ECA 1212 Test 1

1.
Using mesh current analysis, find all currents through the respective resistors below:








[10 marks] (CO2)

Solution:

Left loop (clockwise):
	−40+30
	=
	82i1 + 68(i1−i2)
	

	−10
	=
	82i1 + 68i1 − 68i2
	

	−10
	=
	150i1 − 68i2
	

	−680
	=
	10200i1 − 4624i2
	(1)


Right loop (clockwise):

	40
	=
	68(i2−i1) + 47i2 + 100i2
	

	40
	=
	68i2 − 68i1 + 147i2
	

	40
	=
	−68i1 + 215i2
	

	6000
	=
	−10200i1 + 32250i2
	(2)


(1) + (2):
	5320
	=
	27626i2
	

	i2
	=
	0.193 A
	


Hence,
	−10
	=
	150i1 − 68(0.193)
	

	−10
	=
	150i1 − 13.124
	

	150i1
	=
	3.124
	

	i1
	=
	0.021 A
	


Current through 82Ω = i1 = 0.021A going right
Current through 68Ω = i2−i1 = 0.193−0.021 = 0.172A going up

Current through 47Ω = i2 = 0.193A going right

Current through 100Ω = i2 = 0.193A going down

2.
Find the Thévenin’s equivalent of the circuit below looking out from RL:


[image: image1]
[10 marks] (CO2)

Solution:

For RTh, short both power supplies (with the load removed). This results in all three 12kΩ resistors to lies parallel to each other:


[image: image2]
RTh = 12 || 12 || 12 = 4kΩ
To get the VTh, we need to use loops of KVL and get the voltage across the middle resistor.
Left loop (clockwise):

	20
	=
	12i1 + 12(i1+i2)
	

	20
	=
	12i1 + 12i1 + 12i2
	

	20
	=
	24i1 + 12i2
	

	10
	=
	12i1 + 6i2
	(1)


Right loop (counter clockwise):

	10
	=
	12i2 + 12(i2+i1)
	

	10
	=
	12i2 + 12i2 + 12i1
	

	10
	=
	12i1 + 24i2
	(2)


(2) − (1):
18i2 = 0    (    i2 = 0
Hence i1 = 
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A
Hence voltage across the middle resistor = 12 × 
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 = 10 V = VTh
Thévenin’s equivalent:


[image: image5]
3.
Assuming Vγ = 0.75V, determine the DC configuration (VCE, IC and IB) of the circuit below:


[image: image6]
[10 marks] (CO1)

Solution:

VBB = 
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 = 5.77V

RB = 16 || 10 = 6.15Ω

KVL at input:

	5.77
	=
	6.15IB + 0.75 + 3k(IB+IC)

	5.77
	=
	6.15IB + 0.75 + 3k(IB+βIB)

	5.02
	=
	6.15IB + 3kIB(1+60)

	5.02
	=
	6.15IB + 183000IB

	IB
	=
	27.43 μA


IC = βIB = (60)(27.43μ) = 1.65 mA

	VCE
	=
	15 − 3kIC − 3k(IC+IB)

	VCE
	=
	15 − 3k(1.65m) − 3k(1.65m+27.43μ)

	VCE
	=
	15 − 4.95 − 3k(1.67743m)

	VCE
	=
	10.05 − 5.03

	VCE
	=
	5.02 V


4.
Explain what depletion region is and how it is formed at the interface of PN junction.

[5 marks] (CO1)
Solution:

Depletion region is the area at the interface between p-type and n-type in PN junction that is lacking of majority carrier. It is formed due to the migration of electrons from the n-type side into the p-type side. The migrated electrons combined with the holes majority in the p-type. This migration also causes charge imbalance at the interface which induces electric field. The direction of the field is in the opposite direction of the electrons migration. After sufficient migration the strength of the field is enough to counter balance the migration hence preventing further migration and preventing infinitely large depletion area.

5.
Explain the operation of n-channel depletion mode FET with regards to the way it conducts current.
[5 marks] (CO1)
Solution:

n-channel depletion mode FET is the n-channel FET that conducts current when the gate is grounded. Giving voltage to the gate will reduce the current. The voltage at the gate will induce a repelling field in the channel that pushes electrons to the side and reducing the effective current. Once the field is strong enough, it stops the current all together.
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