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C2 - Transistor amplifiers. DC biasing. Transistor amplifiers - intro

» Operating regions for transistors

e TWo extreme regions, passive:

- cutoff (off)
I,=0; V> 0; ideal switch in ofigst ‘ed
- extreme conduction (exc é

Io = Igew Vo = n state

Oexl

Vo < Vg, OF Vo> Vg, - switching transistor

\

(. An intermediate region, active:

active forward region (ag)

Voin < Vor < Voo, — PE€rmanent conduction (amplifier)

\_ )

S L —
— —
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C2 - Transistor amplifiers. DC biasing. Transistor amplifiers - Iintro

> To begin with

What signal (voltage/current, AC/DC) is used at the input of
a transistor amplifier?

Is the output signal bigger/smaller? Same phase or inverted?
How many transistors in a basic transistor amplifier?
Who determines the gain of the amplifier?

How do we make sure the transistor stays in ag?
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C2 — Transistor amplifiers. DC biasing.

» OpAmp — revisited

Avo [V]
/ slope = Ay
Vi 1z vi V]
. : >
0
N N 1 Mrrassmaressesasaresaarsraianes V :
Passive region | ot . Passive region
_ (saturation) | u (saturation)

» »

Active region

Input signal — low enough for the OpAmp to
operate in the linear, active region
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active reqgion

—V, vl

—V, vl

VARV

active and passive (saturation)

v, V]
—_V, I\

VARV
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C2 - Transistor amplifiers. DC biasing. Transistor amplifiers - Iintro

» Transistors as amplifiers — concept circuit

In (ap), the transistor operates around a dc operating point (aka bias
point, quiescent point), denoted Q@ (V,; I,)

Vs _

DC signals
Vs — dc supply

e V;— dc component of the input

IQ—IO+IO
V,, — dc output voltage, I, — dc output current

V=V, Q(V,; I,) is computed/determined by V,s and I/,
o - - -

vo=Votv, AC signals
v;— ac input voltage (to be amplified)

Vv, — ac output voltage (amplified voltage)
I, — ac output current

\J
0

The ac (variable) signal is superimposed on the dc components.
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C2 - Transistor amplifiers. DC biasing. Transistor amplifiers - intro

» VTC of an inverting transistor amplifier circuit
(az)

“VO -

L]

. Slope — voltage gain

I 1 a
1._/rv aZ

!

i
1' 1 v, > - harmonically
'

slope=A, : y srore

: > f
e DN Voltage gain: 4, = —

(%]

-
IPS

C

The middle region of the VTC can be approximated as linear.
Input signal — small enough to be inside the linear region.
Small signal: operation of the amplifier in the narrow linear region around Q
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C2 - Transistor amplifiers. DC biasing. Transistor amplifiers - Iintro

To use the transistor as an amplifier:

e the transistor - biased as close as possible to the middle of the active region
e the instantaneous (mobile) operating point - in the active region

e the input variable signal - small (linear region around Q)

To bias = to provide appropriate dc current and/or voltage

Q@ — operating point
> stable and predictibile

» independent of transistor parameters

Methods for setting @ in the middle of the active region?
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

» MOSFET dc biasing - methods

Vas @lf

~Vos
3 resistors 4 resistors current source current source
single supply single supply single supply differential supply

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 9



C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

> 3 resistors, single supply

Vs ;’

R
Rai Ro lI‘D Voo =Ves = Rmizcz Vps

Ip = :B(VGS - VTh)2

Vo Vs
Y
Reo V\\ Vps = Vps —1Ip Rp
&
© very simple
® I, depends on the transistor parameters, fand /7,
Q(Vps; Ing) =7 ® cannot assure the stability of Q
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C2 — Transistor amplifiers. DC biasing.

MOSFET dc biasing

> 3 resistors, single supply - example

RGI

R

I e 0
Vo Vs
Y
Vs

Vs ;’

R, lfﬂ.

Ry = 7.6 MQ V= 0.8V
Rg= 2.4 MR B = 500uA/V?
R,=29.1 KQ

Voe= 5V

Q(Vps; Ips) = Q(2.67 V; 80 PA)
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C2 — Transistor amplifiers. DC biasing.

MOSFET dc biasing

> 4 resistors, single supply

VPS

RGI

lo=g

VGS

g

l Vs

R
G2 R

2

[ L ]

Q(Vps; Ips) =7

Rgo
Rg1+Rg2

Vee = Vps

Vs = Ve — ID RS

_ Ip = IB(VGS - VTh)2
Vps = Vps — ID(RD+ Rs)
- 2 unknowns, V;s and I,

- 2"d order system of equations
- select suitable value for I, so that T - a,
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

> 4 resistors, single supply

VPS

RGI

lo=g

VGS

g

l Vs

2

R
G2 R

[ L ]

Q(Vps; Ips) =7

Rgo
Rg1+Rg2

Vee = Vps

Vs = Ve — ID RS

Ip = IB(VGS - VTh)2

Vps = Vps — ID(RD+ Rs)

- Vs also depends on 7,

I,T, R,T, Vs, In - negative feedback due to Rs

© @ - more stable when certain parameters change
@ increased computational complexity
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

> 4 resistors, single supply — example 1

VPS RGl=3MQ I/Th=2V
L‘ o Re = 110 B = 0.5 mA/V?2
i lI‘D RD= 3 KQ
Ko —0\ Re=1KQ V=20V
G—I- 74 S~ pS —
Voo [l D3 Ves = Vee — IRy
m VQ lID Voo = —262__ sy Ip = BVes — Vrn)?
RGZ R G6 RGl + RGZ PS —
I 5 ] _[DZ- 8‘[D+9 =0 ‘[D]= 6.65 mA, ‘[DZ= 1.35 mA
T I, is not suitable; results in V< 0

VDS — VPS - ID(RD + Rs) =14.6V
Ip = Ip; = 1.35mA Q(Vps; Ing) = Q(14.6 V; 1.35 mA)
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

> 4 resistors, single supply — example 2

V _
” Vps= 20V Size the resistors so that I, = 1 mA.
RD I/T/? — 2 V
— 2
RaTy lID B = 0.5 mA/V
VGG b—|[l VDS
AW Usually, Vs = Viop= Vipe® 1/3 V)
| Vos lID
Ra o Ves® 1/3%Vps= 7V
=

VGG:VG5+VS:4+7:11V

Ry, = 180KQ; Ry, = 220 KQ
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

» Current source, single supply

Ves
Rg; Rp ljﬂ' = In =1
Rgo
Vee = V
Voo §—— Vs Ves = Rpl + Vps — Vgs +V,

| ' PS D DS GS GG

Ra; V} Vbs = Vps — Rpl + Vs — Vg
|1
- - - voltage drop across the current source: Vg — Vs
Q(Vps; Ips) =72 - used in integrated circuits

© I, does not depend on the transistor parameters, fand V7,
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

» Current source, differential supply

Vs
Rp lfgzj
ID =]
V= Vps = Rpl + Vps — Vs + Vg
l Vs Vee =0
\ VDS — VPS — RDI + VGS
Ral ] v
l Ves = Vrn + | & =5
L B 2 L
Ves
Q(Vps; Ips) =7 - voltage drop across the current source: Vpg — Vg

- used in integrated circuits

© I, does not depend on the transistor parameters, fand V7,
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

» Current source, differential supply - example

Ves
RD llTD:I + Vp5= + 12V

R; =500KQ, Rp =4.7KQ, I = 1.6 mA

mA
Vo= l y k=0177, W/ =2 Vi=05V
s
Ko Vs l Q(Vps; Ips) =7
I
L Voltage drop across the current source?
Vs

DC potentials in the three terminals of 77
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C2 — Transistor amplifiers. DC biasing. MOSFET dc biasing

» MOSFET dc biasing — methods summary

~Veg
3 resistors 4 resistors current source current source
single supply single supply single supply differential supply
© very simple
® I,=f(8 V) © @ - more stable © I,- independent of Fand /7,

® Q- not stable ® complex calculus ® need current source

Laura-Nicoleta IVANCIU, Fundamental Electronic Circuits 19



C2 — Transistor amplifiers. DC biasing. BJT dc biasing

» BJT dc biasing — methods

Q VPS
Re
Rpg

T I

e

15
‘VPS
4 resistors 3 resistors current source
single supply differential supply differential supply
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 4 resistors, single supply

Ic = Bl
IE == Ic‘l‘ IB= (:8 + 1)IB — % IC
IE = IC

v Approximate calculation:

- neglect I
- assume Ry, Ry, — voltage divider

v Precise calculation — make use of I

Q(Veer I) =7
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 4 resistors, single supply — approximate calculation

Assume Iz < Ippq pp2

RBZ
Vgp = %4
BB RBl+RB2 PS
VBB - VBE
IC A IE = R
E

Veg = Vps — IcR¢ — IgRg = Vps — I (R¢ + Rg)

I, I.T, RAIT, Vo, I\ - negative feedback due to R,

Q(Veer I) =7

© Q- stable
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 4 resistors, single supply — precise calculation

: 2
Thevenin’s theorem Vgg = Rglg + Vgg + Rglg
Ig
I, =
P B+1
Vg = RBIE
Vg — Vg = + Rgl
R}32 BB BE ,8 +1 E'E
RBI +RB2
. = VBB T VBE
®  Rg+Rp/(B+1)
Q(Veei I =7 le=1lg+lp =1l

Vee = Vps — IcR¢ — IgRg
Vee = Vps — Ic(R¢ + Rg)
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 4 resistors, single supply — precise calculation

Stability analysis -
” Veg — Vi OPTIONAL
I, =
e *  Rg+Rp/(B+1)
Rp=Rgz;||Rz> l
VC‘E
_ — To have I - insensitive to S variations
o= 1O Tl e /i
B2 - Rg >> Rr > 10—
R +R., Ves R ETT @B+ TE B

*Rp, Rg - small values for Q- independent on S
*Rz, Rg - high values for high input resistance of the voltage amplifier

To have I¢ - insensitive to temperature variations due to Vg
Vg >> 0.1V

a AVge of 0.1 V can be neglected compared to Vgg=3...5V
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 4 resistors, single supply — example 1

Vioe= 15 V; Ry=10 KQ; Ry, = 4.7 KQ;
R-=15KQ; R-=1.8KQ; B=150

Approximate calculation
I.=7 I-=2.73 mA
V =? V=6V
V=7 V-=10.1V
V=72 Ve=4.1V

Precise calculation
I-=7 I-=2.7 mA
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 4 resistors, single supply — example 2

Size the resistors so that 7is biased in
ar @ I-= 2mA, for V=12V, £ =100

1 1
Ig 2 4
. B2 _ =
R Ry R
Rp > 10—= Pl B2 < 10R; Rpp < 24.75KQ

b Rz + Ry,
Choose Ry =22 KQ; Ry =44 KQ
Verification (precise calculation):
o= VBB VeE oA - _
E- R+ Rg/(B+1) Adjust Ry = 1.5 KQ so that Iz = 2mA
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

> 3 resistors, differential supply

Q Vs
R
< RBIB+VBE+REIE_VPS:O
Rp
— 1 v Iz =Ig/(B+1)
—_—
Iz [ = 0 — Vg — (—Vps) _ Vps — Vgg
Rz lfg E= R, +Ry/B+1) Ry+Ry/(B+1)
Vs Veg = 2Vps — Rele — Rglg

Q(Veer I) =7
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

» Current source, differential supply

I

p

Ve = Vps — Rel¢

VB —_ 0 — RBIB — _RBIB

VE —_ VB _VBE —_ VB _07V

Veg = Ve — Vg

Voltage across the current source:

Q(VCE; '[C) =7 Vg — (—Vps) = Vg + Vps
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C2 — Transistor amplifiers. DC biasing. BJT dc biasing

» Current source, differential supply - example

Vs

+Vos= £ 9V, Rz= 180 KQ;
R-=3.3KQ; =100, I=2mA

Voltage across the current source = ?
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C2 — Transistor amplifiers. DC biasing.

Summary

» Transistor amplifiers - intro
» MOSFET dc biasing
» BJT dc biasing

Next week: MOSFET basic amplifiers.
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