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o NOi dung trinh bay

 Phan loai FET

 CAu tao va hoat ddng ctia JFET

« CAau tao va hoat ddng cita MOSFET

« Phan cuc cho FET
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Phan loai Field-Effect Transistor (FET)

The Field-Effect
Transistor (FET)

I 1 I
. Metal Oxide
[ Junction FET ] { Semiconductor FET ]
i
Depletion-mode Depletion-mode Enhancement-mode
MN-channel P-channel MN-channel P-channel M-channel P-channel
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Phan loai Field-Effect Transistor (tt)

kénh p
[ JFET 1 kenhn
+ Phan loai FET < - khdng cau ndi (E)
(KeNP 1 6 chuné (D)
. MOSFETY - khong cu néi (E)
_kénhn T
L O cau noi (D)

https://fb.co © Spring 2016 )

BK
‘5 ELECTRONTE'DEVACES AND CIRCUIT- Chapter 3



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Cau tao JFET

Drain Drain

l Drain (D) Drain (D)

©
=
=
Gate =.§ 7 Gate (G) —C) Gate (G) —C)
Q,
H Source (S) Source (S)
n channel

p channel
Source Source

(a) n channel (b) p channel

Gate

« CO hailoai, kénh n va kénh p

« GOm khoi ban dan chinh ndi hai cwc D va S va hai khoi
ban dan khac loai bén hong ndi lai véi nhau va néi voi
cwc G
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Neguyen 1y hoat dong JFET v

« Gva S ludn phan cwc nguoc

— Vg Cang am lam vung nghéo cang mé rong
sau - cang tang dién tro gila D va S Voo ==

— Vg giam am lam vung ngheo thu hep lai -
giam dién tro gita D va S =
* Vg la dién thé cap nguon cho dong dién I
ttr D dén S, dién tr& Ry thay doi dan dén
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Pic tuyén ciia JFET khi Vee =0

* Vgg =0, tang twr tr Vi : }’GD?% b,
— Doan AB ‘tuyén tinh Vps = RIp \ \)_VD% —== Voo
(dién tré gan nhw khdng doi) Vas =0
— Doan BC (Vpg > Vp ), dong dién L

|, khong dbi (Vps cang tang,
I vung ngheo cang bit kin, lam Ryq
tang theo)

Ohmic region
Vas =0 C
Ipss =1 -

Active region

= Breakdown
(constant current)
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0 Vp (pinch-off voltage)
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Ho dic tuyén cia n JFET

in (I“A)

‘ ] \
W I

o
20 - = Saturation {or pinch-ofl) region ——s-

<~ Triode region

l.’Gs =()

!

WiTTHiyy]
W Ves

/ Cutoff v o<V, Y

| 1 L | L g (V
s (V)
4 6 8 o

» Cang phan cwc nguoc, 0 < Vgg < Vggo
— Cang mé& réng viing nghéo = cang dé dat trang thai bit kin
— CA&c diém trang thai bit kin nam trén mét dwong cong parapol

* KhiVggam du lon (Vs = Viserm), VUng ngheo tw bit kin,

JFET ngwng dan
PP
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dce < A T
Phuong trinh truyén tai cua JFET
« Thé hién mdi quan hé gitra Vs va |y Ion nhat

* JFET kénh n co 0 2 Vgg 2 Vg (hinh dwoi); kénh p
nguoc lai Viggom = Ves 2 0

Vas =0

VGS=—1 V

VGS = —2V

VGS = —4V

: : - Vpg (V)
10 15
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So sanh gitta JFET va BJT

JFET BJT
Vos '\
Ip = Inss(l - V) < Ic= Bl
P
Ip = IS = IC = Ip
I = 0A & Vg =07V
JFET BIT
D C
Tifﬂ TlIC
I;=0A ) I
Go—— ID=IDSS(I'_%) Bo———— IC=ﬁIB
+ P
Vs HIS Ve =07V l l' I
S E
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o Noi dung trinh bay

 Phanloai FET Source

=

- Cau tao va hoat dong ctia JFET Gate

» Cau tao va hoat ddong cia MOSFET

« Phan cuc cho FET I\
@ Drain
A
{Control current) 1/ l .
o--:l-——--. BIT o———— g+ FET
! ¢ !

(Control voltage) V¢ ‘
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\ n-doped

regions

5 T)

n-channel

D
D
. o Ee
§ S
I~ 7 D D
substrate
S N

Cuc D va S |a hai khoi ban dan dwoc
noi v&i nhau bang mét kénh nhé (cau
noi), tat cd nam trong mot khoi ban dan
nén (substrate) khac loai

Cwc G ap trén kénh nhé bang I&p cach
dién Sio,

Cuwc SS ndi vao khdi ban dan nén:
thong thwdng SS dwoc ndi vao S

p-channel
Drain

Si0,
Polycrystalline Lﬂﬂ
silicone ~  T——
Gate B
Channel A
rﬂﬂ

Source
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Neuyéen ]ly hoat dong cua D- MOSFET

Al (mA)

Depletion 10.9 -
mode Enhancement
mode
— — — Ipgy
- — s
2
S Y SO /)T
4

6 -5 -4 -3 _2\_1 0| 1

v

. Gan gibng JFET, diém khac:

— Vg €0 thé dwong (ché dé hé
tro - enhancement)
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P thi ciia p D-MOSFET

* Nguwoc Vgg So voi loai n

Vis \
In=1 1] — —
1)

Al (mA) A I, (mA)
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o Vyg=-1V
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6 Vg =0V
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1 VGS=+4 V
V
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V,g=Vp=+6V

b © Spring 2016 15

ELECTRONTE'DEVACES AND CIRCUIT- Chapter 3


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

o MOSFET khéng cau noi (E-MOSF

»+ Cau tao gan giong D-MOSFET,
khac la khdng c6 kénh nho ndi D-S

« Kénh nhd duwoc tao ra khi dat mot o=
dién thé Vg duwongvaocwc GvaS ¢

W n-channel p-channel
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Hoat dong cua

SiO,

Pinch-off (beginning)
/ Dep!elmn region

-MOSEFET

Electrons attracted to positive gate
(induced n-channel)

Region depleted of p-type
carriers (holes)

4

/

p-type

[/

substrate

M &

— 4
—
| Ig=0A S -
+ = . —
0 VDS _I_ G — 4 p VDS' —_

— 4 T

s = —

QIS Ip
Insulating layer  Holes repelled

s by positive gate

* Khi Vgg duwong du 16n (Vgg 2 Vy), ‘kénh dan dwoc tao ra
cho phép dong electron di chuyén tr S sang D

* Khi Ve tdng dén ngwéng sé lam kénh dan bij bit kin
Vs cang dwong kénh dan cang réng = kho bi bit kin
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Phuong trinh truyén tai cia E-MOSFET

|, quan hé v&i

Vs theo biéu
thire:

Ip = k(Vgs — Vp)*

Hé sb k duoc
tinh dwa vao
thdng s6 trong
datasheet

k

B Ip (on)

B (VGson) — V)
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VGS - +8 V
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8 [
7 Vs =+TV
6 L
5 — VG.‘; = +6 V
4 -
3 Vog=45V
2 -
1 = V(;'S =+4V
| : : VGS = +3 V
0 15 20 25 Vo
Vf:c - V'r - 2 V
L/, (mA) A, (mA)
8 8 Vos=-6V
7 7
6 6
—5 5
Vog=-3V
— 4 4
—3 3
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dce .
Datasheet cua

MAXIMUM RATINGS

A

Rating Symbol Value Unit
Drain-Source Voltage Vs 25 Vde
Drain—Gate Voltage VoG 30 Vdc
Gate-Source Voltage* Vas 30 Vde
Drain Current Ip 30 mAdc
Total Device Dissipation @ T4 = 25°C P 300 mW
Derate above 25'C 1.7 mW/C
Junction Temperature Range T, 175 ‘C
Storage Temperature Range Tag 65t +175 | T

* Transient potentials of £ 75 Volt will not cause gate-cxide failure.

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

2N4351
MOSFET
SWITCHING

3 Drrain

3 &

a4l

MN-CHANNEL - ENHANCEMENT

2 _|= '\ s
Ciate
1 Source

4
ase

Characteristic Symbaol Min Max Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage ViBr)nsx 25 - Vdc
(Ip =10 pA, Vs =0)
Zero-Gate-Voltage Drain Current Thgy
(Vps = 10V, Vgg =0) Tp=23°C - 10 nAdc
Ty =150°C - 10 LAde
Gate Reverse Current l;ss £10 pAdc
{'ﬁ"ﬁs =% 15 Vd‘l:.. vDE = {]J
ON CHARACTERISTICS
Ga‘lﬁ mﬂstlﬂ]d Voimgﬂ VES{“} 1.0 5 Ydc
(Vps =10V, I =10uA)
Drain-Source On-Voltage Vbsion) 1.0 ¥
“U‘ = 2.0 m.rﬂl., VG& = IUV]
On-State Drain Current Inien) 30 - mAde
(Vgs =10V, Vpg = 10V)
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NOi dung trinh bay

Phan loai FET

Céu tao va hoat ddng cua JFET

Cau tao va hoat ddng cia MOSFET

Phan cwc cho FET

Ry £ 24 kQ
2.1MQ
10pF

D it
I oV

v, o—"—‘;;—{ Ipgs =8 mA )
5 uF Vp=-4V

N

0 +16V

=
0A'As

+3
1, =24mA
1- Q

e ID =1.21 ITIA(VGS: 0 V)

. & 1.5kQ Cg == 20 uF

IF
(5]
3
Pt
)
B
AN

4 3 2, -1 0o 1 |12 3
(Vp) Vosp=—18V V=182V
(Ip=0mA)
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o Phan cyc cho JF

)
4T
A

« CO 3 kiéu: phan cuc tinh, tw phan cwe va phan cwe ding

cau chia ap

‘{D
‘{DSS
JFET Vs, = —Vaea
Fixed-bias Vps = Vpp — IpRs
JFET Vs = —IpRs
Self-bias Vps = Vpp — Ip(Rp + Ry)
JFET Vg = 2PgDD_
Voltage-divider Ry + Ry
bias Ves = Vg — IpRs
Vps = Vpp — Ip(Rp + Ry)

BK
TP.HCM

ELECTRONTE'DEVACES AND CIRCUIT- Chapter 3

https://fb.com/tailie © Spring 2016 21


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

deo Phan cuc cho MOSFET

Depletion-type
MOSFET Ves, = +Vae
Fixed-bias Vps = Vpp — IpRs
(and MESFETs)
Depletion-type Voo
MOSFET = % 7o g
Voltage-divider 1 2 S
bias Vas = Vo — IsRs
(and MESFETs) Vps = Vpp — Ip(Rp + Ry)
Enhancement Vop
type MOSFET R, 3Rp vy
Feedback v =GSV - _Di;
configuration 1 GS pp ~ IpRp
(and MESFETs) |
Enhancement
type MOSFET . RVpp
Voltage-divider ¢ R, + R,
bias Vs = Vg — IpRg _
(and MESFETs) V..
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