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Experiment No. 4. Pre-Lab

Linear and Non-Linear Systems, Determining Diode Parameters, Amplitude Modulation, Envelope and Square-Law Diode Detectors

By: Prof. Gabriel M. Rebeiz



The University of Michigan


EECS Dept.

Ann Arbor, Michigan

Linear and Non-Linear Systems:
Any system (amplifier, filter, circuit, etc.) which has a transfer function:

Vo = A Vi   where A  H()

is a linear system.  The transfer function, A, can have a different value and phase for different frequencies as we have measured in the lab (20 Hz - 20 kHz audio amplifier, low-Q and high-Q filters, etc.).  Linear systems have several basic properties which make them desirable for use in electric circuits.  Some of these properties are:

1.
Linearity: If the input is a signal a1 and the output signal is b1(t), then if the input is na1(t), the output will be exactly nb1(t) (n = constant).  (At any frequency, Vo/Vi is a straight line!).

2.
Superposition:  If the input is a signal a1 and the output signal is b1, and if the input signal is a2 and the output signal is b2, then if the input is a1 + a2, the output will be exactly b1 + b2.

Talking in frequency domain, the input signal contains a frequency f, then the output will have the same exact frequency f, and the only difference between the input and output is an amplitude and phase change.  If the input signal contains several frequencies (f1, f2, f3), then the output signal will have exactly the same frequencies (f1, f2, f3) each changed differently in its amplitude and phase, depending on the transfer function.  However, no new frequencies are generated in linear systems.

A non-linear transfer function is represented by:


Vo = A Vi + B Vi2 + C Vi3 + ... 
where A,B,C are dependent on frequency 


(A  H(), B  B(), C C() ...)
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The above mentioned properties of linearity and superposition do not apply in non-linear systems.  In non-linear systems, if the input signal is a1(t), and the output signal is b1(t), then if the input is na1(t), the output is not necessarily nb1(t)!  Figure 1 shows an amplifier operating in the linear and non-linear regime. In the non-linear region, the output is constant independent of the input!  As is evident, in a non-linear system, the output does not have the same form as the input in time domain.  This means that if the input signal contains a frequency f, then the output signal will not only contain f but also 2f, 3f, ..., each at a different amplitude depending on B(), C(), etc. The 2f, 3f, ... components are called harmonics of the signal.  They are generally non-desirable components in amplifiers, filters, etc. (systems which should act linearly).  Remember in EECS 210 how an amplifier generates a lot of harmonics when driven into clipping (non-linear behavior)!

Real-Life Amplifiers:

In real life, linear amplifiers have some very small non-linear components (that is, the straight line is not perfectly straight).  In audio amplifiers, it is important to keep the non-linear components (the harmonics) below -40 dB of the fundamental component.  This translates to a total harmonic distortion of: 

 

.
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Since most amplifiers clip asymmetrically, they generate only Vi3, Vi5, etc. components.  The transfer function is therefore 

.  If the Vi3 is the largest component, then for a THD of 1%, B  0.01  - 40 dB (for A = 1, or B/A = 0.01 for A  1). Some people can hear this distortion level and hi-fi audio amplifiers are designed to give a THD of 0.1% and even 0.01%.  For a THD of 0.01%, B = 0.0001  - 80 dB (for A = 1, or B/A = 0.0001  for A  1), which is a -80 dB third harmonic component compared to the fundamental!

In communication systems, especially those radiating KWs of power such as radio stations, TV stations, radars, etc., it is important to keep the system very linear and to generate very low (-60 to -80 dB is very common) harmonic levels so as not to interfere with other stations at the harmonic frequencies.  This means if a TV station is radiating 50 KW at 200 MHz with a -60 dB harmonic content, it will not radiate more than 50 mW(!) at 400 MHz, 600 MHz, etc.  For low power applications (0.2-1W) such as hand-held analog telephones at 50 MHz and digital phones at 800-900 MHz, the harmonic content is about -30 dB.
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A diode is a very non-linear device. The 1-V curve is exponential and is given by 

.  However, as discussed in class, if a small-signal, Vs, is applied across the diode around a DC bias condition of (ID, VD), then the diode equation can be written as:


 EMBED "Equation" "Word Object4" \* mergeformat  

 .

The small signal (linear component) is 

, which is, of course, at the same frequency as Vs.  The other components, Vs2, Vs3, ... are non-linear components and generate higher order harmonics.  In class, we said that Vspk < 5 mV for "small-signal" or "linear" operation.  Let us now calculate the harmonic content for different values of Vspk.


 EMBED "Equation" "Word Object6" \* mergeformat  
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Fundamental Component:
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Second Harmonic (and DC!) Components:
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Third Harmonic Component:



Dividing, we have:
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and
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with Vspk being the voltage across the diode junction.

It is seen that the second and third harmonic levels are strongly dependent on the peak input voltage (A). So, by limiting Vspk (= A) < 5 mV, we ensure that all harmonic are less than -28 dB and that the THD is less than 4%.  This may simply not be enough in many applications, and we may limit Vspk ≤ 1 mV if we want the harmonics to be less than -40 dB.

Non-Linear Systems Put To Good Use:

Do not think that non-linear systems are all bad!  In many industrial problems, the process is non-linear and it is best to use a non-linear system to control it.  Also, most biological sensors are non-linear (your eye, ear, pain sensors immediately go non-linear and saturate if too much light, sound, or pain is applied).  Finally, in communication systems, many non-linear devices are expressly used to translate frequencies from 800-900 MHz to 10-20 MHz (and vice versa).  These components are called "mixers" and "multipliers" and are used in every communication system today. You will study them in detail in EECS 411 and 522.

Determining Diode Parameters:  
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scale
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end
/showpage {} def
/copypage {} def
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%%Title: DetermineDiode.ps
%%Creator: Canvas 3.5
%%For: Carol Truszkowski
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%%BoundingBox: 7 11 478 405
%%DocumentProcSets: CanvasDict
%%DocumentSuppliedProcSets: CanvasDict
%%Copyright ©1988-91 Deneba Systems, Inc. - All Rights Reserved Worldwide
%%DocumentFonts: Times-Italic
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%%DocumentNeededFonts: Times-Italic
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%%BeginProcSet:CanvasDict
/CanvasDict where not{/CanvasDict 250 dict def}{pop}ifelse
CanvasDict begin
systemdict/setpacking known{/origpack currentpacking def true setpacking}if
/bdf{bind def}bind def
/_cv 20 dict begin
/isDeviceColor {/currentcolorspace where{pop currentcolorspace 0 get dup /DeviceGray eq exch dup /DeviceRGB eq exch /DeviceCMYK eq or or}{T}ifelse}bdf
/stg{isDeviceColor{setgray}{pop}ifelse}bdf
/strgb{isDeviceColor{setrgbcolor}{pop pop pop}ifelse}bdf
/stcmyk{isDeviceColor{setcmykcolor}{pop pop pop pop}ifelse}bdf
currentdict end def
/xdf{exch bind def}bdf
/min{2 copy gt{exch}if pop}bdf
/edf{exch def}bdf
/max{2 copy lt{exch}if pop}bdf
/cvmtx matrix def
/tpmx matrix def
/currot 0 def
/rotmtx matrix def
/origmtx matrix def
/cvangle{360 exch sub 90 add 360 mod}bdf
/setrot{/currot edf rotmtx currentmatrix pop 2 copy translate currot rotate neg exch neg exch translate}bdf
/endrot{rotmtx setmatrix /currot 0 def}bdf
/i systemdict/image get def/T true def/F false def/dbg F def
/ncolors 0 def/st0 ()def/st1 ()def/proc0 {}def
/penh 1 def/penv 1 def/penv2 0 def/penh2 0 def/samplesize 0 def/width 0 def/height 0 def
/setcmykcolor where not{/setcmykcolor{/b edf 3{b add 1.0 exch sub 0.0 max 1.0 min 3 1 roll}repeat systemdict begin setrgbcolor end}bdf}{pop}ifelse
/doeoclip{closepath{eoclip}stopped{currentflat dup 2 mul setflat eoclip setflat}if}bdf
/SpaceExtra 0 def/LetterSpace 0 def/StringLength 0 def/NumSpaces 0 def/JustOffset 0 def
/f0{eofill} def
/s0{1 setlinewidth cvmtx currentmatrix pop currentdash pop length 0 ne{penh penv gt{penh}{penv}ifelse setlinewidth}{penh penv scale}ifelse stroke cvmtx setmatrix}bdf
/_ft 0 def
/f1{ /_ft 0 def _bp _fp impat}def
/s1{cvmtx currentmatrix pop currentdash pop length 0 ne{penh penv gt{penh}{penv}ifelse setlinewidth}{penh penv scale}ifelse
{strokepath}stopped{currentflat dup 2 mul setflat strokepath setflat}if 
/_ft 1 def _bp
cvmtx setmatrix _fp impat}def
/filltype 0 def
/stroketype 0 def
/f{filltype 0 eq{f0}{f1}ifelse}bdf
/s{stroketype 0 eq{s0}{s1}ifelse}bdf
/_fp{}def
/_bp{}def
/_fg 1 def
/_pg 0 def
/_bkg 1 def
/_frg 0 def
/_frgb 3 array def
/_frrgb [0 0 0] def
/_fcmyk 4 array def
/_frcmyk [0 0 0 1] def
/_prgb 3 array def
/_pcmyk 4 array def
/_bkrgb [1 1 1] def
/_bkcmyk [0 0 0 0] def
/fg{/_fg exch def /filltype 0 def/fills{_fg setgray}def}def
/frgb{_frgb astore pop /filltype 0 def/fills{_frgb aload pop setrgbcolor}def}def
/fcmyk{_fcmyk astore pop /filltype 0 def/fills{_fcmyk aload pop setcmykcolor}def}def
/pg{/_pg exch def /stroketype 0 def/pens{_pg setgray}def}def
/prgb{_prgb astore pop /stroketype 0 def/pens{_prgb aload pop setrgbcolor}def}def
/pcmyk{_pcmyk astore pop /stroketype 0 def/pens{_pcmyk aload pop setcmykcolor}def}def
/fpat{/fstr edf/filltype 1 def/fills{/patstr fstr def}bdf}bdf
/ppat{/sstr edf/stroketype 1 def/pens{/patstr sstr def}bdf}bdf
/bkg{ /_bkg exch def /_bp{gsave _bkg setgray _ft 0 eq {eofill}{fill}ifelse grestore}def}def
/bkrgb{_bkrgb astore pop/_bp{gsave _bkrgb aload pop setrgbcolor _ft 0 eq {eofill}{fill}ifelse grestore}def}def
/bkcmyk{_bkcmyk astore pop/_bp{gsave _bkcmyk aload pop setcmykcolor _ft 0 eq {eofill}{fill}ifelse grestore}def}def
/frg{ /_frg exch def /_fp{_frg setgray}def}def
/frrgb{_frrgb astore pop/_fp{_frrgb aload pop setrgbcolor}def}def
/frcmyk{_frcmyk astore pop/_fp{_frcmyk aload pop setcmykcolor}def}def
/icomp{/ncolors edf
ncolors 1 gt{/proc0 edf
dup dup 0 get ncolors div cvi exch 0 3 -1 roll put
4 -1 roll ncolors div cvi 4 1 roll{proc0 dup/st0 edf
0 exch ncolors exch length
dup ncolors sub exch ncolors div cvi string/st1 edf
{dup 0 exch dup 1 exch
2 add{st0 exch get add}bind for
3 div ncolors 4 eq{exch dup 3 1 roll 3 add st0 exch get add 255 exch sub dup 0 lt{pop 0}if}if cvi
dup 255 gt{pop 255}if
exch ncolors div cvi exch
st1 3 1 roll put}bind for
st1}}if i}bdf
/ci
{/colorimage where
{pop false exch colorimage}
{icomp}
ifelse}bdf
/impat
{/cnt 0 def
/MySave save def
currot 0 ne{currot neg rotate}if
_ft 0 eq {doeoclip}{clip}ifelse
{currentpoint}stopped not
{flattenpath
moveto}if
{pathbbox}stopped not{
3 -1 roll
8 div floor 8 mul dup/starty edf
sub abs 8 div ceiling 8 mul cvi/height edf
exch 8 div floor 8 mul dup/startx edf
sub abs 8 div ceiling 8 mul cvi/width edf
startx starty translate
width height scale
/height height 8 mul def
/st0 width string def
width height T [width 0 0 height neg 0 height]
{patstr
cnt 8 mod
get/st1 edf
0 1
st0 length 1 sub dup 0 le{pop 1}if
{st0 exch
st1
put}bind for/cnt cnt 1 add def
st0}bind
imagemask}if
MySave restore
newpath}bdf
/cm{/ncolors edf
translate
scale/height edf/colorimage where
{pop}
{ncolors mul}ifelse/width edf
/tbitstr width string def
width height 8 [width 0 0 height neg 0 height]
{currentfile tbitstr readhexstring pop}bind
ncolors
dup 3 eq {ci}{icomp}ifelse}bdf
/im{translate
scale
/height edf
/width edf
/tbitstr width 7 add 8 div cvi string def
width height 1 [width 0 0 height neg 0 height]
{currentfile tbitstr readhexstring pop}bind
i}bdf
/imk{/invFlag edf
translate
scale
/height edf
/width edf
/tbitstr width 7 add 8 div cvi string def
width height invFlag [width 0 0 height neg 0 height]
{currentfile tbitstr readhexstring pop}bind
imagemask}bdf
/BeginEPSF
{/MySave save def
/dict_count countdictstack def
/op_count count 1 sub def
userdict begin
/showpage {} def
0 setgray 0 setlinecap
1 setlinewidth 0 setlinejoin
10 setmiterlimit [] 0 setdash newpath
/languagelevel where
{pop languagelevel 1 ne{false setstrokeadjust false setoverprint}if}if
}bdf
/EndEPSF
{count op_count sub {pop}repeat
countdictstack dict_count sub {end}repeat
MySave restore}bdf
/rectpath {/cv_r edf/cv_b edf/cv_l edf/cv_t edf
cv_l cv_t moveto cv_r cv_t lineto cv_r cv_b lineto cv_l cv_b lineto cv_l cv_t lineto closepath}bdf
/setpen{/penh edf/penv edf/penv2 penv 2 div def/penh2 penh 2 div def}bdf
/dostroke{not pens 1.0 currentgray ne or {s}{newpath}ifelse}bdf
/dodashfill{not fills 1.0 currentgray ne or
{gsave f grestore gsave [] 0 setdash 
stroketype/stroketype filltype def
s/stroketype edf grestore}{newpath}ifelse}bdf
/dofill{not fills 1.0 currentgray ne or {f}{newpath}ifelse}bdf
/dofillsave{not fills 1.0 currentgray ne or {gsave f grestore}if}bdf
/doline{not pens 1.0 currentgray ne or {filltype/filltype stroketype def f/filltype edf}{newpath}ifelse}bdf
/spx{SpaceExtra 0 32 4 -1 roll widthshow}bdf
/lsx{SpaceExtra 0 32 LetterSpace 0 6 -1 roll awidthshow}bdf
/Rjust{stringwidth pop JustOffset exch sub /JustOffset edf}bdf
/Cjust{stringwidth pop 2 div JustOffset exch sub /JustOffset edf}bdf
/adjfit{stringwidth pop LetterSpace StringLength 1 sub mul add SpaceExtra NumSpaces mul add dup /pw edf JustOffset exch 
sub dup /wdif edf StringLength div LetterSpace add /LetterSpace edf}bdf
/ulb{currentpoint pop /underlinpt edf}bdf
/ule{gsave currentpoint newpath moveto currentfont dup /ft1 known{dup /ft1 get begin /FontMatrix get FontMatrix tpmx concatmatrix pop}
{begin FontMatrix tpmx copy pop}ifelse currentfont /FontInfo known {FontInfo begin UnderlinePosition UnderlineThickness end}{-.1 .05}ifelse end dup tpmx
dtransform pop setlinewidth dup tpmx dtransform pop 0 exch rmoveto underlinpt currentpoint pop sub 0 rlineto stroke grestore}bdf
/fittext{ /SpaceExtra edf /LetterSpace edf /StringLength edf /NumSpaces edf /JustOffset edf not 1 currentgray ne or
{dup {ulb}if exch
dup adjfit
lsx {ule}if}{pop pop}ifelse}bdf
/cvRecFont{/encod edf FontDirectory 2 index known{cleartomark}{findfont dup length 1 add dict begin
{1 index/FID ne{def}{pop pop}ifelse}forall encod{/Encoding CVvec def}if
currentdict end definefont cleartomark}ifelse}bdf
/wrk1 ( ) def/wdict 16 dict def
/Work75 75 string def /Nmk{Work75 cvs dup}bdf /Npt{put cvn}bdf /dhOdh{Nmk 2 79 Npt}bdf /dhodh{Nmk 2 111 Npt}bdf	/dhSdh{Nmk 2 83 Npt}bdf
/sfWidth{gsave 0 0 moveto 0 0 lineto 0 0 lineto 0 0 li�¡�À �neto closepath clip stringwidth grestore}bdf
/MakOF{dup dhodh FontDirectory 1 index known{exch pop}{exch findfont dup length 1 add dict begin
{1 index/FID ne 2 index /UniqueID ne and{def}{pop pop}ifelse}forall
/PaintType 2 def
/StrokeWidth .18 dup FontMatrix idtransform pop ftSize div %dup 12 lt{pop 12}if 
def
dup currentdict end definefont pop}ifelse}bdf
/fts{dup/ftSize edf}def
/mkFT{/tempFT 11 dict def tempFT begin
/FontMatrix [1 0 0 1 0 0] def/FontType 3 def
FontDirectory 3 index get /Encoding get/Encoding exch def
/proc2 edf/ft2 exch findfont def/ft1 exch findfont def/FontBBox [0 0 1 1] def
/BuildChar{wdict begin/chr edf/ftdt edf/chrst wrk1 dup 0 chr put def ftdt/proc2 get exec end}def
end tempFT definefont pop}bdf
/OLFt{dup dhOdh FontDirectory 1 index known{exch pop}
{dup 3 -1 roll dup MakOF {outproc} mkFT}ifelse}bdf
/mshw{moveto show}bdf
/outproc{ftdt/ft1 get setfont gsave chrst sfWidth grestore setcharwidth dblsh}bdf
/dblsh{currentgray 1 setgray chrst 0 0 mshw setgray ftdt/ft2 get setfont chrst 0 0 mshw}bdf
/ShadChar{ftdt/ft1 get setfont gsave chrst sfWidth 1 index 0 ne{exch .05 add exch}if grestore setcharwidth
chrst .06 0 mshw 0 .05 translate dblsh}bdf
/ShFt{dup dhSdh FontDirectory 1 index known{exch pop}
{dup 3 -1 roll dup MakOF {ShadChar} mkFT}ifelse}bdf
/LswUnits{72 75 div dup scale}bdf
/erasefill{_bp}def
/CVvec 256 array def
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
CVvec 0 32 getinterval astore pop
CVvec 32/Times-Roman findfont/Encoding get
32 96 getinterval putinterval CVvec dup 39/quotesingle put 96/grave put
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/blank/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
CVvec 128 128 getinterval astore pop
end
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MySave restore
restore
% ---- Object #185:191 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
7 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
385.625 16 moveto
(10)
F F 7 0 2 0 0 fittext
restore
% ---- Object #186:192 Obj Type: 99
% ---- Object #187:193 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
424.875 20.75 moveto
(log)
F F 15.334 0 3 0 0 fittext
restore
% ---- Object #188:194 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
7 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
440.875 16 moveto
(10)
F F 7 0 2 0 0 fittext
restore
% ---- Object #189:195 Obj Type: 4
0 setlinecap
0 setlinejoin
146 293 105 423 rectpath
F dostroke
% ---- Object #190:196 Obj Type: 4
0 setlinecap
0 setlinejoin
276 56 87 253.5 rectpath
F dostroke
% ---- Object #191:197 Obj Type: 10
1.25 1.25 setpen
0 setlinecap
0 setlinejoin
167.�¡�À �8333 215.675 moveto
178.2045 225.9805 200.3242 233.1667 225.6789 233.1667 curveto
230.0004 233.1667 234.2278 232.9578 238.3191 232.5602 curveto
F dostroke
% ---- Object #192:198 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
78.5 87.5 moveto
78.5 129 lineto
F dostroke
grestore
% ---- Object #193:199 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
154 87.5 moveto
154 197.5 lineto
F dostroke
grestore
% ---- Object #194:200 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
116.5 87.5 moveto
116.5 148 lineto
F dostroke
grestore
% ---- Object #195:201 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
192 87.5 moveto
192 230 lineto
F dostroke
grestore
% ---- Object #196:202 Obj Type: 3
2 setlinecap
0 setlinejoin
[10 4] 0 setdash
gsave
newpath
231 87.5 moveto
231 232.5 lineto
F dostroke
grestore
% ---- Object #197:203 Obj Type: 9
0 setlinecap
0 setlinejoin
[] 0 setdash
125 155.5 moveto
133.5 155.5 lineto
133.5 166 lineto
F dofillsave
F dostroke
% ---- Object #198:204 Obj Type: 6
0.5469 0.5469 setpen
0 setlinecap
0 setlinejoin
0 fg
117.6332 147.3501 moveto
117.6332 146.445 116.8883 145.7001 115.9833 145.7001 curveto
115.0782 145.7001 114.3333 146.445 114.3333 147.3501 curveto
114.3333 148.2551 115.0782 149 115.9833 149 curveto
116.8883 149 117.6332 148.2551 117.6332 147.3501 curveto
closepath
F dofillsave
F dostroke
% ---- Object #199:205 Obj Type: 6
0 setlinecap
0 setlinejoin
155.2999 196.8501 moveto
155.2999 195.945 154.555 195.2001 153.6499 195.2001 curveto
152.7449 195.2001 152 195.945 152 196.8501 curveto
152 197.7551 152.7449 198.5 153.6499 198.5 curveto
154.555 198.5 155.2999 197.7551 155.2999 196.8501 curveto
closepath
F dofillsave
F dostroke
% ---- Object #200:206 Obj Type: 6
0 setlinecap
0 setlinejoin
193.7999 228.3501 moveto
193.7999 227.445 193.055 226.7001 192.1499 226.7001 curveto
191.2449 226.7001 190.5 227.445 190.5 228.3501 curveto
190.5 229.2551 191.2449 230 192.1499 230 curveto
193.055 230 193.7999 229.2551 193.7999 228.3501 curveto
closepath
F dofillsave
F dostroke
% ---- Object #201:207 Obj Type: 6
0 setlinecap
0 setlinejoin
232.2999 233.3501 moveto
232.2999 232.445 231.555 231.7001 230.6499 231.7001 curveto
229.7449 231.7001 229 232.445 229 233.3501 curveto
229 234.2551 229.7449 235 230.6499 235 curveto
231.555 235 232.2999 234.2551 232.2999 233.3501 curveto
closepath
F dofillsave
F dostroke
% ---- Object #202:208 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
175.5 233.5 moveto
gsave
newpath
167.0428 230.4219 moveto
166.2923 232.4837 166.2923 234.5165 167.0428 236.5782 curveto
171.2714 235.0391 171.2714 235.0391 175.5 233.5 curveto
175.5 233.5 167.0428 230.4219 167.0428 230.4219 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
167.5 233.5 moveto
156.5 233.5 lineto
156.5 228.5 lineto
F dostroke
% ---- Object #203:209 Obj Type: 9
0 setlinecap
0 setlinejoin
%%My Stuff
%%psArrowMoveTo
202 232 moveto
gsave
newpath
194.452 236.9019 moveto
195.6471 238.742 197.2706 239.9653 199.3688 240.6068 curveto
200.6844 236.3034 200.6844 236.3034 202 232 curveto
202 232 194.452 236.9019 194.452 236.9019 curveto
closepath
F doline
grestore
%%psFixPolyLineTo2
197.1751 238.3813 moveto
186.5 252.5 lineto
170 252.5 lineto
F dostroke
% ---- Object #204:210 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
129.875 253.5 moveto
(with R)
F F 32.335 1 6 0 0 fittext
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
162.125 250.5 moveto
(s)
show
restore
% ---- Object #205:211 Obj Type: 99
% ---- Object #206:212 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
115.875 222 moveto
(R)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
123.875 219 moveto
(s )
F F 6.3892 1 2 0 0 fittext
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
130.375 222 moveto
(~ 0)
F F 15.4893 1 3 0 0 fittext
restore
% ---- Object #207:213 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
130.75 224.25 moveto
135.25 224.25 lineto
F dostroke
grestore
% ---- Object #208:214 Obj Type: 2
0 0 setpen
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
120.375 94 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
129.125 91 moveto
(1)
show
restore
% ---- Object #209:215 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
158.375 94 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
167.125 91 moveto
(2)
show
restore
% ---- Object #210:216 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
195.375 94 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
204.125 91 moveto
(3)
show
restore
% ---- Object #211:217 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
234.375 94 moveto
(V)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
243.125 91 moveto
(4)
show
restore
% ---- Object #212:218 Obj Type: 99
% ---- Object #213:219 Obj Type: 99
% ---- Object #214:220 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
124.375 143 moveto
(Slope)
F F 27.3311 0 5 0 0 fittext
restore
% ---- Object #215:221 Obj Type: 2
save
0 setgray
mark /|___Times-Italic /Times-Italic T cvRecFont
12 fts /|___Times-Italic findfont exch scalefont setfont
0 setgray
167.375 143 moveto
(n)
show
restore
% ---- Object #216:222 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
155.5 143.375 137.5 175.4297 rectpath
doeoclip newpath
128 72 32.0547 18 143.375 137.5 false imk
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% ---- Object #217:223 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
183.375 69.5 moveto
(V \(linear\))
F F 46.9629 1 10 0 0 fittext
restore
% ---- Object #218:224 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
75.375 75 moveto
(0)
show
restore
% ---- Object #219:225 Obj Type: 9
0.5 0.5 setpen
0 setlinecap
0 setlinejoin
174.5 216.75 moveto
174.5 209.492 lineto
175.5 207.25 lineto
177.5007 206.5091 lineto
202 206.5833 lineto
206.5 197.75 lineto
210.5 206.6 lineto
236.2598 206.5854 lineto
239 208 lineto
240 210.215 lineto
240 217.75 lineto
F dostroke
% ---- Object #220:226 Obj Type: 2
1 fg
0 0 setpen
195.5 174.5 168.5 241 rectpath
F dofill
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
176.875 186.5 moveto
(Limiting due)
F F 62.3262 1 12 0 0 fittext
0 setgray
195.875 174.5 moveto
(to R)
F F 20.3379 1 4 0 0 fittext
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
216.125 171.5 moveto
(s)
show
restore
% ---- Object #221:227 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
9.875 145.5 moveto
(log)
F F 15.334 0 3 0 0 fittext
restore
% ---- Object #222:228 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
41.375 145.5 moveto
(I)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
45.375 142.5 moveto
(1)
show
restore
% ---- Object #223:229 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
159.7501 24.375 138.75 51.7549 rectpath
doeoclip newpath
112 85 27.3799 21.0001 24.375 138.75 false imk
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% ---- Object #224:230 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
159.7501 38.375 138.75 65.7549 rectpath
doeoclip newpath
112 85 27.3799 21.0001 38.375 138.75 false imk
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% ---- Object #225:231 Obj Type: 3
1.25 1.25 setpen
2 se�¡�À �tlinecap
0 setlinejoin
gsave
newpath
56.6667 126 moveto
100.3333 126 lineto
F dostroke
grestore
% ---- Object #226:232 Obj Type: 3
2 setlinecap
0 setlinejoin
gsave
newpath
101.1667 126.1667 moveto
197.8333 256.1667 lineto
F dostroke
grestore
% ---- Object #227:233 Obj Type: 99
% ---- Object #228:234 Obj Type: 9
0.0391 0.0391 setpen
0 setlinecap
0 setlinejoin
0 fg
217.1768 331.9084 moveto
217.1768 318.8392 lineto
230.2459 325.2867 lineto
217.1768 331.9084 lineto
closepath
F dofillsave
F dostroke
% ---- Object #229:235 Obj Type: 3
0.5 0.5 setpen
2 setlinecap
0 setlinejoin
gsave
newpath
229.75 332.9167 moveto
229.75 318.4167 lineto
F dostroke
grestore
% ---- Object #230:236 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
251 293.875 233 323.9609 rectpath
doeoclip newpath
120 72 30.0859 18 293.875 233 false imk
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% ---- Object #231:237 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
327.875 240 moveto
(,)
show
restore
% ---- Object #232:238 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
10.375 123.5 moveto
(log)
F F 15.334 0 3 0 0 fittext
restore
% ---- Object #233:239 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
12 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
41.375 123.5 moveto
(I)
show
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
10 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
45.375 120.5 moveto
(s)
show
restore
% ---- Object #234:240 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
137.7501 24.375 116.75 51.7549 rectpath
doeoclip newpath
112 85 27.3799 21.0001 24.375 116.75 false imk
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% ---- Object #235:241 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
12 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
137.7501 38.375 116.75 65.7549 rectpath
doeoclip newpath
112 85 27.3799 21.0001 38.375 116.75 false imk
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At large currents, voltage drop is series resistance limited.
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Amplitude Modulation, Envelope and Square-Law Diode Detectors  

1.0
Amplitude Modulation:

An amplitude modulated (AM) wave is given by:




 

where 
a(t)  audio signal (commonly called baseband signal, or modulation signal)


c  carrier frequency


A  Amplitude of carrier frequency for no modulation signal

For the AM radio broadcast, the carrier frequency is between 550 KHz and 1550 KHz, and the bandwidth of the audio signal is 5 KHz. The audio signal is composed of a range of frequencies from 20 Hz to 20 KHz and each frequency is associated with a certain amplitude, resulting in the audio spectrum for a specific instrument or human voice.  Most of the power of the human voice is below 5 KHz, so AM is excellent for talk-shows and not for music.

Let us assume that the audio signal (or baseband signal, or modulation signal) is composed of a single frequency, 1 (for example, 1 = 1 KHz). The AM signal is then:




We see that the AM signal is composed of three frequencies: the carrier frequency (c) with amplitude A, the upper sideband frequency (c+1) and the lower sideband frequency 
(c-1), each with amplitude a1/2. An AM signal with a1=0.9A is shown in Fig. 1. The peak of the signal is 1.9A and the minimum is 0.1A. The frequency spectrum of the signal is also shown for fc= 1 MHz and 1= 5 KHz. Notice that the bandwidth of an AM signal (centered around the carrier) is twice the bandwidth of the baseband signal and in this case is 10 KHz.

An often used term is the modulation index, m, defined by m = a1/A. Using this definition, the AM signal can be written as:


 EMBED "Equation" "Word Object2" \* mergeformat  


The total power contained in an AM signal is:


 EMBED "Equation" "Word Object3" \* mergeformat  


where Z is the impedance seen by the AM signal, and Pc is the power in the carrier frequency (Pc=A2/2Re{Z}). The sidebands contains only m2/2 of the power relative to the carrier signal power. For m=1 (100% modulation), Ps=Pc(1+1/2) and the sidebands contain half of the carrier power, and one third of the total AM signal power. Amplitude modulation is therefore not an efficient method for transmitting information, but it is so easy to generate and to detect that it is the predominant modulation technique in low-cost low-bandwidth systems (in other words, no one uses AM modulation for satellite and wireless communications). Most AM broadcast stations maintain a modulation index, m, between 85 and 95% as a compromise between spectral efficiency (power in baseband vs. power in carrier) and the risk of drifting into overmodulation and therefore severe distortion (m > 100%).
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Figure 1: An amplitude modulated (AM) signal in time and frequency domain.

AM modulation is not limited to radio broadcasts and to audio signals. Actually, when you use a TV remote control, or an infrared transmitter on a calculator, or an infrared data link between your computer and a hard disk, you are actually AM modulating the infrared diode with a digital (on, off) modulation. In this case, the carrier is at an extremely high frequency (~300 THz for a red diode) and the baseband signal is a digital signal with a frequency of 100’s of Hertz for the case of the TV remote control to several MHz for the case of a hard disk data link. We will build an AM infrared link in Experiment #5.

2.0 
A Square-Law Detector:

If an AM signal (or any type of signal) passes by a linear system with vo=Avi (A=constant), then the output is a replica of the input (in time and frequency domain). The output differs from the input only by its amplitude and phase but does not contain any new frequency components. The amplifiers are called linear amplifiers (such as audio amplifiers, communication amplifiers, etc....) and generate very little total harmonic distortion (i.e., no harmonics, no new frequency components). This is the essential characteristic of linear systems which I tried hard to get across in EECS 210. Therefore, linear systems cannot detect modulation of any type!

If one needs to detect a signal, a frequency translation must occur. Basically, the information in the sidebands at (c+1) and at (c-1) must be translated to 1! For example, the information in the 1005 KHz and 995 KHz sidebands of Figure 1 must be translated into 5 KHz so as to be heard as an audio signal. In order to do this,  the detector must have a non-linear transfer function. The simplest non-linear transfer function is the square-law detector. Let us assume that a detector exhibits a response given by:
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  (the AM signal)

The output voltage is:
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Notice that we have frequency translation!  An input frequency spectrum of c, c+1 and 
c-1 (the AM signal) results in an output frequency spectrum containing a DC component, a baseband (or modulation or audio) component at at 1, a component at 21 (called distortion), and frequency components 2c with respective sidebands. If you remember EECS 210, we called these components harmonics and intermodulation products and they occurred whenever an amplifier was driven into the non-linear region (clipping). Well, here we are using the intermodulation components of a square-law detector to our advantage so as to translate the sidebands at c + 1 to an audio frequency of 1.

3.0
AM Signal Detection (or Demodulation):

The question is then: which component do we use to get a good square-law response? An excellent and very inexpensive electronic component is the pn junction diode (or the Schottky diode for high frequency applications, f > 100 MHz). The diode IV relationship is given by:
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If we expand the exponential equation into its Taylor series, we get:
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and we can put it in the form:
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Now, let us assume that an AM voltage, 
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, is impressed across the diode, it does not take a genius to recognize that the V2 component in the diode current equation will demodulate the AM signal! The resulting current in the diode is:
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Expanding the sine/cosine terms and grouping them together, we get the diode current I to be:
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Notice that the diode current has a DC component and therefore the diode self-biases at 
 EMBED "Equation" "Word Object24" \* mergeformat  

 (Amperes). This is the result of the non-linear (demodulation) process. 

The diode current is then passed by a parallel RC network (a low-pass filter). This network presents an resistance R at low frequencies (<<1/RC) and a short circuit a high frequencies 
( >>1/RC). 
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Figure 2:  AM demodulation circuit (envelope detector).

The resulting output voltage is therefore:
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0 setlinecap
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%%flag must have _FillMask
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F dofill
%%My Stuff
%%psArrowMoveTo
237 178.2556 moveto
192 178.2556 lineto
gsave
newpath
187.3715 177.3558 moveto
189.4058 176.5338 190.9165 175.1736 191.9465 173.2363 curveto
187.9733 171.1237 187.9733 171.1237 184 169.0111 curveto
184 169.0111 187.3715 177.3558 187.3715 177.3558 curveto
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203.3715 131.3558 moveto
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200 123.0111 203.3715 131.3558 203.3715 131.3558 curveto
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233.9733 76.1237 233.9733 76.1237 230 74.0111 curveto
230 74.0111 233.3715 82.3558 233.3715 82.3558 curveto
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%%flag must have _FillMask
283 45.7556 moveto
238 45.7556 lineto
230 36.5111 lineto
F dofill
%%My Stuff
%%psArrowMoveTo
283 45.7556 moveto
238 45.7556 lineto
gsave
newpath
233.3715 44.8558 moveto
235.4058 44.0338 236.9165 42.6736 237.9465 40.7363 curveto
233.9733 38.6237 233.9733 38.6237 230 36.5111 curveto
230 36.5111 233.3715 44.8558 233.3715 44.8558 curveto
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F dostroke
% ---- Object #113:119 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
9 fts /|___Symbol findfont exch scalefont [1 0 0.2588 1 0 0] makefont setfont
save /MySave edf
159.25 189.375 150 213.2971 rectpath
doeoclip newpath
96 37 23.9221 9.25 189.375 150 false imk
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFE1E1FFFFFFF
FFFFFFFFFFFFF87F87FFFFFF
FFFFFFFFFFFFE3FFC7FFFFFF
FFFFFFFFFFFFC3E7C3FFFFFF
FFFFFFFFFFFF0F87C3FFFFFF
FFFFFFFFFFFF0F87C3FFFFFF
FFFFFFFFFFFC3F0FC3FFFFFF
FFFFFFFFFFFC3F0FC3FFFFFF
FFFFFFFFFFF87E1F87FFFFFF
FFFFFFFFFFF87E1F87FFFFFF
FFFFFFFFFFF0FE7F0FFFFFFF
FFFFFFFFFFF0FE7F0FFFFFFF
FFFFFFFFFFE1FCFE1FFFFFFF
FFFFFFFFFFF0FCFC3FFFFFFF
FFFFFFFFFFE1F0F87FFFFFFF
FFFFFFFFFFF0E670FFFFFFFF
FFFFFFFFFFF01E03FFFFFFFF
FFFFFFFFFFF83F07FFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
MySave restore
restore
% ---- Object #114:120 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
7 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
206.875 150 moveto
(1)
show
restore
% ---- Object #115:121 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
9 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
209.875 101.5 moveto
(2)
show
restore
% ---- Object #116:122 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
9 fts /|___Symbol findfont exch scalefont [1 0 0.2588 1 0 0] makefont setfont
save /MySave edf
109.25 204.375 100 228.2971 rectpath
doeoclip newpath
96 37 23.9221 9.25 204.375 100 false imk
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFE1E1FFFFFFF
FFFFFFFFFFFFF87F87FFFFFF
FFFFFFFFFFFFE3FFC7FFFFFF
FFFFFFFFFFFFC3E7C3FFFFFF
FFFFFFFFFFFF0F87C3FFFFFF
FFFFFFFFFFFF0F87C3FFFFFF
FFFFFFFFFFFC3F0FC3FFFFFF
FFFFFFFFFFFC3F0FC3FFFFFF
FFFFFFFFFFF87E1F87FFFFFF
FFFFFFFFFFF87E1F87FFFFFF
FFFFFFFFFFF0FE7F0FFFFFFF
FFFFFFFFFFF0FE7F0FFFFFFF
FFFFFFFFFFE1FCFE1FFFFFFF
FFFFFFFFFFF0FCFC3FFFFFFF
FFFFFFFFFFE1F0F87FFFFFFF
FFFFFFFFFFF0E670FFFFFFFF
FFFFFFFFFFF01E03FFFFFFFF
FFFFFFFFFFF83F07FFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFF
MySave restore
restore
% ---- Object #117:123 Obj Type: 2
save
0 setgray
mark /|___Times-Roman /Times-Roman T cvRecFont
7 fts /|___Times-Roman findfont exch scalefont setfont
0 setgray
221.875 100 moveto
(1)
show
restore
% ---- Object #118:124 Obj Type: 2
save
0 setgray
mark /|___Symbol /Symbol F cvRecFont
9 fts /|___Symbol findfont exch scalefont [1 0 0.2588 1 0 0] makefont setfont
save /MySave edf
209.25 201.875 200 228.0471 rectpath
doeoclip newpath
104 37 26.1721 9.25 201.875 200 false imk
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFE1E1FFFFFFFFF
FFFFFFFFFFFFF87F87FFFFFFFF
FFFFFFFFFFFFE3FFC7FFFFFFFF
FFFFFFFFFFFFC3E7C3FFFFFFFF
FFFFFFFFFFFF0F87C3FFFFFFFF
FFFFFFFFFFFF0F87C3FFFFFFFF
FFFFFFFFFFFC3F0FC3FFFFFFFF
FFFFFFFFFFFC3F0FC3FFFFFFFF
FFFFFFFFFFF87E1F87FFFFFFFF
FFFFFFFFFFF87E1F87FFFFFFFF
FFFFFFFFFFF0FE7F0FFFFFFFFF
FFFFFFFFFFF0FE7F0FFFFFFFFF
FFFFFFFFFFE1FCFE1FFFFFFFFF
FFFFFFFFFFF0FCFC3FFFFFFFFF
FFFFFFFFFFE1F0F87FFFFFFFFF
FFFFFFFFFFF0E670FFFFFFFFFF
FFFFFFFFFFF01E03FFFFFFFFFF
FFFFFFFFFFF83F07FFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFF
MySave restore
0 setgray
mark /|___Symbol /Symbol F cvRecFont
9 fts /|___Symbol findfont exch scalefont setfont
save /MySave edf
209.25 210.2971 200 237.4866 rectpath
doeoclip newpath
112 37 27.1895 9.25 210.2971 200 false imk
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFC0FFFFFFFFFFF
FFFFFFFFFFFFFFF0C3FFFFFFFFFF
FFFFFFFFFFFFFFE3F1FFFFFFFFFF
FFFFFFFFFFFFFFE3F1FFFFFFFFFF
FFFFFFFFFFFFFFC7F8FFFFFFFFFF
FFFFFFFFFFFFFFC7F8FFFFFFFFFF
FFFFFFFFFFFFFFC7F8FFFFFFFFFF
FFFFFFFFFFFFFF87F87FFFFFFFFF
FFFFFFFFFFFFFF87F87FFFFFFFFF
FFFFFFFFFFFFFF8FFC7FFFFFFFFF
FFFFFFFFFFFFFF8FFC7FFFFFFFFF
FFFFFFFFF000018FFC7FFFFFFFFF
FFFFFFFFF000018FFC7FFFFFFFFF
FFFFFFFFFFFFFF8FFC7FFFFFFFFF
FFFFFFFFFFFFFF8FFC7FFFFFFFFF
FFFFFFFFFFFFFF8FFC7FFFFFFFFF
FFFFFFFFFFFFFF8FFC7FFFFFFFFF
FFFFFFFFFFFFFF87F87FFFFFFFFF
FFFFFFFFF00001C7F8FFFFFFFFFF
FFFFFFFFF00001C7F8FFFFFFFFFF
FFFFFFFFFFFFFFC7F8FFFFFFFFFF
FFFFFFFFFFFFFFE3F1FFFFFFFFFF
FFFFFFFFFFFFFFF1E3FFFFFFFFFF
FFFFFFFFFFFFFFF0C3FFFFFFFFFF
FFFFFFFFFFFFFFFC0FFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFF
MySave restore
restore
% ---- Object #119:125 Obj Type: 9
0 setlinecap
0 setline�¡�À �join
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%%psArrowMoveTo
249.5 232.2556 moveto
204.5 232.2556 lineto
gsave
newpath
199.8715 231.3558 moveto
201.9058 230.5338 203.4165 229.1736 204.4465 227.2363 curveto
200.4733 225.1237 200.4733 225.1237 196.5 223.0111 curveto
196.5 223.0111 199.8715 231.3558 199.8715 231.3558 curveto
closepath
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%%psFixPolyLineTo2
201.735 229.0605 lineto
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Notice that the output voltage has a DC component, a baseband components at 1 and distortion components 21. The DC component can be removed with a simple series capacitor and voila! we have the baseband (audio) signal. The AM demodulation circuit is commonly called an “envelope” detector since it follows the envelope of the AM signal. 

The distortion signal at 21 is dependent on 
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, and the audio signal is dependent on m.  For high fidelity AM, m should be kept around 0.5 which results in a distortion component of around -20 dB with respect to the audio component.  In this case, the sidebands contain only 12% of the power of the carrier which is not an efficient use of the radio power spectrum.  Therefore, it is common to use m ( 0.9 for AM broadcast of human voice which results in a distortion component around -13 dB relative to the signal.

For audio links using AM modulated infrared systems, spectral power is of no concern since the distances are generally short (for ex: TV room, conference room).  In this case, m is kept around 0.2-0.3 for low distortion response in analog systems.

Another Point of View:

A simple way to explain the AM detector circuit which is common in radio amateur circles is presented below: Consider the circuit of Figure 2 with an impressed AM voltage of Vi(t) = A(1+msin(1t))sin(ct). The capacitor is chosen to be a short-circuit at the carrier frequency and therefore vi(t) is imposed across the diode. The diode rectifies the signal, much like a half-wave bridge rectifier, and the capacitor charges to the peak of the signal. The resistor is chosen so as to discharge the capacitor slowly, and therefore the output waveform follows the envelope of the AM modulated signal. The output waveform has a DC component, and a series capacitor is used before the baseband (audio) amplifier to block this DC voltage. This is illustrated in Figure 3 (from the Radio Amateur’s Handbook). 

AM detectors are generally driven from low impedance sources since the non-linear “action” is due to the diode current. A low source impedance ensures a large current in the diode for a given source voltage. This is the reason why the AM detector is placed after an op-amp (low output impedance), after the emitter of a transistor (very low impedance) or after a transformer which ensures a low impedance drive.

Problems with AM detection:

The simplicity of AM detection is also its downfall. Anything which exhibits a non-linear response can demodulate an AM signal!  In an AM receiver, one must be careful not to drive any of the pre-amplifiers into saturation (clipping), otherwise, "free and unwanted" AM demodulation occurs. The non-linear response is not limited to electronic circuits. Speakers can demodulate AM signals and I have heard many a radio amateur voice popping out on my speakers (speaker coils are non-linear)!  One interesting true story is about this person who had two metals in his tooth (gold and silver).  The junction between these metals with the conducting alkaline fluid (saliva) in his mouth created a non-linear diode and therefore demodulated AM stations. Since this happened in his mouth, the demodulation process did not need to be efficient, and he could hear music and talk shows whenever he drove by an AM station!

[image: image16.png]IF

Transformer Optional

D' OoupITng Capuc:tor

0]
Filter Rectified

Cupacilor: Res:stor Output

Modulated

Signal Applied
to Detector

Signal After
Rectification

Varying D.C. T
After RF is o 3
Filtered Out

After Possing T /\ /\ /\
Through Coupling ¢

o \/ \/ \/ 4
(8)
2200
—AMN— +8v
22 kQ
2N3904 0.0047 uF
IF Amp 33 pF f ‘ 7
Drain
(9 MHz)
0.0047 uF 1N34 0.022 uF

(c




Fig. 3:  Radio's simplest demodulator, the diode rectifier (A), demodulates an AM signal by multiplying its carrier and sidebands to produce frequency sums and differences, two of which sum into a replica of the original modulation (B).  Modern receivers often use an emitter follower to provide low-impedance drive for their diode detectors (C). 
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with Is= Diode Saturation Current, VT= 26 mV and n=1.2–1.8 for silicon diodes and germanium diodes.
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