UNIT-1 BIASING OF DISCRETE BJT AND MOSFET
DC LOAD LINE AND OPERATING POINT

For the transistor to properly operate it mustbi@sed. There are
several methods to establigie DC operating point. We will discuss
some of the methods used foridsing transistors as welis
troubleshooting methods used for transi$iias circuits.

The goal of amplificabn in most cases is to increabe amplitude of
an ac signal without altering it.

Biasing in electronicsis the method of establishing predetermined
voltagesor currentsat various points of aelectronic circuitfor the
purpose of establishing proper operating conditionsel@ctronic
components Many electronic devices whose nfttion is signal
processingtime-varying (AC) signals also require a steady (DC)
current orvoltageto operate correctly. The AC signal applied to them
IS superposedn this DC bias current or voltage. Other types of
devices, for examplemagnetic recording heads, require a time
varying (AC) signal as bias. Thaeperating pointof a device, also
known as bias point, quiescent point, oipQint, is the steadgtate
voltage or current at a specified terminal of an active device (a
transistor or vacuum tube) with no input signal applied

Most often, biassimply refers to a fixed DC voltage applied to the
same point in acircuit as an alternating current(AC) signal,
frequently to select the desired operating response of a semiconductor
or other electronic component (forward or reverse bias). For example,
a biasvoltage is applied to da@ransistorin an electronic amplifierto

allow the transistor to operatéen a particular region of its
transconductanceurve. Forvacuum tubesa (much higheryjrid bias
voltageis also often applied to the grid electrodes for precisely the
same reason.

A hot bias can lower the tube lif@an, but a "cool" bias can induce
crossover distortian
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Bias is also the term used for a hilyjequency signal added to the
audiosignal recorded omagnetic tapeSeetape bias

Biasis used indirect broadcast satellitesich asDirecTV and Dish
Network theintegrated receiver/decoddRD) box actually powers
thefeedhornor low-noise block convertgl.NB) receivermounted on

the dish arm. This bias is changed from a lower voltage to a higher
voltage to select theolarization of the LNB, so hat it receives
signals that are polarized eithehorizontal or vertical thereby
allowing it to receive twice as mgchannels

We still need to determine the optimal values for the DC biasing in
order to choose resistors, etc. This bias point is called the quiescent
Q-point as it gives the values of the voltages when no input signal is
applied. To determine the-@int we need to look at the range of
values for which the transistor is in the active region.

Bipolar junction transistors

For bipolar junction transistorgthe bias point is chosen to keep the
transistor operating in thactive mode using a variety ofcircuit
techniquesestablishing the @oint DC voltage and current. A small
signal is then applied on top of the@int bias voltage, thereby
eithermodulatingor switching the current, depending on the purpose
of thecircuit.

The quiescent point of operation is typically near the middle of the
DC load line The process of obtaining a certain DC collector current
at a certain DC collector voltage by setting up dperating poinis
called biasing.

After establishing the operating point, when an input signal is applied,
the outputsignal should not move the transistor either to saturation or
to cutoff. However, this unwanted shift still might occur, due to the
following reasons:

1. Parameters of transistors depend on junction temperature. As
junction temperature increases, leakageenirdue to minority
charge carriers ko) increases. Ascko increases, deo also
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increases, causing an increase in collector currentThis
produces heat at the collector junction. This process repeats,
and, finally, the Qooint may shift into the satation region.
Sometimes, the excess heat produced at the junction may even
burn the transistor. This is knownthermal runaway

2. When a transistor is replaced by anothkethe same type, the
Q-point may shift, due to changes in parameters of the
transistor, such asurrent gain(#) which varies slightly for each
unigue transistor.

To avoid a shift of @oint, biasstabilization is necessary. Various
biasing circuitscan be used for this purpose.

Load line

A load line is used in graphical analysis ofonlinear electronic
circuits, representing the constraint other parts of the circuit place on
anonlineardevice, like adiodeor transistor It is usually drawn on a
graph of thecurrentvs thevoltagein the nonlinear device, called the
device's characteristic curveA load line, usually a straight line,
represents the response of timear part of the circuit, connected to

the nonlinear device inugstion. The operating point(s) of the circuit
are the points where the characteristic curve and the load line
intersect; at these points the current and voltage parameters of both
parts of the circuit matcH.

The example at right shows how a load line is used to determine the
current and voltage in a simptkode circuit. The diode, a nonlinear
device, isin series with a linear circuit consisting ofesistor R and

a voltage source, Vp. The characteristic curvécurved Ine),
representing current through the diode versus voltage across the
diode Vp, is an exponential curve. The load lijdiagonal line)
represents the relationship between current and voltage due to
Kirchhoff's voltage lavapplied to the resistor and voltage source, is

o =Vpp — IR
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Since the current going through the three elements in series must be
the same, and the voltage at the terminals of the diode must be the
same, the operating point of the circuit will be at the intersection of
the curve with the load line.

In a BJT circuit, the BJT has a different currendltage (k-Vcg)
characteristic depending on the base current. Placing a series of these
curves on the graph shows how the base current will affect the
operating point of the circuit.

dinde response

load line
!

operaling poinl

Transistor load line
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Common emitter transistor load line.

The load line diagram at right is for a transistor connedte@
common emittecircuit. It shows the collector current in the transistor
|lc versus collector voltag¥ ¢ for different values of base current
lhase The load line represés a particular value of collector load
resistor (R). The intersections of the load line with the transistor
characteristic curve represent the different value$cadnd Ve at
different base currents.

The point on the load line where it intersectscblector current axis

IS referred to asaturation poiniz] At this point, the transistor current

IS maximum and voltage across collector is minimum, for a given
load. For this circuit,dsar= VedRe.!

The cutoff pointis the point where the load line intersects with the
collector voltage axis. Here the transistor current mgimum
(approximately zero) and emitter is grounded. HengecMror=V cc-

The operating pointof the circuit in this configuration is generally
designed to be in thactive region approximately between middle of
the load line and close to saturationroin this region, the collector
current is proportional to the base current, and hence useful for
amplifier applications. a load line is normally drawn ogVi.
characteristics curvder the transistor used in amplifier circuit.
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Bipolar transistor biasing

Bipolar transistoramplifiers must be properlybiasedto operate
correctly. In circuits made with individuakdices (discrete circuits),
biasing networks consisting aksistorsare commonly employed.
Much more elaborate biasing arrangements are usedtegrated
circuits, for examplepandgap voltage referencasdcurrent mirrors

The operating poinbf a device, also known dsas poinf quiescent
point, or Q-point, is the point on the output cla&teristics that shows
the DC collectoii emitter voltage Y. and the collector current

with no input signal applied. The term is normally used in connection
with devicessuch agransistors

Bias circuit requirements

Signal requirements for Class A amplifiers

For analog operation of @lass A amplifiey the Qpoint is placed so

the transistor stays iactive mode(does not Bift to operation in the
saturation region or cidff region) when input is applied. For digital
operation, the €point is placed so the transistor does the contrary
switches from the "on" (saturation) to the "off" (cutoff) state. Often,
the Qpoint is established near the center of the active region of a
transistor characteristic to allow similar signal swings in positive and
negative directions. The -Qoint should be stable; in particular, it
should be insensitive to variations in transistor paramegins
example, should not shift if transistor is replaced by another of the
same type), variations in temperature, variations in power supply
voltage and so forth. The circuit must also be practical; both easily
implemented and cogtffective.

Thermal consderations

At constant current, the voltage across the ermlise junctionVge
of a bipolar transistordecreases2 mV (silicon) and 1.8mV
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(germanium) for each 1 °C rise in temperature (reference being 25
°C). By theEbers Moll model, if the baséemitter voltageV/ge is held
constant and the temperature rises, the current through thé base
emitter diodelg will increase, and thus the collector currégatwill

also incease. Depending on the bias point, the power dissipated in the
transistor may also increase, which will further increase its
temperature and exacerbate the problem. This deleterious positive
feedback results ithermal runaway.!! There are several approaches

to mitigate bipolar transistahermal runawayFor example,

1 Negative feedbackan be built into the biasing circuit so that
increased collector current leads to decreased base current.
Hence, the increasing collector current throttles its ®urc

1 Heat sinkscan be used that carry away extra heat and prevent
the baskemitter temperature from rising.

1 The transistor can bdaasedso that its collector is normally less
than half & the power supply voltage, which implies that
collectoif emitter power dissipation is at its maximum value.
Runaway is then impossible because increasing collector current
leads to a decrease in dissipated power; this notion is known as
the half-voltage pinciple.

The circuits below primarily demonstrate the useejative feedback
to prevent thermal runaway.

Types of bias circuit for Class A amplifiers

The following discussion treats five common biasing circuits used
with Class A bipolar transist@mplifiers

1. Fixed bias

2. Collectorto-base bias

3. Fixed bias with emitter resistor
4. Voltage divider bias

5. Emitter bias

Fixed bias (base bias)
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Fixed bias (Base bias)

This form of biasing is also calldzhse biasin the example image on
the right, the single powesource (for example, a battery) is used for
both collector and base of a transistor, although separate batteries can

also be used.
In the given circuit,
Vee= IgRg + Vpe
Therefore,
lg = (Vee - Voe)/Rg

For a given transistor, Y does not vary significantlgduring use. As
V. Is of fixed value, on selection ofgRthe base curreng s fixed.
Therefore this type is calldtked biastype of circuit.

Also for given circuit,
Vcc - ICRC + Vce
Therefore,

Vee= Vee- IcRe
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The commonremitter current gainof a transistor is an important
parameter in circuit design, and is specified on the data sheet for a
particular tansistor. Itisdenoted®& on t hi s page.

Because
IC: Bbl

we can obtaind as well. In this mannemperating pointgiven as
(Veolc) can be set for given transistor.

Merits:

1 It is simple to shift the operating point anywhere in the active
region by merely changing the base resigRs).
1 A very small number of components are required.

Demerits:

1 The collector current does not remain constant with variation in
temperature or power supply voltage. Therefore the operating
point is unstable.

7 Changes in W will change § and thus cawslz to change. This
in turn will alter the gain of the stage.

1 When the transistor is replaced with another one, considerable
change in the value of Db can be
operating point will shift.

1 For smallsignal transistors(e.g., not power transistors) with
rel atively hi ghetweea 100 ersd 2G), thid (|
configuration will be prone tahermal runawaylIn particular,
the stability factor which is a measure of the change in collector
current with changes in reverssaturation current is
appr oxi mat el yabsblutelstabiliipbtheammifiery e
a stability factorof less than 25 is preferred, and so sramjhal
transistors have largeadility factors!c'aon needed

Usage:
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Due to the above inherent drawbacks, fixed bias is rarely used in
linear circuits (i.e., those circuits whicheuthe transistor as a current
source). Instead, it is often used in circuits where transistor is used as
a switch. However, one application of fixed bias is to achieve crude
automatic gain contrain the transistor by feeding the base resistor
from a DC signal derived from the AC output of a later stage.

Collector Feedback Bias

I-+1
fc{_b} +Ve

Collectorto-base bias

This configuration employsiegative feedbacko preventthermal
runawayand stabilize the operating point. In this form of biasing, the
base resisr Rzis connected to the collector instead of connecting it
to the DC sourcédz. So any thermal runaway will induce a voltage
drop across thelicresistor that will throttle the transistor's base
current.

From Kirchhoff's voltage lawthe voltageVrsacross the base resistor
Ryis

Voltage drop across R Voltage at base
oy TR Voo
By, — ¥ee — { f —l_ b}RC - be

By theEbers Moll model, /- = 51, and so

I
o -
'J}{I:- =V, - [jfb +II:|)RC —Vie = Ve — Ib[j i 1)R.c Wi
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FromOhm's law the base curredt = Ve./Bb, and so
Vﬁb
—— )
InRy = Ve — I(F + 1) R — Ve
Hence, the base currehis

o Ve — Ve
Ry+ (B3 +1)R.

Iy

If Viheis held constant and temperature increases, then the collector
current Icincreases. However, a largércauses the oftage drop
across resistofi:to increase, which in turn reduces the voltdge
across the base resistdi. A lower baseesistor voltage drop
reduces the base currédirt which results in less collector currefat
Because an increase in collector current wetinperature is opposed,
the operating point is kept stable.

Merits:
1 Circuit stabilizes the operating point against variations in
temperature and b (i . e. repl ace
Demerits:

¢ In this circuit, to keepl.independent of3, the following
condition must be met:

BVee = Vi) (Ve — Vi)

le=8b = R TR~ R

which is the case when
3R, = Ry.

7 As B-value is fixed (and generally unknown) for a given
transistor, this relation can be satisfied either by keeping
fairly large or makingfivvery low.

o If R.is large, a highVeds necessary, which increases cost
aswell as precautions necessary while handling.
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o If Ruis low, the reverse bias of the colleé¢toase region is
small, which limits the range of collector voltage swing

that leaves the transistoractive mode

1 The resistorfi,causes arAC feedback, reducing theoltage
gain of the amplifier. This undesirable effect is a traxefor

greaterQ-point stability.

Usage: The feedback also decreases the input impedance of the
amplifier as seen from the base, which can be advantageous. Due to

the gain reduction from feedback, this biasingrfas used only when
the tradeoff for stability is warranted.

Fixed bias with emitter resistor

"';"'cc

Fixed bias with emitter resistor

The fixed bias circuit is modified by attaching an external resistor to
the emitter. This resistor introduceegative feedbacthat stabilizes
the Qpoint. FromKirchhoff's voltage lawthe vdtage across the base

resistor is

7 7 7
"Ry — T'“C'C’ - IERE — ¥be

FromOhm's law the base current is
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_ YRy
The way feedback controls the bias point is as follows.,fis/held
constant and temperature increases, ttemicurrent increases.
However, a largerclincreases the emitter voltage ¥ IR, which in
turn reduces the voltageryacross the base resistor. A lower base
resistor voltage drop reduces the base current, which results in less
collector current becag | = . Collector current and emitter
current are related by # Dwilt h U & 1, so the i

current with temperature is opposed, and the operating point is kept
stable.

Similarly, if the transistor is replaced by another, there Mmaya
changeind ( cor respondi nvpluet for exampenh g | n
similar process as above, the change is negated and operating point
kept stable.

For the given circuit,

T 7
LC’C - Lbﬂ

" Re+ (B+1)Rs

Ip

Merits:

The circuit has the tendency to stabilize operating point against
chages i n temyaueature and D

Demerits:

7 In this circuit, to keepdi ndependent o f b
condition must be met:

'-3{ ’TS'C’ - -Vbe) — [ %’C’ - bee)

le=0ls= g TR ~ Rs

which is approximately the case if

(3+1)Rg > Rp



17 As -vdlue is fixed for a given transistor, this relation can be
satisfied either by keepinBg very large, or making Rvery
low.

o If Rg is of large value, high ¥ is necessary. This
increases cost as well as precautions necessary while
handling.

o If Rgis low, a separate low voltage supply should be used
in the base circuit. Using two supplielsdifferent voltages
IS impractical.

7 In addition to the above, Rcauses ac feedback which reduces
thevoltage gairof the amplifier.

Usage:

The feedback also increases the input impedance of the amplifier
when seen from the base, which can be advantag@&ues to the
above disadvantages, this type of biasing circuit is used only with
careful consideration of the traoéfs involved.

CollectorStabilized Biasing

Voltage divider biasing

+VCC

Voltage divider bias
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The voltage divider is formed using externadistorsR; and R. The

voltage across Rforward biases the emitter junction. By proper
selection of resistors ;Rand R, the operating point of the transistor

can be made independent of b . | n
holds the base voltage fixed independent of base current provided the
divider current is large compared to the base current. However, even
with a fixed base voltage, collector current varies with temperature

(for example) so an emitter resistor is added to stabilize tpeiq,

similar to the above circuits with emitter resistor.

In this circuit the base voltage is given by:

R . RR
e R & = AP ———
Vs =voltage acrosgi (Ry + Ry) (Ry + Ry)

Ry
~ Voerms—5~ ,
(Ry + Ry)provided s << I = Vi/ Ry,

Also Ve = Vie + IellE

For the given circuit,

Vi

_ Yoo 14
In= - 1+R1/Ra be _
(B+1)Rg+ Ry || Rs
Merits:

1 Unlike above circuits, only one dc supply is necessary.
1 Operating pointis almostindepancht of b vari ati ¢
1 Operating point stabilized against shift in temperature.

Demerits:
1 In this circuit, to keepdi ndependent of b

condition must be met:

_VYee v _VYee v
1+ Ry /R be . 14+R1/Ra be

(3+ 1)Rg + Ry | Ry Rg

L;j - ,-'313 - -j



which is approximately the case if
(8+1)Rg >> Ry || Ry

where R || R denotes theequivalent resistancef R, and R
connected in parallel.

17 As -vdlue is fixed for a given transistor, this relation can be
satisfied either by keepingeRairly large, @ making R||R. very
low.

o If Rg is of large value, high & is necessary. This
increases cost as well as precautions necessary while
handling.

o IfR:|| Ris low, either Ris low, or R is low, or both are
low. A low R; raises \§ closer to \, reducing he
available swing in collector voltage, and limiting how
large R. can be made without driving the transistor out of
active mode. A low Rlowers \{e reducing the allowed
collector current. Lowering both resistor values draws
more current from the poweugply and lowers the input
resistance of the amplifier as seen from the base.

1 AC as well as DC feedback is caused ky Which reduces the
AC voltage gain of the amplifier. A method to avoid AC
feedback while retaining DC feedback is discussed below.

Usage

The circuit's stability and merits as above make it widely used for
linear circuits.
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Voltage divider with AC bypass capacitor

:rl o

Voltage divider with capacitor

The standard voltage divider circuit discussed above faces a drawback
- AC feedback caused hnesistor R reduces the gain. This can be

avoided by placing a capacitor)dn parallel with R, as shown in
circuit diagram.

Emitter bias

-Vee
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Emitter bias

When a split supply (dual power supply) is available, this biasing
circuit is the most effectiveand provides zero bias voltage at the
emitter or collector for load. The negative supplyge\is used to
forward-bias the emitter junction through:RThe positive supply ¥

Is used to reverskias the collector junction. Only two resistors are
necessaryor the common collector stage and four resistors for the
common emitter or common base stage.

We know that,
Vg -VE=Vpe

If Rg is small enough, base voltage will be approximately zero.
Therefore emitter current is,

le = (Vee- Vbe)/Re

The operatingpoint s 1 ndepend>eR/tb of b i f
Merit:

Good stability of operating point similar to voltage divider bias.
Demerit:

This type can only be used when a split (dual) power supply is
available.

Class B and AB amplifiers

Signal requirements

Class Band AB amplifiers employ 2 active devices to cover the
complete 360 deg of input signal flow. Each transistor is therefore
biased to perform over approximately 180 deg of the input signal.
Class B bias is when the collector currenwith no signal is just
conducting (about 1% of maximum possible value). €/B bias is
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when the collector current is about 1/4 of maximum possible value.
The class ABpush pull outputamplifier circuit below could be the
basis for a mderatepower audio amplifier.

i =

+W supply

0V (ground)

A practical amplifier circuit

Q3 is acommon emittestage that provides amplification of the signal
and the DC bias current through D1 and D23¢nerate a bias voltage
for the output devices. The output pair are arranged in Class AB
push pull, also called a complementary pair. TdhedesD1 and D2
provide a small amount of constantltage bias for the output pair,
just biasing them into the conducting state so that crossover distortion
IS minimized. That is, the diodes push the output stage into-ARBss
mode (assuming that the basmitter drop of the output transistors is
reduced byheat dissipation).

This design automatically stabilizes its operating point, since overall
feedback internally operates from DC up through the audio range and
beyond. The use of fixed diode bias requires the diodes to be both
electrically and thermally niehed to the output transistors. If the
output transistors conduct too much, they can easily overheat and
destroy themselves, as the full current from the power supply is not
limited at this stage.

A common solution to help stabilize the output device afey point
is to include some emitter resistors, typically an ohm or so.
Calculating the values of the circuit's resistors and capacitors is done
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based on the components employed and the intended use of the
amplifier.

Bias compensation

Temperature Compsation Of BJT Differential AmplifiersThe
bipolar junction transistor (BJT) emitteoupled differentiapair
circuit is a familiar amplifier stage in the repertoire of analog
designers, but has asurprising obscurity that needs to be revealed.
This TechNoteexamines the emittagircuit current source, 10, of BJT
diff-amps and the effects on amplifier gain of different
implementations for it. The widespread belief that a BJT current
source can temperatucempensate the diimp is true, but the
conditions f@ it do not appearto be widely known, based on most
designs

Thermal stability

Thermal stability is the stabiliy of a moleculeat hightemperatures
l.e. a molecule with more stability has more resistance to
decomposition atigh temperatures.

Thermal stability also describes, as defined by Schmidt (1928), the
stability of a water body and its resistance to mixing. This is the
amount of work needed to transform the water body (e.g. a lake) to a
uniform water density. The Schdti stability 'S' is commonly
measured in Joule per square meter or g*cm/cm. Compare
Stratification

DESIGN FOR BIASING JFET

Thejunction gate field-effect transistor (JFET or JUGFET) is the
simplest type offield-effect transistar They are thre¢erminal
semiconductordevices that can be used @sgctronicallycontrolled
switchesamplifiers orvoltagecontrolledresstors


http://inc.kmutt.ac.th/course/inc221/INC221%20lecture6%20%20Transistor%20Biasing%20Circuit_to_Web.pdf#page=11
http://inc.kmutt.ac.th/course/inc221/INC221%20lecture6%20%20Transistor%20Biasing%20Circuit_to_Web.pdf#page=11
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Stratification_%28water%29
http://inc.kmutt.ac.th/course/inc221/INC221%20lecture6%20%20Transistor%20Biasing%20Circuit_to_Web.pdf#page=12
http://inc.kmutt.ac.th/course/inc221/INC221%20lecture6%20%20Transistor%20Biasing%20Circuit_to_Web.pdf#page=12
http://en.wikipedia.org/wiki/Field-effect_transistor
http://en.wikipedia.org/wiki/Semiconductor
http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/Switch
http://en.wikipedia.org/wiki/Electrical_resistance

Unlike bipolar transistors, JFETs are exclusively voltagetrolled in

that they do not need a biasing currétiectric chargdlows through

a semiconducting chaeh betweensourceand drain terminals. By
applying a reverse biagoltage to a gate terminal, the channel is
"pinched", so that theslectric currentis impeded or switched off
completely. A JFET is usually on when there is no potential
difference between its gate and source terminals. If a potential
difference of the proper polarity is applied between its gatesource
terminals, the JFET will be more resistive to current flow, which
means less current would flow in the channel between the source and
drain terminals. Thus, JFETs are sometimes referred tie@stion
modedevices.

JFETs can have antype or p-type channel. In the 1type, if the
voltage applied to the gate is less than that applied to the source, the
current will be reduced (similarly in thetppe, if the voltage applied

to the gate igreaterthan that applied to the source). A JFEAS a

large input impedance (sometimes on the order &f difims), which
means that it has a negligible effect on external components or
circuits connected to its gate.

Structure

B n-type
O depietion lsyer
LI p-type

Electric currentfrom sourceto drain in a p-channel JFET is
restricted when =oltageis applied to thgate

The JFET is a long channel aemiconductormaterial, doped to
contain an abundance of positigleargecarriers orholes(p-type), or
of negative carriers aglectrong(n-type). Ohmic contactsat each end
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form the source (S) and drain (D).pk-junctionis formed on one or

both sides of the channel, or surrounding it, using a region with
doping opposite to that of the channel, and biased using an ohmic gate
contact (G).

Function

IT V characteristics and output plot of aicimannel JFET

JFET operation is like that of garden hoseThe flow of water
through a hose can be controlled by squeezing it to reducerdbhe
section the flow of electric chargeghrough a JFET is controlled by
constricting the currenatarrying channel. The current also depends on
the electric fiedl between source and drain (analogous to the
difference inpressuren either end of the hose).

Construction of the conducting channel is accomplished using the
field effect a voltage between the gate and source is applied to
reverse bias the gas®urce prunction thereby widening the
depletion layef this junction (see top figure), encroaching upon the
conducting channel and restricting its crssstional area. The
depletion layerns sccalled because it is depleted of mobile @gi

and so is electrically neconducting for practical purposEs.

When the depletion layer spans the width of the conduction channel,
"pinch-off"* is achieved and drain to source doition stops. Pineh

off occurs at a particular reverse biasgé)/ of the gatesource
junction. The pincfoff voltage (\f) varies considerably, even among
devices of the same type. For exampl%s(},ﬁ) for the Temic J202
device varies frorh 0 . &1 ¥ ."Nypical values vary from 0. 3 V
tor 10. V
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To switch off ann-channel device requires reegative gatesource
voltage (\&s). Conversely, to switch off p-channel device requires
positiveVgs.

In normal operation, the electric field developed by the gate blocks
sourcedrain conduction to some extent.

Some JFET devices are symmetrical with respect to the source and
drain.

Schematic symbols
D
G

—
=

Circuit symbolfor an nChannel JFET

D
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Circuit symbolfor a pChannel JFET

The JFET gate is sometimes drawn in the middle of the channel

(instead of at the drain or source electrode as in these examples). This
symmery suggests that "drain" and "source" are interchangeable, so

the symbol should be used only for those JFETs where they are

indeed interchangeable.

Officially, the style of the symbol should show the component inside
a circle (representing the envelopeaddiscrete device). This is true in
both the US and Europe. The symbol is usually drawn without the
circle when drawing schematics of integrated circuits. More recently,
the symbol is often drawn without its circle even for discrete devices.
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In every casdhe arrow head shows the polarity of théNRunction
formed between the channel and gate. As with an orduoiadg the
arrow points from P to N, the direction obnventional currenivhen
forward-biased. An Englishmnemonicis that the arrow of an N
channel device "pots in".

Comparison with other transistors

At room temperature, JFET gate current (the reverse leakage of the
gateto-channeljunction) is comparable to that of MOSFET (which

has insulating oxide between gate and channel), but much less than
the base current of lapolar junction transistorThe JFET has higher
transconductancthan theMOSFET, as well as loweflicker noise

and is therefore used in some lowise high inputimpedanceop-

amps

History of the JFET

The JFET was predicted Bylius Lilienfeldin 1925 and by the mid
1930s its theory of operation was sufficiently welblam to justify a
patent. However, it was not possible for many years to rdaked
crystals with enough precision to show the effect. In 1947, researchers
John BardeenWalter Houser Brattainand William Shockleywere
trying to make a JFET when they diseoed the pointcontact
transistor The first practical JFETs were made many years later, in
spite of their conception long before the juncticansistor To some
extent it can be treated as a hybrid oM®SFET (metal oxidel
semiconductorfield-effect transistor) and &8JT though anIGBT
resembles more of the hybrid features.

Mathematical model

The current in NJFET due to amsall voltage \4s (that is, in the
linear ohmic region) is given by treating the channel as a rectangular
bar of material otlectrical conductivitys Nasin !

b .
Ip= Tﬁi’ﬂ'dﬂnl’ms


http://en.wikipedia.org/wiki/Diode
http://en.wikipedia.org/wiki/Electric_current#Conventional_current
http://en.wikipedia.org/wiki/Mnemonic
http://en.wikipedia.org/wiki/P-n_junction
http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/Bipolar_junction_transistor
http://en.wikipedia.org/wiki/Transconductance
http://en.wikipedia.org/wiki/Flicker_noise
http://en.wikipedia.org/wiki/Noise_%28physics%29
http://en.wikipedia.org/wiki/Operational_amplifier
http://en.wikipedia.org/wiki/Operational_amplifier
http://en.wikipedia.org/wiki/Julius_Edgar_Lilienfeld
http://en.wikipedia.org/wiki/John_Bardeen
http://en.wikipedia.org/wiki/Walter_Houser_Brattain
http://en.wikipedia.org/wiki/William_Shockley
http://en.wikipedia.org/wiki/Point-contact_transistor
http://en.wikipedia.org/wiki/Point-contact_transistor
http://en.wikipedia.org/wiki/MOSFET
http://en.wikipedia.org/wiki/Bipolar_junction_transistor
http://en.wikipedia.org/wiki/Insulated-gate_bipolar_transistor
http://en.wikipedia.org/wiki/Electrical_conductivity
http://en.wikipedia.org/wiki/JFET#cite_note-kumar-3

where
|p = drairi source current
b = channel thickness for a given gate voltage
W = channel width
L = channel length
q = electron charge = 1.6 x T8 C
€, = electron mobility

N4 = ntype doping (donor) concentration

The drain current in theaturation regions often approximated in
terms of gate bias a3%:

JITD.S' — JITJE?'.‘:?.'S' (1 - E;IS)
I’F

2

where

loss IS the saturation current at zero da&®urce
VOI,[a(‘:je[clarification needed

In the saturation regionthe JFET drain current is most significantly
affected by the gatsource voltage and barely affected by the drain
source voltage.

If the channel doping is uniform, such that the depletion region
thickness will grow in proportioto the square root of (the absolute
value of) the gatiesource voltage, then the channel thickriesan be
expressed in terms of the zdsims channel thicknegsas!c"a" neede

Gs

where

)
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Vp is the pinchoff voltage, the gé®ource voltage at which the
channel thickness goes to zero

ais the channel thickness at zero @atmurce voltage.

Then the drain current in the linear ohmic region can be exprassed

bW W
Ip = I qNapnVps = EL qNafln (1 — —) Vbs

or (in terms ofl pss);[c"ation needed

2Ipss l’Ds)
j pu— — —_—
Iz V2 (LGS V 5 Vbs

DESIGN OF BIASING MOSFET

MOSFET
From Wikipedia, the free encyclopedia

G

&

MOSFET showing gate (G), body (B¥ource (S) and drain (D)
terminals. The gate is separated from the body by an insulating layer
(white)
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Two power MOSFETs in thesurfacemount package D2PAK.
Operating as switches, each of these components can sustain a
blocking voltage of 120rolts in the OFF state, and can conduat
continuous current of 3@mperedn the ON state, dissipating up to
about 100watts and controlling a load of over 200¢atts. A
matchstickis pictured for scale.

A cross section through an nMOSFET when the gate voltagasV
below the threshold for making a conductive channel; there is little or
no condwtion between the terminals drain and source; the switch is
off. When the gate is more positive, it attracts electrons, inducing an
n-type conductive channel in the substrate below the oxide, which
allows electrons to flow between thedoped terminals; & switch is

on.
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Simulation result for formation of inversion channel (electron density)
and attainment of threshold voltage (IV) in a nanowire MOSFET.
Note that the threshold voltage for this device lies around\0.45

The metali oxidei semiconductor fidd-effect transistor (MOSFET,
MOS-FET, or MOS FET) is a type oftransistorused for amplifying

or switching electronicsignals Although the MOSFET is a four
terminal device with source (S), gate (G), drain (D), and body (B)
terminals!” the body (or substrate) of the MOSFET is often
connected to the source terminal, making it a theeminal device
like other field-effect transistorsBecause thesewvo terminals are
normally connected to each other (shmrtuited) internally, only
three terminals appear in electrical diagrams. The MOSFET is by far
the most common transistor in batigital and analog circuits, though
thebipolar junction transistarvas at one time much more common.

In enhancement mod®IOSFETS, a vitage drop across the oxide
induces aconducting channdbetween the source and drain contacts
via the field effect The term "enhancement mode" refers to the
increase of conductivity with increase in oxide field that adds carriers
to the channel, also referred to asitiheersion layer The channel can
contain electrons (called an nMOSFET or nMOS), or holes (called a
PMOSFET or pMOS), opposite in type to the substrate, so nMOS is
made with g-type substrate, andMOS with ann-type substrate (see
article on semiconductor devicgsIn the less commonlepletion
modeMOSFET, detailed later on, the channel consists of carriers in a
surface impurity layer of opposite type to the substrate, and
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conductivity is decreased by application of a field that depletes
carriers from this surface lay

The "metal" in the name MOSFET is now oftemasnomerbecause
the previously metal gate material isw often a layer opolysilicon
(polycrystalline silicon) Aluminium had been the gate material until
the mid1970s, when polysilicon became dominant, due to its
capability to formself-aligned gatesMetallic gates are regaining
popularity, since it is difficult to increase theesgdl of operation of
transistors withoutetal gates

Likewise, the "oxide" in the name can be a misnomer, as different
dielectric materials are used with the aim of obtaining stroagroéls
with smaller applied voltages.

An insulatedgate fieldeffect transistor otGFET is a related term
almost synonymous with MOSFET. The term may be more inclusive,
since many "MOSFETs" use a gate that is not metal, and a gate
insulator that is not agde. Another synonym iMISFET for metal
insulatof semiconductor FET.

The basic principle of théeld-effect transistowas first patented by
Julius Edgar Lilienfeldn 1925.

Composition

—
=

Photomicrograph of two metglate MOSFETS in a test patteRrobe
pads for two gates and three source/drain nodes are labeled.
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Usually the semiconductorof choice is silicon, but some chip
manufacturers, most notablpM and Intel, recently started using a
chemical compounaf silicon and germaniumS{Ge in MOSFET
channels. Unfortunately, many semiconductors with better electrical
propeties than silicon, such agallium arsenidedo not form good
semiconductoto-insulator interfaces, thus are not suitable for
MOSFETSs. Research continues on creating atsu$ with acceptable
electrical characteristics on other semiconductor material.

In order to overcome the increase in power consumption due to gate
current leakage, high-a d i e ik esedtinstead of silicon dioxide

for the gate insulator, while polysilicon is replaced by metal gates (see
Intel announcemeh).

The gate is separated from theaohel by a thin insulating layer,
traditionally of silicon dioxide and later @ilicon oxynitride Some
companies have started to introduce a+tagh di el e c tgate ¢+
combination in thel5 nanometenode.

When a voltage is applied between the gate and body terminals, the
electric field generated penetrates through the oxide and creates an
“Inversion layer" or "channel" at the semicondudtwmulator
interface. The inversion channel is of the same tyggpe or ntype,

as the source and drain, thus it provides a channel through which
current can pass. Varying the voltage between the gadebady
modulates theconductivity of this layer and thereby controls the
current flow between drain and source.

Circuit symbols

A variety of symbols are usddr the MOSFET. The basic design is
generally a line for the channel with the source and drain leaving it at
right angles and then bending back at right angles into the same
direction as the channel. Sometimes three line segments are used for
enhancement modand a solid line for depletion mode. (see
Depletion and enhancement modé@siother line is drawn parallel to

the channel for the gate.
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The "bulk" or "body" connection, if shown, is shown connected to the
back of the channel with an arrow indicating PMOS or NMOS.
Arrows always point from P to Npsan NMOS (Nchannel in Rvell

or Psubstrate) has the arrow pointing in (from the bulk to the
channel). If the bulk is connected to the source (as is generally the
case with discrete devices) it is sometimes angled to meet up with the
source leaving thednsistor. If the bulk is not shown (as is often the
case in IC design as they are generally common bulk) an inversion
symbol is sometimes used to indicate PMOS, alternatively an arrow
on the source may be used in the same way as for bipolar transistors
(out for nMOS, in for pMOS).

Comparison of enhancememiode and depletiomode MOSFET
symbols, along witRIFET symbols. The orientation of the symboils,
(most significantly the position of sourceatVe to drain) is such that
more positive voltages appear higher on the page than less positive
voltages, implying current flowing "down" the page!®

S s . s . g s P_
F@ @ 4@ _lﬂ‘n / channel
] (] ] ]
] N_
G ]
?@2 G—@‘? 46[2:2 _“ils =5 channel

MOSFET MOSFET enh (nc MOSFET

JFET enh bulk) dep

In schematics where G, S, D are not labeled, the ddtédlatures of

the symbol indicate which terminal is source and which is drain. For
enhancemenmnode and depletiomode MOSFET symbols (in
columns two and five), the source terminal is the one connected to the
triangle. Additionally, in this diagram, theatg is shown as an "L"
shape, whose input leg is closer to S than D, also indicating which is
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which. However, these symbols are often drawn with a "T" shaped
gate (as elsewhere on this page), so it is the triangle which must be
relied upon to indicate th@ource terminal.

For the symbols in which the bulk, or body, terminal is shown, it is
here shown internally connected to the source (i.e., the black triangles
in the diagrams in columns 2 and 5). This is a typical configuration,
but by no means the only partant configuration. In general, the
MOSFET is a fouterminal device, and in integrated circuits many of
the MOSFETs share a body connection, not necessarily connected to
the source terminals of all the transistors.



UNIT-2 BJT AMPLIFIERS

In electronics a common emitter amplifier is one of three basic
singlestage bipolarjunctiontransistor (BJT) amplifier topologies,
typically used as aoltage amplifier

In this circuit the base terminal of the transistor serves as the input,
the collector is the output, and the emittecanmonto both (for
example, it may be tied tground referencer apower supply rajl,
hence its name. The analogofisid-effect transistorcircuit is the
common sourceamplifier, and the analogousibe circuit is the
common cathodamplifier.

Emitter degeneration
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Figure2: Adding an emitterresistor decreasegjain but increases
linearity and stability

Common emitter amplifiers give the amplifier an inverted output and
can have a very higgainthat may vary widely from one transistor to
the next. The gain is a strong functiof both temperature and bias
current, and so the actual gain is somewhat unpredictatalbility is
another problem associated with such high gain circuits due to any
unintentional positive feedbackhat may be present.

Other problems associated with the circuit are the low idgoamic
rangeimposed by thesmallsignallimit; there is highdistortionif this

limit is exceeded and the transistor ceases to behave like its small
signal model. One common way of alleviating these issues is with the
use ofnegative feedbaghkvhich is usually implemented witemitter
degenerationEmitter degeneration refers to the addition of a small
resistor (or any impedancg between the emitter and the common
signal source (e.g., thground referencer apower supply rajl This
impedance Rereduces the overalransconductancé» = gnof the
circuit by a factor ofy=fle + 1, which makes theoltage gain

A ‘out — _ngC — _&
Uin Om RE +1 RE

(where g, Rg > 1).

So thevoltage gaindepends almost exclusively on the ratio of the
resistorsfic/ Rerather than the transistor's intrinsic and unpredictable
characteristics. Thealistortion and stability characteristics of the
circuit are thus improved at the expense of a reduction in gain.

Characteristics

At low frequencies and using a simplifigadybrid-pi mode| the
following smallsignalcharacteristics can be derived.

Expression (WithExpression
Definition emitter (without emitter

degeneration)  gegeneration, i.e.
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If the emitter degeneratiomsistor is not present, theie = 012, and

the expressions effectively simplify to the ones given by the rightmost
column (note that the voltage gain is an ideal value; the actual gain is
somewhat unpredictable). As expected, wtEgis increased, the
input impednce is increased and the voltage ¢A.is reduced.

Bandwidth

The bandwidth of the commesmitter amplifier tends to be low due

to high capacitance resulting from tiMiller effect. The parasitic
basecollector capacitancCcrappears like a larger parasitic capacitor
Cer(1 — Ay)(where Avis negative) from the base tground™ This

large capacitor greatly decreases the bandwidth of the amplifier as it
makes the time constant of the parasitic input RC filter

rs(1 — Av)Ceewhere 7sis the output impedancef the signal source
connected to the ideal base.

The problem can be mitigated in several ways, including:

¢ Reduction of the voltage gaimagnitude |4+l (e.g., by using
emitter degeneration).
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7 Reduction of theoutput impedancersof the signal source
connected to the base (e.g., by usingwaiter followeror some
othervoltage followey.

7 Using a cascodeconfiguration, which inserts a low input
impedance current buffer (e.g. @mmon baseamplifier)
between the transistor's collector and tHead. This
configuration holds the transistor's collector voltage roughly
constant, thus making the base to collector gain zero and hence
(ideally) removing théMiller effect.

7 Using adifferential amplifiertopology like an emitterfollower
driving a groundedbase amplifier; as long as themitter
follower is truly acommoncollector amplifier the Miller effect
IS removed.

The Miller effect negatively affects the performance of the common
source amplifier in the same way (and has similar solutions).When an
AC signal is applied to the transistor amplifier it causes the base
voltage VB to fluctuate in value at the AC signal. The positive half of
the applied signal will cause an increase in the value of VB this turn
will increase the base current IB and cause a corresponding increase
in emitter current IE and collector currd@t As a result, the collector
emitter voltage will be reduced because of the increase voltage drop
across RL. The negative alternation of an AC signal will cause a
decrease in IB this action then causes a corresponding decrease in IE
through RL. The outpusignal of a commonemitter amplifier is
therefore 180 degrees out of phase with the input signal.

It is also named commememitter amplifier because the emitter of the
transistor is common to both the input circuit and output circuit. The
input signal § applied across the ground and the base circuit of the
transistor. The output signal appears across ground and the collector
of the transistor. Since the emitter is connected to the ground, it is
common to signals, input and output.

The common emitter crcuit is the most widely used of junction,
transistor amplifiers. As compared with the commohase
connection, it has higher input impedance and loveertput
impedance A single power supply is easily used for biasing. In
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addition, higher voltage and powegains are usually obtained for
common emitter (CE) operation.

Current gain in the common emitter circuit is obtained from the base
and the collector circuit currents. Because a very small change in base
current produces a large change in collector cirtde current gain

( b) I s al ways great eremiteharauit, ani ty
typical value is about 50.

SMALL SIGNAL ANALYSIS OF CC AMP

In electronics a common collector amplifier (also known as an
emitter follower) is one of three basic sing&agebipolar junction
transistor (BJT) amplifier topologies typically used as aoltage
buffer.

In this circuit the base terminal of the transistor serves as the input,
the emitter is the output, and the collectocseanmonto both (for
example, it may be tied tground referencer apower supply ra)l
hence its name. The analogaofisid-effect transistorcircuit is the
common drairamplifier

Basic circuit

Input [A Output
) oL

L |
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Figure 2: Anegative feedback amplifier

The circuit can be explained by viewing the transistor as being under
the control ofnegative feedbackFrom this viewpointa common
collector stage (Fig. 1) is an amplifier with full serieggative
feedback In this configuration (Fig. 2vi t h b = 1) , t he
voltage byt Is placed contrary and in series with the input voltage
V\n. Thus the two voltages are subtracted according\Ma (the
subtractor from the function block diagram is implemented just by the
input loop) and their difference Vdiff =¥ - Vour is applied to the
baseemitter junction. The transistor monitors continuously Ydrid
adjusts its emitter voltage almost equal (lessgoY to the input
voltage by passing the according colleatarrentthrough the emitter
resistor R. As a result, the output voltage follows the input voltage
variations from \go Uup to V;; hence the ame, emitter follower.

Intuitively, this behavior can be also understood by realizing that the
baseemitter voltage in the bipolar transistor is very insensitive to bias
changes, so any change in base voltage is transmitted (to good
approximation) directlyto the emitter. It depends slightly on various
disturbances (transistor tolerances, temperature variatimas]
resistance collector resistor if it is added, etc.) since the transistor
reacts to these disturbances and restores the equilibrium. It never
saturates even if the input voltage reaches the positive rail.

The common collector circuit can be shown mathematically to have a
voltage gairof almost unity:

Uput

Uin

~ 1

A, =

Vi
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&

Figure 3: PNP version of the emitter follower circuit, all polarities are
reversed.

A small voltage change on the input terminal will be replicated at the
output (depending slightly on the transistor's gain and the value of the
load resistangesee gain formula below). This circuit is useful
because it has a largeput impedanceso it will not load down té
previous circuit:

Tin ~= -'G'[]'RE

and a smalbutput impedangeso it can drive lowesistance loads:

Typically, the emitter resistor is significantly larger and can be
removed fronthe equation:

— RHGII['II’.‘E

Fout ~=
Go

Applications

Vout

Figure 4. NPN voltage follower witburrent sourcdiasingsuitable
for integrated circuits


http://en.wikipedia.org/wiki/Load_resistance
http://en.wikipedia.org/wiki/Input_impedance
http://en.wikipedia.org/wiki/Output_impedance
http://en.wikipedia.org/wiki/Current_source
http://en.wikipedia.org/wiki/File:PNP_emitter_follower.svg
http://en.wikipedia.org/wiki/File:Voltage_follower.svg
http://en.wikipedia.org/wiki/File:Voltage_follower.svg

The low output impedancellows a source with a Ige output
impedanceo drive a smalload impedangeit functions as a voltage
buffer. In other words, the circuit has current gain (which depends
largely on the R of the transistor) instead ebltage gain A small
change to the input current results in mualyéa change in the output
current supplied to the output load.

One aspect of buffer action is transformation of impedances. For
example, theThévenin resistancef a combination of a voltage
follower driven by a voltage source with high Thévenin resistance is
reduced to only the output resistance of the voltage follower (a small
resistance). That resistance reduction makes the combination a more
ideal voltage sowe. Conversely, a voltage follower inserted between

a small load resistance and a driving stage presents a large load to the
driving stagé an advantage in coupling a voltage signal to a small
load.

This configuration is commonly used in the output stagedassB
and classAB amplifiers. The base circuit is modified to operate the
transistor inclassB or AB mode. InclassA mode, sometimes an
active current sourceis usedinstead of R (Fig. 4) to improve
linearity and/or efficiency!

Characteristics

At low frequencies and using a simplifidaybrid-pi mode| the
following smaltsignal characteristics can be derived. (Parameter
8 = gmr=and theparallellines indicatecomponents in parallgl
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Where Rsourceis theThéveninequivalent source resistance.

SMALL SIGNAL ANALYSIS OF CB AMP

In electronics a common base(also known asgrounded-base
amplifier is one of three basic sing&agebipolar junction transistor
(BJT) amplifier topologies, typically used as eurrent buffer or
voltageamplifier.

In this circuit the emitter terminal of theansistorserves as the input,
the collector the oput, and the base is connected to ground, or
"common", hence its name. The analogdigdd-effect transistor
circuit is thecommon gatamplifier
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Simplified Operation

As currentis sunk from the emitter this providestential difference
so caumg thetransistorto conduct! The current conducted via the
collector is proportional to thevoltage across the basemitter
junction, accounting for the bias, as with other configuratns.

Therefore, if no current isugk at the emitter the transistor does not
conduct.

Applications

This arrangement is not very common in {r@quency circuits,
where it is usually employed for amplifiers that require an unusually
low input impedancefor example to act aspgeamplifierfor moving

coil microphones However, it is popular in higfrequency
amplifiers, for example forVHF and UHF, because its input
capacitance does not suffer from thaller effect, which degrades the
bandwidth of thecommon emitteconfiguration, and because of the
relatively high isolation between the input and output. This high
isolation means that there is little feedback from the output back to
the input, leading to high stability.

This configuration is also useful as a currénifffer since it has a
current gain of approximatelynity (see formulas below). Often a
common base is used in this manner, precededdmymemon emitter
stage. The combination of these two faitme cascodeconfiguration,

which possesses several of the benefits of each configuration, such as
highinput impedancand isolation.

Low-frequency characteristics

At low frequencies and wer smallsignal conditions, the circuit in
Figure 1 can be represented by that in Figure 2, wherbaytbed-pi
modelfor the BJT has been employed. The input signal is represented
by a Théveninvoltagesource, y, with a series resistance Bnd the

load isa resistor R This circuit can be used to derive the following
characteristics of the common base amplifier.
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In general the overall voltage/current gain may be substantially less
than the open/short circuit gains listed above (depending on the
source and load resistances) due tddhding effect

Active loads
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For voltage amplification, the range of allowed output voltage swing
in this amplifier is tied to its voltage gain when a resistor IBads
employed, as in Figure 1. That is, largdtage gain requires lards.,

and that in turn implies a large DC voltage drop aciessFor a
given supply voltage, the larger this drop, the smaller the transistor
Vcg and the less output swing is allowed before saturation of the
transistor occurs, \h resultant distortion of the output signal. To
avoid this situation, aactive loadcan be used, for examplecarrent
mirror. If this choice is made, the value B in the table above is
replaced by the smadlignal output resistancef the active load
which is generally at least as large asrthef the active transistor in
Figure 1. On the otheramd, the DC voltage drop across the active
load is a fixed low value (theompliance voltageof the active load),
much less than the DC voltage dropumned for comparable gain
using a resistoRc. That is, an active load imposes less restriction on
the output voltage swing. Notice that active load or not, large AC gain
still is coupled to large AC output resistance, which leads to poor
voltage divisiorat the output except for large lodds>> R,

For use as a current buffer, gain is not affectedRby but output
resistance is. Because of the current division at the output, it is
desirable to have an output resistance for the buffer much larger than
the loadR_ being driven so large signal currents can be delivered to a
load. If a resistoR¢ is used, as in Figure 1, a large output resistance
is coupled to a largBc, again limiting the signal swing at the output.
(Even though current is delivered ttee load, usually a large current
signal into the load implies a large voltage swing across the load as
well.) An active load provides high AC output resistance with much
less serious impact upon the amplitude of output signal swing.

AC LOADLINE

Semiconductorircuits typically have botibC and AC currents in
them, with a source of DC currentli@asthe nonlinear semiconductor

to the correct operating point, and the AC signal superimposed on the
DC. Load lines can be used separately for both DC and AC analysis.
The DC load line is the load line of the @Quivalent circuitdefined

by reducing the reactive comparige to zero (replacing capacitors by
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open circuits and inductors by closed circuits). It is used to determine
the correct DC operating point, often called @heoint

Once a DC operating pd is defined by the DC load line, an AC load
line can be drawn through the Q point. The AC load line is a straight
line with a slope equal to the Attnpedancefacdng the nonlinear
device, which is in general different from the DC resistance. The ratio
of AC voltage to current in the device is defined by this line. Because
the impedance of the reactive components will vary with frequency,
the slope of the AC loadrle depends on the frequency of the applied
signal. So there are many AC load lines, that vary from the DC load
line (at low frequency) to a limiting AC load line, all having a
common intersection at the dc operating point. This limiting load line,
generaly referred to as thAC load line is the load line of the circuit

at "infinite frequency", and can be found by replacing capacitors with
short circuits, and inductors with open circuits.
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DIFFERENTIAL AMP

A differential amplifier is a type © electronic amplifier that
amplifies the difference between two voltages but does not amplify
the particular voltages.
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Theory

Many electronic devices use difémtial amplifiers internally. The
output of an ideal differential amplifier is given by:

v::-ut — _1-‘_'[1:: _ T':rT)

WhereVia and Via are the input voltages anthis the differential gain.
In practice, however, the gain is not quite equal for the two inputs.
This means, for instance,ahif Vs and Vi are equal, the output will
not be zero, as it would be in the ideal case. A more realistic

expression for the output of a differential amplifier thus includes a
second term.

Jt P
s = Aa(Vi = Vi) + A, (—T"" + )

Acis  called the commemode gain of the amplifier,
As differential amplifiers are often used to null out noise or bias
voltages that appear at both inputs, a low conumode gain is
usually desired.

The commonmode rejetion ratio (CMRR), usually defined as the
ratio between differentiahode gain and commemode gain,
indicates the ability of the amplifier to accurately cancel voltages that
are common to both inputs. The commuonde rejection ratio is
defined as:

14\ 1
CMRR = 10log,, (Td) = 20log,, (ﬁ)

C
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In a perfectly symmetrical differential amplifierlcis zero and the
CMRR is infinite. Note that a differential amplifier is a more general
form of amplifier than one with a single input; by grounding one input
of a differential amplifier, a singlended amplier results.

Long-tailed pair
Historical background

Differential amplifiers are usually implemented with a basic circuit
called longtailed pair. This circuit was originally implemented using

a pair ofvacuum tubesThe circuit works the same way for all three
terminal devices with current gain. The letagl resistor circuit bias
points are largely determined by Ohm's Law and less so by active
component characteristics.

The longtailed pair was developed from earlier knowledge of push
pull circuit techniques and measurement bridge&n early circuit
which closely resembles a lotgiled pair was pholished by
Matthews in 1934 and it seems likely that this was intended to be a
true longtailed pair but was published with a drawing error. The
earliest definite longailed gair circuit appears in a patent submitted
by Alan Blumleinin 1936"! By the end ofthe 1930s the topology
was well established and had been described by various authors
including Offner (1937 Schmitt(1937)® and Toennies (1938) and

it was particularly used for detection and measurement of
physiological impulse¥!

The longtailed pair was very successfully used in early British
computing, most notably thiilot ACE model and descendarits!
Wilkes' EDSAC, and probably others designed by people who worked
with Blumlein or his peers. The loftgiled pair has many attributes as

a switch: largely immune to tube (transistor) variations (of great
importance when machines contained 1,000 or more tubes), high gain,
gain stability, high input impedance, medium/low output impedance,
good clipper (with nottoo-long tail), noninverting EDSAC
contained no inverters!) and large output voltage swings. One
disadvantage is that the output voltage swing (typicallyi 20§/)
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was imposed upon a high DC voltage (200r so), requiring care in
signal coupling, sually some form of widéand DC coupling. Many
computers of this time tried to avoid this problem by using only AC
coupled pulse logic, which made them very large and overly complex
(ENIAC: 18000 tubes for a 20 digit calculator) or unreliable.-DC
coupled circuitry became the norm after the first generation of
vacuum tube computers.

Configurations

A differential (longtailed™ 2 emittercoupled) pair amplifier
consists of two amplifying stages with commamftter, sourceor
cathodé degeneration.

Differential output

Figure 2: A classic longgailed pair

With two inputs and two outputs, this formasdifferential amplifier
stage (Fig. 2). The two bases (or grids or gates) are inputs which are
differentially amplified (subtracted and multiplied) by the pair; they
can be fed with a differential (balanced) input signal, or one input
could be groundedtform aphase splittecircuit. An amplifier with
differential output can drive floating load or another stage with
differential input.
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Single-ended output

If the differentialoutput is not desired, then only one output can be
used (taken from just one of the collectors (or anodes or drains),
disregarding the other output without a collector inductor; this
configuration is referred to asngleended outputThe gain is half
that of the stage with differential output. To avoid sacrificing gain, a
differential to singleended converter can be utilized. This is often
implemented as aurrent mirror(Fig. 3).

Operation

To explain the circuit operation, four particular modes aréated
below although, in practice, some of them act simultaneously and
their effects are superimposed.

Biasing

In contrast with classic amplifying stages that are biased from the side

of the base ( an-dependent), theedifferemtralepairh i g |
is directly biased from the side of the emitters by sinking/injecting the
total quiescent current. The seriaggative feedbacKthe emitter
degeneration) makes the transistors act as voltage stabilizers; it forces
them to adjust their M voltages (baseutrents) to pass the quiescent
current through their collect@mitter junctions™ ! So, due to the
negative feedback, the quiescent current depends slightly on the
transi stor's D.

The biasing base currents needed to evoke the quiescent collector
currents usually come from the ground, pass through the input sources
and enter the bases. So, the sources have to be galvanic (DC) to
ensure paths for the biasing currents bowd resistive enough to not
create significant voltage drops across them. Otherwise, additional
DC elements should be connected between the bases and the ground
(or the positive power supply).
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Common mode

At common mode (the two input voltages change ie #ame
directions), the two voltage (emitter) followers cooperate with each
other working together on the common higlsistive emitter load (the
"long tail"). They all together increase or decrease the voltage of the
common emittepoint (figuratively spaking, they together "pull up"

or "pull down" it so that it moves). In addition, the dynamic load
"helps" them by changing its instant ohmic resistance in the same
direction as the input voltages (it increases when the voltage increases
and vice versa.) tls keeping up constant total resistance between the
two supply rails. There is a full (100%) negative feedback; the two
input base voltages and the emitter voltage change simultaneously
while the collector currents and the total current do not change. As a
result, the output collector voltages do not change as well.

Differential mode

Normal. At differential mode (the two input voltages change in
opposite directions), the two voltage (emitter) followers oppose each
other- while one of them tries to increaee voltage of the common
emitter point, the other tries to decrease it (figuratively speaking, one
of them "pulls up" the common point while the other "pulls down" it
so that it stays immovable) and v.v. So, the common point does not
change its voltagat behaves like airtual groundwith a magnitude
determined by the commeanode input voltages. The higbsistive
emitter element does not play any role since it is shunteétebgher
low-resistive emitter follower. There is no negative feedback since the
emitter voltage does not change at all when the input base voltages
change. uvhe common quiescent <currtr
two transistors and the output collector agks vigorously change.
The two transistors mutually ground their emitters; so, although they
are commoncollector stages, they actually act @ammonemitter
stages with maximum gain. Bias stability and independence from
variations in device parameters can be improved by negative feedback
introduced via cathodéemitter resistors with relativelysmall
resistances.
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Overdriven. If the input differential voltage changes significantly
(more than about a hundred millivolts), the basatter junction of

the transistor driven by the lower input voltage becomes backward
biased and its collector voltageaches the positive supply rail. The
other transistor (driven by the higher input voltage) saturates and its
collector voltage begins following the input one. This mode is used in
differential switches anBCL gates.

Breakdown. If the input voltage continues increasing and exceeds the
baseemitter breakdown voltagethe basemitter junction of the
transistor driven by the lower input voltage breaks down. If the input
sources are low resistive, an unlimited current will flow directly
through the "diode bridge" between the two input sources and will
damage them.

At common mode, theemitter voltage follows the input voltage
variations; there is a full negative feedback and the gain is minimum.
At differential mode, the emitter voltage is fixed (equal to the instant
common input voltage); there is no negative feedback and the gain is
maximum.

CMRR

The commonmode rejection ratio (CMRR) of a differential
amplifier (or other device) is the rejection by the device of unwanted
input signals comwn to both input leads, relative to the wanted
difference signal. An idedifferential amplifierwould have infinite
CMRR,; this is not achievable in practice. A high CMRR is required
when a differential signal must be amplified in the presence of a
possilly large commormode input. An example is audio
transmission ovedpalanced lines

Theory

Ideally, a differential amplifier takes the voltag&sand1~_on its two
inputs and produsean outpuvoltage Vo = Aa(Vi — V), whereAais

the differential gain. However, the output of a real differential
amplifier is better described as
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Vo = Aa(Vi = Vo) + Mem(Va + V1),

whereAwmis the commormode gain, which is typically much smaller
than thedifferential gain

The CMRR is defined as the ratio of thewersof the differential
gain over the commemode gain, measured in pidge decibels(thus
using the20 log rule:

_-1,:[ .-Li 2 ~‘1d
CMRR = L = 10logyo ( o | dB =20logy, ( —— | dB

< lrm | *_1CIT||

As differential gain should exceed commmiode gain, this will be a
positive number, and the higher the better.

The CMRR is a very important specification, as it indicates how
much of thecommonmode signalwill appear in your measurenten
The value of the CMRR often depends on signaduencyas well,
and must be specified agumctionthereof.

It is often important in reducingoise on transmission lines. For
example, when measuring the resistance thieamocouplen a noisy
environment, theoisefrom the environment appears as an offset on
both input leads, making it a commamde voltage signal. The
CMRR of the measurement instrumenlketermines theattenuation
applied to the offset or noise.

DARLINGTON AMPLIFIER

n electronics the Darlington transistor (often called aDarlington
pair) is a compound structure consisting of tWipolar transistors
(either integrated or sepaed devices) connected in such a way that
the current amplified by the first transistor is amplified further by the
second on& This configuration gives a much dfier
common/emittercurrent gain than each transistor taken separately
and, in the case of integrated devicem) take less space than two
individual transistors because they can useshared collector.
Integrated Darlington pairs come packaged singly in trandiker
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packages or as an array of devices (usually eight) imt&grated
circuit.

The Darlington configuration was invented IBell Laboratories
engineerSidney Darlingtonn 1953. Hepatentedthe idea of having
two or three transistors on a single chip sharing a coll€ttor.

A similar configuration but with transistors of opposite type (one
NPN and one PNP) is th&ziklai pair, sometimes called the
"complementary Darlington."

N

Behavior

View of the chip in an MJ1000

A Darlington pair is like a set of feeders with a high currgain
(approximately the product of the gains of the two transistors). In fact,
integrated devices have three leads (B, C and E), broadly equivalent
to those of a standard transistor.

A general relationbetween the compound current gain and the
individual gains is given by:
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.'ﬂ]:la.rlingh:rn — -"jl ) ."32 + ."jl + .52

If b; and b, are high enough (hundreds), this relation can be
approximated with:

-'ﬂ]:la.rlingh:rn ~ -"jl - -"32

Darlington pairs are available as integrated packages or can be made
from two discrete transistors; Qthe lefthand transistor in the
diagram) can be a low power type, butmally Q, (on the right) will

need to be high power. The maximum collector currgimax) of the

pair is that of Q. A typical integrated power device is the 2N6282,
which includes a switcbff resistor and has a current gain of 2400 at
|c=10A.

A Darlington pair can be sensitive enough to respond to the current
passed by skin contact even at safe voltages. Thus it can form the
input stage of a touebensitive switch.

A typical modern device has a current gain of 1000 or more, so that
only a small base cwent is needed to make the pair switch on.
However, this high current gain comes with several drawbacks.

Disadvantages

One drawback is an approximate doubling of the base/emitter voltage.
Since there are two junctions between the base and emitter of the
Datington transistor, the equivalent base/emitter voltage is the sum of
both base/emitter voltages:

T i r i~ __.r
s = Vee + Ve = 2VgE

For siliconbased technology, where eachzMs about 0.65 V when
the device is operating in the active or saturated region, the necessary
base/emitter vohage of the pairis 1.3 V.

Another drawback of the Darlington pair is its increased "saturation”
voltage. The output transistor is not allowed to saturate (i.e. its base
collector junction must remain reverbmsed) because the first



transistor, when satated, establishes full (100%) parallstgative
feedbackbetween the collector and the base of the second tran3istor.
Since collector/emitter voltage is equal to themswf its own
base/emitter voltage and the colleetonitter voltage of the first
transistor, both positive quantities in normal operation, it always
exceeds the basamitter voltage. (In symbols,
Ver2 = Verr + Vee2 > Vee2 = Vo2 > Ve2always.) Thus the
"saturation" voltage of a Darlington trsistor is one W (about 0.65

V in silicon) higher than @ingle transistosaturation voltage, which

is typically 0.1- 0.2 V in silicon. For equal collector currents, this
drawback translates to an increase in the dissipated power for the
Darlington tramistor over a single transistor. The increased low
output level can cause troubles when TTL logic circuits are driven.

Another problem is a reduction in switching speed or response,
because the first transistor cannot actively inhibit the base current of
the second one, making the device slow to switch off. To alleviate
this, the second transistor often has a resistor of a few hundred ohms
connected between its base and emitter termifaEhis resistor
provides a low impedance discharge path for the charge accumulated
on the bas@mitter junction, allowing a faster transistor taft.

The Darlington pair has more phase shift at high frequencies than a
single transigir and hence can more easily become unstable with
negative feedback.e., systems that use this configuration can have
poorphase marginue to the extra transistor delay).

BOOTS STRAP

"Bootstrap” redirects here. For a Ul web design tool called
"Bootstrap”, se®ootstrap (froriend framework)
For other uses, s&potstrapping (disambiguatian)

In general parlancdyootstrapping usually refers to the starting of a
selfsustaining process that is supposed to proceed without external
input. Incomputer technologthe term (usuallyrsortened tdoooting)
usually refers to the process of loading the basic software into the
memory of a computer after powen or general reset, especially the
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operating sysgim which will then take care of loading other software
as needed.

The term appears to have originated in the early 19th century United
States (particularly in the phrase "pull oneself over a fence by one's
bootstraps”), to mean an absurdly impossible oacti an
adynatort e

Cascade amplifier
From Wikipedia, thdree encyclopedia

e

Cascaded amplifier, a simplified diagram

A cascade amplifieris any two-port network constructed from a
series of amplifiers, where each amplifier sends its output to the input
of the next amplifier in @aisy chair*

A cascade is basicallydifferential amplifierwith one input grounded

and the side with the real input has no load. It can also be seen as a
common collector(emitter follower) bllowed by acommon base
Since the input side has no load there is no gain on that side and the
Miller effect does not come into play. In addition, Vds or Vce stays
fairly constantwhich reduces distortion. Its advantage over the
cascade is that it does not require as much voltage headroom. Its
disadvantage is since it has two legs it requires twice as owront

as a cascade for similar performance.

The complication in calculating the gain of cascaded stages is the
nonideal coupling between stages due to loading. Two cascaded
common emitter stages are shown below. Because the input resistance


http://en.wikipedia.org/wiki/Operating_system
http://en.wikipedia.org/wiki/Adynaton
http://en.wikipedia.org/wiki/Bootstrapping#cite_note-1
http://en.wikipedia.org/wiki/Bootstrapping#cite_note-1
http://en.wikipedia.org/wiki/Bootstrapping#cite_note-examples-3
http://en.wikipedia.org/wiki/Two-port_network
http://en.wikipedia.org/wiki/Daisy_chain_%28electrical_engineering%29
http://en.wikipedia.org/wiki/Cascade_amplifier#cite_note-1
http://en.wikipedia.org/wiki/Differential_amplifier
http://en.wikipedia.org/wiki/Common_collector
http://en.wikipedia.org/wiki/Common_base
http://en.wikipedia.org/wiki/Miller_effect
http://en.wikipedia.org/wiki/File:Cascadeamplifier.jpg

of thesecand stagdorms avoltage dividemwith the output resistance
of the first stage the total gain is not the product of the individual
(separated) stages.

Cascode
From Wikipedia the free encyclopedia

Thecascodéds a twastageamplifier composed of &#ransconductance
amplifier followed by acurrent buffer

Compared to a single amplifier stage, this combination may have one
or more of the following characteristics: higher inputput isolation,
higherinput impedancehigh output impedancenhighergainor higher
bandwidth

In modern circuits, the cascode is often constructed from two
transistor§BJTsor FET9, with one operating as @mmon emitter

or common sourcand the other as @mmon baser common gate
The cascode improves inpatitput isolation (or reverse transmission)
as there is noicect coupling from the output to input. This eliminates
theMiller effectand thus contributes to a much highandwidth

Operation
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Figure 1:N-channel class A cascode amiglif
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Figure 1 shows an example of cascode amplifier witbommon
sourceamplifier as input stage driven by signal sowge This input
stage drives &ommon gateamplifier as output stage, with output
signalV g

As the lower FET is conducting, by providing gate voltage, the upper
FET conducts due to the potential difference now appearing between
its gateand source.

The major advantage of this circuit arrangement stems from the
placement of the uppdield-effect transisto(FET) as the load of the
input (lower) FET's output terminal (drain). Because at operating
frequencies the upper FET's gate is effectively grounded, the upper
FET's source voltage (and therefore the input transistor's drain) is held
at nearly constant voltage during operation. In other syafte upper

FET exhibits a low input resistance to the lower FET, making the
voltagegainof the lower FET very small, which dramatically reduces
the Miller feedback capacitandeom the lower FET's drain to gate.
This loss ofvoltage gainis recovered by the upper FET. Thus, the
upper transistor permits the lower FET to operate with minimum
negative (Miller) feedback, improving its bandwidth.

The upper FET gate is electricallyoginded, so charge and discharge
of stray capacitanc€yy between drain and gate is simply throuh
and the output load (s&,.), and the frequency response is affected
only for frequencies above the associa®@ time constantU= Cg,
Ro//Rou, Namelyf = 1/(2° ) a rather high frequency becausg is
small. That is, the upper FET gate does not suffer from Miller
amplification ofCy

If the upper FET stage were operated alone using its source as input
node (i.e. common gate (& configuration), it would have good
voltage gain and wide bandwidth. However, its lojpwut impedance
would limit its usefulness to very low impedance voltage drivers.
Adding the lower FET results in a high input impedance, allowing the
cascode stage twe driven by a high impedance source.

If one were to replace the upper FET with a typical inductive/resistive
load, and take the output from the input transistor's drain (i.e. a
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common source(CS) configuration), the CS configuration would offer
the same iput impedance as the cascode, but the cascode
configuration would offer a potentially greater gain and much greater
bandwidth.

Stability

The cascode arrangement is also very stable. Its output is effectively
isolated from the input both electrically andypitally. The lower
transistor has nearly constant voltage at both drain and source and
thus there is essentially "nothing" to feed back into its gate. The upper
transistor has nearly constant voltage at its gate and source. Thus, the
only nodes with sigficant voltage on them are the input and output,
and these are separated by the central connection of nearly constant
voltage and by the physical distance of tivansistors Thus in
practice there is little feedback from the output to the input. Metal
shielding is both effective and easy to provide between the two
transistors for even greater isolation when required. This would be
difficult in one-transistor amplifier circuits, which at high frequencies
would requireneutralization

Biasing

As shown, the cascode circuit using two "stackE&Ts imposes
some restrictions on the two FE®s namely, the upgr FET must be
biased so its source voltage is high enough (the lower FET drain
voltage may swing too low, causing it to saturate). Insurance of this
condition for FETs requires careful selection for the pair, or special
biasing of the upper FET gate, irassing cost.

The cascode circuit can also be built using bipolar transistors, or
MOSFETS, or even one FET (or MOSFET) and one BJT. In the latter
case, the BJT must be the L]!Ppel’ transistor; otherwise, the (lower) BJT
will always saturafg'@’®" "¢ njess extraordinary steps are taken to
bias it.

Advantages
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The cascode arrangement offers high gain, high bandwidth stegh
rate high stability, and high input impedance. The parts count is very
low for a twatransistor circuit.

Disadvantages

The cascode circuit requires two transistors and requires a relatively
high supply voltage. Fathe tweFET cascode, both transistors must
be biased with ample 4 in operation, imposing a lower limit on the
supply voltage.


http://en.wikipedia.org/wiki/Slew_rate
http://en.wikipedia.org/wiki/Slew_rate

UNIT-3 JFET AND MOSFET AMPLIFIERS
ANALYSIS OF JFET

Small-signal modelingis a common analysis tedlne in electrical
engineeringwhich is used to approximate the behaviomohlinear
deviceswith linear equationsThis linearization is formed about the
DC biaspoint of the device (that is, theoltagdcurrentlevels present
when no signal is applied), and can be accurate for small excursions
about this point.

Motivation

Many electronic circuits, such asdio receiverscommuimcations,
and signal processingircuits, generally carry small timearying
(AC) signals on top of a constard@) bias This suggests using
method akin to approximation Winite difference methodo analyze
relatively small perturbations about thias point

Any nonlinear device which can be described quantitatively using a
formula can then be 'linearized' aboubias point by taking partial
derivatives of the formula with respect to all governing variables.
These partial derivatigecan be associated with physical quantities
(such asapacitancgresistancandinductancg and a circuit diagram
relating them can be formulated. Srmsitinal models exist for
electron tubes diodes field-effect transistors(FET) and bipolar
transistors notably the hybridpi model and various two-port
networks

Variable notation

1 Largesignal DC quantities are denoted by uppercase letters with
uppercase subscripts. For example, the DC inputvoikageof
a transistor would be denot&fk.

1 Smallsignal quantities are denoteding lowercase letters with
lowercase subscripts. For example, the input signal of a
transistor would be denoted Vin.
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7 Total quantities, combining both smalgnal and largeignal
guantities, are denoted using lower case letters and uppercase
subscrips. For example, the total input voltage to the
aforementioned transistor would b (f) = Vix + vin(2),

Example: PN junction diodes
Main article:Diode modelling § Smul-signal modelling

The (largesignal) Shockley equation for a diode can be linearized
about the bias point or quiescent point (sometimes cgiedint) to

find the smalsignal conductancecapacitanceand resistance of the
diode. This procedure is described in more detail undiede
modeling which provides an example of the linearization procedure
followed in all smalisignal models of semiconductor devices.

Differences between small signal and large signal

A large signal is a DC sighéor an AC signal at a point in time) that

iS one or more orders of magnitude larger than the small signal and is
used to analyse a circuit containing Hovear components and
calculate an operating point (bias) of these components.

A small signal is arAC signal superimposed on a circuit containing a
large signal.

In analysis of the small signal's contribution to the circuit, the- non
linear components are modeled as linear components

ANALYSIS OF MOSFET AMP

From this relationship, lets now "derive" the all important
characteristic relating drain current and drain-source voltage.
Consider the following configuration:
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At some position x along the sourcérain channel:
(current in channel at x ) = (mobility) {electric charge at x ) (electric field at x |

L) =1 Qun ) -

dV,
dx
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But since I is constant throughout conducting channel:

W 1
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At the peak Ves=Vps*+Vr so tat stored charge at the drain
vanishes and the equation is no longer validAt this point the
drain current has reached its "saturation" value as indicated in
the figure above. The drain current at maximum follows the
parabolic equation

W
I =p G, 21 Vos”

COMMON SOURCE

Common source
From Wikipedia, thdree encyclopedia



Figure 1. Basic Nchannel JFET commesource circuit (neglecting
biasingdetails).

Figure 2: Basic Nchannel JFET commesource cicuit with source
degeneration.

In electronics a commonsource amplifier is one of three &sic
singlestage field-effect transistor (FET) amplifier topologies,
typically used as #@oltage or transconductanaenplifier. The easiest
way to tell if a FET is common sourcepmmon drain or common
gateis to examine where the signal enters and leaves. The remaining
terminal is what is known as "common®. In this examphe signal
enters the gate, and exits the drain. The only terminal remaining is the
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source. This is a commesource FET circuit. The analogohgolar
junction transistocircuit is thecommonemitter amplifier

The commorsource (CS) amplifier may be viewed as a
transconductance amplifier or as a voltage amplifier. (See
classification of amplifiedrs As a transconductance amplifier, the
input voltage is seen as modulating the current going to tide Ama
voltage amplifier, input voltage modulates the amount of current
flowing through the FET, changing the voltage across the output
resistance according @hm's law However, the=ET device's output
resistance typically is not high enough for a reasonable
transconductance amplifierdgally infinite), nor low enough for a
decent voltage amplifierideally zerd. Another major drawback is
the amplifier's limited higHrequency response. &refore, in practice

the output often is routed through either a voltage followeminon
drainor CD stage), or a current followesammongateor CG stage),

to obtain more favorable output and frequency characteristics. The
CS CG combination is called@scodamplifier.

Characteristics

At low frequencies and using a simplifiddybrid-pi mode| the
following smallsignalcharatteristics can be derived.

Definition Expression
Current gain A2 i;“" 0
in
Voltage gain A £ L;': — pimfin_
Input impedance T £ :—: 00
Output impedance rout = F Rp

Bandwidth
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Figure 3: Basic Nchannel MOSFET commesource amplifier with
active loadp.

Figure 4: Smalkignal circuit for Nchannel MOSFET commen
source amplifier.
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Figure 5: Smalkignal circuit for Nchannel MOSFET commen
source amplifier usingMiller's theorem to introduce Miller
capacitanc€y,.

The bandwidthof the commorsource amplifier tends to be low, due
to high capacitance resulting from tMiller effect The gatedrain
capacitance is effectively multiplied by the factbrt |1, thus
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increasing the totalinput capacitanceand lowering the overall
bandwidth

Figure 3 shows MOSFET commorsource amplifier with amctive
load Figure 4 shows the corresponding srks&inal circuit when a
load resistoR, is added at the output node andlavenin driverof
applied voltagé/, and series resistanéy is added at the input node.
The limitation on bandwidth in this circuit stems from the coupling of
parasitic transistor capacitan€y between gate and drain and the
series resistance of the souré®. (There are other parasitic
capacitances, but they are neglected here ay tlave only a
secondary effect on bandwidth.)

Using Miller's theorem the circuit of Figure 4 is transformed to that
of Figure 5, which shows thdiller capacitanceCy, on the iput side

of the circuit. The size dfy, is decided by equating the current in the
input circuit of Figure 5 through the Miller capacitance, saywhich

IS:

in = JwCyvgs = jwCavg,

to the current drawn from the input by capaci@y in Figure 4,
namely] Y &vep. These two currents are the same, making the two
circuits have the same input behavior, provided the Miller capacitance
IS given by:

Ugp Up
Cy = ng— — Ld (1 - _)
Ugs .

Vo

Usually the frequency dependence of the gair vg is unimportant
for frequencies even somewhat above tomer frequencyof the
amplifier, which means a lodvequencyhybrid-pi modelis accurate
for determiningvp / vg. This evaluation idiller's approximatioff!
and provides the estimate (just set the capacitances to zero in Figure
5):

D

— & —gm(ro||RL)
(2] ,
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so the Miller capacitance is

Cnm = Cga (14 gm(rol|Re)).

The gaing,, (ro || RL) is large for largeR,, so even a small parasitic
capadance Cyq can become a large influence in the frequency
response of the amplifier, and many circuit tricks are used to
counteract this effect. One trick is to addc@mmongate (current
follower) stage to make @ascodecircuit. The currenfollower stage
presents a load to the commsource stage that is very small, namely
the input resistance of the current foIIonR[ a BbmaVo/ (2p);

see common gafp Small R, reducesCy.? The article on the
commonemitter amplifierdiscusses other solutions to this problem.

Returning to Figure 5, the gate voltage is related to the input signal by
voltage divisioras:

1/(wCn) v 1
1/(jwCh) + Ra M+ JwCy Ry

vg = Va

Thebandwidth(also called the 3dB frequency) is the frequency where
the signaldr ops t o 1/ -fregquen2y valdfe. (Irdécibels| o w

dB(a 2) = 3.01 dB). A re@ Rt on t
maklng the input signal at this valuewf(call this valuey 4, say)vg
= Va / (1+)). The magnltudeo f (1+j) = a 2. As
frequencyfzgg=¥3e/ (27 ) i s:

1 1

Jaan = 2mRACy 21 RA[Cga (1 + gm(rol| L)),

If the parasitic gatéo-source capacitanc€ys is included in the
analysis, it simply is parallel wit@y,, so

1 - 1
2rRA(Cu+ Cgs) 2 RA[Cy 4 Ca(1 + gm(rol[RL))].

fads =

Notice thatf;yg becomes large if the source resistaRgdas small, so
the Miller amplification of the capacitance has little effect upon the
bandwidth for smallR,. This observation suggestaadher circuit
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trick to increase bandwidth: addcammondrain (voltagefollower)
stage between the driver and the comseouarce stage so the
Thévenin resistance of the combineaver plus voltage follower is
less than th&, of the original drivef’

Examination of the output side of the circuit in Figure 2 enables the
frequency dependence of the mab / vg to be found, providing a
check that the lovirequency evaluation of the Miller capacitance is
adequate for frequencidéseven larger thamfzgs. (See article ompole
sgitting to see how the output side of the circuit is handled.)

COMMON GATE

Common gate
From Wikipedia, the free encyclopedia

This article includes &st of referencesbutits sources remait
unclear because it has insufficieninline citations. Please hel
to improve this article byintroducing more pecise citation:
(April 2009)
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Figure 1. Basic Nchannelcommongate circuit (neglectindpiasing
details);currentsourcelp represents aactive loag signal is applied
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at nodeV;, and output is taken from nodg&,; output can be current
or voltage

In electronics acommongate amplifier is one of three basic single
stagefield-effect transisto(FET) amdifier topologies, typically used

as acurrent buffer or voltage amplifier. In this circuit the source
terminal of the transistor serves as the input, the drain is the output
and the gate is connected to grduor "common," hence its name.
The analogousipolar junction transistocircuit is thecommonrbase
amplifier.

Applications

This configuration is used less often than ttenmon sourceor
source follower It is useful in, for example, CMOS RF receivers,
especially when operating near the frequency limitations of the FETS;
it is desirable because of the ease imfpedance matchingand
potentially has lowemoise Gray and Meyé! provide a general
reference for this circuit.

Low-frequency characteristics

D :}-::uut_
G BEmVYs | | +Hout

l— 1"_ﬁil’0:RL
]

Ug
—_—
o
d

(D °R
5 l_ __!_ 5

Figure 2: Smalkignal lowfrequencyhybrid-pi model for amplifier

driven by aNorton signal source

At low frequencies and undemallsignal conditions, the circuit in
Figure 1 ca be represented by that in Figure 2, wherehyiarid-pi
modelfor the MOSFET has been employed.
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Figure 3:Hybrid pi modelwith test source, at output to findoutput

resistance

The amplifier characteristics are summarized below in Table 1. The
approximate expressions use the assumptions (usually acadrate)

R, andgmlo >> 1.

Tablel Definition
Short-

circuit Al
current ig
gain

I'lr.\vut

Fp=0

Open-

circuit

voltage Y g
gain

?-Jm 1t

Input Us
resistance is

Output P
. out — -
resistance iy

Uz

RL_SC

Expression

1

((Qw;+-gw¢}TD'+'1)

Ry +ro
(gm +gmf-‘-)TG +1

_Rp
ro+RL

Approximate
expression

Om RL

(1+ (Gm + gms)To)Rs + 10 To

Note: Parallel lines (||) indicateomponents in parallel
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In general the overall voltage/current gain may be substantially less
than the open/short circuit gains listed above (depgndn the
source and load resistances) due tddhding effect

Closed circuit voltage gain

Taking input and output loading into consideration, the closed circuit
voltage gan (that is, the gain with loaR, and source with resistance
Rs both attached) of the common gate can be written as:

_1 o EmR].
v ]-+Q'.U|R-&',

which has the simple limiting forms

A, =

A S

or Av = g-mRL

depending upon whethey,Rs is much larger or much smaller than
one.

In the first case the cirduacts as a current follower, as understood as
follows: for Rs >> 1/g,, the voltage source can be replaced by its
Norton equivalentvith Norton currentvthey/ Rs and paallel Norton
resistanceRs. Because the amplifier input resistance is small, the
driver delivers bycurrent divisiona currentvrne,/ Rs to the amplifier.
The current gainis unity, so the same current is delivered to the
output loadR,, producing by Ohm's law an output voltagg; =
VrhelRL / Rs, that is, the first form of the voltage gain above.

In the second cadRs << 1/g,, and the Thévenin representation of the
sourceis useful, producing the second form for the gain, typical of
voltage amplifiers.

Because the input impedance of the comigate amplifier is very
low, thecascodeamplifier often is used Btead. Theeascodeplaces a
commonsource amplifier between the voltage driver and the
commongate circuit to permit voltage amplification using a driver
with Rg >> 1/g,,.

JFET SQWRCE FOLLOWER
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The Common Source JFET Amplifier

So far we have looked at the bipolar typansistor amplifierand
especially thecommon emitter amplifierbut small signal amplifiers
can also be made usiigeld Effect Transistorsor F E T finrsshort.
Thesedevices have the advantage over bipolar transistors of having
an extremely high input impedance along with a low noise output
making them ideal for use in amplifier circuits that have very small
input signals.

The design of an amplifier circuit based ardwjunction field effect
transistoro r i J F-BEh@inmel FE([ for this tutorial) or even a metal
oxi de silicon FET or AMOPNdaEthat i s
for the bipolar transistor circuit used for a Class A amplifier circuit
we looked at in the previous tutorial.

Firstly, a suit abploe ng wi enseceednst tpoo i
the correct biasing of théFET amplifiercircuit with singleamplifier
configurations of Commosource (CS), Commedrain (CD) or
Sourcefollower (SF) and the Commegate (CG) available for most

FET devices.

These three JFET amplifier configurations correspond to the
commonemitter, emitteffollower and the commacbase
configurations using bipolar transistors. In this tutorial abBHET
amplifiers we will look at the popularCommon Source JFET
Amplifier as this is the most widely used JFET amplifier design.

Consider the Common Source JFET Amplifier circuit configara
below.

Common Source JFET Amplifier
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The amplifier circuit consists of an-thannel JFET, but the device
could also be an equivalentd®hannel depletiomode MOSFET as
the circuit diagramwould be the same just a change in the FET,
connected in aa@mmon source configuration. The JFET gate voltage
Vg is biased through the potential divider network set up by resistors
R1andR2 and is biased to operate within its saturation region which
IS equivalent to the active region of the bipolar junction tsdosi

Unlike a bipolar transistor circuit, the junction FET takes virtually no
input gate current allowing the gate to be treated as an open circuit.
Then no input characteristics curves are required. We can compare the
JFET to the bipolar junction transss (BJT) in the following table.

JFET to BJT Comparison

Junction FET Bipolar Transistor
Gate, (G) Base, B)

Drain, (D) Collector, (C)
Source, ) Emitter, (E)

Gate Supply, ¥c) |Base Supply, Vi)



Drain Supply, (Vpp ) Collector Supply( Vce)

Drain Current, (o) Collector Current, (c)

Since the NChannel JFET is a depletion mode device and is normally
AONO, a negative gate voltage wit
modulate or control the drain current. This negativeagdtcan be
provided by biasing from a separg@wer supply voltager by a self

biasing arrangement as long as a steady current flows through the
JFET even when there is no input signal present\@ndaintains a
reverse bias of the gas®urce pn junctio.

In our simple example, the biasing is provided from a potential
divider network allowing the input signal to produce a voltage fall at
the gate as well as voltage rise at the gate with a sinusoidal signal.
Any suitable pair of resistor values in the reat proportions would
produce the correct biasing voltage so the DC gate biasing viltage

IS given as:

vg = Yo Ry _ 1 Ro
R1tR3 Ri+Ry

Note that this equation only determines the ratio of the resiRbrs

and R2, but in order to take advantage of the very high input
impedance ofhe JFET as well as reducing the power dissipation
within the circuit, we need to make these resistor values as high as
possible, with values in the orde

The input signal, {in) of the common source JFET amplifier is
applied betwen the Gate terminal and the zero volts rail, (Ov). With a
constant value of gate voltayyg applied the JFET operates within its
AOhmic regiono acting |ike a I|Iine
contains the load resistdRd. The output voltageyout is developed

across this load resistance. The efficiency of the common source
JFET amplifier can be improved by the addition of a residRsr,



included in the source lead with the same drain current flowing
through this resistor. ResistoRs is also sed to set the JFET
ampl i f-peirmst &.Q

When the JFET is switched Raxl 'y 7
Id is developed across this resistor raising the potential of the source
terminal above Ov or ground level. This voltage drop adRsssue to

the dain current provides the necessary reverse biasing condition
across the gate resist®?2 effectively generating negative feedback.

So in order to keep the gageurce junction reverse biased, the source
voltage,Vs needs to be higher than the gate vatafy. This source
voltage is therefore given as:

VS — IDXRS — VG-VGS

Then the Drain currentd is also equal to the Source currelstas
ANo Currento enters the Gate term

Vg = Vpp

This potential divider biasing circuit improves the stability thé
common source JFET amplifier circuit when being fed from a single
DC supply compared to that of a fixed voltage biasing circuit. Both
resistor,Rs and the source bygass capacitoiCs serve basically the
same function as the emitter resistor and démaa the common
emitter bipolar transistor amplifier circuit, namely to provide good
stability and prevent a reduction in the loss of the voltage gain.
However, the price paid for a stabilized quiescent gate voltage is that
more of the supply voltage tsopped acroskRs

The the value in farads of the sourcedass capacitor is generally
fairly high above 100uF and will be polarized. This gives the



capacitor an impedance value much smaller, less than 10% of the
transconductancegm (the transfer coeffient representing gain)
value of the device. At high frequencies thedass capacitor acts
essentially as a shectrcuit and the source will be effectively
connected directly to ground.

The basic circuitand characteristics of @ommon Source JFET
Amplifier are very similar to that of the common emitter amplifier. A
DC load lineis constructed by joining the two points relating to the
drain current]d and the supply voltag&/dd remembering that when
Id = O (Vdd = Vds) and whenvds = Q ( Id = Vdd/R_). The load
line is therefore the intersection of the curves at thpo@@t as
follows.

Common Source JFET Amplifier Characteristics Curves

DC Load Line

& /"'-'rGS = =0.4v

Vigg = -0.6v

Uﬁs = -0.8v
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UNIT-4 FREQUENCY ANALYSIS OF BJT AND MOSFET
AMPLIFIERS

LOW FREQUENCY AND MILLER EF FECT

Miller effect
From Wikipedia, the free encyclopedia

In electronics the Miller effect accounts for the increase in the
equivalent inputapacitancef an inverting voltagemplifier due to
amplification of the effect ofcapacitancebetween the input and
output terminals. The virtually ineased input capacitance due to the
Miller effect is given by

Cy =C(1+ .4-»L.~)

where —A.is the gain of the amplifier and C is the feedback
capacitance.

Although the termMiller effect normally refers to capacitance, any
impedanceconnected between the input and anotherenaxhibiting
gain can modify the amplifier input impedance via this effect. These
properties of the Miller effect are generalized in Mider theorem

The Miller capacitancedue to parasitic capacitancéetween the
output and inpubf active devices likéransistos andvacuum tubess

a major factor limiting theirgain at high frequencies. Miller
capacitance was identified in 1920 triode vacuum tubegy John
Milton Miller .
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