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CHÖÔNG 6: TRANSISTOR HIEÄU ÖÙNG TRÖÔØNG FET 
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6.1 Giôùi thieäu 
Transistor hieäu öùng tröôøng (Field Effect Transistor – FET): 

 JFET: Junction FET 
 MOSFET: Metal-Oxid Semiconductor FET (Insulated-Gate – IGFET) 

Tính chaát (Phaân bieät vôùi BJT) 
 Nhaïy vôùi ñieän aùp (voltage-sensitive) 
 Trôû khaùng vaøo raát cao 

 
 
6.2 Lyù thuyeát hoaït ñoäng cuûa JFET 
6.2.1 Caáu taïo (n-channel JFET): 
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6.2.2 Hoaït ñoäng: 
 Giaû söû S vaø G noái ñaát; vDS > 0: 
⇒ Doøng iD : D → S: Phuï thuoäc vaøo vDS vaø Ñieän trôû keânh n (Rn-Channel) 
 Doøng iChannel – Gate ≈ 0: Do Diode taïo bôûi tieáp xuùc pn Channel-Gate phaân cöïc nghòch 
(a) Khi vDS taêng: Vuøng khuyeát (depletion region – vuøng gaïch cheùo) taêng → Rn-Channel taêng 

    
(b) vDS = Vpo (Ñieän aùp ngheõn: pinch-off voltage): Hai vuøng khuyeát chaïm nhau: iD = Ipo 
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(c) vDS > Vpo: Va = Vpo = const → iD = Ipo = const 

  
(d) vDS = BVDSS: Ñieän aùp ñaùnh thuûng. 
Ñoà thò: 
 

 
 Giaû söû vDS = const; vGS thay ñoåi: 

vGS < 0: Taêng vuøng khuyeát → i) RChannel taêng → iD giaûm 
 ii) Vpo giaûm 
vGS > 0: Giaûm vuøng khuyeát → i) RChannel giaûm → iD taêng 
 ii) Vpo taêng 
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⇒ “Voltage-Sensitive Device” 
Ñoà thò: 

 
Löu yù: n-JFET: Phaân cöïc sao cho khoâng coù doøng IChannel-Gate (vGS ≤ 0 hoaëc vGS nhoû > 0) 
 

6.2.3 Ñaëc tuyeán: 
Ñieän aùp vDS taïi ñieåm ngheõn: vDS-Pinch Off = Vp = Vpo + vGS 
Ñieän aùp ñaùnh thuûng: BVDSX ≈ BVDSS + vGS 
Ñaëc tuyeán VA trong vuøng baõo hoøa (Giöõa ñieän aùp ngheõn vaø ñaùnh thuûng: Vp < vDS < BVDSX) 
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Chöông 6  6 
 

    VGS = - Vpo: iD = 0 
    Trong vuøng baõo hoøa: iD khoâng phuï thuoäc vDS 
Aûnh höôûng nhieät ñoä: 
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 trong ñoù: I’po = iD khi vGS = 0 taïi nhieät ñoä T0. 
 
6.3 Lyù thuyeát hoaït ñoäng cuûa MOSFET 
6.3.1 Caáu taïo (n-channel MOSFET): 

 
Nhaän xeùt:  Ban ñaàu chöa coù keânh daãn giöõa D vaø S (enhancement mode) 
    Cöïc coång Gate: Metal – Oxide – Semiconductor (MOS) 
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6.3.2 Hoaït ñoäng: 
Hoaït ñoäng loaïi taêng (enhancement mode): vGS > 0: 
 Hình thaønh keânh daãn caûm öùng: vGS > VTN : Ñieän aùp ngöôõng  
⇒ Taïo keânh daãn n caûm öùng giöõa S vaø D 

 
vGS taêng → Beà roäng vaø ñieän daãn (conductivity) keânh daãn taêng 

 Thay ñoåi vDS: Töông töï JFET: 
(a) Khi vDS taêng → Taêng vuøng khuyeát → Rn-Channel taêng: Vuøng tuyeán tính 
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(b) vDS = Vp = vGS - VTN: Ñieän aùp ngheõn: Rn-Channel → ∞ (100 KΩ) 
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(c) vDS > Vp: iD ≈ const: Vuøng baõo hoøa 

 
Ñoà thò: 

 
Löu yù: enhancement mode n-MOSFET: Phaân cöïc vGS ≥ VTN 
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6.3.3 Ñaëc tuyeán: 
Ñieän aùp vDS taïi ñieåm ngheõn: vDS – Pinch Off = Vp = vGS – VTN = vGS + Vpo (Vôùi Vpo = - VTN < 0) 
Ñaëc tuyeán VA trong vuøng tuyeán tính (vDS < vGS - VTN = Vp): 
   ])(2[ 2

DSTNGSnDS vVvki −−=  
Ñaëc tuyeán VA trong vuøng baõo hoøa (vDS ≥ vGS - VTN = Vp): 
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Nhaän xeùt:  n-JFET: vGS ≤ 0, Vpo > 0; Enhancement mode n-MOSFET: vGS > 0, Vpo < 0 
    Ñaëc tuyeán VA: JFET: Baäc 3/2 ≈ MOSFET: Baäc 2 

    ⇒ Xem gaàn ñuùng cho caû hai loaïi FET: 
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6.4 Giaûi tích ñoà thò vaø phaân cöïc 
6.4.1 Phaân cöïc JFET: 

 
 DCLL: VDD = vDS + iD (Rd + Rs) 
 Phöông trình phaân cöïc: vGS = - iD Rs (Xem iG ≈ 0) 

Nhaän xeùt:  Maïch töï phaân cöïc (self-bias): Do vGS < 0 taïo ra bôøi Rs 
 Ví duï: Thieát keá maïch vôùi tónh ñieåm Q: VDSQ = 15V; IDQ = 3,5 mA 

Thay vaøo DCLL: Rd +Rs = (VDD – VDSQ) / IDQ = (30 – 15) / 3,5 = 4,3 KΩ 
Töø ñaëc tuyeán VA: VGSQ = -1 V ⇒ Rs = - VDSQ / IDQ = 1V / 3,5 mA = 286 Ω 
⇒ Rd ≈ 4 KΩ 
Choïn Rs = 270 Ω vaø Rd = 3,9 KΩ 
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6.4.2 Phaân cöïc MOSFET: 
Coång phaân cöïc thuaän (forward-biased gate) söû duïng maïch phaân cöïc ngoaøi (töông töï BJT): 

 
 DCLL: VDD = vDS + iD (Rd + Rs) 

 Phöông trình phaân cöïc: vGS = SDDD RiV
RR

R
−⎟⎟
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⎞
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+ 21

1  = VGG – iD Rs 

trong ñoù:  VGG = DDV
RR

R
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⎠

⎞
⎜⎜
⎝

⎛
+ 21

1 : Ñieän aùp cung caáp cho cöïc coång 

Nhaän xeùt:  Rs: Caûi thieän söï oån ñònh tónh ñieåm Q baèng doøng DC hoài tieáp. 
    R3: Khoâng coù taùc duïng DC, duøng ñeå taêng trôû khaùng ngoõ vaøo AC. 
Baøi toaùn: Xaøc ñònh maïch phaân cöïc (VGG, Rs, Rd) ñeå cöïc tieåu hoùa söï thay ñoåi Q theo t0 
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Töø phöông trình: 
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Nhaän xeùt: Rs ≠ 0 laøm giaûm ñoä nhaïy iD theo t0 → Caûi thieän ñoä oån ñònh 
Ñeå cöïc tieåu Di

TS : 
⇒ VGG = 2VGSQ + Vpo 

 Rs = 
DQ

poGSQ

I
VV +

 

 
 
6.5 Giaûi tích tín hieäu lôùn – Söï saùi daïng 
<Xem TLTK> 
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6.6 Giaûi tích tín hieäu nhoû 
6.6.1 Maïch töông ñöông tín hieäu nhoû: 

Maïch töông ñöông tìn hieäu nhoû (taàn soá daûi giöõa): 

 
 Ñieän trôû gate-source: 

hi = rgs = ∞→
∂
∂

QG

GS

i
v : Hôû maïch 

 Heä soá khueách ñaïi aùp ngöôïc: hr ≈ 0 
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 Ñoä xuyeân daãn (transconductance): 

   gm = 
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∂
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   Töø coâng thöùc: 
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   ⇒ gm = DSQn Ik2  

 Ñieän trôû drain-source: 

   rds = 
QDS
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   Lyù thuyeát: rds → ∞ 
   Thöïc teá: rds ≈ 20 – 500 KΩ; rds ∼ 1/IDQ 

 Heä soá khueách ñaïi: 
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v
v
∂
∂

−=µ = gmrds 

 
6.6.2 Maïch khueách ñaïi aùp cöïc nguoàn chung (CS): 

Maïch CS: 
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Maïch töông ñöông tín hieäu nhoû: 

 
Trôû khaùng vaøo nhìn töø nguoàn: Zi = R3 + (R1 // R2) 
Trôû khaùng ra nhìn töø taûi: Zo = Rd // rds 

Heä soá khueách ñaïi aùp: 
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i
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Ví duï: Xaùc ñònh Av, Zi, Zo cuûa maïch KÑ duøng MOSFET sau: 

 
 
Maïch töông ñöông tín hieäu nhoû: 

 

Taïi D: 
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Vôùi vgs = vi ⇒ )//(1
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1)/1(
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=

−
=

1/)(
 = 7,7 KΩ 

Zo = dsf
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6.6.3 Maïch theo nguoàn (Source follower – CD): 

Maïch CD: 

 
DCLL: VDD = vDS + iDS (Rs1 + Rs2) 
Ñieän aùp phaân cöïc: VGSQ = - IDSQ Rs1 
Thoâng thöôøng, ñeå Q naèm giöõa DCLL: vDS ≈ (VDD / 2) >> VGSQ ⇒ Rs1 << Rs2 
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Maïch töông ñöông tín hieäu nhoû: (Giaû söû boû qua R1 raát lôùn) 

  

 Trôû khaùng ngoõ ra (nhìn töø Rs): 
0=

=
ivo

s
o i

v
Z  

Ngoõ ra: vs = µvgs + iords 
Do vi = 0 → vgs = - vs 
⇒ vs = - µvs + iords 

⇒ Zo = 
1+µ

dsr  ≈ 
mg

1  (Giaû söû µ >> 1) 

 Ñoä lôïi aùp hôû maïch (khoâng coù Rs): 
g

s
Rv v

v
A

s
=

∞→

'  

Ngoõ ra: vs = µvgs = µ (vg – vs) 

⇒ 
1

'

+
=
µ
µ

vA  ≈ 1 (Giaû söû µ >> 1) 
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 Trôû khaùng ngoõ vaøo: 
i

g
i i

v
Z =  

Ñeå xaùc ñònh Zi, söû duïng nguoàn töông ñöông Thevenin ngoõ ra: 
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=
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Vôùi giaû söû R1 >> Rs2: iiR1 = vg – va ≈ vg - s
ss

s v
RR

R
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+
 =  vg - gv

ss

s vA
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+
 

⇒ 
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R
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+
×
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µ
µ

 ≈ (µ + 1)R1 (Giaû söû Rs2 >> Rs1) 

 Nhaän xeùt: Gioáng nhö maïch Emitter Follower (BJT): Zi lôùn; Zo nhoû; Av ≈ 1 
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6.6.4 Phaûn aùnh trôû khaùng: 
 Xeùt maïch sau: 

 
Maïch töông ñöông tin hieäu nhoû: 
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⇒ 
ddss

gs
ds RrR

vvv
i

++

−+
= 23µ

 

trong ñoù: vgs = v1 – v2 – ids Rs 

⇒ 
ddss

ds RrR
vvv

i
+++
+−+

=
)1(

)1( 231

µ
µµ  ⇒ Maïch töông ñöông khi phaûn aùnh vaøo cöïc D: 
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Vieát laïi: 

)1/()1/(
)1/()1/( 231

++++
−+++

=
µµ

µµµ

ddss
ds RrR

vvv
i ⇒ Maïch töông ñöông khi phaûn aùnh vaøo cöïc S: 

 



Chöông 6  24 
 

 Caùc böôùc thöïc hieän phaûn aùnh trôû khaùng: 
1) Töông ñöông ñoaïn DS cuûa FET baèng ñieän trôû rds noái tieáp nguoàn aùp (µv1) [cöïc 

döông ôû S]. Xem ñoaïn maïch naøy gaén lieàn vôùi phaàn maïch cöïc D 
2) Phaûn aùnh vaøo D: 

Giöõ nguyeân phaàn maïch cöïc D vaø ñoaïn töông ñöông DS 
Phaàn maïch cöïc S × (µ + 1) 

3) Phaûn aùnh vaøo S: 
Giöõ nguyeân phaàn maïch cöïc S 
Phaàn maïch cöïc D vaø ñoaïn töông ñöông DS : (µ + 1) 

 Ví duï: Phaân tích laïi maïch CD baèng caùch phaûn aùnh trôû khaùng vaøo phaàn maïch cöïc S 
Maïch töông ñöông: 
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Phaân tích maïch: KVL, KCL 
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6.6.5 Maïch taùch pha (phase-splitting circuit): 

 
Tín hieäu nhoû: ids = 

s

o

d

o

R
v

R
v 21 =−  ⇒ 12 o

d

s
o v

R
R

v −=  

Neáu Rs = Rd ⇒ vo2 = - vo1 : Maïch taùch pha 
Ñeå xaùc ñònh Av1, Av2, Zo1, Zo2: Söû duïng pp phaûn aùnh trôû khaùng vôùi v2 = v3 = 0 

⇒ 
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o
v RrR

R
v
v

A
+++

−==
)1(

1
1 µ

µ   

  
ddss

s

i

o
v RrR

R
v
v

A
+++
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  ])1(//[1 sdsdo RrRZ ++= µ  
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+
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=
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6.6.6 Maïch khueách ñaïi cöïc coång chung (CG): 
Maïch CG: 

 
 Trôû khaùng ngoõ vaøo: 

Phaûn aùnh vaøo maïch cöïc S: 

 
⇒ Zi = Rsg = 

1+
+

µ
dds Rr  

 Trôû khaùng ngoõ ra: 
Phaûn aùnh vaøo maïch cöïc D: 
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⇒ Zo = rds + (µ + 1)ri 

Heä soá khueách ñaïi: 
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d
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d
v rrR

R
v
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A
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+
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6.7 Môû roäng 
6.7.1 FET keânh p: 

 p-channel JFET 
Caáu taïo: 

 
Ñaëc tuyeán VA: 
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 p-channel MOSFET 
Caáu taïo: 

 
Ñaëc tuyeán VA: 
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Nhaän xeùt: p-channel FET (iSD, vSD, vSG) töông töï n-channel FET (iDS, vDS, vGS) 
 

6.7.2 Depletion-mode MOSFET: 
 So saùnh: 

Khi vGS = 0: Enhancement-mode: Khoâng coù keânh daãn giöõa D vaø S 
    Depletion-mode: Coù keânh daãn giöõa D vaø S 
⇒ Enhancement-mode: VTN > 0: Ñieän aùp ngöôõng hình thaønh keânh daãn. 
  Depletion-mode: VTN < 0: Ñieän aùp ngöôõng taét keânh daãn. 
 

 Ñaëc tuyeán: 

 


