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. PAI CUONG VA PHAN LO Al

FET ( Field Effect Transistor) -Transistor hiéu wng trwong —
Transistor triwo'ng.

Co 2 loai:

Junction field-effect transistor-JFET: Transistor hiéu ng
trwdng diéu khien bang tiéep xuc PN (hay goi la transistor
trwong moi noi).

Insulated- gate field effect transistor-IGFET: Transistor co
cwc cong cach dién.

Thoéng thwong Iop cach dién dwoc dung la I&p oxit nén con goi
la metal - oxide - semiconductor transistor (viét tat la MOSFET).
Trong loai transistor trwdng cé cuwc cong cach dién dwoc chia
lam 2 loai 1a MOSFET kénh san (DE-MOSFET) va MOSFET
kénh cam wng (E-MOSFET).

M®6i loai FET lai dwoe phan chia thanh loai kénh N va kénh P.
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. PAI CUONG VA PHAN LO Al
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T NHUQC BIEM CUA FET SO VOI BJT

e Mot so wu diém:

— Dongdién qua tr,ansistor dhdo not loai hat dan da $ tao nén. Do
vay FET la laai cau kién don cuc (unipolar device).

— FET c6 ti khang vao 4t cao.

— Tiéng on tronc FET it hon nhiéu sc véi transisto ludng cuc.

— N6 khong budi¢n &p i dong |, = 0 va dodd n6 la cai ngt di¢n
tot.

— COdd 6n dinh vé nhiét cao.

— Tan s5 lam viéc cao.

» Mt so nhwgc diém: Nhugc diém chinh @ia FET la ¢ s khuech
dal thap hon nhieu so i transistor {rdng auc.



S,f@l{')NG VA KHAC NHAU GI UA FET VA BJT

 Giong nhau:

— S dung lam B khuéch dai.

— lam thét bi dong ndit ban din.

— Thichtrng wo1 nhitng nach tré khang.

e Mot so s khac nhau:

— BJT phan gc bang dong, con FET phanuc bing dién
ap.

— BJT c6 1§ s6 khuéch dai cao, FET ¢6 t khang vaodn.

— FET it nlay cam véi nhiét do, nén throng dugc Sr dung
trong cac IC tich tp.

— Trang thai ngit caa FET 6t hon so \6i BJT



CO 2 lai JFET : kénh N va kénh P. JFET kénh n thoaggdhon.
JFET c6 3 gc: arc Ngwn S (source);ec Cra G (gate); gc
Mang D (drain). @c D va arc Sduoc két noi vao kénh N. @c G

duoc két noi wae-vattedban dn P

' —<
—™ Gate N '7 Gate I N
(G) == G)




) BAN VE HOAT PONG CUA JFET

JFET hat dong gibng nhr haat d6ng aia not khda nrée.

« Nguon ap lrc nudc-tich iy cac ht e —

¢ dign arc &m ma ngwn di¢n dp cung | ==
cap tr Dva S a

« Ong nréc ra - theu cac ehay b trong |

tai cuc dwong aia ngwn dién ap cung &p tr D va S.

e Diéu khién lugng ddng my nudc-dién ap i G diéu khién
d6 rong aia kénh n, Kdm soéat dong cly e trong kénh nit

S 1 D.



D D
"l .
G Rp Cy Rp
o T Ups >~ Ups
Vael [Ugs . Veah )
el S Vv T= Vo T l Uss | S —= Vop
® 4 3 <
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JPET KENH N KHI CH UA PHAN CUC
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dBET kénh N khi dat di¢n ap vao Dva S, chan G
S khéng két noi

Source
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. JFET kénh N khi phan arc bao hoa
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®. ,JFET KENH N PHAN CUC
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FEET KENH N & CHE PO NGUNG
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JPEJ KENH N KHI CH UA PHAN CUC
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JET kénh N khi dat dién ap vao D va S, cha
e G khong két noi

Source

(S)



JPET KENH N KHI PHAN C U'C BAO HOA
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®. ,JFET KENH N PHAN CUC
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FFET KENH N G CHE PO NGUNG
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AG PIEM HOAT PONG CUA JFET

JFET kénh N c6 3 clé d§ hoat dong oo ban khi V 5 >0:
A. Vgs= 0, JFET haat dong bao hoa, L,=Max
B. Vg<0, JFET hoat dgng tuyeén tinh, 15|

C. Vgs=-V JFET ngwng haat dong, 1,=0

ngat?



AG PIEM HOAT PONG CUA JFET

Véi1 JFET kénh n
Khi khdng c6 phanw, khﬁé\? co dong qua kénh n

te

Source Drain
. T p .

Channel n

.

Vs> 0 nol pn phan axc thuan va dodo s co dongdién
tir cec nguon Sdén cuc thoat D lén nhwng khdéng diéu
kh|en dll’()’C 22




AG PIEM HOAT PONG CUA JFET

Khi Vo= 0V va V> 0 thip, viing htm nh, kénh n con
rong, dongdién ting nhanh

Gate
Source T Drain
n Channel
l depletion
regions
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AG PIEM HOAT PONG CUA JFET

Khi V4 ting, viing hém cang éng ¢gin nhr cham vao nhau,

kénh n b nghen, Fet dn b&o hoa

Gate

Source T Drain

o —

T~y
n Channel
P I

l Pinched-off
channel
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a.Vgs =0V vaVps>0:
NOi pn phan ¢ wc nghichtao
thanh vang hi ém 2 bén maoinoi .

Khi Vg cang | &nvang hi ém  soweeq——

cang r 6ng lam th at ch at (nghén)
dwdong dicuadiéntwtwdo bi
hat v é cwc thoat.

Ketqua: KhiV ys nhé dong thoat
|p tang nhanh, khi V 55 cang | &n
dong thoatt ang ch am, khi V ¢ du
|&n vang hi ém lam ngh &n kénh -,
dong tho at bao hoa | 55 (do dong
I, cO tri Ié&n nhat va khong thay
doi),va dién thé nghén vV, (do
Ves=0V)

LGy

AG PIEM HOAT PONG CUA JFET

drain

BOUTCE ———
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AG PIEM HOAT PONG CUA JFET

o Khi Vgg<0lonvaVygIon
« VUng hiém cang rdng ngay t&r dau kénh, dong
dién thoat nhanh chong bi nghén.

Vieres
-+ I 1 gatc
| 1
P |
—+ —+ —+ + _,/,l
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AG PIEM HOAT PONG CUA JFET

b. Khi cho Vs = const va \|;s<0

» Khi V<0 (Vgs=-1V): Noi pn phan gc ngtich, viing
niém lon hon khi V=0V = dong thoat co ti nho
non va tii SO dién thé nghen V,,; ciing nho hon V,

e Khi cho Vgzscang am ( GSZ—-ZV), ving hém céng ing
,kénh cang &p hon , dong }, cang nid hon nira va
Vo<V ;.

e Khi Vssamadu I6n( thi di Vge=- 5V), ving hém qua &n
lam kénh btat, dong =0, vadién thé phan ac ong -
ngwon ladién the ngung V gsope=-V o

27



TOM T AT

Finched off

Ve =10V

(e)
Fig. 6.28: (a) The gate and source are shorted (V5= 0) and Vg 18 small,
(b), Vs has increased to a value that allows the two depletion layers to
just touch, when Vg = Fp (5 V) when the g7t junction voltage at the

dram end, Vopn=-Vogs=-Vp=-3V. (C) Vg is large (VDS = Vp) s0 that
a short length of the channel 1s pinched off.

From Frinciples of Ekctronic Materals and Devices, Second Edition, 5.0, Kasap [© McGraw-Hill, 2002
http:ffMlaterials. Usask.Ca



¢

Pinched off channel
I,=10mA
_*_

_QD

Lcﬁz
_|_
1|
Vig> 5V
Fig. 6.30: The pinched-off channel and conduction for Vg =
Ve (=5 V).

Fraom Principles of Electronic Matenals and Devices Second Edition, 3.0, Kasap (@ McGraw-Hill, 2002
http:/ifMaterials.Usask.Ca



||+
VDS

Fig. 6.32: WhenVgs = -5V the depletion layers close the
whole channel from the start, atVpg = 0. AsVpgisincreased
there is a very smalldrain current which is the snallreverse
leakage current due to thermal generation of carriegs in the
depletion layers.

From Principles of Electronic M aterials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2396)2)
http://M aterials.Usask.Ca



DAC JUYEN VA CONG THUC DONG THOAT I ,

1. Dac tuy én ngd ra |l 5 = f(Vpe) taiVse=h,s.
Co 3vung:

Vung diéntr® Vung bao hoa

A

»d
Ll |

v

Fig. 6.29: Typical I, vs Vg characteristics of a JFET for various
fixed gate voltages Vs
From Frnciples of tronic Materials and Devices, Second Editon, 5.0, Kasap (@ McGraw-Hil, 2002)

Vung ng wng



. PAC TUYEN NGO RA JFET

Drain Current, A
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®- DAC TUYEN NGO RA JFET

« Theo chum (lp) dic tuyén ra, quy tich cacdién thé nghen la
dwong cong tha ham 9 theo dlen thé phan arc va Voo:

V,=Vpsbh =Vgs+V,, (V61 Vpo >0) (1)
Thi du :Khi :

Vss= OV2> Vpgopn= Vpe=0+5V = 5V

Vgs= -1V Vg1 Vp=-1+5V = 4V

Vgs=-2V2 Vg = Vp,=-2+5V = 3V

Vs= -9V Vpgpn =Vps=-5V+3V = 0 (Vy5 = Vesors)

» Do tinh chat déi xirng Nén Voo Va Vasor bang nhau nhrng khac
dau. Mit khac theodinh luat Klrchoof?v e the ta co:Vyg
Vv +VG§ va khiVgss=0V ta dién thé nghén Vbso= VDGO =V
(de de lien twéng den dlen thé nghen (pinch off), nen Khi Vg <0"”
goi dién thé nghen la Vpepi= V, vathay vao tren tadwgc: Vpgy, =

Vest V nhu trén a3



*DAC TUYEN TRUYEN I5=f(V o)

Ipe i Output
D
I =0 -—
"" “ewyrET  'Ds| M8V
G —
S I
Vieg
T_
Input
() (b)

Fig. 6.33: (a) Typical Ipq vs Vgs characteristics of a JFET (b).
The DC circuit in which Vg in the gate-source circuit (input)
controls the drain current fpgin the drain-source (output) circuit
in which Vpg is kept constant and large (V' pg > Vp).

From Principles of Electronic Materials and Devices Second Edition, 5.0, Kasap (B McGraw-Hill, 2002)
http:Afbdaterials Usask. Ca



e y rang dac tuyen truyén con dwoc suy ra tir dac
tuyﬁn ra cho san nhw sau:

Fig. 6.29: Typacal I, vs V' charactenstics of'a JFET for vanous
fixed gate voltages Vs

From Principles of Eleciranic Matenals and Devices, Second Ediion, 5.0. Kasap (8 McGraw-Hil, 2002)
Httn:/Materials Usask. Ca

VGS(V) 6 4 2 0



current saturalion
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Nn—channel
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CONG THUC DONG THOAT I

3. Cong thirc dongdién thoat I,
Trong vung bao hoa, domcn thoat cho 6i phuong trinh
Schockley: 1)

!

Vs 2 <
Io=Ilpd 1 (2)

{a Fea — 0
Veorr *

4y

. 1;-"'-__'-\.; r
>In5.ﬁ'[l — Hgay:

| pssdONg bao hoaue dai ( khi Vgg=0V). >
Vsc dién thé phan ac oong - ren.

Vssor haic —Vpg dién thé ngung tuy thuoc vao JFETdugc Sr
dung.

-}

38



PHAN CUC JFET

= Khi hoat dong trong vungtién tré, JFET la 1dién tro co ti thay

doi theodién the phan @rc, trong viing nay Vs rat bé.

= Khi hoat dong trong vingtién tré két hop véi viing ngrng
JFET hat dong kiéu giao hoan ( chuin mach).

= Khi hoat dong trong vung b&ao hoa (hay vudgn tr& khong
d6i),JFET c6 tinh khéch dai.
Céac cach hat dong noi trén tyr thupc vaodién thé phan ac
Vgsva Vpe

39



T ——
4. Pic tinh k§ thuat- Tri b gioi han

JFET c6 cac trsb gigi han sau:

= Pién thé cuc dai V g ., NEU Voot qua § xay ra hin
tuong hiy thac lam r FET.

» Dongthoé I khOngduoc vuot qua o4

= Cong sut cuc dai Py, khdngduoc vuot quéa

= Vungdién tich an toan (SOA) @i han bai 3 vungdién
tro, vung bao hga, ing,ngg, va 3duong do 3trcuc
daj néu tren. M@n thiét ké mach khiech dal diem tinh
dieu hanh phi nam trong vung din tich an toan.

40



 Ap dungdinh luat Kirchhoff vé thé vong arc D-S cho

Vop= RplptVpst Rslp
Vps= Vpp —
Phrong trinhduong
thang @i tinh DCLL:

o= “Vos . Voo (4)
RotRs Ro*Rs
Iom = VooiRp+Rs) (diem N)

Vosw=Vop (diém M)
M

(Rp*tRs) I (3)

b (MA)

IDM

Ibo

VDD

Vbso VD§£V)
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CAC CACH M AC CUA JFET
TRONG SO PO MACH



. S0 PO CUC NGUON CHUNG




¥ S0 PO CUC NGUON CHUNG

bic diem oia $ d6 cuc ngubn chung:
- Tin hiéu vao va tin du ra ngroc pha nhau.

- Tré khang vaoat 16n Z,,, = Ryg= o0

- Tro khang ra Zra = R// rd

- Hé O khuéch dai dien dppu~S,4> 1

- Béi vai transistor JFET kénh N thélm khuéch dai dién ap
khaoang tir 150 hn dén 300 hn, conddi vai transistor JFET kénh

loai P thi I s khuéch dai chi bang not nira 1a khang tr 75 n
dén 150 &n.



®. SO0 PO CYC MANG CHUNG

Vbp
o
o )
Uvaoo—H > - “2
] ® URa




®. SO0PO CUC MANG CHUNG

. A A A A, s Rs Rs Lis
* Dbacdiém cia s d6 nay co 1

- Tin hiéu vao va tin kiu raddng pha nhau.

- Trg khang vaoat 16n Z,,, = Rgp =

- Tro khang ra 4t nho

- Hé s6 khuéch dai dien app < 1

- So d6 cuc mang chunguoc dung Gng‘réi lon, o ban la do no
gjém duoc d[én dung vao ¢a mach, dong t,h‘ri co tro khang vao
rat Ion. So do nay throng dugc dungdée phoi hop tré khang gira
cac mach.



®.,SOPO CUC CONG CHUNG

S D
® J
Uva‘lo URa
G G
® J

So d6 nay theo nguyérit khdongduoc sr dung do co té
khang vao né, tré khang radn.



PHAN CUC BANG CAU PHAN THE

Véi diéu kién phai chen Rsdé co V;c<0 (kénh n) haic Vs> 0

(kénh p).

» Tac6 mach G-S: "oV
Ve= Rz V op
R+t R: g RD
Vs=Rslo e
Q +
Ves=Vs~Vs<O (2) ® O—— DS
Mach D-S cho dong VS L Ts
I, & (2) va Vs cho bai 3 R RS
Vs = Vpp- (Rp + R9)lp (3)
 DPwong tai tinh:
| b = ——+ - (4)

_RD+RS Ro T Rs

49



MOSFET

MOSFET co 2 lai :

e MOSFET lai tang arong (EMOSFET — Enhancement
MOSFET)

e MOSFET lai hiém (DMOSFET- Depletion MOSFET

50



EMOSFET

Cau tao EMOSFET kénh n ludn ludn ngrng (off)

+ i Gatee
D
D? Sourct Drain

+ n* ; D ; n*
B VDS@ \bp —f
B Bulk (substrate)
s 1 !
hd

o()

51



» Transistor EMOSFET dugc thuc hign trén 1 gia ( én , than) Si
loai p. Va trén R_n nol trén 2 vung phdam n+duoc khiech tan
tao nén @c ngwn S va ac thoat D.

o Mot lop cachdién ( SO,)

dit dudi cuc odng G, nén

dién trd ngb vao (gc G |
rat 1on co the dén vai chuc

Fig. 6.36: The basic structure of the enhancement MOSFET and its

. =
~ ~ circuit symbol.
—Vval tlam GOonNnm
] From Prncipies of Efectronic Materials and Devices Second Editton, 3.0, Kasap (@ McGraw-Hill, 2002)
httpifitdaterials Usask.Ca

« Do cu tric nhw trén nén FET nay c6 tén MOSFET ( MOS-
Metal-Oxide-Semiconductor )

Do giita 2 arc S va D thanh &p vung hiém 1én, nén MOSFET
khong dn dién khi chra dugc phan ac. 52



EMOSFET

S D Metal electrodes
’ &
[ 1810, insulation
l—
at - Heavily doped G Blk
n-region l 3

p-type substrate
Depletion layver

Blk ®Bulk (Substrate)

Fig. 6.36: The basic structure of the enhancement MOSFET and its
circuit symbol.

From Frncinles of Electronic Materizals and Devices Second Edition, 5.0, Kasap (B McGraw-Hill, 2002
http:#Materials. Usask. Ca



. HOAT PONG CUA MOSFET

Cach haat dong

E-MOSFET kénh N con@ la NMOS laa tang, tréc tienduoc phar
cuc Voi Vs> 0 nhd va gir khongdoi, cho Vggthaydoi:

* Khi Vg5<0, dusi cong ( dr6i 16p oxid) ch c6 bp dién tich
duong(do amung )nén | = 0, MOSFET khong anh.
 Khi V<> 0nhueng van cén Ve < Vo, MOSFET \an ngrng dan.

cale

SOUCCCE drain

“““““““ ESSSSasaasaaaaEns | {:«5}%@% 10 layer

L L

54



. HOAT PONG CUA MOSFET

a. Tiép tuc ting Vss>0
Khi Vs> Vqy 0 dién tich &m dé6i cuc congdu hinh thanh kénh nrtoyc
S sang gc D, nhy 6 cacdién tir ty do & dang di chugn tr S sang D déi
tacdong cia dién trwong ngoai (“{ D c6 Vg rat lén), dong | tang

sale

SOLUCCC dr-ain

++++++ || +H+++

=

Py H:‘-f %{“E‘EE 14 layer

rL

W —

- -

=>MOSFET din dién nhing dodién tredng con nid nén dongd vao
khoang vai uA .



. HOAT PONG CUA MOSFET

e KhiV s> Vo, cang 6n, so dién tir tu do trong kénham ang

cang &ng lam dong thoatlcang &ng.
b. Néu giv giir Vo di [6n nh trén va lam thay déi V¢ (bang

cach thaydoi V yp):

> Lic Vs con nhd dong | tang rét nhanh

» Luc Vg tang da Ién, do vung thoat phange nghich, vung
hiém lan ©ng l1am kep va i ngken tai cudi kénh, dong thoat,|
dat tri O bdo hoa (c6 tlén nhit va khongdoi) Ve,
Saudo, néu tiép tuc gia ting Vps > Vpep, VUNG hiém phia
cuc D cang ©ng lam diém nghén di chuyén vé phia arc
ngudn S nén dong }, van giir tri khéng déi = dong thoat
bao hoa (xem hinh).

56



,HOAT PONG CUA MOSFET

S G

cs>Vrh |D Vpsnho

: Si02 N
w -
dong tang nhanh nh wng nho Vps

P

dong béo hoa V ps (bh) Vs
KhiV s > Vgs — V14, kénh cam trng bi ngh én, dong thoat bdo hoa  °’



{a) Below threshold V=T,
¥as and T7__= 0

Pt

ns th} Above threshald L o
mﬂVM-:VD

# charmel iz the
Borersion layer

ic} Ahove threshold Ve® Vo
amd Fadturation, L

i

From FPrnciplkes o Elechmowic Waerials amd
Deyices, Second Eddion, 5.0, Kasap (@
heG ran-Hill, 2002

http:sfhd terials.U=ask .Ca

as

Fig. 6.37: The MOSFET I, vs I'ry characteristics



. HOAT PONG CUA MOSFET

Cht ¥
(1). Do EMOSFET dan dién chi bang cac hat tai da 9 nén con @i
& linh ki én hat tai da $ hay transistor don cuc (don hwéng).

(2). Viéc diéu khién cac hat tai da 9 bang dién trwong nén
EMOSFET con dwec goi la linh ki én diéu khién biang dién
tr wong.

(3). Véi cac EMOSFET kénh p thi ly luAn twong twe nhwng Vo

kénh cam #ng 1a cac b trong , arc S va ac D 1a cac 6 trong cho

La

n.
59



. pic tuyén va phiong trinh dong I

1.Dac tuyénraly =f (Vpe) tai Vge=hs.
2. Dac tuyén truyen |, = f (Vo) tai Vpg = hs.

{pg (IMA)
A
. : VD.S'=20v
n 10 7
- .
i 1 Fa=4v
1] 1 T [

=]
ILh |
—
=]

Vas
(b)
Fig. ©6.38: (a) Typical I 5, v8 ¥V oy characteristics of an enhancement

MOSFET (¥F,,=4 V) for various fixed gate voltages 5o (b)
Dependence of 7, on Ve ata given Fogs ( =V osees)-

From FPrnciples of Electronic Materals and Dewices, Second Edition, 5.0, Kasap (@ MocGraw-Hill, 2002)
http:fftlaterials. Usask. Ca



Vs tsas)

In (mA)
A

Ips (mA)
A
g Voo =20V
10 -
5 —
1 v =4v
D L = | T T T T I }
0 5 10
Vas

Fig. ©6.38: (a) Tvypical { 5 vs V7 5y characteristics of an enhancement
MOSFET (V,,= 4 V) for various fixed gate voltages V5. (b)
Dependence of 7, on Ve ata given Vg ( =V psgan).

From Frinciples of Electronic Matenals and Dewices, Second Edition, 5.0, Kasap (@ McoGraw-Hill, 2002)

http:fhdaterials. Usask. Ca



Q‘B‘.ém tinh diéu hanh ¢ ia EMOSFET kénh n

100G

80

60

40

20

Ves. = 2.8

\V
2.6V
2.4V
2.2V DO&ID

= + Ro

20V ~1E vos
1.8V = VGS .7 =
Ty Vee= V&L T\ON
14V _

10vpe )

(V)
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o ———
4. Biéu thirc dién thé va dongdién
a.Biéu thirc dién thé
Dya vao ly thuyt vadac tuyén, qui tich cacdiém c6 Vg, cho i
Vbsoh= Ves— Vrn (1).
b. Biéu thirc dong dién thoat | .
- Trong vung diéntré : Vgg< Vo hay Vpg< Vgg— Viytaco:
o =K[2( Vs Vi)Vos— (Vo)  (2)
- Trong vung b&o hoa:V 5>V, hay Vs> VggViyta co:
lp=k(Vgs— V4 )? (3)
k hang $ tuy thuoc linh kién.
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Table 5.1 Summary of the MOSFET current-voltage relationships

NMOS PMOS
Nonsaturation region (vpe < vps(sat)) Nonsaturation region (vep < vep(sat))
ip = K,[2v6s = Vrw)vos — vps) ip = K,[2(vsg + Vrp)vsp — 5]
Saturation region (vps > vpg(sat)) Saturation region (vgp > vgp(sat))
ip = K, (s = Viy)’ ip = K,(vss + Vip)
Transition point Transition point
vps(sat) = vgs — Vry vsp(sat) = vgg + Ve
Enhancement mode Enhancement mode
Viy =0 Vip <0
Depletion mode Depletion mode

l/;”rr < ﬂ VLD = []



DMOSFET

1. Cau tao
Tuong tr nhu EMOSFET nleng co 4o kénh n phaott
gitaarc Svaac D (H.10)

gale

SOUIrCE

T it)y: layer
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DMOSFET

GATE OXIDE

INVERSION LAYER

BACK CONTACT

GATE |
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e DMOSFET

2. Cach hat dong

e Khi cho V.= 0V va thay doi Ve

» Ly luan twong tx nhu EMOSFET ,nlong vi DMOSFET
c6 kénh cho® nén khi cho Y5 nhé va ngay & khi
V=0V cacdién tr ty do ¢E dang di chugn tr Sdén D qua
kénh n c6 &, MOSFET dn.

> Khi Vs tingdén tri s5 lon nhat dinh naodo thi ving

hiém & cuc D < lan ©ng lam ngkn kénh cho # > dong

|, ting dén tri bdo hoadss vadién the thoat ngon duogc

goi la dién the nghen V, nhu ¢ JFET.

Ta xét 2 teong hyp cu thé sau:

67



DMOSFET

« Khi V zs <0
Do codién tich drong xuat hién trong kénh n chais nén
cacdien tr tu do [ giam bot (b1 trung hoa @i dién tich
duong) lam kénh bnghéadi nén dong} yéu hon.Va khi
tang Vpg len kenh bnghen ssm hon Vg, =V, < Vpo.
- Khi V ggcang am thi dongylva V, cang gam hon
Khi V esAmdeén tri so nhat dinh Veeops 9 dién tich drong
xuat hién dudi cuc S cang nkdiu lam trung hoadi cacdién
tr ty do va chem hét kénh nén khéng con dong thoas €
0), DMODFET nging nhr 6 JFET>DMOSFET hoat
dong theokiéu hiém
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DMOSFET

e KhichoVGS >0
Do 9 dién tr cam tng trong kénh bay gila cacdién tir tu
do nén dong thoat cangng lén. Va khiing Vs lén ,do

ving hem & cuc D lan Hng ra nén kénhimgten ChO dong
thoat bao hoash hon dong }sskhi VGS = 0V.

Khi Vs cang drong dong thoatg cang #ng lén hon -
DMOSFET hat dong theokicu ting. Nhung tranh & dung
khi co | qua bn £ lam hng linh kign.

Tom lai: DMOSFET c6 2 Ku haat t dong kieu ting va kéu
hiém tuy theo cach phansc. O méi kiéu haat dong ta ap
dung cac cong tirc trong trng. 69



bt DMOSFET

3. Pic tuyen cia DMOSFET
a.Pac tuyénraly="f (Vo)
b. Pac tuyen truyén I =f ( Vao)

— — — e

Vg << ()

T,
---—---‘—'-l- Cw
LR

IFG = = 1-";

e g - Vg
S
p -
current saturation
Or Active region



#»_ So sanhdac tuyen cia EMOSFET va

S DMOSFET kénh N

Nn—channel enhancement

| |
) )
49
V, +
GS
— +8 | N
ey D
l_
47 Vi +
+6
T | o 'bss ©
DS vth GS
Nn—channel depletion
i° \°
41 Vos o+
0
ﬁ_\ 1 - | +
L> 'Dss D
_2
Vin
_3
|
T— | T— DSS O
bs Y Ves
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5. Mach phan arc MOSFET

v DMOSFET ( kénh n) hoat dong khi phan arc V< O
nén cac mach phan arc deu giQng nhw mach phan arc
JFET, khi Vs> 0phan arc giong nhw EMOSFET.

v EMOSFET (kénh n) haat dgng khi V< >V, dwong,
nén ap dang cach phan ac:
- bang cu chia thé va
- hoi tiép thoat - cong.
Dwéi day ta chi xét 2 cach phan ac noi trén, cac cach
khac xem hi ¢ JFET.
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ABAN CUC BANG CAU CHIA TH E VA R

« Xac dinh diém tinh dieu hanh Q: ( Phan ¢ wc bang cau phan

thé)

Ve = R Vb ? VoD
RTR
Vs=Rslo § - =0 §\L'D
Ve =Ve~—Vs>0 (1) ,
G G S 2 o ||_<,> o
|DQ:k(VGSQ_VTH) (2) T ?-VGS '
VDs:VDD_(RD+F€)|D (3) § R2 s S

 Pworng taitinh:
__"Vos . Voo (4) =
RoTRs RpTtTRs 73
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ﬁI-AJ\I CUC BANG CAU CHIA TH E VA R

iD (II]A) A

0.30 /
Nonsaturation / VDS (sat) =vgs— Vy

0.25 region [/
/
0.20 [ _Transition point

[
0.15
0.10 Vasp=2V
0.05 Cutoff
y
| 3




PBAN CUC BANG CAU CHIA TH E VA R

e Mach co tlg bo dién tr& Rgvi FET 6n dinhdoi véi
nhiét do
Céac phép tinh gng nhr trén nleng cho Rs=0




PHAN CUC BANG PIEN TRO HOI TI EP R,

e« XAc dinh diém tinh diéu hanh Q:

Ve =V&~VmH (1) + VDD
|DQ:k(VGSQ_VTH)2 (2) RD
Vbos=Voo ~Rol b (3) e 45
« Puwdng tai tinh: Q‘ VDS
o=V (4 : VGS}

R Ro



G CACH RAP M ACH KHU ECH DAL

Common-Source Amplifier ~ Common-Dramn Amplifier

I



T ——
Phan arc mach khuéch dai theo SF (CD)
- Céch tinh giong nhw & cach phan arc CS

Vi = 5 W
Vg l __
= o> Iy — 1O L2
—+
Vieess o v
I~
R, — 2 k<>



Cach giai nhanh

Trong trudng hop ta khong biét trudc cd dién th€ phan cuc
VGS ci dong thodt ,ta ¢6 thé gidi nhanh bing 1 trong 2 c4ch sau:

a.Gidi nhanh biing d6 thi :

Ta thuc hi€n cac budc sau :
V¢é dic tuyén truyén cia JFET dua vao phuong trinh Schockley
Vé& dudng thang tdi tinh d€ xdc dinh di€m tinh di€u hanh I,
,VGsQ
Sau d6 ,ti€p tuc tinh tri Vg,

Thi du 3 :Cho mach JFET theo hinh .
1-Vé dic tuyén truyén,
2-Tinh tri s6 di€m tinh :V g1, Vg
3-Tinh dién thé tai cdc cuc Vg, Vi, Vp 79




- —
® (Giai:
1)-Ttr phuong trinh Schockley ta c¢6 thé vé
dic tuy€n truyén qua cic diém sau:
-diém I, khi chon V=0
-di€m Vcoff khi chon Vg = Vco0ff
-vd cdc diém chon batky :
Chon VGS = Vp /2 =-3V ,thay vao
phuong trinh Schockley tinI{/du’Qc ;
. |D:|D$(1—l)2:8%A:2mA
Chon VGS = Vp/3: "
-2

.= Dss[l‘—ejzﬂ | ..(0.45)= 8rAQ 45 3,6

A / o A \ ° Z 4 ~ A
no1 cac di€ém nay lai ,ta c6 dac tuyén truyén (H. ) .



I m—
2. V& dudng phan cuc: Vs=-R(I,=-(1K )I, dudng nay s¢ di qua
di€m gdc 0 va di€m A tuy chon véi [;=4mA va c¢6 Vg =-4V tuong

trng.Giao di€m clia dudng phan cuc va dic tuyén truyén cho ta tri
s6 di€m tinh di€u hinh mudn tim:

[p)=2,6 mA vaVs=-2,6 V
Tinh dugc: Vo =20V-(3,3K +1K )(2,6 mA)=20V -11,18 V=8,82V
2. Tinh :
V¢ =R(I, = (1K )(2,6mA)=2,6V
V=0V
Vi = Vpp-Rplp=20V-(3,3K )(2,6mA)=20V - 8,58 V=11,42 V
Hodc tinh: V=V +V=8,82V+2,6V=11,42V
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o SSSS—S——
b.Giai bing phuong trinh bac hai

Khi thay V5= -R¢l; vao phudng trinh Schockley,ta c6 phuong
trinh :

_ 2 2 2
o= 1ol 1- Rsl b = oss 1+RS|2D_2RS|D
Vo Vi Vo

V2
Rél%—lo(Z\/pRs+—p}+V%=0

| bss

cO dang phuong trinh bac hai :ay?+bx+c=0 vOi:

a= R’ x=1Ip va Vp<0 (kénhn)

b=—[2’\/p+VpJ Vp >0 (kénh p)
| oss

c=Vi

_ -b+/b*—4ac

2a 82
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vGi I thda diéu kién sau:

| b < pss

|VGS = "Rl D| < |Vp =VGSoff|

VO1: Vps >0, V<O (kénh n)
Vps<0,Vgg>0 (kénhp)
C6 I, tinh lai cdc tri Vg, Vg nhu da biét:

|VDS| :|\/DD|_(RD+RS) | o

|VGS| =Rslp
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