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FET vs BJT

.

{

(Control current) Iz l
——
o————te BIT o———te FET
! - !
(Control voltage) Vg ‘
Bipolar Transistor Field Effect
(BJT) Transistor (FET)
Emitter— (E) >> Source — (S)
Base—-(B) >> Gate - (G)
Collector—(C) >> Drain— (D)




FET

FETs (Field-Effect Transistors) AdNeiu BJIT (Bipolar Junction Transistors)

Jorilou
» I¥venedygns (Amplifiers)
» Wugunsaluuula-Ua (Switching devices)
» T fursasdugduiuaud (Impedance matching circuits)

JOUANAN
» FET = guUnsalimiuaueiausadi (voltage controlled devices) BJT = gunsal
ﬁmuamﬁ’wﬂiwﬁ (current controlled devices)

» FET fidunaduiiuauingunin BJT ddas1ae1e9genin

» FET lidoulmsenisudsduvesgaumgiiswilownainlasea$amienieniw +
edanisasiadu 1C

Yuavay FET

JFET—- Junction Field-Effect Transistor

MOSFET —— Metal-Oxide Semiconductor
Field-Effect Transistor

D-MOSFET —- Depletion MOSFET
E-MOSFET —— Enhancement MOSFET




Tasvd$19vay JFET

JFET § 2 9lia

Drain (D)
Ohmic
n 7 ) contacts n-channel
»n-channel (fwalduinnin) -
»p-channel 7/_
Gate (G) P o p D

P

Depleti Depleti

rcglion region
43
Source ()

»Drain (D) wag source (S) #owd1U n-channel
»Gate (G) aawnfiudwiniuiaguiia ptype

n1sldv1uvay JFET

a5l JFET wWseuldiunaslafaniia

T Source
source (WWANIIBUSIAUNT) 1uNdzaNvy

BLANATOUNTIAVVDIUNAIINUSISY drain
P Gate
drain nsluavestinuSsulddunisanasuad

BLENATIU (M3019a) NIIUINVBIUNANINEUSIEY
control NMsAUANNISIMAvENNd8UsEQUS I
AIUANAIINNAIWDY n-channel SuillunisAuAuns

Tuavaszqann source W drain O Drain




dyaneaivey JFET

+2V
D D =
< (Kt
Ves=0V o l
R |V/+ 1V Vos =2V
JFET Channel [ Ig=0A 05V \
G Construction G N[ N 7 +fosv—
+
Lov

S Drain

')
Gate
Vo Vis
S
Source Source
N-channel JFET P-channel JFET

AMANBUENITNINIUYEN JFET

Operating Characteristics of JFET

JFET fildeulanisvineueg 3 uuu:

> Vgg = 0, Vpg WNGREATUIN
> Vg <0, Vg o Auan

> LLiqﬁumU@um’mﬁ’lumu (Voltage-controlled resistor)
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JFET Operating Characteristics

Vgs = 0. Vpg tNG8ATUIN

P~ ' a & o a ' aa &
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n-channel

' & &
> UeUADAWINESEUIN p-gate WA n-channel LWNAW Depletion
110991NB1ANA581UN n-channel saudaulgalu p-gate. region

P & .
> HBAUABAWUELANTY YUIAYBY n-channel JEUAUAY — Vps FF Voo

° v v & &
Wlviauduniulu n-channel Liadu N
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JFET Operating Characteristics
Vg = 0, Vg tinTuauiuauanamils => Pinch Off

Pinch-off

- 9 a1l a & A
W9 Vg = 0 uaz Vg SuAvilaAiniusoe,
MWnsenaaUasawvelrnwennadasmwin
spvalasawivizlnussauny Sanindu

Usangnisal pinches off 484 n-channel.

quiiewinnszudlu n-channel () wazu ~
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JFET Operating Characteristics
Vg = 0, Vpq tNTUudInAIuIN => Saturation

U 96 pinch off

a a & 1o 6§ ¥ a & o '
> VGS NEWHTVY ﬁ]%VLlI‘VI’ﬂM |D PWHAUBN A1

Vps f4 9@ pinch-off fhi5andn vV,

3y !

>
ID

avflangeiiga 1Sonindunseua o

o qailfuArdudiuse saturation 4

| Saturation level

Vas=0V

Increasing resistance due
to narrowing channel

n-channel resistance

Vbs

JFET Operating Characteristics
Vgg < 0, Vg 8 ATUINATULN
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o Vg Wuaunniu walasawivesy
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JFET Operating Characteristics
Vg < 0, Vg 1 AMUMATMIIN => |, < lpeq

P a1 g &
3] VGS danduauuiniu
IpmA)  Locus of pinch-off values

v . v ' tf— ——
»  JFET 9219143a pinch-off a18A Ohmic : Saturation Region
o oA . Region _
usaEuRaINIT Vp loss 31T TT Yes=0Y
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o P ST i
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VDS > VDSmux
JFET Operating Characteristics
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p-Channel JFETS

WTaUiU n-channel LATIVBIUSIAU

LATRANINUYDINT LA SN

= Voo

Vas =+ Vo

p-Channel JFET Characteristics

I (mA)
T
Ves=0V
o 2@ & 6
WD Vg LWNANTUUINNINAY N
PO
> 1aUADAWIRELNNAL 4
> Breakdown
I 808N (I < lhas) 3 region
> UNSEAN I, = 0A 2 )
1 X Ves=+5V
} | - | ]
0 ~10 15 20 -25




JFET Transfer Characteristics: n'liéxici’lu@mé'nwms

lu BUT 14 B unuanuduiusszwing I, (Buuwe) uae I, (1016wa)

v

T4 JFET Anuduiusvad Vo (Buwm) uaz | (101dwe) fanududounindail

2
V,
1- GSJ
P

Ip =IDSS{

nswasanisaviuduldvaudnyuyves JFET

) 2wlduan specification sheet IS1AINTANADANTT

AN lgg UAE VP (Vg

dvudulAsaudneazldaudunoudslil
un 1

2ee

2
Ip=Ipgg| 1- S5
D DSS[ VP]

Wi Vg = 0V 22ld 1) = 1os

e

un 2 ,
Vs

Ip =Ipgg|1-—-S5

D DSS[ v ]

v v P
W Vo =V, (Voger) 21 I = 0A

un 3

¢

2
5 5939 H o Vs
i Ves B858UINN OV 09 \/p W Ip= IDSS[I_T]

ld




JFET Transfer Curve: n1saveuvauduldvananymy

1y (mA) Iy tmA)

1o 0
-

Togs 8

13

I [

Vos =0V

Vs (V) %

-3 =2 - oo
Ip=0mA. Vg =V,

JFET Specifications Sheet

MAXIMUM RATINGS

Maximum Ratings

Ruting. Symbol | Value | Unit
raia-Source Yoltage Voo 2 Vi 3
Drain-Gate Voltage Vg 28 Vi Gase
Reverse Gare- Source Voltage Vo 2 Vi g oo
Gate Cumrent 1o I mAd: £
Total Device Dissipation @ T = 25°C Ty 310 mw JFETs

Deraic shove 25°C 282 mW/C GENERAL PURPOSE
Junetion Temperaiure Range T 125 i@ N-CHANNEL—DEPLETION
Storage Channel Temperanre Range [ e

2N5457
CASE 29-04, STYLE S
TO92 (TO-226AA)

1 Dein

Refer 10 ZNAZ20 for graphs.
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Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 25°C unless caherwise noted)

I o | Symbot [ s | T Max | wnit |
OFF CHARACTERISTICS
Gate-Source Breakdown Valiage L— 15 Ve
(g = =10 pAde, Vg =0}
Gate Reverse Current Vo nide
(Vg = =15 Ve, Vpg =00 - - =10k
(Vs = =15 Vo, Yge = 0. T, = 100°C) - - S
Gate Source Cutoff Voliage Vo Ve
(Vs = 15 Vde, I, = 10 nAdc) INF45T =05 - —60
Gate Source Vollage Ve Ve
(Vps = 15 Ve, Iy = 100 pAde) INSAST 25 =
ON CHARACTERISTICS
Zero-Gate-Volinge Drain Cumrent® Tpss mAde
(Vo= 15 Ve, Vs =0 INS4ST Wi} 30 50
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admitance Common Saurce® 1¥ed gt
{¥pg =15 Ve, Ygs =0, 1= LUKHz) FNE4ET [T - 000
Cutpt Admintance Common Source® ¥l pemthos
{¥ps = 15 Vide, Ygg =0, f= LOKHZ) = 10 S0
Input Capacitance Ciu L
(Vg = 15 Vde, Vg =0, 1= 1LOMHz) - 45 70
Beverse Tranafer Capacitance Chi pE
¥pg ™ 13 Wde, Vg =0, 0= LOMH:) - 15 in
FFudie Tesr: Pulse Width 5630 ma: Dty Cycle 5175
Specification Sheet
Electrical Characteristics
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise posed)
[ ot | symbor | mim | Tap | Max | tek |
OFF CHARACTERISTICS
Dirin Seurre Breakdoun Volge Vinsx Ve
(Vg =TV, Ip= S4hjeAd 8379 20 23
Ciate Reverse Current (1) leas e
{¥s = -V, Vg = ) 14
(Vs =10V, Vs =, Ty= 150°C) = = 200
Daln Source Catall Viltage Vizsamy Vo
flp =20 HA, Vi = 10 V) 23T - 40 =10
Divain-Galc Reverse Current 11 Toco - - 10| pade
(Vo= 1V, ga i)
ON CHARACTERISTICS
Zerv-Gale-Voltage Drain Cerest g5 mide
Ui Rl P 20 | 2 | 60
Oa-Sutc Dl Cument = T mde
BEDS AR AR 2M179T 990 14 18
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admisiance B8 pmhos
(Vi 10V, Vggm 0,1 = 1.0 kbl
3707 1500 | 100 | 00
(Vg = 10V, Vige =0, F= 1.0 MH2)
Iy 1541
Churpen Admimince. T3l i
cm 10N, W gy 0, o LKL
i M3 o 0
Input Cagacilanco Cin nt
(Vi = W0V, Vg =10, F= L0 MH2 EREE o '
Heverse Tramsder Capacitance [ = ns ng o
(Vi = 10V, Vgg =0, 0= LOMHz)
FUNUTIONAL CHARACTERISTICS
Moise Figure l NF l 1% an |
(Vg = M1V, Ngg = 1 F= DKM, R = 3 mepolins)
€11 This value of cutrean includes bah the FET s welh s the feakaps arsaciatod with the trt socket anil fisture

when measured under beat atsnable conditions.
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Specification Sheet

Electrical Characteristics
Maximum Ratines

ELECTRICAL CHARACTERISTICS (T, = 25'C unless otherwise noted.

Characteristic | Symbul | Min | Max | Unit |

OFF CHARACTERISTICS

Drasn-Source Breakdown Vollage ¥inRimsx Pl Ve
(I = 10 A, Vs = 0)

Zero-Gate-Voltage Drain Current hisse
(Vs = 10V, Vg =0) T,=25°C - 10| nade

Ty=150C - [} pAde

Gt Reverss Current Yass = 10| pade
(Vg ™ |5 Ve, Vg =)

ON CHARACTERISTICS

Gate Threshold Voliage: Vesam | 10 s Vo
(Vns =10V, Ip = [0pA}

Drain-Source On-Vollage Vissimg 1.8 ¥
(1y =2.0mA, Vg = 10V}

On-Siate Drain Current Toeey 30 - mAde
(Vas =10 ¥, Vs =10 ¥)

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admittance iyl 100 - | pmbe
(Vps= 10V, g = 20mA, § = LOEHz)

Input Capacitance Cia - 1] pE
(Vpg = IV, Vgg =0, 1 = 140 kH)

Revene Transfer Capacitance Cpy - 13 e
(Vg =1, Vg =0, = 140 kHz)

Dirain-Substrate Capacitance Coata - 50 oF
(Vs = 10V, 1 = L kH)

Drain-Soarce Resistanoe Fivay - 30 chmsg
{¥gs = 10V, 1p =th 1= LOKHE

SWITCHING CHARACTERISTICS

Tum-On Delay (Fig. §) Ly = 45 ns

Rise Time (Fig. 6) :3-?ﬂ[-r\/::;vm= 10 Vide, L 63 ns

s
Tuen £ Debay (B ) | (e Pgure 9; Tiemes Circuit Determined) L] = L] .
Fall Time {Fig, 8 ) = o ns

more...

MOSFETs

MOSFETs fifuanstueiniiouiu JFETs wSauiiuguanuyuziubiniveenis

o v &
VI’]\‘l’luvLG]ﬂ’J’]\W’J’NﬂJu

MOSFET i 2 %ila

» Depletion-Type

» Enhancement-Type

12



Depletion-Type MOSFET Construction

(Dgin)
§i0, n-channel

N

Metal contacts /
(Galc)\
G

Substrate
5§

AMRT.S.

N

n-doped

(Source) regions

N1SNNTUVDN MOSFET

D-MOSFET winwulalu 2 Tvug

» Depletion mode

» Enhancement mode Iy (mA) I

109

Depletion -

mode

mode

Gs 0 7 s
Vos=Vp=-6V
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Depletion-Type MOSFET in Depletion Mode

Depletion Mode

Auanwzrilauiy JFET Ip(mA) I

L
Enhancement
made

Depletion
} mode
p M
> fle Vg = 0V 9ldl I = Ioeg

a' v
» adle Vg < 0V 28ld I < Ipeg

Ip=1I ~Yos T e
D = IDSS v 2
P ]
_______ 8
F)
| | |
8-S | W ) T
Y Yoo

D-MOSFET

SiO, layer n-channel

‘ol
L+ Recombination
Vel
é process
e [+
7
" e—= «++  p-material
S8 =y G e _@__ substrate
— oD

~ | & "\ Holes attracted
e to negative
e\@\ / potential at gate
e

Electrons repelled
by negative
potential at gate

#

Metal
contact
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Depletion-Type MOSFET

Enhancement Mode

» Vg >0V Iy imd)

>l AWNS0HATNN

Depletion
made

Vp

wnewg Vog dAnduuanld

109 —
—

Enhancement
mate

2
Ves| 8= Inss
Ip = IDSS[ - J

in Enhancement Mode

p-Channel Depletion-Type MOSFET

n-channel p-channel
B D
G |%nss g—l o
§ H
D D
¢ ¢ |
s & Iy (mA)

}—0 i\

by (mA)

V= lpmi6V L
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Enhancement-Type MOSFET Construction

no-channel

Substrate
88

Metallic
contacts

N15%NUVad Enhancement-Type MOSFET
E-MOSFET #invululuug enhancement mode tintiu

> Vg iudnuaniaue
- a a
> dle Vg v | il

a - a a
> @nswdle Vg Aviuag Vg Liu
WNSE |, BuGmTe saturates

] St o oS o
(lhss) A1 Vpgey HUAMTIAUBUE
Iy (mA) fy(mA)
10— RS || SRR Vig=+0V
- gl
§= (1=
i i V=TV
= (1 h
L 3L Voym 46V
4= 1k
i 3 Y
1+ | Vis=HV
Lk - + V=43V
L1 I 1] 5 mw 15 a0 25 \ i

Vag=Vp=2V




E-MOSFET

Electrons attracted to positive gate
(induced n-channel)
Region depleted of p-type Pinch-off (beginning)

carriers (holes) Si0y Depletion region

N

I = —+ + —_—
s L s —
bs — substrate bs T
- —+ - + _
Vos = - Yos =

ANMMINININNS.
{
1
N

J_ Insulating layer  Holes repelled J_

by positive gate

Enhancement-Type MOSFET Transfer Curve

Ip(mA) Ip(mA)
2 10} 10+ Vas=+8V
ID =k(VGS—VT) 9l 9}
] 8
, 7t - Vos= 4TV
Taoi Ju o <=
o
V; = threshold voltage %58A" s Sk Vosm 46V
us9AUA MOSFET 15uviniu r T
I 4 Vos =45V
- 2
k = A1AYA9N specification sheet 1 1 Vos=HV
L A Vis=+3V
of 12345678 vy 0 5 10 15 20 5\ y
Y Vas=Vy=2V

k d@1unsaunléann

Ko Ipon)
(Vason) - VD)?

(3
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p-Channel Enhancement-Type MOSFETs

I, (mA) Iy (mA)
—8 s Vas=-6V
7 7
e 6l
g sk
V=5V
= P sk
-3 3
mP 3 Yy ==aV
1 1 Yp=-3V
L1 I
6 -5 =4 =3 =2 -l [0 y. O . v
: s Vmb=av '

MOSFET Symbols

n-channel p-channel

2l H
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An example of using the MOSFET as a switch

Lets assume that the lamp is rated at 6v, 24W and is fully “ON”,
the standard MOSFET has a channel on-resistance ( RDS(on) )
value of 0.1ohms. Calculate the power dissipated in the MOSFET
switching device.

P=VxI,

P 24
 Tn =2 =2 = 4. 0amps
D™y 6

P=1"R

2
PD:IDXRDS

PD = 42X 0.1 =1.6 watts

Power MOSFET Motor Control

+Vp

Forward FET; _Si| p-channel
Sglt;?nb;!n;r Direction —]\ MOSFET
o v &

o

o

&
Ir
0

JELUJEL
\

Vi =
m | e( =
Reverse ' N-channel
Direction FET: 5, | MOSFET
-Voo
MOSFET 1 MOSFET 2 Motor Function
OFF OFF Motor Stopped (OFF)
ON OFF Motor Rotates
Forward
OFF ON Motor Rotates
Reverse
ON ON NOT ALLOWED
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Field Effect Transistor Tutorial

*Field Effect Transistors, or FET’s are “Voltage Operated Devices” and can
be divided into two main types: Junction-gate devices

called JFET’s and Insulated-gate devices called IGFET's or more commonly
known as MOSFETs.

Insulated-gate devices can also be sub-divided into Enhancement types
and Depletion types. All forms are available in both N-channel and P-
channel versions.

*FET’s have very high input resistances so very little or no current
(MOSFET types) flows into the input terminal making them ideal for use as
electronic switches.

*The input impedance of the MOSFET is even higher than that of the JFET
due to the insulating oxide layer and therefore static electricity can easily
damage MOSFET devices so care needs to be taken when handling them.
*When no voltage is applied to the gate of an enhancement FET the
transistor is in the “OFF” state similar to an “open switch”.

*The depletion FET is inherently conductive and in the “ON” state when no
voltage is applied to the gate similar to a “closed switch”.

*FET’s have much higher current gains compared to bipolar junction
transistors.

*The most common FET connection is the Common Source (CS)
configuration but Common Gate (CG) and Common Drain (CD)
configurations are also available.

*MOSFETS can be used as ideal switches due to their very high channel
“OFF” resistance, low “ON” resistance.

To turn the N-channel JFET transistor “OFF”, a negative voltage must be
applied to the gate.

*To turn the P-channel JFET transistor “OFF”, a positive voltage must be
applied to the gate.

*N-channel depletion MOSFETs are in the “OFF” state when a negative
voltage is applied to the gate to create the depletion region.

*P-channel depletion MOSFETs, are in the “OFF” state when a positive
voltage is applied to the gate to create the depletion region.

*N-channel enhancement MOSFETs are in the “ON” state when a “+ve”
(positive) voltage is applied to the gate.

*P-channel enhancement MOSFETSs are in the “ON” state when “-ve”
(negative) voltage is applied to the gate.

20



The Field Effect Transistor Chart

S

The Field-Effect
Transistor (FET)

<

{

Junction FET

]
Metal Oxide
Semiconductor FET

1

[

]

Depletion-mode

Depletion-mode

Enhancement-mode

|Nchannel| |P-channel| |N-channell |P-channe|l |N-channel| |P—channel|

D D D D D D
g g g g -8 g
S S S S S S

Gm Best
Speed High
Noise Moderate
Good No
Switch

High-Z Gate No

ESD Less
Sensitivity

Worst

Medium

Worst
Yes

Yes

More

Medium
Low
Best
Yes

Yes

Less
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MOSFET Biasine

+Vp FIGURE 8-46
Ry Common E-MOSFET biasing
Vos =\ 7 o JVoo
R + Ry arrangements.
Vbs = Vop — IpRp R Rp
G
(a) Voltage-divider bias (b) Drain-feedback bias

Determine Vg and Vg for the E-MOSFET circuit in Figure 8-47. Assume this particular
MOSEFET has minimum values of Ipo,) = 200 mA at Vg = 4 V and Vg = 2 V.

FIGURE 8-47

For the E-MOSFET in Figure 847, the gate-to-source voltage is

R, 15kQ
Vee = [—2\y = 24V = 3.13V
GS (R, T Rz) ee (nsm)

22



To determine Vpg, first find K using the minimum value of Ipqy) and the specified
voltage values.

K= Ipon) _ 200mA 200 mA
(Vgs — Vasam)? 4V —2V)? 4V?

Now calculate I for Vgg = 3.13 V.

= 50mA/V?

Ip = K(Vgs — Vesan)* = (SO0mA/VH(3.13V — 2V)?
= (50mA/V3)(1.13 V)2 = 63.8mA

Finally, calculate Vpg.

Vbs = Vob — IpRp = 24V — (63.8mA)(200 ) = 11.2V

Determine Vg and Vpg for the circuit in Figure 8-47 given Ipo, = 100 mA at
VGS = 4Vand VGS(lh) =3V.

Tue IGBT

Collector
Collector
Gate
Gate
Emitter Emitter
FIGURE 8-51 FIGURE 8-52

A symbol for the IGBT (insulated- Simplified equivalent circuit for an
gate bipolar transistor). IGBT.
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Operating frequency Medium High Low
Switching speed Medium Fast (ns) Slow
Saturation voltage Low High Low

FEATURES IGBT MOSFET

Type of input drive Voltage Voltage Current
Input resistance High High Low
Operating frequency ~ Medium High Low
Switching speed Medium Fast (ns) Slow(uS)
Saturation voltage Low High Low

CMOS Devices

CMOS (complementary MOSFET) it
V‘Igﬁ p-channel Wwag n-channel MOSFET

UU substrate 1@gaiU

prchanncl MOSFET pechannel MOSFET.

a-type subsirite

v 2e
()
jol))

FUselomilureasassne

v

TBunedufiuaudgs
H ‘1‘” g ! ! 0

> nuldisa : ‘

> fulvios
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Summary Table

Ig=0A.Ip=1Ig

D
G e
Ve
s

MOSFET Vg« Vgs= Vg »

f Type (0] 0] 0]
S G === N-channel OFF | OFF | ON
b Enhancement
B N-channel
(| SOl Depletion OFF | ON | ON
,”:,,,“Q,VV;:)- P-channel ON OFF | OFF
i w bia Enhancement
le=0AIp=1s P-channel
el m Depletion ON | ON | OFF
FJH =

Ip=k( 5= Vosem?

MOSFET Characteristics Curves

Vos = IoRosiom

ion Region
V (mosfet “ON")
o= Rpe /
Ay Ves = Voo
To(may /

4

1
Slope = ——
; \ -Ros
/ \ Cut-off Region
(mosfet “OFF")
Ipss \B &

R, Ves =0
0 — LS
When Ip=0 Vs
Vs = Voo




Cut-off Characteristics

e The input and Gate are grounded (
ov)

*e Gate-source voltage less than
threshold voltage Vs < Vo

*e¢ MOSFET is “OFF” ( Cut-off region )
e No Drain current flows (15 =0
Amps)

*® Vour = Vps =Vpp ="1"

*e MOSFET operates as an “open
switch”

Saturation Characteristics

*e The input and Gate are connected

to Vpp

*e Gate-source voltage is much greater
than threshold voltage Vs > Vg

*e¢ MOSFET is “ON” ( saturation region)
*e Max Drain current flows ( Iy =Vpp/
R.)

*e Vs =0V (ideal saturation)

*e Min channel resistance Rpg,)
*® Vour = Vps = 0.2V due to Rpg
*e¢ MOSFET operates as a low
resistance “closed switch”

<0.10

on)
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Gate Gate

Source Source
n channel p channel

nstant is the pinch-off voltage.

s zero is the cutoff voltage. Vgs(ofr)-

E-MOSFETs V.
Drain Drain
Gnc@ Glle@
Source Source
n channel p channel

or enhancement modes. Vg can be

27



Drain
Gate
Source

n channel

D-MOSFETs

Drain
Gm@
Source

p channel

ﬂjmshold voltage, VGS(ﬂl)'

ibstituting datasheet values Ipon)
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