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ABSTRACT 
This report is about the analogue circuits’ computer stimulation 
programmes. It uses a CA3046 all purpose NPN transistor to 
construct the current mirror and differential amplifier in both modes 
experimentally. It finds the early voltage and other DC parameters 
to be later used in a SPICE programme. It concludes that though 
computer programmes are useful in predicting the outcome of an 
experiment , due to unexpected variables , it will not be completely 
able to stimulate them. 
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1. INTRODUCTION 
 As computers become more powerful, the electronics industry relies even more and 
more on computer stimulation programmes. In this laboratory report the process of 
experimentally testing three circuits is described. Thereafter these circuits are stimulated 
using an industry standard programme called SPICE. Finally, the experiment and computer 
stimulation are compared. 

2. TASKS  
The laboratory experiment was assigned by the University College London 

Department of Electronic and Electric Engineering. The second year task includes 

experimentally testing a set of circuits. These tests yield a set of parameters which 

will be later used to stimulate the results using a computer based programme. In 

this section, the circuit diagrams of those circuits, the measurements required and 

the equipment used will be stated. 

 

Task 1: Large Signal DC Transistor Characterisation 

��

� ��

��

 
Figure 1. The circuit diagram for task 1. 

The circuit shown above was tested and stimulated. In Task 1, it was 

required to determine the basic DC limitations of the transistors using a 

curve tracer. These DC parameters include transportation saturation current 

IS, forward current gain �  and forward early voltage VAF. Typically these 

parameters are shown below. 

DC Parameter Typical Value 
IS 1.0E-16 A 
�  100 
VAF 200v 

Table 1. Typical DC parameters of a transistor. 
For the parameters to be measured experimentally, it is required to plot 

collector current IC as a function of VCE with Ib held constant. 
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Task 2: The Current Mirror 

 
Figure 2. The current mirror circuit diagram for task 2. 

The circuit shown is the configuration of the current mirror circuit. The 

current mirror circuit is a useful circuit used in providing constant current 

sources. In Figure 2, the collector current in Q1 is expected to be equal to 

the collector current in Q2. Hence the current Ic2 can be controlled by 

changing the value of the collector resistance in Q1. There were two mains 

tasks for this section. The first to construct a 1mA current in Ic2 provided 

that VCC is 5V. The second task was to determine and plot the variation of 

Ic2 with collector voltage of Q2, Vc2. It was requested to be over a large 

variation of Vc2. 

Task 3: The Long-Tail Pair Differential Amplifier  
The circuit shown on Figure 3 is the configuration of the differential 

amplifier circuit. The differential amplifier circuit is one of the most 

fundamental building blocks of IC. It can operate in two modes. The 

common mode where the two input voltages Vin1 and Vin2 are equal. 

Conversely, the amplifier mode where the input voltages are not equal. If 

the voltages are equal the differential amplifier has an output of zero. If they 

are different then the differential amplifier amplifies the signal. This 

objective of this task was to determine various properties of a differential 

amplifier. First it was requested to calculate the value of RE provided that 

the inputs are zero and +VCC and -VSS are +5V and -5V respectively given 

that collector currents of both Q1 and Q2 are 1mA. Then another task is 

changing the input voltages differentially to plot the collector voltages 
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against the input voltages. The next request is to find transconductance 

gain, the common mode transconductance gain. 
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Figure 3. The differential amplifier circuit for task 3. 

3. CA3046  
The NPN transistor used was from a CA3046 all-in one transistor, shown 

in figure 2. 

 
Figure 4. CA3046 NPN Transistor Array. 

Through out the experiments various pins of the chip were used to 

generate the desired circuit diagrams. This array is supplied in a 14-pin DIL 

package and contains five identical NPN bipolar transistors. Three of these are 

uncommitted and two are connected in the long tail differential pair 

configuration.(Source) 
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4. EXPERIMENTAL PROCEDURE 
In this section the experimental procedure of the pervious tasks will be 

discussed. These experiments were performed in UCL electronic teaching 

laboratories.  

Experiment 1: Large Signal DC Transistor Characterisation 
To determine the DC parameters of the transistor, Pins 6-8 were used to 

achieve the configuration required. Then the Tektronix 571 curve tracer 

was used. The resulting curve can be seen in Figure 5. The early voltage 

can be found by the following procedure; 
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But it can be approximated that at 90 =�= yx  

901077.19 4 =�+´´= - CC  

To find the early voltage ; 0=y  

And the function of the line is ; 91077.1 4 +´´= - xy  

50850
1077.1
9

4
-=

´
-

=
-

x  

Therefore VAF is 50.8 V. 

The forward current gain � ; 

Hfe=113 

 

Experiment 2: The Current Mirror 
The current mirror experiment requires two transistor and a feedback. For 

the purpose of this experiment the transistors Q4 and Q5 in Figure 4 were 

used. In order to find the resistance; 
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The current through R is 1mA and +VCC=5; hence the voltage drop 

across the resistor is 4.3V  

W=� KR 3.4  

In order to provide a constant current source which can be changed a 

diode was used as the current source. The input voltage in table 1, 

appendix 1, hence is the diode voltage. The table also shows the variations 

in the collector voltage in one transistor with respect to the other.  

Experiment 3: The Long-Tail Pair Differential Ampli fier 
The differential amplifier works in both common mode and 

differential mode. Both modes have the same configuration. The 

CA3640 which were used included pins 1-5, Figure 4. For the common 

mode, the same input is applied to both inputs. The results are shown 

in table 2, appendix 1. 

As far as the differential mode is concerned, it was the same 

procedure but with two different inputs. Instead of having two inputs 

however, the inputs were changed simultaneously with respect to each 

other. Hence the potential difference was measured.  The results of the 

experiment can be found in table 3, appendix 1. To find the value of 

RE; 

VCC-VSS-VBE=2RExIE 

10-0.6=2RE x 10-3 

W=´=� kRE 7.410
2
4.9 3  

5. SPICE STIMULATION 
SPICE or Simulation Program with Integrated Circuits Emphasis is an 

industry standard analogue circuit stimulation programme initially 

developed by university of Berkeley. In this section , the DC parameters of 

a transistor, the current mirror and the differential amplifier will be 
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stimulated. In the next section the experimental results will be compared to 

the stimulations. 

Spice 1: Large Signal DC Transistor Characterisation 
In order to stimulate the DC parameters of the transistor in the 

experiment ; the following code was used in SPICE. 

 

BIPOLAR TRANSISTOR OUTPUT CHARACTERISTICS 

IB 0 1 DC 0.1MA 

VCE 2 0 DC 5V 

Q1 2 1 0 ZTX300 

.MODEL ZTX300 NPN (BF=113 VAF=50.8) 

.END 

.CONTROL 

dc vce 0 5V 10MV ib 20UA 0.1MA 10UA 

plot -i(vce) 

.ENDC  

The above code generated the plot of the collector current against the 

Collector emitter voltage shown in Figure 7. 

Spice 2: The Current Mirror 
The circuit to be stimulated is rather different from the experimental 

circuit though they both perform the same task. Figure 5 shows the 

modified circuit for the current mirror.  

 

4 

5 
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Figure 5A. The current mirror circuit for spice with numbered nodes. 

The following code lines are the spice stimulation codes . In the next 

section on Figure 9 the results are plotted. 

THE CURRENT MIRROR  

VCC 5 0 5V 

R1 5 4 4.3K 

Q1 4 4 0 ZTX300 

.MODEL ZTX300 NPN 

Q2 2 4 0 ZTX300 

.MODEL ZTX300 NPN 

VDUM 1 2 0V 

VC2 1 0 10V 

.END 

.CONTROL 

dc vc2 0 15V 0.5V 

plot i(vdum) 

.ENDC 

 

Spice 3: The Differential Amplifier 

 

Figure 5B. The differential amplifier for spice with numbered nodes. 

 The differential amplifier requires a schematic which is different from 

the experimental circuit configuration. The nodes in the above diagram are 

used to identify the points of connection in the code. The code for the 

common mode configuration; 

1 

0 3 4 

5 

6 

7 
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THE DIFFERENTIAL AMPLIFIER COMMON MODE 

VCC 1 0 DC 5V 

VSS 0 7 DC 5V 

V1 3 0 DC 0V 

E1 4 0 3 0 1 

VDUM1 1 5 DC 0V 

VDUM2 1 2 DC 0V 

Q1 5 4 6 ZTX300 

.MODEL ZTX300 NPN 

Q2 2 3 6 ZTX300    

.MODEL ZTX300 NPN 

RE  7 6 4.7K 

.END 

.CONTROL 

plot i(vdum1) 

.ENDC 

 For the differential mode  

THE DIFFERENTIAL AMPLIFIER COMMON MODE 

VCC 1 0 DC 5V 

VSS 0 7 DC 5V 

V1 3 0 DC 0V 

E1 4 0 3 0 -1 

VDUM1 1 5 DC 0V 

VDUM2 1 2 DC 0V 

Q1 5 4 6 ZTX300 

.MODEL ZTX300 NPN 

Q2 2 3 6 ZTX300    

.MODEL ZTX300 NPN 

RE  7 6 4.7K 

.END 

.CONTROL 

plot i(vdum1) 

.ENDC 

6. DISCUSSION 
In this section various comparisons will be demonstrated. These 

include graphs of the experimental results compared with the graphs 

generated by the spice programme. 
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Discussion  1: Large Signal DC Transistor Characterisation  

 

Figure 6 the DC parameter experimental results 

 

 

Figure 7. The spice stimulation of the BJT output characteristics. 
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It can be noticed that the spice stimulation is very close to the 

experimental results. Apart form the saturation region , for most parts 

of the graph they are very identical. 

Discussion  2: The current mirror 
 In the current mirror the expected result from the from spice has a general shape 

similar to the trace . However, it can be noticed that there is almost no curve in the spice 
graph. This is could be due to the way the voltage sources are distributed in the stimulation 
circuit.  

 

Figure 8. The experimental results of the current mirror. 
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Figure 9. The spice stimulation results of the current mirror. 

Discussion  3: The differential amplifier 
 In the common mode, the experimental results are very precise. As can 

be seen the current increases as the input voltage increases.. it is also 

noteworthy that the current in Ic2 is almost always slightly more than Ic, Iref. 

This is due to the value of � . Hence if the value of �  is chosen to be even 

bigger it is expected to have a smaller gap between the two currents. 

However, it was not possible to generate a spice graph due to an 

unidentifiable error in the code. 
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Figure 10.The common mode gain experimental results for task 3. 

In the differential mode, the results close to what is theoretically 

expected. There are some errors in the values. These errors are due to 

many reasons. One of the main causes of error in this experiment is the 

ammeter. The ammeter has a tolerance and it can easily misread if it has 

been used for a long period of time.. However, it was not possible to 

generate a spice graph due to an unidentifiable error in the code. 
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Figure 10.The differential mode gain experimental results for task 3. 

7.CONCLUSION 
Form the experimental results and their comparison with the spice 

stimulation programme, it can be said that spice can be effectively used to 

stimulate circuits. However, some inaccuracies happen experimentally due 

to configuration or human error. Therefore computer stimulation can not be 

regarded as a replacement for experiments. 
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8. APPENDIX 

ONE  
 

Vin / V IC / mA Ic2 / mA 
0.0 0.98 0.97 

15.0 0.98 0.97 
20.2 0.99 0.97 
33.0 0.99 0.97 
43.6 0.99 0.98 
46.2 1.00 0.98 
72.6 1.00 0.98 
79.9 1.00 0.98 
96.9 1.01 0.99 

105.3 1.01 0.99 
118.5 1.01 0.99 
129.2 1.01 1.00 
149.6 1.02 1.00 
163.3 1.02 1.00 
194.6 1.03 1.01 
207.6 1.03 1.01 
230.4 1.03 1.02 
234.4 1.04 1.02 

Table 2. The common mode differential amplifier results for task 2. 
 

(Vin1 - Vin2) / V IC1 /mA IC2 / mA 
0.0 0.96 0.95 

13.6 0.74 1.18 
20.8 0.63 1.29 
23.9 0.58 1.34 
30.9 0.48 1.43 
37.0 0.41 1.51 
44.9 0.32 1.59 
52.9 0.25 1.67 
66.2 0.16 1.76 
75.1 0.12 1.80 
80.0 0.10 1.82 

-11.1 1.15 0.77 
-20.5 1.31 0.61 
-25.4 1.38 0.55 
-32.9 1.78 0.45 
-48.0 1.64 0.29 
-56.0 1.71 0.22 
-68.8 1.78 0.14 
-76.2 1.82 0.11 
-79.8 1.83 0.10 

Table 3. The differential mode differential amplifier results for task 2. 

 

 


