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1 Diode’s
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1.1 Diode Characteristics
1.1.1 Forward Bias

ig = I(e"% — 1)

1.1.2 Reverse Bias
ig = I,(e" —1)

ig~ I, (0—1) = —1I,

1.1.3 Breakdown

Vg < Uk



1.2 1Ideal Diode IV Characteristic
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1.3 Thermal Voltage
V, ==
where
e k = Boltzmann’s Constant = 8.62 x 10~%eV /k = 1.38 x 10723J /K

e T = Temperature in Kelvins

e ¢ = Elementary Charge = 1.602 * 10~1°C

1.3.1 Approximation for V; at room temperature

Vi =~ 25mV
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1.4 Saturation Current

1.5 Diode Models
1.5.1 Exponential Model

iq

Vd

ig = I(e™ — 1)
Where
e V;: Thermal Voltage (=~ 25mV)
e k: Boltzmann’s Constant (= 8.62 x 107° eV/K =1.38 x 1072 J/K)
e T Temperature

e ¢: Elementary Charge

I,: Saturation Constant

e n: Ideality Constant
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1.5.2 Constant Voltage Drop Model (CVD)

iq

1.5.3 Piecewise Linear Model (PWL)

V=0.7V

iq

V=0.7V

1.6 Zener Diode (Reverse Bias Model)
At the Zener diode operating point Q (given by Izr, Vzr),

1.7 Photodiodes

Where

Vg =Vgzo+r.1z

ip=R-P

Vq

Vq



e i, = Photocurrent
e R = Responsivity

e P = Incident Light Power

2 Small Signal Analysis

. v 1
ZD(t) :ID(1+H7) :ID-l—avd

3 Rectifiers

3.1 Peak Inverse Voltage (PIV)

Largest inverse voltage (reverse voltage) expected across diode. Good idea to select a diode that has a reverse
breakdown voltage (V,k) at least 50% greater than expected PIV

3.2 Half Wave Rectifier
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3.2.1 Half Wave Rectifier Waveform
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3.2.2 PIV
PIV =V,
3.3 Full Wave Rectifier
N
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3.3.1 Full Wave Rectifier Waveform
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3.3.2 PIV
PIV =2V, - Vp
3.4 Bridge Rectifier
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3.4.1 Full Bridge Rectifier Waveform
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3.4.2 PIV

3.5 Peak Rectifier

3.5.1 Peak Rectifier Waveform

3.5.2 Ripple

For a half wave peak rectifier:
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For a full wave peak rectifier:

Vo = Vs — 2VD

PIV =V, -2Vp+Vp =V, —Vp

N O
+ %l _
Vi +
_|_
——cw,
O
| | | | | |
-6 -4 -2 0 2 4
V4
v
Vv, =2
fCR
_ VP
" 2fCR




3.5.3 Conduction Interval

Vp cos(wAt) =V, =V,

2V,
Conduction Angle = wAt = Vi
Vp
Ar=1 2"
wl\l 'V,
4 MOSFET’s
4.1 MOSFET Operating Regions
4.1.1 NMOS
D
G — [#
S
Region ‘ Source ‘ Source Channel Inversion ‘ Drain ‘ Drain Channel Inversion
Cut-Off Vas < Vin No Vep < Vin No
Triode Vas > Vin Yes Vap > Vin; Vbs < Vov Yes
Saturation | Vgg > Vip Yes Vap < Vin; Vps > Vov No
4.1.2 PMOS
ok
-
T )
Region Source ‘ Source Channel Inversion Drain ‘ Drain Channel Inversion
Cut-Off VSG § |‘/tp| No VDG S |‘/tp| No
Triode VSG > |th| Yes VDG > |th|§VSD < |Vov| Yes
Saturation | Veg > |Vl Yes Vba < |Vipl; Vsp > [Vov| No

4.2 Voltage Measurements

4.2.1 Gate Source Voltage

Vas = Ve — Vs

4.2.2 Drain Source Voltage

Vps =Vp — Vs



4.2.3 Overdrive Voltage

Vov = VGS - V;t
4.2.4 Effective Voltage
v
Vas — 735 -Vi
4.3 Operating Region Equations
Region ‘ NMOS ‘ PMOS
Cut-off ip=20 ip=20
j ; w Vs ; w Vip
Triode ip = nCoz 1 [(Vas — Vin)Vps — 52| | ip = ppCos1[(Vsa — [Vipl)Vsp — 52
Saturation | ip = %Mnco;c%(VGS — th)Q[l + )\VDS] tp = %upCow%(VSG — |th|) [1 + |/\‘V5D]

4.4 Oxide Capacitance

O — €0€r _ €ox
ox = =
d d
€r silicon — 3.9

tox = d =4nm as an example

€ox = €rsilicon X €0 = 3.9¢g = 3.45 X loillF/m

4.5 Electron Drift Velocity
Vi
EDV = pin| E| = =3~

4.6 Transconductance Parameter
k,:L = Mncoa:

=

b = k5,7 = (o) ()

4.7 Triode Region Resistance
1 1 1 1

T Szi_ =
PS5 gps  EaVoo  (1nCox) )WVoo  (1nCoz) (L) (Vas — Vi)
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5 BJT’s

5.1 BJT Operating Regions

5.1.1 NPN
Region ‘ VBE ‘ Vo ‘ EBJ ‘ CBJ
Cut-Off Ve <0.7 Reverse | Reverse

Active Vee =0.7 | Ve < 0.4 | Forward | Reverse
Saturation | Vgg = 0.7 | Ve > 0.4 | Forward | Forward

5.2 BJT Operating Models

5.2.1 NPN
C
B
E
Region | EBJ | CBJ | Assume \ Verify
Active Fwd | Rev | Vg =0.7V, Ic = alg = ﬂIB Ig,Ig >0, Vge <04V, Vog > 0.3V
Saturation | Fwd | Fwd Ve = 0.7V, Vge = 0.5V Ip,Ig >0, IC/IB = ﬁforced < Bactives VCE,sat =0.2V
Cut-off Rev | Rev Ig,Ig,Ic =0 Vee < 0.5V, Ve < 0.4V
5.2.2 PNP
E
B
C
Region | EBJ | CBJ | Assume \ Verify
Active Fwd | Rev | Vg =0.7V, Ic = alg = BIB Ig,Ig >0, Vop <04V, Vge > 0.3V
zwm Saturation | Fwd | Fwd Ve = 0.7V, Vo = 0.5V I, Ig >0, Ic/Ig = Brorced < Bactives VEC,sat = 0.2V
Cut-off Rev | Rev Ig,Ig,Ic =0 Vep < 0.5V, Vop < 0.4V

6 Small Signal Transistor Models
6.1 MOSFET

4
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7 Amplifiers

Vi— Vo+

Ui+ Vo—

An amplifier that preserves the details of the signal waveform has the relationship

Vo(t) = Av;(t)
Where
e v, is the output voltage
e v; is the input voltage

e A is the amplifier gain

7.1 Gain
7.1.1 Voltage Gain
A, =2
(%
U,
Ayap =20log |A,| = 20log |—
Vi
7.1.2 Current Gain
4=t
14
A; ap = 20log |A;| = 20log Z"‘
(23

7.1.3 Power Gain

Vo To
4, =2l
Vi 14
A, = AA;

Ap,dB =10 log Ap
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7.2 Amplifier Supply
7.2.1 BJT

Vee

Vo

U+

Ve

where
e Ve is typically connected to collector

o Vpp is typically connected to emitter

Vee <V, < Vce

7.2.2 MOSFET

Vbp

Vo

U+

Vss

where
e Vpp is typically connected to drain

e Vsg is typically connected to source

7.3 Amplifier Current

ic(t) = Ic +ic(t)
Where

e ic is the sum of DC and AC currents
e I is the DC current (representing operating point)

e i. is the AC current (representing small signal current)
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7.4 Voltage Amplifier
7.4.1 Output Voltage

Ry,
o = Avo i
! YR+ R,
7.4.2 Voltage Gain
Vo Ry,
Ay = — =Apo———
v v; 10RL + Ro
7.4.3 Open Circuit Voltage Gain
When R, = oo,
AU = Avo
7.4.4 Overall Voltage Gain
Vo R; Ry

- = Avo
Vs R;+ Rs Ry + R,

7.4.5 Transconductance Gain

Avo = GmRo
Gm - Z;O
(&
Avo = Rm
R;
8 Transistor Amplifiers
8.1 Voltage Gain
_ Y Ry
Av = v; Avo RL ¥ Ro
8.2 OVerall Voltage Gain
G, = Yo
Usig

8.3 Common-Source Amplifier (MOSFET)

Most widely used amplifier configuration (of three basic transistor amp configurations)
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8.4 Common-Emitter Amplifier (BJT)
9 Operational Amplifiers

Vee
7‘}77. -
> Vo
Up +

VEE

9.1 Ideal Op Amp Characteristics
Vo = A(vp — vp)

Where A is the differential gain or open-loop gain

A=00
Rin:OO
Rout:O

9.1.1 Common-Mode Rejection

Under ideal conditions, if v,, = v, =1, then v, =0

9.1.2 Differential and Common-Mode Signals

Differential Input Signal Vi4:
‘/Id =Up — Up

Common-mode Input Signal Vigp,:

1
Vlcm - i(vp + Un)
Up = VUlcem + Vld/2

Un = VIem — Vvld/2
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9.2 Inverting OpAmps
Ry

Ry —
v;
Vo
9.2.1 Inverting OpAmp Characteristics
tn =1p =0
Up = Up
9.2.2 Inverting OpAmp Gain
_ Y _ R
o Vi B R1

9.3 Nonldeal OpAmp Characteristics
9.3.1 Input Offset Voltage

For an OpAmp in closed-loop inverting configuration

R2 Ry
= 1 _— _—
Vo= (14 ) e+ (-3 )

For an offset voltage V,; applied at the V}, terminal

R2
Vo = Vos <1 + Rl)

9.3.2 Input Bias/Offset Currents

_ Ip1+ Ips

Ip 5

Ios = ‘IBl - IBQ‘
For an OpAmp in closed-loop inverting configuration with Input Bias Currents

R2
Vo = Rolp1 — <1 + R1> (R3Ip2)
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9.3.3 Finite Open-Loop Gain
Ao
A =
() 1+ s/wp
9.3.4 Finite Bandwidth
Apwy = wy
R
<1 + Rj) W3dB = Wi
ft

9.4 Large Scale Phenomenon

9.4.1 Slew Rate
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