
4.10.	Limiters	

²  Limiter	is	a	nonlinear	circuit	with	an	output	satura0on	characteris0c	
²  It	rejects	envelope	varia0ons	but	preserves	the	phase	varia0ons.	

vin(t) = R(t)cos wct +θ(t)[ ]

vout (t) = KVL cos wct +θ(t)[ ]

Where	K	is	the	level	of	the	fundamental	component	of	the	square	wave,	
4/π	,	mul0plied	by	the	gain	of	the	output	(bandpass)	filter.	VL	is	output	
limits.		



4.11.	Mixers,	Up	Converters,	Down	Converters	

Ø 	Ideal	mixer	is	a	mathema0cal	mul0plier	of	two	input	signals.	One	of	the	
signals	is	sinusoidal	generated	by	a	local	oscillator.	Mixing	results	in	
frequency	transla0on.	

Ø Mixers	are	used	to	obtain	frequency	transla0on	of	the	input	signal.	

			where	Vin(t)	is	bandpass	signal:		vin(t) = Re gin(t)e
jwct{ }



4.11.	Mixers,	Up	Converters,	Down	Converters	
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4.11.	Mixers,	Up	Converters,	Down	Converters	
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4.11.	Mixers,	Up	Converters,	Down	Converters	

Ø 	If	(fc-	f0)	=	0	è	Low	Pass	Filter	gives	baseband	spectrum		

Ø 	If	(fc-	f0	)>	0	è	Bandpass	filter	è	Modula0on	is	preserved	

				Filter	Output:	
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4.11.	Mixers,	Up	Converters,	Down	Converters	

( ) ( )tgAtg in2
0

2 =

00 >−= fff cd

Ø 	Complex	envelope	of	an	Up	Converter:	

00 >+= fff cu( ) ( ); 
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0
2 tgAtg in= -	Amplitude	is	scaled	by	A0/2	

Ø 	Complex	envelope	of	a	Down	Converter:	

i.e.,	f0<fc	è	down	conversion	with	low-side	injec4on	

-	Amplitude	is	scaled	by	A0/2	

i.e.,	f0>fc	è	down	conversion	with	high-side	injec4on	fd = f0 − fc > 0
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-	Sidebands	are	reversed	from	those	on	the	input	

-	Amplitude	is	scaled	by	A0/2	



4.12.	Frequency	MulCpliers	
Ø Frequency	Mul4pliers	consists	of	a	nonlinear	device	together	with	a	tuned	
circuit.	The	frequency	of	the	output	is	n	Cmes	the	frequency	of	the	input.		

vin(t) = R(t)cos(ωct +θ(t))

v1(t) = Knv
nin(t)

= KnR
n(t)cosn(ωct +θ(t))

v1(t) =CR
n(t)cos(nωct + nθ(t))+other terms

vout (t) =CR
n(t)cos(nωct + nθ(t))



4.13.	Detector	Circuits	

Ø Detectors	convert	input	bandpass	waveform	into	an	output	baseband	
waveform.		

Detector	Circuits	



4.13.	Detector	Circuits	

Envelope	Detector	

Ø 	Ideal	envelope	detector:	Waveform	at	the	output	is	a	real	envelope	
R(t)	of	its	input	

( ) ( )[ ]tttRtv cin θω += cos)( ( ) 0≥tRBandpass	input:	

Envelope	Detector	Output:	 ( ) ( )tKRtvout =

K	–	Propor0onality	Constant	



4.13.	Detector	Circuits	

Envelope	Detector	

The	envelope	detector	is	typically	used	to	detect	the	modula0on	on	
AM	signal.	The	detected	DC	is	used	for	AutomaCc	Gain	Control	(AGC).	

In	this	case,	the	complex	envelope	of	the	input	signal		

																																									g(t)	=	Ac[1+m(t)].	
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4.13.	Detector	Circuits	
Product	Detector	

Product	Detector	is	a	Mixer	circuit	that	down	converts	input	to	baseband.	

fc-	Freq.	of	the	oscillator	

θ0-	Phase	of	the	oscillator	



4.13.	Detector	Circuits	
Product	Detector	

Output	of	the	mul0plier:	

Low-pass	Filter	passes	down	conversion	component:	

Where	g(t)	is	the	complex	envelope	of	the	input	and	x(t)	&	y(t)	are	the	
quadrature	components	of	the	input:	

v1 t( ) = R t( )cos ωct +θ t( )⎡
⎣

⎤
⎦A0 cos ωct +θ0( )  

       = 1
2
A0R t( )cos θ t( )−θ0⎡

⎣
⎤
⎦+
1
2
A0R t( )cos 2ωct +θ t( )+θ0⎡

⎣
⎤
⎦

vout t( ) =
1
2
A0R t( )cos θ t( )−θ0⎡

⎣
⎤
⎦=
1
2
A0 Re g t( )e− jθ0{ }

g(t) = R(t)e jθ (t ) = x(t)+ jy(t)



4.13.	Detector	Circuits	
ApplicaCons	of	Product	Detector	

Ø 	INPHASE	DETECTOR	:	

( ) ( )txAtvout 02
1 =⇒:0 if 0 =θ

Ø 	QUADRATURE	PHASE	DETECTOR	

90 if 0 =θ ( )tyAvout 02
1 =⇒

Ø 	ENVELOPE	DETECTOR	

⇒  vout =
1
2
A0R t( )( ) 0 if =tθ

Ø 	PHASE	DETECTOR	If	an	angle	modulated	signal	is	present	at	the	input	
and	reference	phase	(θ0)	=90°	

( )0if  90 ( ) cos  
cin cv t A t tθ ω θ= ° = +⎡ ⎤⎣ ⎦



4.13.	Detector	Circuits	
Frequency	ModulaCon	Detector	

Ø 	A	ideal	FM	Detector	is	a	device	that	produces	an	output	that	is	
proporConal	to	the	instantenous	frequency	of	the	input.		



4.13.	Detector	Circuits	
Frequency	ModulaCon	Detector	
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	Frequency	demodulaCon	using	slope	detecCon.	

• 	The	DC	output	can	easily	be	blocked	


