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USEFUL KEYBOARD SHORTCUTS FOR MICRO-CAP

ANALYSIS

ALT + 1 : Transient Analysis

ALT + 2 : A-C Analysis (Frequency Response)
ALT + 3 : D-C Analysis

ALT + 4 : Dynamic D-C Analysis

F3: Schematic Window

F9: Analysis Limits

F2: Run Analysis

F8: Cursor Mode in Analysis Window

Ctrl + E: Select Mode
Ctrl + T: Text Mode
Ctrl + W: Straight Wire Mode



COMMON EMITTER AMPLIFIER EXPERIMENT 1.1

Exp 1.1 D-C Voltages

Set up this circuit in the simulation program and on the proto-board.

([COMMON-EMITTER AMPLIFIER] Jﬁ

V1
Ri Cc2
11K s Re10K ( Vout (to CH2)
R9 vin 1 T'
uF
: M Q1 RL 100K
91 1uF
Vs R10 210 Ce
I R2 21K =
= = 100uF
Voltage Divider = =

Activate the Dynamic D-C Analysis to observe the voltages at various points in the circuit.

fta CH1)

(O
Al
0
M
—
=
-
0
[1]
]

1K O wvout fto CHZ
@ | R vin C¢1 (1.7/—=

il @ 1uF

RL 100K
ERE 998.1m

1K Ree ﬁCE —
i“‘- 100uF

Voltage Divider = =

<
-]
1| I°+

Compare these voltages with the corresponding values measured in the actual circuit.



COMMON EMITTER AMPLIFIER EXPERIMENT 1.2

Exp 1.2 Output Voltage and Voltage Gain

Set the signal source to have an amplitude of 100 mV at f = 10 kHz. This will result in Vin having
an amplitude of 10 mV due to the 10:1 voltage divider comprised of R9 and Ruo.

Use these Transient Analysis Limits.

[ Transzient Analysiz Limits

Add | Delete | Expand... | Stepping... | Prnperties...l Help... |

Time Range |2DDus Bun Options m

b awirnumn Time Step |2|j|jn3 State Variables m

Mumber af Points IED ¥ COperating Point

Temperature ILinear j |2? ™ Operating Point Only

[T Auto Scale Ranges
F | ¥ Ewpreszsion I Y Ewpreszzion I ¥ Range | Y Range

mE E|mE [o [TM&x THIN.25 [4-408
EET [iin) [FHAR TMIN.Z5 [10m.10m.25m
mEMREI T [vr/ouT) [The THIN.25 [4-4.08

Run the Analysis.

01 CE AMPLIFIER TR+ AC+DYNDC.CIR

10.0m 4.0 . : | : | | :

N AV = 2280 N
7.5m  3.0p-- At N TR L N
5.0m 200 VNN N N
aom ol N e NN N
0.0m 0.0 : : ; ;
aam NN AN
-5.0m _2_0::__:::::__:[:__::::::Vin::::__::::[‘_"Pu_t_'::::__:::I::__:
ram o AN NN
10.0m A0 s s0u  75u 100U 125u 1500 1750 200.u

0 V{Vin)

V{VOUT)

T

Determine the voltage gain.

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Compare the voltage gain of the actual circuit with that of the
simulation.



COMMON EMITTER AMPLIFIER EXPERIMENT 1.3

Exp 1.3 Frequency Response

Use these A-C Analysis Limits.

[ AC Analpsis Limits

Add | Delete | E:-:pand...l Stepping...l F'ru:uperties...l Help... |

Frequency Range |2DM eg. 100 Bun Optiong Marmnal "I

Murnber of Pointz IEEI State Variables Zero vI

Temperature ILinear | |2?‘ Frequency Step I.f-'«utu:u "’I

M awirmurm Change % |1 V¥ Operating Point

Muoise Input |1 [T Auto Scale Ranges

Moige Output |2

P | # Expreszion | ' Ewpression I * Range I Y Range

EEIN T resoumiaang [FraxFMIN - [300.050

Run the Analysis.
300.

01 CE AMPLIFIER TR+ AC+DYNDC.CIR

250, - A

200.

07071 Av{max) 1'93"""

150.r-

m&""+4qi““'

al ERE@HENCYRE?RQNSﬁ?TTT: “““ o
T T T T —T  S— T
V{(VOUT)/V{VIN) 198

F

Find the frequencies at which the gain is down from its maximum or mid-frequency value by a
factor of 1 over the square root of 2 = 0.7071. Find the corresponding frequencies in the actual
circuit and compare the results with the simulation.



COMMON EMITTER AMPLIFIER

EXPERIMENT 1.4

Exp 1.4 Effect of Signal Source Resistance on

Voltage Gain

Add resistor Rs to the circuit in the simulation program and on the proto-board. Resistor Rs
(plus the same contribution of the parallel combination of Rg and R10) represents the signal

source resistance.

COMMON-EMITTER AMPLIFIER
EFFECT OF SOURCE RESISTANCE EUV
fta CH1)
V1
Cc2
11K Re 1““ Vout {to CH2)
%ﬂu - FI" R! Cl.':1 1 uF
: o0 1uF RL 100K
Vs R9
- 10 Ree
= = K T1oo0uF
Voltage Divider = =
Use these Transient Analysis Limits.
f8 Transient Analysis Limits
Add | Delete | Expand... | Stepping... | F'n:upertiea...l Help... |
Time Range |2|:I|:Ius Bun Options Marmal vl
b awimum Time Step |2|:||:|r'|g State Vanables Zero vl
Mumber of Points |5EI ¥ Operating Poirt
Temperature ILinear j |2? [T Operating Point Orly
I Auto Scale Ranges
P I # Expressian | Y Expression | * Range | Y Range
mEWEN | [o [Thax TMIN .25 [4-4.05
m=ElR T [ring [TMARTMIN.Z5 [10m,10m,2.5m
mEEI T [vrrouT) [Thax TMIN.25 [4-4.08
Here are the Stepping Settings.
Stepping
IRsVake |2 |z |4 |5 s |7 s | 1w
Stepwhat [RS | [value
List f0.300.1K
In |
Step Yalue ||:|
Step [t———— b ethod Parameter Type
’Vﬁ' veg € Mo ’Vr' Linear € Log % List ’Vr' Component ¢ Model

Run the Analysis.



COMMON EMITTER AMPLIFIER EXPERIMENT 1.4

10.0m 1.0 02 CE: AMPLIITIER RS :TR+ AC.ICIR RS=:0...1K

7.5m
3.0m
2.5m
0.0m
-2.5m
=5.0m
-7.5m
=10.0m 4.0

0u 25.u 500 75.u 100U 125u 150.u 175.u  200.u
0 V{Vin}
V(VOUT)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. From these results, determine the input resistance that is seen
looking from Vin into the amplifier.



COMMON EMITTER AMPLIFIER EXPERIMENT 1.5

Exp 1.5 Effect of Signal Source Resistance on Voltage Gain

Use these A-C Analysis Limits.

| AC Analysis Limits
Fiun | Add | Delete | Ewpand... | Stepping... | F'lapetties...l Help... |
Frequency Flange |t3EIMeg, 10 Biun Options Morrmal "I
Mumnber of Paints |5E| State Wariables Fero vl
Temperature [Linear ¥|  [27 Frequency Step [ano -]
I awimurm Change & |'| V¥ Operating Point
Maize Input |'| [T Auto Scale Ranges
Maoize Output |2
F | # Ewpregzzion | ' Ewprezzion | * Range I ¥ Range
EEIR [frevouTiavting [FraxFMiN [300.050

Here are the Stepping Settings.
Stepping

tRsvae |2 |3 |4 |5 s |7 | |z |

Stepwhat [RS x| [value

List 0300.1K

Io |

Step Yalue ||:|

—5Step t———————  —Method — Parameter Tupe

& Yes € Mo € Linear € Log % List = I:::umpcunenlf € Model

Run the Analysis.
300.

02 CE AMPLIFIER RS TR+ AC CIR RS 0 1K

Lo
g DU T By 0 I Y SR T S S A I SR
[N 'R

IR ' p 1
R [ Vi
250 L oo L_L_Lilioio__1_a_
- 1 1 e 1 1
R o i
IR I S

200, -Ayrorroe

150, -t

Lo [
b o b 1 e T Py B R e N Rk Lt

Lo por [ AN
' ' '

100. iy

/FREQUENCYRESPONSE

50.f-----1

0 100 ""'Hk | ""'1"6K T 1onK' T AM 10M 30M
V{VOUT}V{VIN}

Find the frequencies at which the gain is down from its maximum or mid-frequency value by a
factor of 1 over the square root of 2 = 0.7071. Find the corresponding frequencies in the actual
circuit and compare the results with the simulation.
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COMMON EMITTER AMPLIFIER EXPERIMENT 1.6

Exp 1.6 Time-Domain Response to a Pulse Input

Change the signal source from a sine wave to a square wave in the simulation program and on
the proto-board.

[COMMON-EMITTER AMPLIFIERl

(to CH1)
V1
{ 11H Re 1‘3"‘* Ccz Vout (to CH2)

A
- RL 100K
Vs @ %0 2o o
- 10 Ree
= = K Tioour

Voltage Divider

The signal source is a Pulse Source using a SQUARE WAVE.
| Pulze Source x|

— M arme
[MODEL ™ Show =] I Show  Change |
— Dizplay
I FinMakers [ PinNames [~ PinMumbers W Cument W Power W Condition

PART ="z I"Ju:ultage v, Time j
PACKAGE= IMPLILSE

CO5T= FULSE

POWER= SAWTOOTH

SOUARE
SAUARE
TRIANGLE

The SQUARE WAVE has a period of 300 ns and an amplitude of 100 mV.
Source:Local test area of D:SMCTAEE 340801 CE AMPLIFIERSO34 CE AMPLIFIER TDR.CIR

VZERO IEI YOME |1EIEIh-1 (| IEI
F'EIEI P3 I'IEEIN P4 I'IEEIN
I—

P& |300M

Use these Transient Analysis Limits.

10



COMMON EMITTER AMPLIFIER EXPERIMENT 1.6

fA Transient Analysis Limits 3
Run | Add | Delete | Expand... | Stepping... | F'n:uperties...l Help... |
Tirme Range |3EIDn Bun Options Marmal 'I
b awimum Time Step ||:| StateVarables  |Zem vl
Murnber of Paints IEEI ¥ Operating Point
Temperature ILinear j |2F" [ Operating Point Only

[T Auto Scale Ranges

F I * Expression | ' Expression I * Range | Y Range

mEEL | [vs) [TMARTMIN.25 [100m.0.10m
M=EIT [VEvD0T) [T [1405

Run the Analysis.

1.0 100.m 03A CE AMPLIFIER TDR.CIR | |
0.5 90.m I ______ ______
TR0 11 S S N et - Vout

0.5  70.mf N ...... ______
1.0 60.m I ______ ______
1.5  50.m _— ______ ______
2.0  40.m N ...... ______
2.5 30.m _____ ______ ______
-3.0  20.m _— ______ ______
-35  10.m ..... ...... ______
4.0 u'mﬂ.n 25I.n Sd.n ?5I.n 106.n 12I5.n 150.n 1?I5.n 206.n 22I5.n 256.n 2?I5.n 300.n

ViVs) V{VOUT)
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Find the 10% to 90% rise time and the 90% to 10% fall time of
the actual circuit and compare with the simulation.

11



COMMON EMITTER AMPLIFIER EXPERIMENT 1.7

Exp 1.7 Effect of Rs on the Time-Domain Response to a Pulse Input

Add resistor Rs to the circuit in the simulation program and on the proto-board. Resistor Rs
(plus the same contribution of the parallel combination of Rg and R10) represents the signal
source resistance.

(to CH1)
V1
{ K Re WH CcZ Vout (to CH2)
: VY A RL 100K
Vs é 90 %m 1uF
- 10 R2 1K Ree
= = 1K TioouF

Voltage Divider

Use these Transient Analysis Limits.
FfH Transient Analysis Limits

Fun | Add | Delete | Ewxpand... | Stepping... | F'n:uperties...l Help... |

Time Range IP-EUS Bun Optiong Marmal vl

tasirnum Time Step |2.5ns State Vanables Fera vl

Murnber of Points |5IZI ¥ Operating Point

Temperature ILinear j |2F" [T Operating Point Only

[T Auta Scale Ranges
P I ¥, Ewpreszsion | % Ewpreszzion | ¥ Range | Y Ranhge

MmE E|mE [ [TM&xTMIN [100m 0
MEREI T [vr/ouT) [TmaTMIN 1

Here are the Stepping Settings.

Stepping

IRsVake |2 |z |4 |8 & |7 & |z |
Stepwhat [RS | [value
List |0.300.1K
Io |
Step Yalue ||:|

Step t—— b ethiod Parameter T_l,lpe
’Vﬁ' Ye: (Mo ’Vr' Linear € Log € List ’V :

Run the Analysis.

12



COMMON EMITTER AMPLIFIER EXPERIMENT 1.7

1.0 100.m 03B CE AMPILIFIER TDR.'[':.:IR RS=0...1K:

Vin ! | 1
0.0 80.m
1.0 60.m|-
20 40.m
.00 20mp NG :"R5=U """ e L ______________ L ______________

, | . Vin
4.0 Ompo- 0.5u 1.0u 1.5u 2.0u 2.5u
V{Vs} V(VOUT)
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.

13



CASCADED AMPLIFIERS EXPERIMENT 2.1

Exp 2.1 Effect of Input Signal Level on Two-Stage Cascaded Amplifier
Set up this circuit in the simulation program and on the proto-board.
(to CH1) veer Lav =
v fto CH2)
11K Re1 10K Vout
R9 vin Cl:1
Vsé K s - RL +100K
. Ree1 | cer R4 L1K
=1kHz o tage Divider
Use these Transient Analysis Limits.
ff8 Transient Analysis Limits
Run | Add | Delete | Expand... | Stepping...l Pruperties...l Help... |
Time Range Izms Bun Optiores Marmal vl
M aximumn Time Step ||:| StateVariables  |Zag vl

Mumber of Points

|50

¥ Operating Point

Temperature ILinear j |2?

™ Operating Point Only

[T &uto Scale Ranges

¥ Range I
|TMI—‘-.><,TMIN,EI. |22,-c|,2

F I ¥, Expreszion I ' Expregsion I

M=ME
MIEME T
mI=E T

¥ Range

|vE[u 2]

|VE[Q 2]
|vwcc]

|TMx:-><,TM|N,D. |22,-EL2
|TMx—‘-><,TMIN,EI. |22,-u,2

Here are the Stepping Settings.
Stepping

154 | & I 3 I 4: I Ly I G I 7

Step What |vs

13
To G
Step Yalue |2

Eram

Method
" Linear ™ Log  List

Step It

’Vﬁ' Yag

™ Mo

Parameter Type

’Vr' Component ¢ Model

(

Run the Analysis.

14



CASCADED AMPLIFIERS EXPERIMENT 2.1

” | — 012CE TR¥AC.CIR VS.A=1..8 |
20. ’ f Vee=20V— ' Vee=20V—
18. - N S |
16.} ; R ——
14l N\ A ’
12.4/---Y'" g Rt 1
10 AR CERTT—— A '
gl ' W | I U . N
3| R AN |\ W SN 4 / SR S |
A AN A e N
2.0y @) N o =8 my AN .
0.-60m 03m  05m  08m  1.0m  13m  15m  18m _ 2.0m
VE(Q2) VC(Q2)
Vi{Vcc)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.

15



CASCADED AMPLIFIERS

EXPERIMENT 2.2

Exp 2.2

Frequency Response Two-Stage Cascaded Amplifier

Use these A-C Analysis Limits.

Run | Add | Delete | Expand... | Stepping... | Pruperties...l Help... |
Frequency Range ||'|Meg, 10 Bun Dptiohg Mormal vl
Mumber of Points |5|:| State Vanablez Fero - I
Temperature ILinear j |2?‘ Erequency Step I.-'-\uto 'I
Mawirium Change = |5 ¥ Operating Paint
Maize |mput |1 M Auto Scale Ranges
Moize Output |2
P I * Expreszsion I Y Expression | # Range I Y Range
MEE I‘I_lF [vevouT)Ain] [Fre N [FR0TK
MmEMREIR T [aa58 [FrerMiN [Fr0TK
Run the Analysis.
+
?.K : T T T : TTTT T I I I I I 91I 2CE TIRI %ICI EIIR T : : : : : : : : : : T T : TTT
6K 4L S RO v NEAN S LR SO
e e 4
: 0.707 » Av{max) 4465 : ,
4-K_____E_ I__I_I__I_I_I_I_I _____ :___I__I__I_I_I_I_I_I_____:___I___I_I__I_I_I_I_I ________ I__:__I_:_ :_:_:_______T__l_l__l_l_l_l'
|27:ﬂ_|5|K : 1 ||||||| || ||| 1 1 1 ||||||
3.K____ : I%___I___:_-LJ LJ.LLL 1. J LJ 9_0_2_KJ4_§K_LLLL :

2.Kr

0.K

Two Cascaded R-C Coupled |
Common-Emitter Stages |

10
V(VOUTYV(Vin)

100

10K
4465

1K

Find the frequencies at which the gain is down from its maximum or mid-frequency value by a
factor of 1 over the square root of 2 = 0.7071. Find the corresponding frequencies in the actual
circuit and compare the results with the simulation.
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CASCADED AMPLIFIERS EXPERIMENT 2.3
Exp 2.3 Effect of Load Resistance on Voltage Gain
Use these A-C Analysis Limits.
i AC Analysis Limits
Fun ‘ Add ‘ ‘ ‘ Stepping... Prupenies...‘ Help... ‘
Frequency Range ||1 keg, 10 Bun Options Marmal -
Mumber of Points | State Yariahles Fero -
Temperature |Linear |2? Frequency Step Auto -
haximum Change % |5 r
MNoise Input |1 ™ Auto Scale Ranges
MNoige Output |2
F | * Expression | Y Expression | * Range | Y Range
D]]]]|§|:||@ |17|F |V(\/OU1')N(\/in) |FMAXFMIN |EKD,1K
Here are the Stepping Settings.
R I - - O - O R T Y
Step What ‘Fil_ ﬂ “\f’alue
Fram 100
Ta [IMEG
Step Valus  [10
Step lt hethod Farameter Type
® “Yes O Mo " Linear & Log ¢ List & Component " hodel

Run the Analysis.

8.K

01A 2CE AV-RL AC.CIR RL=100...1M

7. LCommon-Emitter Stages

[Two Cascaded R-C Coupled |

""""""" "‘RL=1MEG
'RL=100K

6.K

5.K

4.K

___________________________________________

__________

3K

—————————————————————————————

,,,,,,,,,,,,,,

2.K

1.K

,,,,,,,,,,

_______________

,,,,,,,,,,,,,,,,

0.K

100

B 1]
VI(VOUT)/V(Vin)

1M

Measure the voltage gain of the actual circuit at f=1 kHz. Compare the results with the values

obtained from the simulation.
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CASCADED AMPLIFIERS EXPERIMENT 2.4

Exp 2.4 Voltage Gain and Effect of the Input Signal Level

Set up this circuit in the simulation program and on the proto-board.

Vee TJ 20~
R5 8K
Re2 %10»{ Ce3
| ' I3
4
RG Vout
Ree2-=%2 212K RiZy0
300uF
Use these Transient Analysis Limits.
Il Transient Analysis Limits . 2
Fun Add ‘ ‘ ‘ Stepping... Froperties... ‘ Help... |

Time Range |12ms Fun Options MNaormal -

Maxirmum Time Step |1 2us State Variables Zero -

Nurmber of Points | W Operating Point

Temperature |Linear |2? ™ Operating Point Only

™ Auto Scale Ranges
F | * Expression | Y Expression | * Range | Y Range

[MEWE ’17 B [vivou lomBmuzsm — [r2voiv

Here are the Stepping Settings.

R I 1 R A K B [ R RF

Step What |“~f’5 ﬂ |A

Fram |1‘\f’

Ta |4v

Step YWalue |2

Step it bethod Farameter Tywpe

® YYes T Mo " Linear & Log " List * Component " hModel

Run the Analysis.
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CASCADED AMPLIFIERS EXPERIMENT 2.4

02 2CE+DEF.CIR V¥S.A=1..4
: ; Vin=4 mV

2mV

i N \ S VIn=1 mv_ N N I—

0..00m 825m  850m  875m  9.00m  9.25m  9.50m  9.75m  10.00m

V(Vout)
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Note that Vin is equal to Vs times the voltage division ratio
produced by the Ro-R10 voltage divider. In this example the voltage division ratio is
R10/(Re+R10)= 10/(10K+10) = 0.001.
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CASCADED AMPLIFIERS EXPERIMENT 2.5

Exp 2.5 Comparison of Voltage Gain with and without the Darlington Emitter-
Follower for Impedance Transformation.

Modify the circuit in the simulation program by adding resistor Rsw. This resistor can have any
value such as 1 KQ.

Rc2%10K Cc3 R%
|

Rsw Q4
RG Vout
Ree2 Ce2 12K
RL
300uF 2200
Fun Add ‘ ‘ Stepping... Froperies... ‘ Help... |
Fregquency Range |1DMeg, 10 Fun Options Mormal hd
Mumber of Pointg | State Wariables Fero -
Temperature |Linear + |2? Freqguency Step Auto -
Maxirmum Change % |5 r
MNoise Input |1 [ Auto Scale Ranges
Maoise Output |2
P | ® Expression | Y Expression | X Range | v Range
mENEE |1_ |F |\=’(VOUT)N(Vin) |FMA><FM|N |3K1
Here are the Stepping Settings.
IRSWVale |20 |3 |4 |5 e |7 e |z |
Step What |RSW ﬂ |‘v’alue
List [1G.0
Step i bdethod Farameter Type
® Yes T Mo " Linear  Log & List * Component " Model

Note that resistor RSW will be stepped from 1 GQ to 0. When Rsw = 0, the Q3-Q4 Darlington
pair is bypassed by Rsw, and thus has no effect. Rsw = 1 GQ, it acts essentially like an open-
circuit and the Q3-Q4 Darlington pair is no longer bypassed by Rsw.

Run the Analysis.
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CASCADED AMPLIFIERS EXPERIMENT 2.5

” 02A 2CE+DEF.CIR RSW=0...1G
1T i Daingon EFtieil
1K NENEI—
100 |:
10 .........................................
T o 100 1K 10K 100K AM ____ 1om
V(VOUT)V(Vin)
F

Measure voltage gain of the circuit at f = 1 kHz with the Darlington pair bypassed by a short-
circuit, and for the case of it not being bypassed. Compare the results with the simulation.
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PUSH-PULL CIRCUITS EXPERIMENT 3.1

Exp 3.1 Push-Pull Circuit

Set up this circuit in the simulation program and on the proto-board.

15V

SOURCE LOAD
Q1

Rs
US@W Q2 | RL
1 ml

=10 kHz
A=1V V-1 15V

Vo

Transistor Q1 can be any suitable NPN transistor such as a 2N4124 or a 2N2222. Transistor Q1
can be any suitable PNP transistor such as a 2N3906.

Use these Transient Analysis Limits.

Add | Delete | Expand... | Stepping... | F'mperties...l Help... |

Time Range |1 00y Bun Optiohs Momal vl

M aximurn Time Step ||:| StateVariables  |Zamg vl

Mumber of Points |51 W Operating Point

Temperature ILinear j |2F [T Operating Point Only

™ Auto Scale Ranges
F I # Enpression I Y Expressian | # Hange I Y Hange

MEWEIF T [o [THa TMIN.25 [11,0.25
ME = [0/0) [T Thin [1.1.025
M= T [/0s) [TH&xTMIN 11025

Here are the Stepping Settings.
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PUSH-PULL CIRCUITS EXPERIMENT 3.1

1:RLValue | 2 | 7 I 4 I 5 I E: I 7. I a I g I 10 Il
Stepwhat [RL | [value
List [10.1K
To 150
Step Walue |2
Step [t————— b ethiod Parameter Type
[F Yes € Mo ’Vr' Linear € Log € List ’Vﬁ' {Component € Model

Run the Analysis.
1.0

0.3
0.5

0.3

0.0

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Note the “crossover distortion” in the region where both
transistors are off.
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PUSH-PULL CIRCUITS EXPERIMENT 3.2

Exp 3.2 Voltage Transfer Curve

Use these D-C Analysis Limits.

Run | Add | Delete | Ewxpand... | Stepping. .. | F'n:nperties...l Help...
— Sweep
Method Mame Range

Varisble 1 [Auto x| [¥S | =] |55

Vaiiable 2 [None > ] | =1 =]
 Temperature Murnber of Pointz M awirnurn Change % —

tethod Range

[Linear  ~| |27 Lm —‘ La
Biun Options INnrmaI v| I auto Scale Ranges

* Expression ' Expreszion * Range v Range

:-I_IDEINF'LIH [0 B3 [5.51
ME [E|NEEEE [V 650 B

Here are the Stepping Settings.

Fiun | Add | Delete | Expand... | Stepping... | Pruperties...l Help... |
- Sweep
M ethad Mame Fange

Varable 1 |amte | V8 =1 ~|[5.5

Wariable 2 [Mone ] | =1 =]
r Temperature Mumber of Paintz W axirmurm Change % —

b ethiod Fange

ILinear j |2F" |7|5'I —‘ |7|5
Bun Options INDrmaI ""| I Auto Scale Ranges

P I ¥ Erpression I Y Expression I ¥ Ranhge | ¥ Range

[ME =|NEEEE [o [£-5.05 [6.-5.1
ME E|NEEEE [v0/0) [6-505 [6-51

Run the Analysis.
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PUSH-PULL CIRCUITS EXPERIMENT 3.2

01 PUSH-PULL TR.CIR RL=10...1K

-5'-5.-4.5 -4.0-3.5-3.0 -2.5-2.0-1.5-1.0-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

0 v{vOj
V(VS)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. What is the width of the “crossover distortion” region where
both transistors are off?
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PUSH-PULL CIRCUITS EXPERIMENT 3.3

Exp 3.3 Minimizing Crossover Distortion

Set up this circuit in the simulation program and on the proto-board. Diodes D1 and D2 can be
any suitable diode such as a 1N4001 or a 1N914.

SOURCE LOAD
Rs Vo
Vs 1K RL
Use these Transient Analysis Limits.
Fiun | Add | Delete | Ewxpand... | Stepping... | F'n:nperties...l Help... |
Time Range |'| 00w Bun Options Marmal vl
b axirnum Time Step ||j State Vanables  |Zam vl
Mumber af Paintz |51 ¥ Operating Paint
Temperature ILinear j |2? ™ Operating Pairt Only
[T &wto Scale Ranges
F I ¥ Ewpreszion I ' Eprezzion I * Range I Y Range
ME =i [o [The< THIN 25 [1.1.0.25
MEE T [v0vD) [T TMIN T [1.1.025
MEEN T [245) [T TMIN [1.1.025
Here are the Stepping Settings.
TALvae |2 |3 |4 |5 | |= & |% |1
Stepwhat [AL | [walue
List [10.1K

Run the Analysis.
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PUSH-PULL CIRCUITS EXPERIMENT 3.3

1.0 02 PUSH-PULL TR.CIR RL=10...1K
0.8 -------- P rmna
' RL=1K
0.5----- p ,,..-—d—-\
Vo l RL=
03L--Af-- - .
0.0
0.3 NN
T I
08--Rs=1K----+---rmmmmmmor -
1004 25.u
0 v{VO)
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Compare the crossover distortion to the previous case.
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PUSH-PULL CIRCUITS EXPERIMENT 3.4

Exp 3.4  Minimizing Crossover Distortion Voltage Transfer Curve
Use these D-C Analysis Limits.
Run | Add | Delete | Expand... | Stepping... | F'ru:-perties...l Help... |
- Sweep
M ethiod Mame Ranage
Yariable 1 I.f-\utc- | IVS =l I |55
Variable 2 [Nane | | =1 =]
r Temperature MNurnber of Paoints b aximum Change % —
Method Range
ILinear j |2-_"' |51 |5
Fun Options INormaI "I I Zuto Scale Ranges
F | * Expression | ¥ Expression | * Range | ¥ Range
M E|EEE o [6.51 [6.51
ME E|EEE [v0) 650 [6-5

Here are the Stepping Settings.

LALvaue |z |3 |4 |8 & |7 s |z | ||
Stepwhat [RL ] [walue
List 10,350,300
To |
Step Yalue I
Step [t————— b ethiod FParameter Type
’7'5' Ye: € Mo ’71'-' Linear ¢ Log © List ’7'5' Enmpnnent " Model
Run the Analysis.
5 02 PUSH-PULL TR.CIR RL=10...300 .
4. """""""""""""" aTTTTT T B B b S L r---=-=-- RI_I=300A
3. e
2- r
1.
0.
-1. : !
2. T
3. R e
4. | | |
5. : : : : . : . :
5. 4. -3. -2. -. 0. 1. 2. 3. 4. 5,
1] v{vo)
V(V8)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. What is the width of the “crossover distortion” region where
both transistors are off?
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PUSH-PULL CIRCUITS Using Darlington Emitter-Followers EXPERIMENT 3.5

Exp 3.5 Using Darlington Emitter-Followers

Set up this circuit in the simulation program and on the proto-board.

e 15
R22 28K
o1
SOURCE ~'T oilyos  |oAD
= KR 4 Vo
Vs (5% D4¥ RL%
T 11
- D2¥ Q2 J—{ Q4 -
=10 kHz ’—{
A=1V .
R4 %Qﬁl{
“J—I 18%
Use these Transient Analysis Limits.
Time Range |1[||j|u Bun Options Harmal vI
Mawimurn Time Step |[| State Variables  |Zeq vI
Murmber of Points |51 ¥ Operating Point

Temperature ILinear j |2F [T Operating Paint Only

™ Auta Scale Ranges

d

# E wpreszion I

' Ewprezsion I

* Range

Y Range

mENE] T

|u

|TMA><,TMIN

|5,-5,1

MIEE]N T

|va]

|TMA><,TMIN

|5,-5,1

mEE]N T

|vws1

|TI'«-1I—'-><,TMIN

|5,-5,1

= E

Here are the Stepping Settings.

Step What |F|L

j I‘Jalue

List [10.10K

To 150

Step Value IE

Shep t———
’VF Yes € Mo ’V

kethiod

 Linear ¢ Log ™ List

" Parameter Tupe

nk € Model

Run the Analysis.
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PUSH-PULL CIRCUITS Using Darlington Emitter-Followers EXPERIMENT 3.5

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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PUSH-PULL CIRCUITS Using Darlington Emitter-Followers EXPERIMENT 3.6

Exp 3.6 Voltage Transfer Curves

Use these D-C Analysis Limits.

r Sweep
ethod Mame Range

Waniable 1 I.-’-‘n.uta j I‘\‘fS j I j |5"5
Wariable 2 INn:nne j I j I j I

r T emperature Mumber of Points b awirnurm Change % —
tethod Fange
[Linear =] |27 Lm —‘ {|5

Fiun Options INUlmaI "I [T Auto Scale Ranges

P | * Ewpression | ' Ewpression | * Range ' Range

MEE[ JooweoT E [6-5.08 [6-51

MMEE[ [ooweoT [+t0] 6505 B3

Here are the Stepping Settings.

Stepwhat [RL MIEE

List f10.10K

To 160

Step Yalue |2
Step [t——— ki ethod Parameter Tope

’}: Yes € Mo ’717‘ Linear ¢ Log % List ’71? I:::umpcunenlf " Model

Run the Analysis.
5.

4fociea
a | ..| Darlington Emitter-Follower |_
Push-Pull Circuit

T T
| ] | |
1 ' | |
v il B R el Bl

.5 i | | | i | | | | | | i |

"5-45-40-35-30-25-20-15-1.0-05 00 05 1.0 15 2.0 25 3.0 35 4.0 45 5.0
0 V(VO)
V(VS)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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PUSH-PULL CIRCUITS Using Darlington Emitter-Followers

EXPERIMENT 3.7

Exp 3.7

Comparison of Circuit With and Without Diodes

Add resistors Rswi and Rswz to the circuit in the simulation.

18Y
HQ%EEH
D=
SOURCE o408 LOAD
= Dix 2 Rswl ya
Us(rg'\m DA% = Rawl FLz 50
L
- Dox Q2 04 =
f=10 kHz ﬁ
A =0V .
R3 225K
Yo TEY

—Marne
[PaRT

I Show

— Digplay

™ PinMatkers T PinMames ™ Pin Mumber

PART =Rsw1
WALUE=1
FRED=
MODEL=Rx

Use these Transient Analysis Limits.

Murnber of Points |51

Temperature ILinear j |2?

¥ Operating Paint
™ Operating Point Orly
[T Awto Scale Ranges

Time Range |h 00y Fun Options Marmal 'I
M asirmum Time Step ||:| State Varables  |Zerg vI

Pl XEspession | ¥ Expression | %Range | YRange
mEE T |o [TMex ThIN.25 [5.5.1
mEEI T [40) [THEXTMIN 5.5
[T [15) [TMETMIN [5.51
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PUSH-PULL CIRCUITS Using Darlington Emitter-Followers EXPERIMENT 3.7

Here are the Stepping Settings for resistors Rsw1 and Rswo.

LRESFXR | 2Rswevae| 3 |4 |5 & |7 & =@
Step'what [RES R MIE
List 015G
Ta 180
Step Yalue |2
Step It b ethiod Parameter Type
’Vﬁ' Yes § Mo ’1'" Linear ¢ Log & List ’Vr' Comporent & Model

The value of RX will be step between 0 and 1G. This will result in resistors being stepped
between O (i.e. a short-circuit) and 1GQ (= 1000 MQ), which is essentially an open circuit.

Run the Analysis.

5 03A PUSH-PULL DEF IN-OUT TR.CIR RES RX.R=0..1G
' Vs : :

' S
-5- 1 1 1 _/

0.u 25.u 50.u 75.u 100.u
1] v} VIVS)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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PUSH-PULL CIRCUITS Using Darlington Emitter-Followers EXPERIMENT 3.8

Exp 3.8 Comparison of Circuit With and Without Diodes — Voltage Transfer Curves

Use these D-C Analysis Limits.

r Sweep
M ethod Mame Range

Wariable 1 I.t'-\uto j I'\-"S j I j |5,-5

Variable 2 [Nore =] | =l Rl
r Temperature Murnber of Points b awirnurn Change % —

M ethod Range

ILinear j |2? |7|51 —‘ |7|5
Fiun Optiohs INolmal 'I I™ Auto Scale Ranges

F I ¥ Ewpression | ' Expression | * Range | ¥ Range

MEl E|QikEEE E [6.5.1 [6.5.1
MEl E | [+0/0) [65.1 [65.1

Here are the Stepping Settings for resistors Rswi and Rswe.

LRESRXR | 2Rswavake] 3 |4 |5 |8 |2 |8 |@

Step Wwhat |HE5 R =] |F|
List [RE
To 150

Step Walue |2

Step It b ethod Farameter Type
’VF Yes € Mo ’Vr Linear ¢ Log LISE ’V'lﬁ Component € Model

Run the Analysis.

p 03A PUSH-PULL DEF IN-OUT TR.CIR RES RXR=0..1G
4R =1K - Ao AR AR i ; " :
3.r----RL =80 -+-------- Ao AR AR i
e N S —
| — T e e e e _/}o (DIODES SHORTED) - -
Vo (DIODES SHORTED) - -zom” Teeones LR A b e AR
1. 0. 1 2] 3 4. 5

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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PUSH-PULL CIRCUITS EXPERIMENT 3.9

Exp 3.9 Amplifier with Push-Pull Circuit Output Stage

Set up this circuit in the simulation program and on the proto-board.

LOAD
Vout

R11325K

Qs

300(d 2 _
V- 20V
Use these Transient Analysis Limits.
Time Range |2m Bun Options Moimal ‘I
b awirnum Time Step |2u StateVariables  |Zerg ‘I
Murnber of Paints |5EI ¥ Operating Paint
Temperature ILinear j |2? [T Opetating Paint Only
™ &uto Scale Ranges
¥ Enpression | Y Expression I ¥ Range | Y Range |
I‘J["Ju:uut] |Tst><,TM|N,.2 |5,-5,1
|n |Tst><,TM|N,.2 |5,-5,1 |

Here are the Stepping Settings.
wsalz |z |+ s s |7 e |z | |1
Step what V5 MG

Erom IW
Io [
Step Walue |2

Step lt—————  —Method Parameter Type
’VF Ye: € Mo ’7r" Linear ey Log O List ’7 ...........................

Run the Analysis.

35



PUSH-PULL CIRCUITS EXPERIMENT 3.9

04 2CE+P-P TR.CIR V5.A=1...4

-0 0.00m 0.25m 0.50m 0.75m 1.00m 1.25m 1.50m 1.75m 2.00m
ViVout 1]
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Note that Vin is equal to Vs times the Roe-R10 voltage division
ratio, which in this example is 1/1000.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.1

Exp 4.1: Open-Loop Transfer Curves

Set up this circuit in the simulation program and on the proto-board.

QOPEN-LOOP TRANSFER CURVES

D-C POWER SUPPLY

Use these D-C Analysis Limits.

fE DC Analysis Limits

Run | Add | Delete | Expand. .. | Stepping... | Pruperties...l Help... |
 Sweep
bdethiod tame Fange
Variable 1[auto =] [¥s | ~[ vy
Variable 2 [None ] [NONE =1 | [HONE
r T emperature Mumber of Paints b aximum Change % —
b ethod Range
[Linear =] |27 Lm —‘ {|3
Bun Optiots INu:urmaI 'l [T Auto Scale Banges
* Exprezsion Y Ewpression * Range ¥ Rahge
_I_Iv["-a"s].f"l 00 [ [10mv A0mv 2 [18V.18.27
mERE[ [« [0 [T A0mv.2 [187.18.27
EE[ s [+ [10nv.A0mv.2~ [18v.18.2
EE[ s [ [10nv.A0mv.2~ [18v.18.2
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OPERATIONAL AMPLIFIER EXPERIMENT 4.1

Here are the stepping settings:

Stepping
LOPALMPAIVOFF | 281 teveL] 2 |4 |8 |& |7 & |
Step What =] |m:|FF
List |- 0, +drvi
To |
Step Value I
Step [t———— M ethod Farameter Type
’VF Yes € Mo ’Vr' Linear ¢ Log ™ List ’1__ Component % Model

Run the Analysis.

18 01A OPEN-LOOP TRANSFER DC.CIR OPA LM741.VOFF=-4m...4m

L I e EEE R AT e e e SEEEEERE

10.{OPEN-LOOP TRANSFER CURVES |----- -4 ------tomomoee r ----- R S
ol M I Voffs4Amv
T e S i PO - _\off=0----- beeeens i Sl .
2. R i SRR i S i T

V{v+) V{V-)
v(Vs)i100

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.2

Exp 4.2 : Closed-Loop Transfer Curves

Set up this circuit in the simulation program and on the proto-board.

(CLOSED-LOOP TRANSFER CURVES|

RF

R1

Vs

| ®—| .”;é

15Vi i--'ﬁ

[D-C POWER SUPPLY]|

Use these D-C Analysis Limits.

FH DC Analysis Limits

Fun | Add | Delete | Ewxpand... | Stepping... | F'n:nperties...l Help... |
- Sweep
hethod I arne R ange

Varable 1 [dute | Vs =1 ] vy

Wariable 2 |Nore | [MONE =1 | JHOKE
 Temperature Murnber of Points b awirnurm Change % —

M ethod R ange

|Linear > |27 Lm W La
Bun Options INu:urmaI 'I [T Auto Scale Ranges

F I ¥ Ewpreszion I ' Eprezzion I * Range I Y Range

EEl[ [ [tv0) [rvozr  [iavszy
ME E|MNEE E [voz  [iav1e2v
EEl[ [ [+ [VAvizy  [iev1ezv
EEI [ [/ [voz  [iav1e2v
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OPERATIONAL AMPLIFIER EXPERIMENT 4.2

Here are the Stepping Settings.

AP Value |ze1eveL] 2 |+ |8 & |7 e
. Step Wwhat j F
List [0, 9K 99K, 399K
To |
Step Walue I
Step lb——— tethod Parameter Type
’VF Yez € Mo ’7(' Linear ¢ Log & List ’V'F Component

Run the Analysis.

18. T
LT -2 S e T S P T S

14 P © " RF=839K : . ;
12, {CLOSED-LOOP TRANSFER CURVES] -~ - - oo oo oo oo
10.r-------- - — - - - - - - - I — - - — - W -

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Compare the closed-loop gain with the expected value of AcL
=1+ (Rr/R1).
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OPERATIONAL AMPLIFIER EXPERIMENT 4.3

Exp 4.3 Closed-Loop Transfer Curves Effect of V+ Supply Voltage

Set up this circuit in the simulation program and on the proto-board.

CLOSED-LOOP TRANSFER CURVES
EFFECT OF v+ SUPPLY VOLTAGE

RF

VCC =15V

| o

l‘lu‘+
l

[D-C POWER SUPPLY]

Use these Transient D-C Analysis Limits.
8 DC Analysis Limits

Add | Delete | Ewxpand... | Stepping... | Pruperties...l Help.. |
- Sweep
hethod Mame Range
Yariable 1 I.-’-'-.utu j I‘-Is j I j wa.n.r
Wariable 2 |None x| [NONE =1 | [MONE
r Temperature Murnber of Points M axirurn Change % —
tethod Range
|Linear =] |27 Lm —‘ L3
Bur Options INu:urmaI VI [T Auto Scale Ranges
F | ¥ Ewpression | Y Ewpression | ¥ Range I Y Range
EEI [ [+ [Vavnzi  [20v.207.2
EEI[ [ E [Vvnzy  [av.ziy.zy
ElEI [ [+ [Vvozr  [eov.2m.2y
ElEI [v [ [vvoze  [eov.2m.2y
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OPERATIONAL AMPLIFIER EXPERIMENT 4.3

Here are the Stepping Settings.
Stepping

1WEC devalue | 2 I 3 I & I 5 I B I i I X I 3 I 10

Stepwhat  |NE j Iu:h:.value
EFrom |5
To 15
Step Yalue |5
Step [t——— b ethod Parameter Tupe
’75“ Yes € Mo ’75- Linear ¢ Log ¢ List ’75- Component € Model

Run the Analysis.
20. 010 EFFECT OF ¥+ DC. CIR VCC. d-:: values5...15

18, --ICLOSED [OOP TRANSFER CURVES-----
[ !
14.0--------
12.0--------
10.
Bf----ne--
R
¥ 1)
A R
0.
I
N Ll
6l ---LM741 -
8.---RI=1K -

0.0 RF = 47K -
A2.f-------- R

g,
agf----
] A
-20.

______::E:::::f """""""""""""""""""""

-1.0 0.8 06 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.4

Exp 4.4 Closed-Loop Transfer Curves Effect of V- Supply Voltage

Set up this circuit in the simulation program and on the proto-board.

CLOSED-LOOP TRANSFER CURVES
EFFECT OF V- SUPPLY VOLTAGE

RF

lw lu
15V VEE
I

|D-C POWER SUPPLY]

Use these D-C Analysis Limits.

B DC Analysis Limits H
Fiun | Add | Delete | Ewpand... | Stepping... | F'lapetties...l Help... |
r Sweep
b ethod Mame Fange
"Wariable 1 I.ﬁ.uh:n j I\-"s j I j |1\.,-".1\.f
Wariable 2 [None x| [NONE M | [NOME
r T emperature Mumber of Points awirnum Change & —
b ethod Fange
|Linear ~| |27 Lm —‘ La
Eiun Options INDrmaI "l [T Auto Scale Ranges
P | * Exprezsion | ' E#pression I * Range | Y Range
B |1_ [itvs] [reem) [rvvoz [aov-20v2s
EEl [ [o [reavoz [oov-20v2s
B ElEg [rov [reavnz [oov-20v2s
EEI[ [ [ [Vvna [emv.zivz
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OPERATIONAL AMPLIFIER EXPERIMENT 4.4

Here are the Stepping Settings.
Stepping

IMEEdewae |2 |2 |4 |8 |& |7 & % |

Step What j Idc.value
Erom |-5
To [-15
Shep Walue |.5
Step [t——— M ethod FParameter Type
’VF Yes € Mo ’VF Linear ¢ Log * List ’VF Component & Model

Run the Analysis.

20. T T
18. - |[CLOSED-LOOP TRANSFER CURVES]

o e = 1 5V — — — — —
2l LM741 L. S N R

1o -RIZIK oo A AR e A A AR

01D EFFECT OF ¥- DC.CIR VEE.d¢.value=-15...-5

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.5

Exp 4.5 OUTPUT VOLTAGE VERSUS TIME RISE & FALL TIMES

Set up this circuit in the simulation program and on the proto-board.
RF

g‘;" OUTPUT VOLTAGE

VERSUS TIME
RISE & FALL TIMES

R1

[

I 1
Vs fil LM741 ﬁvl l 18
L L L

\+ -

|D-C POWER SUPPLY]

Use these Transient Analysis Limits.

Ff Transient Analysiz Limits

Run I Add | Delete | Ewxpand... | Stepping... | F'roperties...l Help.. |
Time Range |25us Bun Optiong Marmal vl
M aximumn Time Step ||:| State Wariables  |Zein vl
Murnber of Paints |51 ¥ Operating Paint
T emperature ILinear j |2.'-" [T Operating Point Only
™ &uto Scale Fanges
F | # Expression I 't Exprezsion | # Fange I ¥ Flange
mE E e [reremy [TMaxThin— [11v.o0mv
MEEIT [7075) [TMaXTMIN - [017v 0001V

Run the Analysis.

1Mo.m 1.4 02 CLOSED-LOOP TIME RESPONSE TR+PERF.CIR
! ! : [OUTPUT VOLTAGE
100m  1.0—Vs VERSUS TIME
90.m 0.9 RISE & FALL TIMES |-

80.m 0.8
T3.m 0.7
Gd.m 0.6
50.m 0.5
4. m 0.4
30.m 0.3
20.m 0.2

10.m o1h

a4.m 0.0

25.u
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OPERATIONAL AMPLIFIER EXPERIMENT 4.5

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.

Measure the 10% to 90% Rise Time and the 90% to 10% Fall Time on the circuit and compare
with the simulation results as shown below.

1oom 10} — ' | [OUTPUT VOLTAGE |
Som 03 ] VERSUS TIME

o T
mm ACL=10

60.m ] AR A S Sy I A B 1 S R ...............
B0.m | Y A B S N R I S ...............
40.m 0.4} 0 ---------- i ---------------
30.m | I A N S I R L R ...............
20.m | ¥ R A S I N [y B e
10.m L AL S I R B Py s r ...............

t.m 0.0k
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OPERATIONAL AMPLIFIER EXPERIMENT 4.6

Exp 4.6 Current Limiting

Set up this circuit in the simulation program and on the proto-board.

CURRENT LIMITING

R1 RF
A A

|[D-C POWER SUPPLY]

Use these D-C Analysis Limits.

- Sweep

hethod Mame Range
Variable 1[auto x| [¥s =1 ~] [1ov.10v
Warisble 2 [None =] [NOME =1 | [NONE

— Temperature Mumber of Points b amimum Change % —
Methiod Rarnge
|Linesr =] |27 |51 5

Bun Options INormaI 'I M Auto Scale Ranges

F | # Edpreszgzion | ' Exprezzion I #* Range I " Range
ElE [« [t EEE R
B E|iEI [t [EELEN EEEES
B E|JEs &R [y [1ev1ev.zy

Here are the Stepping Settings.

TRLValue | za1eveL] s |4+ |5 s |7 s |z |1
Stepwhat |5 | [Walue
List |0.100.250.500.1K

Io |
Step Walue |

Step It tethod Parameter Typg————
’}: Tes € Mo ’7r Linear ¢ Log % List ’75 Component € Model

Run the Analysis.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.6

03A CURRENT LIMITING RL DC.CIR RL=0...1K

=12.
=14.
=16,
-1g.

v(Vs)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. The current limit of this operational amplifier is lcL = £ 20 mA.
Compare the results with the expected values.

Use these Transient Analysis Limits.

Fun | Add | Delete | Expand... | Stepping... | F'ru:upertie&...l Help... |
Time Range |‘| s FBun Options m
b axirnum Time Step |U State W ariables m
Murmber of Points |51 ¥ Operating Paint
Temperature ILinear ;I |2?‘ [ Operating Point Only
™ Auto Scale Fanges
P I # Expression I Y Expression | * Range I ' Fange
mEE T [#tvs [THexTHMIN [16-1602
mENEN T [#tvol [TMaxTMIN [16.-16.2
mIEIEI T i1 [THAZTMIN _ [16.16.2
mENEN T R [TMaxTMIN [16.-16.2

Use the same Stepping Settings as before.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.6

Run the Analysis.

6. 16 03B CURRENT LIMITING RL TR.CIR RL=0...1K
B e P e ——
12, 120 foe RN . e .
--------- RL=500
8. 08-S e N Joeeeeeennas Jormrrennnaaes
4 04 RLEZSOTN
RL=100— T\ "1
0. 0.0 RL=0 ; RL=0
---------------- RL=100
L eEEee S S RERERR Vo e L
_________________________________ e N RLESOT—
R SR R (e Ry e
————————————————————————————————— RL=500
A2, 2pe e S RRRRREEEEES Nk,
5, qp—————— —V———— o —
" 0.0m 0.2m 0.4m 0.6m 0.8m 1.0m
V{VS) V{Vo)
V(VH) V{V-)
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. . The current limit of this operational amplifier is lcL = + 20 mA.
Compare the results with the expected values.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.7

EXP 4.7 Precision Half-Wave Rectifier

Set up this circuit in the simulation program and on the proto-board.

| PRECISION HALF-WAVE RECTIFIER |

10K

+

Vs | D-C POWER SUPPLY |

Use these Transient Analysis Limits.

FfE Transient Analysis Limits

Run | Add | Delete | E:-cpand...l Stepping...l F'mpeﬂies...l Help... |

Time Range ||4Ijms Fun Options M armal 'I
M azirum Time Step |4Du3 StateVarables |z "I

Murnber of Points |51 ¥ Dperating Point

Temperature ILinear j |2? [T Operating Paoint Orly
M Ao Scale Ranges

P ¥ Expression ' Expression ¥ Hange v Flange

mEER T [revs] [TM&X TMING [111.1.01
MEEN T [0v0) [TMEXTMIN [17-11.01
MEMREN T [0 [ TMIN [11-1.1.01

Run the Analysis.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.7

04 HALF-WAVE TR + DC.CIR

1.1
0.9
0.7
0.5
0.3
0.1}
-0.1
-0.3
-0.5
0.7}

|
__________________ R U

SLM7415 N LA o o - :

————————————————————————————————————————

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. What effect does the diode voltage drop have on this circuit, as
compared to a half-wave rectifier that does not use an operational amplifier? Why is this called
a Precision Half-Wave Rectifier?

Now use these D-C Analysis Limits.

Run | Add | Delete | Expand... | Stepping... | F'ru:uperties...l Help... |
r Sweep
M ethod M arme Fange
Varisble 1 [aute x| [vs =1 | [y
Wariable 2 |Nore ] [NONE M | JNONE
— Temperature Murnber of Points t arirum Change % —
M ethad Range
[Linear =] |27 |51 [5
Bun Optiors INurmaI VI [T Auta Scale Ranges
| ¥ Ewpression | Y Ewpression | * Range | Y Ranhge |
mEE [ [0 [ivavaz  [iv-voz
mEE [+ E [fvavaz  [ivvoz

Run the Analysis.
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OPERATIONAL AMPLIFIER

EXPERIMENT 4.7

1.0 . . _04 HALF-WAVE TR +DC.CIR . .

0.8/ HALF-WAVE RECTIFIER]. ...\ i . i 7
R s> .
A s N 5> St El R
e e S < T e
A — —
A E S e A s S B
e
L T S
DA S S -
-1'0-1.0 -DI.S -Dl.ﬁ -DI.4 -ﬂl.2 D:D 0:2 0:4 0:6 0:8 1.0

v{VO} 0
v{Vs)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. What effect does the diode voltage drop have on this circuit, as
compared to a half-wave rectifier that does not use an operational amplifier? Why is this called
a Precision Half-Wave Rectifier?
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OPERATIONAL AMPLIFIER

EXPERIMENT 4.8

EXP 4.8 Precision Full-Wave Rectifier

Set up this circuit in the simulation program and on the proto-board.

LM741

| PRECISION FULL-WAVE RECTIFIER |

LM741
Vo

Use these Transient Analysis Limits.

ff Transient Analysis Limits

Run | Add | Delete | Expand... | Stepping... | F'ru:uperties...l Help... |
Time Range flcirns Bun Options m
b awirurn Tirme Step |4Dus State Varigbles m
Murnber of Points |51 ¥ Operating Point
Temperature ILinear j |2? ™ Operating Paint Only
M fwto Scale Ranges
# Ewpression | ' Ewpression | * Range | ¥ Range

P
mI=E] T

|vws1

|TM#3-><,TMIN,5 |1,-1,|12

mI=E] T

|wv|3]

|TM#3-><,TMIN,5 |1,-1,|12

mI=E] T

|u

|TM#3-><,TMIN,5 |1,-1,|12

Run the Analysis.

1.0
0.8
0.6}~
0.4}-
0.2}

0.0
-0.2
-0.4

-0.6

-0.8

-1.0




OPERATIONAL AMPLIFIER EXPERIMENT 4.8

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. What effect does the diode voltage drop have on this circuit, as
compared to a half-wave rectifier that does not use an operational amplifier? Why is this called
a Precision Full-Wave Rectifier?

Now use these D-C Analysis Limits.
fE DC Analysis Limits

Run | &dd | Delete | Expand... | Stepping... | F'ru:uperties...l Help... |
- Sweep
tethod Mame Range
Variable 1|aute x| [¥s | | [reaw
Variable 2 [None | [NONE =1 | HOKE
r Temperature Murnber of Points taxirmumm Change % —
Method Fange
|Linear =] |27 Lm —‘ |7|5
Bun Options INDrmaI "I M Auta Scals Ranges
P I # E wprezzion I Y E wprezzion I * Range I ¥ Ranhge
mEEL [ [+v0) [rvavazy [ivavoz
mMEWEL [ E [tvvozy  [reavozy

Run the Analysis.

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

05 FULL-WAVE TR + DC CIR

v{Vs)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. What effect does the diode voltage drop have on this circuit, as
compared to a half-wave rectifier that does not use an operational amplifier? Why is this called
a Precision Full-Wave Rectifier?
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OPERATIONAL AMPLIFIER EXPERIMENT 4.9

Exp 4.9 Closed-Loop Slewing Rate — Square-Wave Input

Set up this circuit in the simulation program and on the proto-board.

[CLOSED-LOOP SLEWING RATE]

[D-C POWER SUPPLY]

L

Use these Transient Analysis Limits.
B Transient Analysis Limits

Fun | Add | Delete | Er:pand...l Stepping...l Ploperties...l Help... |

Timme Range |2|:||ju Bun Optiohz Mormal vl

M aximum Tirme Step ID State Variables m

Murnber of Poirts |51 ¥ Operating Paint

Temperature ILinear j |2T-" [ Operating Paint Only

[~ &uto Scale Ranges
P | # Expreszion | ' Expreszion | ¥ Range I ' Range

mEEN T [iin] [ThexTMIN.ZD 127124 2
MEEN T [l [T TMIN 20 [r2v. 124 2
mEWEN T [0 [TMaxTMIN.ZD [12.424 2

Run the Analysis.
12. : : , , : ! .
10.—Vin / i ,’\-JCLO'SED-LO'OP SLEWING RATE] -

06A SR LM741 TR.CIR

= 20V/40us = 0.5 Vius

‘Ou_ 20.u__ 40u  60u  80u  100.u 120u  140.u_ 160.u_ 180.u_ 200.u

W{Vin) V{Vo) 0
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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OPERATIONAL AMPLIFIER

EXPERIMENT 4.10

Exp 4.10

Closed-Loop Slewing Rate — Sine-Wave Input

Set up this circuit in the simulation program and on the proto-board.

CLOSED-LOOP SLEWING RATE
SINE WAVE INPUT

LM741

15V

=15V

I||—||—..::

l‘lu‘+
L

V'“é_ f=10K

b-

C POWER SUPPLY]

A=10V

Use these Transient Analysis Limits.

FfH Transzient Analpsis Limits

Temperature ILinear j |2?
[T fwto Scale Ranges

Run | Add | Delete | Expand... | Stepping... | F'ru:uperties...l Help... |
Timz Range |1 nau Bun Options rormal v|
M axirumn Time Step |1 0dn State Variables  |Zarg v|
Mumber of Points |51 ¥ Dperating Point

™ Operating Point Only

P

¥ Ewxpresszion I

' Expression

I # Flange | Y Hange

MIEE [

I‘-a"[‘-.-"in]

|TM!—‘-.><,TMIN,1EI |1n,-1u,2

IEE T

|ku]

|TM¢-><,TM|N,1|J |1n,-1u,2

mIEIE [

|u

|TM!3-><,TMIN,1EI |1n,-1u,2

Stepping

TVINF | 281 LEVEL | 3

Here are the Stepping Settings.

|4: IE:

Step What Im

| 10K 50K

To i

Step Value |2

Step It
’VF Yes € Mo

kethiod

 Linear © Log ™ List

(

(

Farameter Type
¥ Component € Model

Run the Analysis.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.10

06B SR SINE WAVE TR.CIR VIN.F=10K...50K

: |~ ’ : : : : :

] : . [CLOSED-LOOP SLEWING RATE
- - SINE WAVE INPUT

———————————————

B

AL =50KHZ

-------------------------------------------

3d.u 4d.u
V{Va)
T

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.11

Exp 4.11 Closed-Loop Slewing Rate — Effect of Sine Wave Amplitude

Set up this circuit in the simulation program and on the proto-board.

CLOSED-LOOP SLEWING RATE
EFFECT OF SINE WAVE AMPLITUDE

W+ Y
15V ]P jL‘ =15V
Vi n(f; - -
T [D-C POWER SUPPLY]
Use these Transient Analysis Limits.
Run | Add | Delete | Expand... | Stepping... | F‘n:upertiea...l Help... |
Time Range |5|ju3 Bun Optionz Karmal vl
t awirnurn Time Step |1 00n State Yariables Fero vl
Mumnber of Paints |51 ¥ Operating Point
Temperature ILinear ﬂ |2F" [T Operating Paint Only
[ &uto Scale Ranges
F I * Expreszion | ' Expreszion I * Range | ¥ Range
MEE T [evin] [TMac TMIN Bu [10 102
MEMEI T [rtve) [T THIN B [10.10v.2¢
MEMEI T [0 [TMes TMIN B [10 102
Here are the Stepping Settings.
1INA | za1evel] 2 |« s s |7 e |@
Step'what  |EIR j I.-’-'-._
List |1 A0
Io f&iK.
Step Walue Iz
Step [t——— b ethod FParameter Type
’Vﬁ' Yez € Mo ’Vr' Linear € Log @ List ’Vﬁ' Companent

Run the Analysis.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.11

06C SR SINE AMPLITUDE TR.CIR VIN.A=1...10

_____________________________________________

——————————————————————————————————————————————————————————————————

--------------------------------------------------------------------------------------

-----------------------------------------------------------------------------

15.u ) 3 ) ) 3 50.u

v{Vin V{Ve)
¥{Vin} .

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.12

Exp 4.12 Square-Wave Oscillator 440 Hz

Set up this circuit in the simulation program and on the proto-board.

R1 |[SQUARE-WAVE OSCILLATOR|
10K

I

C1= i i

100nF | vl Las
Y Sy ‘l ‘;L
R2 10K
10K [D-C POWER SUPPLY]|

Use these Transient Analysis Limits.
FH Transient Analysis Limits

Fun | Add | Delete | Expand... | Stepping... | Properties...l Help... |

Time Range Bms Bun Options Nomal -]

t awimum Time Step i StateVariables  |Zemn =]

MHurnber of Paints a1 I~ Operating Paint

Temperature ILinear j |2? I~ Operating Paint Ol

I~ &uto Scale Ranges
P | = Enpression I ' Expression | * Range I Y Range

LIEI T vc) [Thax THIN 50 [16.16,2
ME =g [/ [TMAKTHIN _ [16.16.2
mEl =g [@ [TMAXTMIN 16162
ME =g fiit+) [TMEXTMIN [16-16.2
MEEl T [ [TMAXTMIN 16162

Run the Analysis.
1% 07A SQUARE WAVE OSCILLATOR TR.CIR
14: ________ — 4‘____V+_JI ______ T P A——— R— EE— I

‘P IR N S R AN S S R
10. Vo e =440 Hz . .

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Compare the frequency with the expected value as given by
the equation f=1/[2¢R1C1°In (3)]
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OPERATIONAL AMPLIFIER EXPERIMENT 4.13

Exp 4.13 Square-Wave Oscillator 680 Hz

Set up this circuit in the simulation program and on the proto-board.

R1
10K [SQUARE-WAVE OSCILLATOR]
V-
[ _ __‘U’o v v.
C1f T LMT41 15wl l 15
100nF il R3 l l
A = =
R2 ESK 10K [D-C POWER SUPPLY]

Use these Transient Analysis Limits.

F Transient Analysis Limits

Fun | Add | Delete | Expand... | Stepping... | Properlies...l Help... |
Time Range |5m3 Bun Options m
Maximum Time Step |5u3 State Variables m
Murmber of Pairts 51 [ Operating Paint
Temperature ILinear j |2? I Operating Point Only
I™ Auto Scale Ranges
# Expression | " Expression | #* Range | Y Range
|V[C1] |TMA><,TMIN,50 |15,-1 2
|vrvm |TMA><,TMIN |1s,-1 £.2
|g |TMA><,TMIN |1s,-1 6.2
[7+) [THE THIN - [16.16.2
mENE |1_|T 7o) [TMex TMIN - [16.16.2

Run the Analysis.
16. . . OTBI SQUARE WAVE F)SCILLATOR TR.IE:IR
14, - B A prm—

T ot T e o e s . I
10. : - P E R S SECEE -

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the

oscilloscope with the simulation.

Compare the frequency with the expected value as given by the equation
f=1/[2*R1*C1In(1+2*R2/R3)]
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OPERATIONAL AMPLIFIER EXPERIMENT 4.14

Exp 4.14 Square-Wave Oscillator 300 Hz

Set up this circuit in the simulation program and on the proto-board.

R1
10K [SQUARE-WAVE OSCILLATOR)
V-
’_ -
J_ —ovo v+ Y-
c1t U
100nF | LM741 15V 5
- R3 1]
N = =
R2 EZOKWK [D-C POWER SUPPLY]
Use these Transient Analysis Limits.
M Transient Analysis Limits
Fiun | Add | Delete | E:-:pand...l Stepping...l Ploperties...l Help... |
Time R ange Sms Bun Options Narmal hd
Maximurn Time Step Bz State Wariables Zera Rl
Murmber of Paints a1 I~ Operating Paint
Temperature ILinear j |2? I~ Operating Pairt Only
I~ Auto Scale Ranges
P| * Expression I " Expression | * Hange | % Hange
mELI= T ED [THex TMIN 50 [16.16.2
mI=E T [V/0) [THARTHIN _ [16.16.2
E [THaxTMING - [16.16.2
MEEI T [t [TMETMIN, [16.16.2
mE=ME T V73 [FMExTim [16.16.2
Run the Analysis.
16 07C SQUARE WAVE OSCILLATOR TR.CIR
14: ,,,,,,,,,,,,,,,,, JI,,,,'\H',J ,,,,,,,, R [A— [A— E—— R E— P
12}t S R LR
10} R Rl Ghoh CTLEERES £=206 Hz 4 f4--------
R o/ R I SRR
L e e E e i IR bl EEEEEEEEE
L R AEEEEEEE il R Rl T bbb AR h AR R
) SRR S Y R 3 N SN N S
0. r " r r "
I3 A A J ,,,,,,,, S L ,,,,,,,, [ [ . G J ,,,,,,,,
Sl N T e T T
Sl J___.____A:________L________L____I___L________I________JI__. S L
-10. ﬂ|SQUARE-WAVE OS(;ILLATQR|____.ﬂ:___._...1: ________
A2 hh R R R EEE R oo e RREEbE SR bbb
':g' """" —_— —_—
“Y'0.0m 05m 1.0m 1.6m 2.0m 2.5m 3.0m 3.5m 4.0m 4.5m 5.0m
VIV a
V{V+) V{V-}

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.
Compare the frequency with the expected value as given by the equation

f=1/[2*R1*C1In(1+2*R2/R3)]
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OPERATIONAL AMPLIFIER EXPERIMENT 4.15

Exp 4.15 Pulse Generator

Set up this circuit in the simulation program and on the proto-board.
D2 R4
—H— 80K
R3 [PULSE GENERATOR)|
+— —wy10K
D1

V-

Vo

C1~ LM741

100nF |

15V]£

|||—||—ol<

[D-C POWER SUPPLY]|

Use these Transient Analysis Limits.

Add | Delete | Expand... | Stepping... | Properties...l Help... |
Time Range 26z Furn Options Narmal -]
I amimum Time Step i State Vanables  |Zern -
Mumber of Paints [ [~ Operating Paint -
Temperature ILineal ﬂ 27 I~ Operating Paint Only
I~ Auto Scale Ranges
P I # Expression | ' Expresszion | * Range | ¥ Range
MEE | [ED [THaR TN [16v.16v.27
MEEE fvivo) [TMEXTMIN [16v-16v.2v
mEE T [o [THECTMIN. [16v.16v.27
mE El R [TMascTHIN . [T6v-16v.27
MEEl | [ [ThesTHIN [16v16v.2¢

Run the Analysis.
16 08 PULSE GENERATOR 10% TR.CIR

" |PULSE GENERATOR| """~

po i f = 87 Hzon

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Compare the duty cycle with the expected value. Compare
the frequency with the expected value. Hint: modify the equation given in Experiment 4.11
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OPERATIONAL AMPLIFIER EXPERIMENT 4.16

Exp 4.16 Linear Triangular Wave Generator

Set up this circuit in the simulation program and on the proto-board.

o vosq C2
10K —]
LM741 V- v+ V-
A 1 1
ol Ly i
100nF | £ 4
= R3 :
L e [D-C POWER SUPPLY]|
R2 10K
10KT |LINEAR TRIANGLE WAVE GENERATOR|

Use these Transient Analysis Limits.
B Transient Analysis Limits

Run | Add | Delete | Expand... | Stepping... | Properties...l Help... |
Time Range iz Fiun Options Mormal hd
b amirnum Tirne Step i State Wariables  [Zema -
Murber of Paints 51 [~ Operating Paint -
Temperature ILinear j 27 [~ Operating Paint Orly
[~ &uto Scale Fanges
P | # Ewpression I 't Expression I * Range | ' Range
MENE |1_|T [revasy [Tax.TMING. " [16.16.2
MENE |1_|T [revaTR) [Ta TN [18.16.2
MENE |1_|T [o [THisTMIN - [16.16.2
|_ |1_|T [f#e+) [THzTMING - [16.158.2
|_ |1_|T [t [THisTMIN - [16.16.2

Run the Analysis.
18 09 TRIANGLE WAVE IOSCILLAITOR TR.(".‘IR

T T T
T
1 4 X L _______L________| L
- ' " ' '
| ' i | '

12. ; T e T T B i
10. \ (RN TN R S

vgvosdl ' ' VVOTR}
WiV W{V-}

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. Compare the frequency with the expected value. Compare the
amplitude of the triangular wave with the expected value.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.1/

Exp 4.17 Wien Bridge Oscillator

Set up this circuit in the simulation program and on the proto-board.
RF

R4

| WIEN BRIDGE OSCILLATOR |

LM741

. Vo
c2 [D-C POWER SUPPLY]|
Al
El
10K 10n l‘“ l"‘

Use these Transient Analysis Limits.

Time Range |2I:Im$ Run Options m

M awiroumn Tire Step |2I:Ius State Variables m

Murnber of Paints |51 ¥ Operating Point

Temperature ILinear j |2?‘ [T Operating Point Only

[T Auto Scale Ranges
P I ¥ Expression | ' Expreszion I * Range I Y Rahge

[ [v/o) [Mast TMINZm [15.155
mEME T [0 [Max TMIN 2e [15155

Run the Analysis.

08 WIEN BRIDGE OSCILLATOR TR.CIR

15. : :
NN R
LR e e ettt Aol it iR IR
e e taaemt
0 -,,.nuﬂ
I L S S B I L
B
; b fubrdugnt
'15'0.m 2.m 4.m 6.m &Em 10m 12m 14m 16m 18m 20.m
V{VO} 0
T
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OPERATIONAL AMPLIFIER

EXPERIMENT 4.1/

Change the Transient Analysis Limits to this.

Run I Add | CDelete | Expand... | Stepping... | F'mperties...l Help. . |

Time Range IEDms Bun Optiohs Marmal vI

M axirurn Tirme Step IEDus State Variables  |Zarq j

Mumber of Paints |51

Termperature ILinear j |2? g Point Oy

[T &uto Scale Ranges
P | * Exprezsion | Y Exprazsion | * Hanage | Y Hanage

MEEIF T [eeny [20m, 18,0 25m [15.15.5
MEEL T [0 [20m.18m.0.25m [15.15.5

Run the Analysis.

15 08 WIEN BRIDGE OSCILLATOR TR.CIR

13, 18.00118.25m 18.50m 18.75m 19.00m 19.25m 19.50m
Left Right Delta

V(VO) 0.2 0.2 0.0

0 0.000 0.000 0.000

T 18.85m 19.52m 0.67m

19.75m 20.00m
Slope
4.635E01
0.000E00
1.000E00

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation. On the simulation analysis, use the Cursor Function (F8) to
measure the period of the waveform. From the period calculate the frequency of oscillation. In
this example the period T = 0.67 ms, so fosc = 1/T = 1.5 kHz. Compare this with the results
shown on the oscilloscope for the actual circuit. Then compare these results with the expected

value of

fosc =1/ [ 2 T ‘/(R1R2C1C2)]

If R1 = R2 and C1 = Cz, as in this circuit, this equation becomes

fosc:1/[2' T * Rl’Cl)]

The condition for oscillations to occur is that

RF / R4 > (R1/R2) + (C2/C1)

For this circuit this becomes Rr / R4 > 2, so that if R4 = 10 KQ, then Rr > 20 KQ.
Verify this requirement in the simulation and in the actual circuit by reducing the value of Rr

until oscillation ceases.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.18

Exp 4.18 Peak Detector

Set up this circuit in the simulation program and on the proto-board.

PEAK DETECTOR

LB L v [
N+ 15V -15
ve ﬁyﬁ/ﬂ C1 T R12100K l l

ol
A

|[D-C POWER SUPPLY]|

Use these Transient Analysis Limits.

[ Transient Analysis Limits

Run | Add | Delete | E:-:panu:l...l Stepping...l Pru:uperties...l Help... |

Time Range |8E|Dms Bur Options Marmal ‘I
M awimurn Time Step |EI,5ms State Variables ZEro "I

Mumber of Points |51 I Operating Point
Temperature ILinear j |2F" ™ Operating Paint Only
[T &uto Scale Ranges

F | ¥ Enpression I Y Expression I * Range | Y Hange

E=E T [45) [TMAXTMIN. [0
mElEN T [eaa) [TMERTHIN  [7o.0.1v

Here are the Stepping Settings.
Ff Transient Analysis Limits

Add | Delete | E:-:panu:l...l Stepping...l Prnperties...l Help... |

Time Range f800ms Bun Dptions m
arirum Time Step IEms State Variables m
Mumber of Paints |51 I~ Operating Point
Temperature ILinear j |2? [~ Operating Poirt Orily

[T Auto Scale Ranges

* Ewpreszzion | Y Expreszzion | ¥ Range | Y Range

i
miSE T [s) [T THIN 1O [7.0.1
mEMME T [v1v0) [T TMINTO [Fr.01

Run the Analysis.

67



OPERATIONAL AMPLIFIER EXPERIMENT 4.18

10 PEAK DETECTOR TR.CIR C1= 100n .100u

T- T T

PEAK DETECTOR ; |
6.L-- LM741 | IS S

R1=100 K : |

"0.m 100.m 200.m 300.m 400.m 500.m 600.m 700.m 800.m
VVS) V{VO)

Modify the Transient Analysis Limits to show the “steady state” response in the region from
600 ms to 800 ms.

fH Transient Analysiz Limits

Add | Delete | Ewxpand... | Stepping... | F'mperties...l Help... |
Time Range IEDDm& Bun Options Marmal "I
M aimum Time Step IEms State Variables  |Zerg 'I
Murnber of Points |51 [T Operating Point

Temperature ILinear j |2? ™ Operating Paint Only

[T Ao Scale Ranges

¥ Ewprezsion ' Expression ¥ Ranhge Y Rahge

I_I [vs) [F00ms 600 1 [rv0v
_I_lT [0 [E00ms 600ms. 1 [F7.07v

Run the Analysis.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.18

7 10 PEAK DETECTOR TR.CIR C1=100n...100u
PEAK DETECTOR :
o LM741
R1=100K

700.m

V[{VO)

Test the circuit and observe the results on the oscilloscope. Compare the results as seen on the
oscilloscope with the simulation.

The decay of the output voltage versus time is given by

Vo(t) = Vs -S_t/( R1-C1)

Compare the output voltage level on the oscilloscope at the end of the decay time of 90 ms to
the expected value.
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OPERATIONAL AMPLIFIER EXPERIMENT 4.19

Exp 4.19 Band-Pass Amplifier

Set up this circuit in the simulation program and on the proto-board.

3 IIi:l.ﬁr'lF
i BAND-PASS AMPLIFIER |
RS E40K
. v+ v
R1 c2 V- )
Vs é 23K TEEH_F‘ Vo 13“i i'“
' W Lmrat L -

R4 =100

|[D-C POWER SUPPLY]|

Use these A-C Analysis Limits.

Frequency Range ||1 QK100 Bun Options Marmal vI
Mumber of Pointz |51‘| State Variables Fern vI

Temperature ILinear j |2? Frequency Step Log -
M awirmum Change % |5 ¥ Operating Point
Maize [nput |N|:|NE ™ Auto Scals Ranges
MHoize Output |2
F | # Expreszion | Y Expression | * Range I Y Range
mMEEE T [reimn [FMEXFMIN - [100.05

Run the Analysis.
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100 11 BAND-PASS FILTER AC.CIR

-----------------------------------------------------------------------------------------

' 1 1 1 1 1 [ 1 1 1 1 1 1 [

90 ——————————————————————————————————————— R B e B T R e B R -+ -
' 1 1 1 1 [ 1 1 1 1 1 1 [

! I 1 -
] ! 1 [ [ [y [ 1 1 ! [ [ o

30 A N U N Y Yy R L
. T I i I T T [T T 1 I i i [
1 I 1 1 1 1 1 [

--------------------------------------------------------------------------

{071 SRR SUVURIOUUOIS SSNPRUOIYS DIPROUD SR SUOID IR NS SISO UL JUOLpRUIpIOtD URUpS SRV SOOI SIS S

_________________________________________________________________________________________

f 1 | 1 | T 1 | | I 1 | [T

|7 0 ) Y R —— Lo doooomooao oo v d M _L_____ (U S N Y E
. 0 h i 1 i T i i 0 ! h i T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 r - 1 -
1 1 1 1 1 1 { 1 1 1 1 1 1 1 1 1

Y37 s U U 2 |8 s S PR P &
1 1 1 1 1 1 1 1 1 1 1 1

_________________________________________________________________________________________

20/ | BAND-PASS AMPLIFIER |- (b X -0 0oy
30. : : i

20.
10.

0

_100 1 1 1 1 1 1 L 1"\( 1 1 1 1 1 1 1 |10K
VIVO}

Find the maximum gain and the frequency at which the gain is a maximum for the actual circuit.
Compare the results with the simulation.

Compare the results with the expected values. The expected values for the maximum gain and
the frequency at which the gain is a maximum are given by

fo = fwax = ¥ [Gs(G1+G4)/C2C3] /(2 * )
Avmax) = - (Rs/R1) » C2/(C1 + C»)

If C2 = C3 = C, then these equations become

fo =fmax = V[Gs(G1+G4)] [(2emeC)

Avivax) = - Rs/ (2 * R1)
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OPERATIONAL AMPLIFIER EXPERIMENT 4.20

Exp 4.20 Bandwidth of the Band-Pass Amplifier

Use these A-C Analysis Limits.

Frequency Fange 1.2k, 800 Bun Options Moarmal hd

Mumber of Paints 511 State “ariables Zera hd

Temperature ILinear LI 27 Erequency Step Lag -

bd axinnurn Change = 5 I+ Operating Paint

Moise lnput MNOME I Auto Scale Ranges

Moize Output 2

P I > Empresszion I " Empresszion I > Range I ' Hange I

[ IF [rval [FrescFriNT - [100.0
=] G [E5E [Frase<Frin [1o0.0

The line at the value of 68.6 is at the maximum value of the gain divided by V2.

Run the Analysis.
100.

11A BAND-PASS FILTER BW AC.CIR

20.f--mem e S ARECEEEEEE  ALREEEEEEEE i S ECRRECEEEEEE

| BAND-PASS AMPLIFIER |

0

"0.80K 088K 0.96K 1.04K 112K 120K

Vivol 63.6
F

Test the circuit and find the two frequencies at which the gain is below the maximum value by a

factor of '\/2, and from that determine the bandwidth. Compare the bandwidth with the
simulation.

Compare the results with the expected values. The expected values for the bandwidth is given
by

[Gs(C2+C3)/(2 eteCoe C3)
If C2 = C3 = C, then these this equation becomes

1/(m+RssC)

72



EXPERIMENT 4.21

73

Three-Pole Butterworth Low-Pass Filter

Set up this circuit in the simulation program and on the proto-board.

OPERATIONAL AMPLIFIER

Exp 4.21
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This is with the output voltage, Vo on a linear scale.




EXPERIMENT 4.21

Now use these A-C Analysis Limits to display Vo on a logarithmic ( decibel) scale.

OPERATIONAL AMPLIFIER
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Here is a close-up view of the region near the — 3 dB frequency (also known as the half-power
74

frequency).

The decibel values are given by Vo(dB) = 20 ¢ Logio(Vo/Vs). When Vo is down by a factor of
1//2, the decibel value of the gain is - 3 dB.
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12A 3-POLE BUTTERWORTH LPF AC.CIR

3.0

4.0

5.0

6.0

-7.0
-7.6

2K ' ' ' 10K 20K
db{V{Vo}) 3
F

Find the —3 dB frequency on the actual circuit and compare it to the simulation value, and to the
value obtained from the equation

f(3dB)=1/(2+T+R+C)
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EXPERIMENT 4.22

Exp 4.22 Slope in the Stop Band

Find the slope of the roll-off in the stop band and compare it to the expected value for a 3-pole
filter of 3 « 20 dB/decade = -60 dB/decade which also corresponds to 3 « 6 dB/octave = -18 dB/
octave, where an octave is a 2:1 frequency ratio. Do this on the simulation using these analysis

limits
Frequency Range I5EIK,1 0K, Bun Options Marmal 'I
Mumber of Pointz |5‘| 1 State Variables Femn vI

Erequency Step I,-_\ut,:, vI

¥ Operating Point

Temperature ILinear j |2?

1

M aximurn Change 2

Moize Input |\.,."3 [T Auto Scale Ranges
Maize Dutput |v.:.
P | # Expreszsion I Y Empreszion | * Range I Y Range
mE=EE T [dervtol] [FMEXFMIN [0.-405
NEl = =G E [FMEFMIN_ [0.405

to get the graph as shown below. Use the cursor function (F8) to measure the transfer ratio at

20 kHz and at 40 kHz as shown below.

0 12A 3-POLE BUTTERWORTH LPF AC.CIR
. ; : I
3] e - -
T e , --------------- { -----------
- R S 1 ___________
20.0K-18.4 ! |
151 7 N, s f ...........
L —————— e S
30, b o o 1 -----------
135, - A — ; 4D.DK,-36.3F ...........
~40-ToKk ' ' 50K
Left Right Delta Slope
db{V(Vo)) -18.4 -36.3 -18.0 -8.988E-04
3 3.0 3.0 0.0 0.000E00
F 20.0K 40.0K 20.0K 1.000E00

Make corresponding measurements on the actual at 20 kHz and 40 kHz, to find the slope of the

roll-off and compare results.
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Experiment 5.1 Chaos in nonlinear systems

Background:

The theory of nonlinear dynamical systems and Chaos is an intriguing area of mathematics that has
received considerable attention in the recent past largely due to our ability to now analyze and describe
chaotic behavior that for instance can result from the simplest of iterative maps based on basic algebraic
equations. Evidently, nature’s complex patterns of behavior can sometimes be described by simple
equations running in chaotic mode and possibly leading to observed Fractal patterns. The theory of Chaos
has found applications in a wide range of areas from multi-level pseudo-random sequences that may be
used in communications and Radar applications to reconfigurable logic gates. It turns out that simple
thresholding of inputs and outputs of some basic Chaotic systems can lead to familiar logic behavior on
binary inputs leading to familiar logic gates. We note that the fundamental system remains Chaotic, it is
only when thresholding is applied that the logical pattern of behavior emerges.

Some of the Navy's highest priorities, such as improved communications, increased bandwidth, improved
sensors, and more effective countermeasures for dealing with improvised explosive devices, are currently
being addressed by nonlinear dynamics technology.

One application example in NAVY is a nonlinear sensor for magnetic detection. For this application, a
variant of stochastic resonance is applied in the design of a nonlinear fluxgate magnetometer to detect the
metal in objects that range in size from guns and rifles to the hull of a submarine.

Yet another application of the theory is in design of nonlinear filters to deal with interference and
multipath in submarine communication systems. A submarine's ultra high frequency satellite
communication (UHF SATCOM) antenna is constrained by the size of the submarine mast and must
operate a few inches above the ocean surface where sea states can create dynamic multipath reflections.
In addition, UHF SATCOM channels are frequently unusable due to in-band, co-site narrowband
interference. For this application, a nonlinear adaptive filter is designed to remove both the interference
and multipath signals, thereby increasing the number of usable UHF SATCOM channels while
maximizing the data rate.
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The Experiment:

The basic ideas of bifurcation and chaos can easily be demonstrated in a simple laboratory experiment
with a diode providing the basic nonlinear map. A simple circuit consisting of an inductor, resistor, and
diode exhibits chaotic behavior even if the input driving voltage is periodic:

Resistance Inductance
A R A SR
Oscillator Diode 7~
-

The circuit parameter values for this experiment are as follows:
e Resistance: 200 €, 5% tolerance (if not 5% it is O.K.)
e Inductance: 25 mH
e Diode: any silicon diode would do (e.g., IN..)

The diode exhibits two capacitive effects, one due to charge in depletion layer denoted Junction
capacitance Cj, one due to time dependence of the injected charge across the depletion layer under
forward bias denoted diffusion capacitance of Cd. These are usually modeled as being in parallel but C;
dominates under reverse bias while Cq under forward bias.

The diode's capacitance in conjunction with the resistive and inductive circuit elements produce an RLC
resonant circuit. When the driving potential is tuned to this resonance frequency the diode potential
exhibits bifurcation as a function of the amplitude of the driving potential.

Experimental Procedure:
1. Setup the circuit shown above on a breadboard. The power supply should be set to 1 KHz

sinusoidal AC, initially at 100 mV Peak to Peak (PP). All measurements in the rest of this
experiment will be based on PP voltages. Make sure the AC signal has no DC level (DC offset
should be zero);

2. Attach the oscilloscope channel-1 probe across the diode and increase the frequency until the
voltage across the diode is maximum. That frequency is the circuit resonance frequency. Record
this frequency;

3. Decrease the frequency from resonance until the output is 0.707 of maximum value at resonance,
call this frequency fi. Next increase the frequency above resonance till the output is again 0.707 of
the maximum value at resonance, call this frequency fu. The RLC bandwidth is (fu-fi). Finally,
set the frequency to the value at resonance and for the rest of the experiment, keep the frequency
at this level;

4. Attach the oscilloscope channel-2 probe across the source. You will be measuring the PP voltage
at the input and output (across the diode). It is the plot of the PP voltage at output versus input that
shows Bifurcation which is characteristic of Chaotic systems. A typical plot after measurements
may look like this:
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5. Increase the input voltage amplitude from the 100 mV PP level in increments of 200 mV PP and

measure the PP output voltage across the diode. Typical pictures that identify various Bifurcation
levels are shown below.

The First level Bifurcation sample picture is shown below (occurs at input of about 1.8 V PP):
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To measure the bifurcation levels, use the guide below:

The 2" level bifurcation picture and the corresponding levels is shown below (occurs at input voltage of
about 4.8 V PP):
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The Third level Bifurcation (occurs at input voltage level of about 5.6 VV PP) may not produce a steady
single trace picture. Nonetheless, it is possible to clearly identify splitting of the levels to produce 8
potential levels. The lowest level is very near zero. The other low levels show up as dips whose
amplitudes define the levels. The top and bottom part of the trace are shown separately for better clarity
on the level splitting:
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At onset of Chaos (occurs at input voltage level of about 6.2 VV PP), blurring of the levels occur as shown
below. The top and bottzg_m of the trace are shown separately for clarity:

-
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At deep Chaos, the levels can be all over the place:

Analysis:
The circuit equivalent of the diode under Forward Bias (FB) and Reverse Bias (RB) when inserted into
the overall circuit diagram leads to the following configurations:

& i L |
T I T _
I
TO R TUR 10 RS
L L
(a) Diode forward bias. (b) Diode reverse bias.

Under FB, the diode behaves like a constant voltage source with voltage level V¢, while under RB it acts
like a capacitance of value Cj. Analysis of the circuit under FB with sinusoidal excitation leads to the
following; from KVL under FB we get:

dl
LE + RI =V, sin(wt) + V;
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The solution of this differential equation yields:
V. V,
I(t; A) = z—ﬂcos(mt— 6) + Ef—I_ Ap-R/L

Where, Vo is the peak amplitude of the input sinusoid, & = tan™* (":TL) Za is the forward bias

impedance given by Z_ = +R? + w?L? and A is a constant to be determined from initial conditions. The
KVL under RB condition gives:

d2I+Rcﬂ+ "I = V,w sin(wt

g2 TR Tl = Vewsin(wn)

]
The solution to this equation is given by:

L

V -5
I(t: B, @) = Z—ﬂ cos(wt —8,) + Be F/2 cos(w, t — @)
b
Where, B and ¢ are constants to be determined from initial conditions and

L(w?® — w?) .1 . . R _
6, =tan™ | ——— 2, wi=—, w,’=w:—(—)?
b ( Rew ) o LC} b o (ELj
e
Eb= |R‘+R2(w‘—m;]
N

These equations hold valid when the diode drive current is not very large. The nonlinear behavior that
leads to Chaos arises due to the fact that the diode cannot switch from FB to RB and vice versa
instantaneously and indeed the diode continues to conduct for a period of time t after the instant of
switching. This recovery time is actually dependent on the magnitude of the forward current in the diode
|1, | and is given by:

= Tm[l _ e—|fm|.-"f|:-]

Where, 1,,, and I are constants that depend on the diode in use.

The figure below illustrates the mechanism of first Bifurcation:

—

(n-1) Cyele n-th Cycle I (n+1) Cycle

.

WO ) )
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When the circuit is operated at the resonant frequency, some reverse current will flow through the diode
in every reverse bias cycle due to the finite recovery time of the diode. If the peak current |Im| is large in
the conducting cycle (interval ‘a’), the diode will turn off with a certain delay (interval *b’) due to the
finite recovery time and so will allow a current to flow even in the reverse-bias cycle. This reverse bias
current, in turn, will prevent the diode from instantly switching on in the forward bias cycle and the diode
will turn on with a delay (interval “c’). This will keep the forward peak current smaller than in the
previous forward bias cycle, hence leading to two distinct peaks of the forward current. Since it takes two
cycles of the driving signal in this process t get back to the initial scenario, we identify this as a period-
doubling bifurcation. As the input is further increased, another period doubling Bifurcation occurs and
now four possible current levels can exist in the diode. This process continues until Chaos where a
multitude of levels are possible.

Calculations and Results:

1. From measured resonance and upper and lower frequencies determine the RLC quality factor Q

. _ fﬂ
givenby @ = (fu—rD)

walo
R )

and compare the value to the theory given by @ =

. . . . 1
2. From the measured resonance frequency, determine the junction capacitance from w, = —;
T

3. Plot the Bifurcation diagram (i.e., PP output versus input voltage) up to the edge of third
Bifurcation as shown in the figure above;
4. From two measured recovery times after the first Bifurcation, determine the constants z,,, and 1

for the diode you are using.
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