt

« Assume itis in saturation mode:

10— 1 3k — . 2Kk = Ve
assume .., = lce
10-0.2
Ny = =1.96 mA
5kQ
I |
IB(min) - C[(;at) =19.6 HA )
- |C(sa y1T-——""""""7"° .

Now we find the actual value of 1B " /
| 5 cey =10.7 pA (it was found previously) —Active Mod%Saturation Mode———
since .
sy < Ny = Vo = the assumption ‘ |B(min) |8
made earlier that BJT in saturation mode

IS wrong , and actually it is in active mode IBiactuali




Biasing

Biasing: Applying DC voltages to a transistor in order
to establish fixed level of voltage and current.

For Amplifier (active/Linear) mode, the resulting dc
voltage and current establish the operation point to
turn it on so that it can amplify AC signals.




Operating Point

The DC input e 51
establishes an
operating or

quiescent point
called the Q-point. | ™™

10

20

Vee (V)




The Three Operating Regions

Active or Linear Region Operation
« Base—Emitter junction is forward biased
« Base—Collector junction is reverse biased

Cutoff Region Operation
« Base—Emitter junction is reverse biased

Saturation Region Operation
« Base—Emitter junction is forward biased
« Base—Collector junction is forward biased




DC Biasing Circuits

Fixed-bias circuit
Emitter-stabilized bias circuit

DC bias with voltage feedback

A

Voltage divider bias circuit




1)Fixed Bias Configuration

T Vee
Rc L Ic
ac
It o output

" j
&, signal

ac
input ©
signal

DC equivalent circuit

Vcc
f=0= Xc= 1 ~ oo (Open circuit) e
27ZfC Rc% L Ic

ac
-0 output
signal

ac
input ©
signal Ci




The Base-Emitter Loop

From Kirchhoff’s voltage
law for Input:

+Viec— IgRg— V=0

Solving for base current:

Choosing Re will establish
the required level of I




Collector-Emitter Loop

Collector current:
lc =Blg
From Kirchhoff’s voltage law:
V.=V, .-I.R,
V.=V.-V,
Since V. =0 =) ..V =V,

VCE - Vcc - ICRC Vec |,
+
Also : Ve
VBE - VB _VE Vee |
V.=V Vee = Vee = Ve =0

* " BE B . —
-- VBC - VBE _VCE




Saturation

When the transistor is operating in saturation, current
through the transistor is at its maximum possible value.

Csat = R

~0V

CE = VCE(sat)




Load Line Analysis

The load line end points are:

ICsat
Ve=0V

VCEcutoff

Yec
R

/

Ver =0V —

N\

A IC

S

Q-point I
\ Bo

RRRD

___—Load line

N,

0

\M Vee  Vee

IC=O mA

The Q-point is the operating point where the value of R sets the
value of /5 that controls the values of V -and /.




The Effect of V,-on the Q-Point




The Effect of R-on the Q-Point




The Effect of /;0n the Q-Point




Design: Fixed bias
AssumeVCC =10V, g, =100, 8. =50, 8 =150

nominal min max

Design for Q -point : Vg, =5V, I, =1mA

Solution
|
oo =—2 =12 _10,A
ﬂnominal 100 el

I _ VCC - VBE — « ) signal

° R, o
~ _ Ve =Vee _10-07

° I, 10 nA
=930 kQ

Vee = Ve — IR

VCEQ =5=10-1.R,

. R. = i =5kQ



Fixed bias Stability

Assume VCC =10V, S ..q =100, f... =50, B, =
Design for Q -point : Vg, =5V, I, =1mA
Solution — continued RBg

It B =P, =50 ac L’B‘

I, =10pA iy

|. =PIz =(50)(10 pA) =0.5mA

Vee = Vee = IcR¢

R
———

A}

Vero =10— (0.5 MA)(5kQ) = 7.5V for

50 < <150
I =B, =150 |, =10 pA fixed
l; =10 pA 0.5mMA< I_<1.5mA
. =PI, = (150)(10 uA) =1.5 A 75V> V. >25V
Vee = Vee —IcR¢

... 1.5mA
| Vo <10 USMANSK) =25V =g, =3 ctable




2) Emitter-Stabilized Bias Circuit

Adding a resistor j ¥
(R, to the emitter )
circuit stabilizes . e
the bias circuit. — v,




Base-Emitter Loop

From Kirchhoff's voltage law:

+Vee —1;R, =V —I.R. = 0

Since /=B +1)/5

Ve — 1Ry =Va —(B+1)I,R. =0 = Vec

TOr
Solving for Ig:
~

| — Vee — Ve
Ry +(B+1)R.

(6 +1)R: <« isthe emitter resistor as it appears




Base-Emitter Loop

Solving for I¢:

| = Vcc _VBE
E RB
+R¢
B+1)
In order to get IE almost independant of B
we choose: $
n — Vee
R, >>—F - e
B+1)
— . = VCC _VBE
e =
Re T

Also, Iin order to guarantee operation in linear mode
we choose 0.1V .. <V <0.2V,




Collector-Emitter Loop

From Kirchhoff's voltage law:
IcR + Vg + IcR. -V, =0
Since /-= /.
Vee = Vee = le(Re + Re)

Also:
Ve = IER;
Ve = Vee +Ve =V —IcRc
Ve = Ve —rRRg =Vge +Ve




Design: Emitter Stabilization bias
Assume VCC =10V, S =100, g... =50, B . =150

nominal min max

Design for Q -point : Vg, =5V, I, =1mA
Solution TVCC
—let V. =0.1V,

V. =1V 2
|E=£:>RE: 1V =1k . | u»
R: 1.01mA ’ &

| — Vee — Vee
B
R +(B+1)R¢
Relg +1(B+1)Re =V — Vi

RB:VCC_VBE_IB(B+1)RE Vo = Ve — IR = Ve
e Vieo =5=10-1-1.R
 10-0.7-10 pA(100+1)1kQ s

Ry =——=4kQ
10 pA c 1mA




Emitter bias Stability

It B = Bmin =50
9.3
g = =10.56 pA ks =
> 820kQ+51kQ i gL
o =Pl =(50)(10.56 pA) = 0.528 MA | i —} B

signal C

VCE = VCC - ICRC _VE
Vego =10 (0.528 MA)(4kQ) -1=6.89 V

If B =P g, =150 for
9.3 50<B <150

le = 820k0 + 151k J489 uA 10.56 pA > 15 >9.489 pA
| =Bl =(150)(9.489 uA)=1.423mA  0.528 mA < I. <1.423mA

Vo =V —I.R. -V, 6.89V> V., >3.31V | ]
mproved,
Vegg =10-(1.423mA)(4kQ)-1=331V I .0 1.423mA _ but not
N 0.528 mA  very

Cimin' | | |



Improved Biased Stability

Stability refers to a condition in which the currents and
voltages remain fairly constant over a wide range of
temperatures and transistor Beta ([3) values.

Adding R to the emitter improves
the stability of a transistor.




Saturation Level

A IC

cC

Rc"' RE
ICsa!

Vee=0V

-point 1
>on Bg

Re N
Ny

0 | VCC VC E

The endpoints can be determined from the load line.
_ . V=0V
VCEcutoff' Vee = Vec ICsat'

Y
__ e
lc = OmA lc =

RC+RE




3) DC Bias With Voltage Feedback

Another way to improve vee
the stability of a bias

circuit is to add a IB Il =
feedback path from — .
collector to base. RB

In this bias circuit the
Q-point is only slightly
dependent on the
transistor beta, £.




Base-Emitter Loop

From Kirchhoff’s voltage law:

Vcc
Vee = ILR —1gRg =V =0 Il
=1+, B SR
Ic zﬁIB R/\BN\/
Solving for /g
- \szfl;/fER

L B |

Vee =L.R + Ve )
=1, +1, suppose BT, 1.4, 1. =T B.I, 4= const
Vee = Ve -(lc +15)R, there is some kind of compensation effect



Design: Voltage feedback bias

Assume VCC =10V, B .ina =100, B... =50, 8., =150

Design for Q-point : Vg, =5V, I, =1mA \Y/elo
Solution - Vo -V,  10-5 ) 'l
L= =
Il +15 1mA+]ELrg/: T\/\/ RL
RB
=4.95kQ
| = Vee = Vee
" R L(B+1)+Rg
- Ry =430kQ L
If B:Bmin =50 for
| =0.013627 mA 50 <B <150
lc =0.68mA 0.68MA< I <1.19mA
:f P Z% o 923150A owwy _119MA o Better
= 0. m x = = Q-point
i oy 0.68 MA stabilit




Base-Emitter Bias Analysis

Transistor Saturation Level

oo™ lomax = Voo
X RL
Load Line Analysis
Cutoff Saturation
Y
Vee =Vee I =%
. =0 mA -




4) Voltage Divider Bias

This Is a very stable bias circuit.

Vee

The currents and I
voltages are nearly
iIndependent of any R,
variations in f if the >
circuit is designed vio—i|
properly %




Approximate Analysis

Where /<< /,and /= /,:
Vee
V. = RyVee
° Rl + R2 R2 l 12 e
C‘—o ’
Ve =V —Vge Yo | 2
G
— VE _ VB _VBE
|E(approximate) - RE - RE R1 11 Rg 1 I

From Kirchhoff’s voltage law:
Vee =Vee = IcRe —IeRe
Il =1
Vee =Veele(Re +Re)

Here we got Ic independent of
B which provides good Q-point




We must try to make /5 as

Exact Analysis

close as possible to zero vee /e
Rc
Thevenin Equivalent circuit RZQIZTE(} I
for the circuit left of the base o — C,
is done v, - R,V Gi
t
R,+R, R1 11 & 1 I
R, =R, /IR, =Rz -
R,+R,

Vth — IBRth +VBE + IERE

IE
but 1, = B4l ~th
] _ Vth 'VBE
* * "E(exact) Rth Vih

et O

Re




E(exact) — Rth

If we compare to approximate solution

\
1
E(approximate) — R G
E

.. Rth
— we must make the quantity =t <<Rg

Exact Analysis

_ Vth 'VBE
RE

—+
B+1

_ VB -VBE V"C

B+1

Here we got Ic independent of

Rth << (B+1)R;

asarulelet Rth << %

or

Rth << B&
10

Re




Design: Voltage Divider bias
Assume VCC =10V, B, i =100, 8., =50, B, =150
Design for Q -point : Vg, =5V, I, =1mA
Solution
Dlet V. =0.1V__

V. =1V

_ Ve R IV Li1ko &
RE

I E — =
1.01mA

E

Re-Bromina 1 KQ.100

2) let Rth = € — 2 KO
50 50

3) Vcc — RCIC + IERE +VCE
VCEQ:5
Vcc —VCE —VE _10-5-1

R = = =4 kQ
1ImA 1mA




Design: Voltage Divider bias

Assume VCC =10V, S ..a =100, B... =50, ... =150
Design for Q -point : Vg, =5V, I, =1mA
Solution —continued
_ Vth _VBE
e = Rin
—— +R_
B+1
oV, = RiVee _ | Rth | R.|+V, =172V ...(1)
R, +R, B+1
R, =R,/IR, = RR: ok (2)
R, +R,
solving (1) & (2) yields:

R, =2.42 kQ




Voltage Divider bias Stability

If B =Py, =50
. =0.982 mA
If =P, =150
. =1.0069 mA

for
50 <B <150
0.982mA < I, £1.0067 mA

. lommy _ 1.0067 MA ~1.0254  Very good

lemn 0.982MA Q-point
stability




Voltage Divider Bias Analysis

Transistor Saturation Level
VCC

Csat: Cmax -
R:. +Re

Load Line Analysis

Cutoff: Saturation:
V
Vee =Vee cTR iR iCR
l. =0mA ¢ E
Vo =0V



PNP Transistors

The analysis for pnp transistor biasing circuits is
the same as that for npn transistor circuits. The
only difference is that the currents are flowing in
the opposite direction.




DC and AC Load Lines

Assume VCC =18V, =100
R, =576 kQ; R, =3KQ;V,. =0.65V

FIRST :DC ANALYSIS
VCC = VCE + ICRC
1 V,
Ic = _R_CVCE +R_CCC — Ic :f(VCE)
This is a straight line equation
Y=mX+Db

Voo —Vae 18-0.65

output
signal

RL

| = = =30 pA

° R 576 kQ "

lc =Plg =3mA Ve = Vg 1R, =18-(3mA)(3kQ)
=9V



lcsa DC Load Line

| . VCC
Csat R
- o lo=—— v+ Yee g (V)
VCEcutoff
VCE(cuz‘oﬁ? = VCC Ic(sat)=6 MA
/-=0mA

lco=3 mMAf————————

VceQ=9 mA Vc E(cut—off):VCé
18V



AC Load Line

AC Equivalent Circuit l

% i |
N |

N |

A 2 Ve |7 Ry
o |

|

L |

Since we have dc and ac quantities,

let us define the notation _
V, =—R_.I

total DC ac ce acte
Vie(t) = Ve + Ve
VCE(t) = Ve + Ve
l.(1) =1, +1,
() =15 +1,

where R, =R.// R,
IS the ac resistance seen from collector terminal
+ resistance seen from emitter terminal




AC Load Line

AC Equivalent Circuit | > g ———— = ——

| |
o :
"/be Rc R
RB | 1
AC@ % ) I I
|
Vee =Vee() = Vee - |

=16~ 1c R

V. =—R_.i

ce ac’ c

I

)= Voo )= =R, (1) -1
Vee(®) - CEQ) Ale®- CQ) To Draw ac load line

|:> Ac load line equation |:> we find (VCE(t)max)and (Ic(t)max))



AC Load Line

AC Equivalent Circuit

RB

AC

(VCE(t) - VCEQ ) = _Rac'(l c(t) - ICQ )

(VCE(t)max - VCEQ ) =R, | CQ lo(Omax
Vee(Onax = VCEQ T RaC'ICQ , when I(t)=0

(v

C

_Rac'(lc(t) - ICQ)

+ 1., whenV_(1)=0

E(t) o VCEQ )

| (t),x

l[co=3 mA

CEQ

ac

g ———————
| |
T .
o |
|

Rac

MC

‘VCE

| VCE(t)max ”
|




lc(t)max
Ic(saty=6 MA

lce=3 mA

DC

Load

I/ Line VCE
| VCE(t)max VCE(cut-off)
| =VCC

Z AN
F d




Design

* In order to have the amplifier to
amplify an input ac signal without
distortion (by going into saturation or
cut-off)

* We choose the Q-point in the middle
of ac load line

2l .~ =1.(t
ICQ = % IC(t)max =2 C( )maX
V
1 cQ — 'cQ
VCEQ — E CE(t)max ac
- _ VCEQ
o o CQ R

ac



DC Analysis

Vcc :VCE+ICRC
define R, =R,
Vcc :VCE+ICRdc

at the Q - point
Vcc = Vego T ICQRdc
For maximum Symmetrical swing

V
leo = % = Vegg = leoRa

ac

Vcc — ICQ'Rac + ICQ'Rdc

V
o cc To design for maximum

cQ — <:I
Q Rii + Rii Simmetrical Swinﬂ B




DC Analysis
Also
VCEQ :VCC — ICQRdc
Ve
“ R, +Ry

( R
— VCC 1— = ch ]
\ ac T Ryc

=Vee —R

/Rac +Rdc _Rdc]
\ Rac_|_Rdc

VCC( Ra ]: Vee ***%* For maximum Symmetrical swing

Rac +Rdc




Design Example Vee

15V
Design for maximum symmetrical swing of
the collector current? Find the Q-point? .
Find the required Value of RB? 1 ki)
Draw AC and DC load lines
What is the power dissipation of the
transistor at the Q-point? 1 é

RE
&5 kO

RB
+
47V ‘ '




Solution

R..=R.=1kQ

R, =R.+R:=1.5kQ

For Maximum Symmetrical Swing of Ic
Ve 15

lo = = =6 mA
R,.+R, 1kQ+1.5kQ
— VCC — 15 —
Verg _1+ R, _1 +1.5kQ =6V
R 1 kQ

ac

Maximum Swing (peak) of Ic
=6 mA

ICM — ICQ

N

4.7

E

RB

+

I
VT

Maximum Symmetrical Swing (peak - peak) of Ic
I, =21, =12mA

Vcc
15V

Rc
1 kQ

&5 kQ




Solution vee

For Maximum Symmetrical Swing of Ic
Rc
1 kQ

V.
lc (D e = leo T =——=6MA + =12mA

R, 1 kQ
RE
% BB kQ

For Maximum Symmetrical Swing of Ic

Ve ()4 = leoR. + Ve =6 MA.L kQ+6=12V

CQ" “ac




Example -Continued

[

|C(t)max
12mA

Icsat
10mA

ICp-p
12mA

Ico
6MmA

DC
Load

Line
\ VCE

VCEQ CE(t)max CE(cut-of
& g |
Lo ATZ0T e g
R.(100+1)+R, 100
~ R, =33kQ



Analysis Example

Vcc
RB=50 kQ 15V
Find the maximum collector current swing
and the Q-point? RC
Draw AC and DC load lines 1 kQ

What is the power dissipation of the

transistor at the Q-point?
N RB
RE
+ &5 kO
4.7 VT




R,.=R.=1kQ

R, =R.+R. =1.5kQ
Valueof Ic

. __ A7-07

® R (100+1)+R,
- 4.7-0.7

~ 500(100 +1) + 50k
=40 uA

lco =Blgo =4 MA

Solution

VCEQ:VCC_ICQ(RC+RE):9V -

Maximum Swing (peak) of Ic

lem # 1o

., =4 MA
Maximum Symmetrical Swing (peak - peak) of Ic
... =2l., =8 MA

Vcc
15V

Rc
1 kQ

&5 kQ




Solution

\Y;
le () yax = co +$=4mA+

ac

J =13mA
Q

Vee Omae = leoR ue + Vego = 4MA.L kQ+9=13V

Vcc
15V

1 kQ

10mA
Ico
4mA DC

: / Load

lcm : Line

4mA : \V/CE
I AN
VCEQ VcEM®max VCE(cut-off)

Ic
N
|C(t)max
13mA
Icsat

RB
+
47V "

&5 kO

Maximum Swing
was reduced
because the Q-
point was not
placed properly




Example -Continued




Basic BJT Amplifiers Circuits

Graphical Analysis

UKJEE'
« Can be useful to understand the operation of %S RSia
BJT circuits. my ‘
» First, establish DC conditions by finding /5 (or | ¢ 104F v oy
Vi) | . . v 1ﬂ 9 /\1{?
» Second, figure out the DC operating point for /o = = 0 e
Load line
1 Load i ic A
in A mne Stope = —RL

VCC

Uer

Vag

Can get a feel for whether the BJT will stay in active region of
operation

— What haﬁiens If Ri IS Iarﬂer or smaller?

UBE



Basic BJT Amplifiers Circuits

Graphical Analysis

. o)
Rs[ RI:[I] Ve

|_]
.
—
&

100w -
Bl
&0 v, =—i (R./IR)=-i.R
40ud

— ok VCC':VCEQ+ICQRLI




Basic BJT Amplifiers Circuits

Rt RE[T] o %:—F

Graphical Analysis , a

T [JRe

Q-point is centered on the ac load line: Vi




Basic BJT Amplifiers Circuits

+
Fb RE[T] ” e Wee
. . [} I
Graphical Analysis S
' ! [|Fe
Q-point closer to cutoff: v,
o
1 L LA EDmR"'_j-E

Clipped at cutoff

$cutoff distortionz
S ee——



Basic BJT Amplifiers Circuits

- . —+
6.2 Single-Stage BJT Amplifiers - R,:[T] . Ve
Graphical Analysis ., ° )
. . R
Q-point closer to saturation: Vi
iB L UA )

Clipped at cutoff
(saturation distortion)



Basic BJT Amplifiers Circuits

Graphical Analysis

'] il:

\ -
N o

I vI:ET 1i"ir'ZE

#—Veeg — VioEs |
|
|
|
|

Yoer — YoEQ —‘:’1
|




Transistor Switching Networks

Transistors with only the DC source applied can be
used as electronic switches.

VCC=5V

5V

(1Y =-> .
For Vi=5V Vee = Voo ~LRe
507 =5-(7.9mA)(0.82kQ)
s =———=03.24 uA
68k =-1.482V <V

CE(sat)

lc =(125)(63.24 uA) =79 MA . pyricin Sat Mode & Ve = Vecg



Transistor Switching Networks

Transistors with only the DC source applied can be
used as electronic switches.

VCC=5V




Transistor Switching Networks

Transistors with only the DC source applied can be
used as electronic switches.

VCC=5V

5V

— —AA/N
ov_ 68 kQ =
For Vi=0V
1. =0 VCE — Vcc
IB I ~.BJTIsin Cut-off Mode & V¢ =V g = Veec =V
c =



