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ON LAI KIEN THUC CU

1. Pinh luat Ohm.

2. Pinh luat Kirchhoff vé dién ap (KVL).

3. Pinh luit Kirchhoff vé dong dién (KCL).
4. Mach chia ap (cau phan ap).

S. Mach twong dwong Thevenin.

6. Mach tuong dwong Norton.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Dinh luat Ohm
V=RI

Trong do:
- V: dién ap
- I: dong di€én
- R: dién tro

R
Va O AVAVAVAY O Vp

—P—
[

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




Mot so khai niem

- Nhdanh: 1a phan tw 2 cwe bat Ky, hodic 1a gom cac
phan tw 2 cwe noi tiep voi nhau trén do ¢o6 cung dong
dién di qua.

- Nut: la bién cua nhanh hoac diéem chung cua cac

nhanh.

- Vong: 1a tap hop cac nhanh tao thanh 1 dwong khép
kin. N6 c6 tinh chat 1a néu bo di 1 nhanh bat ky thi
tap con lai khong tao thanh vong Kin nira.

Bai giang mon Ky thuat Dién tdr 3
GV: Lé Thi Kim Anh



Pinh luat Kirchhoff vé dién ap (KVL)

Tong dai s6 cac dién ap trén cac phan tw doc theo tit ca
cac nhanh trong mot vong kin bang 0.

>V, =0

Dau cua dién ap dwoc xac dinh dua trén chiéu dwong
cua dién ap da chon so véi chiéu cua vong.

Chiéu ciia vong dwgc chon tuy y.

Trong moéi vong néu chiéu vong di tw cuc (+) sang cue
(-) cua mot dién ap thi dién ap mang dau dwong, nguogc
lai mang dau am.

Bai giang mon Ky thuat Dién tdr 4
GV: Lé Thi Kim Anh



Vi du

Phwong trinh KVL: V, +V, —V = 0
hoaic R,I, +R i, —v=0

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Vi du

Pién ap giita 2 diém A va B, V,, di theo chiéu cia
duong 1 va duwong 2 1a nhw nhau.

V=Vv,+V, hoic V=R, +R

Bai giang mon Ky thuat Dién tdr 6
GV: Lé Thi Kim Anh



Vi du / . Ry

Ta co:

-Li+E —Rji-ri—-E,-Rji—-R,i=0
E1_E2
r+r,+R, +R, + R,

—

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Pinh luat Kirchhoff vé dong dién (KCL)
Tong dai s6 cac dong dién tai mt nut bat ky bang 0.

Néi cach khac, tong cac dong dién cé chiéu dwong di
vao mot nut bat ky bang tong cac dong dién co chieu
dwong di ra khoi nut do.

2 I

Sl =0 — — i+i =i,
I

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Mach chia ap

;\ V. R R

T

=V =V, —
Rzg/ Voi:

n
Ve R, R
-R,: cac dién tro trong mach

-R;=R, + R,: dién tro tong

-V,: dién 4p roi trén cac dién tro R ..

Bai giang mon Ky thuat Dién tdr 9
GV: Lé Thi Kim Anh



Ap dung dinh ludt Ohm va KVL:

v=v,*+v,=1(R; +R,)

. \%
= i=
R, +R,
- Do do:
. \%
v, =1R, = R,
R, +R,
RZ
vV, = \%
R, +R,

Ap dung cho mach c6 N dién tro noi tiép:
R k

V, = \
R, +R, +..+ Ry

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

10



Mach twong dwong Thevenin-Norton

A
@
_i’ +
Source vV Load
—e
B
________ T T T T T T T
o Ry ! 4
|
MWW | :
' (D
| ! I, <R L
:C-l__ VT : i I N : T
: : | —
| —e : 'B
. I B ————————
Mach twong dwong Mach twong dwong
Thevenin Bai giang mdn Ky thuat Dién ter Norton 11

GV: Lé Thj Kim Anh




Cach xac dinh mach twong dwong

Thevenin-Norton
A
L 4
= T
Source \% Load
—e
B
A A
®
_l_
Source \k\ Source in
—e
B B
Ngudn ap Thevenin (v,) Nguon dong Norton (iy)
Vr= VAB(OC- open circuit) IN= lAB(SC' short circuit)
o . V AB(OC)
Dién tro twong dwong: R, =R =-
LAB(sc)
Bai giang mon Ky thuat Dién tdr 12

GV: Lé Thj Kim Anh



Vi d!l ———" . s A
_____vs <‘>Is R2
. e B

Tinh nguon 4ap Thevenin V. (pp xép chong dap rng)

- Tac ddng ciia Vs (Ho mach ngudn dong Io):
R1

———— A » s A
L R
— v (T Sre Vy=Vg=—2-V,
R, +R,
. o B
Bai giang mon Ky thuat Dién tdr 13

GV: Lé Thj Kim Anh



- Tac dfng ciia Is (ngan mach nguodn ap Vy):

RI
—" & -A .A
C)Is R2 = <‘>Is R1/R2
» 13 lB
R.R
VTZ — VAB — — Is
R RR R, +R,
=V, =V, +V,=—2—V, +— 21
R, +R, R, +R,
R.R V
= V.= — > 1l
RO IR SR
Bai giang mon Ky thuat Dién tdr 14

GV: Lé Thj Kim Anh



Tinh nguén dong Norton I\ (pp xép chong dap ing)

R1

PPy . A
_____vs <ﬂ>ls R2 IN
> "L B
/4 A 2 ? A b VS
- Tac dong cua Vg (Ho mach nguon dong I: I = R
’ 1 1
- Ngan mach nguon Vg: I =1
Vv
= | I =1, +—=
Rl
Bai giang mon Ky thuat Dién tdr 15

GV: Lé Thj Kim Anh



Tinh dién tro twong dwong R,

R,R
— — RTH — 172
ISC Rl + R2

Trong trwong hop nay, dién tro twong dwong cé thé
dwoec tinh bang cach tinh tong tro nhin tw 2 diém a
va b Khi triét tiéu tat ca cac nguon doc lap:

- Ngin mach d6i véi nguon ap

- Ho mach d6i véi nguon dong.

Bai giang mon Ky thuat Dién tdr 16
GV: Lé Thi Kim Anh



Mt s6 vi du vé cach tinh R twong dwong

R,
/\VAVAVAV : .,
— > To Part B
Vs Is( A R,

oD

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Ngan mach nguon V¢ va ho mach nguon I.

Ry
t o a
To Part B
O W =

ob
a
. J

=

Ry RZ; < Ry

<7

*°b

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Mot sO v

r

iduv

N\
A | 4

¢ cach tinh R twong duong

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Ngin mach nguén ap va hé mach ngudn dong.

-+ o
_I_
1kQ £
Z mA 6 kO
o
2% Ohm
My *
1 k Ohm R =3 K

Jat Bién twr
1 Anh

20



Mot s6 vi du vé cach tinh R twong dwong

12V 6 k)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Ngan mach nguon ap

3 k Ohm 2 k Ohm
—" A
—12¥ 6 k Ohm
[ ]
l 2 k Ohm
AYAYLY &

3 k Ohm 6 k Ol RT=4KQ

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Vidul

Tim Vo ciia mach sau bing ciach sw dung ly thuyét
tuwong dwong Thevenin

6 k(2 2k
VW

4=

2V 6 kQ) 1k V,

Bai giang mon Ky thuat Dién tdr 23
GV: Lé Thi Kim Anh



Huwong din

Xac dinh mach twong dwong Thevenin bén trai cua 2
diém A va B

6 k{2

12V C"D 6 k()

Bai giang mon Ky thuat Dién tdr 24
GV: Lé Thi Kim Anh



- X4c dinh théng s6 V:

6k ppo 2k
—VWA vW—0
.|..
12V CD 6 kO Vie = Vi =Voc = Vyn =0V
0
. . N
- Dien tro twong dwong R:
6 kf) 2k}
—VW YWA——-0
R, = (6K //6K(2)+ 5K
6 k(2 - Rth’ =
- R, =5K()
o)
Bai giang mon Ky thuat Dién tdr 25

GV: Lé Thj Kim Anh



Mach tro thanh:

6V

5 k)

1k S V,=

Vo

1k
1k +5k

x6=1(V)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Vidu 2

Hay tim gia tri caa dién tro tai de co ap roi trén no

la 3V.
5 Ohm 150m A
—" A My &
—I5¥ 10 Ohm
B
"

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

Load
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Huwéng dan

Tim mach twong dwong Thevenin bén trai AB

50m M 150m A Ngudn ap Thevenin:

—"y WA
—_—15 v VT = VAB open circuit = VMB
— 10 Ohm
4 = x15=10V
10+5
Dién tro twong duong:
5.10
= +15=18.3Q
S5+10
Bai giang mén Ky thuat bién to 28

GV: Lé Thj Kim Anh



Mach twong dwong Thevenin

183 Ohm A
— 5
— 10V Load
B
P

Dién ap roi trén tai:
R R
V,=V,,= L XV, = L x10=3V
R, +R, R, +183

= | R, =7.84Q

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Vidu 3

Mach hinh (a) la cau phan ap dwoc cap nguon Vop-
Hay xac dinh gla tri cua Vo va Ro dé c6 dwoc mach
tuwong dwong cua hinh (b).

DD
R
Ro X R1 + R2
= —AAN—O
Ro=R,//R

(b)

Bai giang mon Ky thuat Dién tdr 30
GV: Lé Thi Kim Anh



Bai tap ap dung

Bai 1: Cho mach dién nhw hinh ve. S dung dinh ly
twong dwong Thevenin tinh dién ap roi gitra 2 diem

A va B.
10 Ol A 60 Olm
ATAVAY = ATAVAY
45V
T 30 Ohm
B
DS: U,z =3V

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Huwong dain

Xac dinh mach twong dwong Thevenin bén trai cua
2 diém A va B.

10 Ohm A 60 Ohm T S W
A8 C.ac thong s0 can xac
dinh:
— < 10.30
— 45Y _ —
T 30 Ol Ru=Tor30 " 2"
30
V,=—x45=3375V
40
B
Bai giang mon Ky thuat Dién tdr 32

GV: Lé Thj Kim Anh



Mach tro thanh:

750m A 60 Olm N
AN —e wA—  DIEn ap gitra 2 diem A,B:

1 U,, =1x600
335
T U,,=3375-1x7.5
@
3.375
B si: 1= =0.05 A
Vor: 7.5+ 60
= U,z =3V
Bai giang mon Ky thuat Dién tdr 33

GV: Lé Thj Kim Anh



Bai 2: Cho mach dién nhw hinh ve. S dung dinh ly
twong duwong Thevenin xac dinh dong qua dién tro
12 Q va dién ap roi giira 2 diém A va B.

A 12 Ohm
M

—

I

<>5ﬂ 3 Ohm 6 Ohm —: 24V

PS: I1=1(A), U,z = 12V

Bai giang mon Ky thuat Dién tdr 34
GV: Lé Thi Kim Anh



Huwong din
/A12 Ohm

<>5ﬂ 3 Ohm 6 Ohm —: 24 Y

B

Xac dinh mach twong dwong Thevenin bén trai A,B:

R, =20,1y=5(A)= V=10 (V)

Bai giang mon Ky thuat Dién tdr 35
GV: Lé Thi Kim Anh



Mach tro thanh:

2 0m A 12 Ohm
e ——

I
10V —— MY
@
B24 10
D¢ tro 12Q: I=——=1(A
ong qua tr 52 (A)

Pién ap giira 2 diém A,B:
U, =2x1+10=-12x1+24 =12 (V)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Bai 3: Cho mach dién nhw hinh ve. Tim mach
twong dwong Thevenin bén trai 2 diem M va N.

Cho Vdc =10V, Vi=1 sin ot (V)

1 D1

SR ow
Ri fi R1 RL
200 300 80 80
Vdc = Vi
N

PS: R, =120Q,V =6+ 0.4 sin ot (V)

Bai giang mon Ky thuat Dién tdr 37
GV: Lé Thi Kim Anh



Huwong din

M
o um { o VL
Ri fi R1 RL
200 300 80 80
Vde = Vi
N
Cac thong so can xac dinh:
- R4 = Ri//ri = 120Q
Bai giang mon Ky thuat Dién tdr

GV: Lé Thj Kim Anh
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Ri ri R1 RL
200 300 80 80
Vde = Vi
. ; N ) ,
Dung xép chong dap wng deé tinh dién ap ho mach V:
- Khi chi ¢6 tac dong ciia nguon Vde: U, = ﬂX Vi
500
- Khi chi ¢6 tac dong ciia nguon Vi: U, ,= @x V.
500

Tong hop: V . =6+ 0.4 sin ot (V)

Bai giang mon Ky thuat Dién tdr 39
GV: Lé Thi Kim Anh



Bai 4: Cho mach dién nhw hinh ve. Tim mach
twong dwong Thevenin bén trai 2 diem M va N.

Cho Vs =30V.

R1 R3 M

0
Yo

aK 5.6K
Vs = R2 R4 Z'RL
6K 8K

)

DS: R,;=4KQ, V=9V

Bai giang mon Ky thuat Dién tdr 40
GV: Lé Thi Kim Anh



. R1 'R3 M D
Hwo‘ng dan AN ANAN o >
4K 5.6K
Vs = R R4 Z'RL
6K 8K
5 S
N A Y
Xac dinh mach twong dwong bén trai M’N’ va mach
tro thanh: B
24kO0hm 56k Ohm
A A )
;13 v 8 k Ohm i
Bai giang mon Ky thuat Dién tdr 41

GV: Lé Thj Kim Anh



Mach c6 thé ve lai:

8 k Ohm M P
A e )
— 18V 8 k Olm RL
L
N

Dé dang tinh lai mach twong dwong Thevenin bén
trai MN voi:

R, =4KQ, V=9V

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



I GIOI THIEU MON HOC

Tén mén hoc : KY THUAT PIEN TU

Phan phéi gio : 42 tiét

S6 tin chi : 2 — Kiém tra: 20% Thi: 80% (trac nghiém)
GV phu trach : Lé Thi Kim Anh

Email : Itkanh@hcmut.edu.vn

Tai lieu tham khdo :
-Theodore F.Bogart, JR - Electronic devices and Circuits
2nd Ed. , Macmillan 1991

- Millman & Taub - Pulse digital and switching waveforms
McGraw-Hill

- Savant, Rodent, Carpenter - Electronic Design — Circuits and Systems

- Lé Phi Yén, Nguyén Nhw Anh, Luu Phu
- Ky thuit dién tu
NXB Khoa hoc k); thuat




Chuong 1 ] o i
GIOI THIEU VE BAN DAN

1.1 Vit liéu ban dan

- Dua trén tinh dan dién, vat liéu ban dan khong
phai la vat lieu cach dién ma ciing khong phai la vat
liéu dan dién tot.

- Poi voi vat liéu ddn _dién, 16p vo ngoai cung cua

nguyén tir co rat it cac electron, né c6 khuynh huéng
giai phéng cac electron nay dé tao thanh electron tu

do va dat dén trang thai bén virng.

Bai giang mon Ky thuat Dién tdr 2
GV: Lé Thi Kim Anh



- Vat lieu cdach dién 1ai c6o Khuynh hwdong gitr 1ai cac

electron 1o'p ngoai cung cua no dé co trang thai bén
virng.

- Vit liéu bdn_ddn, né c6 khuynh hwéng dat dén

trang thai bén virng tam thoi bang cach lap day 16p

con cua lop vo ngoai cung.
- Cac chat ban din dién hinh nhw Gecmanium
(Ge), Silicium (Si),.. La nhitng nguyén t6 thudc

nhém 4 nam trong bang hé thong tuan hoan.

Bai giang mon Ky thuat Dién tdr 3
GV: Lé Thi Kim Anh



Vi du vé nguyén tw bdn dan Silicon (Si)
Nguyén tir ban dan Si, c6 4 electron & 16p ngoai cung.

w w w O Hat nhan

— mot nira lién

o két hoa tri
o O EB lién ket

héa tri

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



1.2 Dong dién trong ban dan
- Trong vt liéu dan dién c6 rat nhiéu electron tw do.
- Khi & diéu kién moi truwong, néu dwoc hap thu mot

nang lwong nhiét cac electron nay sé dwgc giai

phéng khéi nguyén tu.

- Khi cac electron nay chuyén ddng cé hwéng sé sinh
ra dong dién.

- Doi vai vat liéu ban dan, cac electron tu do ciing

dugc sinh ra mot cach twong tu.

Bai giang mon Ky thuat Dién tdr 5
GV: Lé Thi Kim Anh



- Tuy nhién, ning lwong can dé giii phéng cac electron
nay lé6n hon déi véi vat liéu dan dién vi ching bi rang
budc béi cac lién két héa tri.

Gidn dé ning lwong

- Pon vi niing lwong qui wéc trong cac gian do nay la
electronvolt (eV).

- Mot electron khi muén tré thanh mét electron tw do

phai hap thu di mot lwgng ning lwong xac dinh.

Bai giang mon Ky thuat Dién tdr 6
GV: Lé Thi Kim Anh



- Nang luwgng nay phu thudéc vao dang nguyén tir va
16p ma electron nay dang chiém.

- Ning lwong nay phai di 16n dé pha vé lién két hoa

tri gitra cac nguyen tir.

- Thuyét lwgng tir cho phép ta nhin mé hinh nguyén
tir dwa trén ning lwong ciia no, thwong dwoc biéu

dién dwdi dang gian do ning luong.

Bai giang mon Ky thuat Dién tdr 7
GV: Lé Thi Kim Anh



- Cac electron ciing cé thé di chuyén tir 16p bén trong
dén 16p bén ngoai trong nguyén tir bang cach nhan
thém mot lwong ning lwong bing véi chénh léch

nang lwong giira hai lop.

- Nguwoc lai, cac electron ciing c6 thé mat ning luwong

va tré lai véi cac 16p c6 mire ning lwgng thap hon.

- Cac electron tw do ciing vay, chiing cé thé giai
phong nang lwong va tro lai lop vo ngoai cung cua
nguyén tu.

Bai giang mon Ky thuat Dién tdr 8
GV: Lé Thi Kim Anh



- Khi nhin trén mo{t nguyén tw, cac electron trong
nguyén tir sé dwoc sip xép vao cic mirc ning luwong
roi rac nhau tuy thudc vao lop va lop con ma electron
nay chiém. Cac mirc ning lwong nay giong nhau cho

moi nguyeén tir.

- Tuy nhién, khi nhin trén toan b vat liéu, méi
nguyen tir con chiu dnh hwong twr cac tac dong khac
nhau bén ngoai nguyén tw. Do do, mirc nang luwong
ciia cac electron trong cung l6p va 16p con co thé

khong con biang nhau giira cac nguyén tir.

Bai giang mon Ky thuat Dién tdr 9
GV: Lé Thi Kim Anh



energy

aaaaaaaa

forbidden band

(a) insulator

AR BN N A B A B A S

conduction band
forbidden band

Wi
valence band

(c) germanium

0.67 eV

‘r"

0.01 ev 4

3

(b) silicon

V/z//f.«:/x//x//
C

: onduction band 2’

t

¢e band

(d) conductor

Gian do vang nang luwong cua mot so vat liéu.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Nhan xet

- So electron tw do trong vat liéu phu thudc rat nhiéu
vao nhiét do va do dé dé dan dién ciia vat liéu ciing
vay.

- Nhiét do cang cao thi nang lwgng cua cac electron

cang lon.
- Vit liu ban dén c6 hé so nhiét dién tré am.
- Vat liéu dan dién c6 hé so nhiét dién tré duwong.

Bai giang mon Ky thuat Dién tdr 11
GV: Lé Thi Kim Anh



1.2.1 L6 trong va dong 16 trong

U U U Vit liéu ban dan ton tai
20 O -0 mét dang hat dan khac
@ ’/G'A‘\_@ ngoai electron tw do.
B - Mt electron tw do xuat
D0C D0 20 hién thi dong thoi né ciing
@ @ sinh ra mét 10 trong
hole).
202020 Mk o
0 0 m -LL0 trong dwgc qui woc la
hat din mang dién tich
dwong.
Bai giang mon Ky thuat Dién tdr 12

GV: Lé Thj Kim Anh



- Dong di chuyén c6 hwéng ciia 16 trong dwoc goi la
dong 16 trong trong ban dan.

- Khi 16 trong di chuyén tir phai sang trai ciing dong
nghia v&i viéc cac electron lop vo ngoai cung di
chuyén tir trai sang phai.

- C6 thé phan tich dong dién trong ban din thanh hai
dong electron: dong electron tw do va dong electron &
16p vo ngoai cung.

- Nhung dé tién loi ngwoi ta thwong xem nhu dong
dién trong ban dan 1a do dong electron va dong 10
trong gy ra.

Bai giang mon Ky thuat Dién tdr 13
GV: Lé Thi Kim Anh



- Ta thwong goi electron tw do va 16 trong 1a hat dan
vi chiing c6 kha ning chuyén dong cé huéng dé sinh
ra dong dién.

- Khi mét electron tw do va 16 trong két hop lai véi
nhau trong ving héa tri, cac hat dan bi mat di, va ta
goi qua trinh nay 1a qua trinh tdi hop hat dan.

- Viéc pha vé mot lien két hoa tri sé tao ra mét
electron tw do va mot 16 trong, do dé so lwong 16
trong sé luén bing sé lwong electron tu do. Ban dan
nay dwoc goi 1a ban din thuan hay ban din néi tai
(intrinsic).

Bai giang mon Ky thuat Dién tdr 14
GV: Lé Thi Kim Anh



- Ta co:

n; = P;

n.: mat do eletron (electron/cm?)
p;: mat do lo trong (10 trong/cm?)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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1.2.2 Dong troi

- Khi mot hiéu dién thé dwoc diit 1én hai dau ban
dan, dién truong sé lam cho cac electron tw do di
chuyén ngwoc chiéu dién truwong va cac 16 trong di

chuyén cung chiéu dién truong.

- C4 hai su di chuyén nay giy ra trong ban din mot
dong dién co chiéu cung chiéu dién truwong dwoc goi

la dong troi (drift current).

Bai giang mon Ky thuat Dién tdr 16
GV: Lé Thi Kim Anh



- Dong tréi phu thudc nhiéu vao kha ning di
chuyén ciia hat din trong ban dan, kha ning di
chuyén dwoc danh gia bang do linh dong ciia hat
dan. P linh ddng nay phu thudc vao loai hat dan

ciing nhw loai vat li¢u.

Silicon Germanium

w=0.14 (m?/V.s) | p =0.38 (m2/V.s)
1, =0.05 (m*/V.s) | p,=0.18 (m?/V.s)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

17



- Van toc ctia hat din trong dién truong E:

v =E.u_
v, =k

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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- Mat do dong diéen J:
J=J,+J,

=nq,u,E+pq,p E

— nann T pqp Vp

Voi:

J: mat do dong dién (A/m?) ; E cwong do dién truwong(V/m)
n, p: mat dj electron tw do va 16 trong, (hat din/m3)

(p> qp: don vi dién tich electron =1.6 x 10-° C

Mps K,¢ O linh dfng cia electron tw do va 16 trong (m2/Vs)

Vps V! van toc electron tw do va 10 trong, (m/s)

Bai giang mon Ky thuat Dién tdr 19
GV: Lé Thi Kim Anh



Vidu 1-1

Mot hiéu dién thé dwoc dit 1én hai dau cia méot
thanh ban dén thuan trong hinh ve.
Gia str: n=1.5x1019 electron/cm?; p = 0.14m?*/Vs
1, =0.05m?/Vs
Tim:
1. Vén toc electron tw do va 15 trong;
2. Mt dp dong electron tw do va 16 trong;

3. Mt dp dong tong cong;

4. Dong tong cong trong thanh ban dan.

Bai giang mon Ky thuat Dién tdr 20
GV: Lé Thi Kim Anh



12V

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Huwéng dan
1. Ta co:

E=U/d=2.10°V/m
v, =E.n_=2.8x10"m/s
v,=E.p =10"m/s

2. Vi vit liéu 1a thuan nén:
p,=n, =15x10"(/em’)=1.5x10"/10"°(/ m*)
J =n.q.v, =0672A/m’
J =p;.q,.v,=024 A/m’

3. J=J,+J, =0.672+0.24=0.912 A/m"

4. Tiét dién ngang cua thanh la :

(20.10-3m) (20.10-*m)= 4.10- m2.

Dong dién:

I=J.S=(0.912 A/m?).(4x10™* m*) = 0.365 mA

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Mot sé lwu y
- Pién tré c6 thé dwoe tinh bang cach dung cong thire:
|
R=p—
S
- Pién dan, don vi siemens (S), dwoc dinh nghia la
nghich ddo cua dién tr¢; va dién dan suat, don vi S/m,
la nghich ddo cua dién tro suat:

C =—
p

- Dién dan suat cua vat liéu ban dan co6 thé dwgc tinh

theo cong thirc: _
G = nqnun pqp“p

Bai giang mon Ky thuat Dién tdr 23
GV: Lé Thi Kim Anh




Vi du 1-2

1. Tinh dién dan suit va dién tré suat cia thanh ban

dan trong vi du 1-1.

2. Dung két qua ciia ciu 1 dé tim dong trong thanh

ban dan khi dién ap trén hai dau cta thanh 1a 12V.

Bai giang mon Ky thuat Dién tdr 24
GV: Lé Thi Kim Anh



Huwong din

1. Vi ban dan thuan neén:

n=p=n=p;=1.5x10°/m’,q,=q,=1.6x10° C

c=nq,u,+pq, Y, =4.56x10™" S/m
1

p=—=2192.98 Qm
o)
2. R= péz 32.98 KQ

I= Ez 0.365 mA
R

Bai giang mon Ky thuat Dién tdr 25
GV: Lé Thi Kim Anh



1.3.3 Dong khuéch tin

- Néu nhu trong ban din c6 sw chénh léch mét do hat
dén thi cac hat din sé c6 khuynh hwéng di chuyén tir
noi c6 mat do hat dan cao dén noi c6 mat do hat dan

thap hon nham céin bing mat do hat dan.

- Qua trinh di chuyén nay sinh ra mot dong dién bén
trong ban dan. Dong dién nay dwoc goi 1a dong
khuéch tan (diffusion current).

Bai giang mon Ky thuat Dién tdr 26
GV: Lé Thi Kim Anh



- Dong khuéch tan cé tinh chat qua d§ (thoi gian ton
tai ngan) trir khi sw chénh 1éch mat do dwoc duy tri

trong ban dan.

1.3 Ban din loai P va ban dén loai N

- Trong ban dan thuan hay con goi 1a ban dan ngi tai
(intrinsic semiconductor) c60 mat do electron tw do

bang véi mat df 16 trong.

Bai giang mon Ky thuat Dién tdr 27
GV: Lé Thi Kim Anh



- Trong thue té, nguwoi ta sé tao ra vat liéu ban dén
trong d6 mat do electron l6m hon méat dy 16 trong
hodc vat liéu ban dan c6 mat d¢ 16 trong 16n hon mét
do electron tu do.

- C4c vit liéu ban dan nay dwec goi 1a ban dan c6 pha

tap chat.

- Ban din ma electron tw do chi phéi dwgc goi 1a ban
dan loai N, va nguoec lai, ban dan trong d6 16 trong chi

phoi chii yéu dwoc goi 1a ban dén loai P.

Bai giang mon Ky thuat Dién tdr 28
GV: Lé Thi Kim Anh



Cdch thirc tao ra ban dén logi N

- Ngwoi ta dit vao bén trong ban din thuan mét
nguyén tw tap chat cé 5 dién tw & 16p ngoai cung.

- N6 sé dung 4 dién tw dé tao lién két hoa tri thong
thwong, vi vay dién tw con lai sé c6 lién két rat yéu doi
v6i hat nhan nguyén tu va dé dang tro thanh dién tu
tw do.

- Khi dwa vao mot lwong 16n tap chat vao thi sé lugng
electron tw do sé cang nhiéu va ban din dwogc goi la
ban dan loai N.

- Nguyén tir tap chat Iic nay dwoc goi 1a nguyén tir tap
chat cho (donor). Cac vit liéu dwgce siv dung nhu tap
chat cho donor théng thwong 1 antimony, arsenic,
phosphorus.

Bai giang mon Ky thuat Dién tdr 29
GV: Lé Thi Kim Anh
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Cau triic tinh thé ban din chiva mét nguyén tir donor.
Hat nhan cua donor ky hiéu la D.

Bai giang mon Ky thuat Dién tdr 30
GV: Lé Thi Kim Anh



Cdch thirc tao ra ban dén loai P

- Ban dan loai P ciing dwoc tao ra bang cach dwa vao
ban din thuan mot tap chat cé 3 dién tw & 16p ngoai
cung.
- Vi viy, trong cau truc tinh thé ban din xiy ra sw
thiéu electron va khong du dé tao lién két héa tri, do
do s& xuét hién 16 trong bén trong ban dan. Cang cé
nhiéu tap chat thi s&é c6 nhiéu 16 trong, chinh 1a ban
dan loai P.

- Nguyén tir tap chat dwoc goi 1a tap chat nhan
(acceptor).

- Vat litu thwong dwoc dung lam tap chat trong
treong hop nay la aluminum, boron, gallium, indium.

Bai giang mon Ky thuat Dién tdr 31
GV: Lé Thi Kim Anh



U UERUERY,
SEEOOE DOE DOC

@ @15 trﬁh\g@ @
3%(—-‘ -)ﬁe [?](- _)[Cﬁ
BOIGERIOIGEROIGERIO),

(1) (1 () (M

Cau triic tinh thé bdn din cé chiva mét nguyén tir acceptor.

Bai giang mén Ky thuat Dién to 32
GV: Lé Thi Kim Anh



Nhan xét

- Trong vét liéu ban dan loai N, mic du so6 lwong
electron ty do nhiéu hon han so véi 10 trong nhung
10 trong van ton tai trong ban dan.

- Lwong tap chat donor cang 16m, mat do electron tu
do cang cao va cang chiém wu thé so voi luwgng 10
trong.

- Do d6, trong ban dan loai N, electron tu do dugc
o0i la hat dan da so (hoac hat dan chu yéu), 10 trong
dwoc goi la hat dan thiéu so (hoac hat dan thir yéu).

Bai giang mon Ky thuat Dién tdr 33
GV: Lé Thi Kim Anh



- Mot mdi quan hé quan trong giira mat d electron
va mat dj 16 trong trong hau hét cac ban din trong
thue té la:

2
np = n

l

Vaéi: n: mat do electron
p: mat do 16 trong

n;: mit dd electron trong ban din thuan.

Bai giang mon Ky thuat Dién tdr 34
GV: Lé Thi Kim Anh



Vi du 1-3

Mot thanh silicon c6 mét d¢ electron trong ban dan
thuan 13 1.4x10'6 electron/m3 bi kich thich béi cac
nguyén tir tap chiat cho dén khi mat do 16 trong la
8.5x102! 16 trong/m3. P§ linh dong ciia electron va 16
trong 1a p,=0.14m?%Vs va p_=0.05m?/Vs.

1. Tim mit d¢ electron trong ban dan da pha tap
chat.

2. Ban dan 1a loai N hay loai P?

3. Tim d§ din dién ciia ban dan pha tap chat.

Bai giang mon Ky thuat Dién tdr 35
GV: Lé Thi Kim Anh



Huwong din
n?  (1.4x10'

1

2
1. n=—L= 21) =2.3x10" electron/ m’
p 8.5x10

2. Vip > n nén vat liéu 1a loai P.

3. 8] nqnun_l_pqpup

68 S/ m

Bai giang mon Ky thuat Dién tdr 36
GV: Lé Thi Kim Anh



1.4 Chuyén tiép PN

h h
okoRom)
h— h—

1
r@i (o)1
OIRO)
OO,

OCRCROM MCECKO)
- | +
B4n dan loai P B4an dan loai N

- Do sw chénh léch vé mat do hat dan = dong khuéch

tan xuat hién.

- Viéc tap trung dié€n tich trai dau & hai bén chuyén tiep

lam xuat hién mot dién trueong dwoc goi la dién trueong

tiep xuc.

Bai giang mon Ky thuat Dién tdr 37
GV: Lé Thj Kim Anh
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- Dién trwong nay gay ra

- =1+ + A 3 * N A A

- o]+ mot dong dien troi cung
P L " N e A ’r e ’ o A

ot i chiéu vo1 no, ngwoc chieu

- =+ + ’.o ‘ A r )

Y A vol dong khuech tan con

—] f—vimgngheo  goi 12 dong nguoe.
- O trang thai cAn bang, dong khuéch tin bing véi
dong troi.

- Néi cach khac, dong tong di qua tiép xic PN lic nay
bang khong.

Bai giang mon Ky thuat Dién tdr 38
GV: Lé Thi Kim Anh



- Hiéu dién thé ton tai & hai bén chuyén tiép dwoc goi 1a
hi¢u dién thé hang rao (barrier).

V,=V =gln NNy
" q n;

-Voi:
k: hang s6 Boltzmann = 1.38 x 1023 J/K
T: nhiét d tuyét doi K
q: don vi dién tich=1.6 x 10-° C
N,: n(‘“)ng do tap chat aceptor trong ban dan loai P
Np: n("ing do tap chat donor trong ban dan loai N
n,: mat dé hat dan trong ban dan thuan.

Bai giang mon Ky thuat Dién tdr 39
GV: Lé Thi Kim Anh



- Dé thé hién su phu thudc cua hiéu dién thé vao

nhiét d9, ngwoi ta dwa ra khai niém dién thé nhiét:

/NAND\
\ n; y,

— VO:VszTln

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Vi du 1-4

Mot chuyén tiép PN dwoc tao nén tir ban dan
loai P c6 1022 acceptor/m3 va ban dan loai N
c6 1.2 x 102! donor/m?. Tim dién thé nhiét va
dién thé hang rao tai 25°C. Cho n, = 1.5 x 10

16 alectron/m3.

Bai giang mon Ky thuat Dién tdr 41
GV: Lé Thi Kim Anh



Huwéng dan

Ap dung: V., = g
q
voi: T=25+273=298°K
k=1.38x10-%

q=1.6x10-7°C

V;=25.7mV
Pién thé hang rao:
N,.N
V, = VT.ln[ A > E j =0.635V
n;

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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1.5 Phin cuc chuyén tiép PN

- Chuyén tiép PN c6 thé dwoc phian cuc bang cach
dung mot nguon dién ap dat lén hai dau cua chuyén
tiép.

2 Ix

e Lam
V
Nguon dp phdn cwe thudn chuyén tiép PN.

Bai giang mon Ky thuat Dién tdr 43
GV: Lé Thi Kim Anh



- Khi chuyén tiép PN dwoc phan cuc thuén:

+ Pién thé hang rao giam xudng — viung nghéo

hep.

+ Pién tro nho — dong dién 16m va ting nhanh

theo dién ap.

- Ngwoc lai khi chuyén tiép PN dwoc phan cuc

nguoc.

Bai giang mon Ky thuat Dién tdr 44
GV: Lé Thi Kim Anh



Biéu thirc dong dién qua chuyén tiep PN (biéu thirc
diode)
\%
[
I = Is(e ' — lj
Trong do:

I : dong qua chuyén tiép (A)

V: dién ap phan cuc (V).

I (I,): dong ngwoc bao hoa (A)

n: hé s6 phat (1a ham ciia V, phu thudc vao vat
lieu; 1<n<2)

V,: dién thé nhiét (V)

Bai giang mon Ky thuat Dién tdr 45
GV: Lé Thi Kim Anh



Dic tuyén Volt-Ampe

vung phan cuc thuin

IS
vung phan cuc ngudc
Quan hé dong — ap trong chuyén tiep PN
dwoi phan cuc thudn va phan cuc nguoc.
Bai giang mon Ky thuat Dién tdr 46

GV: Lé Thj Kim Anh



1.6 Panh thiing chuyén tiép PN

C6 2 nguyén nhin gy ra danh thiing: nhiét va dién.

- Panh thing vé nhiét xay ra do sw tich liiy nhiét
trong ving nghéo hat dan.

(Dong I tang gdp doi khi nhiét do ting 10 °C)

- Panh thing vé dién dwoc phan lam 2 loai: ddnh
thiing thdc lu (avalanching) va ddnh thiing xuyén ham

(tunnel)

Bai giang mon Ky thuat Dién tdr 47
GV: Lé Thi Kim Anh



- Pdnh thiing thdc lu xay ra trong cac chuyén tiép P-N
c6 bé day lém, dién trwong trong ving nghéo co tri so
kha 16n. Pién truwong nay gia toc cho cac hat din, giy
ra hién twong ion hoa va cham lam san sinh nhirng
déi dién tir-10 trong. Cac hat dén vira sinh ra nay lai
tiép tuc dwoc gia toc va ion hoa cac nguyén tw Khac
lam s6 lwong hat din ting cao, do do dong dién sé
tang vot.

Bai giang mon Ky thuat Dién tdr 48
GV: Lé Thi Kim Anh



- Ddnh thiing xuyén ham xay ra é nhirng viing nghéo
twong doi hep, tirc 1a chuyén tiép ciia nhitng ban dén
c6 nong d6 N, N, rat 16n. Pién truwong trong ving
nghéo rat 16m, cé6 kha ning giy ra hiéu wng “xuyén
ham”, tirc 1a dién tw trong ving héa tri ciia ban din P
c6 kha ning chui qua hang rao thé dé chay sang ving

dan ctia ban dan N, 1am cho dong dién ting vot.

Bai giang mon Ky thuat Dién tdr 49
GV: Lé Thi Kim Anh



- Bién d6 cia dong ngwoc Kkhi V xdp xi Vg,

(breakdown voltage) c6 thé dwoce tinh bang biéu thirc

sau.

_ Vier

Voi nla hiang so
dwoc xac dinh tw thuc nghiém.

Bai giang mon Ky thuat Dién tdr 50
GV: Lé Thi Kim Anh



1.6 Panh thiing chuyén tiép PN

Ii
|
4
—
I
!
I
{
|
! Y
Quan h¢ ciia diode cho thiy Sw gia tang ciia nhiét
su gla tang dot ngot cua dp lam cho ddic tuyén
dong khi ap gan den dien ap dich sang trai.
danh thung.
Bai giang mon Ky thuat Dién tdr 51

GV: Lé Thj Kim Anh



Vidu 1-5

Mot diode silicon ¢6 dong bao hoa la 0.1 pA ¢ 20°C.
Tim dong dién qua no khi dwoc phan cwe thuan &
0,55V. Tim dong trong diode Khi nhiét do tang lén
dén 100 °C.

Bai giang mon Ky thuat Dién tdr 52
GV: Lé Thi Kim Anh



Huwong dain

O T=20°C = V,;=0.02527V

V>05V=n=1= 1=0.283 mA
O T=100°C = V,=0.03217V

Khi nhiét d thay déi tir 20°C dén 100°C, dong dwoc
nhan doi 8 lan, do do gia tang 256 lan:

I=256x10"(e">"""*" —_1)=0.681 mA

Bai giang mon Ky thuat Dién tdr 53
GV: Lé Thi Kim Anh



Cau hoi cung co bai

1.
2.

Chét ban dan 1a gi?

Cac loai dong dién dwoc hinh thanh trong ban din va ban
chat cia chung? Cac cong thirc lién quan can nho.

Khai niém vé ban din thuan, ban dén loai P va N. Chuyén
tiép P-N, tinh chat, dic tuyén Von-Ampe va cic cach phan
cue ciia chuyén tiép P-N. Nguyén nhin danh thiing chuyén
tiép P-N.

. Biéu thitc dong dién qua chuyén tiép P-N (biéu thirc ciia

diode). Hiéu dién thé hang rio, dién thé nhiét, dién thé danh
thung va cac cong thirc tinh.

Bai giang mon Ky thuat Dién tdr 54
GV: Lé Thi Kim Anh



Chuwong 2 ) .
DIODE BAN DAN

2.1 Khai niém
Diode 12 mét linh kién ban din 2 cwe, cau tao
co ban dua trén chuyén tiép PN. Dién cuc noi

véi ban dan P goi 1a Anode (A), dién cuc noi
véi ban dan N goi 1a Cathode (K).

Anode (P) } Cathode (N)

Ky hiéu ciia diode bdin dan

Bai giang mon Ky thuat Dién tdr 1
GV: Lé Thi Kim Anh



Mot sé hinh dang ciia cdc loai diode

\a/
3

il

Bai giang mon Ky thuat bién tk
GV: Lé Thi Kim Anh



2.2 Cac tham s cua diode ban dan

1. Dién tro mot chiéu (dién tro tinh):

- Theo chiéu thuAn:

R, =0 (C6 gid tri wvii Qdén vai chuc )

Ith

- Theo chiéu nguoc:

\Y% , ,
g = ; ne (Co gia tri rdt lon, hang tram K{J)

ng

Bai giang mon Ky thuat Dién tdr 3
GV: Lé Thi Kim Anh



dv

2. Dien tro xoay chieu : r;, = ——

I (mA)
4
I
70 r —
=
60 F ey —=]
|
50 }
40 -
(0.65 V, 30 mA)
30 - —
=L AV = 0.015V
10 (0.58 V, 2.2 mA}
o . .
0O 0.1 0.2

A
0.3 04 0.5
Ay = 0.4 V l-'—

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

ATl = 4 mA

V (volts)



- Khi diode lam vié€c trén diém gizin doan:
Diém gmn doan la dzem trén ddc tuyen ma ¢ do diode
chuyén tw gia tri dién tro cao sang dién tro' thdp.

rD=%+rB Q)

- Vo dién thé nhiét; [: dong qua diode

- rp.dién tro- g6p (bulk resistance) bao gom dién
tro cua vdt lieu ban ddn va dién tro tiép xuc.

2 Ap A B 0.026
- O nhiét do phong: r,= T+r (@)
- Khi diode 1am viéc véi dong cao thi c6 thé bo
qua rpg.

Bai giang mon Ky thuat Dién tdr 5
GV: Lé Thi Kim Anh



2.3 Cac tham s cua diode ban dan

3. Dién dung tuwong duong:
C,=C

hang rao +C khuéch tan

4. Mot vai tham sé giéi han khdc:
- P1én ap ngugc cuc dai cho phép V

nguoc max’

- Dong di€n thuan cuc dai cho phép 1

max*

- Cong suat tiéu hao cuc dai cho phép P

max*
- Tan s6 cuc dai cho phép cua tin hi¢u xoay chiéu
F

max*

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



2.4 Phan tich mach DC chira diode

R R
f r—u )lgijv E'_[ )'.":'O.TV
v
! | f
(a) (b)

Gia sur la diode silicon dwgc phan cyc thuan sao
cho c6 di dong dién dé diém lam viéc nam trén
diém gian doan:

E=1LR + Vy (V)
= I=(E-0.7/R (A)

Bai giang mon Ky thuat Dién tdr 7
GV: Lé Thi Kim Anh



2.5 Phéan tich mach tin hiéu nho cho diode

Tin hiéu nho dwoc xem la doan lam viéc cua diode
tren dac tuyen du nho de co thée xem la tuyen tinh.

v(t) R

e = A.sin wl v({)

E

Y
— — |
T e ()

v(t) = E+ Asin ot

Bai giang mon Ky thuat Dién tdr 8
GV: Lé Thi Kim Anh



Ap dung nguyén Iy xép chong cho mach tuyén
tinh:

- Po6i v6i ngudn DC:
R R

F— >¥;*7_v E = )lo.w
N

(@) T (b)
I=(E-0.7)/R (A)

Bai giang mon Ky thuat Dién tdr 9
GV: Lé Thi Kim Anh



- Poi voi ngudn AC:

0.026
Iy = __i__(gz)

. e A sin ot
1 = =
R+r, R+r,

Asinwt

- Tong hop:
E—-0.7 Asinot
()= [+i= 07  ASINO
R R+,
A sin ot

Vipy=0.7+r,

R+r,

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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2.6 Duong tai
Puwong tdi DC biéu dién moi quan hé cua LV trén
diode khi c6 phan cuc cua dién ap DC.

R=2100Q
———MA—
v/ E=6 >¥ 4
| .

>
V-intercept
Vo = E = 6V

Bai giang mon Ky thuat Dién tdr 11
GV: Lé Thi Kim Anh



Piém lam viéc

- Piém lam viéc ciia diode chinh 1a giao diém
ciia dwong tai va dic tuyén.

- Giao diém nay dwoc goi 1a diém lam viéc tinh,
Ky hi¢u la Q.

I (mA)
A

22.2 dic tuyén I-V cia diode

198

dudng tai

R e

> V (volts)

o
&
o

Bai giang mon Ky thuat Dién tdr 12
GV: Lé Thi Kim Anh



Anh hwéng ciia ngudn ac

E-&-A:S
R 270
E

R
E—-—A__4
R 270

I (mA) “M l
A 2 sin w:@ ;El)
d.';lc tuyén diode g X ip(t) t
30
A
29.6 . S S S S 27 mA
25 ip()
22.2
] s S . TR, S 19.8 mA
IS5
AN B
= 14.8 e - — —12.5mA
10}
5 -
» V {(volis)

ol/: .

AN 2 a4 5 8
0.65 10.67 (E — A) (E) (E + A)
1'D{I} e

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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2.7 Phan tich tin hiéu lon cho diode
- Ché dj tin hiéu 16m Kkhi sw thay déi clia dong
dién va dién ap cua diode mo¢ rong ra treén
toan b dic tuyén.
- Khi dién tré ciia mot diode thay doi tir rat
nhé dén rat 16m, n6é hoat dong giong nhw mot

cong tac (switch).

Bai giang mon Ky thuat Dién tdr 14
GV: Lé Thi Kim Anh



- Mot cong tic ly twéng cé dién tré biang
khong khi dong va dién tr¢ la vo cung khi
mo.

- Diode c6 thé duwgc xem nhuw mdt cong tic
dwoc diéu khién biang dién ap: déng Khi
dwoc phan cuc thuan va mo khi phan cuc
nguoc.

Bai giang mon Ky thuat Dién tdr 15
GV: Lé Thi Kim Anh



I [

%
4 0.7V

0. . v, .
(a) Pdc tuyén I-V khi  (b) Pic tuyén I-V khi
diode dudc xem nhu diode dugc xem nhu
ly twdng véidproila 0 c¢6 dién dp roi 0.7V

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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2.8 Chinh lvu

- Mach chinh lwu la mach chi cho phép dong
dién chay qua no theo mot chiéu.

- Bién dién xoay chiéu thanh dién mot chiéu.

- Diode su dung trong mach nay goi 1a diode
chinh luwu.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Vi du

Cho mach dién nhu hinh ve, diode Ge c6 Vy= 0.2V, noi tro Ih
khong dang ké. Tai R, =9Q, nguodn tin hiéu vao co r. = 12,

1. Biét dién ap vao c6 dang xung vudng hodc hinh sin, bién
d6 10V. Hay ve dang song va xac dinh dién ap trén tai R, .

2. Van cau héi 1 nhung khi vi(t) 13 hinh sin c6 bién do6 1V.
Xac dinh gia tri dién ap trén tai tai thoi diem ot = 1/2.

vi. | [I ®

Vi

A 4

Bai giang mon Ky thuat Dién tdr 19
GV: Lé Thi Kim Anh



Huong din

1. - Dong qua tai R, : D
V.-V, fi
i, =
r,+ R,

, Vi
- Ap roi tren tai:

V. —
vi()=——FxR,

i

- Vi Vy << v;, nén ¢6 thé bo qua Vy :

V.
VL(t):r +1R x R, =0.9 v.(t)
i L

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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AV

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

Vi
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2. Khi v, nho, khong thé bo qua Vy. Diode
chi dan dién trong khoing thoi gian v, >
Vv, tai ot = n/2:

v,—V, inot —0.2
v, (t)= xR, = S0t=02) o479y
r,+ R, 10

GV: Lé Thi Kim Anh



A
Al | | | :
VAVl N\ o N e
| i i > t
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: | | | |
\Y I | | |
L : | | | |
0.72V , | | | |
| :/\: |
|
S l > {
| | | | |
: | | | |
: | | | |

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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2.9 Diode on ap (Zener)
Ky hiéu: -
Dac tinh:

- Ché tao bang vat liéu chiu nhiét va téa nhiét
tot.

- Hoat dong & ché do phan cuc ngworc.

- Poan lam viéc trén phan diic tuyén song song
vOi truc tung.

Bai giang mon Ky thuat Dién tdr 24
GV: Lé Thi Kim Anh



— -y

Dac tuyén V-A cua diode Zener

V1: dién ap 1 chiéu chwa 6n dinh.
V2: dién ap lay ra trén tai da 6n dinh.
R1: dién tro han dong cho diode,

sao cho Q nam trén doan AB.

Bai giang mon Ky thuat Dién tdr 25
GV: Lé Thi Kim Anh



Vi du: Cho mach dién nhw hinh ve

R1 =300Q2; R2 =1200¢2.
Xac dinh pham vi thay doi ciia Vi dé cé dién ap ra
trén tai R2 on dinh ¢ mirc 10V.

(Chon loai diode Zener co V, =10V, I, . = 10mA,
Zmax = 30mA. )
l21

SN ’

i |

V+AV D, & |, 1< R, v,

l 1, l

L 9

Bai giang mon Ky thuat Dién tdr 26

GV: Lé Thi Kim Anh



Huwong din

Rl
- Dong qua tai: T_’ﬂ? ' ‘
lr
V, +AV. D, & l R,
I, =—L=83(maA) ™ & .
l{2 l 1. l

- Ap dung dinh luat Ohm:
V.=1,R, +V,=(,+1, )R, +V,

\% =15.5V ¥V = 21.5V

i min i max

Bai giang mon Ky thuat Dién tdr 27
GV: Lé Thi Kim Anh



CAu héi ciing co bai

1. Cau tao va ky hiéu ciia diode?

2. Cac tham sé co ban ciia diode? Phén cwe cho diode?
3. Phan tich mach DC cua diode.

4. Khai niém vé tin hiéu nho va 16n? Puong tii DC va diém
lam viéc? Phan tich mach AC cua diode?

5. Khai niém vé chinh lwvu? Pac tinh cia mach chinh luu?

6. Khai niém vé on ap? Pac tinh lam viéc cua diode Zener?

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Chuwong 3 N
TRANSISTOR LUONG CUC

(Bipolar Junction Transistor-BJT)
3.1 Gidi thiéu
BJT 12 mot loai linh kién ban dan 3 cuc cé
kha ning khuéch dai tin hiéu hoiic hoat dong
nhu myt khéa déong mé, rat thong dung trong

nganh dién tur.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Ciu tao va hinh dang

C
Il-I-In

B L E

B

Hinh dang BJT
E: Emitter

C: Collector

B: Base Bai gidng mén Ky thuét Dién tc

GV: Lé Thj Kim Anh



Ky hiéu ciia BJT

E C E C
— n+ n B
B B
BJT loai NPN
E C B

BJT loai PNP

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.2 Ché d6 1am viéc ciia BJT

Tuy theo cach phan cwe cho transistor
ma transistor sé co cac ché do l1am viéc
khac nhau. Transistor c¢6 3 ché do lam
viéc co ban:

- Ché d6 khuéch dai.
- Ché do khéa.
- Ché a6 dan bao hoa.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Ché do khuéch dai: J; phan cuc thuin
va J. phan cuc ngugc.

- Ji.: tiép xiic PN giita cuwc phat (E)
va cuc néen (B).

- Jeo tiep xuc PN giira cuc thu (C)
va cuc nén (B).

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Ché d0 khéa (hay dong mé): ca 2
chuyén tiép Jp va J déu dwgc phan

Curc nguoc.

Ché dé din bio hoa: ca 2 chuyén tiép

Jp va Je déu dwoc phan cwc thuin.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



* Ché d6 khuéch dai
Qui wéc vé dong trong BJT

Ig I Ig I
h @
1 Iy l Ig

Theo dinh luat Kirchhoff: Ip=1,+1I,

Ic=1Icgny t1cgos Icany dong hat din di qua mién nén.

_ IC(INJ)

Dinh nghia thong s6 « : a=— =le=alg*lcgo
E
” > > i I
Vi I 3, rit nho, cé thé bo qua : o~ I—C
E

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.3 Ba so' d0 co ban ciia BJT

3.3.1 Mach B chung S E~NC K
(Common Base — CB) \éé)

Cuc B 1a cuc chung

cho mach vao va ra. °

- Dong dién ngo vao la dong 1. J‘

- Dong ngo ra 1a dong I Mach CB don giin héa

- D1én 4p ngo vao la V.

- Dién 4p ngd rala V.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.3.2 Mach E chung (Common

Emitter — CE) e
Cuc E la cyc chung chomach = C

vao va ra. R,
- Dong dién ngo vao la dong I} g

- Dong ngo ra 1a dong I

- D1én ap ngo vao la V. Magch CE don giin héa

- Dién apngora la V.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.3.3 Mach C chung

(Common Colletor — CC) e
Cuc C la cuc chung cho LY

mach vao va ra. / [®.
- Dong dién ngo vao 1a Ic]

dong ;.

- Dong ngo ra la dong 1. Mach CC don giin héa

- D1én ap ngo vao la V.
- D1én ap ngo ra la V.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.4 Piac tuyén Von - Ampe

Po thi dién ti cac moi twong quan giira dong dién va dién
ap trén BJT dwoc goi 1a dic tuyén Von-Ampe (hay dic
tuyén tinh).

Ngwoi ta thwong phan biét thanh 4 loai dic tuyén:

Dic tuyén vao: néu quan hé giira dong dién va dién ap &
ngo vao.

Dic tuyén ra: quan hé giira dong va ap & ngo ra.

Dic tuyén truyén dat dong dién: néu sw phu thudc cia
dong dién ra theo dong dién vao.

Dic tuyén hoi tiép dién dp: néu sw bién doi cia dién ap ngd
vao khi dién ap ngé ra thay doi.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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3.4.2 Dac tinh E chung

| «— IcEo ICEQ —
37 - Vcc
“1’(1 opélc
| 1 ;
(a) NPN (b) PNP

Dong I 1, la dong ngwoc tren tiép xiic Jo khi ho mach

ngo vao.
Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Taco:Io=alg+1go=>alg= Ic-Icgo

Chia 2 vé cho a, ta co:

IC . ICBO — IE — IC . ICBO — IB +IC
o o 0 0
al I
— IC — B + CBO
-0 1-a .
Khi V;, ho mach, taco: I =1 g0 = liBZL
bat: |g= %
1—a

|
= 1. =B, + =% =BI, +1

Vilggo laratnho: | I.~BI,| (xemI . ,~0)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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3.4.2.b Diic tuyén ngo ra E chung: I. =1(Vg )‘ I, =const

ff {mA]'__ _ N
a4 vung bdao hoa

j"a. =?ﬂﬂ'-ﬂ

viing ddanh thiing

LR EEEE S R R T
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3.4.3 Dac tinh C chung

3.4.3.a Ho dac tuyén ng5 vao C chung: IB = f(VCB )‘
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GV: Lé Thi Kim Anh
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3.4.3.b Ho dac tuyén ngo ra C chung: IE — f(VCE)‘

Iz =const

f‘-_‘ {mAl‘ _ .
A vung bdao hoa

.ra- =?ﬂHA

viing danh thing

A Vee
5 10 15"\ 20 1 BVeeo
ving cit

Bai giang mén Ky thuat Dién to
GV: Lé Thi Kim Anh



3.5 Phan cuwc cho BJT
Piém phan cuec tinh (diém lam viéc tinh)
La giao diém ciia dwong tai mot chiéu voi dic
tuyén Von-Ampe.
Diém lam viéc tinh ¢ ngo vao: 1a giao diém
ciia dwong tai mot chiéu va dic tuyén Von-
Ampe ¢ ngo vao.
Diém lam viéc tinh ¢ ngo ra: 1a giao diém ciia
dwong tai mot chiéu va dic tuyén Von-Ampe
& ngo ra.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.5.1 Phan cuec ki¢u dinh dong base I,

fVCC = Ve
Ig —» ‘\V_'-E -— [p ‘>
[y EC
N \VBE 4{ Veg 4/+
5-7 :_--
(a NPN (b) PNP

Phwong trinh dwong tii & ngo vao:

Vee =V
-Veet R+ Ve =0 oI =———

RB
0.6 0.7 (BJT _Si)

Ve .
{0.2 0.3 (BJT _Ge)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Phuong trinh duong tai é ngo ra:

fVCC = Veo
2, Ic &{ Re Ry ICT i R
Ig —» ‘\+ - g ‘\—
\ VCE - VEC
N Vee 4{ Ves 4/+
= =
ke I
{a) NPN (b) PNP
1 V.,
_ _CC

Piém lam viéc tinh & ngo ra: QU VYer)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.5.2 Phan cuc kiéu dinh dong base Iy va c6

thém dién tro R,

Phuong trinh dwong tai
& ngo vao: I l R, Icl R
- Vet Ig Rpt Vg H1gRg =0 2 | “_ch
o—| Cout =
Voi: I, =1+ 1 C;,
= (B+D)I, I|3 Re

_ VCC - VBE
* Ry+(B+DR, -

Bai giang mén Ky thuat Dién to
GV: Lé Thi Kim Anh



Phwong trinh duong tii & ngo ra:

-Vee TIc Rt VgtIgRg =0

I

VCE

VCC

—_ + R
R.+R, R+R, | I, 3 Rs IC% IC

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




3.5.3 Phan cuc Kkiéu phan ap

§ Bién d6i twong dwong
Ry, = thanh mach Thevenin:
|‘ T
1 B Cout v | R — Ry, Ry,
CC BB —
C,, A I RBI T RBz
Rp| = Rg R
% l V,,=———Vcc
M__ RBI +RB2

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Phwong trinh duong tii & ngo vao:

- Vg T Ig Rgg + Vg tIgRg=0

Voir g =B+Dl, ) Iy

 ——
Cin

PN IB_ VBB_VBE

Ry, +(B+DR;

RBB

. . ..— Vg
Phwong trinh dwong tai

& ngo ra giong truwong
hop dinh dong I; co R.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




3.5.4 Phan cwe nho hoi tiép tw C

Phwong trinh dwong tii ngo vao:

Véis Iy = (B+1)I,

VCC B VBE

I; =

— Cout
g F

Rg Icl
VCE

R, +B+DR. |14 L
Cin | |
N

Phuwong trinh dwong tai ngo ra:

Vee = Vee — IR

Vee — IR -

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




3.6 Thiét ké mach phan cuc

Viéc thiét ké dwoc tinh toan trén cac gia tri
nguon cung cap la co dinh.
Tw yéu cau vé diém lam viéc ta phai xac dinh
cac gia tri dién tro trén mach.
Vi trén thue té cac dién tro sé dwoc chon theo
gia tri chuan, do do khi chon phai phu hop
v0i sai so0 cho phép.

Mot sé gia' tri R chudn:

10, 12, 15, 18,22, 27,33, 39,43, 47,51, 56, 68, 75, 82, 91.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Huwdng din

L-Veetlc R+ Vg =0
-VectIg R+ Vg =0
I=B1Ig; Vg =0.7V

= Ry =565KQ ; R = 3KO
— chon 560 KQ va 3KQ (a) NPN

2. Tinh lai I theo sw thay doi ciia B tir I; ing véi Ry
da chon. Tw do tim giéi han ciia diém phan cuec.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Vi du cho thiét ké phén cwc E chung

ﬁ\/li}t transistor silicon NPN cé B toi uu la 100,\
dugc st dung trong mach phan cwec CE dinh
dong Iy, v6i Vi = 12V. Diém phén cuwe 1a I =
2mA va Vi =6V,

1. Thiét ké mach dung cac dién tré chuan 5%.

2. Tim giéi han cé thé cé ciia diém phan cuc néu
B ciia transistor thay doi tir 50 dén 150 (mot giéi
han thuong giip trong thue té). Gia sir 1a cac dién

\tr(")’ c6 gia tri toi wu. j

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




3.7 BJT Inverter

BJT dwoc ing dung nhu mot chirc nang dao trang thai.

- Khi dién 4p & ngo vao 1a 5V: R, va R t5V
dworc thiét ké sao cho BJT hoat djng & ché

do bado hoa.

-Khi do Vg ~ 0 (khoing
+5V input

0.1V) dwgc goi la Vg, o [
(saturation), twong wng:

Ry

VCC IC sat VHI _ VBE 1
Rc B Ry '

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



-Khi dién ap & ngo vao 1a 0V: BJT khéng din
= Vg =+ 5V.

Két luan:

Vin=5V = V out =0V.
Inverter
Vin=0V =V out =5YV.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Thiét ké Inverter

- X4c dinh gia tri ciia cac dién tro R va R, sao cho
BJT hoat dong & ché do bao hoa.

- Sw dung cac cong thire sau:

VHI B VBE _ (VHI B VBE )BRC
IB VCC

R c VCC R B

ﬁ(VHI o VBE )

B B min

RB

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



3.8 Cong tic transistor

Mot mach Inverter dl‘lng transistor
duwoc xem la mot cong tic dwoc diéu
khién béi dién ap ¢ ngo vao.

Dwoc goi la cong tac transistor.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



I

S —
N
q
|

transistor tit

Vccv" Re

1

oV

Lol

—
-

cOng tac ON (dong)

Voo

i

cong tic OFF (m{j’)

Bai giang mén Ky thuat Dién to

GV: Lé Thj Kim Anh



CAu héi ciing co bai
1. Cau tao cita BJT? Phén loai?
2. Cac ché a6 1am viéc ciia BJT?

3. Cac cach mac co ban caa BJT va cac thong sO ¢ ngo vao va
ngo ra twong wng?

4. Cac loai dic tuyén ciia BJT?
5. Cac kiéu phan cuc cho BJT trong mach khuéch dai CE?

6. Cac cong thire can nho vé quan he cua cac dong trong BJT
va cac h¢ so a, 3?

7. Khai niém vé BJT inverter va thiét ké?
8. Khai niém vé cong tic BJT?

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Chuong 4

MACH KHUECH PAI TIN HIEU
NHO DUNG BJT

I. PINH NGHIA

- Khuéch dai 1a qua trinh bién déi mot dai
lwong (dong dien hoac dien ap) tur bién do nho
thanh bién do 16n ma khéng lam thay doi
dang cua no.

Bai giang mon Ky thuat Dién tdr 1
GV: Lé Thi Kim Anh



Khi xét BJT hoat dong dwéi diéu kién tin
hiéu nho (sw thay déi ciia tin hiéu vao du

nho) thi c6 thé xem BJT nhu mot bo khuéch

dai ac.
LV
i
LV
|
+ BO
—| KHUECH
} PAI

Bai giang mon Ky thuat bién
GV: Lé Thi Kim Anh



- Dé loi 1a ti s6 ciia mot lwong tin hiéu (dong
dién hoic dién ap) thay déi & ngo ra va ngo vao.

Ky hi¢u 1a A, hoic A,.

A. = AIOut _ io (rmS)
+ Do lgi dong: i = AL = i (rms)
+ Do loi dp: A, = AV, . _V, (rms)
A‘]in \F (I‘mS)
Bai giang mén Ky thuat Dién tir ;

GV: Lé Thi Kim Anh



+ Do loi cong sudt: A, =
A > 1: b6 khuéch dai tin hiéu.
A < 1: bo suy giam tin hiéu.

Nhic lai:

+ gia tri rms: tri hidu dung (dé tinh cho tin
hieu ac).

+ gia' tri amp: tri bien do (hoac dinh — peak).
(amp)

J2

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

(rms) =



Dién tro ngo vao ciia mét bé khuéch dai la tong

tro twong dwong tai cac dau ngo vao ciia né.

;]in (DC)

mn

Rin —

V.
r., =—-(ac)

1mn

in

Bai giang mon Ky thuat Dién tdr 5
GV: Lé Thi Kim Anh



Cong suat ngo vao ac

P. v. (rms)*i. (rms)

mn

Vin (rmS)

| ¢

1m

o2
=1, (rms)*r,

Bmh nghla twong tw cho dién tro va cong
sudt ngo ra.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Anh hwéng ciia dién tro nguon doi voi mach
khueéech dai

il)
—

Vs




* Khuéch dai dp
- Dién ap vao bo KD:

rin

V. = .V
m S
I, +I,

= Dien ap ra :

(e )

1n

V... =A, .V, =A.. Vv
\rs l‘in /

= Dé c6 dp lgi ap la A, cang lon thir, >>r .

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



* Khuéch dai dong

I, K
IE lS l.s +l‘in
Fsi
_ — %, signal
source
ol
Bai giang mon Ky thuat Dién tdr 9

GV: Lé Thi Kim Anh



- Dong ngo vao bo KD: 1, = A

= Dong ngo ra :

r
[ ] _ [ ] _ S [ ]
i =A.dl =A.. A
\I’S + I )

= Dé c6 dp lgi dong la A, cang I6n thi v, >>r,,

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Anh hwéng ciia dién tro tdi

Ky v, - Ry v
-L rg + Ry
—

- Mjt by khuéch dai ac ding dé cung cap dp,

dong hodc/va cong sudt cho mét tii 6 ngé ra.

- Tdi c6 thé la loa, anten, coi, dong co dién hoac

bat ky 1 thiét bi hitu ich nao.

- Khi phén tich mach nay, ta thay thé bang 1 dién

tro tai RL' Bai gidng moén Ky thuat Dién td 11
GV: Lé Thj Kim Anh



, r
e 2 o. . L
Ap ra trén tai: v, = Vo
r,+r

= dé co ap roi toi da trén tai thi r,>>r,

X¢ét cd anh hwéng ciia nguon thi dj loi dp tir
nguon den tai:

( )
VL . A I.in I.L
— V ) )
\A ri+r, J{r,+1r,
Bai giang mon Ky thuat Dién tdr 12

GV: Lé Thi Kim Anh



Mot cach twong tw khi xét dén bp khuéch dai
dong, ta co:

r
N\ A ? O. o _ 0 o
Dong tren tai: 1, = A
r,+r,

Do loi dong tong:

r r
—_— S 0
=A.. .
r,+1r, r,+1;

L
lS
—> dé co dong toi da tréen tai thi ro>>rL.

Bai giang mon Ky thuat Dién tdr 13
GV: Lé Thi Kim Anh



De truyen cong suat cuc dai thi can co

sw phoi hop tré khdng:

- Tir nguon tin higu dén bé khuéch dai:

rs — r l‘no
- Tir b6 khuéch dai dén tdi: v, =r,.
Bai giang mon Ky thuat Dién tdr 14

GV: Lé Thi Kim Anh



Muc dich phan cuc DC

Khi thiét ké phan cuwc cho BJT dong thoi ciing

la chon diém lam viéc cho BJT.

Khi do, dang song & ngo ra s€é phu thuoc vao
gia tri diém phan cwc va sw thay doi cia tin

hiéu ¢ ngo vao.

v,()=Vg + v,

Vg: ap phan cwe tinh

Bai giang mon Ky thuat Dién tdr 15
GV: Lé Thi Kim Anh



maximum output

Vg + A voltage
Vi bias
D5=A==y ™ 0= ¥y voltage Vg
Vg - 4 |
LNy Il Iy — minimum output
voltage

Viax(maximum output valtage) la gia tri max 0 ngo
ra khi BJT khong dan goi la ap cat (cutofi), thwong
bing Ap nguodn cung cap.

Vpin(minimum output valtage): 1a gia tri min o' ngo ra
khi BJT dan bio hoa.

Bai giang mon Ky thuat Dién tdr 16
GV: Lé Thi Kim Anh



Tuy thugc vao gia tri cuia Vy ma dién ap ra sé co
nhirng thay doi nhw sau:
¥

L

4
— === = Fuyax — == =======VFiax

________ Vit
- -
(a) Positive clipping. (b} MNegative clipping.
Vg Loo large. Fg too small.
------ - Farax
- = =VFaaw
S -
{c) Positive and negative clipping.
The amplitude A4 of the signal is too large.
Bai giang mon Ky thuat Dién tdr 17

GV: Lé Thi Kim Anh



Tu ghep
-Tinh chat ciia tu 13 ngin tin hiéu DC, thong
thwong tu sé dwoc dung dé ngin anh huéng

cua tin hieu DC doi voi nguon hoac tai.

- Cac tu nay phai di 16m dé co tong tré that

nhé doi véi tin hiéu AC.

- Cac tu nay dwoc goi 1a tu ghép (coupling
capacitor) hoac tu chan (blocking capacitor).

Bai giang mon Ky thuat Dién tdr 18
GV: Lé Thi Kim Anh



]
%

Bai giang mon Ky thuat Dién tdr 19
GV: Lé Thi Kim Anh



Dwong tai mot chieu va dwong tai xoay chiéu

'h"s RL

I||-¢-,.:'- —»

Xét mach khuéch dai CE:
- Dién tro tai DC: R; =R,
- Dién tro tai AC: rp =R, // R.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

20



- Dwong tii DC 1a tap hop tat ca cac
diém lam viéc tinh Q(I.,Vg), khi chwa

co tin hic¢u AC.

- Pwong tdi AC 12 tap hop tat ca cac diém

(ic»Veg), bao gom ca diém Q.

Bai giang mon Ky thuat Dién tdr 21
GV: Lé Thi Kim Anh



- Phwong trinh dwong tai AC:

v
i, =—2+I,
rL

ac load hne

IQ, VQ = Qe Vep)

1o, Vpegla trl 1- va V¢

cua duwong tai AC. ij

-

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Nhan xét ;

- Puong tii AC c6 d6 doc (tgd = —— ) 16n hon
1 g

dwong tii DC (g =——).

RL

- Ap ngé ra dwoc quyét dinh béi dwong tai AC
sé nhoé hon néu dwogc quyét dinh béi duwong tai
DC.

- Néu Q dich trén dwong tii DC thi dwong tai
AC sé dich song song.

Bai giang mon Ky thuat Dién tdr 23
GV: Lé Thi Kim Anh



i
Ir ac load lines corresponding
ac load line ; o different Q-paints
Vee
dc load line
FEE
Bai giang mon Ky thuat Dién tdr 24

GV: Lé Thi Kim Anh



Ché dj Maxswing
La ché d¢ hoat dong khi ap ngé ra dat gia tri toi da
ma khong bi méo dang tin hi¢u.
Pé dat dwoc ché do nay thi diém phan cwe tinh phai
dwgc chon nam o giragiatri vV _. =V_ .

VO

Bai giang mon Ky thuat Dién tdr 25
GV: Lé Thi Kim Anh



v
I VvV I I CE
| CEQ: :\VCEQ_I_ Icgry)
. ) ! I .
Dé v, dat gia tri maxswing thi phai chgn diem Q:
V V
o=, Vego=lcoht = Vec—— R
CQ ’ CEQ CQ'L CC C
R.+1 R.+1;
Bai giang mon Ky thuat Dién tdr 26

GV: Lé Thi Kim Anh



-V
| CE
VCEQ' E\VCEQ_I_ ICQ'rL)

Poi véi bai toan da thiét ké sian thi gia tri

maxswing(ly twéng) ciia v, 1a:

out
Voo~ Min [(OTVCEQ),(VCEQTVCEQHCQI‘L)]
V, ¢ Min [VCEQ,ICQrL)]

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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II. CAC CHE PQ LAM VIEC, CUA BJT TRONG MACH
KHUECH DPAI

Ché dp A (Lép A)

Khi chon diém Q nim
khoang giira doan MN
tren dwong tai xoay
chiéu, ta noi phan tir
KD lam viéc & ché dj A.
Piic diém cia ché do
nay la:

- Khuéch dgi trung thuec, it méo phi tuyén.

- Dong va ap tinh luon khac khong. Bién do dong va ap xoay chiéu
ldy ra téi da chi bang dong va dp tinh. Do d6 hiéu sudt thap (25%).

Bai giang mon Ky thuat Dién tdr 28
GV: Lé Thj Kim Anh



Dinh nghia hieu sudt n: do bang ty so giira cong sudt cua tin hiéu
xoay chiéu dwa ra trén tai va tong cong sudt tang khuéch dai tiéu
thu cua nguon cung cap.

Ché dp A thwong ditng trong cdc ting khuéch dai tin higu nhé.
Ché dé B (Lép B)
Khi chon diém Q ndm trung véi D (hodc N) thi phan tir khuéch
dai lam viéc ¢ che do B ly twéng (hoac thuc t€). Dac diém cua
ché do nay la:

- Méo phi tuyén tram trong.
- Hiéu suit cao. (11z,,,. = 78.5%).

- Thwong ding trong cdc ting khuéch dai cong sudt (tdng cudi
ciia cdc thiét bi khuéch dgi). Dé khic phuc méo phi tuyén, doi héi
mach phdi cé 2 vé déi xirng thay phién lam viéc trong 2 nita chu
ky (goi la mach “day kéo”).

Bai giang mon Ky thuat Dién tdr 29
GV: Lé Thi Kim Anh



Thue té, ngum ta con dung ché do AB (trung gum giiva ché dp A
va B): diém Q chon & phla trén dlem N va gan diém nay. Lic d6
phat huy dwoc wu diém ciia méi ché d9, giam bét méo phi
tuyén, nhung hiéu suat kém hon ché do B.

Ché dj khéa hay ché dp dong ngit (I6p D)
BJT c6 thé lam viéc é ché do dong ngat (Switch BJT).

Tuy theo gia tri dién ap vao ma BJT cé thé lam viéc ¢ 2 trang
thai doi lap:
-Trang thai khéa (tat): khi Q nam ¢ phia dwéi diém N.

- Trang thai din bio hoa (mé): khi Q nam & phia trén diem M
(gan diem C).

Bai giang mon Ky thuat Dién tdr 30
GV: Lé Thi Kim Anh



1. CAC THONG SO TIN HIEU NHO CUA BJT

- o ti s6 dong AC cuce thu va dong AC cuc phat véi Ver co dinh.

€ 1V g =const

- B: ti 6 dong AC cwe thu va dong AC cwe nén véi \ ¢o dinh.

1
b V cg =const

Bai giang mon Ky thuat Dién tdr 31
GV: Lé Thi Kim Anh



- Pién tro cuc phat r,:
= Vhe N 0.026

€ o
1 | |

€ 1V g=const

(QQ) (Nhiét do phong)

- Pién tro cuc thu r:

_ Vcb
r = Q)
C °
1 c |s
1y =const
Bai giang mon Ky thuat Dién tdr 32

GV: Lé Thi Kim Anh



IV.SO PO TUONG DUONG CUA BJT

- Muc dich ciia viéc chuyén vé so' @6 twong dwong la lam
cho mach tinh toan don giin va dé dang hon.

- Khi s bién thién & tin hiéu vao di nhé dé tao su thay doi
vé dong va ap ¢ ngdé ra nam trong dic tinh giéi han cia
BJT, ta c6 thé xem BJT 1a mét phan tir 4 cwe fuyén tinh:

I1 I2
— — I, V,(i;, v{): dong va ap ¢
v, v, ngo vao.
S I, V,(i,, v,): dong va ap o
ngo ra.
Bai giang mon Ky thuat Dién tdr 33

GV: Lé Thi Kim Anh



Tham s6 xoay chiéu ciia BJT

Tuy theo tirng so' d6 cu thé ciia BJT (BC, EC hay CC) thi cac
dai lwgng trén sé€ la nhirng dién ap hay dong dié€én trén cac cuc
tuong lrng, dong thoi tuy theo loai BJT( NPN hay PNP) ma
chung co dau hoic chiéu thich horp.

Tuy theo viéc chon bién va ham dé mo ta moéi quan hé giira
cac ngo vao va ra cua BJT ma ta co cac loai tham so dac trung

cho BJT.
Bién | I,L | V,V, | 1,V, | VI, | VoI, | VI,
Ham |(V,V,| I,I, | VL, | I,,V, | VI, | Vyl,

!

Tham s6 Z Tham sé y Tham so h

N

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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B tham s6 h
VvV, =11,,V,)
L =11,,V,)

dI

av |

2

_ 0V, oV, .

T a1, ab + oV, v . vi=hyl +hy, v,
I I =1 i —h

_ 9 2 dI , + ol; gv , i, =hyl, +hy, v,
o1, v,

Y nghia ciia tirng tham s6

. V
h,, (hi)= _1

1
1 lv,=0

h, (hf)=2
L

i
h,,(ho) = —
\L)
VvV
h,,(hr)=—
\L)

Tré khdang vao ciia BJT khi dp xoay chiéu
0 ngo ra bi ngan mach.

Hé sé khuéch dai dong dién (dp loi dong)
cua BJT khi ap xoay chiéu o ngo ra bi
ngan mach.

Dién din ra ciia BJT khi dong xoay chiéu
0 ngo vao bi ho mach.

Hé s6 truyén ngwoc vé dién dap (hoi tiép
dien ap) cua BJT khi dong xoay chiéu o
ngo vao bi ho mach.

Bai giang mon Ky thuat Dién tdr 35
GV: Lé Thi Kim Anh



- Vi vay, pham chat, tinh niing ciia BJT sé thé hién gia trj
cac tham so h;; cia chung.

- Cac h;; dwoce goi la cac tham sé xoay chiéu (hodc tham sé vi
phan) cua BJT.

- Vé don vi do:
- h,,(hodc h): dién tro (Q).
- h,,(hodc h,): dién dan (mho () hoic siemient).

- h,(hoiic h) va h,,(hoiic h)) chi la cac h¢ so nén
khong co thuw nguyén.

Do do, bd tham sd h; con dwgc goi 1a tham so hon hop
(hybrid).

- Tuy theo BJT mic theo kiéu nao (BC, EC hay CC) ma cac
tham so c6 thém chi so twong wng.

Bai giang mon Ky thuat Dién tdr 36
GV: Lé Thi Kim Anh



Mach twong dwong cua BJT

B T | <2

: |

v, =h i, +h;, v f ' ' T
1~ Ml Tl Vs : h,(h,) C . :

iZ — h21i1 + h22 V2 Vl i v h2111 h— : V2
: 2
l | h;,v, |
I [ |

- Pién tro vao h,, (hoic h)).

-Nguon dién ap h,v, (hoiic h, v ): thé hlen sir hoi tiép dién ap ndi
bé ciia BJT. Thuc té h,, (hay h,) c6 gia tri rat bé(10-3 +104), vi
vy dai lwgng h,,v, ¢é thé bo qua.

- Nguﬁn dong dién h,,i (hoic hi): phian 4nh kha niing khuéch
daidbng

- Dién dan ra h,,(hoac h,), thue té gia tri nay rat bé, nén dién tro

ra sé vo cung lom va co thé bo qua.

Bai giang mon Ky thuat Dién tdr 37
GV: Lé Thi Kim Anh



Mach twong dwong don gian hoa cua BJT (toan hoc)

i](ii) T T T T TR i2 io)
.—P : | &
I ]

: |
vi(v) : hy,(hy) V) h,,i; (hy) | Va(Vo)
| :
: |
e e e e e e e . |
\% i
h,, (hi) = _1 h, (hf)= _2
L V,=0 1 V,=0

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Mach twong dwong ciia BJT mdc kiéu CE

. .
4—C lb.—> B C <lc_.
I, C
B
— RL hie CVD thlb
IEl Bre Blb
E
@ o
E
\Y% \Y% \Y%
hlE:rin_._1 _.be_(B_I_l) .beEBre
Lilv, =0 s L
I 0.026 [mV | ~ 0.026 [mV | (nhiét d6 phong)
‘ I,[mA ] I.[mA ]
i, i
SN N
llv,=0 B i giaing mon Ky thuat Bien ti

GV: Lé Thi Kim Anh
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Mach twong dwong ciia BJT mdc kiéu CB

Ig

—

E ~C I

Y/

i
e . E
®

re od,
[ ®
_ V1 _ Vbe —r
i i, ¢
1 V,=0 e
i
C
— - = QO
1
V2=0 ¢
Bai giang mon Ky thuat Dién tdr 40

GV: Lé Thi Kim Anh



Mach twong dwong ciia BJT mdc kiéu CC

I . .
— ’ lb.—> B E LP.
E
I_B’B th h l
RL <V> fC'b
C Bre Bib
IC
-L @ C o
\% \% \%
hiCZrinz .1 — .bez(B‘l'l) .beEBre
D AP L.
1
th:._2 :.e:(ﬁ'l‘l)EB
]y o T

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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IV. PHAN TICH MACH KHUECH PAI TIN HIEU NHO
1. Mach khuéch dai mac E chung

HNCC
L
RC
Cout
REB
+|
| 4
e Cin
Y|+
A M
RL
_|_
s
L

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Cac thong so cua mach khuech dai doi voi tin
hieu xoay chieu:

- Pién tro ra.
= Bﬁ lg,i épo

- D0 loi dong.

Bai giang mon Ky thuat Dién tdr 43
GV: Lé Thi Kim Anh



+'W o

So dé twong dwong vé mdt xoay chiéu

RC
Cout
== ol
. Cin I'___';
i
1
s
Gor
L
. e == oo ' C
——AAA

N
___a_____
£
a
)

:
=

RC

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Dién tro vao

M= ======-= 1C
I's B I |
i |
| |
| |
- Swe (Dwa ) Zre Zm
RE | d .
+ ~
VS : Fje= Bre B Iy, :
—
L } _______ !
E
l'in(stage) r

= Iin = rie=([3_|_1) g = BrE' (BJT)

=Ry // hyz = Ry // Pr. (ting khuéch dai)
~0.026[V]
 LlA]

= Oip (stage)

Voi: 1y

Bai giang mon Ky thuat Dién tdr 45
GV: Lé Thi Kim Anh



- Pién tro ra:

rs A =
: :
|
: hie O]ife.i]] I RC RL
RB | = : |
"'-'L v ! I.ieg Bre B lb I
I <l
. } _______ I D
E r
out
r
= Fout = l‘0e=rc/ B' (BJ T) putsinee
- Y out stage) = Re //(r./ B) = R . (tang Khuéch dai)

Bai giang mon Ky thuat Dién tdr 46
GV: Lé Thi Kim Anh



- I_).6 l(.)'i ép . AVF, = anlt/Vin

i e e e SR e 1C
I's B I |
y Y i 1 4
| |
| |
S (D 1] re
RE | = .
+ ~ 1 l
T pVE Vi, : = Bre B b |
L_____{ ________ !
\ 4
E
Vout

- Khi khong c6 tii (ngo ra xem nhu ho mach):

Vout = 1T (stage)= By Res v, =iy (Br,)
R

=A== ——5
Nhén xét: Ap ra ngwoc pha vdi dp vao.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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- D6 loi ap toan phan : Aygrp = Vy/Vg

s B IFD' _____________ :C
i :
| |
I hie hfe ih : R RL
RB | = .
':"I_u L : K= Bre Blb :
. { ________ l
E
. . R.R R
v, =Bi, (R, //R) =i, R RL = Vout R LR
L + C L + C
| ¢ r +7FT.
— 1n — _S n o
Vin o Vs — Vs o Vin (rin g rin(stage))
l‘s + l‘in l‘in
. VL . Vout 1{L l.in
= AVETP — _ R R
S Vin L + C l.in + rs

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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R
Ayg = _r_c
r.. = Rg// Pr,.
A o R, R, //Pr, R,
VETP —

r, r,+(Ry//Pr,) R, +R,

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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-Doleidong: ;.  ______________ ou
S —_— ,
B ! €
! hie hfedb | RC RL
R_E = ° |
"F'_"I_-._.r vE : I'e= Bre Blb :
I _______ I ________ I
E
i i
out c
AIE T ° — ° - B
lin lb
r r +7T. \Y
° _ S ° ® _ S in ¢ .« 2 _ _s
in ls :>ls _ llll 9ls _
rs +rin I's rs
° ° ° RC °
i, (R /R)=1, R =i = Lout
R, + R,
Bai giang mon Ky thuat Dién tdr 50

GV: Lé Thi Kim Anh



P loi dong tong:

i: iOut l‘s RC
i i. r.+r. R, + R
iL:A. I RC
i, ‘'r.+r. R, + R
Vé’i Ai — B l‘m — RB // Bl‘e.
iL :B l‘s RC
i r +(R;/Br,) R, + R

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

51



2. Mach khuéch dai mic B chung

| | r——- - | |
| | I w S |
I : <
RE G NI
Rg ¢ R
s N L
Vs T ? Ve
So dé twong dwong -
E C
r—---=-=-=--=-=-"-"= i L
Rg § ' |
R | l
A% : ; hlb <T> hfble | § RC 1{L
S : ) |
I"::_"'D | re a‘le I
: - B - : -
Bai giang mon Ky thuat Dién tdr 52

GV: Lé Thi Kim Anh



Dién tro vao

iC
P
RS § R 1 o iL
E§ h, h i, R, R,

Vs € .
W I. l'e o le
rin(stage) n

-T;, = = .. (BJT)

- Fin (stagey = R // T2 T, (tang Khuéch dai)

Thong thwong gia tri r, rat nho (khoang vai chuc Q). Vi
vay mach khuéch dai B chung c6 dién tro vao rat bé.

Bai giang mon Ky thuat Dién tdr 53
GV: Lé Thi Kim Anh



Dién tro ra I,

—p
— —
R . . i
S R i, al, 109
S
~ Fe <—‘
Fout Fout (stage)
&

= Yoy = Fop =T (BJT)

-r =r,// Rc = Re. (tang khuéch dai)

out (stage)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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- DO loi ap : Ayg = Vout/ Vin . ;
Ic L
A > —) A
RS § R ie
Y hib (TD hfbie RC RL
> ﬁ"u I'e o ie
. Vin Vout
A 4 & A 4
- Khi khong c6 tai (ngo ra xem nhw ho mach):
Vout — lcI{C > Vin = Ie I'e
i R R
T hC C
=|Ayg = = —
lere re
4 X
Nhan xet: Ap ra dong pha voi ap vao.
Bai giang mon Ky thuat Dién tdr 55

GV: Lé Thi Kim Anh



- D6 loi ap toan phan : Aygrp = V{/Vg

1 —_—
7 Y , C 2 i
R . L
S ; R ]E h
VS ib (TD hfble RC RL
s
o r ol
? Vin e ) VOut
A 4 > v
. i R-R R
v, =1, (RL//RC)=Re CRL =VOutR LR
C + L C + L
I, r. +r
Vin — = VS = Vs =— : Vin
l‘in + l.s I‘in
Bai giang mon Ky thuat Dién tdr 56

GV: Lé Thi Kim Anh



— A . VL _ Vout l‘in 1{L
VBTP ~— —
Vv, v. . +r R, +R,
= A YL _ A, Tin R,
VBTP =~ _ \Y R R
Vs l‘in + l's L + C
. R
Voi: AVB = _C
re
r,,=Rg//r.=r,
] VBTp —

€

r, r,+r, R, +R.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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- D6 loi dong tong: A, =i, /ig

R% R I
§ By, CD hggi, ; R Ry
VS —
W
. - -
i i
A =2 e g~
in le
r r +7T.
° . S ° ° . S n ¢
in ls = ls — lln
rs + rin rs R
SE

iout(RL /! RC) — iLRL — iL =

out
R, + R,

Bai giang mon Ky thuat Dién tdr 58

GV: Lé Thi Kim Anh



Véi A;=a r,=Ryg//r,=r,
i r R
L= q > ¢
1, r. +r, R, + R,

Bai giang mon Ky thuat Dién tdr 59
GV: Lé Thi Kim Anh



3. Mach khuéch dai mdic C chung

R g ——
B = — Ve
| | |
] || L (Ijlz
S ; Cl | |
VS@ RE RL

So do twong dwong T T T TR = T

n:  mE be-oe -~
VS® R Ry




VS@

.

E
Rg Ry,
Ve lai so do twong dwong
% S .
R
’ (TD hyi, § Ry

" GV: Lé Thi Kim Anh
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Dién tro vao

B he (BtDr, E
—h MM L >
— .—P
I' % % R hy <
? (D thic Rg § R,
W@ [ - B+Di,
in(stage) . : .
\Y% C
rin(stage) = RB /1 Cin o i = iBC
b

Viec = Vge T Vic
Vge =ighye +ig.rp (rpy =Rg // Ry) 5 hye=(B+1)r,

Ve = ig.hjc + (hye + Digry s hy=(B+1) =B
\%

C bt o/
lin = iB =h;c +(hye + D, =B+ D, +R) (hang tram K(2)
B
= Tigting) = Rp  Baigiang mon Ky thuat Bign tir 62

GV: Lé Thi Kim Anh



Pién tro ra
B h (BtDr, E
N

— .—P.
RS % R L, I %
C

Rg § Ry

h

" D b
vs (O (B+1)iy

ro(stage)

Vv r,

€C

rO(stage) = RE /! l‘O ; ro — i
Vi =ighjc +ig.(ry// Rp) °
Ve hdpg+(r, /IRy, hi+(r,//Ry)

r, =, =
i 1, h,.+1
r.// X >
= ,=r+ SB IiB (rat nho)
+
= Toeing) =T, (Khoang vai chuc Q)
Bai giang mon Ky thuat Dién tdr 63

GV: Lé Thi Kim Anh



Vs@

- D.6 l(.)’1 2ip . AVC = Vout/ Vin
B h (B+Dr, E
L g— o
Rg % ig % R Ie
N (D hycly, § Rg
(B+1)i,
C

- Khi khong c6 tii (ngo ra xem nhu ho mach):

Vou =1, Ry =(B+1Di, R,
Vio =(B+ D1, (r, + Rg)

= |Ayc

\

out

_Rp+r,

in

RE

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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- Do lgi dong: A, =

out/ L
B h. (B+Dr,

» —M .

E

SR

i : E
"o {ii> hgci,
(B,
C
i
AiC: iou =—=p+1z=p

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh



Nhan xet chung:

-Mach Kkhuéch dai E chung c6 tin hiéu & ngo ra
nguge pha véi tin hiéu ngo vaoe. Cé6 kha niing
khuéch dai dong va ap.

- Mach khuéch dai B chung c6 tong tro vao nho (vai
chuc ohm), tong tro ra 1én (vai trim KQ), khong
khuéch dai dong (Ai = 1).

- Mach khuéch dai C chung c6 tong tro vao lén (vai
tram KQ), tong tro ra nho (vai chuc ohm), khong
khueéch dai ap (Av = 1).

- Ca hai mach khuéch dai B va C chung c6 tin hiéu &
ngo ra dong pha véi tin hiéu ¢ ngo vao.

Bai giang mon Ky thuat Dién tdr 66
GV: Lé Thi Kim Anh



Cau héi ciing cd bai

1. Cac khai niém vé mach khuéch dai, cong thirc tinh d6 loi
dong, ap va cong suat, dién tro ngo vao, ngo ra?

2. Phan cue DC trong mach khuéch dai?

3. Khai niém ve dwong tii mot chiéu va xoay chiéu, ché do
maxswing?

4. Cac ché @6 1am viéc ciia BJT trong mach khuéch dai?
5. Cac thong s6 ciia mach khuéch dai tin hiéu nho?

6. Cac mé hinh twong dwong (toan hoc, vit ly) ciia BJT theo
tung cach mac?

7. Cach tinh cac thong so ciia mach khuéch dai: dién tro ngo
vao va ra, do lgi dong va ap?

Bai giang mon Ky thuat Dién tdr 67
GV: Lé Thi Kim Anh



Chuwong 5

CAC MACH UNG DUNG
KHUECH PAI THUAT TOAN
(OPERATIONAL AMPLIFIER — OP AMP)

I. PINH NGHIA VA KY HIEU

- Khuéch dai 1a qua trinh bién doi mét dai
lwgng (dong dien hoac dién ap) tur bién do nho
thanh bién do 16n ma khéng lam thay doi
dang cua no.

Bai giang mon Ky thuat bién tk 1
GV: Lé Thi Kim Anh



Khuéch dai thudt toan (OP-AMP) ciing c6
nhitng tinh chat ciia m§t mach khuéch dai.
OP-AMP c¢6 2 ngo vao — ddo va khong dio —
va mdt ngo ra, mot OP-AMP ly twéng sé c6
nhiing tinh chat sau:

+ Heé s6 khuéch dai (vong ho) 1a vo
cung.

+ Tro khang ngo vao la vo cung.

+ Tro khang ngo ra 1a 0.

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



V.  :Ngé vao dao
A\

i :Ngo vao khong dao
VO : Ngo ra

Bai giang mon Ky thuat bién tk
GV: Lé Thi Kim Anh



I1. MACH KHUECH PAI PAO (NGUQC PHA)
Xét mach OPAMP ly
) Y Ry

twong: I

R, = oo, I. = 0 nén: R,

e—"MN »

—_ _ + ~
Dong qua R;: e B
\% \% -
I — 1 — 0
Rl R f

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

.




Hg¢ so6 khuéch dai vong kin:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



I11. MACH KHUECH PAI KHONG PAO (PONG PHA)

Xét mach OPAMP ly
twong:

R, =00, . =0 nén: ——AN,

v. =v. =0 1

1

Dong qua R;:

I_Vi _ VO
R, R,+R;

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



* MACH PEM (MACH THEQ DIEN AP)

Pay la trwong hop dic biét ciia mach khuéch
dai khong ddo, v6i: R,=0va R, =0

Ap dung cdng thirc:

— & — Rl il Rf =1+ & \
\ R, R . ;/ ¢ 2
v, Yo
= A =1 I
Bai giang mon Ky thuat Dién tdr 8

GV: Lé Thi Kim Anh



IV. MACH CONG
* Mach cong dao ddu

V. ] =
il e———"AN S
R 2
Viz . —
Viz R, 3,

Dung phuong phap xép chong:

__R,
Vor = R Vii
1
__R,
Vo2 = R Viz
2
Rf
V03 - = Vi3 s L b AL AL g
R Bai giang mon Ky thuat Dién tw
3 GV: Lé Thj Kim Anh

7



Pién 4p & ngo ra:
Vo — Vol T V02 T V03
Rf Rf Rf
>V, =—| —V,+—V,+—V,
Rl R2 R3
Néu chon R, =R, =R, =R, ta cé:
Rf
Vo = _K(Vil T Vit Vi3)
Va néu R; =R, ta co:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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* Mach céong khong dio diu

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Duing phwong phdp xép chong
Khiv;, = 0:

+ R,
Vi = Vil
R, +R, v

Ap dung cong thirc
cua mach khuech dai
khong dao: :

il

vV, =|1+— |V,

ol

Bai giang mon Ky thuat Dién tdr 12
GV: Lé Thi Kim Anh



Rf R
= v, =|1+—+ i\
R || R +R,

Y

Tuwong tw, khi cho v;; =0

(R, R,
Vo, =| I+ — Vi
L R, y R, + R,
Pién 4ap ¢ ngo ra: V,=V,,+V,

.

\
R R R
—=v =|1+—7+L ( v, + 1 Vizj

U R J(R +R, R, +R,

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Néu chon R, =R, = R, ta cé:

v — l_l_& Vit ™ Vio
° R 2

Va néu R; =R, ta co:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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V. MACH TRU (MACH KHUECH DAI VI SAI)

: Vip ¢ ah
*Khiv, =0 » R,
V. = R, Y
i il -
R, +R,
— AA—
Vii R,
= Vo = 1+R4 o Vili R,
R, /I R +R, L
*Khiv, =0
R,
Vo2 = _E Vi
3

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Pién 4ap & ngo ra: V,=V,+V,,

R, R, R,
=> v, =|14+— V,——V,,
R, R, +R, R,

v,codang: V =a,v,—a,v,, VOl

R R R
R, R, +R, R,
R, R
Hay : a, =(l+a ca, = —+
y = )(R +R ] "7 R,
Bai giang mon Ky thuat Dién tdr 16

GV: Lé Thi Kim Anh



—Piéu kién dé thuc hién dwoc mach nay:

(1+a,)>a,

Néu chon R, = R,=R, =R, ta cé:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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VI. MACH TICH PHAN

Dong di qua tu duge tinh: R C
, dv oA —4—|
i.=C— v —p
dt i 1 ~
V.
= i=-C d(KO i R
+
1 - ' i vV,
= dv, = ——idt !
C — i
1 -
=V, = ——J-i dt
C —
Mat khac:
V. |
i=— =>| v,=———| vV, dt
R R C
Bai giang mon Ky thuat Dién tdr 18

GV: Lé Thi Kim Anh



VII. MACH VI PHAN
Dong di qua tu:

dv .
dt

i=C

Mat Khac:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




Chuong 6

CAC MACH XUNG
I. MACH LOC RC ;

L ®
V.=V.+Vvy (1) 1

C
dv, dVC N dv, f @
L

dt dt dt i
Ma: C

i=C = =
dt dt C
Mic khac = Yr dve _ Ve
R dt RC
dv, dv, Ve
dt dt RC

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




Bay la phu’(rng trinh vi phan doi voi Vgs Khi RC
rat nho sé c6 nghiém gan ding:

t=RC: thoi hang

Phwong trinh (1) cé thé viét duéi dang:

V. =1R+V,

Bai giang mon Ky thuat Dién tdr 2
GV: Lé Thi Kim Anh



= v. = RC F Ve

Bay la phwong trinh Vl phan d6i voi Ve, Khi RC
rat 16n sé c6 nghiém gan ding:

t = RC: thoi hing

Bai giang mon Ky thuat Dién tdr 3
GV: Lé Thi Kim Anh



* Dap wrng cua mach loc thong cao
.\ as gen s .Y
a. Ngo vao la dien ap bwo
E V.

(— 0 khi t<0
" |- EKhi t>0

Dién ap ra sé co dang:

t
— — T
v, =v, =E .e
Voi: 1=RC
Bai giang mon Ky thuat Dién tdr 4

GV: Lé Thi Kim Anh



Sau khoang thoi gian 3t dwoc goi la thoi
gian qua do: ngo ra dat khoang 95% gia tri
cuoi cung.

Tan s cat thz“ip:
1
2Tt RC

f,

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



0 = T — e—x
E

1.0 ’(r M 0

0.9 * E
0.5 | 0.607

0.8 1.0 | 0.368

07 2.0 10135

’ \ 3.0 | 0.050

0.6|— 40 |0.018
5.0 | 0.007

0.5

W\

0.4 1‘ S

0.3 \ \

: \

\
0.2 %
\ \
0.1
v; =0 \ T ——
0 1 2 3 4 5 =t

Dap wng dién ap budc cua mach RC thong cao

Bai giang mon Ky thuat Dién tdr 6
GV: Lé Thi Kim Anh



b. Ng6 vao la xung vuong

—0 khi t<Ot>t v
V. =<

- |-V khi 0<t<t

Voit,: do rong xung

C6 thé phan tich v; thanh v

tong ciia 2 dién ap budc:

- Mot dién ap la +V tai t = 0.
0=

t-!p

- Mot dién ap la -V tait=t,.

Bai giang moén Ky t
GV: Lé Thi Kim Anh




Ta c6 thé phan tich dap tng ciia ngo ra theo 2
khoang thoi gian:

*0<t< t,:
Ngo ra chi co tac dong cua mot dién ap budc
voi bien do +V. ot

v,=V.e °©

Bai gidng mén Ky thuat Dién ter 8

GV: Lé Thi Kim Anh



*t > tp_:

Ngé ra sé 1a tong dap wng ciia 2 dién ap buwdrc:
+V va -V

t, t—t, (ot )t

v.=Ve "—Ve " =Vie "—lle °

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



-V

Dap wng xung vuong cua mach RC thong cao

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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c. Ng6 vao la chuoi xung vuong (song vuong)

UJ': v
A A
V Average
( voltage
= I v —r i
-+ T —t= T, » v A Fd-::
Zero voltage - ¥ * l

0
Co thé xem v, 1a mét dang song tuan hoan véi
chu ky:

T=T,+T,

Bai giang mon Ky thuat Dién tdr 11
GV: Lé Thi Kim Anh



Dang song ¢ ngo ra co cac tinh chat sau:

- Mite DC ciia tin hiéu ra luén bang 0 va bao
com 2 phan dwong va am co dién tich bang
nhau.

- Khi c6 mot bién doi dién ap 12 V & ngo vao thi
ngo ra cung bién doi mot lwong V va cung
hwong voi ngo vao.

- Trong mot khoz‘ing thoi gian xzic dinh bat ky,
néu ngo vao 1a 1 hang so, ngo ra sé ludn suy
giam vé khong theo ham mu.

Bai giang mon Ky thuat Dién tdr 12
GV: Lé Thi Kim Anh



Up

0

[

V///M% ﬂ

- J "




* Truwonge hop T,>> 1

vl’
T 1
Vv Average
| ( voltage
— |
— J
<~ T . T, - H Vd-n
0 Zero voltage - l l
Vs
Input Y

53
|

T

N ———
; s

14



* Trwong hop T, <<t
‘ v

A

V Average
voltage
Y V" T
- T — T, — L V| Vae
Zero voltage — ¥ * l
—
Vi

Y

15



* Ddp ting ciia mach loc thong thip
R

a.Ngovaoladiénapb o AN

—OKkhit<0 o .
v o— . i i /ﬂ

" [-Ekhit>0 -

Dién ap ra sé co dang:
t

v, =V. =E. 1-e °

0o

Voi: 1 =RC

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

()
»
?-n-
—— i Yo
e
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Thot gian

khoang thoi gian ma 0

dién ap ra dat 90% gia

tri cuoi cung.

len t.: .

r

==

t =221t=22R(C= 2.2 = e 0.1
2ok, f,
Tan s6 cit cao:
1
f, =
2ntRC

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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b. Ngo vao la xung vuong:
P4p rng ¢ ngo ra:

- O thoi diém nho hon
dé rong xung thi mach
giong voi trwong hop
ngo vao la dién 4p
bwoc.

- Sau khi dat gia tri 1a

Vp, ngo ra sé giam dan
veé gia tri 0.

Bai giang mon Ky thuat Dién tdr 18
GV: Lé Thi Kim Anh



Deé giam toi thieu sw "
méo dang 0 ngo ra:

- Chon thoi gian lén
phai du nho Khi so
sanh voi do rong
xung.

-Chon f,=1/¢;

=t =035t

0.1V

e s

— 05t =t,

Bai giang mon Ky thuat Dién tdr 19
GV: Lé Thi Kim Anh



c. Ngo vao la chu01 xung vuong (song Vuong)
Dang song & ngo ra sé phu thudc vao gla tri
ciia T va do rong xung t .

Vr
A e , 1 ]
-I'—TI—!--!— TE - ¥ v V *:::;I:.HEE
| voltage
] + t Vi (@ Séng ngo vao
v,
[I -
v T *
] :
I I
i | 09V !

-2
.I-(_;.:-
-

) T nho nhat

¢
Bai giang mon Ky thuat Dién tdr 20
GV: Lé Thi Kim Anh



(¢) T binh thwong

(d) T 16n nhat

Bai giang mon Ky thuat Dién tdr 21
GV: Lé Thi Kim Anh



I1. MACH XEN

- Mach xén con goi la mach gio¢i han bién do
tin hieu.

- Tin hi¢u ra v, luon ti 1& v6i tin hiéu vao v. khi
v. chwa vurgt qua mot gia tri ngwdng cho trude
V. Nguge lai, néu vugt qua ngudng v, ludn
giw gia tri khong doi.

- Cac linh kién tich cuc dwoc sw dung trong
mach xén thwong la diode, transistor, dén dién
tu...

Bai giang mon Ky thuat Dién tdr 22
GV: Lé Thi Kim Anh



Mach xen dung diode

- Tuy theo cach miic diode ndi tiép hay song
song voi tai, ngwoi ta phan biét thanh mach
xén noi tiep hay xén song song.

- Ciing c6 thé phan loai theo chitc ning: xén ¢
mirc tren hay xén o mirc dwoi.

Bai giang mon Ky thuat Dién tdr 23
GV: Lé Thi Kim Anh



* Mach xén ¢ mirc trén

8]

|
—
Q

Xét hoat dong cua mach xén song song treén:
- Khi v, < V: diode tit = v, =v..

- Nguoec lai, diode dan = v, = vy

(Xem diode ly twéng: Vy = 0)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Poi voi mach xén noi tiép ciing thuwe hién chirc

o/ r

nang xén trén nhung hoat dong khac voi mach
X€én song song.

Dang séng ¢ ngo ra va dic tuyén truyén dat ciia mach

Bai giang mon Ky thuat Dién tdr 25
GV: Lé Thi Kim Anh



* Mach xén ¢ murc dudi

Hoat dong cua 2 mach xén nay dwgc giai thich
mot cach twong tuw.

Bai giang mon Ky thuat Dién tdr 26
GV: Lé Thi Kim Anh



Dang song ¢ ngo ra va diic tuyén truyén dat

cua mach xen dwoi

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Chuong 7 HE THONG SO CO BAN
I. BIEU DIEN SO:

Mt s6 trong hé thong s6 dugc tao ra tir mét hay nhiéu
ky sé (digif), c6 thé bao gom 2 phan: phan nguyén va
phan 1é, dwgc phin cach nhau bing dau chim co so
(radix).

Trong so (Weight) ciia mdi ky so phu thudc vao vi tri
cua ky so do.

Trong so = Co so Yt

Bai giang mon Ky thuat Dién tdr 1
GV: Lé Thi Kim Anh



Vi tri ciia ky sé dwge danh thi tu tir 0 cho ky s6 hang
don vi, thr ty nay duwgc tang 1én 1 cho ky so0 bén trai
va giam di 1 cho ky so bén phai.

Gid tri ciia s6 dwgce tinh bang tong ciia cac tich ky so

v0i trong so.

Gia tri =Y KV s0. Trong so6

Ky s0 & tan cung bén trai dugc goi 1a ky so cé trong
s0 16m nhat (Most Significant Digit — MSD), ky s6 &
tan cung bén phai dwoc goi 1a ky so c6 trong so nhé
nhat (Least Significant Digit — LSD).

Bai giang mon Ky thuat Dién tdr 2
GV: Lé Thi Kim Anh



HE THONG SO THAP PHAN (DECIMAL - DEC)
Hé thap phan cé co so la 10, sit dung 10 Ky so la
0,1,2,3,4,5,6,7.8,9.

2 10 .o 2 3
Vidu:| 2 | 4 | 7 . 6 | 2 | 5
102 10! 109 . 10! 10-2 103

Giatri:
2x10% + 4x10! + 7x10° + 6x10-1 +2x10-2 + 5x10-3= 247.625

Pé phan biét so thip phin véi s6 ctia cac hé thong so
khac, ta thém ky hiéu D (decimal) hoac 10 ¢ dang chi
s0 dwdi vao dang sau.

Bai giang mon Ky thuat Dién tdr 3
GV: Lé Thi Kim Anh



HE THONG SO NHI PHAN (BINARY-BIN)
Heé nhi phan c6 co s6 1a 2, sit dung 2 ky so 1a 0 va 1.
Nguyén tic tao ra so nhi phan, ciach tinh trong so va

gia tri ciia s nhi phin twong tw véi cach di thuc

hién doi véi so thap phan.

S6 nhi phan dwoc ky hiéu béi ky tw B (binary) hoic

s0 2 & dang chi so dudi.

Bai giang mon Ky thuat Dién tdr 4
GV: Lé Thi Kim Anh



M&i Ky s6 trong hé nhi phan dwgc goi 1a 1 bit (binary
digit).

Bit nam tin cung bén trai dwoc goi 1a bit co trong so
16n nhat (Most Significant Bit —-MSB).

Bit niim tin cung bén phai dwoc goi 1a bit ¢é trong so
nhé nhat (Least Significant Bit —LSB).

S6 nhi phin dwoc dung dé biéu dién cac tin hiéu

trong mach so.

2 1 0 . -1 -2 -3
Vidu:| 1 | 0 | 1 . 0 | 1 1
22 21 20 . 2-1 2-2 2-3
Gia tri : 1x22 + 0x21 + 1x20 + 0x2-1 +1x2-2 + 1x23=5.375
Bai giang mon Ky thuat Dién tdr 5

GV: Lé Thi Kim Anh



HE THONG THAP LUC PHAN (HEX)
Co s6 1a 16. Biéu dién béi 16 ky tw 0,1,2,3,4,5,6,7, 8,

9,A,B,C,D,E,F.

Hexadecimal | Decimal | Binary Hexadecimal | Decimal | Binary
0 0 0000 8 8 1000
1 1 0001 9 9 1001
2 2 0010 A 10 1010
3 3 0011 B 11 1011
4 d. 0100 C 12 1100
S 5 0101 D 13 1101
6 6 0110 E 14 1110
7 7 0111 F 15 1111

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




II. CHUYEN DOI CO SO:

a. Chuyén tir cdc hé thong so khdac sang hé thip phin
Bing cach tinh gia tri ciia s6 can chuyén doi
Vi du: DPoi s6 1001.01B sang hé thap phén

3210-1-2
1001,01

4//

1x23+0x22+0x21+1x20,0x2141x27?

Két qua:
1001,01B =9. 25D

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Vi du: Péi s6 AC18. 25H sang hé thap phan
3210 -1 -2
AC18,2 5\
— I N2
10x163+12x16>+1x161+8x16%2x 16 1.5x 16 2

Két qua:
AC18.25H = 44056. 28125D

Bai giang mon Ky thuat Dién tdr 8
GV: Lé Thi Kim Anh



b. Chuyén tir hé thdp phdn sang cdic hé thong so vdi
co' SO 1

+ Phdn nguyén: chia lién tiép cho r dén khi co két
qua ciia phép chia 1a 0 roéi 1ay cac so dw theo thi

tu tur dwoi len.

+ Phdn lé: nhan lién tiép voéi r, sau mdi 1an nhan
lay di s6 phan nguyén, tiép tuc cho dén khi két
qua 12 0 hodc dén khi dat do chinh xac can thiét.
Két qua 1a 1ay cac so nguyén di theo thiwr tuw tr
trén xuong.

Bai giang mon Ky thuat Dién tdr 9
GV: Lé Thi Kim Anh



Vidu : d6i s6 19.8125D sang hé nhi phan

Phan nguyén Phan 18
19 | 2 0,8125x2 =1,625
1 9|2 0,625x2 =125
1 4|2 0,25 x 2 =0,5
0 2 |2 0,5 x 2 =1,0
0 1 |2
10

Két qua:  19.8125D =10011.1101 B

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

— lay bit 1
— lay bit 1
— lay bit 0

— lay bit 1

<

10



Vi du : d6i s6 1480.4296875D sang hé thap luc phan

1480 : 16 = 92 duw 8 (LSD)
92 :16 = 5 du 12
5:16= 0 duw 5 \

5

4 v

C8.6EH

A

0.4296875 x 16 = 6.875 phan nguyén 6
0.875 x 16 = 14.0 phan nguyén 14

Bai giang mon Ky thuat Dién tdr 11
GV: Lé Thi Kim Anh



¢. Tw nhi phan sang thap luc phan:
Nhom 4 bit nhi phan thanh 1 so thap luc phan

0011101101011101.011010108B
"L A A, WA )

3 B S D . 6 A H

d. Tw thap luc phdan sang nhi phdn :
Maéi ky so6 thap luc phan twong ung véi 4 bit nhi phan.

2 C 9 E 8 H

TN TN TN Y
001011001001.11101000 B

Bai giang mon Ky thuat Dién tdr 12
GV: Lé Thi Kim Anh




I11. SO NHI PHAN:

a. Mot so tinh chat cua so nhi phan

- S6 nhi phan n bit cé tam gia tri tir 0 + 27 — 1.
- S6 nhi phan chan (chia hét cho 2) ¢c6 LSB = 0.
- S6 nhi phan 1é (khdng chia hét cho 2) ¢c6 LSB = 1.
- Bit con dugc dung lam don vi do lwomg thong tin.
- Cac bdi so cuia bit la:

1 byte = 8 bit

1 KB =210 byte = 1024 byte

1MB =21"KB
1GB =21'MB
1TB = 21'GB

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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b. Cdc phép todn so hoc trén so nhi phén

a. Phép cong:

0O +0 =20

0+ 1 =1 T
1 + 0 =1

1 + 1 =0 nho 1

b. Phép tru:

0 -0=20

0 -1 =1 muonl —
1 -0 =1

1 -1 =20

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




c. Phép nhan:

d. Phép chia:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

1011
X 1001
1011
1 000 0
000 0
1011
1100011
0010001 | 1011
1011 o
1110
1011
1101
1011
10

15



c. Mda nhi phan
MG nhi phén cho sé thdp phin (BCD)

S BCD | BCD BCD M3 1 trong 10
thap phan | (8421) |(2421)| qua3
0 0000 | 0000 | 0011 (0000000001
1 0001 | 0001 | 0100 (0000000010
2 0010 | 0010 | 0101 (0000000100
3 0011 | 0011 | 0110 (0000001000
4 0100 | 0100 | 0111 (0000010000
5 0101 | 1011 | 1000 (0000100000
6 0110 | 1100 | 1001 (0001000000
7 0111 | 1101 | 1010 (0010000000
8 1000 | 1110 | 1011 [0100000000
9 1001 | 1111 | 1100 [1000000000

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh

16




Mda Gray

M3 Gray la loai ma khong cé trong sd, dwoc tao ra

tw ma nhi phan theo nguyén tac sau:

- MSB ciia s6 md Gray va mi nhi phén la giong
nhau.

- Cong MSB ciia so nhi phan vao bit bén phai va ghi
téng (bo qua s0 nho).

- Tiép tuc nhw vy cho dén LSB.
- S6 mi Gray ludn cung bit véi sé6 nhi phan.

Bai giang mon Ky thuat Dién tdr 17
GV: Lé Thi Kim Anh



Poi tir Binary sang Gray Poi tir Gray sang Binary

1 011 1 0 00
S
1 0110 Gray: 1/1/0/0/1
/ / / /
Gray: 1 1 1 0 1 1 0 001

Nhén xét: Co thé tao ra ma Gray tw mi nhi phan theo
cach sau: tinh tw bén trai, bit di sau bit 0 (ciia s6 nhi
phan) dwoc giwr nguyén, bit di sau bit 1 thi bi dio.

(MSB) (LSB)
Nhiphan 0 1 1 1 0 o0 1

Ma Gray 0 1 0 0 1 0 1

Bai giang mon Ky thuat Dién tdr 18
GV: Lé Thi Kim Anh



d. Ma led 7 doan Gia tri

abcdefg

0 1111110

e 1 0110000
fI Ib 2 1101101
g 3 1111001
4 01100171

eI Ic 5 1011011
—d 6 1011111
7 1110000

8 1111111

e. Ma 1 trong n: 9 1111011

La ma nhi phin n bit, méi tir ma chi c¢6 1 bit 1a 1
(hoac 0) va n-1 bit con lai 1a 0 (hoac 1)

0 01 110
Maltrong3: (0 1 0 Hodc 1 01

10 0 ' 011

Bai giang mon Ky thuat Dién ter 19

GV: Lé Thi Kim Anh



f. Ma ky tw ASCII:

(Cot) b, b.b,
(Hang) 000001|010|011|100|101|110] 111
bbbb, |Hex| 0 | 1 [ 2 | 3 | 4 | 5 | 6 7
0000 0 |[NUL|/DLE| SP | 0 | @ | P | ° p
0001 1 | SOH | DC1 ! 1 A Q a q
0010 | 2 |sTx|pc2| » | 2 | B | R | b r
0011 3 |ETX | DC3 # 3 C S C S
0100| 4 |EOT|DC4| $ | 4 | D | T | d {
0101 | 5 |ENQ|NAK| % | 5 | E | U | e u
0110| 6 |ACK|SYN| & | 6 | F | Vv | ¢ v
0111 | 7 |BEL|ETB| ° 7 | G | W | g W
1000 8 | BS |CAN| ( § | H | X | n X
1001| 9 | HT | EM | ) o | 1 | Y | i y
1010 | A | LF |SUB| * : 3|z | z
1011| B | VI |ESC| + .| K | [ | k {
1100| C | FF | FS | , < | L | I |
1101 D |CR|GS| - | = | M| 1 | m }
1110 E | SO | RS | . | > | N | ~ | n -
1111 | F | st | OSGE dmkman "0 | _ | o | DEL




IV. BIEU DIEN SO NHI PHAN CO DAU:

1. Bieu dien so co dau:

a. S0 c6 dau theo bién do (Signed Magnitude):

- Bit MSB 1a bit dau: 0 13 so dwong va 1 1a s6 am, cac
bit con lai biéu dién gia tri dé 1én.

+13: 01101
-13 : 11101

- Tam biéu diéen:

-2 -1) = +(2™1-1)

Bai giang mon Ky thuat Dién tdr 21
GV: Lé Thi Kim Anh



b. Biéu dién so c6 dau theo s6 bu 1 (1’s Complement)

S6 bt 1: bu 1 ciia s6 nhi phan N ¢6 chiéu dai n bit:

Bu 1(N)=2"-1-N

Bu 1(1001) = 24-1-1001
=1111-1001
=0110

C6 thé lay bu 1 ciia s6 nhi phan biang cach dao tirng
bit cia no ( 0 thanh 1 va 1 thanh 0).

Bai giang mon Ky thuat Dién tdr 22
GV: Lé Thi Kim Anh



Bieu dien theo so bu 1

- MSB 1a bit dau: 0 biéu dién
cho so dwong va 1 biéu dién
cho s0 am.

- Cac bit con lai: néu la so
dwong thi biéu dlen bang do 3
lon tuong u’ng, neu la sO am
thi biéu dién béi s6 bu 1 ciia
s0 dwong twong trng.

-4 11011

-S6 0 ¢6 2 cach biéu dién.
- TAm biéu dién: -7 +7
-2m1-1) + +(2v1-1)

Bai giang mon Ky thuat Dién tdr 23
GV: Lé Thi Kim Anh




c. Biéu dién s6 c6 dau theo s6 bu 2 (2°s Complement)

S6 bu 2: bu 2 ciia s6 nhi phan N ¢6 n bit dwgc tinh

Bu2(N)=2"- N=Bu l1(N)+1

Bu2(1001) = 2¢ -1001
=10000-1001
= 0111

Hogc Bu_2(1001) = Bu1(@1001) +1
= 0110 +1
= 0111

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Bieu dien theo so bu 2

MSB 1a bit dau: 0 biéu dién cho
sO duwong va 1 biéu dién cho so
am,

r r _3
- Cac bit con lai: néu la so

dwong thi biéu dién bang do 16m

biéu dién béi s6 bu 2 cia so
dwong twong wng.

-S6 0 ¢6 1 cach biéu dién.

- Tam biéu dién:

-(2nl) = (201

Bai giang mon Ky thuat Dién tdr 25
GV: Lé Thi Kim Anh




- Pé tim dwoc gia tri clia s6 Am ta lay bu 2 twong wng dé
co dwoc do lon.

S6am110001cogiatri: ...~15
Bu2(110001)=001111 =Dolon: 15

- M& rong chleu dai blt ciia s6 cé dau: them vao phla
trudc cac bit 0 néu 1a so dwong va cac bit 1 néu 1a so am.

-3 :101 =11101
- Lay bu_2 hai 1an cia 1 so6 thi bing chinh sé dé.

- Gia tri -1 dwoc biéu diénla 1....11 (n bit 1)

- Gia tri -2" dwogc biéu dién12100 .... 0 0 (n bit 0)
-32=-25: 100000

Bai giang mon Ky thuat Dién tdr 26
GV: Lé Thi Kim Anh



2. Cdc phép todn cong triv so6 c¢6 diu

- Thuwe hién giong nhw s6 khong dau.

- Thuc hién trén toan hang cé cung chiéu dai bit, va
két qua ciing c6 cung so bit.

- Két qua ding néu nam trong pham vi biéu dién s6 ¢
dau.Néu két qua sai thi can mé rong chiéu dai bit.

+-6 : 1010 +-2 : 1110
+3 : 0011 -5 : 1011
-3 ¢ 1101 -7 ¢ 1001
++4 : 0100 - 00100
+5 : 0101 - 00101
-7 IOOI(quai) 01001 :+9 (Kqding)

GV: Lé Thi Kim Anh



-6 1010 ) 0010
.2 1110 .5 1011
-4 1100 +7 0111
-7 : 1001 . 11001
+5 : 0101 - 00101
+4 OIOO(quai) 10100 : - 12(Kq diing)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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* Thue hién phép triv bang cdch cong vdi so b 2:

A-B=A+ Bu_2(B)

* Trur véi so khong co dau

6 0110 . 0110
" 13 1101 b2 Toor1
7. 1001
*Trw voi so ¢o dau

6 : 1010 1010
"3 . 1101 b2 Too11
3 1101

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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V. CAU TRUC PAI SO BOOLE

- Pai s6 Boole 1a dai s6 dung dé mé ta cac hoat dong logic.

- Cac bién Boole 1a cac bién logic, chi mang gia tri 0 hoic 1
(doi khi goi 1a True hoac False).

- Ham Boolean 1a ham ciia cac bién Boole, chi mang gia tri
0 hoac 1.

- Dai 50 Boole gom cac phép toan co  ban: DPio (NOT),
Giao hay Nhan (AND), Hop hay Cong (OR).

Bai giang mon Ky thuat Dién tdr 30
GV: Lé Thi Kim Anh



Cac tién dé cua dai so Boole

1. Giao hoan

A+B=B+A
A*B = B*A
2. Phoi hop

A+(B+C)=(A+B)+C
A*(B*C) = (A*B)*C
3. Phéan bo
A*(B+C)=A*B+A*C
A + (B*C) = (A+B)*(A+C)

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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4. 3 hai phan tir trung hoa dwoc ky hiéu1a 0 va 1
A+0=A
A¥l= A

5. VAeX, 3 phin tir bu ciia A, dwgce ky hidu Ia A :
A+A=1
A*A =0

Tap (X,+,%,0,1, NOT) thoa 5 tién dé sé hinh thanh nén cau
tric dai so Boole.

Bai giang mon Ky thuat Dién tdr 32
GV: Lé Thi Kim Anh



VI. CAC PINH LY
Pinh Iy 1 (Pinh 1y d6i ngiu)
Mét ménh dé dworc goi la doi ngau véi mot ménh dé khac khi
ta thay the:
leo1;(H) e ()
Phat biéu dinh Iy: khi mét ménh dé dung thi ménh dé doi
ngau cua no ciing dung.

Dinh ly DeMorgan

Bul ciia m{t tong bang tich cac bu: A+B+...=A *B....

Bu ciia mdt tich bang tong cacbu: A*B¥*...=A+B+...

Bai giang mon Ky thuat Dién tdr 33
GV: Lé Thi Kim Anh



Dinh ly 3: (luit phu dinh ciia phu dinh)
A=A

Pinh ly 4:
A+1=1
A.0=0

Tong quat:

A+B+C+....+1=1
A.B.C....... .0 =0

Dinh ly 5: (luat dong nhat)

A+A=A
A. A=A
Tong quat:

A+A+A+...+tA=A
A.A.A. .... A=A

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Dinh ly 6: (luit hap thu hay luit nuot)
A+(A.B)=A
A.(A+B)=A

Dinh ly 7: (luit dan)

A.(A+B)=AB
A+A.B=A+B

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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VII. CAC PHUONG PHAP BIEU DIEN HAM BOOLE

1. Phwong phap dai so
Ham Boole dugc biéu dién dwéi dang mot biéu thice dai so
ciia cac bién boole (bién nhi phan), quan h¢ véi nhau béi cac
phép toan cong(OR), nhan (AND) hay phép lay bu (NOT).
Vé6i cac gia tri cho trwde ciia cac bién, ham Boole c6 thé cé
gia tri 1 hoic 0.

Vidu : _

F(??,}GZFXYJFXZ

MSB

Bai giang mon Ky thuat Dién tdr 36
GV: Lé Thi Kim Anh



2. Phwong phap bang chan tri
Pé bic¢u dién ham Boole dwéi dang bang chan tri, ta liét ké mot
danh sach 2" t6 hop cac gia tri 0 va 1 ciia cac bién Boole va mot

cOt chi ra gia tri cua ham F.

Vi du: A B C F
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 0
Bai giang mon Ky thuat Dién tdr 37

GV: Lé Thi Kim Anh



3. Phwong phap dang chinh tic va dang chuan

Minterm (Tich chuan): 1a tich s6 ciia day dii cac bién ¢ dang bu

hay khong bu.. Néu gia tri ciia bién 1a 0 thi bién sé & dang bu,

con néu gia tri ciia bién 1a 1 thi bién sé & dang khdng bu.

Vi n bién co thé tao ra 2" minterm.

Minterm dwec ky hiéu 1a mi, véi i 12 t6 hop nhi phén tao béi gia

tri cac bien.

minterm
Vidy: A B Biéu thire | Ky hidu
0 0 A B m,
0 1 A B m,
1 0 A B m,
1 1 A B m,

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Maxterm (tong chuan): 13 tong so ciia day du cac bién & dang bu
hay khong bu. Néu gia tri ciia bién 1a 1 thi bién sé ¢ dang bu, con
néu gia tri ciia bién 12 0 thi bién sé ¢ dang khéng bu.

Véi n bién cé thé tao ra 2" Maxterm.

Maxterm dwoc ky hiéu 1a Mi, véi i 1a to hop nhi phan tao béi gia

tri cac bien.

Maxterm
Vidy: A B Biéu thire | Ky hiéu
0 0 A+ B M,
0 1 A+B M,
1 0 A+ B M,
1 1 A+B M,
Bai giang man Ky thuat Dién ter 39

GV: Lé Thi Kim Anh



Dang chinh tic 1: 1a dang tong ciia cac tich chuan (SOP -
Standard Sum-Of-Products) lam cho ham Boole co gia tri 1.

xyz | F F(x,y,z)=;§Z+)_(y2+x§z+xy2+xyz
0 0 0| O =m1+m2+m5+m6+m7
00 1| 1 = Xm(l, 256 7)

0 1.0 1 = 3(1,2,5,6,7)

01 1| 0 o

100/ 0 F(x,y,7)=(X+y+z2)(X+y+z)X+Yy +2)

1 01| 1 = M, . M, . M,
1101 = IIM(0,3,4) = II(0,3,4)

11 1] 1

Dang chinh tic 2: 1d dang tich ciia cac tong chuan (POS -
Standard Product-Of-Sums) lam cho ham Boole co gia tri 0.

Bai giang mon Ky thuat Dién tdr 40
GV: Lé Thi Kim Anh



Dang chuan (Standard Form):
a. Dang chudn 1: 13 dang tong cac tich (S.O.P — Sum of Product)

Fxypz) = xy+ z
“Fxpyz) = xyt+ z
= xXy@Et+ty+t X+tx)(y+yz
Xyz+txyz+ Xyz+xXyz+xyztxyc
= mstm,+ m;+m;+m;
= (I, 3,5 6,7)

*Fxpyzy = xyt z
= (xtz)(y+2)
= (xtyy+tzyyxXx+y+z)
= (x+J+7) (x+y+7) (X+y+z) x+y+7)
= M,.M,. M,
= J1(0, 2, 4)

Bai giang mon Ky thuat Dién tdr 41
GV: Lé Thi Kim Anh



b. Dang chudn 2: la dang tich cdc tong (P.O.S — Product of Sum)
Fxyz3 = x+2y

*F(py = x+Yy = xy +7%
= XJEZty)+ X+tx)y7
= XJIT+xVz+ XJZT +XFT
= mytmstom,
= (0,4, 5)

*Fxpz = (x+2)y
= (x+yy+) Xx+y+73)
= (x+y+Z)(x+y+7)

(¥ +Y +Z)(X +7 +2)(x £3+7J(x +Y +2)

= M, . M,. M, .M,. M,
= 1I(1, 2,3, 6, 7)

Bai giang mon Ky thuat Dién tdr 42
GV: Lé Thi Kim Anh



Ghi chu: Bu cua minterm la Maxterm va nguoec lai.

III_iZM. M,:m,

1 1

Vi du chirng minh:
m7 ciia ham 3 bién: ABC
m ., = ABC
= A+ B+ C
= M .

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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TRUONG HQP TUY PINH

Trong thuec té c6 nhitng truong hop mot vai to hop nhi phan ciia

cac bién 1a khong xay ra. Do dé, gia tri ciia ham twong ting véi

nhirng t6 hop nhi phan nay cé thé 13 0 hay 1 déu dwoc, nguoi ta

goi d6 1a nhitng truomg hop tiuy dinh (don’t care, viét tat 1a d).

Khi dién vao bang chén tri nhitng truwong hop tuy dinh, ta dung

Ky hi¢u X.
Vi du: F(A,B)=> (0,2)+d(1)
A B F
0 0 1
0 1 X
1 0 1
1 1 0

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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4. Phwong phap bia KARNAUGH

Bia K cho ham 2 bién
F(A,B)
A
B 0 1
MSB
0 00 10

11

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Bia K cho ham 3 bién

00 01 11 10
MSB C
0 000 010 110 100
2
1 001 011 111 101
3

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Bia K cho ham 4 bién

f(A,B,C,D)

AB |
CD N 00 01 11

10

00 0 4 12

01 1 S 13 9
11 3 7 15 11
10 2 6 14 10

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Bia K cho ham 5 bién

A=0 A=1
F I
BC |
m& 00 01 11 10'10 11 01 00
00 [ 0 | 4 | 12| 8 |24 ] 28| 20| 16
o1 | 1 | 5 13| 9 [25]29 (21| 17
11| 3| 7 (15102731 ]23]19
10 2 [ 6 [ 1410 ] 26|30 22] 18

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Cach dien vao bia K

1. Néu ham F dwoc biéu dién dwéi dang chinh tic 1 (dang )
thi ta dieén gia tri 1 vao cac 0 co so thw tw twong irng vai cac
minterm (tich chuan), dién X vao cac 6 ing vdi cac truong
hop tuy dinh va dién 0 vao cac 6 con lai.

Ta c6 thé chi dién vao bia K hai Ky hiéu 0 va X, hoic 1 va X.
Cac 0 bo trong dwgc ngam hiéu.
Vi du: F(A,B,C)=) (0,1,3,6)+d(4,7)

K AB
00 O01 11 10
C
0 [ 1] o | 1 X
0 2 6 4
1 1 1 X | 0

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh

1

3

7
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2. Néu ham F dwoc biéu dién dwéi dang chinh tic 2 (dang [])
thi ta dién gia tri 0 vao cac 6 c6 s6 thu tw twong @ng véi cac
Maxterm (tong chuan), dién X vao cac 6 ing véi cac truong
hop tuy dinh va dién 1 vao cac 6 con lai.

Ta c6 thé chi dién vao bia K hai ky hiéu 0 va X, hoic 1 va X.
Cac 0 bo trong dwoc ngam hiéu.

Vidu: F(A,B,C,D)= H (3,4,6,12,14,15).D(1,7,11)

TN AB 00 01 11 10
CD
001 0] 0|1
0l | x 1 1 |1
o | x]o0 X
o1 o o |1
Bai giang mon Ky thuat Dién tir 50

GV: Lé Thi Kim Anh



3. Néu ham F dwoc biéu dién dwéi dang bang chén tri thi ta
dién 0, 1 hoac X vao cac 0 c0 to hop nhi phan trung véi to hop

nhi phan cua bang chan tri.

Vi du: F
A|l B]|] cC]|F ¢
o | o | o | 1
0o | o | 1 | X
o | 1| 0o | X -
o | 1| 1] o
1 | o | o | 1 C
1 o | 1] o
1 1] 0] o
1 1 1 1

Bai giang mon Ky thuat bién
GV: Lé Thi Kim Anh

AB

00 01 11 10
011 [|Xx 1
1 | x 1
AB

00 01 11 10
0 X |0
1 |x |o 0

tr
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4. Néu ham Boole dugc cho dwdi dang chuan 1.

F(A,B,C,D)=ABCD+ ABD+BCD+CD

— / \

1110 Xlﬂl{ 0101 XX11
01X0 {0100 1101
0110
K AB
cD 00 01 1 1

00 #“/
'

01 g
v 7
1\i1 1|1
"1

"1

10

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh




5. Néu ham Boole dugc cho dwéi dang chuan 2.

F(A,B,C,D)=(A +B+C+D)(A+C)B
B.C.D)=(A+B

X0XX

0000
- 0001
- 0010

_ 0011
1000
11l oA 1001

::::><::¥ 1010
10 “ 1011

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



VIIIL. GIOI THIEU CAC CONG LOGIC
1. Cé?ng NOT (Dao, Inverter)

Ky hiéu cong: LI>QJ

Ham logic: F = A

Bang chan tri:

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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2. Cong AND

, , A
Ky hi¢u cong: DJ
B

Ham logic:

F=AeB F=AAB F=A&B F=AB

Bang chan tri:

A | B | F F ,
Tong quat
0| 0] 0 Cong AND c6 n ngo vao
0 1 0
1 0 0 F — Xl X2 cee Xn
1 1 1
Bai giang mon Ky thuat Dién tdr 55

GV: Lé Thi Kim Anh



3. Cong NAND

] . A
Ky hiéu cong: }_F
B

Ham logic:
F=AeB

Bang chan tri:

Tong quat
Cong NAND cé n ngo vio

B F
0 1
1 1 F:X1 X2Xn
0 1
1 0

— - | P

Bai giang mon Ky thuat Dién tdr 56
GV: Lé Thi Kim Anh



4. Cong OR

Ky hiéu cong:

Ham logic:

F=A+B F=AvB F=A|B

Bang chan tri:

Tong quat
A|BF Céng g)R cO 1 ngo vao
O] 010
o1 |1 F=X+X,+...4+4X_
1 0 1
1 1 1
Bai giang mon Ky thuat Dién tdr 57

GV: Lé Thi Kim Anh



5. Cong NOR

Ky hiéu cong:

Ham logic:

F=A+B
Bang chan tri: )
Tong quat
A B F Cong NOR c6 n ngo vao
0 |0 |1
0|10 F=X +X, +...4X_
110 0
1 |10
Bai giang mon Ky thuat Dién tdr 58

GV: Lé Thi Kim Anh



6. Cong EXOR (XOR — Exclusive OR)

Ky hiéu cong:

Ham logic:

-
K
B

F=A®B=AB+AB

Bang chan tri:

A | B F Luw ¥

0 0 0 Céng XOR chico 2 nga
O 1 1 VﬁO

1 0 1

1 1 0

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh

59



7. Cong EXNOR (XNOR - Exclusive NOR)

) . A
Ky hi€u cong:
B

Ham logic: B
F=A®B=AB+AB

Bang chan tri:

A
0
0
1
1

—_0 = O | ™
— S O =T

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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IX. RUT GON HAM BOOLE

Riit gon (t6i thiéu hoa) ham Boole nghia 1a dwa ham Boole vé

dang biéu dién don gian nhat, sao cho:

- Bieu thirc co chiwra it nhat cac thira so0 va moi thiwra so chira it

nhat cac bien.

- Mach logic thuc hién co chira it nhat cac vi mach so.

Bai giang mon Ky thuat Dién tdr 61
GV: Lé Thi Kim Anh



IX.1 RUT GON HAM BANG PHUONG PHAP PAI SO
Sir dung cac dinh 1y va tién dé dé rit gon.

Vi du:
FABC) = 2(1,2,35,7)

=ABC+ABC+ABC+ABC+ABC
=AB(C+C)+BC(A +A)+BC(A+A)
=AB+BC+BC

= A B+C(B + B)

—AB+C

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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IX.2 RUT GON HAM BOOLE BANG BIA KARNAUGH

1. Pinh nghia cac 0 ké can

Hai 6 dwoc goi 1a ké cin nhau, néu ching &ng véi 2 tich
chuan (minterm) hoac 2 tong chuan (Maxterm), chi khac
nhau ¢ 1 bién.

F AB K

AN 0r 1110 N ABoo o1 11 10
00 E 00 0
01 01
11 11
10 10 0
Bai gidng mon Ky thuat Dién tir 63

GV: Lé Thi Kim Anh



Bon 0 ké can: gom 2 nhom 2 0 ké can

NG 00 01 11 10 TN AB 00 01 11 10
CD CD
00| 1 1 1 00
01 o1 11
11 11] 11
10 10
FCD AB o0 01 11 10 FCD AB o0 01 11 10
00 1 00
01 o1 1
11 1] 1
10 1 10

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Bon 0 ké can: gom 2 nhom 2 0 ké can

FCD AB o0 01 11 10 FCD AB oo 01 11 10
00| 0| 0| 0]o0 00
01 01| 00
11 11 00
10 10
FCD AB oo 01 11 10 FCD AB o0 o1 11 10
00 0| 0 00
01 01| 0
11 11| 0
10 0|0 10

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Bon 0 ké can: gom 2 nhom 2 0 ké can

F
AB
CD

00 0l

11

10

00

01

11

10

. AB
CD

00 Ol

11

10

00

01

11

10

F

AB
CD

00 01

11

10

00

1|1

01

1|1

11

10

F
AB
CD

00 0l

11

10

00

01

11

10

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Bon 0 ké can: gom 2 nhom 2 0 ké can
F

: AB
CD

00 Ol

11

10

00

01

11

10

F
AB
CD

00 0l

11

10

00

01

11

10

P00 or 1110
00 00
o1 0] 0
3
10
FCD AB o0 01 11 10
00| 0
01| O
3
10

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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Tam 6 ké can: gom 2 nhom 4 0 ké can

FCD AB o0 01 11 10 FCD AB o0 01 11 10
00| 1| 1 1 001 010
o1 1| 1 1 o1 0|0
11 11 00
10 o] 00

FCD AB o0 01 11 10 FCD AB o0 01 11 10
00| 1 1 1 00
01 o1 0| 0| 0o
1 1| o] o] oo
o 1|1 ! 10

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Viéc gom cac 6 ké cén

- Khi gom 2" 6 ké cén c6 cung gia tri 1, ta dwoec 1 tich.

- Gom 2"  ta loai dwoc n bién.

- Cac bién giong nhau con lai dwoc ghi dwéi dang bu, néu né
co gia tri bang 0, ngwoc lai s€ duwgce ghi duwdi dang khong bu.

- Khi gom 2" 6 ké cin c6 cung gia tri 0, ta dwoc 1 tong. Cac
bién s€ dugc ghi theo qui wdc nguoe l1ai voi dang tich.

F
AB

CD 00 01 11 10 -
» Ly BCD
01
11
10 o |o]| A+C+D

Bai giang mon Ky thuat Dién tdr 69
GV: Lé Thi Kim Anh



Mot so vi du

F F
AB AB
oD 00 01 11 10 oD 00 01 11 10
00 N 00
L[ [N
01 CD )| 1 ﬂ
11 AD U ] 1)
10 10
F F
AB AB
oD 00 01 11 10 oD 00 01 11 10

00 Ll 1/| AD 00
01 01] 1 i

_ o] T
11 1 U L
10 [171) 10

| |
Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Ao o1 11 10 ABog o1 11 10

CD CD
00 (10 0 0 0]|C+D 00

01 _ 01 [o_ﬂ
3 A+D oo

10 10

AB AB
D 00 0l 11 10 00 ol 11 10

00
01 _ 01_\0| |T'_
i1 B+D ILJ IO\_
10 (0] 0) 10

e
=
=
~——
> |
_I_
»)
S
-

Bai giang mon Ky thuat Dién tdr 71
GV: Lé Thi Kim Anh



F

AB AB

oD 00 01 11 10 oD 00 01 11 10
00 C-I—ﬁ 00 r()_ ()I
o1 [0 ] o 0 01 u 0 |
1 A+C 1
10 10
AB O AB

oD 00 01 11 10 O\ 00 01 11 10
00 || o 0 007}| ‘0
01 B+Co1ﬂ lo B
11 B+ D 11
10 [0 0 10

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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F

AB AB

oD 00 01 11 10 oD 00 01 11 10
00 61) OO/ 1 1]
o1 | {1 ] 1 07 /( Ll 1)
11 A C 1
10 10
AB F L AB

oD 00 01 11 10 D\ 00 01 11 10
001 1 00 1| ‘1
01 L BC01 1| |1 a
11 B D 11
101 1 10

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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\

F

AB
oD 00 01 11 10
_ 00|(0]o0)
C o1l o] o
A
11 00
10 (L0 0
F
AB
oD 00 01 11 10
00
_ 01 [0 0]
D D
11 [0 0 oJ
10

Bai giang mon Ky thuat Dién tdr

GV: Lé Thi Kim Anh
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2. Nguyén tic rut gon ham dung bia K

-Tat ca cac 6 déu phai dwoc lién két it nhat mot 1an, trw khi né
khong lién két dwge voi bat ky 6 nao khac.

- Truwong hop 6 khong lién két dwoc, két qua sé dwoe ghi dwéi
dang mot tich chuan néu 0 do co gia tri bang 1, ngugc lai sé
dugc ghi duwdi dang mot tong chuan neéu o do co gia tri bang 0.

- Chon cac lién ket toi da co the co.

- Nhitng 6 da lién két réi co6 thé dung dé lién két nira dé cé
dugc to hop toi da co the co.

- Cac 6 c6 gia tri 1a tuy dinh thi c6 thé xem bang 0 hodic 1 dé c6
ket qua la don gian nhat.

- Khong tao ra cac lién két thira.

Bai giang mon Ky thuat Dién tdr 75
GV: Lé Thi Kim Anh



Rut gon ham sau

F(A,B,C,D) =) (0,1,4,5,6,7,14,15)

F

AB
cD 00 01 11 10
00
(1 [l1
01 A X .
Ll 1 Lién két thua
" ( (T T

10 o] 1) ‘\
F(A,B,C,D)=AC + BC

Bai giang mon Ky thuat Dién tdr 76
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Rut gon ham sau
F(A,B,C,D) =] [ (0,2,4,6,9,11,12,13,15)

F

AB

cpay 00 01 11 10
00 |\ o | (o] T oH—
01 (0]

NERA\D
o[ [T /\<
F(A,B,C,D)=(A+D)(A+D)(B+C# D)
F(A,B,C,D)= (A +D)(A+D)(A+B+C)

Bai giang mon Ky thuat Dién tdr 77
GV: Lé Thj Kim Anh




Rut gon ham sau

F(A,B,C,D) =) (0,1,2,3,11)+ d(6,7,9)

FCD AB g0 01 11 10
00 ([ 1
Tl
) x|l
wll1]] x

F(A,B,C,D)= AB + BD

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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Rut gon ham sau
F(A,B,C,D) =) (0,1,2,4,5,6,8,9,12,13,14)

F

CD
00 (\1 | \u)| 1) 1]

ot|{1 | 1] 1]

11

ol [T

AB 00 01 11 10

F(A,B,C,D)= C+AD + BD

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



Rut gon ham sau

F(A,B,C,D)=ABC+§CB+KBLCB+A§E

X010 0110 j

000X F

CD
0

AB

01

—/

11

10

30
[ A

/1—7

mm

f«ﬁ

F(A,B,C,D)=BC+ BD+ACD

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh



IX.3 CAC PHUONG PHAP THUC HIEN HAM BOOLE
BANG SO PO LOGIC

1. Céau triic AND-OR

So d6 logic AND-OR dwoc tao ra tw ham Boole c6 dang
tong cac tich.

Y1 du: F(A,B,C,D)=AB+BCD

A B {>07 C D
¢ }
1 ._}

Bai giang mon Ky thuat Dién tdr 81
GV: Lé Thi Kim Anh




2. Cau tric OR — AND

So 6 logic OR - AND dugrc tao ra tw ham Boole cé dang
tich cac tong.

Vidu:

F(A,B,C,D)= (A +B)(A +C + D)

A:]jCD|> D_

Tl v

Bai giang mon Ky thuat Dién tdr 82
GV: Lé Thi Kim Anh




3. Cau triic NAND — NAND

Vidu:
F(A,B,C,D)= AB + AC D
F(A,B,C,D)= AB + AC D
F(A,B,C,D)= AB.AC D
A C D
o )07
®
®
[

Bai giang mon Ky thuat Dién tdr
GV: Lé Thi Kim Anh
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4. Cau triic NOR — NOR
F(A,B,C,D) = (A +B)(A + C + D)
F(A,B,C,D)= (A +B)(A + C + D)
F(A,B,C,D)= (A +B)+ (A +C + D)

Bai giang mon Ky thuat Dién tdr 84
GV: Lé Thi Kim Anh






