Dien twr co’ ban

Ch 6.Transistor truéng ung( FET)



I. Bai cucong va phan loai

e FET ( Field Effect Transistor)-Transistor
hi€u Ung truong — Transistor trucng.
e CO 2 loai:

- Transistor truong noi (JFET-Junction
FET.

- Transistor c6 cong cach dién ( IGFET-
Insulated Gate FET hay MOSFET - Metal
Oxide Semiconductor : Kim loai- oxid-ban
dan)



I. JFET
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for n-channel FET

Circuit symbol s
hy

D
hy G n
¢ ¢ P Q Metal electrode
1 - — Insulation
Cross section # \ T [ Depletion 5105)
regions
3 D n-channel 7
Channel 7 |
thickness ot )

(2)

Fig. 6.27: (a)The basic structure of the junction field effect transistor

(JFET) with an #n-channel. The two pT regions are electrically
connected and form the gate. (b) A simphfied sketch of the cross
section of a more practical #-channel JFET.
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2 Cach hoat dong(xem hinh ).

e Vgs >0 ndi pn phan cuc thuan va do do sé co
dong dién tu cuc nguon S dén cuc thoat D Ién
nhung khong diéu khién dudc

a.Vgs =0V va Vs >0:

NOi pn phan cuc nghich tao thanh vung hiém 2
bén méi noi , khi Vs cang I6n vung hiém cang
rong lam that chat dudng di cua dién tlr tu do

bi hut vé cuc thoat.

Két qua : khi Vpg nho dong thoat I, tang nhanh,
khi Vps cang I6n dong thoat tang cham, khi V¢
du Ién vung hiém lam nghén kénh -,dong
thoat bao hoa Ipc( do dong I, co tri IGn nhat
va khdng thay db6i),va dién thé& nghén V,, ( do
\/ . =0\
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Fig. 6.28: (a) The gate and source are shorted (Vs = 0) and Vg 18 small,
(b), Vs has increased to a value that allows the two depletion layers to
just touch, when Vpy = Vp (5 V) when the g7 junction voltage at the
dram end, Vop=-Vps=-¥Vp=-5V. (C) Vg 18 large (VDS == Vp) so that
a short length of the channel 18 pinched off.
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Fig. 6.30: The pinched-off channel and conduction for Vg >
Ve (=5 V).
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gate voltage is increased, the depletion regions widen,

and the channel width (i.e., the resistance) is controlled
by the gate-source voltage. This is the ohmic region of

the JFET
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regions turther widen near the drain end,
eventually pinching off the channel. This

corresponds to the saturation region
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b.Khi cho Vps = h.s va Vg<0

e Khi Vgs <0 ( Vgg; = -1V): NOi pn phan
cuc nghich, vung hiém I6n hon khi V¢ =
OV-> dong thoat I c6 tri nhd hon va tri
sO dién thé nghén V,; cling nho han V.

e Khi cho Vs cang am ( Vg, =-2V),vung
hiém cang tang ,kénh cang hep hon,
dong I, cang nho han nra va V,, < V,;.

e Khi Vggam du I6n( thi du Vg = - 5V)
vung hi€ém qua I6n lam kénh bj tat, dong
I, =0, va dién thé phan cuc cong - ngudn

la dien thé ngung Vgsorr = - Vo |
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Fig. 6.32: W hen Vgg = -5V the depletion layers close the
w hole channel from the start, at Vpg = 0. As Vpg IS increased

there is a very small drain current which is the small reverse
leakage current due to thermal generation of carriers in the
depletion layers.
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II. BDac tuyén va cong thuc dong thoat I,

1.Dac tuyén ngo ra I, = f(Vps) taiVgs=h,s.
Co6 3 vung:

Vung dién tr& Vung bao hoa

P »d
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v
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Vung ngung DS

Fig. 6.29: Typical I vs Vg characteristics of a JFET for various
fixed gate voltages Vs
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Fig. 6.29: Typical I, vs Ve characteristics of a JFET for various
fixed gate voltages Vs
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e Theo chum( ho) dac tuyén ra, qui tich cac dién the
nghén la dwong cong thoa ham so6 theo dién the
phancwcvaV,:

V, = Vps bh =Vgg +V,, (VGi Vpo >0) (1)
Thi du :Khi :

Vas = OV Vpgoun = Vpe=0+5V = 5V

Vas = -1V Vpg1ph=Vp=-1+5V = 4V

Vs = -9V Vg =Vps=-9V+3V = 0 (V5 = Vsors)

* Do tinh chat dbi xixng nén Vp4 va Vsore bang nhau

nhwng khac dau. Mat khac theo dinh luat kirchooff va

thé ta co:Vpg = VpgtVes va khiVeg =0V ta dién

thé nghén Vg, = Vpg, = Vpo (dé dé lién tudng den
dién thé nghén ( pinch off), nén khi Vg <0 goi
dien the nghen la Vpg,p,=V, Vva thay vao tren
ta dugdc: Vpgpn = Vgs + V,, Nhuw trén




2. Dac tuyén truyén I,=f(Vse)
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Fig. 6.33: (a) Typical I vs Fgs 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 (Vpg > Vp).
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e Luu y rang dac tuyén truyén con dugc
suy ra tu dac tuyén ra cho san nhu
sau:

o (MA)

A

Fig. 6.29: Typical I, va ¥y charactenistics of'a JFET for vanoug
fixed gate voltages Vs

From Principles of Eleciranic Matenals and Devices, Second Ediion, 5.0. Kasap (8 McGraw-Hil, 2002)
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3. Cong thuc dong dién thoat I,.

Trong vung bao hoa, dong dién thoat cho
bai phudong trinh Schockley:

( Vs \
o | DSSLl J (2)
V GsokF

I,ss dong bao hoa cuc dai ( khi Vgg =
oVv).

Vs dién thé phan cuc cong - nén.

Vesorr ( hoac =Vp,) dién thé ngung tuy
thuoc vao JFET dudc su dung.




e MO hinh DC

Lol ..




II1. Phan cuc JFET

= Khi hoat dong trong vung dién trg,
JFET la 1 dién trd co tri thay doi theo
dién thé& phan cuc, trong vling nay Vs
rat bée.

= Khi hoat dong trong vung dién trg ket
hop VOi vung ngung JFET hoat dong
kiéu giao hoan ( chuyé&n mach).

= Khi hoat dong trong vung bao hoa (hay
ving dién trd khong dgi),JFET cd tinh
khuéch dai.

Cac cach hoat dong noi tréen tuy thuoc
vao dién thé phan cuc Vg va Vpes.



« 4. Péac tinh ky thuat- Tri so gi®i han
JFET c6 cac tri sO gi®i han sau:

= Pién thé cwc dai V..., , Néu vuot qua sé
xay ra hién twong huay thac lam hw FET.

* Dong Iy, KhONg dwoc vrot qua

= Cong suat cuc dai P,,, khong dwoc vuot
gua

= Vung dién tich an toan ( SOA) gi&i han boi
3 vung dién tr&, vung bio hoa, vung ngung,
va 3 duwdng do 3 tri cwe dai néu trén. Mudn
thiét ké mach khuéch dai diém tinh diéu hanh
phai nam trong vung dién tich an toan .



Phan cuc Q trong vung tac dong
1.Mach phan cuc co dinh

Do tong tré vao rat I6n, .+ v
nén dong I =0 va:
Ves = Vge < 0 (1)
Dong thoat cho badi: ; f{ '
[ V ce \2 - VGS+O_
lo |DSSL1_ J (2) ves = .
V GsorF
nd

bién thé V5 cho bgai:
Vps = Vpp = Rplp (32

Phuong trinh duong thang tai tinh:
Ip =(-Vps + Vpp)/ Ry (1 4)



2.Mach tu phan cuc
bién tréd Rg va Rg giup ta cé Vg < 0 du
kh6ng cO cap dién am cho cuc G.
Ap dung dinh luat Kirchhoff Qoo
vé thé cho vong cuc G va S:
RcIg+Ves+RI =0
Ves == RsIp <0 (1)

Dong thoat cho bgi (2) s - s

nhu trén: é\LID
B ( - " Rslo Jz 4

o~ loss| 1 (2) =

\Y GSOFF



e Ap dung dinh luat Kirchhoff vé thé vong

cuc D-S cho:

Vpp= Rplp+Vps+ RcIp

Vps = Vpp = ( Rp+Rg) I, (3)

Phucong trinh ducng

thang tai tinh DCLL:

_ V ps i V bp

o N (4)

RD+RS RD RS

IDQ
Iom = Voo/( Rp+Rs)

ID ( mA)

vDSM = VDD

VDSQ VDD VDS(V)



e \Vai tro ducng tai tinh

Qﬁ'ﬁ-r_’{.?

Vas =0V

Vogs=—1V

Vs = —2 )

Vs = —4 vV
Qeu.mff

=Vps



3. Phan cwc bang cau phan the

Vé&i dieu kién phai chon Rs dé ¢6 V..< 0(kénh n) hodc V.. >0
(kénh p).

« Ta cé mach G-S:

V = R2 V +— VDD
G DD
R, R
Vs Rslo § =D
Ves Vo Vs 0 (2) . .
Mach D-S cho dong T "1,V
I, @ (2) va Vs cho béi: g . -
Vbs = Vpp- (Rp + Rg)lp (3)

* DPwoéng tai tinh:

_ "V bs V bbb

l o " N " (4)

R b R s R b R s




e IV. Transistor trudng co cong cach
dién hay MOSFET.

MOSFET co6 2 loai :

e MOSFET loai tang ( viét tat EMOSFET -
Enhancement MOSFET).

e MOSFET loai hiém ( viét tat DMOSFET-
Depleition MOSFET ).

A. MOSFET loai tang ( giau)
1. Cau tao

Dung quang khac dé tao nén I8p cach
dién & cong G ( h.8):



1IN L1 1D IIUIIIICIIIy Vil 111 LIIC
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e LI
4 Vos (1) o L
GIL|- Bulk (substrate) Voo
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e Transistor EMOSFET dudc thuc hién tréen
1 gia ( neén, than) Si loai p. Va trén nén
noi trén 2 vung pha dam n+ dudc khuéch
tan tao nén cuc nguon S va cuc thoat D.

e Mot I8p cach dién ( S,0,) dat dudi cuc
cong G, nén dién tré ngd vao ( cuc G ) rat
I&n c6 thé dén vai chuc - vai tram Gohm.

e Do cau tric nhu trén nén FET nay co tén
MOSFET ( MOS—Metal-Oxide-Semicon-
ductor )

e Do giira 2 cuc S va D thanh lap vung hiém
Idn, nén MOSFET khong dan diénkhi chua
dudc phan cuc.
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Fig. 6.36: The basic structure of the enhancement MOSFET and its
circuit symbol.
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Fig. 6.41: (a) There is an overlap of the gate electrode with the
source and drain regions and hence additional capacitance between

the gate and drain. (b) » T type ion implantation extends the drain
and source to line-up with the gate.
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>MOSFET dan dién nhung do dién trudng
con nho nén dong I; vao khoang vai uA.

e Khi Vs > 0 cang Ién, so dién tu tu do ( hat
tai da so0 ) trong kénh cam 'ng cang tang
lam dong thoat I, cang tang.

* Néu gig giu Vg du 16n nhu trén va lam
thay doi Vs ( bang cach thay ddi Vp):

» Luc Vpg con nho dong I, tang rat nhanh

> Luc Vg tang du I6n, do vung thoat phan
cuc nghich , vung hiém lan rong lam hep
va bi nghén tai cuodi kénh , dong thoat I,
dat tri so0 bao hoa ( co tri I6n nhut va
khong doi) Vpgp -



2.Cach hoat dong

E-MOSFET kénh n con goi la NMOS loai tang
trudc tién dugc phan cuc véi Vg >0 nho va
gir khong doi ,cho Vg thay doi:

e Khi V. <0, duéi cong ( duéi I18p oxid) chi
co Iop diéntich duong(do cam Ung )nén I,
= 0, MOSFET kh6ng dan.

* Khi Vgs > 0 nhung van Vgs < Voy MOSFET
van ngung dan.

e Khi V¢ > V,, s0 dién tich am dudi cuc
cong da hinh thanh kénh n tir cuc S sang
cuc D, nho do cac dién tu tu do de dang di
chuyén tu S sang D dudi tac dong cua dién
trueng ngoai ( cuc D c6 V,p rat Ién).



Sau do, neu tiep tuc gia tang V5 > Vg, VUNQ
hiém phla cwc D cang rong lam diém nghen di
chuyén vé phia cwc nguén S nén dong I, van gir
tri khong doi ( bao hoa) (H.9).

Chuy

(1). Do EMOSFET dan dién chi bang cac hat tai da
sO nén con goi la linh kién hat tai da so6 hay
transistor don cu’c(do’n hwéng).

(2). Viéc dieu khién cac hat tai da so bang dién
trwwdng nén EMOSFET con dwoc goi la linh kién
dieu khién bang dién trwéng.

(3). Voi cac EMOSFET kénh p thi ly luan twong ty
nhwng v&i kénh cam rng Ia cac 16 trong , cwe S va
cwe D 1a cac 16 trong cho san ( xem giao trinh ).
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Fig. 6.37: The MOSFET I, vs Iy charactenstics



3. Pac tuyén va phwong trinh dong |,

1.Pactuyénral; = f (Vps) tai Vgg=hs.

2. bac tuyén truyén I, = f (Vgs) tai Vg
= hs.

Fig. 6.38: (a) Typical f  vs I oz characteristics of an enhancement
MOSFET (I, =4 V) for various fixed gate voltages 3. (b)
Dependence of J, on Vioe ata given Fos ( =V poseas)-

From Prncipies of Electronic Maternals and Dewvices, Second Edition, 5.0, Kasap (8 MoSraw-Hill, 2002)
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Fig. 6.38: (a) Typical I 5 vs V py characteristics of an enhancement
MOSFET (V,,=4 V) for various fixed gate voltages V55 (b)
Dependence of 7, on Vizg ata given Vg ( >V pggas)-
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e 3. Biéu thirc dién thé va dong dién
a.Biéu thic dién thé

Dua vao ly thuyet va dac tuyén, qui tich
cac diém cd Vpe,, cho bai:

,VDSbh = Vgs = Vmy  (1).
b. Bieu thi’c dong dién thoat I.
- Trong vung dién trd : Vgg < V14 hay Ve
< VGS - VTH ta Cé .
Ip = K[ 2( Vgs-Vt4)Vps — (Vps)?]l  (2)
- Trong vung bao hoa :V_ . >V, hay
VDS > VGS-VTH ta Cé .
ID‘= k(Vgs = V4 )2 (3)
k hang so tuy thuoc linh kién .



Table 5.1 Summary of the MOSFET current-voltage relationships

NMOS PMOS
Nonsaturation region (vpg < vpg(sat)) Nonsaturation region (vep < vep(sat))
ip = K [20s - Vix)vps — Vi ip = K26 + Vipvsp = )
Saturation region (vpg > vps(sat)) Saturation region (vgp > vp(sat))
ip =K, (s~ Viy) ip = Kyfvss + V1)
Transition point Transition point
ips(sat) = vgs — Vry sp(sat) = vsg + Vrp
Enhancement mode Enhancement mode
Viy = ( Vop <)
Depletion mode Depletion mode

V TN < 0 Vﬂ: > []



B. MOSFET loai hiém ( ngheo)

1. Cau tao

Tudng tu nhu EMOSFET nhung co
tao kénh n pha Igt gilra cuc S va cuc
D ( H.10)

gale

SOUrCe drain

T gamiQy layer

— e - —
—
A A

e T T e T T e

i TL




2. Cach hoat dong
e Khi cho V. = 0V va thay doi V.

> Ly luan tudng tu nhu EMOSFET
,nhung vi DMOSFET c6 kénh cho san nén
khi cho Vps nho va ngay ca khi Vgg=0V
cac dién tu tu do dé dang di chuyén tu' S
dén D qua kénh n c6 san, MOSFET dan .

» Khi Vg tang dén tri so I6n nhat dinh
nao do thi vung hi€ém & cuc D sé lan rong
lam nghén kénh cho san - dong I tang
dén tri bao hoa IDSS , va dién thé thoat
nguon dugc goi la dién the nghén V, nhu
G JFET.

Ta xét 2 cu thé trudng hgp sau:



e Khi V¢ <0
Do co dién tich ducong xuat hién trong
kénh n cho san nén cac dién t tu do bi
giam bét ( bi trung hoa véi dién tich
duong) lam kénh bi ngheo di nén dong,
I, yéu hon.Va khi tang Vg Ién kénh bi
nghén sém hon Vg, = V, < Vpo.
Khi Vo cang am thi dong ID va V, cang
giam hon

Khi Vg am dén tri s6 nhat dinh Vggorg
sO c'lién tich duong xuat hién dudi cuc S
cang nhiéu lam trung hoa hét cac dién
to tu do va chiém hét kénh nén khong
con dong thoat(ID = 0), DMODFET
ngung nhu 6 JFET=>DMOSFET hoat dong
theo kiéu hiém



e Khi cho VGS > 0
Do sO dién tU cam Ung trong kénh bay gid
la cac dién tu tu do nén dong thoat cang
tang Ién. Va khi tang V¢ Ién ,do vung
hiém & cuc D lan rong ra nén kénh bj
nghén cho dong thoat bao hoa IGn han
dong Iycs khi VGS = 0V.
Khi Vs cang dudng dong thoat Iy cang
tang Idn hon > DMOSFET hoat dong theo
kleu tang Nhung tranh st dung khi cé Ip
qua Ion sé lam hong linh kién.

Tom lai: DMOSFET co 2 kiéu hoat déng
kiéu tang va kleu hiém tuy theo cach
phan cuc. O’ moi ki€u hoat dong ta ap
duna cac cona thirc tucna (rna.



3. Pac tuyé’n cua DMOSFET
a. Dactuyen ral -f(V s)
b. Bac tuyén truyen Ip = f ( Vgs)

g

EUG"S = 0
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Verg << ()

e
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So sanh dac tuyén cua EMOSFET va
DMOSFET kénh n

Nn—channel enhancement

I
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A
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4. Mach phan cuc MOSFET

v DMOSFET ( kénh n) hoat dong khi phan
cuc V. < O nén cac mach phan cuc déu
giong nhu mach phan cuc JFET,

khi Vo > 0 phan cuc giong nhut EMOSFET.
v EMOSFET (kénh n) hoat dong khi

Vss >V, ducng, nén ap dung cach
phan cuc :

-bang ciu chia thé va

-hoi tiép thoat - cong.
Dudi day ta chi xét 2 cach phan cuc
noi tren, cac cach khac xem lai &
JFET.



a. Phan cuc bang ciu chia thé va Rg
e Xac dinh diém tinh diéu hanh Q:

Vo= —2y
G DD
R, R,
Vs:Rle
Vesg Ve Vs 0 1
_ B 2
|DQ kVGSQ V 14 2
VDs:VDD_ RD+RS ID
e Puong tai tinh:
| — _VDS + V bp
D
RD+RS RD+RS

I"‘ vDD




iD (mA) A

0.30
Nonsaturation / *Ds (53 =Ves—Vry

0.25 \fgiQ /
/
0.20 - [ Transition point

[
0.15
0.10 Vosp=2V
iy Cutoff
. >
0 ;

VDS



* Mach c6 thé bé dién tr& R vi FET on dinh doi
v&i nhiét do
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