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Activity P53: Diodes Lab 1 – Properties & LED’s

(Power Output, Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Semiconductors
P53 LED.DS
(See end of activity)
(See end of activity)

Equipment Needed
Qty
From AC/DC Electronics Lab (EM-8656)
Qty

Voltage Sensors (CI-6503)
2
Diode, 1N-4007
1

Patch Cord (SE-9750)
2
Light-emitting diode (LED), red
1



Light-emitting diode (LED), yellow
1



Light-emitting diode (LED), green
1



Light-emitting diode (LED), bi-color
1



Resistor, 1 kilo-ohm (k()
1



Wire Lead, 5 inch
1

What Do You Think?

[image: image1.wmf]What are the properties of various types of diodes?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.
Background

A diode (or p-n junction rectifier) is an electronic device that only allows current to flow in one direction through it once a certain forward voltage is established across it. If the voltage is too low, no current flows through the diode. If the voltage is reversed, no current flows through the diode (except for a very small reverse current). 

[image: image3.wmf]A light-emitting diode emits light as current passes through the diode in the forward direction. A red-green diode is actually two diodes connected together anti-parallel so that the red diode allows current to flow in one direction and the green diode allows current to flow in the opposite direction. Thus, if DC (direct current) is applied to the red-green diode, it will be only red or only green depending on the polarity of the applied DC voltage. But if AC (alternating current) is applied to the red-green diode (bi-color LED), the diode will repeatedly blink red then green as the current repeatedly changes direction.

A bi-color LED is an example of a Zener diode. A Zener diode allows current to flow in one direction when the forward voltage is large enough, and it allows current to flow in the opposite direction when reverse voltage (called the “breakdown” voltage) is large enough (usually a few volts).

Overview

SAFETY REMINDER
· Follow all safety instructions.
[image: image20..pict]

There are four units in the Diode Labs. You will complete the first two units in Lab 1 (this experiment). You will complete Unit Three and Unit Four in Lab 2 (the next experiment). 

In the first unit you will investigate the general properties of a diode. In the second unit you will investigate different types of diodes, including light-emitting diodes (LED’s) and a Zener diode. In the third unit you will rectify a sine wave generated by the ‘Output’ of the interface. In the last unit you will setup the basic circuitry for a power supply. Use DataStudio or ScienceWorkshop to record and analyze the data.

Unit One – Diode Properties 

For You To Do

Use the ‘Output’ feature of the ScienceWorkshop interface to produce a voltage through a circuit with a diode and a resistor. Use one Voltage Sensor to measure the voltage drop (potential difference) across the diode. Use the other Voltage Sensor to measure the voltage drop across the resistor. 

Use the built-in calculation in the software to determine the current through the resistor. Use the Graph display of current versus voltage to determine the characteristics of the diode.

PART I: Computer Setup
[image: image4.wmf]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect one Voltage Sensor to Analog Channel A. Connect the second Voltage Sensor to Analog Channel B.

3.
Connect banana plug patch cords into the ‘OUTPUT’ ports on the interface.

4.
Open the file titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P53 LED 1.DS
(See end of activity)
(See end of activity)

•
The DataStudio file has a Workbook display. Read the instructions in the Workbook. The document also has a Graph display of current in milliamperes (mA) versus voltage (V), and the Signal Generator window that controls the ‘Output’.

•
See the pages at the end of this activity for information about modifying a ScienceWorkshop file.

•
The current is a built-in calculation based on the voltage drop across a 1000 ohm (1 kΩ) resistor (as measured by the Voltage Sensor connected to Channel B).

•
The Signal Generator is set to output 5.00 volt, up-ramp AC Waveform, at 2.00 Hz. 

•
Data recording is set for 500 measurements per second. Data recording stops automatically at 0.5 seconds.

[image: image5.wmf]PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Voltage Sensors.

1.
Connect the 1N-4007 diode (black with gray stripe at one end) between the component spring next to the top banana jack and the component spring to the left of the banana jack. Arrange the diode so the gray stripe is at the left end.

2.
Connect the 1 kΩ resistor (brown, black, red) between the component spring next to the bottom banana jack and the component spring to the left of the bottom banana jack. 

3.
Connect a 5-inch wire lead between the component spring at the left end of the diode and the component spring at the left end of the 1 kΩ resistor.

4.
Put alligator clips on the banana plugs of both voltage sensors. Connect the alligator clips of the Channel A voltage sensor to the wires at both ends of the diode.

5.
Connect the alligator clips of the Channel B voltage sensor to the wires at both ends of the 1 kΩ resistor.

6.
Connect banana plug patch cords from the ‘OUTPUT’ ports of the ScienceWorkshop interface to the banana jacks on the AC/DC Electronics Lab circuit board. 

PART III: Data Recording - Diode and 1 kΩ Resistor

1.
When everything is ready, start measuring data. (Click ‘Start’ in DataStudio or ‘REC’ in ScienceWorkshop.) The Signal Generator will start automatically. 

•
Data recording will end automatically after 0.5 seconds. 

•
Note: If the plot rapidly increases at the beginning then levels off to zero, the diode is reversed. Turn it around and record a new set of data.

Analyzing the Data: Diode and 1 kΩ Resistor
[image: image6..pict]1.
Resize the Graph to fit the data. 

· The vertical axis shows the current in milliamperes based on a calculation using the voltage drop across the 1 kΩ resistor. The horizontal axis shows Voltage across the diode.

2.
Zoom in on the region of the plot of current and voltage where the current begins to increase. Make sure the upper boundary is beyond 2 milliamperes (mA). 
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%%EndAGDEmbeddedDoc
%%BeginResource: procset Altsys_header 4 0
userdict begin /AltsysDict 300 dict def end
AltsysDict begin
/bdf{bind def}bind def
/xdf{exch def}bdf
/defed{where{pop true}{false}ifelse}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/Xic{matrix invertmatrix concat}bdf
/Xq{matrix currentmatrix mark}bdf
/XQ{cleartomark setmatrix}bdf
/sepdef{
 dup where not
 {
AltsysSepDict
 }
 if 
 3 1 roll exch put
}bdf
/st{settransfer}bdf
/colorimage defed /_rci xdf
/cntr 0 def
/readbinarystring{
 /cntr 0 def
 
2 copy readstring
 {
{
dup
(\034) search
{
length exch pop exch
dup length 0 ne
{
dup dup 0 get 32 sub 0 exch put 
/cntr cntr 1 add def
}
{
pop 1 string dup
0 6 index read pop 32 sub put
}ifelse
3 copy
putinterval pop
1 add
1 index length 1 sub
1 index sub 
dup 0 le {pop pop exit}if
getinterval
}
{
pop exit
} ifelse
} loop
 }if
 cntr 0 gt
 {
pop 2 copy
dup length cntr sub cntr getinterval
readbinarystring
 } if
 pop exch pop
} bdf
/_NXLevel2 defed { 
 _NXLevel2 not {   
/colorimage where {
userdict eq {
/_rci false def 
} if
} if
 } if
} if
/md defed{ 
 md type /dicttype eq {  
/colorimage where { 
md eq { 
/_rci false def 
}if
}if
/settransfer where {
md eq {
/st systemdict /settransfer get def
}if
}if
 }if 
}if
/setstrokeadjust defed
{
 true setstrokeadjust
 /C{curveto}bdf
 /L{lineto}bdf
 /m{moveto}bdf
}
{
 /dr{transform .25 sub round .25 add 
exch .25 sub round .25 add exch itransform}bdf
 /C{dr curveto}bdf
 /L{dr lineto}bdf
 /m{dr moveto}bdf
 /setstrokeadjust{pop}bdf 
}ifelse
/privrectpath { 
 4 -2 roll m
 dtransform round exch round exch idtransform 
 2 copy 0 lt exch 0 lt xor
 {dup 0 exch rlineto exch 0 rlineto neg 0 exch rlineto}
 {exch dup 0 rlineto exch 0 exch rlineto neg 0 rlineto}
 ifelse
 closepath
}bdf
/rectclip{newpath privrectpath clip newpath}def
/rectfill{gsave newpath privrectpath fill grestore}def
/rectstroke{gsave newpath privrectpath stroke grestore}def
/_fonthacksave false def
/currentpacking defed 
{
 /_bfh {/_fonthacksav�А�└�лe currentpacking def false setpacking} bdf
 /_efh {_fonthacksave setpacking} bdf
}
{
 /_bfh {} bdf
 /_efh {} bdf
}ifelse
/packedarray{array astore readonly}ndf
/` 
{ 
 false setoverprint  
 
 
 /-save0- save def
 5 index concat
 pop
 storerect left bottom width height rectclip
 pop
 
 /MMdict_count countdictstack def
 /MMop_count count 1 sub def
 userdict begin
 
 /showpage {} def
 
 0 setgray 0 setlinecap 1 setlinewidth
 0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
 
} bdf
/currentpacking defed{true setpacking}if
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/xformfont { currentfont exch makefont setfont } bdf
/fhnumcolors 1 
 statusdict begin
/processcolors defed 
{
pop processcolors
}
{
/deviceinfo defed {
deviceinfo /Colors known {
pop deviceinfo /Colors get
} if
} if
} ifelse
 end 
def
/printerRes 
 gsave
 matrix defaultmatrix setmatrix
 72 72 dtransform
 abs exch abs
 max
 grestore
 def
/graycalcs
[
 {Angle Frequency}   
 {GrayAngle GrayFrequency} 
 {0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
 {0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
 forcemaxsteps
 {
maxsteps
 }
 {
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
 
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
 }
 ifelse
} bdf
/nextrelease defed { 
 /languagelevel defed not {    
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
 }if
}if
fhnumcolors 1 ne {
 /calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
 
 
 currentpagedevice /PreRenderingEnhance known
 {
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
 } if
} if
/gradfrequency 144 def
printerRes 1000 lt {
 /gradfrequency 72 def
} if
/adjnumsteps {
 
 dup dtransform abs exch abs max  
 
 printerRes div       
 
 gradfrequency mul      
 round        
 5 max       
 min        
}bdf
/goodsep {
 spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
 0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
 systemdict /packedarray known 
 {dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
 }
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
 }ifelse
}bdf
/i{dup 0 eq
 {pop df dup} 
 {dup} ifelse 
 /clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
 {/filler /eofill load def /clipper /eoclip load def}
 {/filler /fill load def /clipper /clip load def}
 ifelse
}bdf
/normtaper{}bdf
/logt�А�└�лaper{9 mul 1 add log}bdf
/CD{
 /NF exch def 
 {    
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
 }forall 
 NF
}bdf
/MN{
 1 index length   
 /Len exch def 
 dup length Len add  
 string dup    
 Len     
 4 -1 roll    
 putinterval   
 dup     
 0      
 4 -1 roll   
 putinterval   
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
 {1 index MN cvn/NewN exch def cvn
 findfont dup maxlength dict CD dup/FontName NewN put dup
 /Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RC}
 ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
 {exch pop findfont 3 -1 roll pop}
 {pop dup findfont dup maxlength dict CD dup dup
 /Encoding exch /Encoding get 256 array copy 7 -1 roll 
 {3 -1 roll dup 4 -2 roll put}forall put definefont}
 ifelse}bdf
/RCJ{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFJ{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCJ} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFJ
{
 dup   
 hasfont  
 not   
 {   
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFJ{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/GS {
 dup 
 hasfont 
 {
FFJ
curtextmtx makefont setfont
exch
5 1 roll
ts
pop
 } {
pop pop
ts
 } ifelse
} bdf
/RCK{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFK 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFK{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCK} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFK
{
 dup   
 hasfont  
 not   
 {   
pop
/JCsm
hasfont 
{
/JCsm
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFK{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFK 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/RCTC{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFTC 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFTC{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCTC} 
 ifelse
}bdf
/FDFTC
{
 dup   
 hasfont  
 not   
 {   
pop
/DFMing-Lt-HK-BF
hasfont 
{
/DFMing-Lt-HK-BF
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFTC{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFTC 
dup findfont 
dup maxlength dict 
CD 
du�А�└�лp dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/fps{
 currentflat   
 exch     
 dup 0 le{pop 1}if 
 {
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if} 
{exit} 
ifelse
 }loop 
 pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf
userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/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
MacVec 0 32 getinterval astore pop
/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/nbspace/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
MacVec 128 128 getinterval astore pop
/findheaderfont {
 /Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog
%%BeginSetup
AltsysDict begin
_bfh 
%%IncludeResource: font Helvetica
MacVec 256 array copy
/f0 /|______Helvetica dup RF findfont def
%%IncludeResource: font Courier
MacVec 256 array copy
/f1 /|______Courier dup RF findfont def
%%IncludeResource: font Helvetica-Oblique
MacVec 256 array copy
/f2 /|______Helvetica-Oblique dup RF findfont def
%%IncludeResource: font Symbol
0 dict dup begin
end 
/f3 /Symbol FF def
_efh 
end %. AltsysDict
%%EndSetup
AltsysDict begin 
/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
 4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
 add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
 max max max  
} ndf
/maxspot {
 pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
 0 1 2 index length 1 sub
 { 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
 }for
 4 1 roll pop pop pop
}bdf
/colorimage{
 pop pop
 [
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gray cvx
 ]cvx 
 image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
stat�А�└�лusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
 }
 ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
 aload pop 
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup iy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
 }
 ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
 }
 ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
 spots exch get
 dup 4 get (_vc_Registration) eq
 {pop 1 exch sub setseparationgray}
 {0 5 getinterval exch setcustomcolor}
 ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp grestore}bdf
/s{closepath S}bdf
 
 userdict /islevel2
 systemdict /languagelevel known dup
 {
pop systemdict /languagelevel get 2 ge
 } if
 put
 
 islevel2 not
 {
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
 } if
 
 /tc
 {
gsave
setcmykcolor currentcmykcolor
grestore
 } bind def
 /testCMYKColorThrough
 {
tc add add add 0 ne
 } bind def
 /fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
 }
 { pop }
 ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
 1 pop 
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor      
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 tint1 tint2�А�└�л sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 2 lt {pop 2} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfs6 {
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 radius inrad sub abs   
 adjnumsteps      
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf    
 currentflat mark    
 currentflat clipflatness  
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfp6 {
 1 pop 
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor     
 calcgraysteps mul abs round 
 radius inrad sub abs  
 adjnumsteps     
 dup 1 lt {pop 1} if   
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf   
 currentflat mark   
 currentflat clipflatness 
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
 AltsysDict /cvc 2 index put 
 aload length dup 4 eq
 {pop dup -1 eq{pop setrgbcolor}{setcmykcolor}ifelse}
 {6 eq {sethexcolor} {setspotcolor} ifelse }
 ifelse
}bdf 
0 setseparationgray
/imgr {1692 1602 2304 2394 } def 
/bleed 0 def 
/clpr {1692 1602 2304 2394 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 
 userdict begin /AGDOrigMtx matrix currentmatrix def end 
vms
-1881 -1945 translate
/currentpacking defed{false setpacking}if 
/spots[
1 0 0 0 (Process Cyan) false newcmykcusto�А�└�лmcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
]def
/textopf false def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
 dup mul exch dup mul add sqrt}bdf
/ta2{ 
tempstr 2 index gsave exec grestore 
cwidth cheight rmoveto 
4 index eq{5 index 5 index rmoveto}if 
2 index 2 index rmoveto 
}bdf
/ta{exch systemdict/cshow known
{{/cheight xdf/cwidth xdf tempstr 0 2 index put ta2}exch cshow} 
{{tempstr 0 2 index put tempstr stringwidth/cheight xdf/cwidth xdf ta2}forall} 
ifelse 6{pop}repeat}bdf
/sts{/textopf currentoverprint def vc setoverprint
/ts{awidthshow}def exec textopf setoverprint}bdf
/stol{/xt currentlinewidth def 
 setlinewidth vc newpath 
 /ts{{false charpath stroke}ta}def exec 
 xt setlinewidth}bdf 
 
/strk{/textopf currentoverprint def vc setoverprint
 /ts{{false charpath stroke}ta}def exec 
 textopf setoverprint
 }bdf 
n
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3.
Use the built-in analysis tools to measure the value of the turn-on voltage at the point on the plot where the current reaches 2 milliamperes. 

· Hint: In DataStudio, use the ‘Smart Tool’ ([image: image2.png]


). The ‘Smart Tool’ displays the coordinates of its position as you move it to any position in the Graph display. When the ‘Smart Tool’ is on a data point, the ‘y’ coordinate is the current and the ‘x’ coordinate is the voltage value at that point. In ScienceWorkshop, use the ‘Smart Cursor’.

Unit Two – Light-Emitting Diodes 

For You To Do

Use the ‘Output’ feature of the ScienceWorkshop interface to produce a voltage through a circuit with a light-emitting diode (LED) and a resistor. Use one Voltage Sensor to measure the voltage drop (potential difference) across the LED. Use the other Voltage Sensor to measure the voltage drop across the resistor. 

PART I: Computer Setup
•
You do not need to change the computer setup.

[image: image8..pict]PART II: Sensor Calibration and Equipment Setup
1.
Prepare the red, yellow, and green LED’s by very carefully bending the wire leads so they can fit in the component springs in place of the diode you used in Unit One.

2.
Replace the diode from Unit One with the first LED (red). Arrange the first LED so the short lead (cathode) is to the left. 

•
The wire lead that is connected to the cathode of the LED is slightly shorter, and has a beveled shoulder near where the wire enters the LED.

PART IIIA: Data Recording – Light-Emitting Diodes
1.
When everything is ready, start recording data. 

•
The Signal Generator will start automatically. Data recording will end automatically after 0.5 seconds. 

2.
Replace the first LED (red) with the next LED (yellow).

3.
Repeat the data recording procedure with the yellow and green LED. 

•
You should now have four data sets.

Analyzing the Data: Light-Emitting Diodes
1.
Setup the Graph display to show only the data for the red LED. Resize the Graph to fit the data. 

2.
Zoom in on the region of the plot of current and voltage where the current begins to increase. Make sure the upper boundary is beyond 2 milliamperes (mA). 

3.
Use the built-in analysis tools to measure the value of the turn-on voltage at the point on the plot where the current reaches 2 milliamperes. 

4.
Repeat the analysis process for the plot of Current versus Voltage for the yellow LED. 

5.
Repeat the analysis process for the plot of Current versus Voltage for the green LED. 

PART IIIB: Data Recording - Bi-Color Diode
1.
Carefully bend the wire leads of the CLEAR (bi-color) light-emitting diode so they can fit in the component springs in place of the last diode you used in PART IIIA of this unit.

2.
Replace the green LED with the bi-color LED.

3.
When everything is ready, start recording data. The Signal Generator will start automatically. 

4.
Data recording will end automatically after 0.5 seconds. 

•
How does the behavior of the bi-color LED differ from the other LED’s? 

Analyzing the Data: Bi-Color Led
1. [image: image9..pict]Setup the Graph display to show only the data for the bi-color LED. Resize the Graph to fit the data. 

2.
Zoom in on the RIGHT hand region of the plot of current and voltage where the current begins to increase. Make sure the upper boundary is beyond 2 milliamperes (mA). 

3.
Use the built-in analysis tools to measure the value of the turn-on voltage at the point on the plot where the current reaches 2 milliamperes. 

4.
Resize the Graph to fit the data. Zoom in on the LEFT-hand region of the plot of current and voltage where the current begins to increase. Make sure the lower boundary is below -2 milliamperes (mA).

5.
Use the built-in analysis tools to measure the value of the turn-on voltage at the point on the plot where the current reaches -2 milliamperes. 

Record your results in the Lab Report section.

Lab Report – Activity P53: Diodes Lab 1 – Properties & LED’s

What Do You Think?

What are the properties of various types of diodes?

Data Table 1: Light-Emitting Diodes

Description
Voltage (V) at 2 mA

Diode & 1 k( resistor


Red LED


Yellow LED


Green LED


Data Table 2: Bi-Color LED


Voltage (V) at 2 mA
Voltage (V) at -2 mA

Bi-Color LED



Questions

1.
In Unit One, what does the plot of Diode Current vs. Voltage mean?

2.
In Unit Two, which LED (light-emitting diode) has the lowest turn-on voltage? Which LED has the highest turn-on voltage?

3.
In Unit Two, how does the forward turn-on voltage for the Bi-Color LED compare to any of the colored LED’s? How does the reverse turn-on voltage for the Bi-Color LED compare to any of the colored LED’s?

4.
How does the behavior of the Bi-Color LED differ from the other LED’s? 

Modify an existing ScienceWorkshop file
Open the ScienceWorkshop File

Open the file titled as shown:


ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P46 Diodes Lab 1
P46_DIO1.SWS

This activity uses the ‘Output’ feature of the ScienceWorkshop 750 interface to provide the output voltage. Remove the Power Amplifier in the Experiment Setup window.

Remove the Power Amplifier Icon

[image: image10..pict]In the Experiment Setup window, click the Power Amplifier icon and press <delete> on the keyboard. 

Result: A warning window opens. Click ‘OK’ to return to the setup window.

Change the Sampling Options

[image: image11..pict]Open the ‘Sampling Options’ window. Change the ‘Start’ condition to ‘None’. Change the ‘Stop’ condition from ‘Samples’ to ‘Time’. Enter ‘0.5’ as the amount of time. Click ‘OK’ to return to the Sampling Options window. Click ‘OK’ again to return to the Experiment Setup window.
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