Discrete Semiconductor Devices

Bipolar Junction
Transistor (BJT)

C

NPN: E

PNP E

NPN: Current flows into Base, and a proportionatent flows into Collector, these combine and flow

out of the Emitter
NPN: Current flows into Emmiter, some current flosgt of the Base, and a proportional current flow

out of the Collector

Regions:

Mode Emmitter-Basdunction Collector-BaseJunction
Cutoff Reverse Reverse

Active Forward Reverse

Saturation Forward Forward

Active Region Formulae

i, =L,
Ie = (ﬁ+1)'|b
Vee Vee
i =1e" oric =1..e% |1+ <E | with early voltage effect
c " lsa c "= wi y voliag
A
ic = Collectorcurrent
| s = SaturatiorCurrent
Where: KT
V; = ThermaNoltage= ?
q= eIectronchargn{l.GOZx 10'19coulomb%
k= BoltzmanrConstan(l.ssonlo‘ 23Jou|es7K)
T= Temperatue("Kj
Small Signal
i
b
by _ a
+ ﬁ.zb
or
vr Tz E Ve )
— |c r = VT — ﬁ r = VA
On = v T T T
T B gm C
Where:

g, = Transcondatanceof BJT(A.V‘l)

r, = Baseto EmitterSmallSignalResistancéQ)
r, = OutputResistancé))

|, =DC biashasecurrent(A)

|. =DC biascollectorcurrent(A)
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Junction Field N Channel: Apply a negative voltage to the gatdedplete the channel of carriers — Drain to Source
Effect Transistor Voltage must be positive — whega~ Vp then the channel is pinched off — no current flows

(JFET)
P Channel: Apply a positive voltage to the gatddplete the channel of carriers — Drain to Source

N Channel: Voltage must be negative — whegs¥ Vp then the channel is pinched off — no current flows
D
: 1

S S | Equations for N channel  (for P chanié} 2 0, v <0, A= ik <0)
A

P Channel: Cutoff Region:
D1 Vg £V,, ip =0

G—— S

Triode Region:
Ve<SVgg<0 & Vps SVgs —Vp

2
i =1 1- S Vpbs _ Vpbs
D ~ 'DSS
Vo \ -V, V,
Saturation Region
Ve<SVges0 & Vps = Vgs —Vp

2
ip = IDss[l_\\//ﬁj (1+/]VDS)

p

Vs = GatetoSourceVoltage(V)
Vs = Drain toSourceVoltage(V)
V, = Pinchoff Voltage(V)
Where:i, = Drain Current(A)
| b,ss = Drain tosourcecurrent
with gate& sourceshortedtogethefA)
A= Vi V, = EarlyVoltage(V)

A

Small Signa

NH A G

On = Transcondutanceof JFET(A.V‘l) -

r, = OutputresistancéQ)

Vs =DC hiasgatetosourcevoltage(V)
» =DC biasdraincurrent(A)

GE_ ® ED

+

“F—
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Metal Oxide
Semiconductor
Field Effect
Transistor
(MOSFET)

being damaged.

Depletion MOSFETs

P Channel N Channel P Channel

Where:
i, = DrainCurrent(A)

EOX

C,x = OxideCapacitane=

W = Width of channe(m)

L = Lengthof channe(m)

Vs = Gateto SourceVoltage(V)
V, = Thresholdvoltage(V)

Vps = Drain toSourceVoltage(V)

A :Vi whereV, = EarlyVoltage

A

N Channel — Current flows from drain to source wkigq threshold voltage is exceded
P Channel — Current flows from source to drain wiegthreshold voltage is exceded
Enhancement MOSFET — Positive Threshold Voltagate got connected = ngslcurrrent
Depletion MOSFET — Negative Threshold Voltage teget connected = currrent flows draisource
MOSFET's usually have reverse protection diodesdxt Drain and Source (opposite direction to
normal current flow) and sometimes also a zenatallzetween the Gate and Source to stop the Gat

Enhancement MOSFETs

N Channel

ED

= n
R T B
t ‘ s '—| l—l GE_+
= & Vas
R R 8 R |
- ; .
L
E '
Triode Region: i = (/JnCOX )(VTVJ{(VGS -V, )VDS —%VDSZ}
Saturation Region: Ip = %(,unCOX )(VTVJ(VGS -V, )2

Saturation Region taking Finite Output Resistamée account:
) 1 W 2
o =500 1 s Vi 0 v

4, = Electronmobility = 580cnt / Vs

= 175fF / g fort,, = 002um

k| = Proces3ranscondatanceParameter (,unCOX)

Small Signal:
If the following equation is satisfied :

Vgs << 2(VGS _\/t )Vgs
Then transconductance is given by:

g =15 = Cu  Jes V)

Mal
| D

da
Vgs

r, =

Where:

O = MOSFETTranscondutance(A.V'1)

r. = OutputResistancéQ)

I, =SmallSignalDrain current(A)

v, = SmallSignalGateto SourceVoltage(V)

Vs = LargeSignalBiasGateto Source\/oltage(v)
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Photovoltaic Cell
(Solar Cell / Panel)

N,

| =1 +Al-¢°

.v)

where k¢, A and B all vary with solar insolation (amountligiht absorbed)

Silicon Controlled
Rectifier (SCR)
(Thyristor)

ANODE

CATE D——%

CATHODE

Constructed as a stack of PNPN silicon.

Acts as a diode which is controlled in its forwahduction by a gate pin. Injecting a current it
gate causes the device to ‘turn on’ — where ittsvrd characteristic is the same as a diode. Trothe
SCR off, either the device must be reverse biasethe anode to cathode current must be broughgru
the holding current. Hence SCR’s are normally (fsed\C systems. If the ‘breakover voltage is
exceeded between anode and cathode, then the adlliseart conducting with no gate input.

SCR Constructiol

V-l Characteristic:

ANODE T

P

GATE

N

CATHODE J_'|

Maximuam
RBrvene

Farward
Lrakage
Before
Tarn-On

ANODE

"d/_\"d
i

CATHODE M

BJT Equivalen

Iy

— Forward Conduciion Region

Holding
Current 1y

Rewerss

Avabamche —
Fegion

RN

Pevere Approximate

Leakage Forwsrd Drop During Forward

Current Conduction ¥ goy Breakover
Voltge
Vll.l W

'IH
VI characteristics of the SCH with
gate open.

)

hd
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Triac (TRlode AC
Switch) (Semistor)

A triac is similar to a SCR except that it allovstrolled conduction in both directions, and can be
triggered with a positive or negative pulse atghee.

L 15}
It can be seen below, that when compared to twk tsaback SCR’s, the gate of a Triac has an extra|
section of N silicon to allow triggering with boglositive and negative pulses
i
GATE
17T naven cumment
WATH TrPaCal wOLTAGE
Ty BAEAROVER VOLTAGE —= DROP OF 1.5 TO 20
MIOMUM HOLOING
Main Tenminal 1 RATED CURRENT |y
rl BLOCKING YOLTAGE —+ /
Vouu
r CATE TRIGSERING RANGE '}1
F f — L]
k ----------- RATED MNmMUN
i MMM HOLDING | |—BLOCKING YOLTAGE —=
CURRENT Iy Voau
GATE T
B—[ = BREAROVER VOLTAGE
H H
= ——RATED CURRENT I,
F
-1
Main Terminal 2 Typical triac VI charactenstic curves.
Unijunction Silicon between Base 1 and Base 2 acts as a registeome point along this resistor is the Emitter
Transistor When a positive voltage is aplied at base 2 wiipeet to base 1, a voltage gradient along thenater
it DASE 2 resistance is created. If the voltage at the Entideomes higher the adjacent voltage gradiemn, ttne
b transistor will start to conduct from the EmitterBase 1 with almost a short circuit, this alsdgpBlase
E two down.
i Ve
BASE 1 Luwl-off |, ™Megalive .._L. falvration
Tegion resisfands .+ region
VBB Vo[- regisn
Raz
i)
i
—IrI ]
E Y| =z Y '
i RB1 B8 |
E Ray i I
"";f B ': """""" 1 =" ""'r\r = vﬂa
N ! ! T
I, I, E
Fig.5 Fig.6
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Diodes

Junction Diode
(‘also applies to
Schottky diodes &
Light Emitting
Diodes - LED's)

JUNCTION

t

SCHOTTKY

> g
o
A
h”

7~ 7~

These diodes consist of a single P-N junction. 8khaiodes use a schottky barrier metal in their
construction and have much lower forward voltage, are much faster than junction diodes. LED’s 3
similar to junction diodes but emit light.

)
I =1g,le™/ -1
where:
I £ ForwardCurrent(A)
VF = ForwardVoltage(V)
I st - Reversé&aturationCurrent(A)
n = EmissionCoefficiert (1< n< 2)

V; =ThermalVoltage= g
kT

gq= eIectromharge(l.GOZx 10'1gcoulomb%
k= BoItzmannConstan(l.3805><10_ 23Jou|es7K)

T= Temperatue( ° K)

Varicap diodes
(Varactor)

o—@—o

Varactors have a junction capacitance which chaagesrding to the applied reverse voltage. They a

used mainly for RF tuning and modulation

REVERSE VOLTAGE

40 -55 -850 -45 -40 -35 -30 -25 -20 -5 -D

oo
200 pf
180 o
160 pd
140 pt
120 pt
100 pt
80 pf
60 pt
40 pt
20 pf

o
|

i
1 |

YARACTOR YOLTAGE-CAPACITANMCE CURYE

Transient Voltage
Supressor diodes
(Protection diodes)

S

Bi-directional

Transient Voltage Suppressor (TVS) diodes are aim zener diodes, except that they are extremely

fast acting, have a small conduction resistance aae designed for power dissapation. They pratect
circuit against overvoltage conditions by condugtivhen the rated voltage is exceeded, hence clipp
the voltage. Bi-Directional TVS diodes are simphptsingle direction TVS diodes back to back.

Wremmn

L] L

e

11

=

=)

Bi-directional TVS characteristic curve
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Sidac
(Sidac, Sidactor)

MT1

7

MT2

Consists of two shockley diodes back to back, ansliges overvoltage protection by going into a
regeneration region allowing high current flow omlge device has been ‘turned on’ by first reachirg
breakover voltage, then reaching the switchingesurrTo turn off the device, the current must be

reduced below the holding current.
ITpg === ‘j VT Slope =Rg
IH "~ \</
— R

Main Terminal 1 -
Vs

. IDRM
Voltage ji-_ l(BO]
u T
VDRM V(o)
F
H -""'""--—...__ R R (V(BO} - VS)
. 7 % (s7leo)

V-l Characteristics

; Main Terminal 2

Tunnel Diode

Tunnel diodes have a region beforenttenal conduction region which allows conduciorotigh
quantum tunneling. The diodes are extremely fasb§econds) but are seldom used. The tunnel d

useful for oscilators

I |
LY CONVENTIONAL~, [/ |
PN UNCTION k ] I pras FTRWLAT H
CURAENT i L omit y

1
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made with a heavily doped PN junction. The tunmgetinrrent creates a region of negative resistance

fe i

Galium Arsenide Diodes used as Microw&aWillimeter wave oscillators

Gunn Diode

Pin Diode (Positive-Intrinsic-Negative doping) Phditmle normally reverse biased for light detection.

Back Diode A Back Diode is a tunnel diode with ap@ssed tunneling current suppressed, and is celfgl
between —0.2V and +0.3V since it conducts heauikgide this region.

Zener diode A zener diode conducts with almost @ntstoltage in the reverse direction. Diodes witlagety of

reverse voltages are available, hence they ara ofied in shunt regulators. The equation for tHe V-
characteristic of a Zener diode is extremely coogpid since it is controlled by the quantum medwani
properties of the junction which are controlledtbg geometry and doping concentrations. The regpons
of the zener diode in the zener breakdown regiorbeaapproximated by a resistance Fhis resistance
can be obtained from finding the slope of the \hdu@acteristic curve at the operating point.

RS AT

T
T

[

'ﬂ.:‘l

WO TAC]
LEAKACT CUEETNT
BWRLLWTH
(=2 L LH
e WL O RAGH

Currdnt-voltage chorocteristics of
a typical P-N junction,
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Shockley diode
(Four-Layer Diode)

Cathode

A

Anode

A shockley diode is effectively a Silicon ContrdlRectifier (SCR) with no gate. When the forward

voltage is below the threshold voltage, the shoclliede blocks current, but when the voltage isedi
above the threshold voltage, the diode switchesapd,conducts heavily. After the diode has turmed
it will stay on until the current is reduced to @&lthe holding current.

Constructior

Circuit
current

ANODE T

H

CATHODE |£

|

—f—

Equivalent circui

—

Applied voliage

AHNODE

I

[

CA4THODE

O

Diac (Dlode AC
Switch)

S

Diacs are effectively two shockley diodes in ineeparallel, or a triac with no gate pin. They opeia
the same way as a shockley diode except that leeyallow conduction in the reverse direction. Biac
are usually used as a trigger for a triac in ACgeheontrol systems such as dimmers or speed

controllers.
+
10mA ¢ 4+ — AV b
Breakover I
Current
lso _e_ _____
-V - e +V
Breakover I
—-  \Voltage —=
Vag I

Equivalent
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