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6.1 Gidi thiéu
Transistor hiéu ung truéng (Field Effect Transistor — FET):

v JFET: Junction FET

v MOSFET: Metal-Oxid Semiconductor FET (Insulated-Gate — IGFET)
Tinh chat (Phan biét véi BJT)

v Nhay véi dién ap (voltage-sensitive)

v Tr& khang vao rat cao

6.2 Ly thuyét hoat déng cta JFET
6.2.1 Cau tao (n-channel JFET):
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6.2.2 Hoat déng:
= Gia s S va G noi dat; vps > 0:
= Dong ip : D —» S: Phu thudc vao vps va Pién tré kénh n (Rn-channel)
DONg ichannel - gate * 0: Do Diode tao bdi ti€p xic pn Channel-Gate phan cuc nghich
(a) Khi vps tang: Vung khuyét (depletion region — vliing gach chéo) tdng — Ry.channel taNQ

Gate !‘%,
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Gate | Vs Slpre i :![}
(a) - = A

(b) vps = Vo (Pién ap nghén: pinch-off voltage): Hai vung khuyét cham nhau: ip = loo
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Pé thi:

JL‘.D-:/- Slope of initial channel resistance

Channel resistance increases
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= Gia sl vpg = const; vgg thay doi:
Vgs < 0: Tang vung khuyét — i) Rchannel taNg — ip gidm

i) Vpo gidm
Vgs > 0: Gidm vung khuyét — i) Rchannel gidm — ip téng
ii) Vpo tang
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= “Voltage-Sensitive Device”
Do thi:
Lip, MA
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Luu y: n-JFET: Phan cuc sao cho khéng cé dong Ichannel-cate (Vas < 0 hodc vgg nho > 0)

6.2.3 Péac tuyén:
Dién ap vps tai di€ém ngh&n: Vps pinch ot = Vp = Vpo + Vas
Dién ap danh thing: BVpsx ~ BVpss + Vas
D&c tuyén VA trong vung bdo hoa (Gilia dién ap nghén va danh thing: V, < vps < BVpsx)

3/2
. 3v Vv .
ip = 1,1+ 42 -5 vGi vgs < 0
Voo Voo
Nhan xét: Vas = 0:ip =l
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VGS = - Vpo: ip=0
Trong vung bao hoa: ip khéng phu thudc vps
Anh hudng nhiét do6:

o= V[ 2] 1V_2(V_]
po po

trong do: I'p, = ip khi vgs = 0 tai nhiét do To.

6.3 Ly thuyét hoat déng cia MOSFET
6.3.1 Cau tao (n-channel MOSFET):

S G D
) o Metal 0
| | contact
i | / | Silicon dioxide insulator
Metal contact \4 ___— Metal contact (aluminum)
n+ n+
p substrate

T

Substrate MOSFET

Nhan xét: Ban dau chua c6 kénh dan gitia D va S (enhancement mode)
Cuc cong Gate: Metal — Oxide — Semiconductor (MOS)
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6.3.2 Hoat déng:
Hoat dong loai tang (enhancement mode): vgs > O:
= Hinh thanh kénh dan cdm Ung: vgs > V1n : Dién ap ngudng
= Tao kénh dan n cadm ung gitta Sva D

~Depletion region

Electrons are
attracted by the
positive gate,
forming an n-type
channel. (a)

Vas tang — Bé rdng va dién dan (conductivity) kénh dan tang
= Thay d8i vps: Tuong ty JFET:
(a) Khivps tang — Tang vung khuyét — Ri.chanme taNg: VUNg tuyén tinh
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(b)
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(c) vps> V,:ip~const: Vung bao hoa

G
D
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_'|;_ = ups 7>V,
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Do thi:
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Luu y: enhancement mode n-MOSFET: Phéan cuc vgs > V1n

Chuadng 6



6.3.3 Péac tuyén:

Dlén é.p Vps tai dlém nghén: VDS - Pinch Off = Vp = Vgs — VIn = Vgs + Vpo (le Vpo =-Vin < O)
Dé&c tuyén VA trong vung tuyén tinh (vps < vgs - V1n = Vp):

ips = Kn[2(Ves —Vrn) —Vps]
Dé&c tuyén VA trong vung bédo hoa (vps > vgs - Vin = Vp):

2
ins = k. [Vas —Viy]? = |p0[1+ Q’%J VGi Lo = knVn2 Va Vo = - Vi
po

Nhan xét: n-JFET: vgs £ 0, V,, > 0; Enhancement mode n-MOSFET: vgs > 0, Vo < 0
Dac tuyén VA: JFET: Bac 3/2 ~ MOSFET: Bac 2

2
= Xem gén ding cho ca hai loai FET: ipg =k, [Vgs ~Vin1° =1 F%HQ’%J
po

Anh hudng nhiét do:

3/2
(T
T
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6.4 Giai tich d6 thi va phan cuc
6.4.1 Phan cuc JFET:

TVDD=3?V \iD,mA i
H
pig Ry ,
G 1 Yoo -70 Ves=0V j
O__{ g o Hgrly | Ac load fine !
! v
S \/

QR -1

35 \ -

I -2

; X Dc load line
Y

. 1 Gt .\‘l
0l G Vo =30 BVgs DS

(a) (&)

v DCLL: Vpp = vps + ip (Rq + Ry)

v Phuong trinh phan cuc: vgs = - ip Rs (Xem ig = 0)

Nhan xét: Mach ty phan cuc (self-bias): Do vgs < 0 tao ra bdi Rs

Vidu: Thiét k€ mach véi tinh diém Q: Vpsq = 15V; Ipg = 3,5 mA
Thay vao DCLL: Ry +Rs = (Vpp — Vpsa) / lIbg = (30 — 15) / 3,5 = 4,3 KQ
Tu dac tuyén VA: Vgsq=-1V = Rs=-Vpsa/lpg=1V /3,5 mA =286 Q
= Rq = 4 KQ
Chon R =270 Qva Ry = 3,9 KQ
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6.4.2 Phan cuc MOSFET:
Céng phan cuc thuan (forward-biased gate) sl dung mach phan cuc ngoai (tuong tu BJT):

T Voo

o

Ce W g
S

R‘. Rg f’l-‘\Cs
 ERR—

v DCLL: VDD = Vpsg + iD (Rd + RS)

n R ) .
v Phuong trinh phan cuc: vgg = 1 oo —ipRs = Vga — ip Rs
R, +R,

trong do: Vag = L op . Pién ap cung cap cho cuc cong
R, +R,

Nhan xét: Rs: Cai thién su 6n dinh tinh diém Q bang dong DC hdi tiép.
R;: Khéng cé tadc dung DC, dung dé tang tré khang ngd vao AC.
Bai toan: Xac dinh mach phan cuc (Vag, Rs, Rg) d€ cuc tiéu hoda su thay déi Q theo t°
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Voo

= D0 nhay: SP = d&?j'TD _ —-3/2 _

1+ 21, (T, /T)3/2[1+VGG - RSID] Rs

\ Vv
po po

Nhan xét: Rs # 0 lam gidm dd nhay ip theo t° — Cai thién do &n dinh
D& cuc tiéu SP°:
=| Vae = 2Vasa + Vpo
_ Yeso Vo

s =

(T 3/2 v 2
Tu phuong trinh: iy = Ipoi?o) (1+ GS]

6.5 Giai tich tin hiéu I6n — Su sai dang
<Xem TLTK>
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