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FIELD-EFFECT	TRANSISTORS:	MOSFETS	
LAB	8:	INTRODUCTION	TO	FETS	AND	USING	THEM	AS	CURRENT	CONTROLLERS	
	 	
	 As	 discussed	 in	 the	 last	 lab,	 transistors	 are	 the	 basic	 devices	 providing	 control	 of	 large	 currents	
with	 small	 signals.	 There	 are	 two	 general	 types	 of	 transistors,	 bipolar	 and	 field-effect.	 	 The	 difference	
between	 these	 two	 types	 is	 that	 for	 bipolar	 devices	 an	 input	 current	 controls	 the	 large	 current	 flow	
through	the	device,	while	for	field-effect	transistors	an	 input	voltage	provides	the	current	control.	 In	the	
last	 experiment,	 you	 used	 the	 transistor	 as	 a	 voltage	 amplifier.	 In	 the	 present	 experiment,	 you	 explore	
using	the	FET	type	transistors	as	a	current	controller	to	create	an	electromagnet.		

GOALS	

Proficiency	with	new	equipment:	MOSFETS	and	magnetic	coils	

Applications:	Build	a	voltage-controlled	electromagnet		

DEFINITIONS	
	
Threshold	voltage,	Vth	–	minimum	gate-to-source	voltage	to	allow	current	to	flow.	
VGS	–	Gate	to	Source	voltage	difference	
VDS	–	Drain	to	Source	voltage	difference	

FET	BASICS	
	
	 The	input	to	a	FET	is	called	the	gate	(see	Figure	2),	analogous	to	the	base	of	a	bipolar	transistor.		
But	unlike	the	situation	with	bipolar	transistors,	almost	no	current	flows	into	the	gate,	and	FETs	are	nearly	
ideal	voltage	amplifiers	with	very	high	input	impedance.	In	junction	FETs	(JFETs)	the	gate	is	connected	to	
the	 rest	 of	 the	 device	 through	 a	 reverse-biased	 pn	 junction,	 while	 in	 metal-oxide-semiconductor	 FETs	
(MOSFETs)	the	gate	is	connected	via	a	thin	insulating	oxide	layer.	Bipolar	transistors	come	in	two	polarities	
called	npn	and	pnp,	and	similarly	FETs	come	in	two	polarities	called	n-channel	and	p-channel.			
	 In	 integrated	circuit	form,	small	MOSFETs	are	ubiquitous	in	digital	electronics,	used	in	everything	
from	simple	 logic	 circuits	 to	 the	2.5-billion	 transistor	 Intel	10-core	Xeon	processor	chip.	 	 Small	MOSFETs	
are	 also	 used	 in	 some	 op-amps,	 particularly	 when	 very	 low	 supply	 current	 is	 needed,	 as	 in	 portable	
battery-powered	 circuits.	 	 Small	 discrete	 (single)	 MOSFETs	 are	 not	 normally	 used	 because	 they	 are	
extremely	 fragile.	 	 Large	 discrete	 MOSFETs	 are	 used	 in	 all	 sorts	 of	 high	 power	 applications,	 including	
commercial	radio	transmitters.			
	 JFETs	add	very	little	intrinsic	noise	to	a	circuit,	and	a	JFET	input	op-amp	is	often	the	first	choice	for	
low-noise	amplification.		Discrete	JFETs	are	commonly	seen	in	scientific	instruments.		Consider	using	a	JFET	
when	 low-noise	 is	 critical.	We	will	not	be	exploring	 this	 feature	 in	 the	current	 lab;	however,	 you	should	
consider	this	when	it	comes	to	your	projects.	
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MOSFET	CURRENT-VOLTAGE	RELATIONS	

	 MOSFETs	 can	 operate	 in	 three	 distinct	 regions.	 The	 first	 region	 is	 where	 the	 gate-to-source	
voltage,	VGS,	is	less	than	the	threshold	voltage,	Vth.	In	this	region,	the	MOSFET	is	turned	off	and	no	current	
can	flow.		The	second	region	is	when	VGS	>	Vth	and	VDS	<	(	VGS	–	Vth	).	 In	this	 linear	region,	the	transistor	 is	
turned	on,	and	a	channel	has	been	created	that	allows	current	to	flow	between	the	drain	and	the	source.	
In	 this	 region,	 the	MOSFET	 operates	 like	 a	 resistor,	 controlled	 by	 the	 gate	 voltage	 relative	 to	 both	 the	
source	and	drain	voltages.	 In	the	third	region,	VGS	>	Vth	and	VDS	≥	(	VGS	–	Vth	).	This	 is	called	the	saturation	
region.	Here	 the	 current	 is	 controlled	by	 the	gate	 voltage	and	 is	nearly	 independent	of	 the	VDS.	We	will	
work	in	the	saturated	region	for	this	lab.	The	linear	and	saturation	regions	are	separated	by	a	dashed	line	
in	Fig.	1.		In	the	saturation	region,	the	dependence	of	current	on	VGS	is	modeled	by	ID	=	k(VGS	–	Vth)2.	
	

	
	

Figure	1:	Typical	output	characteristics	of	a	MOSFET.	These	vary	greatly	between	different	types	
of	MOSFETs.	Always	check	the	data	sheet	for	your	exact	part.	

USEFUL	READINGS	
	
Sections	3.01-3.10	of	H&H	introduce	FETs	and	analog	FET	circuits.	 	You	might	find	that	this	 is	more	than	
you	want	or	need	to	know	about	FETs.	You	will	also	find	on	our	web	site	the	data	sheet	for	the	IRF710PBF,	
the	n-channel	MOSFET	we	will	be	using.	

LAB	PREP	ACTIVITIES	

Answer	the	following	questions	using	Mathematica	for	the	plots.	You	can	use	either	Mathematica	for	the	
rest	of	the	questions	or	do	them	by	hand	in	your	lab	book.	Bring	an	electronic	copy	of	your	notebook	to	
lab,	preferably	on	your	own	laptop.	You	will	use	it	to	plot	your	data	during	the	lab	session.	

	

This	is	just	an	example;	it	is	NOT	
the	graph	for	your	MOSFET.		Do	
NOT	use	for	answering	questions.		
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Question	1	
	

Characterizing	the	MOSFET	
a. What	is	the	range	for	the	typical	threshold	voltage	for	the	IRF710PBF	transistor?	The	

data	sheet	is	on	the	course	website.	
b. Plot	ID	vs.	VDS	for	a	value	of	VGS	that	will	give	you	about	0.5	A	in	the	saturation	regime.	

You	can	do	this	by	plotting	a	bunch	of	points	obtained	from	Fig.	1	of	the	data	sheet.	
c. Plot	ID	vs.	VGS	for	VDS	=	10	V	using	the	data	available	in	Fig.	1	of	the	data	sheet.		In	the	

saturation	region,	drain	current	dependence	on	VGS	can	be	modeled	as	ID = k(VGS – 
Vth)2.	 	Fit	your	data	points	using	this	model	to	obtain	values	for	the	constant,	k,	and	
the	threshold	voltage,	Vth.		An	example	of	 fitting	a	 function	to	data	can	be	 found	 in	
the	Hints	tab	of	the	website.		Be	sure	to	enter	your	best	estimate	of	the	uncertainties	
(based	on	how	well	you	can	read	the	plot)	on	the	input	data	points.		Also,	be	sure	to	
include	 the	 resulting	 uncertainties	 when	 reporting	 the	 fitted	 values	 of	 k	 and	 Vth.	
Mathematica	will	calculate	these.	

Question	2	

	

MOSFET	controlled	electromagnet	
a. What	 is	 an	 equation	 for	 the	magnetic	 field	 on	 axis	 from	 a	 loop	 of	 current	 carrying	

wire	 in	 terms	of	 the	 radius	of	 the	 loop,	current	 through	 the	 loop,	number	of	 turns,	
and	distance	from	the	plane	of	the	loop?		

b. Come	up	with	a	way	of	qualitatively	measuring	the	strength	of	the	electromagnet	you	
are	going	to	create	and	ways	of	testing	at	least	two	of	the	parameters	of	the	model	
that	determines	magnetic	field	strength.	

Question	3	

	

Lab	activities	
a. Read	through	all	of	the	lab	steps	and	identify	the	step	(or	sub-step)	that	you	think	will	

be	the	most	challenging.	
b. List	at	least	one	question	you	have	about	the	lab	activity.	

	

IRF710PBF		PIN	OUT	AND	SCHEMATIC	

	
Figure	2.	MOSFET	schematic	symbol	and	pin	out	configuration.	
	 	 	 	 	
CAUTION!	
1) These	 transistors	 are	 vulnerable	 to	 static	discharges.	Discharge	 yourself	 before	handling	 the	device.	

Also,	never	apply	power	to	a	MOSFET	before	the	gate	is	properly	terminated.	If	the	gate	is	left	open,	it	
will	turn	on	when	the	power	supply	is	connected	to	the	circuit.	

2) As	 you	may	 dissipate	 lots	 of	 power	 in	 your	 transistor,	 you	 should	 attach	 heat-sinking	 fins	 to	 your	
MOSFET.	Also,	do	not	touch	the	FET	until	you	are	sure	it	has	cooled	off	after	use.		

3) Note	that	the	drain	is	connected	to	the	back	flange	of	the	transistors	as	well	as	the	center	pin.	
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DEVICE	CHARACTERIZATION	

	

	

	
Figure	3.	Test	circuit	to	determine	the	MOSFET	I-V	curves.	
	
	
	
	
	
	
	

Step	1	

	

Characterizing	the	MOSFET 
a. Build	the	test	circuit	for	the	MOSFET	shown	in	Fig.	3.	Make	sure	to	attach	a	heat	

sink	fin	to	the	FET.	(See	notes	of	caution	above.)		You	can	use	the	10-turn	pot	on	
the	front	panel	of	your	board.		The	10-turn	pot	allows	finer	control	of	the	VGS	than	
the	 large	 knobs	 on	 the	 DC	 power	 supply.	 	 You	 can	 measure	 the	 resistance	
between	pairs	of	 the	 three	 leads	 to	make	sure	you	have	 it	wired	correctly.	 	 The	
pot	can	be	broken	if	too	much	current	goes	through.		Make	sure	to	current	limit	
the	6V	supply	and	also	avoid	turning	the	pot	to	its	limits	when	powered.			

b. Quickly	determine	the	threshold	voltage	 for	your	device.	 Is	 this	value	within	 the	
specified	range	for	the	IRF710PBF?		

c. Measure	 the	 characteristic	 ID	 vs.	 VDS	 curve	 for	 a	 value	 of	 VGS	 that	 will	 give	 you	
about	0.5	A	 in	 the	 saturation	 regime	 (remember	 lab	prep	question	1b).	 Plot	 the	
measurements	 on	 the	 same	 graph	 as	 your	 lab	 prep	 predictions.	 Do	 your	
measurements	agree	qualitatively	with	the	predictions	from	the	data	sheet?	

d. Now,	measure	the	relationship	between	ID	and	VGS	for	one	value	of	VDS.	Use	your	
measurements	from	Step	1c	and	the	data	sheet	to	determine	the	VDS	value	so	as	
to	operate	 in	 the	 saturated	 regime.	 	Describe	how	you	determined	 the	value	of	
VDS	to	use.		Plot	ID	vs.	VGS	on	the	same	graph	as	your	lab	prep	predictions.	Do	your	
measurements	 agree	 qualitatively	 with	 the	 predictions	 from	 the	 data	 sheet?	 If	
there	 is	 a	 difference,	what	 could	 account	 for	 the	discrepancy?	 	 Fit	 your	 data	 to	
obtain	values	for	k	and	Vth.		Do	these	match	your	predictions?		Does	the	value	for	
Vth	agree	with	your	result	from	1b?	
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VOLTAGE-CONTROLLED	ELECTROMAGNET	

	
Figure	4:	Circuit	diagram	for	a	voltage	controlled	electromagnet	

Step	2	

	

Electromagnetic	coil 
a. Build,	 or	 find	 in	 the	 lab,	 a	 25-turn	 coil	 (about	 1	 inch	 in	 diameter)	 made	 from	

magnet	wire.	 	Note	 that	you	will	need	to	strip	 insulating	varnish	off	 the	ends	of	
the	wire.			You	can	do	this	with	a	lighter	and/or	sand	paper.	

b. Measure	the	resistance	of	the	coil	using	the	4-terminal	measurement	as	you	did	in	
Lab	1	 (run	 a	 large	 current	 through	 the	wire	 and	measure	 the	 voltage	 across	 it).	
Describe	your	procedure	and	measurements.	HINT:	The	banana	to	alligator	clips	
make	easy	connections	to	the	coil.	

c. Modify your model of the magnetic field you developed in the lab prep to include 
the actual number of turns and diameter of your coil.	

Step	3	

	

	

	

Electromagnet 
a. Build	the	circuit	shown	in	Fig.	4	using	your	coil.		
b. Using	 the	data	you	acquired	 in	Step	1,	determine	Vsupply	and	VGS	 to	operate	your	

electromagnet	 with	 nearly	 1A	 of	 current	 in	 the	 saturated	 regime.	 One	 of	 the	
design	goals	is	to	dissipate	as	little	power	as	possible	in	the	MOSFET.	Remember	
to	include	the	voltage	drop	across	your	coil	in	your	calculations	(HINT:	VDS	=	Vsupply	
–	IDRcoil)	in	your	model.		

c. Test	out	 your	electromagnet.	Choose	a	way	 to	 test	 your	model	of	 the	magnetic	
field	produced.	Explain	the	model	you	are	testing	and	what	are	your	predictions.	

d. Describe	your	procedure,	measurements,	and	refinements	to	your	model.	Explain	
the	 criteria	 you	 used	 to	 evaluate	 the	 comparison	 of	 your	 measurements	 and	
predictions.			

Some	starter	suggestions	are	listed	below.	Be	creative!		
• Measure	the	magnetic	field	as	a	function	of	distance	from	the	plane	of	the	loop	

using	a	Gaussmeter.	
• Look	at	the	force	applied	by	a	permanent	magnet	on	the	coil	and	see	how	that	

scales	with	current	or	number	of	turns.		
• Get	a	power	supply	that	can	supply	more	current	and	pick	up	objects,	test	how	

the	number	or	weight	of	objects	you	can	pick	up	depends	on	the	current.	
• Wrap	your	coil	 around	an	 iron	core	and	 test	how	 the	magnetic	 field	 changes,	

refine	your	model	to	include	the	iron.	
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