MiHICTEpCTBO TPAHCIIOPTY Ta 3B 3Ky Y KpaiHu
Jlep>kaBHMI ieriapTaMeHT 3 MUTaHb 3B’ 513Ky Ta 1H(QopmMaTu3alii
Ognecbka HalioHadbHa akajaeMid 3B°sa3ky iM. O.C. Tlonosa

Kadenpa ocHOB cXeMOTEXHIKH

JABOPATOPHUI NPAKTUKYM
3 Kypcy
»OCHOBHU CXEMOTEXHIKN”
JJIs1 MOAYJIBHOI'O HABYAHHSA
Yacruna 11

METOJMYHI BKA3IBKA

OJECA 2011



YK 621.38:681.14:621.396 [Iman HMB 2011 p.

JlaGopaTtopHuii MPakTUKYM 3 Kypcy ,,OCHOBH CXEMOTEXHIKHA JJII MOJYJIBHOIO
HaBuaHHs. — Oneca: OHA3 im. O.C. ITomosa. 2011.

VYxnanaui: Bopooiiosa O.M., Tpinmina H.A., lllymenko T.A.

Penaxrop Ouepemnasn O.10.

Komm’rorepHe BepcTaHHs
Ta MaKeTyBaHHS Kopninuyk €.C.

3aTBEpIKEHO
MeToau4HO0 pagoro
OHA3 im. O.C. ITonoBa

[IpoToxon

[l Bopo6iioBa O.M., Tpintina H.A.,
[yrenkoT.A.
[JOHAS3 im. O.C. Ilomona, 2011



Laboratory work Ne 1.1
Studding voltage divider and regulator of voltage
1 Work goal

After work completion student must be able to do:

1.1. Make voltage divider and regulator of voltage.

1.2. Calculate voltage divider and regulator of voltage on the same coefficient
of transmission.

1.3. Calculate coefficient of transmission by analytical or by experiment.

1.4. Calculate the best resistor in the regulator of voltage.

1.5. Decrease and increase output voltage.

2 Key statements

The main purpose of voltage divider is decreasing the voltage. The main
parameter of voltage divider is determining amplification factor

R. _ Umoutput
) Uminput ’ (1)
Itis without Rn is:
R
K= —2
R R 2)

where R;1 R, — resistance of high and low shoulders of voltage divider;
U,isx Ta U,mux— amplitude of input and output voltage.
Input resistance of voltage dividers is equal

Rinput = Rl + RZ-
Power which is lost on the resistor constant voltage is
2
P =Uglz= U?R=I§R, 3)

where Ui — voltage on resistor R;
I — current , which is flows across resistor R.
If the resistor is under variable voltage the power is
1 LUz, 1,
P =2 U lan= 1 22 IR, 4
ne Ug., — amplitude of the voltage on the resistor;
Iz, —amplitude of current .
Voltage divider is work under R,, which is connecting to low shoulder in
parallel. Then determine amplification factor.
R2 HRH

" R, + Ry|R,’ (3)
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RZ RH
" RZ + RH
The regulator of voltage is voltage Us, Usut
divider in which are regulated high or low
shoulders.
The diagram of work is on Fig. 2.1. Ri I
There is E — sores of input signal; B e
Osc Uinpu Ta Osc Uy — 0scillographs; U,
K — key, which is connects R,.

R — resistance of low shoulder.

e Rz‘

3 Home work —
Fig. 2.1
3.1 Make diagram of experiment of
voltage divider .
3.2 Calculate resistance of shoulders of voltage divider for determining
amplification factor K. =0,6 mpu Ri, > 1 xOm.
3.3 For input voltage U,i»= 30 B do calculation the power which is lost on
the resistors (4).
3.4 Make diagram of experiment of voltage divider and find all elements.

4 Laboratory assignment

4.1 Tune up laborato
p ry UI: [ ljin,:Uout

stand, open file Ne 1.1
2 E m [a
[MomineHUK”. S Eﬁ. 5 _|

=
4.2 Make on laboratory -
stand (Fig. 4.1) _LL[R]
Circuit for studding

amplifier is consisted of field of 820 Ohm t
choosing of elements (Fig.4.2). Unn 1kotm| |Ry U 1mhm

Fig. 4.1

- Electronics Workbench Professional Edition

File Edit Circuit  Analysis  WWindow  Help
D|E@& | N N P aw i e o I
B Ulofy/g] _uJ S By 2

Hz 1 lNoginsHuE. ewh

Fig. 4.2

For this work will do the same operation:



— mark and transfer the elements;

— connection the elements in circuit;

— installation parameters of elements;

— connection of measuring devices.

4.2.1 Select and transference the elements.

For the difficult circuits it is necessary to transport from field choosing of
elements (fig. 4.2) end field of elements (fig. 4.3) on the work table the same: the
source of input voltage E, resistors R/, R2 ta R,, ground, oscillograph, key and six
point.

Put cursor on the element which you need (fig. 4.2) end double left click by
mouse. Front panel is going open. (puc. 4.3).

-~ Electronics Workbench Professional Edition

A[= A 7] K@

File Edit Circut  Anakesis  Window Help

‘ i

2| o

ﬁljﬂ ofm[3E |

Fig. 4.2

Put cursor on the element which you need end double left clicki by mouse
end holding it put the element which you need. After that the element will be red.
4.2.2 The connection of elements in circuit:
— Put cursor on the output of element. There is a big point in the output;
— left click the mouse, hold it, end connect it to element;

— If you see the back put the mouse. There is a connection between
two elements.
4.2.3 How to set parameters of elements.

Set input voltage m. 3.3:
— point cursor on the sores of signal U, (Fig. 4.1), double left click on mouse

panel go to open (Fig. 4.4);

— in the window #meltude [30 B [v [ set e
input voltage m. 3.3;
— in the window Frequency [1 B e B ser | | o] ]
frequency 1 kI'11; Frequency [1 B [H= B
— set sine wave signal by key SR close i =
Amplitude |3EI |:| |"u" |:|
the panel (x| ottt [0
— set resistance R, end R,. Put cursor on the - Commen +
resistor icon end double left click by mouse; panel : : 2
going to open (Fig. 4.5). Put there what you Fig. 4.4

calculate.



Resistor Properties

Label ‘alue lFauIt ] Display] Analyziz Setup]

Resistance [R]: |kQ I%
First-order temperature coefficient [TC1]; ] S
Second-order kemperature coefficient (TC2): |0 MC

Fesiztance tolerance: Global b4

Fig. 4.5

4.2 .4 Point the chosen elementss.
After that you can name this element by Label (Fig. 4.5).

4.2.5 How to connect measuring devices.
connect the oscillograph to the voltage divider. Click the key B, o X

Expand Ground (%

—Time baze Trigger

0. 20ms! div B | Bdge Bl 2| &

¥ position Lewel

| W oa | A | " PO
—Channel & ————{— Channel B

[ 20 wiDi [ 20 wiDiw

Y position | 0.a0 Y position | 0.a0

s oEE & | sloE® &
Fig. 4.7

ld

ngae

aQac

(Fig. 4.6).
Connect output channel 4 of oscillograph to input , end output channel B — to

output voltage divider, end output Ground —to —— 1. 4.2.2. situation ehameia end

crannel 8 1S on the oscillograph (Fig. 4.7).

4.2.6 What can you market connection :
— put point cursor on the connection end 1 double left click by mouse; panel

going to open;
— put point cursor on the color, left click by mouse end confirm this with OK

key.

4.3 Study voltage divider without Rn.
4.3.1 Destroy the connection by key R (see. Fig. 4.1).
4.3.2 Switch on the diagram [2[Wl by mouse .
4.3.3 open the oscillograph (fig. 4.6). Two rays are going to start blinking on
the screen: a black one — for input signal and red one — for output signal (Fig. 4.7).
4.3.4 Measure the amplitude input Uinpwe €nd output Uup. €nd draw
according to scale time diagram, input voltage is on the top, output voltage is on the

bottom, considering signal phase.

4.3.5 Measuring the amplitude 4.3.4:
— stop the picture by Pause enlarge the picture by key Expand on the

oscillograph (Fig. 4.7);
— stop the picture Pause;



The amplitude U,inpu Ta Unoupu are measuring by markers 11 2 (Fig. 4.8).
You can count off amplitude value in the middle icon:
Uminput = VA29
Umoutput: VB2.

AL xr

AN A
7 \SZ/EE

< e

T 2.%9338 = T2 2.3338 = T2-T1 2L . 2882 m=s

it -1.198%5 Y iR 22.13246 W Rt | 68,3231 W

VBl [-454  B93E ml B2 22.49@5 u “WH2-WET 22,1444 W
— Time base Trigger Channel & ———— Channel B

[0.20ms dity =] | Edge  EE % [50_wiDiv BN ERIED =] | Reduce |
X position [ 0.00 2] | Lewel o.00 B | position | 0.00 2] | ¥ pesition | 0.00 [2] | Rewverse
il b | A9 BN #J5/ce | Ac|o/EE 420 save
Fig. 4.8

4.3.6 Write down measurement results in table 4.1.
4.3.7 Calculate determine amplification factor end compare with p 3.2.

4.3.8 To calculate the noise

K -K Table 4.1
A= —CalK *100% .
Uminput Umoutpu Kcal K A
V ts %
4.4 Study the regulator of voltage \
4.4.1 please put the result of 3.2 R,;end R,
(Fig. 4.1).
Table 4.2 Table 4.3
Rlnom, Rl Um insy Um outs RZnomg R2 Um iny Um outs
kOm A% v kOm A% A%
Rl nom RZ nom
0.0 0.0
0.5 0.5
1.0 1.0
2.0 2.0




4.4.2 Increase end decrease R, Ta R, end measure the amplitude output voltage,
put the results into table 4.2 end 4.3.
4.4.3 Make conclusions.

4.5 Study voltage divider under resistor

Table 4.4

Pexum

Um

outputs

v

He naBanTt. ctan

Hagaur.

4.5.1 Put R] end R2 3.2.

4.5.2 Calculate 4.3.5 the amplitude output voltage U,ou
without Rn end put the result into table 4.4.

4.5.3 Switch on the resistor R, to output voltage divider
by key R (Fig. 4.1).

4.5.4 Switch on the resistor R,= 0,5 R..

4.5.5 Calculate 4.3.5 the amplitude output voltage U,ou

with Rn end put the result into table 4.4.
4.5.6 Make conclusions.

5 Protocol content

5.1 Homework implementation
5.1.1 Circuit of studying.

5.1.2 Calculations 3.2 end 3.3.
5.1.3 Forms table 4.1; 4.2; 4.3; 4.4.

5.2 Laboratory assignment implementation
5.2.1 Time work diagram 4.3.4.

5.2.2 Calculations’ 4.3.7 and 4.3.8.

5.2.3 Table 4.1.
5.2.4 Conclusions 4.3.8.

5.2.5 Table 4.2;4.3.

5.2.6 Conclusions 4.4.3 and 4.4.4.
5.2.7 Table 4.4.
5.2.8 Conclusions 4.5.6.

6 Control questions

6.1 What is does voltage devider do.
6.2 Influence of the resistors R; end R, on the output voltage.
6.3 Influence of the resistors R, on the output voltage.

Literature

Bopo6itoa O.M., IBanuenko B.JI. OcHoBu cxemotexHiku. Y 2-x yacT.. HaBuanbHuit
nocionuk. — Ogeca: OHA3 im. O.C. ITonmosa, 2004. Y. 1. - C. 14 - 18.



Laboratory work Ne 1.3
Studding of transformer and diode circuits
1. Work goal

After this work the student must be able to do:

1.1. Make up the circuits one half period straighten devices with a transformer
in input end two half period straighten devices with a transformer in input.

1.2 Calculate the coefficient of transformation.

1.3 Calculate by experiment the amplitude of direct forward straighten voltage
in this work.

1.4 Change the polar of straighten voltage in this work.

1.5 Calculate the middle output voltage.

2 Key statements

Transformer Tr (Fig. 2.1) consist of primary end secondary winding with voltage
U, end U,. The primary winding is input , end secondary — is output.
The main parameter is the coefficient of transformation N, which is calculated

as:
N w,
=" \ 1 1 Osc
VVI 850 SW Uout
W, -number of coil secondary winding
W, —primary winding. -
The amplitude of voltage the same: = H '
U . VD
In the circuits of straighten we use 1 o
reduced transformer, in whitch U,, < U,, - " R a1
N<1. &=

One half period straighten devices

with a transformer in input make be polar voltage in one polar voltage. (Fig. 2.1)

The amplitude output voltage U, 1s near input voltage. U,.q: — direct voltage
on the diode:

Umout = Umin - Umdir-

The amplitude output forward voltage U,.., diode.

The circuit One half period straighten devices with a transformer in input with
positive input voltage is on the Fig. 2.1.

3 Homework

3.1 Design the circuit One half period straighten devices with a transformer in
input .
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3.2 Write time diagram of work circuit one half period straighten devices
with a transformer in input.

3.3 Calculate voltage U,, secondary winding of the transformer when

1
U, = 220 B end the coefficient of transformation N = %

3.4. Calculate the amplitude output voltage U, One half period straighten
devices , if U,a:=0,7 V.

4 Laboratory assignment

4.1 Tune up laboratory stand
4.1.1 Open file “Ne 1.3.1 Hiogni cxemu” (Fig. 4.1).

Hz 1.3.1 JiogHi cxenH.evwb

[Epace]
rm
D C ]:[ Uinput Uoutput H < Uoumul

)i e

— 00|
BYh1 0-200
Y IS

b1
WD A

T.
)—-L, 220 VIS0 Hzi0 Dey T 3‘% 7, £ U ou | |100 Ohm
&

RS

=

Fig. 4.1
Tyt Osc Ui, U — two signal oscilograph.
4.1.2 Put £ =220V, Put cursor on the element.
Double left click the mouse E (Fig. 4.1)

Panel is openning (fig. 4.2), put in the window voltage 220 V, end frequency
50 Hz end click OK.

AC Voltage Source Properties

Label “alue lFauIt ] Displa_l,l] Analyziz Setup]

Walkage [V]: Iﬁ | W |%

Frequency: |5|:| | Hz |%
Phasze: 0 Deq
Yalkage tolerance: | Global = [v |Jze global tolerance

] | OTtieHa

Fig. 4.2



11

4.1.3 Put the coefficient of transformation 1/30, Put cursor on the element Tr

(Fig. 4.1) end double left click the mouse.

Panel is opening (Fig. 4.3), left click the mouse Edit 1.

Transformer Properties

Label I'*"|'I"2|E|SIF.E|uIt ]Displa_l,l]
Library b odel
audio Q
misc pgd-12 Edit
QO pgd-120 #
4-1E
P56 Copy |
Fename
ak. | TreHa |
Fig. 4.3
In the window (fig. 4.4), ‘st M): | put (1/N=30), end click OK.

Transformer Model ‘ideal

Shest 1 ]

Primary-to-zecandary turms ratio [M]; lr
Leakage inductance [LE]: 0.0m H
kM agnetizing inductance [LM]; lﬁi H
Frimary winding resiztance [RP): lﬁ
Secondary winding rezsistance [RS]: Iﬁ

o]

OTrEHA |

Fig. 4.4

4.1.4 Put cursor on the resistor R, icon end double left click by mouse; panel
going to open (Fig. 4.5). Put there what you calculate. Click OK.

Hesistor Properties

Label “alue lFauIt ] Displa_l,ll fnalysiz SEtup]

Rezizstance [R]: I@ | ] E
Firgt-order temperature coefficient [TC1]: lﬂi PN
Second-order temperature coefficient [TC2): lni FC
Resistance tolerance: W %

[w Uze global tolerance

o]

OTt4eHa

Fig. 4.5
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4.2 Sstudy ini ut end output voltage end votage on the diod..

4.2.1 Click [oTL0l
4.2.2 Connect the channel 4 end B of oscilograph to input end output straighten

devices P in U,y by key Space.

B Oscilloscope @

Expand Ground (&
—Time base Trigger
0. 20mnsd div B | Edge EE x| %
X position  ([METE | Level
{ | | | NN A6 B
—Channel A —————|— Channel B
[ 20 wiDiu = [ 20 wiDiw =
¥ postion | 0.00 [=] || pesition [ .00 =
scloEE | acloEm ©

Fig. 4.7

4.2.3 Open the oscilograph. Click the key E1.
Connect output channel 4 of oscillograph to input , end output channel B —to
output voltage situation channeis: end ehamnei® 1S on the oscillograph.
There are two signals there. The black is input voltage end the red is output

voltage (Fig. 4.6).

J (x]

Expand Ground (%
—Time base Trigger
[5.00mss diu A | Bdge M 2|
Hposion 000 [ | Lewal
| on e | BN 4|5 Eq]
—Channel A ———— Channel B
| 5 wiow = [ 5 wroiw ]
Y position | 0.00 = | position | 0.00 =
il & Acjo)EE @

Fig. 4.6

4.2.4 Calculate the amplitude of input voltage Ui, on the diode U,,q end output
voltage U, drown in the scale time diagram Ui, (¢), Uq(?), Uou(2).
Measuring the amplitude
— stop the picture by Pause enlarge the picture by key Expand on the
oscillograph (Fig. 4.6);
—stop the picture Pause;
The amplitude Uinpu T2 Upsoupu are measuring by markers 11 2 (Fig. 4.7).

Uminput = VA2,
Unoupus= VB2.



= L
| e
Ti 1.8481 = Tz 1.8382 = Ti-T1 -4 . 8758 m=
WAl |-191 . 6773 mW Wz lo.z2&828 Y TR 1o.4745 u
WH1 -1.6183 mV WHE 9.2651 \ WHI-WE ER--1-1- N
—Time base ——————Tnigger ————— Channel A — Channel B
[5.00ms/ div o] | Edge EE % [ 5 /O E] (5 vsow =] | Reduce |
¥ pesition [ 0.00 ]| Lewel [o0o00 B | pesition [ 0.00 (2] | pesition [ 0.00 [2] | Rewerse
Kl o | 0 BIEN <[5jec] | ac|o|EE 42| 0 |EH save
Fig. 4.7
The amplitudes are in the middle window:
Um input = VAZ,
U, output — VB2.
xr L
R — | I L A—
X 1o
Ti J.1488 = T2 7.1258 = Tz-T1 -5 . 8888 ms
WAl —-2&6.7984 mV At 1. @z@z2 W ARG 1.8478 Y
WBl [2.4&69d4e-18W “WHZ B.B8ERA W WBI-WE1 O |-3 . d4e&94e-18WY
—Time base Trigger Channel & — Channel B
[5.00ms/ div 5] | Bige EE % [ & w/Div E 5 wioiw =] | Reduce |
X position [ 0.00 2| Lewvel 0.00 B | ¥ position | 0.00 = | ¥ pesition | 0.00 2] | Reverse
Ml i | BOE ~ /5 Ea] | Ac)o|EH 20| o |EH save
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Fig. 4.8

Fig. 4.7
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For the calculation the voltage on the diode connect the channel 4 of the
oscilograph to diode P in U, by key Space.
There is diode voltage (Fig. 4.8).
Put the marker 1 end 2 on the zero end amplitude of the diode. There is
amplitude of the diode in the middle window:
U, mdir — VA2,

For the forward voltage of the diode put the marker on the amplitude of
negative voltage.

Uprev = VA2.

4.2.5 Calculate the mistake
6 = Umeas - Ucal

A = Umeas - Ucal *100 (V
U 0.

cal

4.2.6 Put the results to table. 4.1.

Table 4.1 — Measuring results

A%
Calcul | Measuing | d3,V

Un, V

Uwn, V

Um ine V

Um outse V

Um dirs V - —_ —

Um revs \%

4.2.7 make the conclusions of amplitude of:
— first end secondary voltage;
—secondary voltage of transformation voltage end input voltage of
straightening;
— input end output voltage of straightening;
— direct end forward voltage.
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4.2.8 Make the conclusions of the noise: Ui, Unouts Uprey-

Table 4.2
4.2.9 study block load influence on output voltage end count
R, U out output voltage amplitude by methods. 4.2.4 with R, = 50
Om \Y _
=0 Om end R,=5 Om.
5 Write down measure results to the table 4.2.

42.10 Make the conclusions about influence of the resistors on the
amplitude output voltage.

5 The work must consist of

5.1 Homework

5.1.1 The circuits of listened 3.1.
5.1.2 Time diagram 3.2.

5.1.3 Culculations 3.3 and 3.4.
5.1.4 Table 4.1 and 4.2.

5.2 Laboratory assignment
5.2.1 Time diagram 4.2.4.
5.2.2 Table 4.1.

5.2.3 Conculations 4.2.8.
5.2.4 Table 4.2.

5.2.5 Conculiation 4.2.10.

6 Key statements

6.1 Principles of work.
6.2 Parameters of transformer.

6.3 Suppression of amplitude input end output voltage.

6.4 Changing of polar direct voltage.
6.5 Direct end forward voltage on the diod.

Literature

1 Bopo6iioBa O.M., IBanuenko B.JI. OcHoBu cxemoTexHiku. Y 2-x dyact.. HapuanbHwmii

nocionuk. — Omeca: OHAS3 im. O.C. ITomosa, 2004. Y. 1. — C. 26 —42.
2 barymes B.A. OnextpoHHble TpuOOphl: YueOHUK A By30B. — M.: Beicias mkona, 1980. —

C.29-382.
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Laboratory work Ne 1.2

Studying semiconductor devices
1 Work goal
On work completion a student is expected to learn:

1.1 Make up the circuits of measurement of semiconductor devices.
1.2 Draw the BAX semiconductor devices.

= I
swl__
A _
i L,
| VD Urev ; Erev
_|_

Fig. 2.3

1.3 Culculate the parameters of semiconductor devices.
2 Key statements

Semiconductor devices have conductivity in one way.

If semiconductor devices are under direct voltage its current is big and its
voltage is small. If the diode is good 0,7 V. If semiconductor devices are under
forward voltage its current is small and its voltage is big.

So, the diode current follow in one way. So the diode is used in straighten
devices..

VAD the diode is on (Fig. 2.1).

One of the variety is voltage regulator diode. The direct VAD of diode like a
voltage regulator diode. Under forward voltage of stabilization Uy, p-n-passage
voltage regulator diode is broken its forward current is big in the rigime of pierce
(Fig. 2.2). Voltage regulator diode are used in regulating voltage devices.

In this work we must measure the diode end voltage regulator diode. Circuit of

experiment is on Fig. 2.3,
Urev Ust ]

[ ! i

Ip

I Ui
Pucymorx 2.1 — BAX
busTebif=)

ISB
Pucymor 2.2 —BAX crabimiTpona



Udir

Fig. 2.1
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]rev
Fig. 2.2

3.1 draw circuit of experiment of semiconductor diode.
3.2 drown theoretical VAD semiconductor diode.

3.3 drown experimental VAD voltage regulator diode .
3.4 Make up table 4.1.

4 Laboratory assignment

4.1 Compare your circuit end laboratory stent.

The sores of direct voltage Eq; is Ei, end forward voltage is FE».
Il make up forever end revers voltage.
Direct current Iy, end direct voltage Uy, are measuring by devices [, end U..
Forward current 7., end forward voltage U.., are measuring by devices /, and
U..
4.2 Switch on the stand by “General desk switching on” switch on the £, end
E,.

4.3 Fixed the VAH semiconductor diode
4.3.1 Switch on the Swgin “CB”.
4.3.2 Switch on the diode to the 4.
4.3.3 make up VAH I, =f(U,) semiconductor diode.
4.3.4 1 Switch on the Swg “Straight”.
4.3.5 make up VAH [, =f(Us) semiconductor diode.
Change the direct current /;, (devise 1) by Rs, you must measure direct voltage
Usir (device U,) end put the result o the VAH 1, = f (Uq:). Without table.
4.3.6 Change Swg in “Reverse”.
4.3.7 Change the forward current U.., (devise U,) by Ri,, you must measure /.,
(device ) end put the result o the VAH I, = f (U.y). Without table.
4.3.8 Calculate the differential resistance of diode for the middle point direct
aria of VAH:
Table 4.1 ry= AUJ_
Al dir
7y, Om | Ve, Om The result put to the table 4.1.
4.3.9 make the conclusion:
— between measuring direct current end direct voltage;
— between measuring forward current end forward voltage;
— determine between measuring direct end forward currents;
— Determine between measuring direct end forward voltage.
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4.4 Drowne VAH of voltage regulator diode
4.4.1 Connect the voltage regulator diode to 4.
442 Make up the VAH voltage regulator diode

1= f(U)).
4.4.3 make up VAH I; = f (Us) semiconductor voltage regulator diode 4.3.5 ...
4.3.7.
4.4.4 Calculate the differential resistance of voltage regulator diode for the
middle point direct aria of VAH:

A Urev
- A II'GV .

Vst

The result put to the table 4.1.
4.4.5 make the conclusion:
— between measuring direct current end direct voltage;
— between measuring forward current end forward voltage;
— determine between measuring direct end forward currents;
— determine between measuring direct end forward voltage.

4.4.6 Compare rq4 end ry make the conclusions.

5. Protocol content

5.1 homework implementation
5.1.1 circuit 3.1.
5.1.2 VAH 3.2 and 3.3.

5.2 laboratory assignment implementation
5.2.1 VAH semiconductor diode 4.3.5 snd 4.3.7.
5.2.2 calculation 4.3.8.

5.2.3 table 4.1.

5.2.4 Conclusion 4.3.9.

5.2.5 VAH voltage regulator diode 4.4.3.

5.2.6 calculation 4.4.4

5.2.7 Conclusion 4.4.5 and 4.4.6.

6 Key questions

6.1 Principles of semiconductor diode work.

6.2 Principles of semiconductor work voltage regulator diode.
6.3 Way VAH semiconductor diode.

6.4 Way VAH semiconductor voltage regulator diode.
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