Bipolar Junction Transistors (BJT)
PNP & NPN (Emitter Base Collector)

Note: NPN’sare more commonly encountered due to greater ease of production.
Bipolar (majority and minority carriers)
Forward voltage characteristics of PN junction (approximately 0.2 volts for Ge and 0.7 voltsfor Si).

Biasing:
NPN V. >V_  V =+07 PNP V >V,  V, =-07
BJTs are current-controlled devices: Symbology and Voltage / Current Relationships:
Vgs BaseBiasVoltage l,=1.+1,
V. Emitter BiasVoltage l.=al,
V. Collector Bias Voltage l.=B1,
V.. Voltagedrop across Emitter Base Junction l,=(1+P)I,
V,  Voltage drop across Collector Base Junction l,=(1-0) 1,
V.,  Voltagedrop from Collector to Emitter B=o0ol-a)
o = B1+p)
a~1f = 20-2000 (100 - 400)

Three Regions of BJT operations and required biasing for each:

Active (Linear) { Amplification} Base Emitter Forward, Collector Base Reverse
Cut-Off {Open Switch - No Current Flow} Base Emitter Reverse, Collector Base Reverse
Saturation {Closed Switch - High Current Flow}  Base Emitter Forward, Collector Base Forward

Active Region Linear Amplification (High Fidelity - No Distortion)
Emitter/Base Forward Bias
Collector/BaseReverse Bias

Cut-Off Region
Both junctions reversed biased
Emitter/Base voltage insufficient to cause emitter current flow
Zero current (same as open switch)

Saturation Region
Both junctions forward biased
Heavy current conduction (same as closed switch)

Configurations and Characteristics:

Common Base
Unity Current Gain
High Voltage Gain
No phase shift

Common Emitter
180° Phase Shift
High Power Gain (Both High Current and High Voltage Gains)
Most frequently used configuration

Common Collector (Emitter Follower)
Unity Voltage Gain
No phase shift
High Input Impedance & Low Output Impedance
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BJT Amplifier Configurations

Rp
Ui
o\ Coy\
!
R Zikg 1OMF
Us 20 mV{(rms)

Emitter-Biased Common Emitter BJT Amplifier

Emitter-Biased Common Collector BJT Amplifier



Transistor Switch

VecotsV

The BJIT Inverter

Veco+syv  Vecowsy
+

E (OFF)

Transistor OFF Transistor ON




Field Effect Transistors (FET)

FET (JFET & MOSFET)
P-type & N-type (Source, Drain, Gate)

Unipolar (majority carriers only)

JFETs are voltage-controlled devices: v, = av,

Forward Bias with respect Source & Drain
P Channel: Source+ and Drain- (conventional current flow Sourceto Drainl)

N Channel: Source- and Drain+ (conventiona current flow Drainto Sourcel)

Reverse Bias with respect to Source & Gate (Max current flow | j when V= 0)
P Channel: Gate more positive than Source causes a decreasein | ; current flow
N Channel:  Gate more negative than Source causes adecrease in | ; current flow

Terminology:

VP (Pinch-Off Voltage)

TheV__voltage at which the current | _ levels off (V__=0)
DS D GS

IDSS (Drain-Source Saturation Current)

Maximum current flow withV__ >V _andV__ = 0.
DS P GS

(Gate-to-Source Cutoff Voltage) Note: VP =V

VGS(oﬁ) Gs(oﬁ)l

The value of VGS which resultsin total channel depletion, and hence zero current flow (ID = 0).

Quiescent (Operating Points)
I

DQ
Vi
Equations:
Sdlf Biased _Ves Voo 1(R.+RY)
=22 Vo=V lo(Ro* R
S
Voltage Divider _Vo—Vos Voo 1.(Rs+ R
ag lo Vios= Voo lolRo+Rs



Field Effect Transistors (FETS)

N-CHANNEL JFET

N-CHAN CURVES P-CHANNEL JFET P-CHAN CURVES

Iy o I

) IJ
i V=0V Vgs=0V

T — — — Loss
Ii]? V= -1V ) 10} Vg +1V
- i V(;s= Lav ) V= +2V y

5t Vgs= -3V / sL V= +3V )
f Von= AV y V= 14V
! ) -

S S su‘*ﬁ__'z*u—vm_ =S 1) 3 56 v

Ds

DRAIN CURRENT
(OHMIC REGION)

- 2
I.D - IDSS[z(l _ VGS ) VD> _ ( VDS ) }
VGS,ofE _VGS.OH VGS,o!f

Voo \
Ip= IDSs(1 - = )

GS,off

OHMIC REGION JFET is just beginning to
resist. It acts like a variable resistor,

DRAIN CURRENT

SATURATION REGION  JFET is most strongly
(ACTIVE REGION)

influenced by gate-source voltage, hardly at all
influenced by the drain-source voltage.

DRAIN-SOURCE Vis

R YOS Vs, 1
s - T g
RESISTANCE

s - CUTOFF VOLTAGE (Ves.) Particular gate-
ip UpsslVas — Vosord  gn

source voltage where JFET acts like an open

circuit {channel resistance is at its maximum).

ON RESISTANCE Rigaq = constant

BREAKDOWN VOLTAGE (BYps) The voltage
across the drain and source that caused cur-

ORAIN-SOURCE Vas = Vo= Vs rent to “break through” the JFET’s resistive
VOLTAGE channel.
TRANSCONDUCTANCE Y DRAIN-CURRENT FOR ZERO BIAS (loss)
8m= oVes Vs~ Ry, Represents the drain current when gate-
source voltage is zero volts (or gate is con-
Vs In nected to source, Vgs =0V),
:glﬂg i- zg""n M
VGS,oﬁ' IDSS
TRANSCONDUCTANCE (g,) Represents the
TRANSCONDUCTANCE __2pss rate of change in the drain current with the
FOR SHORTED GATE &y Vs gate-source voltage when the drain-to-source
voltage is fixed for a particular Vi It is analo-
gous to the transconductance (1/R,,) for bipolar
transistors.
Typical JFET values:

Ipss ImAtol A

Visor:
-0.5 to ~10V (n-channel)
0.5 to 10V {p-channel)

Rpson: 1010 1080 Q-
BVDS: 6to SDV

gnatlmA:
500 to 3000 pmho

Practical Electronics for Inventors
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(b) Transfer Characteristics (a) Drain Characteristics

Figure 7-8: Plot of Drain and Transfer Characteristics for an n-channel JFET

Figures 7-6,7, 8. Kazimierczuk Electronic Devices

Source: Electronic Devices a design approach. Ali Aminian and Marian Kazimierczuk, 2004



Junction Field Effect Transistors JFET
Three Terminals: Drain, Source, Gate

Majority Carriers Only (Unipolar)
N Channel Electrons

By convention, always draw with Drain at the top D

N Type Channel Arrow Pointing IN
Forward Bias Sourceto Drain Vpp

For N Channel
+to Dran
- to Source
Conventiona Current Flow Ip (From Drain to Source)

Reverse Bias Gateto Source Ig=0
- to Gate
+ to Source

Vs isthe Gate to Ground Voltage
Vs isthe Gate to Source Voltage

VP (Pinch-Off Voltage) The VDS voltage at which the current ID levels off (for VGS: 0)

(Gate-to-Source Cutoff Voltage ID =0) Vp=|V

VGS(oﬁ) GS(off) |

s (Drain-Source Saturation Current)  Maximum current flow with Ve © 0.

Quiescent (Operating Points)
I

DQ
VD 0
Shockley's Equation
2
|D=|Ds{1 B Ve J
V GS(off )

Notes:

Vs and Vgs(orry are always the same algebraic sign, so Vs / Ves(orry Will always be positive.

Ve

Biasing N Channel JFETS i.e., calculating Quiescent (Operating Points), IDQ and VD -

2
: : V
For N Channel, Vggfr) IS negative, Vp = |VGS(Oﬁ) l, so|,=] DSS{l + =

loss and V gs(orr) are from readily obtainable from Transfer Characteristics Charts
For Fixed Biased, Vs = Vge (Sincereversed bias, I = 0, Vrs = 0, Ves = Vae)

For Self Biased and Voltage Divider Biased, Vgs is the solution of a quadratic equation.
For BME 3512, lpss, Vasff), Vs Will be given.
Page 1 of 5.



Examples Biasing N Channel JFETs Determine Quiescent (Operating Points), IDQ and VDSQ

Fixed Biased

IDSS =12 mA VGS(oﬁ) =4V

A fixed bias circuit

Given: Ipss =12mMA  Vggerry = -4V
Since Gate to Sourceisreverse biased, Ig = 0, hence Vg = IRy =0
And Vg =IcRy+ Ves

Vee =0+ Ves

Ves=Vgs=-1V

From Shockley's Equation
2 2 2
V GS(off) V GS(off) -4

Voo=VostloRo = Vos=V oo~ loRp = 12-6.75x10°(1x10°) = 525V

Answers, | =6.8mA and V =53V
DQ DSQ

Page 2 of 5.



Examples Biasing N Channel JFETs Determine Quiescent (Operating Points), IDQ and VDSQ

Self-Biased

Ipss= 16 mA Vesep=—4V

A self-biased circuit

Given: lpss = 16 mA VGS(Off) =-4V Vs = see below
The Ip current through Rs will develop a voltage across Rs such that the Sourceis at a positive potentia with
respect to Ground. If any current I flows at al, the Gate will be at a negative potential with respect to Ground
and hence the Gate to Source will be reversed bias resulting in
lc =0, hence Vgrg = IgRy =0, and therefore Vg (Gate to Ground) = 0.
But Vg=Ves+IpRs

0=Vgs+ IpRs

Ip=-Ves/Rs

2 2
FromIDZIDSS:L_L and Ip= -Vgs/ Rg == ﬁ:h&l_h
V GS(off ) R S V GS(off )

Solvefor Vgs (see page 5 Summary of FET Biasing Equations) Note:
For BME 3512 the value of Vs will begiven. Ves=-244V

Ip=-Vas/ Rs=- (-2.44) | 1x 10° = 2.44 mA

Voo=Vost Io(Ro*Rs) = Vos=V oo~ lo(Ro+ Rs) = 15-2.44x10(1500+1000) =89V

Answers. | =24mA and V =89V
DQ DSQ

Page 3 of 5.



Examples Biasing N Channel JFETs Determine Quiescent (Operating Points), IDQ and VDSQ

Voltage Divider Biased

IDSS =12mA
VGS(aﬁ) =3 AY
A voltage-divider biased JFET amplifier circuit
Given: Ipss = 12 mA Veseiy =-3V Vs = see below

From the voltage divider network: \/ <=V oo —R2

R.*R.
By definition: Ves=Ves-Vs =Vg - IpRss
Hence |D:(VG-VG3)/RS
2 2
me,D,DSS[l_L] and 1o = (Vo-Ves) /R = Mlm{l_h}
GS(off) R s V GS(off )

Solvefor Vgs (see page 5 Summary of FET Biasing Equations)

Note: For BME 3512 the value of Vs will begiven. Vgs=- 131V

R. _ 150K

=15 " =250V
R.*R, 750K +150K

Vo=V

Ib=(Vs-Vas)/Rs=[25-(-1.31)] / 1000 = 3.81 mA

Vs=Voo—lo(Rp+Rs) = 15-3.81x10°(1500+1000) =5.48 V

Answers, | =38mA and V =55V
DQ DSQ

Page 4 of 5.



Summary of Equations for the Analysis of Self-Biased and Voltage-Divider
Biased JFET Amplifier

Self-bias:
—-b++b* —4ac
Vas| =
n — channel 2a
+b—b? -4ac
Ves =
p — channel 2a
where,
21 R
a=toss®s p=tosls c=1I,R,
v, A
I,= —Ves
R

Vos= Vpp — Ip(Rp+ Rs)

Voltage-divider bias:

~b++b* —4ac
Ves =
n — channel 2a
p _+b-+b?—4ac
as p — channel 2a
where,
21, R
a=‘rmf~‘" b=—"""41 c=1,5Rs —Vq|
Ve Vel
I,= Ve = Vs
RS

VDS = VDD - ID{RD + RS)

Source: Electronic Devices a design approach. Ali Aminian and Marian Kazimierczuk, 2004

Page 5 of 5.
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