Mérési jegyzőkönyv

I.8. Mérés  Aktív félvezető eszközök mérése


Laboratory Report
	Subject of the exercise:
	Active electronic components (Exercise 8.)

	Date:
	<year>. <month>. <day>

	Location:
	BME, Q.BP109

	Students name:
	<name 1>

	
	<name 2>

	Group, desk No.
	Group <No.>, desk <No.>

	Supervisor:
	<name>

	Subject of the exercise:
	


Measurement instruments
	Digital multimeter (6½ digit)
	Agilent 34401A
	

	Power supply
	Agilent E3631A
	

	Curve tracer
	Hameg HM6042
	

	Oscilloscope
	Agilent 54622A
	

	Function generator
	Agilent 332220A
	

	Test boards
	VIK-08-01
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Fig. 8–1. Schematic diagram of the Test board

Laboratory exercises 
1. Static characteristics of the semiconductor diode 
The characteristics can be measured using the test panel which includes the following diodes: 

D1 = small-signal Si diode (1N914) 


D2 = high current rectifier (BY 133) 


D3 = Schottky diode (1N5819) 

D4 = LED (3mm) 

A diode can be selected using the series switches. Connect the generator to the diode through the 
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 series resistor. 
The static and dynamic characteristics can be measured using the same panel. Use the switch on the side of the panel to swap the two terminals of the resistor. 
The measurement setup is shown in Fig. 8–2. 
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Fig. 8–2. Measurement setup for semiconductor diodes

Plot the U-I characteristics of the diodes with oscilloscope. The forward current of the diode [Id = IF] can be calculated from the measured voltage drop on the RS resistor. Measure the UF forward voltage at IF = 1mA, 10mA and 50mA forward current levels. 

Recommended setup (it should be changed but perfect for as a starting point): 

Oscilloscope:
Ch1: 500mV/cm, 



Ch2: 10mA/cm, INV mode, 0.1:1 scaling, 



Display Mode: XY 



Generator:
100Hz sinus, amplitude: 3Veff, offset: 0V 
	
	UF [V]

	
	IF = 1mA
	IF = 10mA
	IF = 50mA

	D1
	1N4148
	
	
	

	D2
	BY133
	
	
	

	D3
	1N5819
	
	
	

	D4
	LED
	
	
	


The measurement can be performed by either using the XY markers of the oscilloscope, or by maximum level measurement (MAX) in normal mode (slower but more precise). 
<your observations and pictures>

2. Dynamic characteristics of the semiconductor diode 
Using the same settings as for plotting the DC characteristics, increase the generator frequency until a hysteresis-like phenomenon can be observed in the static characteristic and the maximum difference of the two curves reaches 10mA. 
Compare the curves and the “critical frequencies” of the different diodes.
<your observations and pictures>

3. Switching time (storage time) of the semiconductor diode 
The switching time of the diode can be measured by setting the switch on the side of the panel to ts state. The measurement setup is shown in Fig. 8–3. 

[image: image5.png]———o
”
w
.





Fig. 8–3. Measurement setup for the dynamic characteristic of semiconductor diodes
Suggested setup: 


Oscilloscope:
Ch1: 500mV/cm, 



Ch2: 10mA/cm, 0.1:1 scaling, INV: off; 



Display Mode: normal



Generator:
Mod: Pulse, Frequency: 20-50 kHz, Ampl.: High Level = +3V, 

Low Level = -3V, Duty Cycle = 50%, ts=100 ns (edge time)
The subject of measurement is the BY133 Si diode. 
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Fig. 8–4. Switching time of the diode. Voltage and current versus time.

According to the Fig. 8–4, measure the 
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 reverse recovery time and the 
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 storage time at ratio IF/IR = 1:2, 1:1 and 2:1. The forward (IF) and reverse current (IR) values can be modified by changing the HL and LL levels of the generator. Recommended current values are in the table below:
	IF [mA]
	IR [mA]
	IF / IR
	ts
	trr

	 20
	40 
	
	
	

	 20
	20 
	
	
	

	 40
	20 
	
	
	


Calculate 
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 from the equation:  
[image: image10.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

*

=

1

ln

R

F

s

I

I

t

t

. 

<your observations, calculation and pictures>

4. Bipolar transistor: beta cut-off frequency 
The subjects of measurement are the BC107 and BC639 transistors. 

The measurement setup is shown in Fig. 8–5. The UCE collector-emitter voltage of the transistor can be measured by connecting the Y2 channel of the oscilloscope to the DC-OUT point of the panel. The IC current can be measured with a digital multimeter. 

The transistor is driven by a current generator through the 
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 series resistor. Use the Ampl/Offset mode of the generator and adjust Offset and +UT to set up the operating point (e.g. +5 V, 3 mA)! When setting up the operating point, the amplitude shall be set to the minimum level allowed by the generator. 
Adjust the generator to provide a 1 kHz, 200mVpp sinus output signal. Measure the AC voltage of the collector on the Y2 channel of the oscilloscope. Calculate the voltage gain of the amplifier (Av). Continuously increase the generator frequency and measure the 
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 cut-off (-3 dB) frequency of the transistor. Calculate the fT transit frequency. 

[image: image13.png]ug(t) ¢

Uv=Uorrser l

50Q

l Uce ‘

Y1

Zy
50Q




Fig. 8–5. Measurement setup for measuring bipolar transistor beta cut-off frequency
BC107         β = 250      UCE= 5V, IC= 3mA. 
Uout,pp =        mV

Av =           
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 =             kHz

 fT  =             MHz

Caculate fT at the UCE= 5V, IC= 10mA operating point of the BC639 transistor (β = 200). 
Uout,pp =        mV

Av =           
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Calculate the 
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 capacitance of the BC639 transistor from 
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<your calculation>

Decrease the series resistance to 
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 and repeat the cut-off frequency measurement (
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From 
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 base resistance. 
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<your calculation>

5. Switching times of the bipolar transistor (Extra task)
The subject of measurement is the BC639 transistor. The measurement setup is the same as for measuring
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. The simplified block diagram is shown in Fig. 8–6. 
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Fig. 8–6. Measurement setup for BJT switching time measurement
Use the generator to produce a bipolar 10 kHz square wave signal with 2% duty cycle and connect it to the base of the transistor through the RB series resistor. Measure the collector and base voltage with the oscilloscope (the zero level and the sensitivity of the two oscilloscope channels shall be the same). 

Calculating the 
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 critical current: 
Increase continuously the amplitude of the switch-on impulse and determine the critical current (
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), where the transistor goes to saturation. This means that the collector-base voltage 
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Therefore, the base current for saturation is 
[image: image31.wmf]B

EB

G

BLim

R

U

U

I

-

=

.
[image: image32.png]Tovim




Fig. 8–7. Critical current for the saturation based on the characteristic
Determine the DC current gain (B) of the saturating transistor according to Fig. 8–7. 

<your calculation and results>

Switching times as a function of switch-on overdrive: 
The switch-on and switch-off overdrive are defined as 
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According to the Fig. 8–8, measure the transistor delay-, rise-, storage- and fall-time (
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. Include the results in a table. Plot the functions 
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<your results>

Connect a reverse biased Schottky diode (
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) between the collector and base pins of the transistor and repeat the previous measurements. 
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Fig. 8–8. Transistor switching diagram
Set up 
[image: image42.wmf]=

ON

m

 5 and measure the switch-on, storage and switch-off time as function of 
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. What is the relation between the switch-off base current and the storage time? 
Calculate the base time-constant 
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<your results>

6. Plotting the static transistor characteristic using a semiconductor curve tracer (Extra task)

The subject of measurement is either the BC107 or the BC182 transistor. 

Plot the output characteristics of the transistor in the [0..20mA] and [0..40mV] ranges. Compare the results with the characteristics given in the datasheet of the transistor.

Set up the operating point IC = 2mA UCE = 5V from the datasheet and measure the IB base current, the UBE base-emitter voltage and the 
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, h11, h21, h22 parameters of the transistor. 

Compare your results with the values given in the datasheet of the transistor. 

IB =


UBE = 
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<your observations>
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