Chuong 2: Piot va ing dung

® Pidt — Cau tao, hoat dong
® Mach chinh luu
NUra chu ky
Ca chu ky
Mach cau
Két hop vai tu
Mach cat
Mach ghim
Mach nhan ap
Piot Zener va Ung dung
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Piot ban dan - Ly tuong

Ving dan

« dién ap qua diét bang 0V,
e dong dién bang oo,

e dién tré thuan R_ = VI,

e diGt coi nhu bi ngan mach

Ving khéng dan
e toan bo dién ap dat vao diot,
e dong dién bang 0A,
e dién tré ngugc R, = V//I,
« diot coi nhu hé mach




Pidt ban dan - Phan cuc
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® Khong phan cuc:
V,=0Vval, =0A.

® Phan cuc thuan: dién ap
dat vao

V.=0.7V - Si

V;:=0.3V - Ge

e Phan cuc ngugc: dong ro I



Piot ban dan - Thuc té
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Piot ban dan - Thuc té

Silicon

Germanium

PIV (= 1000V) 16n hon

PIV (= 400V) nhO hon

Chiu dugc dong 16n hon

Chiu dugc dong kém hon

Khoang nhiét d0 hoat
dOng rOng (dén 200 C)

Khoang nhiét d0 hoat
d6ng hep (nhé hon 100 C)

Pién 4p phan cuc thuan
16n hon (0.7V)

Pién 4p phan cuc thuan
nho hon (0.3V)

* PIV - gid tri dinh cUa dién dp nguoc




Piot ban dan - Thuc té :
[,(mA),

IS(Si)=10nf.
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0.3(Ge)  0.7(Si)

'/ ‘/ g VD(V)

[ =reverse saturation current



Piot ban dan - Thuc té
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(a) Forward- and reverse-bias tests
for an open diede give same
indication. Some meters will
display “OL."”
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SHORTED

(b) Forward- and reverse-bias tests for
a shorted diode give same 0V
reading. If the diode is resistive,
the reading is less than 2.6 V.




Mach chinh luu nira chu ky
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Mach chinh luu ca chu ky
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e V>0 => D1 dbéng, D2 ngat
e V<0 => D1 ngat, D2 déng



Mach chinh luu cau

e V>0 => D2, D4 dong; D1, D3 ngat
e V<0 =>D2, D4 ngat; D1, D3 déng




Két hop vai tu st

Dy

=

e V>0 => D1 déng, D2 ngat
e V<0 => D1 ngat, D2 déng

® Tu C c6 tac dung lam gidm s nhap nhay cula tin
hiéu ra



Mach cat 15

® NOitiép hoac song song

* NOi tiép:
* V>V =>Don=>Vz=V-V
°* V<V =>Doff =>V_=0



Mach cat
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® Song song két hap véi nguon ngoai
* V>4V =>Doff=>V =V,
® V<4V =>Don=>V_ =4V



Mach ghim
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® Dich muc thanh phan mot chiéu (DC)
® Bat bubc st dung tu dién két hop vai diot




e Nua chu ky duong: D, on, D, off, V.=V _
e Nua chu ky am: D, off, D, on, V.=V _+V=2V_

EAT



Mach boi ap
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Piot Zener

+ o
. Al
Vi Vi : e
—— P _T-;-T-IU pA =y Vzr
|rf,.-"' T0.25 mA =l

dep= 12,0 mA

Phan cuc thuan: giong

diot thong thuong

Phan cuc nguagc:

® Lam viéc trong vung danh
thung, tai PIV hay V,

* V,=const

Ung dung: ludn lam viéc

& ché do phan cuc

ngugc dé tao dién ap

tham chiéu

V, = 1,8V + 200V
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biot Zener -
o |=(V.-V,)R;|=VJIR;
R I:)zzlz*vz<|:)zmax
e ] I o
In 111 l - e V. =const, R, thay doi:
’ | g RLmax> R >RLmin
VT Vz * RV,
' RLmax_V /(IR zmax) Lmin:RVz/(Vi_
\ V)
= e V_thay déi, R, = const:
Vimax > Vi > Vmin
Vimax: R I Rmax+Vz
Vimin = VZ(R+RL)/RL



Bai tap

® Chuong 2: 1, 5, 6, 10, 11, 15, 21, 23, 24, 27/,
30, 34, 37,42,47, 49, 52



Chuong 3: Mach khuéch dai
tin hiéu nho su dung BJT

Nhac lai ki€én thirc ca ban — chuong 3.4

Mach khuéch dai tin hi€éu nho

Cac phuong phap phan tich
Dung so do tuong duaong: ki€u tham s6 hon hop, ki€u
mO hinh r,- chuong 7

Dung do thi - chuong 7
Pac diém ky thuat
Cac yéu té dnh hudng dén hoat dong
On dinh hoat ddng



Nhac lai kién thic co ban

® Cau trdc va hoat dong
® Cac cach mac mach
® Dinh thién cho b6 khuéch dai lam viéc &
ché do tuyén tinh
Bang dong baza ¢ dinh
Bang phan ap
Bang hoi ti€p dién ap
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Cau truc va hoat dong
oot ® Emito va colecto la
T B ban dan cung loai,
- con bazo la ban dan
. ) khac loai
oo ® | Gp bazo nam gilta,
ot va mong hon rat
L2 n fp| » 1S nhiéu so voi emito va
; colecto

(b}



Cau tric va hoat dong

+ Majority carriers

14

Iy
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Depletion regions

*+ Minority carriers
n 14

I~
cC 5

| 1
VEE

Tiép giap BE phan cuc thuan:
(e) dugc tiém tu mién E vao
mién B, tao thanh dong I,

T|ep giap BC phan cuc ngugc:
hau hét cac (e) vugt qua mien
B dé sang mién C, tao thanh
dong I

MOt s6 (e) tai hop Vdi 10 trong
trong mién B, tao thanh dong |



Cau tric va hoat dong

® M(i tén dat tai tiép
U.J UE giap BE, véi huéng tU
8, : ban d@n loai P sang
ban dan loai N
|te |'= o Miten chi chiéu
dong dién
pnp: E->B
npn: B->E

npn Pnp
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Tham so ky thuat

® I=l.+1g  |[.=al:+ 144

* Ic=Plg ® |.= al; (bd qua i, Vi rat nhd)

® (3= 100 + 200 (c6 thé I6n hon) ® o= 0.9-+0.998.
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8+1
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Cach mac mach

® C6 3 cach mac mach (hoac goi la cau hinh)
® CB (chung bazo)
® CE (chung emitto)
® CC (chung colecto)

® Cau hinh dugc phan biét bdi cuc nao dugc noi

vOi dau vao va dau ra

CB E C
CE B C
CC B E




000
0000
0000
o000
| X J
Pac tuyé :
. y
LFE {mA)
4 [ (mA)
V("Ez 2{. W
g Active region (unshaded area)
1-"I,|_‘B: 1{:. V = m
r:r B 5 = (LY
6 Veg=1V 1
s B 5 mA
51 3
4 4 = E] 4 mA
y B E 3 mA
3 £ e
e _a ¥ my
1 ; Tp=1mA
| | | I 1 | | J |_ - % | i FJ 'l-fr|||.-\,l
0 0.2 0.4 0.6 0.5 1.0 Ve (V) -1 o 5 1 15 | Vg (V)

® P3c tuyén vao va ra kiéu

CutofT region

mac chung B (CB)



Pac tuyén

||:’ =]

Vep= 0N

® Pac tuyén vao va ra ki€u mac chung E (CE)



Su khuéch dai trong BJT
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Phan cuc cho BJT

® Dé co. thé khuéch dai tin hiéu, BJT can dugc
“dat” & vung tich cuc (vung cat va vang bdo hoa
dugc dung trong ché do chuyén mach)

0 tiép giap BE phan cuc thuan, tiép giap BC phan
CuUC nguoc

® Phan cuc: thiét lap dién ap, dong dién mot
chiéu theo yéu cau

- NPN: V. <V, <V,
« PNP: V, >V, >V,



Phan cuc cho BJT

® Chu y: cic tham soO ky thuat va moi lién hé
V,e=0,6+0,7V (SI) ; 0,2 + 0,3(Ge)

le=1lc+15 1o =Blg l.= alg




Mach phan cuc

bang dong bazo c6 dinh
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Pon gidn nhung khéng 6n dinh

Vong BE:
VCC o IBRB B UBE =0
I 15=(Vee-Uge)/Rg
=B
Vong CE :
- UCE = VCC ) ICRC



Mach phan cuc
bang bo phan ap

Dong va ap khéng phu thudc 3

Thevenin:
Ra:=R,//R,
EBB: RZVCC/(R1+ RZ)

U Tuong duong mach phan cuc
bang dong bazo

Tinh toan xap xi:

Néu B*R. = 10R, > |, =1,

7 Vg=R™V/(R#R,)

0 V=Ve-Ug =>I. = .=V /R
- UCE:VCC_IC(RC+RE)



Mach phan cuc oes
bang dien ap hoi tiep
+W e
Ic l Vong BE:
vo Re
_,R“E,.& l Vool cRelgRg-Uge-leR=0
Le

Do 6n dinh tuong doi tot

ls= (Ve Upg/(RetB(R:HRE))
voi I' = |

Vong CE:
Uce=Vecrlc(ReHRe)



Mach khuéch dai tin hiéu nho

® Tin hiéu nho:
Khéng c6 gidi han chinh xac, phu thudc tuong quan gila
tin hiéu vao va tham s6 linh kién
Vung lam viéc dugc coi la tuyén tinh
® Khuéch dai xoay chiéu:
I:)in>|:)0u'[

® MO hinh BJT:
M6 hinh la 1 mach dién ti miéu ta xap xi hoat dong cla
thiét bi trong ving lam viéc dang xét
Khuéch dai BJT tin hiéu nhé dugc coi la tuyén tinh cho hau
hét cac Ung dung



Cac phuong phap phan tich

®* Mach KB dung BJT duagc coi la tuyén tinh
=> c6 thé sir dung nguyén Iy xép chong

® Phan tich dua trén cac so do tuong duong:
So do tuong duong tham s6 hon hop H
So do tuong duong tham s dan nap Y
So db tuong duang mod hinh r,

® Phan tich bang do thi




Cac phuong phap phan tich
Tham so vat ly cua BJT

1) B,= I/, | U,=const

Xap xi theo ty 1é dong 1 chiéu: B=I1/1,
1) o=i/i, | U,=const

2) r,=u.Ji, | U,.,=const

dién tré emitter dugc coi nhu la dién trd dong cua
diot, r, = 0.026/1.(Q), trong doé I 1a dong DC

1) r.=u./i.|l.,=const
dién trd collector rat 16n, khodng vai MQ
1) r,=20



Cac phuong phap phan tich

So dod tuong duong hon hop H

® Cobng thuc mang 4 cuc:
UV:h11IV+h12Ur
Ir:h21|v+h22Ur
® Giatri cac tham sO duogc xac
dinh tai mot diém lam viéc danh

dinh (cé thé khong phai diém Q
thuc té)

® Chis6 e (hoac b, c) cho cac cau
tric CE (hoac CB, CC)

Mang 4 cutc




Cac phuong phap phan tich

So do tuong duong hon hop H

Tham soO EC BC CC
h,, (h) 1kQ 200 1kQ
h,, (n) 2 5x10-4 3x10-4 ~1
h,, (h) 50 0,98 50
h,,(h.) 25UAINV 0,5uA/N 25uA/V

1/h,, 40kQ 2MQ 40kQ




Cac phuong phap phan tich

So do tuong duong dan nap

Y

Cong thic mang 4 cuc:
Iv:ylluv-l_ylzur
Ir:yZlUv-l_yZZUr

Chi s6 e (hoac b, c) cho
cac cau truc CE (hoac CB,
CC)

Bang khoang gia tri tham
khao trong sach

U, Mang 4 cuc U,




Cac phuong phap phan tich

So do tuong duong mé hinhr,

M6 hinh hoa BJT bang mot diot va ngudn dong diéu
khién dugc, dua vao cau tric mang 4 cuc
Trong do:

v Dau vao: tiép giap BE (phan cuc thuan) lam viéc
nhu 1 diot

“ Dau ra: ngudn dong diéu khi€n dugc, vdi dong
diéu khién la dong vao, mé ta lién hé I_ = Bl, hoac
|.=al..

Céc loai: CE, CC, CB



So d6 tuong duong mé hinhr,

Cau hinh CB

® Chung B gilra dau vao
L S5 va dau ra

e Pauvao:r_la dién tré
xoay chiéu cua 1 diot:
" r.=26mV/I.

 d L e Cachly gilradau vao
va dau ra

®* P3au ra: dong diéu
: khién I_, 1 =al_




So d6 tuong duong mé hinhr,

cau hinh cB

o |

1) Z =T

| e

2) Z,=r,=

(nQ-50 Q)
(NMQ)

common-hase
transistor
amplifier

tuyén ra. Z, = o néu dudng nay nam ngang

3) A,=0aR/r,=R/r_ tuong do6ilén, U & U dong pha

4y A=-a=1

vGi Z_la do dbc clia dudng dac



So d6 tuong duong mé hinhr,

Cau hinh CE

-rr
—p—

‘ ® Chung E gitra vao va ra

S I * Pau vao: 1 diét tuong
“ duong, véir, = dién trg
xoay chiéu cula diot
®* Pau ra: ngudbn dong
e diéu khién 1 =PI,




So d6 tuong duong mé hinhr,

Cau hinh CE

{ =81,

O ¢

® Z=U,/,=Blrl,=Pr,
Khoang n100Q - nKQ
® Z =r,=o

(khong dugc dua vao trong mo
hinhr)

Xac dinh tu phan tich dac

tuyénra: r,=40-50KQ
e A =-R/r, (r,=m)
e A=/l =P

So db cé Z, Z, trung binh; A,
A 16n



So do6 tuong duong mé hinhrr,

Cau hinh CC

® So do giong cau hinh CE
®* Tham khao séach Electronic Devices and Circuit theory



So sanh moé hinh tuong duong

M6 hinh tham sé H

Mo hinh r,

CO dinh. Khoéng bién d6i theo
diém lam viéc

CO bién doi theo diém lam
Viéc

C6 xét dén tin hiéu hoi tiép

B4 qua tin hiéu hoi ti€p

CoO xét dén dién trd ra

B0 qua dién trd ra




Phan tich mot s6 so do

Cau hinh CB

VAVAVAS
re

VAVAVAS
Rc

1)

1)

Z, = R[|r,

Trg’j khang vao tuong
doi nho

ZO = RC

Trd khang ra 16n

A, = aR Jr, = Rr,
Tuong doi I6n

U. & U, cung pha
A=-a=-1
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Phan tich mot sé so do

cau hinh CE phan cuc co dinh

1) Z =R,[|Br, néuR, = 10pr, Z = Pr,
2) Z,=R]|r, néur,=10R, Z =R,
5 A =- RN, = - R,
(B khéng xudt hién tuy nhién van can dé xac dinh
re)
U. & U_léch pha 180°
) A= BRI (R HR)(R,HPr)] =3
(I la ngudn dong. I la dong collector)
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Phan tich mot s6 so do o0

cau hinh CE phéan ap




Phan tich mot s6 so do

cau hinh CE phan ap

1)
2)

3)

1)

Z,= R,|IR,|IBr, = R'|| Br,
Z,=R[|r, (Ifr,210R_, Z,=R))
A, =-(R[[r)/r,=-RJr,

Giong nhu da co trong cau hinh CE phan cuc c6
dinh

A = BRT/I(r+R)(R™+ Bre)]
= BR/(R'+ Br,) néur, = 10R_
= néu R’ > 10 Pr,




Phan tich mot s6 so do E:.
Ccau hinh CE hoi tiép
1y Z=rJ(1/p+RJ/R)
"> 2 Z,=RJIR,

c2 | RAY < - 3) AV — 'RC/re
M \Ql 4) Ai = BRf/(Rf-l_ BRC)

g g5 = RiR:
Rf néu BR, >> R,
: 0 ¢ . R
= > ; 5 Khi r #Zc0 can thém r,

P trong cong thic



Phan tich mot so so do oo

Cau hinh CC phan cuc co dinh

SU dung dang so do6
cho cau hinh CE




Phan tich mot so so do

Cau hinh CC phan cuc co dinh

) =R, || [Bre+(B+1R] =R, || B(r.tR.)

Trd khang vao cao

1y Z,=R||r,=r, VI R, >>Tr,

Tré khang ra nho

) A, =RJ/R+r)=1

Pién ap ra cung pha va nho hon dién ap vao 1 chit
=> “mach lap emiter”

1) A =-BRY[R*F B(r+R)]

U'ng dung: phdi hop trd khang.




Cac phuong phap phan tich

Phuong phap do thi

ki (A

SarEral Wl a8 f_,_.-l-"';n'jl"'.
1 B A= ¥ jiA
_-l—._'-_'__ .;. F-."l
A FE BEdieE] | 0 UA
= |} LA
= by = D i
a7 3 [ O W T rd| RN T
i

Cutolfl megion
Jl1li_ I?r.?"_ uli "-r' 1

|

AR ERERE R

B 04 06 68 1D woqv

Pac tuyén vao ra transistor BJT mac CE



Cac phuong phap phan tich

Phuong phap do thi

Pi€m lam viéc Q va duong tai:

* Diém lam viéc Q: di€m lam viéc cd dinh trén dudng
dac tuyén, dugc xac dinh bang phan cuc

® Duong tai: hinh vé cla tat ca gia tri phoi hop cé thé
cual.and V.

® 2 loai duong tai:

Pudng tai tinh (ché do 1 chiéu): V.= VIR,

budng tai dong (ché dd xc): v, = Vi (RJ//R))

DOc hon so véi dudng tai tinh => anh hudng dén dién
ap ra



Cac phuong phap phan tich %

Phuong phap do thi




Céc phuong phap phan tich EE:‘
Phuong phap do thi

RS }Rz }Rl

2

| v %

Vi tri Q khi: R, V_, |, lan lugt thay
doi




Cac phuong phap phan tich

Phuong phap do thi

T

Inarnmtanoons laad lises

Time

Tirm Tirm
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Cac phuong phap phan tich o0

Phuong phap do thi

® Tin hiéu vao: thay doi
dong vao Ai, bang thay

dGiAv,,
e Tin hiéu ra: thay doi Av_,
Ai.
: ¢ Ai = io/ii - AiC/Aib
e A=V = AV JAv,,
ey P B B am Z = Vvli. = Av, /A,

® Z .= VJ/i,=Av_/Al



Cac phuong phap phan tich

Phuong phap do thi

Anh hudng cua vi tri diém Q (diéu kién 1 chiéu) dén
cUa tin hiéu xoay chiéu ra

® Piém Q gan vung cat (cutoff): BJT sé roi vao ving
cat du khi gia tri vao rat bé, dan tGi cat phan duaong
dién ap ra

®* Diém Q gan vung bao hoa (saturatlon) BJT roi vao

ving b&o hoa dé dang, dan tdi cat phan am dién ap
ra

® Tin hiéu vao qua IGn gay ra cat ca phan am va
duong dién ap ra




Pac diém ky thuat

® TEén: 2N+s0, vi du 2N4123, 2N2218...

® Thoéng so co ban:

TOi da: Uce, Uch, Ueb, Ic, Pdis, T

Pac tinh dién:

> OFF chars.: dién ap danh thung cua CE, CB, EB,

Iccutoﬁ’ Iecutoff

> ON chars.: DC B, U Upeisat)

> Tin hiéu nho:current-gain - bandwidth product
(B*f), small-signal 3

ce(sat)?



Anh huéng clia cac yéu to
ky thuat dén hoat dong thiét bi

* Anh huéng clia cau tric BJT:
Vat liéu ché tao: Ge, Si
MUc db pha tap
Kich thuéc BJT...

nudng cla tan so lam viéc
nudng cua thoi gian st dung
nudng cla do 6n dinh nguon
nudng cua nhiét do

N
- - - -




Cac anh huong khac

* Anh huéng clia tan s6 lam viéc
Xét trong phan dap Ung tan so

* Anh hudng cla thdi gian st dung

* Anh huéng cla dd 6n dinh ngudn
Gay méo tin hiéu ra

* Anh huéng clia cau tric BJT:
Vat liéu ché tao: Ge, Si—V,,, B,nhiét do...
Muc db pha tap — ap, dong, B,nhiét do...
Kich thudc BJT - dong



Anh hudng cuiia nhiét dé

Nhiét d6 anh hudng nhiéu dén cac tham so thiét b
Khi nhiét d6 tang:
Hé so6 B tang
Dong do |, tang
bién ap V,, giam
=> gay ra su khong 6n dinh ciia mach do su dich
chuyén cla di€m lam viéc Q
0 chat lugng tin hiéu ra gidm
Poi véi BJT ché tao tu Si, g chiu dnh hudng nhiéu cla
nhiét do



Hé sé on dinh

v S(I)=AlJAl,, — &nh hudng nhiéu dén
BJT dung Germani
v S(U,.)=AlJAU, . — anh hudng it
v S(B)= AlJAB — anh hudng nhiéu dén
BJT dung Silic

Tong anh hudng dén dong |
Al =S(1_)* Al + S(U,.)*AU, + S(B)*AB




On dinh hoat dong BJT

® HOi tiép am dién ap hoac dong dién
® am mat - bang quat hoac nudc

e On dinh nguén cung cap

® Chon BJT thich hop




On dinh bang hoi ti€p am dién ap

> -
| § g- @B*b %
%@ 2 " &
. + é . —+ +

o)
o

On dinh ché do mot chiéu bang dién tré R,
(hoi ti€p am dién ap)
lg = (VecUge) (Re+BRe) & I = Bl



On dinh bang héi ti€p am dién ap
o Z,= Ry/IB(r,+Ry)

@ Zo: RC

¢ Av = _RC/(re+RE)

o A =BR/R,*B(r,+R)]

Trd khang vao tang nhung hé sé khuéch dai dién ap
giam
=> st dung tu dé ngan mach R_ & ché dd xoay chiéu



So do CE dung tu ngan mach R,




Bai tap

® Chuong 3: 3, 5, 11, 14, 21, 28, 30, 33

® Chuong 4: 5,6, 7,10,11, 14, 19, 26, 28, 32,
33

® Chuadng 7: 6, 8, 10, 23
e Chuong 8: 1, 4, 7, 11, 14, 15, 16, 19, 28




Chuong 4: Mach khuéch dai
tin hiéu nho su dung FET

® Gidi thiéu chung
® Phan loai
JFET

MOSFET kénh c6 san (Depletion MOS)
MOSFET kénh cam Ung (Enhancement MOS)

® Cach phan cuc
® Mach khuéch dai tin hiéu nho
® So db tuong duong va tham sO xoay chiéu



Gigi thiéu chung

® Trd khang vao rat I16n, nMQ-n100MQ

® Ppuoc diéu khién bang dién ap (khac véi BJT)

® Tiéu ton it cong suat

® Hé sO tap am nhd, phu hop vdi nguon tin hiéu nhé
® it bi dnh hudng bdi nhiét do

® Phu hgp véi vai tro khéa dong mé cong suat nhd

® Kich thudc nho, cong nghé ché tao phu hop véi
viéc str dung dé thiét ké IC



Phan loai

® JFET-Junction Field Effect Transistor
Kénh N
Kénh P

® MOSFET-Metal Oxide Semiconductor FET
Kénh c6 san (Depletion MOS) :
Kénh NvaP

Kénh cam Ung (Enhancement MOS):
Kénh N va P



JFET

® Cautric

®* Hoat dong

® Dac tuyén

® So sanh vai BJT

® \/i du, bang tham so6 ky thuat




JFET - CAau tric

Drain (D)
Ohmic
contacts n-channel
Gate (G ' ;
- G) i p |
Depletion Depletion
region region

Source (S)




JFET - Hoat dong :
oA

E
A I, |
Il | Saturation level Depletion /n—chan nel
DSS | Vos=0V region \
| Increasing resistance due
| to narrowing channel
I G = Vop
| T 7
+
n-channel resistance
Vos=0V

e V.=0,V,>0tang dan, |, tdng dan



JFET - Hoat dong

A 1,
Saturation level
IDSS
VGS = 0 V
Increasing resistance due

to narrowing channel

n-channel resistance

Ve Vbs

® V=0, Vps=Vp Iy =lpss
e V, dién ap that kénh (pinch-off)

+
Pinch-off




JFET - Hoat dong :

A I (mA) Locus of pinch-off values
- | —
Ohmic | Saturation Region
Region |
ss 8 Vos =0V ——
T
¢ L1 Vps > 0V
’ 1
1
35 !
1 VGS =1V
- f
3 f /17
i Vee==2V
| Vg o
/4 Vis=-3V
= NVos=-4V=1 - & I[S B
0 5 10 15 20 25 Vps (V)
Vp(for Vi, =0V)

® V_.<0, V>0, gia tri mlrc bdo hoa cla I, cling giam dan
° V.=V, I =0



00
o000
o000
L XX )
JFET - Dac tuyen -
| |
I, (mA) A Al (mA)
—10 10—
7 7
6 6
55 7 VG‘gz—lV
4 4
33
3. 3 Ves=-2V
L1 /V(;s=—3v
____ | | Ve =4V
Ves(V) -4 3 2 -1 0 0 15 20 25 Vps

1.") =0 mA. VGb = VP

e Dadc tuyén truyén dat I, = f(V.) tuan theo phuong trinh
Shockley: 1= 1555(1 - Voo/Vp)?

° |[,=0A (dong cuc cong)

I, = 1g (I, dong cuc mang, I, dong cuc ngudn)



DSS

JFET - Pac tuyén

4 I, (mA) Locus of pinch-off values
Ohmic | Saturation Region
Region |
8 Vos=0V -
Ev
6 i
[ f
5 I
’;'1 Vos=-1V
4 gl
3 ,, I 7
L %
A4 o
[ - /
/
ot
0 15 10 15 20

V, (for Vg =0 V)

N-channel, I,cc=8mA, V =-4V

region

/VGS= +5V

Breakdown

P-channel, I,;c=6mA, V =6V



JFET - Ki hiéu

2N2844

CASE 22-03, STYLE 12
TO-18 (TO-206AA)

1 Source

JFETSs

GENERAL PURPOSE
P-CHANNEL



000
2N5457 0000
J F E I CASE 29-04, STYLE 5 X XX
T0-92 (TO-226AA) 000
MAXIMUM RATINGS 1 Desin L&l
2N5457 [ e :
Drain-Source Yoltage Vs 5 Vic 3
Drain-Gate Voltage Vg 5| Vée koo
Beverse Giate-Source Voltage Vg 25 e . | 1 Souitee
Gaie Current iy 10 mAde " —
e fe | [t GENERAL PURPOSE
Jomction Temperanie Riags T, 129 T N-CHANNEL—DEPLETION
Siorage Channel Temperature Range Ty 65 +150 | C

Fiefer 1o INA120 for graphs.

ELECTRICAL CHARACTERISTICS (T, = 25'C unless otherwise noted)
[ Characteristie | Symbot [ Min | Typ | Max | vt |

OFF CHARACTERISTICS
Gate-Source Breakdown Voltage ¥immpoes 25 Ve
(Ig = -10 BAdc, Vg =0)
Gate Reverse Current Vs Ak
(Vigg ==15 Vde, Vpg=10) - - =10
(Vs = ~15 Vi, Vg =0, T, = 100°C) . " 200

Gate Source Cutaff Voltage v, Vde
(Vigg = 15 Vdc, I, = 10 nAdc) IN5457 e 05 - —6.)

Gale Source Voltage T Ve
‘vm =15 Vi, I“ = |00 ﬂﬂ&:l INSAST 2.5 -

ON CHARACTERISTICS
Zero-Gate-Vohage Drain Current® Ioss mAde
(Vs = 15 Ve, Vs =0) INS4ST 10 10 0

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admittance Common Source® 1¥ed perhios
{¥pg = 15 Ve, Vg =0, = LINkHz) 2MS45T 100 - SO0

Outpist Admintance Comamon Source® ¥l pemhos
{¥pg = 15 Ve, Vg =0, 1 = LOkHz) - 10 50

Hanoe Cia pF

{¥pg = 15 Ve, Yigg =0, 1= L0 MHz) = 45 10

Reverse Transfer Capacilanoe Crs pF
(Vs = 15 Ve, Vg =0, = 1.0 MHz) - L5 i

*Pukic Tear Palse Wiith 5 630 ma: Dty Cycle S W%



o0
o0
o0
[
Datasheet-2N5457
Rating Symbol Value |Unit
Drain-Source voltage Ve 25 Vdc
Drain-Gate voltage Vi 25 Vdc
Reverse G-S voltage Vier -25 Vdc
Gate current | 10 nAdc
Device dissipation 25°C Py 310 mwW
Derate above 25°C 2.82 mW/°C
Junction temp range T, 125 °C
Storage channel temp range T -60to |°C

+150




1

o

Datasheet-2N5457-characteristics

Characteristic Symbol |[Min |Typ [Max |[Unit

V.5 breakdown Vercss |29 Vdc

| jate reverse(vgs=-15, vas=0) lass -1.0 |nAdc

VR Veson -0.5 1.0 |Vdc

Ve o Ve 25 |-6.0 |Vdc

|5 2ero gate volage |l pes 1.0 3.0 5.0 |mAdc

C., C.. 4.5 7.0 |pF

Ceverse transfer Co 1.5 3.0 |pF




MOSFET

® Cautric

®* Hoat dong

® Dac tuyén

Cha y: rat can than khi sir dung so véi JFET vi
|Gp oxit ban dan cua MOS dé bi danh thung
do tinh dién



MOSFET - Cau truc

(Drain)
5i0; n-channel
n
Metal contacts /
(Gate)\ Substrate
G / p SS
n Substrate
n
i
S \ n—dpped
(Soutce) regions

N-channel depletion DMOS

000
000
o0
[
SiO,
D n-doped
/ region
// no-channel
n
Metallic
contacts
p-type Substrate
G substrate SS
n
\\
\ n-doped
S region

N-channel enhancement EMOS



MOSFET - Hoat dong :

I3
o e
/
1
\
: n
+ i
fie
H
! 55 +
G t r == Voo
| T
" tIEE i
L4
S —
= /]
!
\ A
)
e = e = e

N-channel DMOS
VGS =0, VDS >0

Electrons stracted o posilise gale

Cineluoed r-chimnel)
I

i , Region depletsd of p-Lype

i /" carricrs (holes)
f
i &
{in 7 ,-"'
(] ”."'I
&
+ « for
P Y +
Cr _+_ & R — + "-l'ﬁ
(i ] AT o Yoy ==
+ 1 ::-{ £ - =
P — AN
[ ik
! In \
-"'k' "'q_l.
.r.. = Ir:. k""'\.. '\-\.1
" ., - 3
lnculming layer Huolex repelied
. by positive gate

N-channel EMOS
VGS >0, VDS >0



DMOS - Pac tuyén truyén dat :

A I, (mA) A,
. 109} —— — — — — — - — — — Vos=+1V
Depletion
mode Enhancement
mode
—————— Ipss — e Vs =0V
Vgs=-1V
_______ Ipss
N Ves=-2V
Ipss Vos= LE S=ai¥
——————— = 2
4 _4V
-5V
[ & e
—6—5-4-3-2\10 1 Vi 0 /' Vps

Tuong tu nhu cda JFET, dac tuyén truyén dat |, = f(Ve) tuan

theo phuong trinh Shockley:

~?

Y A N A P i rd'Av\N ~ w 2

2 \

Cum o~ \ /7

L.

ID = IDss(l - VGS/VP)2



EMOS - Pac tuyén truyén dat

® Phuong trinh dac tuyén truyén dat:
I, = k(Vgs — Vo)? vGi dién ap ma V., > 0 (kénh N)
® Ves <V, ;=0

41, (mA) 41, (mA)

IOF Vos=+8V

9L

g -

i VGS =47V

6=

4 -

2 —

1 — VGS=+4V
| : | 4 Vs =+3V

o 1 15 20 25 Vis



MOSFET - Pac tuyén truyén dat | :

Ip (MA)

a8

Bl

SERSRR—

R

L [ (mA)

k‘).:_]\l

Fh

(a) (b)

P-channel depletion




MOSFET

P R RN
-

Py

(a)

0

T

- Pac tuyén truyén dat

—_—

(=]

P-channel enhancement



MOSFET - Ki hiéu

n-channel p-channel
oD
oD
| G ||—_>—oss
G s o
N |
oS
oS
oD oD
G
B | SO | =
oS

DMOS

n-channel

l—TD
G <55

1,

s

EMOS



EMOS
2N4351

2N4351
CASE 2003, STYLE 2
TO-72 (TO-206AF)
MAXIMUM RATINGS .
Rating Symbal Value Uit
Drain-Source Voliage Vs 2% Ve |J .
Dvain-Gate Vollage Vix 30 Ve c.i. | T
Gabe-Source Volizge® Vs K1) Ve
Dvain Current o 30 mAde ' | :
Tonal Device Dssipation @ Ty, = 25°C Fo kT W i
Decate sbove 25°C 17 | mwre MOSFET
Junction Temperatare Range T 174 e SWITCHING
Stoage Tompcvstms Ranys T &Sw0e?s | ¢ N-CHANNEL - ENHANCEMENT

* Trasibem potcatials of & 73 Vol will ml caene pase-nside failers

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otheraize noted. }

Characleristic

Symbol | Min | Max | unit |

OFF CHARACTERISTICS

Drain-Source Breakdown Vollage ¥ imposx pa Vi
“D =10 #ﬂ; uﬁ, l'“_l'

Fero-Gate-Yoltage Drain Ciarnent | P
(V= 10V, Vg =0) Ty=25%C [1] nAde

T, = 150°C 1] [TETS

Gale Reverse Cament Toss - * 1D phdc
Wi = % 15 Ve, Vg =0}

ON CHARACTERISTICS

Gabe Thresholdd Voltage Vs 1.0 5 Vi
(Vpg = 10V, [ = I0iA)

Divain-Source On-Vollage |- 1.0 ¥
(I =20 mA, Vgs = 10V}

Om-State Dvain Current Tpyean k] - mAde
Vg = 10V, Vg = 10V)

SMALL-SIGNAL CHARACTERISTICS

Forwand Transfer Admittance ¥ | 10008 - by
(Vos= 10V, I = 20mA, T = LOkHz)

Input Capacilance C - 50 pF
(¥pg = 10V, Vigg =0, = 140 kHz)

Reverse Transfer Capacitance G -~ ia pF
(Vg =10, Vg =0, F = 140 kHz)

Dirnim=Suhstrate Capacilance Catissbi - 5.0 pF
(Vg = 10V, [ = 180 kHz)

Dirain-Source Kesistance | o - 3 ohms
(¥gs =10V, I =0, f= 1LOkHz)

SWITCHING CHARACTERISTICS

Tum-On Delay (Fig. 5) ) Lay - 45 s

Rise Time (Fig. 6) :3 5 ZﬂE ﬁ:iv‘“ = 10 Vike, 1 65 | m

- a8 =
Turn-Off Delay (Fig. 7) {Sec Figure %, Times Circuit Deolermined ) az ~ g =
Fall Time {Fig. 8) 1 - (il ns




3
[
Datasheet-2N4351-EMOS
Characteristic Symbol |Min [Max |Unit
Vs breakdown V Br)psx 25 Vdc
I zer0 gate volage, lpss 10 nAdc
Vs=10VVigs=0, 25C — 150G 10 UAdC
|jate reverse(vgs=+-15, viis=0) lass +10 |nAdc
Vbs on voltage Vos(on) 1.0 |V
Cinvds=10v,1d=2ma i=140KH2) Ciss 5.0 |pF
C bs(vasub=10v =140kt Crss 5.0 |pF
Rpswgs=10v.10=0,=1kt2) Rson) 300 |[ohms




VMOS

Source terminals
externally connected

n+ (substrate)

N
l Wider channel
+

D
® VMOS — Vertical MOSFET ,téng dién tich bé mat
® C6 thé hoat dong & dong I6n han vi cé bé mat tda nhiét
® ToOc do chuyén mach t6ét hon



Si0,
g =
n+ p+ | P p+ nt | o n+ p+
When "on When "on
J J P
Y Y
p-channel MOSFET n-channel MOSFET
n-type substrate

® CMOS=Complementary MOSFET

® pMOS va nMOS trén cung mét dé, hoat dong & ché do
chuyén mach ON/OFF

® Gidm kich thudc va cong suat tiéu thu, tang toc do chuyén
mach

® Hau nhu chi dung trong IC



So sanh FET-BJT

BJT

FET

>Diéu khién bang dong =>

tiéu hao cong suat

»Dong ra va dong vao quan
hé tuyén tinh

>Hé sO khuéch dai tot hon

>Chiu anh hudng cua nhiét
do

>Diéu khién bang ap => it
tiéu hao cong suat

»Dong ra va dién ap vao
quan hé khong tuyén tinh
>Tré& khang vao rat Ién, hé
sO tap am nho, phu hop
nguon tin hiéu nho

>t bi dnh hudng cla nhiét
do




Tong két

IG—_-OA,IDZIS

PJ,%

VGY

Ip= "DSS 1~ V,

IG= OA, ID:' IS
D

I—T Vy

G I::l Ip(on)

Vision)

2
Ip=k( Gs— Vas ()
]D(on)
k=

3
(Vasion) ~ Vas cmy

VGs )



Phan cuc

> Phan cuc c6 dinh (Fixed bias)

> Tu phan cuc (Self bias)

> Phan cuc phan ap (Voltage divider bias)
> Phan cuc hoi tiép (Feedback bias)




Phan cuc

MGi lién hé gilta dong dién va dién ap khi dat FET & ché do
khuéch dai

VGi tat ca cac loai FET:

I, = 0A

ID = IS
VGi JFET va DMOS:

Iy = lpss(1 = Vgl Vp)?
VGi EMOS:

lp = k(Vgs — V1)

Quan hé gilra dong dién ra va dién &p vao la quan hé phi tuyén
=> hay sU dung phuong phap do thi



Phan cuc

> Phan cuc c6 dinh (Fixed bias): JFET
> Tu phan cuc (Self bias): JFET, DMOS

> Phan cuc phan ap (Voltage divider bias):
JFET, DMOS, EMOS

> Phan cuc hoi tiép (Feedback bias): EMOS



Phan cuc co dinh 3
e

=
Goi la phan cuc c6 dinh ls = OA
vi dién ap V. dugc co V.=0
dinh bdi ngudn 1c V, Vs = Vg = - Ve

5= lpss(1-Ves/V,)?



000
0000
0000
: oo
Phan cuc co dinh :
A I, (mA)
5= Ipss(1-Ves/Vp)? Devi Ipss
Xay dung dac tuyén truyén ™
dat theo bang gia tri sau: Network— /7]
S~y i,
O IDSS :
0.3V, loes/2 ]
05 loss/4 I .
Vo OmA " Vosg = Yoo 1 tos
Phuong trinh duong tai Giao diém cla ddc tuyén
Vs = - Ve truyén dat va dudng tai la di€ém

lam viéc tinh



Anh huéng nhiét dé :

A I, (mA)

Trong thuc t€, dong ro I tang

|én theo nhiét dd nén khong thé Pevice

hoan toan bo qua Network_

Piém lam viéc tinh dich chuyén
VGS = VGG + IGSS*RG

DSS

new Q-point

Q-point
(solution)




Anh hudng nhiét d6

NEU V=-1V va Rg=1 MQ. I _.=10nA
tai 25°C va tang lén gap déi néu nhiét
d6 tang 10°C. V tai nhiét do 125°C?

Gidi.

Tai 25°C, 1, xR =10°x10° = 1mV, 6
thé bé qua khi so véi V.= -1V (chinh
Xac V= -999mV.

Néu nhiét d6 tang Ién 125°C, dong | .
tang Ién 220 |an (=109)

luss = 108 x1nA =1pA

IGSSXRG: 1V

Vo =0V VA | = | oo

Network ~

Q-point
(solution)

VGSQ = —Vsi

Piém lam viéc Q dich chuyén
di rat nhiéu so vdi thiét ké ban
dau & nhiét do phong



Tu phan cuc

Vop

ID*
RD
I
b i\ oV,
CZ
Vio \ * G
[} ] +
¢
VGS —bg
Rg
R
- *I.S':ID
- - J—

C6 diém gi khac so véi phan cuc co dinh? Tai sao goi la tu
phan cuc? Vai tro cua R.?

Pién tré R, dugc coi nhu ngan mach? Co thé bd R,?



Tu phan cuc :

Mach vong dau vao:

;=0 =>V, =0V

VGS = - ISRS

ID = IDSS(l_VGS/Vp)Z

Giai hé trén dé xac dinh di€ém
lam viéc Q

Hoac xac dinh theo phuong
phap do thi nhu hinh bén

Xem xét su phu thudc nhiét do?




Phan cuc ki€u phan ap

)

et

oV,

Vop

R,

Vbp

Dong I, = 0, dién &p vao V. diéu khién dong ra |

St dung pho bién, cho céc loai FET




Phan cuc ki€u phan ap

Ve = VooRA(R+R)
Phuong trinh dudng tai
Vs = VeIpRs (1)

Gia tri Rq thay doi lam dudng tai
va diém lam viéc dich chuyén

VGS = 0 V, ID = VG/RS

Vs = Ve —IpRs

MOi quan hé bén trong clla FET
5= Ipss(1-Ves/ Vi) (2)

Giai hé phuong trinh trén (1,2)
hoac xac dinh theo phuong phap

PE AN - R SN R -




Phan cuc ki€u phan ap

V, =V, * 10MQ/(110MQ+10MQ)
Phuong trinh dudng tai:
V. =V, - 15750Q (1)

Quan hé dong ap véi DMOS:
ID= IDSS(]"VGSIVP)Z (2)

Giai hé (1,2) hoac xac dinh theo
phuong phap do thi

Luu y, V4, c6 thé duong

018V

110 MQ

1.8 kQ

AN

ezl
SRR

0AA

10MQ

Ipgs = 6 mA
VI():—BV

750 Q



Phan cuc kiéu phan ap :

A I, (mA)

+ 11

I
I
I
I
I
I
I
i
]
I
i
]
1
I
I
I
I
I
I

Vi

GS = +035 V

VGSQ = —08 v VP

Vi DMOS: 1= lpes(1-Ve/V,)? V¢ c6 thé duong



Phan cuc kiéu phan ap :

0 Vs ()

VGi EMOS:
b= k(VGS'VT)2

k IDon( GSon~ T)2



Phan cuc kiéu phan ap :

/.. A I, (mA)
VoI EMOS:
Ip, -
lp= k(VGs'VT ’ i
VOi k = IDon/(\/GSon_\/T)2 i
Vé dac tuyén truyén dat cla R .
EMOS ]
R R SR R SRR i
/ VGsith) '*;GS I “11(752

[D =0 mA V(r.‘{mm



Phan cuc kiéu hoi tiép

Mach vao:
. =0=>V, =V,



Phan cuc kiéu hoi tiép

Mach vao: } I
. =0=>V_ =V,

Phuong trinh duong tai:

Vas = Vs = V- Rl (1)
Pac tuyén truyén dat cla

EMOS
lo=K(Vgs- VT)2 (2)

k IDon( GSon~ T)2

Giai hé (1,2) hoac xac dinh
theo do thi

C6 thé sir dung cho JFET?



Vi du

20V

DS VP =-5V

snmmc

iO.GS kQ

Xac dinh diém lam viéc Q (I, Vo)

18V

—— VS=1.7V

0.51kQ



o]

o020V
2.2 kQ
910 kQ
12
VG(
2 V= a5y
Vfc
Vas,

Xac dinh diém lam viéc Q (I, Vo)

000
0000
0000
o000
| X J
o
18V
§1.8 kQ
H oV,
IDSS =6 mA
VP:-?) V
750 Q



Vi du

282 kQ
<

1 MQ

24 kQ

016V
2.7kQ
Ings = 12mA
Vp = -6V
&—@ VC

_[: B =180

§ 1.6 kQ

$9Ikﬂ
¢

§18kﬂ




Vi du :

Thiét ké:
Tinh gia tri cac dién tr& véi diém 2.5 mA
lam viéc Q c6 |, = 2.5mA
V,=12V
IDSS:6 mA




000
000
L X
[
V4 = A 2 2
Mach tin hieu nho su dung FET
Cuc G va S héd mach vi tro
khang vao cuc 16n (n100- Aaan ‘ oD
n1000 MQ)
Trg khang rar, Vo ¥ &Ve r
Ngubn dong duoc diéu _1
oS

khi€n bdi dién ap véi hé s6  5°
diéu khién g, m6 td quan hé
dong ra phu thudc vao dién

ap vao

g, - h6 dan truyén dat



HO dan truyén dat
O = Alp / AV = d(15(Ves))

— dao ham cua phuong P
trinh dac tuyén truyén dat AVes

(= Slope at Q-point)

Y nghfa hinh hoc: do doc
dac tuyén truyén dat,
thuong xac dinh tai di€ém

lam viec Q 7




Ho dan truyén dat

VGi JFET va DMOS, dac tuyén truyén dat tuan theo phuong

trinh Shockley
_ 2Ibss B Vas[C
N ‘VP‘ Vr E

2
Khi V= 0:

g,. Xxac dinh tai di€m lam viéc Q

on=g é Vas[C
m—gemora—
VPE




Cau hinh chung cuc nguon - CS

Pién ap vao dua dén chan
G, dién &p ra lay tai chan D
(chan S noi dat)

Phan cuc kiéu co dinh
Chu y khi phan tich:
v Ngan mach céc tu noi

v Ngan mach nguén mot
chiéu

+Vpp
RD
D
C, G
\l
1 * ’l
R L IRY




Cau hinh chung cuc nguon - CS

. G D
+ + ‘ +
s -
Vi 4 Rg Vi ; 8m Vs Fa Rp %o }
> = |5 -
Z=Rg -
Z, =r/lIR, =R, néur, > 10R,
A, =-9.(/[R) =d.R, néur, > 10R,

Quan hé pha: dién ap ra va dién ap vao ngugc pha nhau
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Cau hinh chung cuc nguon - CS
Pién ap vao dua dén chan K
G, dién &ap ra lay tai chan D
(chan S noi dat) R
R, ¢,
Phan cuc ki€u phan ap § S | p—

G
Cha y khi phan tich: L I: =

v Ngan mach céc tu noi

, ) "y 7 Rz R =0
v Ngan mach nguén mot i I
Chlé\u -- = = - -




Cau hinh chung cuc nguon - CS

V.o A !
Z Z
R, R, " 8mVes Ry;
Z=RJIR,
Z, =r/lIR, =R, néur, > 10R,

Ay = -0(rlRp) = 0,Rp

néur,> 10R,

Quan hé pha: dién ap ra va dién ap vao ngugc pha nhau



Cau hinh chung cuc nguon - CS

Khong co tu C (unbypassed R )

Vf O

0000
o000
‘X X )
o0
°®
Vbp
Rp
G,
Dy 5%
Cl I‘ 7]
\| G
11
S B
Zl’}



HE
Cau hinh chung cuc nguon - CS
IR B A e Y R
) 1 =X~
Z=Rg Z, = Rp/[1+g,Rs+(Rp+Rg)/r ]

Av = 'gmRD/[1+ngS+(RD+RS)/rD]

Quan hé pha: dién ap ra va dién ap vao ngugc pha nhau



Cau hinh chung cuc mang - CD

Pién 4p vao dua dén chan G,

dién ap ra lay tai chan S 7

Phan cuc ki€u tu phan cuc fll - y

Ch y khi phan tich: el { )
v Ngan mach cac tu noi B : (2 oV,
v" Ngan mach nguon mét o R,

chiéu
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Cau hinh chung cuc mang - CD
1()
V; o . 1 f o+~
& + Vv, - a8
Z Z
Rg gmvgs f Ya Rg vV
D
Zi — RG - - - -
Z. = rJIRJI(Lg.) = RYI(L/g,) néur, > 10R,
Ay = -0n(Td/R)/1+9,,(re/Rs)] = 9, Rs/[1+9,,Rs)] néu ry > 10Rg
=1 néug,R.>>1

Quan hé pha: dién ap ra va dién ap vao cung pha nhau
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Cau hinh chung cuc cua - CG
Pién 4p vao dua dén chan S, fll s D flz
dién ap ra lay tai chan D 1 ° ° I\
o A — e —
Phan cuc kiéu tu phan cuc Z Rp 7z,
Vi Ri@ —» (G
Chu y khi phan tich: Z'

v Ngan mach céc tu noi

v Ngan mach nguén mot
chiéu



Cau hinh chung cuc ctra - CG

- Ta +
C, m s
eIt
— g Vg ~— ~—
b 2% Z
% Ry Vs Rp }
= +G -
O _;_ O
Z=RJ/[(rs+Rp)/(1+g.1,)] =RJ/(1/g,) néur,>10R,
Z =rJlIR, =R, néur, >10R,

A, = [9.Ro+ (RIVIL+ Ry/r] =g,R, néur,>10R,

Quan hé pha: dién ap ra va dién ap vao cung pha nhau



So doé tuong duong DMOS
| R A L

Tuong tu nhu cua JFET

Luu y, vGi DMOS:
v’ V¢ c6 thé duong véi loai kénh N va am véi loai kénh P
v g c6thélénhong,,



So do tuong duong EMOS

D
l_
G P~ pMoOSs
I_.
S
D
I_
G I|.4_ nMOS
l_.
S

Tuong tu véi JFET va DMOS

Luu y:

N

D
T O
Vgs + 8ngs, Td
- o
S
Em = ‘)fﬁs‘ » T =

[ Yos|

vV lubn duong vdi loai kénh N va ludn am véi loai kénh P

Y G = 2K(Vgs — V5)



EMOS mac chung cuc nguon

Pién ap vao dua dén chan G,
dién ap ra lay tai chan D, chan S
noi dat

Phan cuc ki€u hoi tiép
Chu y khi phan tich:

v Ngan mach céc tu noi C

v Ngan mach nguén mot
chiéu i

Vop
Rp
Ry G,
—A\N— | oV,
oD
-
- Z
3 <
¢
oS



EMOS mac chung cuc nguon 2
Ry
—AAA—
TP*

® .D C)V(J
- B "
+ ‘i 0
gmvgs Yd RD
Vi N\ Ves

L2
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000
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[
EMOS mac chung cuc nhguon
Z;= (ReAT/IRR)/[1+9,,(ry/IRp)]
= RJ/(1+g.R,) néur, >10R,, R>>r /IR,
Z.=RJIr /IR, =R, néur, >10R,, R>>r /IR,
A,=d, RJIrJIR, =g R, néur, >10R,, R>>r /IR,

Quan hé pha: dién ap ra va dién ap vao nguoc pha nhau



TOng két

Fixed-bias +Vop
[JFET or D-MOSFET]
Rp c,
It oV,
o] -
V; o—) Z.
7 3
I Voo
Self-bias +Vpp
bypassed Ry
[JFET or D-MOSFET] Rp
)
It oV,
¢y
—
Z

Self-bias

[JFET or D-MOSFET]

[JFET or D-MOSFET]

000
0000
0000
o000
o0
o
+Vpp
Unbypassed Ry
R
D C2
i oV,
¢
—atf—
Vie— z
?
i RG
Rg
Voltage-divider bias +Vpp

C

Vie—) ~Z
—
Z



Tong két

Source-follower

[JEET or D-MOSFET] +Vbp
¢y
Vi—— ‘*‘EE c,
z R It oV,
=
Common-gate +Vpp

[JFET or D-MOSFET]

Drain-Feedback bias
E-MOSFET

Voltage-divider bias
E-MOSFET

+VDD




Ung dung

v S dung trong mach khuéch dai vi sai vi tré khang vao cuc
I6n (102Q) va dong mot chiéu vao cuc nho (30 pA).

v Pudgc két hop véi BJT d€ ché tao khuéch dai thuat toan
BIFET vi nhiing uu di€m ctia FET dugc Ung dung cho tang dau
vao. (cling c6 nhing loai opamp toan FET)

v' S dung nhu dién tra di€u khién bdi dién ap (dat FET hoat
dong trong ving Ohm)



Bai tap

® Chuong 5: 3, 5, 6, 9, 26, 34, 37
® Chuong 6: 1, 6, 12, 17, 19, 21, 23

® Chuong 9: 1, 5,12,17, 19, 23, 27, 32, 33,
37,38, 43, 44




Anh huéng ctia nguon va tai

® Gidi thiéu

®* Mang hai cUra (two-port system)
® Tré khang nguon

® Trgd khang tai

® TOng hop

® Vidu




Anh huéng ctia nguon va tai

Hé sb khuéch dai clla mach bién doi khi cé thém
ngudn va tai:

AL =V, IV, —hésbd khuéch dai khong tai

At =V, V. —hé sb khuéch dai c6 tai

A =V, | Vo —hé sb khuéch dai ¢6 tai va ngudn
Co6 2 cach phan tich anh huéng nguon tai

So do tuong duong
M6 hinh mang 2 cua



Mang hai ctra (two-port system)

——0
+ — -— +
Z: Z.

% l DNLAiNL ¢ A
- :I —

Thévenin

P& xéac dinh cac tham sé xoay chiéu & di€u kién khong c6 trd
nguon va tré tai

Zin’ Zout’ AVO’ Aio

Khi d6, dién &ap ra tai cira ra hd mach la:

Vo= ATV,



Mang hai ctra (two-port system)

I I,

O ' o)
+ i l R,
Vi : ,\} A“NLVIf 7 Vo

o

....l )

o |

M6 t& mang hai clta bang céc linh kién tuong duong,
van dam bdo bd tham sé xoay chiéu (Z,, Z,,,, A% AP)



Mang hai ctra (two-port system)

T s

o |

bién ap ra trén dién tré R;:
Vo= AL *V* [R/(RHR,)]
Hé s6 khuéch dai dién ap
A=A [RAR TR,
Khuéch dai dién &p nhd hon khi khong xét tai
R, cang I6n, At cang gan A °




Anh hudng cua tré khang tai
— M0 ta bang do thi

oo

Phuong trinh duong tai tinh:
VCE = VCC — IC*RC

Phuong trinh duong tai dong:
Ve = Ve — IPRUIR,

CEgT——

000
0000
o000
o000
| X J
o
[
Eg L
e 5
Ry
- fiC load line
;Hﬂ
/ &
S & I
oy
b’(.[g} x
R v ' _
. Yy ;
R g !R-l
. / S lg,
— {J-point I
! . ad Tine
o de load line “f.
0 i v e .f(-v R Vee

=

E a1 = Veg,tIcyBr

D

>



Anh hudng cua tré khang ta

leo

R, nho, R//R, nho =>
duong tai dong doc =>
dién ap ra nho

(pht hop voi phan tich giai
tich trén mé hinh mang hai
cua)

000
0000
0000
o000
o0
o

'r

CEg

Hr.

- fiC load line
;H:’:
/ &
S o I
& g
V('J-'Q
R; Ver
. Yy ;
R(* o "‘R-l
/ S lg,
s -point  +
gro ; Iy,
! o
o de load line “f.
0 ’ — i
- Very — & leg "’z ' Ver
| = . T J R
CEg + I

<Q>
>




Anh hudng cta tré khang ngudn

4+ o

o |

AS=AL* R I(R+Rg)

A0 — hé s6 khuéch dai dién ap khéng ngudn, khong tai

Pé& hé sb khuéch dai dién ap 16n, tré khang ngudn cang nhd

cang tot



000
000
L X
[
2
Tong hop
"\ [.f ]r}
— —F—G - .
R\ + R() +
+ +

o |

A= AYRIRAR) TR /(R*Ry) ]

Khi thi€t k&€ mach khuéch dai, nén chd y dé mach co thé lam
viéc vdi dai rong gia tri cla tré khang ngudn va tai



Anh huéng clia tré khang ngudn va tai ooo’

Mach su dung BJT e

T Vee

Rl
O
+
R, I,
. ot .
‘ g ¥
+ L RL ‘/i,]
R
v, O\, — Vv, ST
P ‘ Z.ﬂ'
— )\ o




L X X
> , , , ) - .. 0000
Anh huong cua tro khang nguon va tai 902

Mach st dung BJT 2

‘i’VCC
Rp
[ [ I b
I-—c 2
R, c] + L
% | | " | %
— 2 +
v, z. G,
—_ RE o RL L!r?
Z




Anh huéng clia tré khang ngudn va tai

Mach st dung BJT
TrGg khang vao:  Z = fr,
Tré khang ra: Z =R

Hé s6 khuéch dai dién ap
Al =-RJr,

=> A, = - (R/IR)IT,




Anh huéng clia tré khang ngudn va tai

Mach st dung FET

® FET: vicaccuc G and D, S dugc cach ly
e R, khong anh hudng dén tré khang vao Z,
* R_khong anh huéng dén tré khang ra Z,




Anh huéng clia tré khang ngudn va tai

Mach st dung FET

VDD
Rp
I( 0
e T
I -
+ e G Zo R %
Vs r\} —_— l{ RG ’
_ J_ % Ry == C,




Anh huéng clia tré khang ngudn va tai

Mach st dung FET

e Trd khang vao: Z = RG

e Tr6khangra: Z,=R,
® Hé sO khuéch dai dién ap
AL =- Ry,
=> A, = - (R/IRy)/re



Toéng k§t

-~ +




Ghép tang noi tiép
It Tat e

® Tang sau la tai cla tang truéc

® Tang trudc la ngudn cla tang sau

® Hé sO khuéch dai dién ap tong
A=A, *A* ...

® Hé sO khuéch dai dong dién tong
AT=AT*Z, IR,

t Va N

————— +
|
; 1

i R V“

u—‘ U2 s+ - D3 — I } =

i ' ! 1

s | —t — =1 — —_—
| | S ]

Zf - Zi- A J Z‘- Z“ ! Zf Z“ | 7. ; e
2 2 3 3 ~iy =0




Bai tap

Chuong 10: 1, 2, 4, 5, 10,15, 17




Anh huéng clia tré khang ngudn va tai

Mach st dung FET

® FET: vicaccuc G and D, S dugc cach ly
* R, khéng anh hudng dén tré khang vao Z
* R_khong anh hudng dén tré khang ra Z,

® Bai tap:
® Chapter 10: 1, 2, 4, 5, 10,15, 17
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