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Record all your measurements and write all your answers in the boxes provided.

Preliminary Work

1. First IF Amplifier

1. An RF amplifier can be built using a BJT. Refer to the circuit given in Fig. 1. TRC-11
uses two of such amplifiers. The values of the resistors and capacitors should be calculated

as described below.

Figure 1: Schematic of an RF amplifier using a BJT.

2. BJT to be used is KSP10, an NPN transistor. Take a look at its datasheet given in 344.
It is a high-frequency transistor. B (or hrg) of the transistor is a minimum of 60. Once
the operating point (collector current, I¢, and the collector-emitter voltage, Vog) is set,
the values of the bias resistors can be calculated as follows:

Voo —Vee _ Vec —VeE
s Ic+Is =~ Io @
_Vee—Vee _ ,Vor—08

where we assumed Vpg = 0.8. For the first amplifier, calculate the values of resistors,
Rso = Ry and Rs) + Rs2 = R. + Ry, choosing a DC operating point of I a value in the
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range 2 mA to 8 mA and Vee=Vcc /2. The operating voltage Vo is chosen to be half the
supply voltage to provide a maximum voltage swing at the collector. Choose Vgc=12 V.
Take =110 for the purpose of this calculation. Choose Rsz = Ry in the range 22 to 56 Q.
Then find the value of R, from Eq. 1. Similarly, determine the value of Ry from Eq. 2.
Select the resistors by rounding the numbers to the closest standard resistor values: 1,

1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 3.9, 4.7, 5.6, 6.8, and 8.2.

3. The DC block capacitor, Ci, at the input is used to block DC voltages from affecting the
base voltage of the transistor. It value should be large enough so that there is no AC

voltage drop across it. Its value can be found from

10
CL>—5— 3
1 27rf0|Zin| ( )

where fp is the operating frequency of 15 MHz. Assume |Z;,|=50 Q and find C50=C}
from Eq. 3, with all variables in MKS units. Round its value to the standard capacitor
values: 1, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 3.9, 4.7, 5.6, 6.8, and 8.2.

4. The power supply bypass capacitor, C2, and the resistor, R;, forms a low-pass-filter. They
are used to to provide a clean power supply voltage to the amplifier. Choose a corner
frequency f; at least 100 times smaller than fj.

1
Ziadm fiR (4)

Choose C5;=C5 using the standard capacitor values.

5. Repeat the procedure for the second IF amplifier. For the second amplifier, choose I¢ in
the range 5 mA to 10 mA (higher than the first).

First amplifier: Ic= 3 3¥mA Vee= 6\
Rs0= | 50L O Rs1= 45k Rse= L4601

Cso= 2,2 AF Cs1= 63nF

Second amplifier: Ig= %,2mA Vee= 6\
Reo= 4 QL L Rgi= 6 0¥ Rga= 390
Coo=7 1nf Ca= G30F

[1.5. GRADE: i

6. The gain of the BJT amplifiers can be calculated using LTSpice. SPICE model of the
KSP10 is given as

.model KSP10TA NPN(IS=1E-11 ISE=70e-11 NE=2.5 VAF=100 BF=110
+ NF=1.3 IKF=0.065 NK=0.45 XTB=0 BR=3 CJC=1.56E-12

+ CJE=2E-12 TR=50e-9 TF=1.85E-10 ITF=0 VTF=0 XTF=0

+ RB=42 RC=.3 RE=.2 Vceo=25 Icrating=100m mfg=0nSemi)
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Place these lines in LTSpice as a SPICE directive. Define the NPN transistor’s “Value”
(seen after CTRL-right click on the transistor) as KSP10TA (the same label used in
the model statement). Enter the schematic of the first amplifier in LTSpice using the
calculated values of components. Determine the DC voltages Vor and Vpg using “DC
opt pnt” analysis.

7. Determine |Z;n1| of the first amplifier at 15 MHz by connecting an AC current source of
unity magnitude and performing a small-signal AC analysis. The voltage of the current
source gives the input impedance, |Zin|. Change the default display of the y-axis to
“Bode/linear” to read the magnitude of the impedance (specified in V). Refer to Appendix

on LTSpice Tutorial on page 399.

8. Determine the small-signal gain, |v,1/vin1|, in dB at 15 MHz also by using small-signal
AC analysis. You should define an AC wvoltage source of unity magnitude at the input
with a series source resistance of 50 . (The signal generators at the lab has an internal
source resistance of 50 2.) Place a 20 pF capacitor to ground at the output to simulate
the probe capacitance of the oscilloscope (to be compared with measurements later). Set
the y-axis to its default: “Bode/decibel” to read the gain in dB.

VCE'1= 1,3(\/ VBE1= O (06\/
|Zin1l= (2, 6,30 [vor/vinilas= 2O $3 403

[1.8. GRADE: |

2. The second IF Amplifier
1. Repeat the LTSpice simulations for the second amplifier.

Vegz= é33’~v VBE2= .63V
|Zin2|= 92,32+ |vo2/vin2la= 35 .3 B

[2.1. GRADE: |

2. Connect the second amplifier’s input to the first amplifier’s output. Determine the input
impedance, the gain of the first amplifier and the overall gain in dB at 15 MHz. Note that
the input impedance and the gain of the first amplifier is not the same as that determined
when the amplifier is stand-alone. The reason is that the output load impedance of the
first amplifier is changed. The input of the second amplifier is loading the output of
the first amplifier, reducing the gain of the first amplifier and also changing the input
impedance. The input impedance of a BJT is influenced by the load impedance at the
output, especially at high frequencies. At very low frequencies, the input impedance does
not get affected by the output load.

|Zintl= 63.7529L |vo1/vintlap= 20.3 4 db

Overall gain: |’U02/'Uin1|dB= 55 -0 3 d@
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3. [2.3. GRADE: ]

Experimental Work

1. IF Amplifiers
1. The first RF amplifier circuit to be built is the first IF amplifier.
A schematic diagram of the first IF amplifier is given in Fig. 1. Mount the three leads of

TBD
JR51 G}
2TBD C52
s
8 1
ARS0
$TBD P51
Ci0 25
el St :
TBD
GND

Figure 2: Schematic of the first IF amplifier.

Designator | Comment | Description

C52 10 nF Capacitor, ceramic disc, 50V
C53 10 nF Capacitor, ceramic disc, 50V
Q50 KSP10 NPN Bipolar transistor

Figure 3: Bill of materials for the first IF amplifier

the transistor Q50 (KSP10) watching the orientafio CB (e: Emitter, b: Base,
c: Collector) and solder it.@ néed to look at the datashee
in the textbook. Some datasheets that can be found in internet shows the emitter and

collector leads swapped, resulting in non-functioning circuit.
Do not push the transistor too hard into the holes. Clip the extra leads at the back side.

2. Mount and soldexgy& This is a supply bypass capacitor.
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3. Using the chosen values collect the resistors R50, R51, R52, and the capacitors, C50, C51.
Measure the resistors and capacitors before you mount them. Note that the capacitors

4. Solder a clipped resistor lead between the GND terminals ‘(z\zt"the-right of-C50) for a
convenient GND connection later.

5. Solder bent resistor leads at the test points, TP50 and TP51.

6. Second IF amplifier is to be mounted next. A schematic diagram of the second IF amplifier
is given in Fig. 6.

vee
AR42
2TBD
Lo
T8D
o ke
2TBD
AR&0
2TBD TP41
Céd
I Qe
1 4 KSP10
TBD

Figure 4: Schematic of the second IF amplifier.

Designator | Comment | Description

C66 10 nF Capacitor, ceramic disc, 50V
Q60 KSP10 NPN Bipolar transistor

Figure 5: Bill of materials for the second IF amplifier

7. Mount the components of the second IF amplifier: Mount and solder C66. This is a supply
bypass capacitor.
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10.

11.
12.

Mount and solder Q60 (KSP10) watching the orientation of the transistor on the PCB.

Collect the resistors R60, R61, R62, and the capacitors, C60 and C61. Measure the
resistors and capacitors before you mount them. Solder all components.

Solder a clipped resistor lead between the GND terminals (near C65) for convenient con-
nection later.

Solder bent resistor leads at the test points, TP60 and TP61.

Apply the supply voltgge using the adapter. Measure the DC voltages, Vcr (between
TP51 and GND for @_59} between TP61 and GND for Q60) at the collectors of BJ’I/‘s for
both amplifiers. Measure the base to emitter voltages, (VBE) for both transistors,”Using
the measured values of resistors, and voltage measurements calculate the actual 8 of the

transistors:
— - (Ve 2 -V
Io+1Ip ='<% °E ()

_ Rs1 + Rsp
Vee — VBE
L 2o B, 6
Ip = R / (6)
I
= (7)

(2 -552)

First amplifier: Measured values of resistors

Rso= {54,ac  Ra= 4pLH  Ro=S53 M
Measured Vpp1= OHo V Measured Vog1= 532V Te+lg =0,006

Calculated Ic1=0,00963A Ip= O,00003LA A= 124

Second amplifier: Measured values of resistors
Reo= 6%,  Re= &N Rex=38,3
5' 82 = 0' ;)%

Measured Vggo= O.23V Measured Vggo= 5.82V
(6 Siq )k

T 0,0086 A T 5
Calculatedk{gl 0(0086A' Eﬂj O!OOOO—'BA B2 Tce+Tp = Q,008%

&8 +398

[1.12. GRADE: |

13. Set the signal generator to 15 MHz, 50 mVpp sinusoidal signal between TP50 and GND

(connect the black lead to GND). Most high frequency signal generators assume that the
load resistance is equal to their source resistance of 50 §2, and hence their display shows half
the internal voltage value. That means we are actually using a 100 mVpp voltage source
in series with 50 (2 resistance/Measure the peak-to-peak input voltage@ at TP50.
You may use ACQUIRE%verage option of the oscilloscope to get a noise-free signal. Use
the MEASURE, Pk-Pk option to read the value.(Calculate the input resistanc Rin, of
the amplifier assuming that the input impedance is purely real and using the, resistive

voltage divider formula: J- A R oa%6 - X § - o

T e

0.100 a. L o+ (8)

Vinl = —————
inl R/‘_n + 50
Note this value. You need this value in the preliminary part of Lab 6 experiment.

Ko 0,96%X ¢+ [O% x$0

6
©,04» = 096.59
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14. Measure the peak-to-peak output voltage, v,1, at TP51, while the signal generator is still
connected between TP50 and GND. Make sure that the output voltage is purely sinusoidal
and that it is not distorted. Determine the voltage gain |vo1/vin1|ap in dB (20log;o()).
Compare it with the simulated result.

TP50, Measured vin1(pp)= Som (. TP51, measured vo1(pp)= %, 8"/
Rin1= n-o O*SL IUOI/vinlﬁl‘dji—:? )‘ ;.j;’.)‘ij}:) \v o : 3[ : (l* 0‘3

P

~ Ay bim i . M € "Oﬁi
Comparison: Fer Yle ‘éfs* C—"\P\“:\h‘ifw" “hert@ca-anlt. Of d  erpetveen

Vales are less simloc do ool atbaf - Houeval  faer® nof
Fned muc dppererce - T ot sare e s Rin experivgtial

valut may  auge a problem WA *W-FUT‘”E ;

|1.14. GRADE: |

15. Connect the signal generator to TP60. Measure the peak-to-peak voltage at TP60 (vin2)
and TP61 (vs). Determine the voltage gain [vo2/vin2|lds in dB. Compare it with the
simulated result.

TP60, Measured v;n2(pp)= §2 m\9 TP61, measured ve2(pp)= {,é\/

Rina= %1 S |[vo2/Vin2|aB= 29\95‘0( 3'565') = 3%,(dB8

Comparison: W/m W +feor !ﬁea:( ualue s Mmucdy
Closer 4o 4 expamntal resuts. Expedeodal i I, Heoredtd

s 39, Alse, Lin o and %\nlar;v'\ud/\ simlar )5+ cmpl.'.F;e(_

rll5 GRADE: |

16. Mount and solder C52 (10 nF) that connects the output of the first amplifier to the input
of the second amplifier.

IF amplifier mounting is now finished. The testing of the combined IF amplifiers will be
done later.

CHECK POINT:

7
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