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Outline: Week 2 Lectures 3-5

L3: More Basic Circuits (HS 8.2.2, 9.1)
Loop and Node Equations, Two-Ports

L4: Silicon Physics (HS 2.1-2.4, 2.5.4,
4.1.1,54.7,6.2,7.1.1,7.1)

Carriers, Process Flow and Layout

L5: IC Resistors (HS 2.6)
Sheet resistance and Number of Squares
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W2 M L3 : More Basic Circuits

® Practice circuit analysis
» Ry With Rg
» Gain or Rout with Rg

e Standard Two-ports

@ Difficulty of two-ports with output
coupled back to input
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High Input Impedance Circuit

Re =30 kW R\ £Q = Ry F(b+1)Re = 3.06 MW
23.5 times less current
ode

RLoAaD

VOUT

connections
Vout = [DV'g/(RstRsa+R N E0)I(-D)R oap =5 MV
SV;=0=>1, - 23.5 times smaller gain
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High Input Impedance Circuit

Vout = [DV'g/(RstRsatR N E0) I(-D)R 0aD

How Is the circuit analysis done?
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Write a Node Equation for I

* R L _ +
DV¢ Vout
C, RLoAD

= Ryt = Infinite
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Write a Loop Equation for |,

i||\| -+
DVé+ | \‘ ¢ bilN% Vout
C 0 i R RouT RiLoaD
= R

out = Infinite
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Find Vo /DV’,

Vout! DV's = [/(Rg+tRga*+R g EQ)]( b)R oD
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Analysis of Multistages

N Od " ode
DVS 4>bn.N F . <>bi,N — FXZZ;
I t i ] - ma « -

D =
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Background on Two-Ports

® Designed for cascading components
» Hi-FI components
» |C stages of amplifier circuit

@ Based on Matrix Multiplication

Vi=Zyly+Zpl, 11=YuVi+ YRV, v =H,l + HV,
Vo=Zyli+Zpl,  1,=YVi+YuVy L =H, 0, +H,V,

Impedance Admittance Hybrid 1
(transresistance) (transconductance) (current 1-2)
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Two-Port Equivalent Circuits

Vi=Zyli+Zpl, =Y Vi+YpVy o v =H L +H,V,
Vo=Zyli+Zpl,  L=YuVi+YuVy L =H, 0, +H,V,

Two Thevenin Two Norton | hevenin input
Norton output

(transresistance)  (transconductance) (current 1-2)
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Finding the Two-Port Parameters

H,, IS found by taking Vv,
over I, when v, Is zero.

Vi =Hyl, + HpV,

H,, IS found by taking Vv,
I, = Hyly + Hy Vs over V, when I, is zero.

Note: The conditions to determine each matrix
element arise from the terminal variables
multiplying the right hand side.
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Hybrid Two-Port for a Resistor

Rsa
L
Vi Vi =Hyly + HpV,
_E_ o I, = Hyly + Hy,V,

V,=0: =0:

Vi =Hyli =Rsaly V,=H,V,=+1V, E’
I, =Hyl =-11; I, = H,,V, =0V, ry
My, = -1 Hy, =0
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Find H,, with Rc and R+

Vi, =Hyl|+ Hp,V,
I, =H, 1, + Hy,V,

Vx=(b+1) 1, /(1/Rg + 1/ Royr)
Vin = Iin Rin + Vi

V,=0: Hy = (Vin/ ind bve=o =
Rour in | [with R Rin + (b +1) (RsRour) / (Rs + Royr)
Node Eq. For Vy Note: R,y depends on Royy

when the output feeds
back to the input.

Overview and Circuit Value Added

Ly —Vx/Rs =Vy/Royr + bl =0
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Find Hy, with Rg and R+

V= Hyly #|HpV

iIN
2
1, = Hyly + Hp,V,
RIN Rout
ENOOp Noltage V,isdivided across Royr

and R¢
I, =0: Vi = V,Re/(Re + Royr)
N = Hi, = (V1 V) ]11=0= REe/(Re + Royr)

Note: The voltage source In
the Input port Is not zero
when RE is not zero.
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Multistage Amplifiers

Fall + 8,1 8g)

]
: - =~ | o

This example from the reading
In Chapter 8 this week.
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Classification of Two-Port
Amplifiers

R R
o o—
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