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Semiconductor/Diodes

Today: (12.4, 13.1, 13.2)

• Introduction to computer architecture

• Semiconductor devices

• Diodes
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• Decoders/driver for all 
 7 segment.
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6HPLFRQGXFWRUV

� 0DWHULDOV � VLOLFRQ FU\VWDO

� (OHFWULFDO FRQGXFWLRQ LQ VHPLFRQGXFWRUV FDQ WDNH

SODFH ZKHQ QHJDWLYH FKDUJHG HOHFWURQV RU SRVLWLYH

FKDUJHG KROHV �DEVHQW RI HOHFWURQV� PRYH WKURXJK WKH FU\VWDO�

• Material contain primarily free electrons is known as n-type semiconductor 
• Material contain primarily holes is known as p-type semiconductor
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'LRGHV

� :KHQ S�W\SH DQG Q�W\SH PDWHULDOV DUH SODFHG LQ

FRQWDFW� WKH UHVXOW VWUXFWXUH LV FDOOHG SQ MXQFWLRQ�

• In p-type material, holes are the majority carriers, electrons
 are minority carriers.
• In n-type material, electron are the majority carriers, holes
 are minority carriers.
• Three phenomena: (1) one way conduction; (2) injection of
•minority carriers when forward biased; (3) collection of 
•minority carriers when zero or reverse biased.
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,�9 FKDUDFWHULVWLF RI SQ MXQFWLRQ

( )�� −= N7TY
V H,L

• Ideal pn junction obeys the equation

Where i and v are defined as
shown in the diagram on the right
q is the electronic charge,
k is Boltzmann’s constant
T is temperature in degree Kelvin
kT/q has a dimension of voltage, Vto (thermal voltage) =kT/q
Vto (300K or room temperature) is 0.026V.   
Is is saturation current constant (but depends on the size of 
the junction, impurity concentration, and temperature)
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,�9 FKDUDFWHULVWLF RI SQ MXQFWLRQV
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With Is = 10-13A Vertical scale: 1mA per large division
Horizontal scale: 1V per large division
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Apply KCL at node A:
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• Using graphical load-line method 

��
5L9Y

''
−=

( )�� −= N7TY
V'

'H,LCurve 1(the right of the dash-line)

Curve 2 (the left of the dash-line)

 The solution is at the intersection between the two curves.
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0RGHOV IRU WKH 'LRGH
• Simplifying the diode into a ideal diode.

Rectifier - device that pass current in one direction only.
(pn junction diode is a kind of rectifier)

Perfect rectifier has 2 properties:
1. When i > 0, v = 0 (conduction in forward direction can occur
                                  with no voltage drop across diode)
2. When v < 0, i = 0 (when in reverse direction, no current flow)

I-V characteristic of a 
perfect rectifier and 
symbol (as oppose to a real
diode)
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0RGLILHG 0RGHO �/DUJH�VLJQDO GLRGH PRGHO�

Real diode I-V characteristic Perfect rectifier I-V characteristic

How do we reduce the error?
- we introduce a modified model (large signal diode model) 
Rule 1 : When current flow thru the diode in forward direction (i >0)
voltage drop across the diode, v, is 0.7V.
Rule 2 : When v < 0.7V, i = 0A.
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/DUJH�VLJQDO GLRGH PRGHO

Large-signal diode
model
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/DUJH�VLJQDO GLRGH PRGHO �H[DPSOH�

)LQG WKH FXUUHQW L
'
XVLQJ WKH ODUJH�VLJQDO GLRGH PRGHO�

Apply KVL at the large signal diode model on the right.
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Voltage drop across the resistor & perfect rectifier is 4.3V
(but voltage drop across perfect rectifier = 0V, so 4.3V is
dropped across the resistor)

P$L
'

����������� == ≈ The value we got thru graphic
method of 4.5mA
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/DUJH�VLJQDO GLRGH PRGHO �H[DPSOH FRQW��

The example shows that the large signal diode model is a 
good approximation to the real diode. But its limitation is that 
it incorrectly implies that the current is zero whenever the 
forward bias is less than 0.7V. The actual change is gradual
rather than as abrupt as stated in the previous slide.

Rule: If a silicon diode conducts significant forward current,
the forward voltage is approximately 0.7V.
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Voltage dropped across
diode = 0.7V, then voltage
dropped across 300Ω resistor
is 10 - 0.7V
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By KCL:
31-1.4mA = 29.6mA 
current flow through the diode.
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5HFWLILHU FLUFXLWV

Input Voltage
Rectified voltage 
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5HFWLILHU FLUFXLWV �FRQWLQXH�

� 3UDFWLFDO FLUFXLWV �H�J� SRZHU DGDSWHU IRU QRWHERRN�

RIWHQ UHTXLUHV '&�
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0  < t < t1, the voltage supply is charging the capacitor
t1 < t < 5t1, the voltage supply is disconnected thru the diode,
                  only the cap. & resistor remain. The capacitor 
                  discharges into the load. ��
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From 8.1, we learned that the voltage in FOC dropped 
exponentially with time constant RC.

Vc = 165 exp (-(t-t1)/RC)        t1 <  t < 5t1

�FRQWLQXH�
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6XPPDU\

� 6HPLFRQGXFWRU GHYLFHV DUH QRQOLQHDU� DFWLYH FLUFXLW HOHPHQW�

� 7KH PRVW LPSRUWDQW VHPLFRQGXFWRU PDWHULDO LV VLOLFRQ�

� &XUUHQWV LQ VHPLFRQGXFWRUV DULVH IURP PRWLRQV RI QHJDWLYHO\

FKDUJHG HOHFWURQV DQG�RU PRWLRQ RI SRVLWLYHO\ FKDUJHG ¦KROHV§�

� 0DWHULDOV FRQWDLQLQJ SULPDULO\ KROHV LV NQRZQ DV S�W\SH VHPLFRQGXFWRU

� 0DWHULDOV FRQWDLQLQJ SULPDULO\ IUHH HOHFWURQV LV NQRZQ DV Q�W\SH VHPLFRQGXFWRU�

� 6HPLFRQGXFWRUV FDQ EH PDGH Q�W\SH RU S�W\SH E\ ¦GRSLQJ§ WKHP ZLWK LPSXULW\�

� $ SQ MXQFWLRQ LV REWDLQHG E\ SODFLQJ D S� DQG Q�W\SH PDWHULDOV LQ

FRQWDFW� 7KUHH SURSHUWLHV RI SQ MXQFWLRQV DUH ��� RQH ZD\ FRQGXFWLRQ

��� LQMHFWLRQ RI PLQRULW\ FDUULHUV ZKHQ IRUZDUG ELDV� ��� FROOHFWLRQ RI

PLQRULW\ FDUULHUV ZKHQ ]HUR RU UHYHUVH ELDVHG�

� 7KH YROWDJH DFURVV D IRUZDUG�ELDVHG VLOLFRQ SQ MXQFWLRQ LV DSSUR[� ���9


