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Abstract

In this experiment OrCAD software was used in order to design and
simulate several different circuits. We used to simulate power electronics
circuits to study its characteristics and responses in different cases for
different inputs. Its wind range library helped us in designing easily any
digital or analog components and we used it as well to compare between
closed loop and open loop amplifiers characteristics.
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Chapter 1

Introduction

The main purpose of this experiment was to get familiar with OrCAD software
due to its major importance in electrical engineering applications. It will be used
to study the Buck Boost converter for example and the effect of changing the
load and the duty cycle for the converters and other several tools.

OrCAD

CADENCE PCB SOLUTIONS

Fig. 1.1: OrCAD Logo

Capture was used to draw a circuit on the screen, known formally as schematic
capture. It offers great flexibility compared with a traditional pencil and paper
drawing, as design changes can be incorporated and errors corrected quickly
and easily. While, Pspice simulates the captured circuit. We could analyze its
behavior in many ways and confirm that it performs as specified.

The programs communicate using files called netlists but you should never need
to look at them — everything happens transparently.[1]



Chapter 2

Procedure and Results

To start the experiment a new project was created. In order to create a new project, these steps
were followed, first from start menu Programs>> OrCAD >> Capture. Then the program starts,
File >> New >> Project. Finally, a pop-up window will appear, Mixed A/D was chosen, and the
name of the project to be filled then the directory where the project was chosen then OK.

2.1 Modular Design

Two different circuits were drawn in different schematics in order to design the amplifier.
The modules in the next two figures were saved as “lowfirst.sch” and “lowsecond.sch”

respectively.
vce < +
% R1
5k
Aout <>
Q2 Q1

Ain+ O—E :I—O Ain-

Q2N3904 Q2N3904

R2
5k
VEE <>

Fig. 2.1: Low First Schematic
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Fig. 2.2: Low Second Schematic
2.2 Open Loop Amplifier

In order to design a BJT amplifier , a new schematic was opened and named “top.sch”, then
the following circuit was drawn:
VvCC
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VEE vce
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— L 10vdc
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Fig. 2.3: BJT Amplifier Circuit

Then the “ middle schematic” was drawn using two Hierarchical Blocks as in the following
figure :
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Fig. 2.4: Middle Schematic Circuit

Using AC Sweep , the response of the open loop amplifier when the input voltage =1 V and
due to R1 were analysed as follows :

100V- \

1.0Hz 3.0Hz 104z 30Hz 100Hz 300Hz 1.0KHz 3.6KHz 10KHz 36KHz 100KHz 300KHz 1.0MHz 3.0MHz 100z

Frequency

Fig. 2.5: Open Loop Amplifier Response

To find the corresponding frequency to the maximum gain, the bandwidth was found as
follows:

Bandwidth = Gain x0.7

The Maximum gain is equal to 130, then the Bandwidth is equal to 91. The corresponding
frequency is almost 180 kHz

The input Impedance of the Amplifier was found to be 9 kOhm. To find the output
impedance, we replace the output of the amplifier by the input voltage and the input voltage
is shorted, then the output voltage was found to be equal to almost 600 Ohm.
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2.3 Negative Feed Back Amplifier

In order to design a negative feed back amplifier, a multistage amplifier circuit was drawn
and built in a chematic window as follows :

vce
R3
1k R4
10k
R1
5k Q2N3906 Q3
Y 4E
Q@ a Q5 v b1 Q2N3904
v <> l; ;I D1N4002 Vout
Q2N3904  Q2N3904
V- D1N4002
\v4 D2
R2
5K Q2N3906
= C1 R5 1 lf
0.5n 2.7k Q4
R6
10k
VEE

Fig. 2.6: Multi-Stage Amplifier Circuit

To add it to the OrCAD library and use it in any design we desire, a sub circuit was made, in order
to do this, the schematic of the circuit was chosen then Tools — Generate part.
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0%de é R3
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w 10k

Fig. 2.7: Negative Feed Back Amplifier Circuit

The response of the negative feedback amplifier is show in the next figure:

10U

55U

ou !
1.0Hz 10Hz 100Hz 1.0KHz 10KHZ 100KHZ 1.0MHZ 10MHzZ
U(U2:U0UT)

Fig. 2.8: Negative Feed Back Amplifier Response

To find the corresponding frequency to the maximum gain, the bandwidth was found as
follows:

Bandwidth = Gain x0.7

The Maximum gain is equal to 9.25, then the Bandwidth is equal to 6.6 . The corresponding
frequency is almost 3.2 MHz

The input Impedance of the Amplifier was found to be 5.6 kOhm. To find the output
impedance, we replace the output of the amplifier by the input voltage and the input voltage
is shorted, then the output voltage was found to be equal to almost 220 ohm .



We can notice that the gain decreases if the load impedance decreases and the input impedance
decreases as well but in the negative feedback amplifier the gain is much smaller and the
bandwidth remains constant.

2.4 Step Down Converter

The Circuit of the step down converter was built as shown in the next figure:

s
BSM50GB100D

Fig. 2.9: step down converter

At duty cycle equal to 50%, the PW was set to be equal to 25uand the output voltage and its
average, the IGBT Current, The Gate current, and VCe are shown in the next figures
respectively:

!
‘

0.0V

20.0v-

i | |

| \ [ ] (S (U [ ] ] L

109.50s 150.0us 200.0us 250.0us 300.0us 350.0us 400.0us 450.0us 500.0us 550.0us 584.4us
OVELE) ° AVGV(Z1:E)
Tine

Fig. 2.10: output Voltage and its average for 50% duty cycle.
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Fig. 2.11: IGBT Current for 50% duty cycle.
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Fig. 2.12: Gate Current for 50% duty cycle.
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Fig. 2.13: VCE 50% duty cycle.



For duty cycle equal to 20% :

o

[] [ ] (_\ (_\ | ‘(_} 5/_1 F “F

| “‘ “ \“ | \‘ ] [ [ [

| | |

50.0v
60.0v
10.0v-
rof—— Tt T | [

L L — L \ | U B

520,005 560.0us 600.0us 640.0us. 680.0us 720.0us 760.0us

ovfe—
337.4us  360.6us 400.0us 440.0us 480.0us

DVELE) © AVGNV(ZL:E)
Tine

Fig. 2.14: output Voltage and its average for 20% duty cycle.

For duty cycle equal to 70% :
nnnnnnannnanAnnannnNnAANNANNEANNAR

80v-

L L [ NN N

60v-

20v-

U uu U Uy U uu uuu U uu U uu U uu gutuuuu U uu
U iaursugueguuiuuuud LRI

os 0.2ms
0V@LE) ° AVGVZLIE)
Time

Fig. 2.15: output Voltage and its average for 70% duty cycle.



The FFT analysis was found for the output voltage at 70% duty cycle as follows :

a0v

20v-

H“‘lﬂ‘k\‘\\mlﬂ‘lll\bl\?f?fm\lkk 1 Ly L

4 a n L
0.11Hz 0.2MHz .30z 0.4mHz 0.50Hz 0.6z 0.7MHz 0.8z 0.90Hz 1,00z 1.10Hz

6Hz
0 V(@LE)
Frequency

Fig. 2.16: FFT for the output Voltage at 70% duty cycle.
An LC low pass filter was added to the step down converter and following reponses were

achieved :

v I\~

2ov $ L

M AVAVAVAVAVAVAVAVAVAVAN aVaVaV aVaVaVaVaVaVaVaVavaVaVaVaVaVaVava

/s

6s
0 V(R3:2)

Fig. 2.17: output Voltage and its average for 20% duty cycle with LC Filter

We can easily notice the ripple at the output voltage .
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The IGBtT current was found to be :

o ||
o
|
Fig. 2.18: IGBT Current for 20% duty cycle with LC Filter
For duty Cycle equal to 50% :
VAN
60\ /V ‘;\a[
f L\\
/ e P N N s Vs Va Ve Y e N N NS AN N A D NN SN
// NN
/
/
/
20V- Fﬁ"’
/
f
Fig. 2.19: output Voltage for 50% duty cycle with LC Filter
|
40 ‘

Fig. 2.20: IGBT Current for 50% duty cycle with LC Filter
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After that, the filter capacitance was changed to 22uF instead of 220uF and the result was as

follows:

60V

a8V

Fig. 2.21: output Voltage for with LC Filter whe ¢ = 22uf

We can notice that the ripple increased so much, so the value of the new capacitor is not

suitable for the converter.
then the resistive load value was changed to 20Q instead of 1Q. The output voltage for a duty

cycle of 70% is shown in the next figure :

os
0 V(RL:2)

Fig. 2.22: output Voltage for with LC Filter where r= 20 ohm
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2.5 Buck Boost Converter

The circuit shown in the next figure was drawn in order to simulate the converter .

c3
I — L —
on 25
o
1
MUR1520 \.

vz
mm -l L .
- = 2 = 2
L2 T 2o
£ 20u
<

JH

Fig. 2.23: Buck Boost Converter Circuit

After simulating the circuit as required in the manual , The following results were obtained
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| \ | [
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¢ i \ |
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“ \ T X T ¥
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[ 4 | |
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\ \ [ \ 1
\ \ 1l w ‘ \ T \
\ \ e | | L \ \
\ \ ¥ \ \
| \ \
I \ b
Bt T ‘ ¥ i T
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Fig. 2.24: output Voltage for 20% duty cycle.
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Fig. 2.25: IGBT Current 20% duty cycle.
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Fig. 2.26: Inductor Current 20% duty cycle.
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Fig. 2.27: output Voltage and its average for 50% duty cycle.
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60.0A

48,08

J \\ J AN J
o S — - ]
45.33659ms 45, 34000ms 45.34400m5 45, 34500m 45.35200m5 45.35600m5 45.36000m 45.36400m5 5. 36800m 45.37200m5 45.37600m 45.35006ms 45, 38303ms
v 1C(Z1)
Tine

Fig. 2.28: IGBT Current.

30A

208

os
o -1

Fig. 2.29: Irl?luctor Current.
We notice that changing the duty cycle affects the average output voltage,.
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2.1 Full Bridge Converter

In this part, the circuit shown in the next figure was drawn in order to build the converter :

zz
Dz Carser 1 R1 EBS” £0G8100D
Dbreak oo
Reference

D1
Dbreak
Smit((V(% 1N+, [%IN-))*-1000.-6.15)

200vES—
00u

LUE
Hit((V (%I N+, [51N-))"1000,-8,15)

Z4
Carrier E3 ad EBSVEOGB‘\DJD o3
s ssmsocsioonds D4 = —’\/V\/——I Doreak
O 2= =
oo b4 Reference -
W UE
OV IN, [%IN)"-1000,5,15)

~o

Fig. 2.30: Full Bridge Converter Circuit

A reference and carrier signals were used in this part .

i

\
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| ! / ! / ! J |
/ ; ¢ f ‘ i
| / [ \ \
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/ , ,
m‘ / L I b
\ i \ \ \ /] \ /|
[ \ / \ / \ / \ [
[ [ | [
\ / / f
Y N W N
os 0.5 Loms Lo 2.0ms 2.5m 3.oms 35 s 5
S v Lon

Fig. 2.31: The Output Voltage
We can notice that it works as an inverter.
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Fig. 2.32: The Output Voltage across Z4
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Fig. 2.34: The Output Voltage at =200Hz
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For modulation index0.2
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Fig. 2.35: The Output Voltage for modulation index = 0.2
For modulation index 0.8
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Fig. 2.36: The Output Voltage for modulation index = 0.8
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Now we change the voltage to 0Vdc :

}
\ F{ i AV TN A% VNPNANVANANA Vi FaVa TaVa 'aVA VoV Fa¥a 2% 'AVA 'a%a ‘2% % fa%a VMV . i Vata'ava ¥
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Fig. 2.37: The Output Voltage for vdc =0
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Fig. 2.38: The Output Voltage spectrum for vdc =0
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Now we change the voltage to 4Vdc :
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Fig. 2.39: The Output Voltage for vdc =0
76.
“
40 ‘
i
|
w
‘ :
F— —
T —e . N -
O V(R3:1,D1:1)

Fig. 2.40: The Output Voltage spectrum for vdc =4
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Conclusion

A multistage closed loop and open loop amplifiers were simulated in this
experiment, additional to three types of power electronic converters which are
the step down converter and Buck-Boost Converter, and the Full bridge
converter. We studied the characteristics of the circuits and its response for
several changes such as filters and load effects. It was concluded that OrCAD is
very helpful and easy way that makes studying the circuits much easier for
research or study purposes and we learned how to use the most common, basic
features of Capture and PSpice
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