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Welcome	to	your	first	Electronics	Laboratory	Session.		I	have	designed	four	
lab	experiments	to	form	the	central	pillar	of	your	DE	1.3	module.		The	four	
experiments	will	last	for	3	hours.		You	are	expected	to	prepare	for	these	lab	
sessions	by	reading	through	the	handouts	ahead	of	time.
The	first	experiment	is	about	the	use	of	oscilloscope to	measure	electrical	
signals.		By	so	doing,	you	will	also	gain	some	insights	into	the	shapes	and	
forms	of	electrical	signals.
As	with	the	lectures,	all	materials	related	to	the	laboratory	sessions	are	
available	on	the	course	webpage.		
I	have	designed	these	laboratory	sessions	to	be	exploratory	in	nature.		That	
is,	I	won’t	be	tell	you	how	to	do	things	step-by-step.	Instead,	I	will	tell	you	
what	I	want	you	to	achieve,	and	you	will	discover	this	yourself	through	trial	
and	error.		This	will	hopefully	help	you	to	retain	what	you	have	seen	and	
done,	and	gradually	gain	confidence	in	the	subject.
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Digital	Multimeter (DMM)	is	the	most	basic	equipment	you	can	find	to	measure	
electrical	signals.		You	could	even	buy	one	in	a	high	street	shop	for	under	£10! The	
ones	you	will	be	using	in	the	lab	is	more	sophisticated	and	more	accurate	than	those	
you	use	at	home.		Shown	here	is	one	made	by	HAMEG.	
The	DMM	can	tell	you	the	voltage	or	current	of	a	DC	signal	(a	DC	signal	source	is	at	a	
fixed	voltage,	such	as	the	voltage	of	a	battery).		It	can	measure	the	root-mean-square	
(RMS)	voltage	of	an	AC	signal	(such	as	your	mains	voltage).		For	that,	the	DMM	
assumes	the	signal	to	be	sinusoidal.		The	AC	RMS	voltage		reading	≈		amplitude/ 2� .	
More	on	RMS	in	a	later	lecture.
There	are	four	terminals	on	our	DMM.		“Common”	is	always	used	to	connect	to	one	
end	of	the	a	circuit	no	matter	what	sort	of	measurement	you	are	making.		It	is	similar	
to	the	earth	terminal.
For	voltage	or	resistance	measurements,	you	would	use	the	V/kΩ terminal.		For	
current	measurements,	you	would	use	either	the	mA	terminal	for	measuring	low	
currents	and	the	10A	terminal	for	measuring	high	currents.
For	this	Lab,	we	will	only	be	using	the	common	and	the	V/kΩ terminals.
You	can	also	use	a	scope	to	measure	DC	voltages,	but	the	accuracy	on	the	scope	is	
inferior	to	that	of	this	DMM.		As	you	will	see	later	in	the	experiment,	the	scope	we	are	
using	also	has	a	built-in	voltage	measurement	feature.
A	DMM	that	only	measures	voltages	is	also	called	a	DVM	– a	digital	volt	meter.
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Before	progressing	further,	I	suggest	that	you	watch	the	video	by	Collin	Cunningham	
about	the	multimeter on	YouTube. The	link	to	the	video	can	also	be	found	on	the	
experiment	web	page.	I	also	include	the	QR	code	here.	You	can	use	your	smart	
phone	with	a	suitable	free	app	to	get	to	the	page	directly.

Module	webpage	link:
www.ee.ic.ac.uk/pcheung/teaching/DE1_EE/

The	YouTube	video	link:
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A	DMM	or	a	DVM	is	useful	to	measure	DC	or	AC	voltage	or	current	values	of	an	
electrical	signal.		It	is	cannot	give	you	information	about	a	signal	that	changes	quickly	
over	time.		For	that	you	need	to	use	an	oscilloscope	(or	scope	for	short).
We	use	a	scope	to	check	whether	a	signal	is	changing,	to	see	if	the	signal	is	
repetitive.	If	it	is	repetitive,	we	can	measure	the	signal	frequency	and	peak-to-peak	
voltage.		If	the	signal	is	not	repetitive	but	changing	over	time,	we	can	also	measure	
the	time	between	two	events	such	as	the	time	between	consecutive	heartbeats.	
We	also	use	the	scope	to	measure	the	unwanted	noise	signal	on	top	of	the	wanted	
signal.
Although	the	scope	is	generally	used	to	measure	analogue	signals,	we	can	also	use	it	
to	observe	and	measure	digital	signals.
There	are	different	types	of	scopes.	They	can	be	analogue	or	digital	scopes.		Modern	
scopes	are	generally	digital.		We	are	using	one	of	the	latest	digital	scopes,	the	HMO	
1002,	in	this	experiment.
You	can	find	the	HMO	1002	User’s	Manual	of	the	scope	on	the	Experiment	webpage	
and	links	to	lots	of	different	YouTube	video	on	how	to	use	this	scope.
http://www.ee.ic.ac.uk/pcheung/teaching/signals_scope/HMO1002.pdf
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This	is	a	list	of	the	learning	outcomes	I	expect	from	this	experiment.		It	is	useful	to	
come	back	to	this	slide	later	and	ask	yourself:	“How	much	have	I	managed	to	master		
in	this	list	of	learning	outcomes?”
In	the	next	part	of	the	experiment,	you	will	be	guided	through	detail	instructions	in	
order	to	measure	known	signals.		You	will	learn	what	the	different	knobs	and	
buttons	on	the	scope	are	for.		You	will	learn	how	to	get	a	stable	signal	on	the	screen	
of	the	scope.	This	is	called	“triggering”	the	scope.			You	will	learn	about	accuracy	and	
precision	(or	lack	of	these)	of	the	scope	as	a	measurement	instrument.
In	a	second	part	of	the	experiment,	you	are	required	to	measure,	record	and	
describe	a	number	of	unknown	signals	produced	by	the	experiment	Black	Board	
(BB).		The	goal	of	the	second	part	is	to	help	you	gain	confidence	in	your	ability	to	
operate	the	scope	in	order	to	measure	and	characterise electrical	signals.
One	final	point,	I	have	written	this	experiment	in	order	to	encourage	DISCOVERY.		I	
deliberately	do	not	give	you	step	by	step	instructions	and	lead	you	“by	the	nose”.		
Instead,	you	are	told	about	the	objective	of	each	of	the	task	or	test	that	you	will	be	
doing.		I	intend	for	you	to	find	things	out	for	yourself	where	possible.		ONLY	ASK	A	
GTA	if	you	really	have	to.		Trust	me,	you	will	learn	a	lot	more	this	way	and	it	will	also	
be	much	more	FUN.
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At	this	early	stage	of	your	time	with	us	at	Imperial,	we	want	to	get	you	into	a	habit	
of	WRITING	THINGS	DOWN.		It	is	amazing	how	spending	a	few	minutes	to	write	
down	what	you	have	done	would	help	you	digest	the	materials.	It	also	forces	you	to	
question	if	you	have	really	understood	your	actions	and	the	results	from	the	
experiment.
Your	logbook	for	this	experiment	will	not	be	expicitly marked.		ALSO	REMEMBER,	
the	purpose	of	you	being	here	is	to	LEARN.		Getting	good	marks	in	anything	should	
be	the	consequence	of	good	learning. Good	marks	should	always	be	the	
consequence	of	you	attending	university	and	not	the	goal!
Some	students	write	their	logbook	in	the	evening,	or	even	at	the	end	of	the	
experiment.		THIS	IS	VERY	INEFFICIENT	AND	DEFEATS	THE	PURPOSE	OF	KEEPING	A	
LOGBOOK.
You	should	cultivate	the	habit	and	the	culture	of	“do	it	once,	do	it	well	and	do	it	
now”.
Finally,	I	also	want	you	to	learn	to	use	an	electronic	logbook.		It	is	a	very	useful	tool	
for	many	other	things	you	will	be	doing	while	being	a	student	at	Imperial	College.
I	have	written	a	useful	guide	for	those	who	don’t	know	much	about	how	to	use	an	
electronic	logbook	here:

http://www.ee.ic.ac.uk/pcheung/teaching/DE1_EE/elogbook.pdf
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The	layout	of	the	scope is	divided	into	different	regions	(or	panels).		The	
two	main	panels	are:	1)	VERTICAL	control	for	Channel	1	and	channel	2;
2)	HORIZONTAL	control	of	time	or		x-axis.		The	vertical	control	
determines	the	voltage	scale	in	volts/division	and	the	position	of	the	
zero	voltage	reference.		The	horizontal	control	determines	the	the	time	
scale	in	sec/division	relative	to	a	time	reference	determined	by	
something	called	the	“trigger”.
The	middle	groups	of	knobs	and	buttons	are	the	trigger	controls.		Trigger	
is	the	mechanism that	determines	when	the	scope	should	start	a	display	
plotting	from	left	to	right (i.e.	the	time	origin	of	the	waveform).		Since	
this	is	a	digital	scope,	we	can	display	what	happens	BEFORE	time	zero	(or	
the	trigger	point.
There	are	various	trigger	modes.	Two	are	most	common:
Auto – means	the	scope	will	do	its	best	to	automatically	trigger	the	
display	scan,	no	matter	if	the	trigger	condition	is	met	or	not.		It	is	the	
most	useful	and	common	setting.	This	may	result	in	a	“moving”	display.
Normal – means	the	scope	will	only	start	a	display	scan	if	the	trigger	
condition	is	satisfied.		Under	this	mode,	the	display	is	usually	stationary	
or	blank.
There are	also	various	trigger	sources:		CH	1,	CH	2	and	EXT	are	the	most	
commonly	used.
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Now	before	progressing	further,	I	suggest	that	you	watch	the	video	by	Collin	
Cunningham	about	the	oscilloscope	on	YouTube:		

https://www.youtube.com/watch?v=SxZWcku_Sw0

Now watch the video explaining what is and how to trigger an oscilloscope in 
order to get a steady waveform display via the link below.  IT IS IMPORTANT 
FOR YOU TO UNDERSTAND THE CONCEPT OF TRIGGERING ON A 
SCOPE.  

https://www.youtube.com/watch?v=H0Czb2zBzsQ
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Task	1	:			You	are	required	to	generate	a	1.1kHz	sine	wave	
signal	with	2V	pk-to-pk	amplitude	and	centred	at	zero	volt.		
That	is,	the	dc	offset	is	0.				You	do	this	with	the	bench-top	
HAMEG	function	generator	(for	now).		Connect	the	
function	generator	output	to	both	the	scope	CH1	and	the	
DMM	input	using	suitable	cables	and	adaptor.	
The	function	generator	is	easy	to	use.		You	can	set	the	
frequency	precisely.		Setting	the	amplitude	and	offset	is	
less	precise.		Connect	the	function	generator	to	the	scope	
with	a	BNC	to	BNC	cable.		
Now	adjust	the	scope	for	the	appropriate	vertical	(V/div)	
and	horizontal	(sec/div).		Set	the	trigger	control	as:		AUTO,	
SOURCE	=	CH1.		
You	may	need	to	adjust	the	trigger-level	knob	in	order	to	
get	a	steady	waveform.		(Make	sure	you	understand	the	
idea	of	trigger.)
Adjust	the	amplitude	knob	on	the	function	generator	for	a	
2V	pk-pk	amplitude,	and	adjust	the	offset	knob	for	zero	
offset.
Now	measure	the	output	signal	level	with	a	DMM	using	AC	
setting,	and	explain	the	measured	value.
Finally,	think	about	how	precisely	you	will	be	able	to	
measure	the	amplitude	using	the	scope	and	the	DMM.		
Play	around	with	all	the	control	knobs	and	buttons	circled	
in	RED,	and	learn	what	they	do.
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Task	2	:			The	HMO	1002	is	much	more	than	just	a	digital	oscilloscope.	It	also	includes	a	
function	generator	which	can	produce	different	types	of	signals	up	to	50kHz,	and	a	
measurement	system	to	measure	voltages	and	frequencies.		In	many	ways,	using	the	built-
in	signal	generator	of	the	digital	scope	is	easier	than	using	the	HAMEG	function	generator.		
However,	the	HAMEG	can	produce	a	much	higher	frequency	signal	than	the	scope.
Follow	the	instruction	as	above	to	generate	first	a	2Vpp	sinewave	with	zero	offset	at	
1.1kHz.		Make	sure	that	you	get	the	same	measurement	on	the	scope.
Then	change	this	to	a	100mVpp	sinewave	with	a	2.8V	offset.		You	should	see	a	waveform	
something	like	the	one	shown	below:

On-screen	
menu
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Task	3:	This	task	aims to	teach	you	how	to	use	the	scope	channel	(CH1)	in	two	type	of	
settings:	AC	and	DC.		So	far,	you	have	been	only	using	DC	setting	(also	called	DC	coupling).		
You	will	not	understand	exactly	what	this	means	until	you	have	had	a	few	lectures	by	Mike	
Brookes	only	“circuit	analysis”.		Essentially,	DC	coupling	simply	means	a	direct	connection	
between	the	signal	and	the	scope	input	circuit.		Under	this	setting,	everything	is	passed	
through	and	measured.
Unfortunately	if	you	measure	a	tiny	AC	signal	sitting	on	a	large	DC	signal,	the	DC	offset	(in	
this	case,	the	2.8V	DC)	swarms	the	AC	signal.		You	see	a	small	wiggling	waveform	on	the	
screen.		Changing	the	Y-axis	(or	voltage)	scale	knob	will	not	help	you.		This	amplifies	both	
DC	and	AC	signal,	and	the	entire	waveform	goes	off-screen!
The	solution	is	to	put	the	Channel	into	AC	coupling	mode..		Under	this	mode,	the	signal	is	
passed	through	a	capacitor	before	reaching	the	scope	input	circuitry.		You	will	learn	later	in	
the	course	that	the	capacitor	has	the	property	of	BLOCKING	the	DC	signal,	and	only	allows	
the	AC	part	of	the	signal	to	go	through.		That’s	why	it	is	called	“AC	coupling”.
If	you	use	the	AC	coupling	setting,	you	can	amplify	the	signal	with	the	voltage	scaling	knob	
and	measure	the	peak-to-peak	amplitude	properly.

Input 
Signal

To scope 
measurement 

circuits

Scope’s 
input 

amplifier
C

DC

AC
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Task	4:		This	task	is	about	trigger	control	and	the	use	of	cursors	to	take	measurements	
on	the	waveform.		When	you	turn	the	LEVEL	knob	on	the	TRIGGER	panel,	you	tell	the	
scope	to	start	the	display	scan	at	different	voltage	level	of	the	CH1	signal.			It is	very	
important	that	you	understand	exactly	what	“triggering”	means	when	using	a	scope.		
This	is	one	of	the	important	learning	outcomes	of	this	Lab	Experiment.

Once	the	scope	is	triggered,	you	will	see	a	steady	waveform	on	the	scope	display.		You	
can	then	use	the	CURSOR	feature	to	move	around	and	

You	can	also	choose	to	trigger	on	the	
rising	or	falling	edge,	or	both.
Another	useful	feature	on	this	scope	
is	the	use	of														.		This	brings	up	
the	various	cursors	for	measuring	
times	and	voltages.	
To	use	the	cursor	to	measure	time:
1. Press	the	CURSOR	button.
2. Select	MEASURE	TYPE	=	time	

with	the	on-screen	menu.
3. Press	the	SELECT	knob	to	select	

the	cursor.
4. Turn	the	knob	to	adjust	the	

cursor	position.
5. Press	the	knob	again	to	change	

which	cursor	to	adjust.

Cursors

Time	
measurements

Trigger	point

0V	level



13

Task	5:		This	task	is	to	produce	and	to	measure	a	digital	signal	at	8kHz	and	
using	3.3V	low	voltage	(LV)	logic	levels.		
TTL	levels:	Traditional	digital	circuits	use	5V	TTL	voltage	levels.		Most	modern	
microprocessors	however	use	lower	voltages	where	‘0’	is	around	0v	and	‘1’	
can	be	between	1.1V	to	3.3V.	
3.3V	LV	levels:	With	3.3V	digital	logic,	‘0’	is	approximately	0v	and	‘1’	is	
approximately	3.3V.		(LV	is	for	low	voltage.)
You	are	required	to	produce	a	LV	digital	signal	at	8kHz.		This	signal	could	be	
used	to	drive	digital	logic	circuit	that	complies	with	the	3.3V	LV	standard.
In	digital	logic,	you	often	find	logic	signals	that	are	symmetrical,	i.e.	equal	
high	and	low	periods.		The	ratio	between	the	time	the	signal	is	high	(tH)(i.e.	
the	pulse	width)	to	the	period	of	the	waveform	(tC)	is	known	as	duty	cycle.		
So,	a	symmetrical	clock	signal	has	a	50%	duty	cycle.	

duty cycle = time when signal is high (tH )
period of the signal (tC )

×100%
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Task	6:		So	far	you	have	been	using	a	BNC	cable	to	do	your	measurements.		
From	now	on,	you	will	ALWAYS	use	the	special	probe	supplied	with	the	scope.	
Connect	the	YELLOW	probe	to	CH	1	and	the	BLUE	probe	to	CH	2.		This	will	
match	the	colour of	the	traces	on	the	screen	of	the	scope.
This	is	known	as	the	“high	impedance	probe”	or	x10	probe.		I	need	this	
probe	because	when	the	scope	is	connected	to	an	electrical	circuit,	it	may	
alter	the	circuit	that	it	is	measuring	depending	on	the	scope’s	“input	
impedance”	as	compared	to	the	circuit	impedance.		This	is	called	“loading	
effect”	and	is		something	that	will	be	covered	in	the	circuit	analysis	module	
later	by	Mike	Brookes.
The	scope	probe	on	the	x10	setting	presents	itself	with	10	times	higher	
impedance	than	on	the	x1	setting.		However,	the	signal	it	measures	is	also	
reduced	(attenuated)	by	a	factor	of	10.	(So	strictly	speaking,	the	x10	probe	
should	be	more	accurately	called	a	divide-by-10	probe,	but	x10	is	the	
conventional	name!)
If	you	have	selected	the	x10	probe	setting,	you	must	also	tell	the	scope	that	
all	signals	are	now	reduced	by	a	factor	of	10.		This	you	do	by	selecting	the	
channel		(CH1	or	CH2),	select	MENU	button	and	navigate	to	the	PROBE	menu	
and	select	x10.
In	practice,	you	almost	always	use	the	x10	probe	setting.		So	you	only	need	to	
set	up	the	scope	to	know	the	x10	setting	once.	
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Task	6	(continue):		Before	you	can	use	the	x10	probe,	you	need	to	calibrate	it	(also	called	
compensation).		This	is	done	by	hooking	the	probe	to	the	compensate	output	as	circled	here	
which	is	on	the	scope’s	panel.		Press	SETUP	and	PROBE	ADJUST.	An	on-screen	guide	will	appear.		
Select	CH1	to	adjust.
You	will	see	a	1kHz	square	wave	signal.		Now	use	a	special	trimming	tool	(non-metallic)	to	adjust	
the	trimming	capacitor	on	the	probe	until	you	get	as	shape	a	square	wave	with	a	nice	looking	
edges	as	shown	here:
You	should	ONLY	adjust	the	yellow	plastic	screw	on	the	
black	probe.	DO	NOT	TOUCH	the	adjustments	on	the	BNC	
connector.	(See	picture	below).	
Do	the	same	for	CH2.

How	the	high	impedance	x10	probe	works	will	be	covered	in	the	lecture	on	RC	network	and	
transient	behaviour.		The	internal	circuit	looks	something	like	this.		You	don’t	need	to	understand	
this	for	now.

Trim	this	with	
plastic	tool

DO	NOT	TOUCH
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Task 6 (continue): Finally,	I	want	to	show	you	the	difference	between	using	
and	NOT	using	the	x10	probe	in	measuring	fast	edges.
Exit	the	PROBE	ADJUST	mode	by	pressing	the	EXIT	on-screen	button.		Leave	
both	probes	on	the	PROBE	COMP	hooks	as	before.
Now	select	x1	on	the	probe	of	CH2	and	leave	the	probe	on	CH1	on	x10	
setting.	Set	trigger	on	CH1	and	rising	edge.
Adjust	both	the	VOLTS/DIV	and	timebase controls	until	you	see	the	rising	
edge	on	both	CH1	(yellow	trace)	and	CH2	(blue	trace)	clearly.		
It	is	clear	that	with	the	x10	probe,	the	signal	reaches	the	high	voltage	value	
much	faster	than	that	with	the	x1	probe.		Therefore	when	measuring	a	signal	
with	fast	edges	(fast	edges	also	implies	high	frequency	– something	you	will	
learn	later	in	lectures),	you	need	to	use	the	x10	probe.	Since	the	x10	probe	
also	works	for	slow	edges,	there	is	no	reason	NOT	to	use	it	all	the	time	
(except	when	you	are	measuring	very	small	and	low	frequency	signals).
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The Black	Box	(BB)	is	designed	to	produce	various	electrical	signals	for	you	to	
measure.	These	signals	are	commonly found	in	electronic	systems.	
BB	is	powered	by	a	5V	bench	power	supply. The	BB	consists	of	a	bottom	
printed	circuit	board	(PCB)	with	board plugged	in	on	top.			The	top	board	is	
known	as	the	Pyboard and	it	consists	of	an	ARM	microcontroller,	similar	to	
the	processor	found	on	your	mobile	phone.	You	don’t	need	to	know	how	this	
works	for	this	experiment.
What	signal	is	generated	is	governed	by	the	switch	setting	(S3	to	S0).		You	dial	
in	a	switch	setting	to	select	the	appropriate	waveform	generated.		The	switch	
is	in	‘1’	setting	if	it	is	UP.		
After	the	switch	setting	is	changed,	you	must	press	the	RESET	switch	as	
shown	above	in	order	of	the	change	to	take	effect.
Signals are	generated	on	one	or	more	of	the	colour test	pins	TP1	to	TP5	at	
the	top	of	the	PCB.		Measurements	are	made	by	hooking	your	scope	probe	to		
these	test	pins.		If	a	signal	is	generator, say,		on	the	BLUE	pin,	a	BLUE	LED	will	
light	up.		You	also	MUST	connect	the	EARTH	wire	of	the	probe	(crocodile	clip)	
to	the	GND	terminal	at	the	top	right	corner	as	shown	above.
The breadboard	area	on	the	left	is	not	used	for	this	experiment.
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Task	7:			Set	all	the	switches	to	the		ON	position	(UP). This	is	equivalent	to	a	
switch	setting	of	15	or	hexadecimal 0xF	on the	Black	Board.		Press	the	RESET	
switch.	
Connect	TP3	(BLUE)	to	CH	1.
You	should	see	a	square wave	at	around	125Hz.		However,	the	rise	transition	of	
the	waveform	follows	an	exponential	function	given	by	the	equation:

Here	the	reference	for	t	is	measured	from	the	time	the	signal	starts	to	rise	
from	0V. t is	called	the	time	constant.		This	quantity	t is	an	important	
characteristic	of	the	signal.		It	is	the	time	required	for	the	signal	to	reach	63.2%
of	the	final	amplitude	value,	i.e.	when	t = t,   

The	equation	for	the	falling	part	of	the	waveform	is	(again	t=0	is	the	time	at	
beginning	of	the	fall):

𝑉$%& = 𝑉()(1 − 𝑒.
& /0 )

𝑉$%&
𝑉()

= 1 − 𝑒./ /⁄ = 0.632

𝑉$%& = 𝑉()(𝑒.
& /0 )



19

Task	8:			Set	the	switches	to	‘1110’. Connect	TP3	(Blue)	to	CH	1,	and	TP4	
(Yellow)	to	CH	2.	Select	CH	1	as	the	trigger	source,	rising	edge.
What	you	should	see	is	the	ASCII	character	‘#’	(hex	=	0x23)	repeatedly	
generated	once	every	7ms	as	shown above.		The	communication	format	is	
called	“UART”,	Universal	Asynchronous	Receiver	Transmitter.		The	data	bit	
rate	(also	called	baudrate)	is	9600.		Therefore	every	bit	of	the	data	lasts for
1/9600 =	104	µs.
UART	has	a	specific	data	bit	sequence.		When	there	is	no	data, the logic	level	
is	‘1’.		When	a	character	is	sent,	the	first	data	bit	period	is	0.		This	is	known	as	
the	START	BIT	(always	‘0’).		It	is	then	followed	by	8	bits	of	data,	least	
significant	bit	first.		Then	there	could	be	an optional	parity	bit	P.		One	could	
use	even,	odd	or	no	parity	bit.		If	no	parity	is	used,	the	P	bit	is	missed	out.		If	
you	use	odd	parity,	the	number	of	ones	including	the	data	and	parity	bits	is	
an	odd	number.		For	even	parity,	the	total	number	of	ones	is	an	even	number.
We	are	using	EVEN	parity	here.		Since	the	ASCII	code	of	the	letter	‘#’	is	
hexadecimal	0x23,	and	there	are	three	‘1’s	in	0x23,	therefore	the	parity	bit	is	
therefore	‘1’		in	order	to	make	the	total	number	of	1’s	an	even	number.	
Finally	it	is	guaranteed	to	have	1	or	2	bit	period	of	high	value.		This	is	known	
as	STOP	BITS.		We	use	2	stop	bits	here.
Explore	the	UART	waveform	and	make	sure	that	you	know	how	to	interpret	
this	digital	data	format.
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This part	of	the	experiment	is	designed	for	you	to	test	how much	you	have	
learned.		Each	BB	will	provide	a	set	of	signals	unique	to	the	box.		There	are	8	
different	signals	coming	out	the	various	test	pins.		Your	job	is	to	discover	
what	these	signals	are,	and	then	to	characterise them.		

I	also	want	you	to	check	that	you	have	got	it	right.		To	do	that,	you	should:

1. Find	the	“magic	number”	for your	Black	Board	by	setting	the	switches	to	
zero	(‘0000’),	press	RESET,	and	read	the	magic	number	on	the	board’s	
colour LEDs.		The four	LEDs	are:		RED-GREEN-YELLOW-BLUE,	with	RED	
being	the	most	significant	bit	and	BLUE	the	least	significant	bit.	For	
example,	if	your	BB	only	have	YELLOW	and	BLUE	lighting	up,	your	board’s	
magic	number	is	3	(‘0011’).

2. Go	to	the	experiment	website	and	check	the	solutions	table	for	the	
expected	answer	for	the	test.		You	can	find	this	on	the	following	link:
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I	am	sure	you	will have	no	problem	recognising this	waveform.		Measure	its	
peak	to	peak	voltage	and	its	periodicity	as	frequency	or	period.

Now	turn	up	the	sensitivity	(i.e.	volts/div)	for	y,	and	the	timebase for	x,	move	
the	waveform	to	the	middle	of	the	scope	displace.		You	should	see	something	
interesting.		Try	to	explain	this	yourself.		Seek	help	if	you	need	to.

Note	that	when	you	are	using	high	sensitivity	(i.e.	when	the	VOLTS/DIV	
setting	is	at	the	lowest	setting),	the	actual	signal	will	appear	somewhat	noisy,	
and	it	has	distinct	steps	in	the	x	and	y	axes.		This	is	because	we	are	generating	
an	analogue	signal	using	a	digital	microprocessor.		

Firstly,	the	digital	circuit	produces	lots	of	noise,	which	get	added	onto	the	
analogue	signal.		To	get	a	clearer	signal,	you	can	set	the	scope	to	“bandwidth	
limit”,	by	pressing	the	on-screen	button	BWL.		This	will	get	rid	of	the	noise	on	
the	display	(although	the	noise	is	still	there	on	the	signal,	but	the	scope	will	
not	display	it).
Secondly,	the	steps	in	time	and	voltage	are	due	to	the	way	we	produce	our	
signal	using	distinct	time	step	(we	call	this	the	sampling	period)	and	distinct	
voltage	step	(we	call	this	the	quantization	step).		Measure	both.
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This	is	a	simple	test	and	the	signal	produced	are	two	digital	signals.		You	need	
to	work	out	what	they	are.



23

This	is	another	straight	forward	exercise.		Measure everything,	in	particular,	
the	rise	time	and	the	time	constant.	(Make	sure	you	know	the	difference	
between	the two.)
You	should	work	out	the	mathematical	formula	governing	this	waveform	
shape.



24

This	test	is	to	refresh	your	memory	on	why	we	need	to	use	a	x10	scope	probe	
to	do	measurements.
You	will	be	measuring	a	fast	digital	signal	using	both	scope	probes,	one	on	x1	
setting	and	the	other	on	x10	setting.
You	should	also	see	that	measuring	a	fast	signal	is	not	easy.		The	probe	itself	
actually	causes	some	spurious	effects	on	the	measurements.		Basically	most	
fast	digital	signal	are	far	from	the	ideal	waveforms	that	you	may	see	in	
textbooks.		Real	digital	signals	often	shows	these	spurious	oscillations.
For	digital	signals,	this	is	OK	because	digital	logic	use	threshold	voltages	to	
determine	the	logic	values.		Here	we	are	using	3.3V	logic	thresholds.		Any	
voltages	below	0.8V	is	regarded	as	logical	0.		Anything	above	2V	is	regards	as	
logical	1.		Therefore	the	oscillation	and	the	transitional	noise	will	be	ignored	
by	digital	logic	circuits.
Measure	the	rise	time	as	measured	by	CH1	and	CH2	probes.
The	reason	for	the	spurious	oscillation	is	that	the	earth	wire	of	the	probe	and	
the	cable	presents	itself	as	an	inductor	(something	that	will	be	covered	by	
Mike	Brookes	later).		It	is	this	inductance	of	the	inductor	interacting	with	
capacitor	and	resistors	that	causes	the	oscillatory	behaviour.		As	you	move	
the	wire	around,	the	inductance	is	changed,	hence	you	see	the	changes	in	
the	waveform	on	the	x10	probe.
You	don’t	see	that	on	the	x1	probe	because	its	bandwidth	is	too	low	(poor)	to	
show	such	high	frequency	effects.
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This	is	another	interesting	signal.		It	shows	a	sinewave with	additional	signal	
on	top.		Characterise this.
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CH1	shows	a	digital	signal	known	as	a	pulse-width	modulation	signal.		You	
can	change	the	duty	cycle	of	this	signal	by	varying	the	potentiometer.
CH2	is	the	result	of	passing	the	CH1	signal	through	an	averaging	circuit	(also	
known	as	a	low-pass	filter).		The	actual	working	of	this	averaging	circuit	is	not	
relevant	to	this	experiment.		What	it	does	is	simply	to	produce	a	DC	output	
which	is	the	mean	voltage	of	CH1.	
You	can	use	the	digital	volt	meter	(DVM)	function	of	the	scope	to	measure	
the	DC	voltage	on	channel	2.		
To	turn	on	DVM	function	for	CH2:
1. Press	UTIL	button
2. Select	on-screen	menu,	DIG	VOLTMETER
3. For	channel	2,	select	DC	measurement.		CH2	DC	voltage	will	now	be	

shown	on	the	top	left	corner	as	shown.
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This	test	is	to	see	if	you	understand	how	a	digital	signal	can	be	used	to	carry	
information.		The	signal	on	TP4	is	a	digital	signal	for	repeatedly sending	a	four	
letter word	such	as	“#SOS”	(e.g.	a	hash-tag).		
Your	job	is	to	discover	the	word	being	sent	and	at	what	repetition	rate.		The	
letters	are	coded	in	ASCII (American	Standard	Code	for	Information	
Interchange).		Here	is	the	ASCII	table:


