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Conductivity
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Electrical Current in Semiconductor (1)
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Electrical Current in Semiconductor (2)
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Capacitor
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Depletion Layer Capacitance
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PN Diode
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Diode Breakdown Voltage
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Temperature Dependence of |-V Characteristic
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Zener Diode
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MOS Structure
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Energy Diagram and C-V Characteristic
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MOS Capacitance
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MOS Transistor
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Input Threshold Voltage (1)
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Input Threshold Voltage (2)
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Input Threshold Voltage (3)
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Input Threshold Voltage (4)
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Output Current (1)
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Output Current (2)
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Output Current (3)
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Complementary MOS (CMOS) Transistors
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Bipolar NPN Transistor
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Emitter Efficiency and Base Transport Factor
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Bipolar PNP Transistor

?collector

base

£Go8 oI E  (b)

emitter
é (a)

System-on-Chip Design, Guest lecture at University of Kragujevac, Technical Faculty Cacak, 01.10.-05.10.2012



collector/substrate (V_ ) . base metal (Al)

= WGhsi Eroy emiter  om e e
N = | e ot o o2 o | o] =0
N | P J S
P* P
N-epi

P-type substrate

substrate (V_ ) collector  emitter collector base /metal (AD
| =, SN\ (O %UI | \ /Q | |C>O | |©M©| OOO C<>> B .
1 | — T NERES - =0 SiO,

P N ,
P* P
N-epi

P-type substrate




Electrical Model

CdC c C K DC -
E A O
C C
dE Sk Y7 DE
*

[




Current Gain

160 —
— \Ebers—Moll model
= 120 —
Q

100 —

80

60 | |

-12 -10 -8 -6 -4
In[/. (A)]
| | | |
107 10 1073 102

I. (A)

System-on-Chip Design, Guest lecture at University of Kragujevac, Technical Faculty Cacak, 01.10.-05.10.2012



< < < <|
=. =. =. =. Wo
s \&\ 8\ g\ ¥
TN ,
~ NN \ | =
N R \
N U W \
\ v \
\ Voo
N e N
N
vy
N U S
N W T
AN\ )
N R U U
2N\ L
SNV N L
50\ N\
>0V
VAL
WAL
AN
WA
WA
N\
AN
<
= \
_ _
<t @\ -}

20

-20

40

-60

-80

Vee (V)



Bipolar Transistor in CMOS Technology
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Static Random Access Memory
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Dynamic Random Access Memory
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