


Unit	3		
The	Bipolar	Junc3on	Transistor	



Bipolar	junc-on	transistors	(BJTs)	
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Basic	Bipolar	Junc3on	Transistor	
Transistor	Structures		



Construc-on	of	Bipolar	junc-on	transistors		
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NPN	BJT	shown	
•	3	terminals:	emiMer,	base,	and	collector	
•	2	junc3ons:	emiMer-base	junc3on	(EBJ)	and	collector-base	junc3on	(CBJ)	

Construc-on	of	Bipolar	junc-on	transistors		



Unbiased	npn	Transistor	



BJT	



Standard	Transistor	Symbols	



Q:	Explain	the	satura1on,	cutoff	and	
ac1ve	modes	of	transistor	



Biased	transistor	
•  Inorder	to	operate	the	transistor	as	an	amplifier	or	switch	,	

the	two	pn	junc3ons	has	to	be	biased	properly	with	external	
voltages.	

•  Depending	on	the	external	voltage	polarity	used,	the	
transistor	works	in	one	of	the	three	regions.	



• 		Transistor	as	Amplifier	–	Ac3ve		Region	

• 	Transistor	as	ON	switch	–	Satura3on	Region	

• 	Transistor	as	OFF	switch	–	Cutoff	Region	

Transistor	Biasing	



Working	of	a	npn	transistor	
	in	Ac3ve	mode	



Circuit	connec3ons	for	ac-ve	region	for	
npn	and	pnp	transistor	

Biased	Transistor	



Working	of	a	npn	transistor	



Working	of	a	pnp	transistor	



Transistor	Current	Rela3on	



Transistor	Current	Rela3on	

IC		=	αdc	IE		

αdc				is	called	emiMer	to	collector	current	gain		
In	many	circuits	,	Ic	≈	IE			,	αdc				=	1	

Typical	value	of	αdc				=	0.96	to	0.995	



Transistor	Current	Rela3on	(Cont.)	
IC		=	αdc	IE		+	ICBO		

ICBO		is	called	the	reverse	leakage	current	which	flows	as	
the	CB	junc3on	is	reverse	biased.		



Transistor		Current	Direc3ons	
	



Transistor	Voltage	Source	Connec3ons		
and	Terminal	Voltages	

Ac3ve	
CB	junc3on	:	Forward	Biased	
EB	junc3on	:	Reverse	biased	

Vcc	>	Vbb	:	Ac3ve	Mode	
Vcc	<	Vbb	:	Satura3on	mode	
	



Transistor	Voltage	Source	Connec3ons		
and	Terminal	Voltages	



Transistor	Voltage	Source	Connec3ons		
and	Terminal	Voltages		

VCC		>	VBB		(ACTIVE)	

-VCB			-	VBE		+VCE	=	0	

VCB			=	VCE			-		VBE	

VBE		>	0.7	V		

	VCE	>	0.7	V,	CB	junc3on	is	Reverse	biased,	ACTIVE	MODE				

	VCE	<	0.7	V,	CB	junc3on	is	Forward	biased	,	SATURATION					



Transistor	Configura3ons	





Transistor	Configura3ons	



Transistor	Characteris3c	



Characteris3c	of	CB	



Input	Characteris3c	



Output	Characteris3c	



Opera3ng	Regions	

•  Ac3ve	Region	
•  Cutoff	Region	
•  Breakdown	Region	
•  Satura3on	Region	



Parameters	

•  Dynamic	Input	Resistant	(ri	)	
•  Dynamic	Output	Resistance	(ro	)	
•  Dc	current	gain	(αdc	)	
•  Short	Circuit	Current	Gain	(α	or	hi		)	
	



COMMON	BASE	CONFIGURATION	

CB	current	gain	or	current	transfer	ra-o:		
	

For example, α = 0.99, indicates that  99%of the electrons from the emitter arrive 
at the collector to form Ic while only  1%  combined with the hole  
in the base to form  IB  





The relationship between the output      and the input      can be found as:  
 

The base current       is:  
 

Summary :  
 

Common	Base	Configura3on	



Characteris3c	of	CE	



37	

Common-EmiMer	NPN	Transistor	

Forward	bias	the	BEJ	

Reverse	bias	the	CBJ	



Input	Characteris3c	of	CE	
•  Plot	IB	as	f(VBE,	VCE)	
•  As	VCE	increases,	more	
VBE	required	to	turn	the	
BE	on	so	that		IB>0.	

•  Looks	like	a	pn	junc3on	
volt-ampere	
characteris3c.	



Output	Characteris3c	of	CE	



Output	Characteris3cs	

•  Plot	IC	as	f(VCE,	IB)	
•  Cutoff	region	(off)	

–  both	BE	and	BC	reverse	
biased	

•  Ac3ve	region	
–  BE	Forward	biased	
–  BC	Reverse	biased	

•  Satura3on	region	(on)	
–  both	BE	and	BC	forward	
biased	

Q	:	Explain	the	three	regions	of	opera1on	of	CE	BJT	



CE	Configura3on	



Q	:	Derive	the	rela1on	between	α	and	β	
						hence	find	the	value	of	β	if	α	=	0.95	



Q	:	Find	the	value	of	α	if	β	of	the	transistor	is	49.	
						Find	the	value	of	Ic	of	the	transistor	using	both	α	and		β	ra1ng	of	
						the	transistor		



Q	:	A	certain	transistor	has	α=.98	,	Ico	=	5	μA,	IB	=	100	μA.	Find	the	
values	of	collector	current	and	emiQer	current.	



Common	Collector	(CC)	Configura3on		



Q	:	Derive	the	rela1on	between	α	and	β	
						hence	find	the	value	of	β	if	α	=	0.95	



Comparison	of	the	configura3ons	



CE	Configura-on	widely	used	in	amplifier	circuit	?	

CE	Configura3on	is	mostly	used	due	to	:	
• 	High	Voltage	Gain	
• High	Current	Gain	
• High	Power	Gain	
	



Q:	With	the	help	of	neat	diagram,	explain	the	
construc1on	,	characteris1cs	and	working	of	typical	BJT	
used	for	voltage	amplifica1on	

Ans:	(points)	
	
Construc1on	of	Transistor.	
Transistor	as	an	amplifier	uses	ac1ve	mode	of	biasing.	
Ac1ve	mode	of	biasing	–	EmiQer	Base	junc1on	is	Forward	Biased	
																																													and	Collector	Base	junc1on	is	Reverse	Biased	.	
Transistor	configura1on	used	for	amplifier	is	Common	EmiQer	
configura1on.	
Draw	the	circuit	diagram.	
Draw	the	output	characteris1c	of	Transistor	in	CE	mode	and	explain	the	
working		
	



Transistor	as	an	amplifier	

A	signal	source	Vs	is	connected	in	input	circuit.	

Input	impedance	of	the	transistor	is	1KΩ,	output	impedance	is	10KΩ.	

Q:	Draw	and	Explain	the	Transistor	as	an	amplifier	



VBE	varies	with	3me.		
IB	varies	with	3me	as	a	result	collector	current	Ic		and	emiMer	current	IE		
varies	with	3me.		

This	varying	,	collector	current	Ic	passes	through	RL	and	a	varying	output	
voltage	is	developed	across	it.	

Signal	Vs	is	superimposed	on	dc	voltage	VBB		

Q:	Draw	and	Explain	the	Transistor	as	an	amplifier	



Example:	
	To	understand	how	a	signal	voltage	is	magnified	

Input	signal	voltage	Vs	=	20	mV	(rms)	

Input	impedance	of	the	transistor	is	1KΩ,	output	impedance	is	10KΩ.	

Dc	current	gain	of	transistor	(β)	of	CE	transistor	is	100	

Output	resistance	of	transistor	is	very	high,		
	
therefore	output	voltage	Vo	is	approximately:	

Q:	Draw	and	Explain	the	Transistor	as	an	amplifier	



Voltage	Amplifica3on	:	

Thus,	Transistor	Amplifying	ac-on	is	basically	due	to	its	
capability	of	transferring	its	signal	current	from	low	resistance	

circuit	to	a	high	resistance	circuit		

Transfer	+	Resistor	=	TRANSISTOR	

Q:	Draw	and	Explain	the	Transistor	as	an	amplifier	



Graphical	method	



Transistor	as	a	Switch	



Opera3ng	Point	
Values	of	VCE	and	Ic	in	the	absence	of	ac	input	signal	(	Vs	)	is	
	called	OPERATING	POINT	

OPERATING	POINT	=	(Ic		,VCE	)	values	of	the	given	circuit	with	
the	applied	DC	bias	for	no	input	signal		



Example:	To	find	opera3ng	point	for	the	given	circuit.		

Applying		KVL	to	the	input	sec3on	and	neglec3ng		VBE	



Contd:	

Applying		KVL	to	the	output	sec3on:	

Vcc	–	Ic	Rc	–	VcE		=	0	
	
	
	

Opera3ng	point	defined	by	:	
Ic	=	20	mA	and	VcE	=	6V			
	
	
	



Q:	Explain	the	DC	load	line	analysis	of	a	
transistor,	Dependency	of	Q	point	,	
temperature	,	β		



DC	Load	Line	
•  It	is	a	straight	line	drawn	on	the	output	
characteris3c	of	the	transistor.	

•  DC	Load	Line	is	used	for	analyzing	the	
performance	of	an	AMPLIFIER,	

•  It	is	a	graph	of	Collector	current	(Ic)	versus		Collector	
				EmiMer	voltage	(Vce)	for	a	given	value	of	Rc	and	Vcc.	

•  It	is	a	graphical	representa3on	of	all	the	possible		
				opera3ng	points	for	the	given	circuit	with	the	
given	DC	biasing.		



How	to	plot	a	DC	load	line?		



How	to	plot	a	DC	load	line?		



To	find	the	Q	point	for	previous	problem?	

Applying		KVL	to	the	input	sec3on	and	neglec3ng		VBE	

Applying		KVL	to	the	output	sec3on:	



STABILIZATION	

OPERATING	POINT	is	the	zero	signal	values	of		
(Ic		,VCE	).	

If	either	of	the	two	changes,	the	opera3ng	point	is	shised.	

Q:	Dependency	of	Q	point		on	temperature	and		β		



Causes	of	unstabiliza3on?	

•  A	transistor	is	said	to	be	unstabilized	when	its	opera3ng	point	
						is	shised,	due	to	changes	in	collector	current.	

•  The	Collector	current	in	a	transistor	changes	rapidly	due	to	
							following	reasons:	

1.   Inherent	varia1ons	of	transistor	parameters:	
								If	the	transistor	is	replaced	by	another	one	of	the	same	type.		
							(Because	no	two	transistor	can	have	same	transistor	

parameters	(i.e.	β)	

2.	The	temperature	changes	affects	Ic.		



How	does	Temperature	change	affect	Ic.	

•  Leakage	current	Ico	increases	due	to	increase	in	temperature.	

•  	Increase	in	Ico	increases	Ic	.	

•  Rise	in	Ic		increases	temperature.	
•  Rise	in	Temp.	further	increases	Ic.	

•  Rise	in	Ic	further	increases	Temp.	,	Temp.	rise	further	
increases	Ico	,		increase	in	Ico	futher	increases	Ic	and	hence	
temp	and	so	on.		

Cumula-ve	Effect:		THERMAL	RUNAWAY	

Self	destruc1on	of	transistor	

Ic	=	βIB	+	ICEO	



Opera3on	point	stabiliza3on	

The	process	of	making	opera3ng	point	independent	
	of	temperature	changes	or	inherent	varia3on	in		
transistor	parameters	is	called	STABILIZATION	



TRANSISTOR	BIASING	



What	is	transistor	DC	biasing	?	
Biasing	is	selec3on	of	opera3ng	point	(Quiescent	
	point)	to	operate	a	transistor	in	a	desired	region	
	(Ac3ve,	cutoff,	satura3on)	

Biasing	Circuit:		
The	circuitry	which	provides	the	necessary	condi3ons	
	of	transistor	biasing	is	known	as	biasing	circuit.	



Need	of	Transistor	Biasing	
For	Transistor	as	an	amplifier:	

Aser	applying	input	AC	signal		
Opera3ng	point	should	always	remain	in	ACTIVE	REGION		



Opera3ng	Point	in	ACTIVE	REGION	?	



Opera3ng	Point	in	ACTIVE	REGION	?	



Opera3ng	Point	in	ACTIVE	REGION	?	



	Requirements	of	Transistor	Biasing	Circuit	?		

1.	It	should	ensure	proper	zero	signal	Ic		and	VcE			

2.	It	should	make	the	opera3ng	point	independent	of	
transistor	parameters.	

So	that	it	does	not	shi[	when	the	transistor	is	replaced	
with	another	of	the	same	type	in	the	circuit.	

i.e.	opera-ng	point	should	be	established	in	the	center	
of	the	ac1ve	region	of	the	characteris-cs,	so	that	
signal	may	not	cutoff	at	any	part.	

3.	Stabilize	the	collector	current	against	temperature	
varia3on.	



Different	Biasing	Circuits	

1.  Fixed	Biasing	or	Base	Resistor	Bias.	
2.  	Collector	to	base	Biasing.	
3.  EmiMer	resistor	biasing	
4.  Poten3al	divider	biasing	



Analysis	of	fixed	bias	circuit	

Opera3ng	Point:		

To	find	Ic	and	VCE	

To	find	Ic		?	

Apply	KVL	to	the	input	side	and	find	IB	

Find	IC	by	equa3on:	Ic	=	β	IB		

Find	VCE	by	applying	KVL	to	the	outer	loop	



Fixed	Bias	(Base	Resistor	Biasing	)	
1.  In	this	biasing	a	high	valued	resistor	is	connected	between	

the	supply	and	base	of	the	transistor.	

2.		The	Base	emiMer	junc3on	is	forward	biased	and	the	base	
collector	junc3on	is	reverse	biased	by	the	supply	voltage	
Vcc.	

3.		For	a	pnp	transistor	the	nega3ve	
end	of	the	supply	is	to	be	
connected	to	the	Rc	and	Rb.	

Q	:	Draw	and	Explain	Base	resistor	
						method	of	biasing	



Ic	=	βIB	+	ICEO	

Neglec3ng	,	ICEO	

Ic	=	βIB	

To	calculate	Ic	:		

To	calculate	VcE	:		
Apply	KVL	to	outer	loop:	

Vcc	=	IcRc		+	VcE			
VcE	=	VcE	-	IcRc		

Opera1ng	point	:	(Ic	,	VCE	)			



Advantages	of	Fixed	Bias:	

•  Calcula3ons	are	simple	
•  Simple	in	construc3on	
							Only	two	resistors	and	a	baKery	is	needed	
•  Easy	to	fix	the	opera3on	point	anywhere	in	
the	ac3ve	region	of	the	characteris3c.	

				By	simply	changing	the	value	of	Rb.	

Q	:	Draw	and	Explain	Base	resistor	
						method	of	biasing	



Disadvantages	of	Fixed	Bias:	

•  Opera3ng	point	can	be	fixed	in	the	center	of	
the	ac3ve	region.	

	
But	it	miserably	fails	in	the	other	two	
	requirements	of	the	biasing	circuit.	

•  Opera3ng	point	is	not	stable	w.r.t	
temperature	rise	and	transistor	parameter	β	

	
Q	:	Draw	and	Explain	Base	resistor	
						method	of	biasing	



Collector	to	Base	Biasing	
1.  In	this	biasing	a	very	high	value	resistance	Rb	is	connected	

between	the	collector	and	base,	and	Rc	is	connected	
between	Supply	voltage	and	collector	of	transistor	.	

2.				The	base	current	Ib	feedbacks	from	the	output.	

									The	base	current	Ib	depends	upon	the	collector	voltage.	

									This	circuit	is	also	called	as		
VOLTAGE	FEEDBACK	BIASING	CIRCUIT.	



Analysis	of		Collector	to	base	bias	

Apply	KVL	to	inner	loop:	

To	calculate	Ic	:		



To	calculate	VcE	:		

Apply	KVL	to	outer	loop:	

Vcc	=	(Ic		+	IB	)	Rc		+	VcE			

Collector	to	Base	Biasing	



Advantages	of	collector	to	base	bias	

Tendency	of	the	circuit	to	stabilize	the	opera1ng	
point		against	temperature	varia1ons	and	
transistor	parameter	varia1ons	



•  If	there	is	an	increase	in	β	due	to	piece	
varia3on.	OR	

•  If	there	is	a	increase	in	β	and	Ico	due	to	the	
change	in	temperature.		

	Ic	=	βIB	+	ICEO	 Ic	increases	

VcE	=	Vcc	-	IcRc		 VcE		decreases	
IB		decreases	

Ic		decreases	

Advantages	of	collector	to	base	bias	

Rising	tendency	in	Ic	is	checked	



Advantages	of	collector	to	base	bias	



•  Ic	depends	on	Ib.	
•  Decrease	in	Ib	reduces	the	original	increase	in	Ic		
(Nega3ve	feedback).	

•  Therefore	the	circuit	maintains	a	stable	value	of	
collector	current,	keeping	Q	point	fixed.	

	

Advantages	of	collector	to	base	bias	



Collector	to	Base	bias	is	seldom	used	?	

•  The	resistor	RB	also	provides	ac	feedback.	

This	reduces	the	voltage	gain	of	the	amplifier.	



EmiMer	Resistor	Biasing	
• It	is	just	a	modifica3on	to	the	Base	Resistor	Biasing	circuit.	
		
• In	this	biasing	an	addi3onal	resistor	RE	is	connected	in	the	
emiMer.	
		
• Hence,	this	circuit	contains		
			three	resistors	RB,	RC	and	RE.	



Analysis	of	opera3ng	point	



Analysis	of	
	opera3ng	point	



Stabiliza3on	

• Hence,	the	stablility	of	the	opera1ng	point	is	improved	to	large	
extent	by	inser1ng	a	resistor	in	emiQer	circuit.	

• Thus,	an	increase	in	collector	current	is	brought	back	to	its	
previous	value	by	the	sequence	of	events.		



Advantages	
• The	stability	factor	of	this	biasing	is	quite	high.			
• Hence,	the	opera3ng	point	does	change,	although	to	lower	
extent,	due	to	temperature	rise	or	inherent	varia3ons	in	
parameters.	
• The	DC	feedback	helps	in	the	stabiliza3on	of	opera3ng	point	.	
• But	at	the	same	3me	AC	feedback	reduces	the	voltage	gain	
of	the	amplifier.		
• This	is	an	undesirable	feature.		
• However,	this	drawback	can	be	remedied	by	puWng	a	
capacitor	CE	across	the	resistor	RE.	The	capacitor	CE	offers	
very	low	impedance	to	the	AC	current	and	does	not	allow	it	to	
pass	through	RE	and	hence	AC	feedback	is	restricted.	Thus,	
the	process	of	amplifica3on	remains	unaffected	



Drawback	of	EmiMer	bias	
	

This	biasing	circuit	is	also	not	prac-cally	used	because	of	the	
following	reason:	

For	stability,	Ic	should	be	independent	of	β	
i.e	denominator	should	be	independent	of	β	



• This	condi3on	can	only	be	obtained	either	using	RE	of	very	
large	value	or	by	using	RB	of	very	small	value.		

• Now,	a	large	value	of	RE	will	cause	a	large	voltage	drop	
across	it	and	to	obtain	a	required	opera3ng	point,	we	
have	to	apply	a	voltage	source	VCC	of	high	value.		

• On	the	other	hand,	if	RB	is	of	very	low	value	,	a	separate	
low	voltage	supply	has	to	be	used	for	base	circuit.		

• Both	these	alterna1ves	are	quite	imprac1cal.	Hence,	this	
biasing	circuit	is	not	used	prac1cally.	



Voltage	Divider	Bias	

• 	Most	widely	used	biasing	circuit.	

Q	:	Draw	and	Explain	Voltage	Divider		
						method	of	biasing	



Analysis	of	Opera3ng	Point:	(	Ic	and	VCE	)	
		
Input	Circuit	



Output	Circuit	

Voltage	Divider	Bias	

Opera1ng	point	:	(Ic	,	VCE	)			



Problems	



1.	For	the	circuit	shown	plot	the	DC	load	line	



2.	



3.	





4.	

DC	Load	Line	



4.	

Opera-ng	Point	



5.	



5.	



6.	



6.	



6.	

Quiscent	Point	=	(1.228mA,	2.326V)	



7.	



7.	


