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U, —I R, =L R =92510710'=9,25V
Hoic Ug, c6 thé dugc tinh:
Uy =E-Up=10-078 =922V

Su khic nhau trong hai két qua trén do sai s8 khi xéc dinh theo d6 t
bi€u dién dic tuyén V-A d6i v6i di6t trén hinh 1-3 va hinh 1-4.
| @ Bai tap 1-6. Tinh tosn tap lai nhu bai tap 1-5 v6i R, = 2kQ.

Bai giai

a) TU biéu thitc:

U,=E =10V

Pudng 13 mot chifu
(R_) duoc dung nhu trén hinh
1-5 va ta dugc toa do diém
Q1505 Upo) twong tng:

' 1, = 4,6mA . ~ ~_ Hinh1:5
Uy, =07V

b) Dién zip roi tren tAi R, s& 1

-I R =1,R, =4,6.10.2.10°= =92V hoic

Uy =E-_U‘Do =10V -0,7V=9,3V
Bai tap 1-7. Tinh todn p lai cho bai 13p 1-5 bang cich tuyén tinh ho.
dic tuyén Volt-Ampe cho trén hinh 1-3b va di6t loai Si.
- Bai giai
Véi viéc tuyen tinh hoa dic tuy&n V-A clia di6t trén ta vé lai dic tuyé
- dé6 nhu trén hinh 1-6. '
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Dwng dudng tdi moét
chiéu (R_) cho mach
twong tr nhy trong cau a)
cha bai tap 1-5 va duge
biéu dién trén hinh 1-6.
Pudng tai moét chiéu dic
tuyén V-A tai Q véi toa
do twong Ung.

Iyo = 9,25mA

Uy, =0,7V.

Bai tap 1-8. Tinh todn lép lai cho bai tap 1-6. bﬁng céch tuyen tinh hod

0.
9,25mA9

Hinh 1-6

-déc tuyén V-A cho trén hinh 1-3b va di6t loai Si.

_ Bai giai

- Véi viec tuyén tinh
hoa diic tuyén V-A cila didt
trén ta v& lai dac tuyén dé
nhu trén hinh 1-7.

Dung dudng tai mf)t
chléw(R ) cho mach tuong
ty nhir trong cAu a) cla bai
tap 1-6 va dugc biéu dién
trén hinh 1-7.

~ Duong tdi mot chiéu

(R_) cét dic tuyén V-A tai

Q. Véi toa do tuong ting:
- g0=46mA
Upo =0, 7V

Al

p(mA)

Hinh 1.7

@ Bai tap 1-9. Tinh toén lap lal cho bai tap 1-5 bang cach ly tuong hod
dac tuyén V-A cho trén hinh 1-3b va di6t loal St :

Bﬁi gial

Vi viéc ly tudng hoa dic tuyén V- A clia di6t, ta ¢6 nhanh thuan coa
dac tuyén tring v6i truc tung (ID), con nhanh nguge tring véi truc hoanh

(UD) nhu trén hinh 1-8.
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Dl_fng duong tai mot chiéu
(R_) cho mach tuong tu nhu
trong cau a) clia baj tap 1-5.

Puong 1ai mot chiéu cat
dac tuyén V-A tai diém Q véi
toa d¢ tuong tng:

Ipn = 10mA

UD0=0V.
N " Hinh 1-8
Puong tai mdt chién (R) . "
duge bicu dién nhur trén hinh 1-8. R
Bai tap 1-10. Cho mach dién ding diét loai Si nhv hioh 1-9,
Xdc dinh céc gid tri dién dp va dong dién U, Uy, 1. |
| Bai giai.' S o
Biél ring dé dist loai Si lam viéc e L T
binh thuong 'nguc”mg thong ndm trong N +I,'\IP "
" khoang tir 0,5V + 1,25V. Chon ngudng L S‘:
1am viéc cho diét: gL

U,=0,7V; E = 8V.
Dién 4p roi trén dién tré téi R s Ja:
Up=BE-Up=8-07=73V Hinh 1.9
Dong dién chay qua diét I = I, (dong |

qua tai R) s la:

U
Ih=I= f: 7.3 - =3,32mA

Bai tap 1-11. Cho mach dién dung di6t nhu hinh 1-10. Xdc dinh dién
4p ra trén tai U, va dong dién I qua céc di6t D,, D,.

Bati giai
Chon ngudng dién dp thong cho hai diét D, va D, tuong tng.
Uy, =0,7V d6i véi didt Si
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U, =0,3V doi vdi didt Ge.

I, D, Si D,Ge

Pién ap ra trén (ai sé la;
uU,=E-U, -U,,
=12-0,7-0,3=11V.

Dong dién qua cédc diét D, D,
va E s€ la:

U 1 Hinh 1-10
Ip =T === =1,96mA.

@ Bai tap 1-12. Cho mach dién ding di6t nhu hinh 1-11. .
Xdc dinh c4c dién 4p vi dong dién U,,, Uy, , I, P

Bai gidi

DSi D,Si - . 1 U, -DVI -Im-IR-OA—I

IZV D-l'

Hinh 1-11  Hinh142

Do D, ductc phan cuc thugn, cbn D, duge phén cuc ngh;ch ta v& ]al sodd
tvong duong clia mach véi gla thiét ca hai di6t déun Iy tuong nhyu trén hinh 1-12.

Khidé: U, =1, R =I,R =0AR =0V

Vi di6t D, & trang thdi h& mach nén dién ap roi trén né chinh la dién 4 ap
nguén E:

U, =E=12V

Nén theo dinh luat Kirchoff ta ciing s& c6 k&t qua nhu trén.
E-U, -U, =0

Up, =E-U, U, =12-0-0=12V.
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@ Bai tap 1-13. Cho mach dién ding diét nhu hinh 1-13
Xéc dinh cac dong dién va dlél’l apLU,U, U,

+ D

E,=10VR, 4,7kQ

+U, - DSi

Hinh 1-13 : - : Hinh114 '«::;s?"gfs

Chon dién 4p thong cho diét D loal Si07V tavé lal 50 do trén nhu hlhh 1 14
Dong dién I duoe tinh: : : :
_E+E,-U, _ '(10+5-0,.7).=:2’07m1
R,+R, (47422100 .
Piendp U,, U, twong ting trén R,, R, s8 Ia: S
U, =IR,=2,07.1074,7.10°=9, 73v

U,=IR, =2,0’7.103.2,2.103 =4,55V :
Dién dp ra s€ la: ‘
U,=U,-E,=4,55-5=-045V |
Dau trix (-) trong két qu biéu thi ring cuc tinh clia dlén dpra(U,) s& 6
' dﬁu ‘nguoc lai so véi ddu, trén hinh 1- 13 va hinh 1-14.
Bai tap 1-14. Cho mach dién dung digt nhu hinh 1- 15,
Xac dinh gid tri cdc dong dlen vadién ap I, ID.‘ID, » U

- Bai giai
Chon gla tri dién dp thong cho cic didt Dl, D2 loai 81 0,7V. So d6 1-15
dugc vE lai nhu hinh 1-16.
Dong dien I duoc tinh

Yo _E-Yp 10- 01 Z28,18mA
R R 03310
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RHinb 1-15

¢ +
R033kQ+ I, . I,
= 0,7V =07 Yse

Hinh 1-16

Néu chon D, va D2 gidng nhau ta c6 dbng qua chung s& nhu nhau va

tinh duoc:

Iy, =

I

] DZ

U,

28,18

=2r=14, 091 A
2 :

7'07\«’

Dl&n ap ra chfnh la dien 4p thOng roi trén diot DE vh D2

@ Bai tap 1-15..Cho mach dién dﬁng let nhit hich'1-17; X4c dinh demg o
dien I chay qua mach, i

Bai gidi

Dudi tic dong cua hai ngudn dién ap E, va E,. D duoc phan cuc thuan,
| con D, duge phan cuc nghlch ta v& lai so 46 tuo‘ng duomg nhu hinh 1-18

!

du61 dﬁy i

5 gy
e N —— L_.W\_ $avi— .
| — =4v )
! E]—ZOV 2,2kQ2 :42 Ez +| R Z.Zk.ﬂ e —..th=4V

Sl' EI _]- oV . . -

A1
Hinh 117 Hinh 1-18 .
ong c__lién I duge tinh: _
1=EI—EZ"UD-::ZO_q"—?a?:s’gSmA
R~ 2210 |
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Nhu vy so v6i trudng hop D 1§ tudng trong bai 1-20 di¢n dp ra giim |
0,22V tuong duong 3,5%.

Bai tap 1-22. Tinh toén 1ap lai bai 1-20 va 1-21 véi gid tri U,,, = 200V
va riit ra két luan gi?

| Bai gidi
béi vdi diét D 1y tudng ta cé:
U, =0,318U,,=0,318.200V = 63,6V
D6 véi diét D thue (khéng 1y tudng) ta c6:
U, =0,318 (U, - Up)
= 0,318 (200 - 0,7) = 63,38V
~ Két luan: Khi dién ap vaoe c¢é mic 16n (U, = 200V). ,
D6 v6i truimg hp dict thye, dién 4p ra mot chiéu gidm 0,22V twong
duong 0,3459% it hon L0 lan so véi két qua trong bai 1-21 khi U, ¢6 mic
bé (U,, = 20V).’ | , .
@ Bai 1-23. Cho mach chinh luu hai nita chu ki dimg di6t nft trén hinh 1-30
a) V& dang séng sau chinh luu trén tai R,
b) Tinh gid tri ‘dien 4p ra mot chiéu trén tai U,
¢) Tinh gi4 tri dién 4p nguoc dat 1én D, va D, |

»

"r Uy(v)

10 |

a) Hinh 1-30 b)

Bai giai

a) Dﬁy 12 mach chinh hru hai nira chu ky dung diét. Dé d& dang nhan
biét trang thidi 1am viéc cita mach 1a vé lai so d6 tuong durong khi cdc di6t
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thong, khod véi timg 172 chu ky cla tin higu vdo. Vi du: véi 1/2 chu ky
duvag cla tin hiéu vao ([lr = '1/2) so d8 tuong duong dugc bicu dién trén
hinh [-31. :

+
v(V) U
v
10 U
N vin
-0 —l ] t(s)
2 e
a) - o b)
+° . . ' ' :
- R LY AU 40
U 22k Q _r“'ngzsz U
Y ' ‘ 5 - 'Ur:un ' 5 —_— _r_;!_m
22k QS R % S - .
0 v I' t(s) 0 T T s)
"o — | 2 2
¢) d) Hinh 131 o)

b) Gia tri dién dp mét chiéu tén 1ai R, s€ la:

I
| . U,=0,63U, ={J636—2‘ﬂ

Dang dign 4p ra sau chinh luu ddy 80 ca hai nlta chu k¥ nhur trén hmh 1-31¢).

c} Dmn ap ngugc dil ién D,, D, ding bang dién ap ra cuc dai U, trong

| | . =0,636.5=3,18V

|

‘ timg 1/2 chu'ky hay bang 1/2 tri cuc dai cha dién dp viao va bang 5V.
|

Bai tap 1-24. Cho mdch dién dung di6t nhu hinh 1-32 (deh han blén ndi tiép)
Ve dang di¢n dp ra trén tai R:
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Bai giai
A Uv(v)

20

a) Hinh 1-32

b)

GiA thiét di6t D If tudng, dé ding nhan thiy D tuen luon théng véi
chu ky dwong (+) cha dién dp vao. Mach dién tirong duong 1c nay du'oc

nhu trén hinh [-33.

Dién dp ra s€ 1a: U = U\, + 5V va
diot D s& thong cho dén thoi diém U,
- gidm xudng d&n -5V & nira chu ky am. Sau
khoang thoi gian d6 di6t D s€ & trang thdi
phan cuc nguoc, dong qua didt va qua tai
" R luén biang khong, nén dién 4p ra ciing s&
" béng khong (twrong dng voéi mic dién dp
vao U, < -5V: Khi U, > -5V cung trong

Hinh 1-33

img trong khoang nira chu ky am ctta tin hiéu vio, tic khl U, > -5V dlm
thong trd 1ai va qua trinh sé€ 1ap lai nhu phan tich trén. . - :

Dang dién 4p ra duogc biéu dién nhu trén hinh 1-34:

“,«UV(V) :
20y
IRVaR
2 .
a)y : Hinh '1-34

A U_(V)
25 U Uvm +5V
/X—?.OV+5V—25V
S Ao ——- 5
R
2

b)

@ Bai tap 1-25. Cho mach dién dung diét nhu hinh 1-35. Ve dang di

4p ra trén tai R.
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]
" U (V)

20 U
T .
-0 I__l t(s)
2
a Minh 1-35 b)

Bai giai

Gia thi€t di6t D 1y tudng. Trong khoang thdi gian tit 0=T/2 v6i -

Uy = 20V di6t D thong hoan toan, so a6 dién tuong duong duoc vé lai nhu’
trcn hmh 1-36 va dién dp ra sé la: '

- Hinh 1-36 . Hinh 137

)

U,=U,+U=20+5=25V
‘Trong khodng thdi gian tir T/2 + T véi

U = -10V di6t.D Tudn ludn & l’ldl]g thai khod, U,
|50 dé dién wong duong duoc v& lai nhu trén 25
hinh 1-37 va dién 4p ra trén tai R hic a6 se1a: o ' T
U.=IR=0R=0V - o T Ks)
o ]
Dang dién dp ra trén tdi R dugc biéu dién

nhu trén hinh 1-38. _ - _ Hinh 1-38

Bai tap 1-26. Cho mach di¢n ding diét
ahur hinh 1:39 (mach han bién song song)..

V& dang dien 4p ra trén tai R..
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AUV

16
0 I\/T t(s)
el 2 |
a) Hinh 1-39 | b)
Bai giai

Vi gia thiét di6t D ly tu'é‘ng, né s€ thong khi dién dp vao U, < 4V,
- nghia 13 toan b6 1/2 chu k¥ am (-) cla dién dp vao va mét phén cla 1/2 chu
+ ky (+) duong cha dién 4p vio véi U, <4V. So dé dién tuong duong duge vé .
lai nhu trén hinh 1-40 va trong khoang thoi glan dé dlén &p ra luén luén .
bing nguén U=U_=4V.

. A R

- MN——e—o :L—'\M—I—~
‘ X Um . ' Urﬂ
T U==4v U'T‘ 4V
o T * , - T *
1L 1
Hinh 1-40 | Hinh 141
Trong khoang th&i_ gian khi U, > 4V, A ULY)

diot luén tudn o trang thdi khod nén dién .

4p ra trén t3i s& 16n hon 4V va bing dien . 1 |

ap vdo. So d6 dién tuong duong du'qc vé 4 LE-N--- : .

lai nhur hinh 1-41. - of :_1\/T Ks)

| |
Dang dién 4p ra dugc b|éu dién_nhu 16 : ‘;2 ‘ |
trén hinh 1-42 dusi day. (TR /
) 16 | | '

(27) Bai tap 1-27. Cho mach dién dung YN
di6t nhw hinh 1-43. VE dang dién dp 4 s
ra kh1 ding dist D loai silic v6i. ‘ r T 1s)

=0,7V. .16 2
Hinh 1.42
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AN

16 D& Si U
Uv + m
U= 4V
0 : _T_\/; t(s) X
2 ¢ i‘ -
a) b)

_ Hinh 1-43
Bai giai

Véi dist thuc, ngudng thong cho trong ddu bai UD
dugc vE lai nhu hinh 1-44. -

0,7V mach dién

: R
Theo dinh luat Kirchoff vé dién 4p  =—WW
vong ta cé: ' Up= 07V
hay U,=U-U,= 4 0,7=3,3V - . }: .
Véi U, > 3 3V di6t D luén luon & trang :

thai khod nén dién 4p ra s& diing bang dién
dp vao (Uy).

" Hinh 1-44

Véi dién 4p vao U, < 3,3V dist &
trang thai théng hoan toan nén dién ap

p UV)
16 L.
ra s€ la |
33V N U, =4-07=3V
0 S _ _ ]
2 ' tm Dang dién 4p ra dugc bidu dién
A U (V) ' nhu hinh 1-45. o
16

3,3V _/\__.

Bai tap 1-28. Cho mach dién ding
di6t zener nhur hinh 146 va dic

tuye¢n V-A chia zener nhu trén hinh 1-47.

a) Xéc dinh céc gi4 tri dien 4p U,
U, dong dién I, qua zener va ¢ong suat
tiéu tan trén zener P,

i

Hinh 1-45

b) Lip lai tinh todn trong cau a, khi thay R, = 3kQ
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alz(mA)
R
+= M ' ='+.
1k ! 10V 873V .
Z P .
U (v
U,=16V  U,=10V. R, émmU. AV)
- Pz“m=30mA -
L
" Hinh1-46 ) Hinh 1-47

Bai giai

a) Dé thuan tién cho viéc
tinh todn cdc thong sd cna
mach ta v& lai so do trong
~ duong nhyt hinh 1-48.

Tir hinh {-48 tacd:

UV-R
|

R+R, S Hinh 148

U=U,=

_ 16V.1,2.10°
T L10°+1,2.10°

Pi¢n ap U = U, dat 1én 7ener bang 8,73V ludn luén nhd hon U, = 10V
nén zener luon ludn & trang thai khoa va [, = OA.

=873V

Dién 4p sut trén R sé la: ' ' '
Up=Uy-U,=16-873=727V

Cong suit tiéﬁ tzin trén zene'rylh': ,

- P,=U,.I;=U,.0=0W

b) V6iR, =3k

Dién 4p U trén so dd hinh 1-48 s& 1a:

U 16.3.10° '

ReR O CTi0a3100 2
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Vi dién 4p dat 1én zener U = 12V > U, = 10V nén zener sé duge md
thong. So d6 mach dién dugc vé Jai nhu hinh 1-49.

- Dién 4p trén tai R, chinh . R _
bing dién d4p U, va bing 10V .= AN ————g- +
=U=U, - 1k ‘ilz L

_ s+ R
Khi dé: Uy = Uy - U, = Uy T18V0=uz10vE B3 3
16-10 = 6V }‘
U _
I S IOV g 33ma L
R, 3kQ _ Hinh 1-49
U, 6V
" .—_——B—z-———:émA
YR IKQ

L=1-L=6-333=2,6TmA
P, =U,I, = 10V.2,67TmA = 26,7mW
~'Thdp hon tri cuc dai cho phép P,,,, = 30mW.

Bai tap 1-29. Cho mach

6n dp ding zenor nhu + . R I .
hinh 1-50. - | | o .
W Xic dinh khoing g1t U,=50vV ~ U,=10V U,

tri dién trd tai R, va dong dién

qua tai R, sao cho di¢n dp ra ' -=IEmax=32mA
trén né luén luén 6n dinh - : . L
U.=U,=10v=U. ' : Minh 1-50

b) Xdc dinh cong sudt tiéu tin cuc dai trén zener.
Bai giai A
a) Ta biét réing zener bat ddu thong khi dién 4p nguoc dat len né U 2U,.
(hinh 1-47 hay 1-48). Khi dé di¢n tr& tii cuc tiéu R ;, duoc xéc dinh:

L RU, IO g
“U,-U, 50-10

Cha ¥: Khi dong qua zener cyc tiu (ly thuyét thi I, = 0), dong qua tai
tuong tng c6 gia tri cuc dai I, Vi dién 4p On dinh trén tii U, = U, thi
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trong trudmg hop d6 gid tri R, duge xédc dinh chinh 12 R
- tai khong ddi U, = U, = const.
Dién ap roi trén dién trd han ché R s€ la:
Ug=U, - Uy =50- 10 =40V
U, 40V

Va I =—R=""240mA
R 1kQ

dé dién dp ra trén

imin

Dong dién cuc tiéu trén taj sé la:
Linio = 1 - 1
Dién trd tai cuc dai R

=40 - 32 =8mA

tomax

1 sé lé.
_£=%=12SOQ='L 25kQ)
810 -

D4 thi biéu dién ving én dp cha mgch vé trén hinh 1-51.

tmax
Ilmin

AUV _ FUY)
oy - 10
———
| | :
N 1 | }
| I Tl ). .
| b - |
| | 1 |
] . > ! 1 —
012500 1250 R, 0 3ma 2mA
ay Hinh 181 by

b) Cong sudt tiéu tin cuc dai trén zener s€ la:

Pomix = Uz - Ly = 10V, 32mA = 320mW .
(30) Bl tap 1-30. Chio mach dign diing di6t n dp (zener) nhu trén hinh 1-52.

~ Xéc dinh khoang bién déi cha dién dp vao dé dién 4p ra trén tai luon
ludén 6n dinh vi bing 10V =U,. .

| Bai giai

Ta bi€t ring v_(’Ji.R, = const (c6 dinh) dién 4p thong cho zener bit ddu tir

U = U, dat 1én zener. ) B

Tesodétacé:  U=U,=
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UR+UR=UR, N Lo

—— ANy ——»
Nen U, U, (R+R,) 2200 L +
RI Uv_:? U7-=20V . Rl §1.21<Q U!
U ,(R+R, )
- a Vmin L "=‘60mA
: o=
R, _ - L

‘Thay céc gid tri U, R, R, Hinh 1-52

ta xac dinh duoc duge Uy, 1a:
3
U, 20 G2I020 o o
1,2.100 .
D¢ tai s& Ja
dng qua tai s€ | AUV
U U, 20
=2 Yl 2 6 6rma e ) |
R R 1200 ! |
Dong dién cuc dai qua R s€ la: : } UV)
. i ) A
g = |y Hlg = 16,67 + 60 oy - 23,67 3687
=76,67mA Hinh 1-53
Dién dp vao cuc dai sé 1a: :
UVrnax = URmnx + U = R IRmnx + U

= 220. 76 67.10° + 20 = 36,87V .
D4 thi bigu dién viing n dp clia mach duge bicu dién nhutrén binh 1-53.

1.3, BE BAl_TAP

Bai tip 1-31. Cho mach dién ding di6t nhur trén hinh 1-54. X4c .djnh
dong dién I v6i diu kién dic tuyén V-A cla diét duge tuyén tinh hod.

D 100 R .
Si 1| DA I + DS |1
1 E TI0V
E T v , R'glog . ] RZ 100
a) ' b) c)

Hinh 1-54



Bai tap 1-55. D& va so dé lap lai bai 1-77.
- Xéc dinh di¢n ép tren R, ) |
~ - Xéc dinh dong qua didt Zener D,.
- Xéc dinh cbhg sudt tieu tdn tren D,

. Bai tap 1-56. Cho mach dién nhu hinh 1. ’78

Néu bi¢t dlén dp mot chiéu 1a 12V, dlén np trén LED {a 2V, dong
LED 12 20mA. S

a) Hay xac dlhh dlen tré han ché R,.

b) Néu méc song song 10 LED thay cho mot LED trong SO d6 Hay
dinh dién tré R, cdn thiet.

© Hinh 178
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Chu‘dng 2
TRANSISTOR LUGNG CUC VA TRANSISTOR TRUONG

2.1. T6M TAT PHAN LY THUYE'T

Transistor ludng cuc (BJT) gom ba 16p ban din P va N ghép xen k¢ nhau; :
tuy thudc vao céc ti€p gidp P-N ma hinh thanh hai loai transistor: P-N-P
(transwtor thuan) va N-P-N (transistot nguoc) nhue ky hiéu trong hirh 2-1. '

o i \ _
o A
B* o .
! T_’
B IEvlr B :

Transis{or nguge . . ! Transisbr thuén
a) N-P-N ‘ _ b) P-N P

“Hinh 2-1. Ky higdu hal Ioal lran5|stor N-P-N va P-N-P
3|
Chléu cha dong dien mot chiéu chay qua transistor duac chi trong hinh

vé trung véi chién miii tén quy wdc cuc emlto : _

D& lam viéc & ché do khuéch dai, dién 4p. nguén E dl.rorc cap cho cuc E-
C tuy thuéc vao loai transistor duge chi trong hinh 2-1. Dién 4p phan cyc cho
tiép gidp B-E phai luon 1a phan cuc thun, tic 13 d6i v6i transistor N-P-N cue
bazo phai dwong so véi ctic emito, nguoc lai, d6i voi transistor thuan P-N-P
cuc B phii ﬁm hon so véi-cuc E. - . '

Trong c# hai loai transmtor cac dong dién déu c6 thé coi. nhu tap trung
tai mot nit

IB+IC+IB=Ohay-IE=IC+iB Wi, <<, 1,



C6 ba cdch méc -q'c‘j d6 co bin cla transistor 12 emitg chung (ECj bazo
chung (BC) va colecto chung (CC) can clr vao cuc nao duge lay lam diém
chung cho ca ddu vao va ddu ra.

Trong cdc.s6 tra ctiu va thuyét minh -thirbng cho céc théng s6 va dac
tuyén theo so dé6 mic EC hay BC. '

. D6i v6i so’dé méc BC dong dién vio 1a I, dong dién ra 1a I, he s6
khuéch dai dong dién tinh & duoc xdc dinh:
I I
thue t€ h¢ s6 o vao khoang (0,9 + 0,99).
D6i v6i ché do xoay chiu, khi diém am viec: thay ddi trén dz'lc" tuyén

e
[y

ra, h¢ so' khuech da1 dong xoay chiéu o =—’§— ttong dé Al 1a blé.n thlen
e .

~dong dlén emitc con AIC la bién thién dong colcctd

- So d6 méc emito chung (EC): dong dién vao 12 dbng I, dong (ﬁen ra
Ja dong I.. Hé s6 khuéch dai dong dién finh dugc xéc dinh:

p=1=

B

“tuy thude vao loa1 transistor B c6 gid tri fir vai chuc de'n hang. tram 14n. IC va
Iy 13 gid tri ddng dién tal diém 1am v1ec tinh. o
(3 ch& do xoay chiéu he s§ p duqc xdc dinh p = —El—c '
. L o E B o
Néu biét he s6 khuéch dai o 6 thé x:ic dinh'duqt; he's6 B va nguoc lai:
' —-L va ]3— '
p+1 = 1-« -

Ngoa1 ra con céc tham 5§ khdc nhu @ién tr& vao, dién trd ra, hé din...
Céc tham s6 clia transistor cling c6 thé xdc dmh gan dung bang phuong phdp
d6 thi dya vao dac tuy€n cha transistor.

B= Al — Cé -ICI
Al . I, -1,
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; U. -U
Pién trd vao R, =ty = AUBE_ _ BE
Ay I, -1

B,

BE,

B,

: U. -U..
Di@n tré ra Rm = fog = AUCB — G CE,
AIC )|

. c, Ic,
~ Dé transistor ludng cuee 1am viec.b"mh thuong ngoai dién dp cung cip E cho
¢uc E va C cén mot dién 4p phan circ mot chiéu dit vao Bazo-Emito goi 1a thién
ap. Dién ap nay diing d€ thiét lap ché d6 mot chiéu va diém lam viéc finh.
- Thién 4p ban ddu U, s& quyét dinh dong dién finh, do khuéch dai,
do méo. R ' | "
U e ~(0,2+0,6) V d6i véi transistor Ge
Uggo ~(0,5+1,0) V ddi véi transistor Si.
C6 ba ‘céc_l; tao thién 4p cho transistor.
- Tao thién 4p bing dong bazo (hinh 2.2a)
Thién dp U, dugc xdc dinh - '

UBEQ = E__IBORI '
Suy ra dién trd R, cén thiét
R, =2 Vo
Ino

Trong dé: E 1a dién 4p nguén;
U,., la thién dp cén tao ra;

1,, 12 dong bazo xéc dinh theo U g, trén dic fuy€n vao cia transistor.

a) Hinh 2-2. Tao thién 4p cho transistor ludng cyc - b)

41



- Tao thién dp bing phuong phédp phan dp (hmh 2-2b)
Thi¢n 4p Uy, =1,R,. Suy ra :

trong dé I don hana I
g gP P R.+R,

L duo‘c chon béng (4 + 10)1

Néh cho trude UBE0 x&c dinh duqc Iy, trén ddc tuyén vao cia tranmtor

- Dién tr& R, xdc dinh tix biéu thiic:
| (,+ IR, =E-LR,=E- Uy
Suy ra 1 _E- E-Uwo
. I ) J

A

Trong truding hop ¢ dlén trd mac & emitd thi trong cac cf.‘mg thl.fc trén

| -phéi tinh dén sut 4p mot chiéu tren dién tré do.
- Ché d6 mot chiéu va dudng tai mot chiéu.
3  Xic dinh diém 1am viéc tinh 0; khi cung cap cho bazo thlén ap ban dau
Ugzo » thi s€ thiét 1ap dong inh Too va dién dp mét chiéu Uy < Toa a6 cua

" diém lam viee tinh O (I, Uy, )- Diém O ciing chinh 12 giao dxérn cla
(hinh 2- 3)

Ay

L dudng tai mot chitu véi dudng dic tuyén ing vdi dong Lo

_Eple

Fclnmx = R o Bi

Cly
8H
)
)

BE . e
T
Hinh 2-3. D4c tuyén vao (a) va dic tuyén ra (b) ¢
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- Pudng tai m@t_chiéu 1a sy phu thugc dong I, vao dién dp U, ng vdi
dién tré tai mot chiéu R_ va dugc xéc dinh theo biéu thic: B
U,=E-I; R 3 .

Céch du‘ng Cho U =0 .= -s— xéc dmh duo‘c diém B.

- Chol.=0-U,=Ug=E, xdc dinh duqc diémA.
N6i diém A v6i B duoc dubng thi mot chidn.
- Dudng tai xcay chiu R_, cling duac xay d@ng trén d{ab tuy€n ra nhung
d6i véi dién trd tai xoay chiéu, tifc 12 khi c6 tin hiéu vao, d6 cling la dudng
théng va di qua diém 1am viéc tinh O, ' :

. Cach dung: Tur diém Upggo trén truc ho?mh céng thém mot dién 4p bang o

lR duorc diém A' Ké dlrb‘ng thﬁng qua hai diém O v& A' du‘aq dmmg tai

| xoay chiéu.

' Ciing ¢6 thé x4c dinh dong I = EE_ du‘@'c diém B' trén truc tung, ké

dudng qua B' va O ciing nhan dudc dudmg tai xoay chiéu.

~ Trong céc bai tap dp dung, cé thé sit dung mot trong, hai céch trén, tuy

tu‘hg truong hop cu thé. i _ - _
R Tramtsl:or truémg (FET) 1a loai transwtor duac che tao dua vao hiéu - -

ing trudmg, d6 la diéu khlén do dén dién cia ban dan loai N hay P nhU mot

dién trudmg bén ngoai.

- 6 hai loal FET dé 1a J-FET (dléu khién bang ti&p xic P-N) va

MOSFET ta loai FET cé cyc cu'a céch ly bing lérp 0x1t Hinh 2-4 1a ky higu

JFET kenh N va kénh P. '

- @) JFETkénhN = - . ..b) JFETkénhP '
Hinh 2-4, J-FETkénh N va kénh P -
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S - 1a cyc nguén’
D - cuc méng
G - cyc clra.

Vi phan cuc cho cuc clfa cua J-Fr 1 fuon 1a phin cuc nguge nén dién tro
vaordt16n vadong dien I, = I, =0; I, =1,

" Dong I, duge diéu khién béng dien :ip dat vao cuc ctra Ugg va duoc x4c
dmh bing biéu thic: -

— UGS
‘ o _ IDS'S(l _ UC'_SK
trong 46 U 1a dién dp bat ky dat vao,G-S; |
Ugsk 12 dién 4p khod iing vdidong I, = 0. _ e
,\ Quan hé giita I, v Ugg droc dién ta bing dic tuyén truyén dat cdn quan
‘hely = f(Upg) v6i chc tri s6 Ugg khac nhau duoc goi 1a ho dac tuyén ra. Pay
12 hai dac tuyén dic tru‘ng cho FET, cén cif vao d6, ¢6 thé xé4c dinh gan dung
" cac thong s@ cua FET

)2

AID(mA) e
;, fro 0 4RmA |
75 | - .
. Ug=-1V ¢
]s | —
N, . ' ) UG§= “2V
25 j ‘ Uosé‘-‘f:'{"_
0 ' . Upe= -4V R
Ups(V)
oa s b) -
Hinh 2-5. B tuyén truyén dat {a) va 2o tuyén ra (b) obia J-FET kénh N

—A hay mS (mlllsgmen) chi 15 khl dién

Hé dén cha FET'-gm _ Al
AU’

&p dit vao cuc clra thay déi 1V thi dbng 1, thay d8i bao nhigu mA.
MOSFET gdm hai loai: MOSFET kénh dit sin va MOSFET kénh

cAm Wng. _

- MOSFET keénh dat 's:‘ih: kénh din dién loai N hay P hinh thanh ngay t

khi ché tao. Dac tuyén truyén dat vi dic tuyén ra chi din trong hinh 2-6a, b.
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TiplmA) ‘ .

‘ I (mA) 5 '

: GS>0

' Ugs=0

I -
) DSS
IDss
: ' Ugs<O
i y ' 4’
JUGS UGSK ' . 0 +ch(v) . ' UDS(V)
a) , . . . b)

Hinh 2-6. D¢ tuyén truyéﬁ dat (a) va d¥c tuyén ra (b) cha MOSFET kénh N datsdn
Cin cif vdo dac tuyén truyén dat va dac tuyén ra co thé xac dinh gan -
diing cdc thong s6 cia MOSFET.

- MOSFET kénh cam ting: chi khi dit vao cyc cira dlén 4p ngodi (kenh
N lh dién ap duong), thi kénh din dién méi hinh thanh va mm cé dong dign
chay qua (hinh 2-7).

. Phan cuc cho FET.

C6 hai phuong phédp phan cuo (tao thién ép) phé bién cho FET tao thlen
ép tu cép va dung phan dp.

TID(mA).
o4
$lpmA)
10 :
5 4+ ] +8V
ity § 6 _ 36V
! ) 4V
[ 4 ’ ‘
I 2 Ugst2V
< : — ' - 05™_ .
0 2 4 ¢ *Us(V). © UpgV)
) . b)

Hinh 2-7. Bac tuy&n truyéh dal (a) va dc tuyén ra (b) clia MOSFET kénh cam tng N

Phuong phép tu c4p st d.l_mg ngay dong I, chay qua R tao sut dp va dan
qua dién trd R, dat vao cyc cifta G (hinh 2-8a). s
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Vil,=0; ID = Iy nén URs = I R UUS, cuc (+) dat vao cue S va eue (- )
dat vao cue G.

- goi Ja dién trd tao thlén ap. - S
RG - 12 dién trd dan thién ap; Rg cé tri 56 lé’n hang chuc hoﬁc tram k<.
i - Rs _ h \
I, ‘

~@)  Hinh 28, Tao thién'8p cho J- FET Uy

* Hinh 2-8b la so dé tao thién 4p bing phuo‘ng phép phan, ép
Dién 4p trén cyc cira Ug duge xde dinh - '

E

-— R
© R,+R, *

U 1a dién 4p cc G so v(n dat.
ch— Ug-Us=Ug- IDRS
Mach phén ép cho MOSFET kénh N dit san ciing twvong tl._l’.'l'lhu.hinh 2-
8b. Riéng d&i vai MOSFET kénh cim ing, viéc tao thién dp c6 khdc vdi J-
FET, né duge tao thién ap gidng' nhu véi transistor ludng cuc N-P-N: cé thé
ding phuong phdp héi tiép ny cu’c D vé cue G hay dupg phuong phép phén-
&p (hinh 2-9a, b). '

Trong s0d6 2-9a Uy = Ugg Wi dong IG 0, qua RG khong cé dong chay qua)
: _ Uy = E IR,

Supra  Ug=B- LR,

Trong so d6 2-9b, dién 4p cuc cia S0 v6i dAt.
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a)  Hinh 2-9. Tao thién 4p cho MOSFET kénh cdm (ing N b)

E )
< R,-1.R
R +R, * °°°

! 5.';-'Di¢n apUps=E=U, -U,, =E-LRs+ RD) '

Ugs =Ug - I Rg =

2.2. PHAN BAI TAP co LA GlAi

Bai td.p 2-1, Mot transistor N-P-N méc theo S0 dO BC c6 dong dién I
. =Ty =50mA; dong dién I = 45mA. '
a) Xac dmh hé s6 khuéch dai dong mot chiéu o,
b) Néu méc transistor theo sg dé emito chung (EC) hay tinh hé s6 B

v ) Bai giai
a) He s8. khuéch dai dé‘mg mot chiéu o
I, 49

a=—==—=098
1, 50
b) He 56 P tinh theo «
_ S ﬁ_ 0,98
| _1 « 1-0,98 y

Bai tap 2-2. Mot transistor ¢6 dong finh emito I = 1, 602mA dong
finh bazo I; = 0,016mA; bd qua dong dién ngu‘oc
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" b) Tinh hé s6 khuéch dai B, o.

- He s6 khuéch dai o =

2) Xdc dinh dong tinh colecto ]

Bai gidi
Tinh dong tinh colecto I |
L.=1g- 13 = 1,602 - 0,016 = 1,586mA

L_L-l, LS8 o
I, I, 1,602

L _l-1, _1602- 00]6 9o 125
I, 0,016 |

b

Hé s6 khuéch dal B=

B

- Ciing ¢6 thé xdc dinh P theo cong thc:

o 0,99

",= = :99
‘Bla 1099 .

Bai tap 2-3. Biét dac tuy€n vao va dac tuyén ra cua transistor méc theo
so d6 emito chung EC nhu hinh 2-10. :

Bing phuong phéap dé thi hay xdc dinh:
a) He 56 khuéch dai B tai diém lam viéc A.

- b)Dién tré vao R, = ryg.

0,5
04
03

0,2

0,1
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c) Hé s khuéch’ dal . néu méc theo so dé bazd chung BC.
d) Néu tin }ueu vio I thay déi, x4c dinh he s6 khuéch dai dbng xoay chleu

- 4 1,(mA)

L=04mA -
| 1,03mA
| " A‘In IB=0,?.mAI
. y lIB‘-—-O,lmA

, -
02 040506 08 Uy (V) - o UgW)

a) SRS by
Hinh 2-10. Bc tuyén vao (a) vara b) ci’:atraqsl'stor



Bai giai

a) Hé s& khuéch dai tinh tai di€ém A. -

AU,,  0,70-0,5 _ 0,65

= = =3,25kQ
AT, (0,3-0,)107  0,2.107

b) Dién trd vao Ry =y, =

¢) Néu méc theo so d6 bazo chung BC hé s6 khuéch dai tinh o duge
xdc dinh

| T1+B 100+ . \ |
d) Khi dong dién vao I, thay déi tir 0,1 dén 0,3mA, fim bi€n thién dong
I tuong Ung trén dic tuyén ra, tinh dlIUC he s& khuech dm [3 xoay chléu

-
A, _(28,5-9,8)10 935
(0,3-0,1107

B. =T

B

Bai 2-4. Cho mach khuéch dai dhng
transistor nhu hinh 2-11

Biét: R = 5kQ
B=50
 dién tré vao Ry, = 1y = 1kQ
dién 4p vio Uy = Upe =0,1V
a) Xac dinh dong dién vio vi dong dién ra.

b) Tinh he s6 khuéch dai dién &p cia transistor. ~ Hinh 211
Bai gidi
a) Dong dién vao
U, 0,1 -
I,=1 =—Y=—"—=10" =0,ImA
VP R 10

Dong dién ra:
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Dién ép ra: :
. Ura = Ira'Rla = Ic-RC = 51015103 = 25V .

b) He s6 khuéch dai dien 4p

pmme =22 950
U, 0Ll

. Bal tap 2-5. Pdc tuyén vao vi ra cOa transistor ¢6 dang nhu hinh 2-12.
a) Hay xéc dinh hé dén cha transistor tai diém lam viéc O.
b) Néu biét dién dp Uy, thay déi 0,2mV, dién trd R, = 4k Hay xéc
dinh dién 4p ra.
* ¢) Tinh he sé khuéch dai dlén ap.

| S0pA

40pA

30pA
 20pA
1=10pA

>
Ues(V)

a)  Hinh 2-12. Blc tuyén vao (a) va déc luyén ra (b) cla transistor by

| Bai gidi
a) HO din cha iransistor duge xdc dinh bing phirong phép d6 thj

~ Al. mA
AUg " V
I I - - ? |
g telo _(42-30007 12107 mA, oo
UBE; _UBEq . 0’7-_0'6 . 0’1 2 V

b) Néu AU, = 0,2V thi ddng I. bién thien
Al = AU, $=0,2:12 = 2,4mA
Diéndpra U, = AlcRc=24.10°.4.10° = 9,6V

" 250BTKTOIENTV - B
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c) He s6 khuéch dai dién 4p

Bai tap 2-6. Transistor ludng cuc c6 dic tﬁyé’n vao va ra mic theo so
dé EC nhir hinh 2-13. Can cif vao dic tuyén hiy xdc dinh gén ding céc

. thong s6 sau:
a) Dién tr& vao tinb tai diém O.
" b) Dién trés vio dong,.
c) Hé s6 khuéch dai dong dién mét chiéu f.
d) He s8 khuéch dai déng xoay chiéu.

LG A1 ma)
: ' T . 40 : 250puA
300 . - '
0
250 200uA
200 _ __1S0uA
150 -
100 100uA_
30 1,=50pA
02 0,40,6\ 08 Uy(V — ——
. 0,68 BEF ) 5 10 UeelV)
a) b)

Hinh 2-13. D3c tuyén vao (a) va ra {b) cla transistor ludng cue

_ | Bai giai
a) Dién tr& vao tinh
| I, 150.10
b) Dién trd vao dong Ry,
AU UBE; - UBEI - 0, 68" 0, 52

Ry =—2=

WITAL, I, <1, (200-100)10%

: B,
c) Heé s6 khuéch dai dong mot chiu B
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I 25.107

p=-9= =166
I, 150.10°

d) Hé s6 khuéch dai dong xoay chiéu p.

Al = I, ~I; =(200-100)10"° = 100.10°*
Tim Al tuong iing trén dac tuyénra
I, =30mA; I, =15mA

Al = (30-15).10°,

(30-15)10"

b= 200-100)10°

=150 .

Bai tap 2-7. Cho mach dién nhu
hinh 2- 14. Néu biét dong Io

SmA; he s6 B = 100; Uggo= 5V;
thien ap U, =0,6V; E 10V.
a) V& c4c dong dién mOt chiéu chay '
trong mach. _
- b) Tinh dién tré R...
¢) Pién ap U so véi dAt. Hinh 2-14

Bai giai
a) Dong di¢n mot chiéu chay trong mach nhu éhi din trong hinh 2-14,
L=+l -

b) bién trd tao thién 4p R, d_uéc xdc dinh. |
_E-Upy _E-Upgy _ 10-0,6 94

Lo  lo S5 g 5107
- B 100

R =188kQ

¢) Tinh dién tro R
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Up E-Ug, 10-5

R.=—8 =
L VN I, 5107

= 1kQ

d) Dién ap U, so v6i diém mass chinh 12 dién dp U
Uce=Uge=5V
Bai tap 2-8. Cho mach di¢n nhu hinh 2:14. Néu biét R, = 220kQ;
R. = 2kQ; B = 50; Uy, = 0,5V. Hiy x4c dinh cdc thong s§ tinh:
dong Iy, I, Ig, dign dp U, . '
~ Bai giai
a) Xéc dinh ddng I, |
| oE-Uge 10-05_ 95
o0 R, 220.10"  220.10"
b)Dong I, =PI, =50.34,2pA =1,7mA
c)Dong Lo =Ieo + Iyo = 1,7 +0,0342 = 1,7342mA.
- ) Dién 4p Ucwo | |

=43, 21A

U E-I.Re =10-1,7.107.2.10° = 6,6V

B0 = .
‘Bai tap 2-9. Mach dién’nhur bai 2-7 nhung méc thém dién trd R, &
emito va hi€t sut 4p trén dién tro nay 13 V. - S
~a) Xéc dinh ri s6 R, R¢, R
b) X4c dinh dién 4p U, U, so v6i diém mass cila mdy.

Bai giai
a) X4c dinh R,
Suy ra Ra=ﬂ=v II = 15 — =198Q2
Lo [+ s5107+>10°
8 100
- bién tro R,

53



R, = IIJB'; B U';:_U““ 105.?(’)65 L 168k
- Dién tro R
Ioo-Re =E-Ugo -V,
Suyra: Rg= E'_UT;_ U, 10;?6?,‘1 = 80002
b) Dién dp Ue=E - IR, =10-5.107.800 = 6V
hay  Ue=Ugy + Uy =5+1=6V
Di¢n 4p U= Ugg + Uy, ~06+10=16V

. Bal tap 2-10. Cho mach dlén

ohv hinh 2-15. Biét R, = 300k<;
Ry = 2,7k B = 100; Uy =

0, SV E=12V.
a) X4c dinh c4c tham s6 tinh.

b) Néu méc R, =2,7k(2 hidy tinh
- dién trd tai xoay chxéu

Bai giai

a) Trudc he't xac dinh dong tinh _ Hinh 2-15
bazo I,

E=1,R +Um+ImR =I,R, +U +(I+B)I R,
(&day IEO=Im+1m=lm+ﬁlm=(l+ﬁ)lw)

E-Up ~12-0,5
R, +(1+B)R, 300.10° +(1+100).2,7.10°

Suy ra Iy, = =20pA
- Dong tinh I, = 1001, =100.20pA =2mA
- Dong tmh Ieo =l +15=2+0,02=2, 020mA .

. Dién dp rén cuc E, cyc C va B so v6i dlém mass:
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U = 15.R; =2,02.1072,7.10° = 5,45V

~Dién dp U.=E =12V
Pién dp Uy=U; +UBF0=545+05—595V
b) Néu méc R, = 2,7k thi dién trd ti xoay chléu & mach emitd.

R_=R /R, = RR 2727 I,BSkQ‘
R +R, 27+27

Bai tap 2-11. Cho mach khuéch dai ding transistor luéng cuc nhu

hinh é-]ﬁa. Biet E = 10V; Re = 5k} Rg = 0,2Rg R, = 85k
R, =15kQ; U o =4V; I, =15 B =50, -

CEQ
a) Hﬁy xéc dinh cédc tham s6 tinh cia transistor.
b) Diém 1am viéc tmh Ova du‘ng dudng tdi mot chiéu.

A A C(mA)

+E 40 40

1,0] 20
0.5 L k= 10pA
. Urll R' \ .
I CE 1 0 ' -

4 é 4 6sv tov Uge(V)
RIS Uteo
a) Hinh 2-16 b)
~ Bai giai
a) C6 thé coi =I,

0(R +R.)=BE- Ucm

E-U,, . E-U
Suy ra: I, = CEO - Oczeo
. RC+RE RC+ H] Rc

o=t 107 A=1mA
(5+1).10" o
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- Dong tinh bazo I,
| I

1
[,,=-9=_ =0,02mA =20pA
BD B 0 1L
- Thién 4p
' E
UBF{) = I[..Rz - URE = mRz _IEO ‘RE
3
= _——10'15' 10 -107°.10° = 0,5V

(15+85).10°. . _
- b) Toa d6 diém Iam viéc tinh O: I, = ImA; U, =4V . D€ dyng dudng
A mdt chiéu cin xdc dinh mét diém niva. Tur bléu thiic phuong trlnh duo‘ng
tai mot chiéu.
U,=E-I.R¢
_ Cholo=0->1U, = 10V (diém A tién truc hoanh) héi qua dtém A
va O, ta duoc du‘o‘ng tai mOt chiéu R_ (hinh 2- 16b)

Bai tap 2-12. Nhu bai 2-11 nhing néu méc véi dau ra dign rd téj R = 5k£_2.
Hay xéc dinh di¢n (rd tii xoay chiéu va dung dudng tai xoay chiéu.”

Bai giai
- Dién tro taj xoay chiéu R . _
R.R, .
R. =Rc//R, = 33 =2,5kQ .
" R.+R, 5+5 _

- D€ dung du’b‘ng tai xoay chiéu R_ cdn xdc dinh mot diém trén truc
hoanh hay trén tryc tung réi n6i véi diém 1am viéc tinh O. Tir diém Uy,
cong thém mot doan ung véi dién 4p bang [, R_.

IoR.=1072,5.10" =2,5V
ta dyoc diém A’ trén tryc hoanh (hinh 2-16b).

N&i diém A' v6i diém O va kéo dai s& dugc dudng tai xoay chiéu. Cling
¢6 thé dung dudng tai xoay chiéu biing cich xac dinh dlem B' trén truc tung

10 = dmA , r6i n6i diém B’ va 0.
2,5.10° : :

max

E
mgvdidong I =—=
g voidong R
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Bai tap 2-13. Cho mach dién nhu hinh 2-16a. Néu E = 10V; Uy, =4V;
R = 0,IRy Iq =20mA; Uy, =07V, ur dic tuyén vio cia
transistor ing voi Uy, =07V, tim duge I, =0,2mA .

a) Xac dmh tri s6 cdc dién tréd R, RE, R,, R, d¢ ddm béo duovc cac
thang sé trén.

b) Xay dyng duorng tai mot chiéu,
Bai giﬁi
a) X4c dinh tri s8 cac dién trd '
Tir bjéu thic:
 B=I R+ Ugg +oRy # I (Re +Ry) + Uggg
(& day c6 thé coi I, =1y, dé don gidn cho viéc tinh todn).

Suy ra R.+R; = E_IUC”" = 21(? I-O‘L =300Q2
o

Re + Ry = Re + 0,1Rc = 1IRo = 3000
RC_3T°9_27279

?

R;=0,1R.=272Q.

- Dién try R, duge xdc dinh theo bidu thifc:
LR, = UBEO. +1go-Rg
Upeo +1e0-Re

IP

(0 day-chon dong phén 4p IP = 5 I)

Suyra R, =

Upgo +1s0-Ry _ 0 7420.10°, 27,21

= 1,245k

R. =
? 504, 5.0,2.107
- bién tr¢ R, duge xéc dinh tir biéu thic:
R(I + 1, )=E-LR,=E- U_,-IR;
R 10-0,7-
Suy ra R|=E Ugpo — IEO B _ 0-0,7 0‘545:?,3kQ

5L, +1 6.0,2.107
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U 35
Us=I.Ri=I_R. >R . =—5=—""__700Q
SSSDOS'slmsm"

¢) Khi dién dp vdo Ug thay déi tiong pham vi -2V # 0,5V, xéic dint
trén d6 thi 2-21b dong I, thay déi tir 2,5mA dén 6,25mA, nhu vay bién thiér
- dong [, tir dinh - dinh

_ Al,=6,25-2,5=3,75mA
~ Dién dp ra (dinh - dinh) s€ bién thién
| U, = Al R, =3,75.10%.1,2.10° = 4,5V
He s6 khuéch dai dién 4p

KU= L] ==

' . Bz‘zitﬁpZ—B Mot MOSFET kénh dt sin ¢6 dac tuyén truyén dat nhu hinh 2:22.
a) Can ¢ vao dic tuyén xde dinh hd din tai ving ngheo Ug = -2V vi
tai ving giau Ugg = +3V.

b) Cho nhan xét.

I(mA)}
150 -
vling giau

10
7,5
5

viing nghto _A"2,5
Bre e Y

4320 123 4 UgW)

Hinh 2-22
Bai gidi
a) Tai viing ngh&o, theo d6 thi -
Ug= 2V o> I, = 1,2mA
Ugs = -1V > 1, =2,5mA
AUg=1V |
CALy=2,5mA - 1,2mA = 1,3mA
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) Al mA | ,
Hédin g, = D -1,3 hay1,3mS (milisimen
VB = L3=5 hay ( )

as

Tai viing gidu Ugy =+3V — I, = 10mA.
| Ugs = +4V - I, = 15mA
Al, 15-10 _mA

"Hoé ddn g, = = = 5——hay 5SmS
TEe T AU, 4-3 ¥

b) Nhan xét:

O viing giau hd din cia MOSFET 16n hon viing nghéo.
. Bai tap 2-20. Cho mach dién ding

~ J-FET kénh N nhu hinh 2-23. Biét

Re = 1,5SMQ; Rg = 3009; R,

2,2k; R, = 15k E= 15V,

a) Xéc dinh dién trd tii xoay chién R .

b) Ho dén dong tai Ugg = -2V.

<) Tinh hé s6 khuéch dai K.

_d) Tinh dlén dgp ra U, néu :
=05v. " Hinh2-23

Bai giai
a) Dién trd téi xoay chiéu R_
R, R, 2,2.10’.15.10’

- = 1,92k
R +R (2,2+15).10
b) HO din tai géc:
5 = 2 s _ 2.15 _ 5mA hay SmS
~VUos 6 v

HG din tai diém Ugg = -2V.

8= &m[l- Yss ]=5m8[l—-:%] 3, 33—“5‘-’i

GSK
¢) Tinh hé s6 khuéch dai _
 Ky=g.R.=333.10°, 1,92.10° = 6,393.
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d) Xac dinh dién dp ra
U, =K, U;=6,3930,5=3,196V.

Bai tap 2-21. Mot MOSFET keénh dit san c6 dong bilo hod Ipg = 15mA,
di¢n dp khod Ugg =-6V. Hay xéc dinh dong I, ting véi cdc gm t Um sau:
Ugs = 0V; Ugg = +2,0V; Ug=-2,0V.
Bal giai

-KhiUg=0->1, —IDSS 15mA.
- - Khi :

U

GSK

2 2
GS} 51'5.10'3[1-—16] = 26,66mA

| o
—KhlUGs--ZV—)I = 15.10° {1'—-%} =6,6mA.

_ . Bai tap 2-22. M6t MOSFET kénh N cdm (ng c6 dac tuyén rruyén dat
- vamach dién nhi hinh 2-24.

a) Hiy xdc dinh bang phuong phap d4 thi hé din g, tai diém lam v1éc
O(8V, 7,5mA).

b) Tinh tri s6 R,,. _
¢) Tinh dién 4p ra n€u dién 4p vao bién thién [V.

1 (maA) |

0 UgsV)

a) ' Hinh 2-24 | b)
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Bai gidi

~ a) Xdc dinh h6 dbn g,
. 7 - -3
g = Al, _7,5mA-5mA _2,5.10 =2,5mA hay 2,5mS
AUy 8V-7V 1 v
b) Pien ré R,y
E-U 15~8 '

R =£-Yos _ =933Q chon R, = 1kQ

R R T en o

(0 day Upg=Uge =8V vilg=0).
- ¢)XécdinhU r&ul,=1V. .
U, =K, Uy, =g, R,U, =2,5.10°, 10.1,0 = 2,5V

Bai tap 2-23. Cho mach dien

. dung J-FET kénh N nhu hinh
2-25. Biét:

« E = 12V; Ry = ‘1M
" Ugeo =1,2V. Dién ap trén R,
Ugs = O2E = 24V. H6 din
)I,gm = 5«11—:?— Dién trd cuc mang

. nguén r,, = 200kQ.
R, =0, r, = 0,1.200kQ = 20kQ2

Hinh 2-25

' a) Tinh dién o' R,.
b) Tinh h¢ s6 khuéch dai K.
' Bai giai
~ a)Tinh R,
| Ugso = Urs = Uza .=.IDRS -E L
o : R +R;
ER, E

Suyra R, =——%—--R;=R (——————-—l]
N RS A P Ugs—Uago _

=10° e —1]=9MQ.
2,4-1,2 \

b) He s6 khuéch dai K,, o
Ky = g Rp = 5.107.20.10° = 100,
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| Chu’dng 3 .
CAC MACH KHUECH DPAI TIN HIEU BE

© 3.1. TOM TAT PHAN LY THUYET

Dé phan tich va tinh todn cic thong s6 k¥ thuat d6i v6i bo khuéch dai
dién 1 ddng transxstor 1am viéc & ché do tin hléu bé thub’ng dva vho cac loai
so dé twrong duong.

Transistor th\fb’ng duoc bi€u dién bang hal loal so d6 tuong dlro‘ng
- Loai thit nhat gox_ 1 so 46 tuvong duong vat 1y hay so d6 tuo‘ng_-dm_mg :
\‘hinh T va ciing ¢6 tén goi la so d6 twong duong r; (The I, transistor model). -

- Loai thtt hai dugc goi 13 so d6 tuong duong tham 56 bao gém cic tham
s6 trd khang, dién dén hodc hén hop. - -

Ca hai loai so 46 tuong duong cha translstor cé thé coi la khéng phu
thuoe vao tdn s6 dén mot pham vi khé cao: _ -

| - D6i voi che loai transistor ludng cuc (BIT) khl tﬁn 56 tm hléu
f, < (0,1 = 0,5)f,.

~ D6i vdi céc loai transistor hi¢u tng trudng (FET) khi tdn 5§ tin hiéu
f, <(10+ 150)MHz. . . .

(3 pham vi tdn s6 cao hon nhitng s6 liéu trén, khi st dung céc loai sa d6
lwvong duong phéi duge Iua chon mot cich thich hop va khéng dugc bé qua
anh hudng cla cic tu ky sinh (st) ban than transxstor dén sy truyén dat tin
hi¢u qua nd. ,

Véi mdi ki€u mic d6i vdi trdm:stor c6 ba ho dic tuyen Volt Ampe '
quan trong: ho dic tuyén vao, ho déc tuyén ra va ho dic tuyén truyén dat.

C6 thé xay dung dudng tai mot chiéu (R)) va dudng tai xoay chiéu (R.) -

“trén céc ho dic tuyén co ban cla transistor vh xdc dinh cdc tham s& mot
chiéu ciing nhu xoay chléu ciia ting khuéch dai dién tir.
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Céc thong 58 k¥ thuat co ban d6i voi tdng khuéch dai dien tlr diing
-~ transistor bao gdm: tr& khang vao (R,), trd khdng ra (R ), céc hé¢ s6 khuéch
dai di¢n 4p (K,) dong dién (K,), cong sudt (K,). '

He 56 khuéch dai nhiéu ting ghép lién ti€p bing tich cdc he s6 thanh phén.

3.2, BAI TAP cO LOI GIAI

Bl tap 3-1. Cho téng khuéch daj ding BIT nhu trén hinh 3-1.
| a) Xdac dinh r,. ;
b) Xéc dinh tré khadng vao cia ting R,
~ ¢) Xdc dinb tré khang ra cha tdng R, (v8i r, = ov)
d) X4c dinh hé s§ khuéch dai dién dp Ky, (véi r, = )

E 12V
"_' Um
10pF
R=100
1 =50kQ
Hinh 3-1
Bai giai

Chon transistor T loai Si va thién 4p Ugg, =0,7V
a) Dong tinh T, s& Ja: . '

_Bo=Upgp 1V-0TV o000

L. =
% R, 470k
Dong finh I, s& ia: |

I, = (1+B),o = (1+100)24,04.10 A =2,428mA

Di¢n tré 1, duge xdc dinh:
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b) Tr& khdng vao dugc tinh:
_ Ry=Ry//1yr
trong dé r,; - tr& khang vio cia transistor
ryr = Br, = 100.10,71 = 1,071k

R, =470//1,071 = 1,069Q.
c) Tro khﬁng ra clia téng dugc tinh:

R,=Rcl/ry=Re//e0o= Rc- 3kQ
d) He s6 khuéch dai dlén dp clia ting:
R, - 3.10°

Ky=-Sea 3O ey
AR T TR |

¢) VIR, > 10r,, = 10p.1, (470kQ2 > 10,71kQ)
nén K~ B =100

o . Béi tdp 3-2. Tmh toan lap lai cho bai tap tren'hlnh 3- l Va1, = SOkQ.

. Bai gial

Ta nhan thdy cdc thbng s6 trong hdl clu a, b s€ khOng cé gi thay déinén:
2) 1, = 10,71Q |
b)R, =1,071kQ.
¢) Trd khéng ra ct’xa ting duoc tinh:
| | R =Ry //t,=3//50= 2,83kQ2,
d) He s6 khuéch dai dién 4p ciia tdng.

R, /T, 2,83.10°

K, = —~e/fh 59300 _ 56404

5, 10,71 :

¢) He s6 khuéch dai dong dién K, - .
BR,.T, _ . 100.470.50

TG AROE, ) (50+3)(470+1,071)
Co thé tinh K, theo biéu thic khac: .

=94,13
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=94,16

K =K, I_;_V_ _ —(——264,;4)1,069
C

Bai tap 3-3. Cho tdng khuéch dai diing transistor ludng Cl‘IC. (BJT) nhu
trén hinh 3-2. Hay xdc dinh: :

Hinh 3-2
L ayr, -
- b)Ry
c)R,, (vdir,=c0)
L dYK (vEi Ty =c0) -
e) K, (véi 1, = )
B | Bal giai
Chon transistor T loai Si véi thien dp U g, =0,7V
a) Tacé: '
U, = ReBee | 8222 _, oy
R+R, 56+8,2
Up=U,- U, =281-07=211V
= Je 21V ) imA
R, 1,5kQ
Kequal: 1 =—r=2% _1340
| | I, 141
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b) Tacé: R, =R, // R, = 56kQ // 8,2k = 7,15k

Va Ry =R, //rer =R, 1/ B, = 7,15k // 90.18,44Q
Ry =7,15kQ // 1,66kQ2 = 1,35kQ2.

SR, =Re// o= Re/f 0'=Re = 6,8kQQ.

d)K,= -—S=-——— =-368,76

BR, _ BR, . 907,15
R,+r,, R,+Br, 7,15+166

&K, = =73,04.

. Bal tap 3-4, Tinh todn 1ap lai cho bai tap trén hinh 3 2. vdir,= SOkQ

‘Bai giai
Vi hai cdu a, b s Hoan toan tuong t trong bﬁi_.3-3 nghia la: |
ayr,=18,44Q . S

“b)Ry = 1,35kQ.

)R, =Re//1,=R, // 1o = 6,8k // S0kE2 = 5,98 kQQ.

Ro//r,  598.10°

d)K, = - =-= =-324,3
YKy , 18,44
&) K. = BR fo - [.’:R To
(r, +Ro)(R, +r\,T) (5, +R,)(R, +Br)
90.7,15.50

=(50+6 8)(7,15+1,66)

. Bal tap 3-5. Cho téng khuech dai ding transistor nhu ttn hmh 33,

70

Hay x4c dinh:
ayr,

b)Ry
R,

HK,

* e) K, voi mach khong c6 tu C,.



Bai giai

* - Chon transistor T loai s; véi U

| w0 =07V
+ a) Dién tr& r, duge tinh nhu sau: ,
T 1 = B Umwo  _ 20-0.7 =35,80pA

™ TR, +(1+B)R, 470.10"+121.0,56.10°
I, =(B+DI,, =121.3589yA = 4,34mA .
2%

b) Ry = R/ vy ma vy = B(r, + Re) = 120(5,99 + 560) = 67,92kQ2
R, = 470kQ // 67,92k | |
©)R,=Rc//1y= Rc=22kQ.
BR. _ 1202,2

) L =389
e 67,92
&K= K, Xv = (-38922¢ _ 10492,

Bai tap 3-6. Tinh toén 1ap lai cho bai tap trén hinh 3-3 khi c6 tu C,.

Bai giai
Véi cau a viéc tinh todn hoan toan tuong tir trong bai 3-5, nghia la:
a)r, = 5,99Q |
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b) Vi dién trd Ry, s& bi ngén mach dél vdi thénh phan xoay chiéu clia tin
hiéu qua tu C, nén: :
Ry = Ry // tyymary, =Bur,
nen: - Ry =Ry // p.r, =470kQ // 120.599Q
= 470k //718 80 = 717,706
c) Rra RC =2, K.

BR, 120.470.10°
R+t ¢m1m+7w8

&) K, = =119,82.

. Bﬂl tap 3-7. Che ting khuéch dai dﬁng transistor nhu trén h]nh 3-4
(tdng lap emm:i) ‘Hay xdc dinh: :

iE 12V

a)r,

b)Ry
c)R,
d) Ky
e} K;

Bai gidi
Chon transistor T loai Si véi U, = 0,7V

a) Dién tro r, duoc tinh:

72



Eee=Umo ___ 12V-0,7V
R, +(1+P)R,  220kQ +101.3,3kQ

Lo = (14831, =101.20,42pA = 2,062mA

TiY: I, = =20,420A

nén: [=—t=—=126IQ
: 2

b) Ry =Ry /1oy =Ry // Br.+ (1 + BIR,
=220kQ // 100.12,61Q + 101.3,3kQ
= 220kQ // 334,56kQ = 132,72k
)R, =Rg /1, =3,3kQ / 12,610 = 12,56Q = ..

J
d)KU=E&= Re _. 3'33‘10 —=0,996
U, r+R, 33.10°+12,61
&K = - BRy ___ 100200 . .o
R,+15,, 220433456
hodc cé thé xdc dinh theo biéu thitc khéc:
K, = -K, Ry - 0,906 127 72K2 -4006
"R, ©33kQ

Bai tap 3-8, Tinh todn lap lai nhu bai 3-7 vdi r, = 25k, xem hinh 3.4,
' | Bai gidi | |
~ a) Viéc tinh todn d6i vdi 1, giéng nhu trong bai 3-7 nén 1, =12 GIQ
b) V1 1y << 0 hay 1, < 10Rg nén ryy dirge tinh nhu sau:

- (1+P)R, 101.3,3kQ \ -
fvv—|3»f¢'f' R, =100.12,61Q +- 3.3k0 295?7kQ
. 1+-£ 1222t
1, 25kQ

v Ry =R,/ 1, =220kQ // 295,70 = 126,15k,
OR, =R, //1,=12,56Q. S

R,
A+B)-2  (100+ 1)53-55"7 |
DKy =g’ = 35 =099%.
1+-% +==
I, 25
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K, = K, =¥ =-0,996 202 307
R, T 3,3kQ

Bai tap 3-9. Cho
tdng khuéch dai
ding transistor mac
BC nhu trén hinh.
3-5. Hay xdc dinh:

a)r, B R, -TE“ T R,
bRy S
R, - ~ a=0981=1MQ
K, . S Hinh 3-5 -
9K, . |

Bai giai

Chen transistor T loai Si véi Ujgo =0,7V
Uy =Upy _2-0,7 1,3V

-a“'I‘l‘I:"-I = —-=1,3mA
YT =leo =0 T M
nén =—T=26-7=209
IEO 1’31 .

b) Trés Khing vao khi méc BC sé 1a:
Ry.= R, //1, = 1kQ // 20Q = 19,61Q.

K=te " 0l _ _003--1
I, I, |

<

Bai tap 3-10. Cho ting khuéch dai dding transistor nhur trén hinh 3-6. Hay
xdc dinh: ‘

a)r,
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bR,
)R,
d) K,
e) K,

Bai gidi

Chon transistor loat Si
véi U, =0,7V.

.8 Tir: - : Hinh 3-6

r _Eec—Uwo _ __9V-07V
% R, +PR. 180KQ+200.2,7kQ

=11,53pA

Ieo = (1+ B0 =(1+200)11,53pA = 2,32mA

w o= o0
| L, 232 |
L 121
b) R, =7 R 2,7—560,5(2
Sy <€ 40
B R, 200 180

)R, =R/ 1,// Ry Vi r, = 10R thi
R,, = R¢// Ry va vdi Ry >> R ta cé:

Rm' = RC'
( day ta tinh duoe: ' .
R, =R, //Ry=2,7KQ // 180kQ = 2,66kQ2.
) 3
&) K, = e 2110 4086
I, 11,21
o K, < PR,  200.180 -

"R, +BR, 180+2002,7

‘ @ Bai tap 3-11. Cho ting khuéch dai ding transistor nhu trén hinh 3-7. Hay
xdc dinh: |

a) Ry
DR,
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c) Ky

I * +Ecc
dK,
R 2,7k
Bai gidi r — U,
o —> G
a) Tré khéng vao cia tdng — «R
duge x4c dinh theo biéu thic: Uy "
' - —- hy, =120
Ry =Ry // by, = 330kQ // R, By, =1, 175k
1,175kQ = 1,171k | | h, =20pAN
b) Tr& khéng ra ctia tdng Hinh 3.7 '
, duge xdc dinh theo biéu thite: o
R, = ! HRe =1, [/ Re= 50kQ // 2,7k = 2,56k = R;. -
22¢ ' _
& day: ol swa
T by . 20k N
. | Ty
c) He s6 khuéch dai dién dp c_ﬁa'tﬁng sEla:
' ' : 1 : .
hZIe(RC h—) . ’
h, . !
Ky=e— Pae _120(2,7//50) - 262,34
by, L7 .
d) He s6 khugch dai dong dien sg 1a:
L
. ' K;=—%=h, =120.
I, .
Bai tap 3-12. Cho 0 B 20v
tdng khuéch dai ding o
transistor truong nhu -
tr?n .hlnh' 3-8. Hay Czl R'm I, =10mA
xac dinh: < U=V
a)s, U Ugg=2V
1,,=5.625mA
b) 1y g,=40uS
c) R, )

Hinh 3-8
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d) Rl‘a
e) Ky

Bai giai | '
a) T phuong trinh Shockley d6i véi transistor trudng loai J-FET ta cé:

(o 210mA oo
™l 8V

g

- - Ugs 2
=g (I-—>)=2,5mS(1-—)=1,88mS
S gmﬂ( UP')_ m ( . _8? .
b) peto— b _osg

‘g, 40107

)Ry =Rq // 1= R, fl0=Rg=1MQ
AR, =Ry // 1,=2kQ // 25kQ = 1,85kQ
&) Ky = -g(Rp // 1) = -1,88mS.1,85kQ = -3,48.

' Bai tap 3-13. Cho ting

.khuéch dai lap dang J-FET
© phy trén hinh 3-9 va biét
thém: Ugso =—2,86V;

U, = 4V; 1,,=4,56mA;

0,05pF -

<

G
@]

C,
Inss = 16mA; gy = 25pS. 'ﬁ"’ kQ U
Hiy x4c dinh: PO S IR,
a) gm ' | 'l- ,
b)r, ' Minh 3-9
)Ry
d R,
~ Bai giai
21 2.16mA
a) gm""ﬁ‘-—T-—SI S
P - .
U ~2,86 ' '
=g {(1-—9)=8mS(l -——)=2,28mS
8 = Bro(l =) = 8mSU-———)=

13

77



Bai tap 3-14. Cho tng

78

b) rd=_1—=—1—s=40kQ

g 25u
c) Ry =RG//FVT=RG//°O=RG=_ IMQ

_ ! _ =
AR, =r,// Rg [/ —=40k2//2,2kQ :
YR, =1,/ s / /1 2.28mS

m

=362,52Q2

khuéch dai ding D-MOSFET
(MOSFET loai- ngh¢o) nhwu _
trén hinh 3-10 va cho bigt  Uye—y
thém: Uy =0,35V; G
Ipo =7.6mA ; I = 6mA; _
U, = -3V; g, = 10pS. Hay '

- x4c dinh:

) gn e
b1, o -  Hinh3-10 - -
c)y V& so dé tuong dlmng cua tang
dR,

e)R, |
| | Bai giai
) £ = 21;07 ZoNA ams
g, gm(l-UGS") 4(1-93-51) 4,046mS
UP
byr,= — 1 =;l—-100kQ
g, 10us.

¢) So d6 twong duong cua tdng duge vE nhur trén hinh 3-11 dudi day.
Ry =R, /R // 1y =R, /IR ]
=R, /R, = 10MQ // 110MQ = 9,17MQ.



e)R, =1, // Ry = (100 // 1,8)k = 1,77k
0K, =-g,R,=-4,046mS.1,8 = -7,28.

Hinh 3-11

. Bdl tap 3-15. Cho mach khué(,h dai diing transistor B-MOSFET nhu trén
hinh 3- 12
+ED,'D 12V

—e U, I' =6mA

. I}
) ].F ’ Y
RG%OMQ -G R Un=8V
—t— ‘ - Up=3v

'I - U, C, 1pF . ' g4 = 20pS \
- - i (0,24.10°A/V%)
R, - " k=0.24.10°A/V?
: Uoso= 6,4V
_ Hinh 3-12 Ipo = 2,75mA
Hay xac dinh:
a) 8 |
b) 1,
c R,
d R,
e) K.
Bai giai

8) g = 2k(Uggo-Uy) = 2.0,24.107(6,4 - 3) = 1,63msS.
1
b)r,= —=—— som
M G 208

19



Ry +1,//R, _ 10MQ+50kQ//2kQ

¢) R, = = =2,42MQ
1+g,(r,//R,) 1+1,63mS(50kQ// 2kQ)
* Néu khong tinh dén anh hudng cia r, thi:
Re 10 2,53IMQ

R, = =
1+g R, 1+1,63.2
d)R, = Rg // t4 /I Ry = 10MQ Jf SO0k // 2kQ) = 1,92kD.
Khi r, > 10R, thi tr& khéang ra c6 thé dugc tinh:
R, = R;//Ry=R, =2k
C)KU—-gm D-'-l 63m82—'3 26 .
. Khi bb qua anh huéng clar, voir, 2 IOR
Khl tinh dén r, thi:
Ky= -gm(RG J 1ol Re) = -1,6ms(10MC2 // 50kQ2 /7 2kQ) = -3 21
. (5) Bai tap 316, “Cho tdng
' khuéch dai ding J-FET nhu
trén hinh 3-13. Hay xdc
dinh dién try 1i mot chiéu U
R, cla ting véi.he s§ Vo1
khutch dai di¢n 4p K, = 10.
Bai giai
© Véi Rg = 09 trén so do

hinh 3-13 cba ddu bai ta c6 | ~ Hinh3-13
Ugs, =0V vadiéu d6 c6 nghia la: '

Ky = -8R = ~8n Ro = EulRo// 1) = 8o, Ry /I 1,)
Tir d6ta tinh dugc: '

5 - Ups _210mA o
0 IUJ -4V
vitacé: K, =-10= -5mS(R /1 19)

10
én: R —ZkQ
nén: Rp /1= 59
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Mat khéc ta cé:
1 1

[, =—=~——=50kQ
- gq 20107
Khi d6: Ry, // 1= Ry, // 50k = 2kQ
RpI0KD ke
R, +50kQ

RS0k = 2R, + 50)KQ
Vay R, = 2,08kQ va chon dién tcd Ry, tﬁeo tiéu chudn s€ A R, = 2%Q.
- Bai tap 3-17. Cho mach khuéch dai ding J-FET nhu tren hinh 3-14.
" 1UP=—1V.Biét.f

Hay x4c dinh dién trd Ry, vARg v6i K, = 8 va Uy, =

- thém: I g = 10mA; U, = -4V; g, = 20pS.

° Ipss = 10mA
R Up = ‘4V

S CS
_]:40141-7
.Hinh 314
* Bai gidi

Tacé: g, = 2 _ 2.10mA _

T ™

N ' ch,, -1
vag = gm" (1 - —{‘J—) = Sms(l - -Z) = 3,75mS

P 1
miit khéc: Ky = -go(Rp // 1) |
| -8 =-3,75mS(R// 1)
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néen R = =213k
. ol te= 3osns = 2!
Ry //1, =Ry /f = =R, /l—— =R, /50K =2,13kE2
g 2" 20us " -

Tir dé6 ta xdc dinh duge Ry, = 2,2kQ2 (diing theo tiéu chudn).
Pé x4c dinh dién trd R, ¢6 thé xuft phét tix bidn thiic:
 Ugg =-ToRy

GSG

N § 1Y C
=1 1--@92=1OmA[1—..—J = 5,625mA
e T %) " |
VayRe= Do L7780
T 1, 562510

Chon theo bing dien trd tieu chudn Ry = 180Q,

*(97) Bai tap 3-18. Cho ting khuéch dai ding J-FET b trén hinh 3- 14 (xem
s6 lidu bai tap 3-17). Hay xéc dinh gla tri RD, Rg khi khong c6 1 C.S

Bai glal |

Khi kﬁfmg cod ty Cs. trén inach céc dai lugng tinh todn cho ch€ do mot
chiéu cta tdng khéng c6 gi thay déi nghia 1a: Uy, = -1V; IDO =3, 625rnA
= 1802 (nhu trong bm 3-17).
Biéu thiic tinh hé s6 khuéch dai dién Ap K, séla:
ngD
1+g, R
8 = ~3,75mSR, |_3,75mSR,
1+3,75.10°. 1so| 140,675

tir do tinh duge R s& 12:

134 _3 57310
3,75mS

Chon dién tr& R, theo tiéu chudn 13 Rp= 3,6k,

_— R, =

8- 2508TKTOIENTLS -
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Bai tap 3-19, Cho bo khuéch dai dién tir nhu trén hinh 3-15. Hiy xéc dinh
Ky Ry; R Uy U, véfi_ U_Gs0 =-1,9V; I, =2,8mA va R, = 10kQ.

Ipss = 10mA; Up =-4V; T, va T, cling loai va ¢6 cling cac tham s0.

{OmV ’3.3MQ
33MQ9 2 e G R
_ 1 00pF

P - o o=
. :

Hinh 315

Bai gidi

2y =‘2.1.0mA —5mS
"o, 4V

g

U -1,9
= [-—82) = 5mS| 1 - —= |=2,6mS
gm gmo( U ) ( 4 ] .

P
K, =K, =-g,R, =-g,R, =~g, R, =-2,6mS.2,4kQ = -6,2

He sSkhuéch dai Ky séla: |

K, =K, K,, =(-6,2(-6,2)=38,4
‘Dién 4p ra s Ia: |

U, =K, U, =38,4.10mV = 384mV
Trd khdng vao clia bo khuéch dai 12; -

Ry =R, =R, =33MQ

Trd khang ra cia b6 khuéch dai la:
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R, =R, =R, =2,4kQ.
Khi méc tai R, = 10k€2, dién 4p ra trén tai s& (a;
R, 10

U, = U, =
R_+R, " 2,4+10

384mV =310mV

Bai tap 3-20. Cho bo khuéch dai dién tir diing BIT nh trén hinh 3-16
7 V6i Uy = 4,7V; U, = 4V; Ue = 11V; I, = 4mA. Hiy xdc dinh: Ky; U,
Ry; R, va U, khi mic ti R, = 10kQ.

Hinh 3-16
_ Bai giai
Trude tién ta x4c dinh dién trér,

) =26mV:24_6=6’5Q

e 1

He s6 khuéch dai dién dp thng 1:
__R_R/R IR, /Br)

.. I{UI = r iy
__22KOQ/SKQI4TKQ2006,5Q ) 5
6,5Q. .
dday . R =R,//(R, /R //pr,)
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He s khugch da1 K, sé ta:

n R, Ry 22kQ_ 2210’
KU, = - _— e — = — _
I r.. I 6,5

< [ [

=-338,46

K, =K, K, =(-102,3)(-338,46) =34624

U, = K,.U, = 34624.25pV = 0,866V
Trd khing vio clia bo khuéch dai 1a: )
R, =R, /R, // Br, = 4,7k} // 15kQ // 200.6,5Q = 953,62 -
“Tré khing ra: X '
| R, =R.=R,=2,2kQ,
Khi mic R, = 10kQ dién 4p ra trén 14i s€ la:

U =—2 g =19 gseev=071v
R, +R, "™ 22+10 o

@ Bai tap 3-21. Cho bo khuéch dai'nhy trén hinh 3-17. Hay xéc dinh Ry;-
R, Ky va U, Véi g, = 26mS; R, =953,6Q; L = 10mA;
U, =-4V; B =200; K, =-338,46. - |

++E

- ce

20V

.....

Hé s6 khuéch dai cha tang thi nhat:
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Ky =-g,(Rp /Ry, ) =-2,6mS(2,4kQ//953,6Q) = 1,77
He s6 khuéch dai K, s 12
K, =K, K, =(-1,77)(-338,46)=599,1
Dién ap ra U, =K,.U, = 599,1.1mV = 0,6V
Tré khéng vao R, = R, = 3,3MQ '
TrokhangraR, =R.=2,2kQ =R,.

Bal tap 3-22. Cho ting khuéch dai cascode nhu trén hmh 3-18. Hﬁy
xdc dinh K cua tang véi U, =4,9V; U, =10,8V;

Ic =1 _3,8mA=IC-IE,B1 [32-200 T, = T2—T(g16ng nhau), -

E. 18V

o tU |
Segdfe e o B=B=20

T| - T2 = T
* (gi6ng nhau)

e § q
1

" Hinh 3-18

Bai giai
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R T,
K _______g_'__.___e._=_1
b I, I,
3
K zl_l_c__l,B.IO - 265
L 6,8
vVay K, =K, K, =-265.

Bai tap 3-23. Cho ting khuéch dai diing transistor Darlington nhur trén
~ hinh 3-19. Hay xac dinh hé s6 khué&ch dai dong dién K.
<+E_ 18V,

B,=8000
U&: 1,6V

“-_.' Ur'n .
COSHE

Hinh 3419
Bai gidi
""Ta c6 thé v& lai so d6 tuong

duong mach di¢n nhu trén hinh
3-20 dudi day:

I .RB+BDRE

8000.3,3.10°

= - =41i2°
3,3.10° +8000.3%90

Hinh 3-20

Bai tap 3-24." Cho ting ' _
khuéch dai dung transistor Darlington nhu trén hinh 3-21. Hiy xdc
dinh Ry; R;; K;; Ky v6i 1,y =3KkQ.

- 87



88

Vi Ipgs = 4mA va U, = -3,5V.

Hinh 3-21
| Bai gidi
Ry =Ry // (ryr + BiByRo) = 2MQ // (3kQ +.140.180.75Q) = 974kQ2.
| R, o 2.10° |

K = =140:180(— : =3,7.10°
' B]ﬁz_R_g_ﬁR\, | _'(_2.1oﬁ-+974.1-o’) _
fa = AL =310 Q =O,IZQ o
BB, 140.180 T
. K, = BB.R.  140.18075 ~0,9984

" BBRc+r,; 140.180.75+3000

Bai tap 3-25, Cho mach dién ding J-FET .
nhu trén hinh 3-22 (mach tao nguén déng).
Hay xac dinh dong I, va U, khi:
a)Rp=1,2kQ. -
b) R, = 3,3kQ2.

Bai gidi - . Hinh322
Tir mach dién da cho khi Ugg = OV.
=lg=4mA. - -
a)U,=E,, - LR, = 18V - 4mA.1,2kQ = 13.2V.



b) U, = Epp - [Ry = 18- 4.3,3 = 4,8V.

Bai tap 3-26. Cho mach dién ding BIT
nhu rén hinh 3-23 (mach tao nguén
dong). Hay xac dmh dongdién L

Bai giai

Cheon transistor loai Si v6i Uy, =0,7V.
R

 Tacé: U, =—d—(-E_) |
- Ri+R, Hinh 323
o3l a0y=—iov
(5,1+5,1)
Up = Up— Upg =-10-0,7 =-10,7V
I=1, = Ue B _Z107-C29 _ 4 65ma. -

R, 2

Bai tap 3-27. Cho ngudn dong
.- ding transistor va zener nhu trén

hinh 3-24. Hay x4c dinh dong
diéniv6i U, =6,2V.

7

Bai giai

Chon - transistor loai Si  voi
Uge =0,7V. |
Ta cé:

-Hinh 3-24

Up-Up _6.2-0.7 400
| RE 1,8 ) ’ L

Bai tap 3-28. Cho mach dién ding transistor nhu trén hinh 3-25-(mach
- guong dong). Hiy x4c dinh dong dién L '
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Bai giai
Chqn transistor T, va T, cling loai Si..

Ta cé: 1=Ix :&Q_‘Jﬂ_

X

_0207) 44 7.

4

Bal tap 3-29. Cho ting khuéch dai vi Hinh 3.25
sai ding BIT nhu trén hinh 3-26. Hiy |
xéc dinh dién dpraU_. Vdi r, vy, =hvy, = 20kQ2; Bl B,=75.
Bai glai
- Chon transistor T, va T, loai
Siv6i Ug =0,7V.

Tacd:

9-0,7 -
22797 _1o3uA
3100 o

Dong colectd: -

‘Hihh.3-26

Tix d6 ta ¢6 U duge tinh:
=Eqc ICRC-9 965 10‘47 10° = 45V
Pién tré r, du‘oc tmh

£, ==L = —— . =269Q
D S ) 96.,'5.10'6
He s6 khuéch dai dién dp K, s€ la:
3 .
u= & = i?_.!_(l. =874
2r, 2269
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Vay U, s€ la:
U, =K, U =2.10°87,4 = 1,175V.

Bai tap 3-30, Hay xic dinh he s6 khuéch dai tin hiéu déng pha ciia
tdng khuéch dai vi sai diing transistor trén hmh 3-26.

Bai giai

T biéu thm: co ban tinh todn cho he sO khu&ch dai tin hiéu dOng pha '
doi véi tang vi sal ta x4c dinh duoc K. nhy dudi day:

U, - PR, 7547

K = = = =
U, gy +2B+DRg 20+(1+75)2.43

b

. Bai tap 3-31. Hay xéc dinh K clia tdng vi sai cho trén hinh 3-27 du6i day:

I +9V—E

T&T,
'ﬁl = ﬂ2_=, 75 ‘
U, Py = Iy = Typ = 11kQ
T,
o Bs=175 ‘
R, 5,1k Tos = Rg = 200kQ
OV=E_
Hinh 3-27
Bai giai

Transistor T; k€t hgp v6i céc linh kién méc trén mach tac thanh mot -
ngudn dong nham nang cao tré khing mbt chleu Ry va vi the khi thay céc
gia tri vao biéu thic tinh K ta ducc : '

K BR, _ 7510
¢ e 21 +13)R 11+2.76.200

=24,7.107
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3.3. DE BAI TAP

@-.Béi tap 3-32. Cho tang kﬁuéch dai ding BIT méc EC nhu trén hinh 3-
28. Hay xdc dinh R,; R Ky K ' '

a) V6i 1, = 40kQ)

b) véi 1, = 20kQ2.

Hinh3-28

@ Bai tip 3-33. Qho ‘mach dién diing transistor nhu trén hinh 3;29. Hﬁy
xdc dinh E sao cho K, = -200. '

* Hinh 3-20

@- Bai tap 3-34. Cho ting khuéch dai ding transistor nhu trén hinh 3-30.
Hay xéc dinh r,; Ry; R,; Ky K| véis '
| a) 1o = S0kQ) | '
b) r, = 25kQ.

92



Hinh 3-30

' Bai tap 3-35. Cho ting khuéch dai ding BIT nhy trén hinh 3-31. Hay
' xéc dinh r; Ry; Ry K K. ‘ '

Hinh 3-31

@ Bai tap 3-36. Cho mach dién ding transistor phu trén binh 3-32. Hay
xéc dinh Ry; R Ky K; vi U_khi U, = ImV.
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Hlnh 3-32

Bai tap 3-37. Cho ting Khuéch dai dung BIT nhu trén hinh 3- 33, Hay

94

~ xdcdinh I; I 1; Ry; R,; Ky K.

‘ Eﬂ; 20V

"Hinh 3-33

Bai tap 3-38. Cho mach khuéch dm dung BJT nhu trén hmh 3-34. Hay
Xé.c d]nh rc’ RV' Rm, KU' .

;|-6V, I -0V o= 0,998
3 47kQ 1, =1MQ
- e
, UV .Urn
R, —» «

Hinh 3-34



@ Bai tap 3-39. Cho mach khuéch dai ding BIT nhu trén hinh 3-35. Hay.
xdc dinh K ; K. '

Hinh 3-35

@ Bai tap 3-40. Cho ting khuéch dai ddng BIT nhu trén hinh 3-36. Hay
xdc dinh r,; Ry; R, Ky K. | - T

E_ 12V

R 3,9%Q

—]}—

U,
- v
— R,
Hinh 3-36

(A20) Rai tap 3-41. Cho thng khuéch dai ddng BIT nhu trén hinh 3-37. V6i
r, = 10Q); § =200, Ky, =-160; K, = 19; 1, = 80kQ2. Hay x4c dinh Rg R; E.

Ecc
£>Rc

Hinh 3-37
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Bai tap 3-42. Cho ting khuéch dai ding BJT nhu trén hinh 3-38 véi
h, =180; h,, =2,75kQ; h,, =25us.Hay xdcdinh R,; R;; Ky; K r..

18V

I-tinh_\ 3.38

@ Bai tap 3-43. Cho tAng khuéch
dai ding BIT nhwtren hinh 3-39 %4
s hz’ib =-0,992 '_;:
h, =9,450; K, —184.
e . . h . V
Hay x4c dinh Ry; R,;; Ky; K3
% Biri v S B Hinh 3-39
@ Bai tap 3-44. Cho ting
khuéch dai dung J-FET nhu trén hinh 3-40. Hiy xac dinh R,; R ; K,
v6i I = 10mA; U, = -4V; 1, = 40kQ.
I | g Epl8Y

L 3

Hinh 3-40
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@ Bai tap 3-45. Cho ting khuéch dai ddng J-FET nhu trén hinh 3-41.
Hay x4c dinh Ry; R,; K, véi g, = 3000uS va g, = 50uS.
' +Ep 12V

Hinh 3-41
Bai tap 3-46. Hiy xdc dinh R,; R,; K, clia tdng khuéch dai ding J-
" FET phu trén hinh 3-41 (xem bai 3-45) khi ngat tu C, ra khoi mach.
Bai tap 3-47. Cho ting khuéch dai ding J-FET nhu trén hinh 3-42. Hay
' xéc dinh Ry; R 3 U, v6i U, =20mV; I = 12mA; U, =-3V; 1, = 100kQ2.
Epp 20V

[

— _L. —
Hinh 3-42

@ Bai tap 3-48. Hay xdc dinh Ry; R; U, cia tdng khuéch dai dung J-
FET nhu trén hinh 3-42 (xem bai 3-47) khi ngét tu C,'ra khdi mach.
_ Bai tap 3-49. Tinh toan 13p lai cho bii 3-47 khi thay r, = 20kQ.

Bai tap 3-50. Tinh ton lap lai cho bai 3-48 khi thay r, = 20kQ.
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Bai tap 3-51. Cho ting khuéch dai méc GC ding J-FET nhu trén hinh 343.
Hiy xdc dinh Ry; Ry; Uy v6i Uy = 0,1mV; Ipg = 8mA; U, = 2,8V, 1, =40k
+E 15V

R, S 3,30

d
|

Hinh 3-43
Bai tap 3-52. Cho ting khuéch dai ding DMOSFET nhur trén hinh 3-44.

- Hay x4c dinh U, biét g, = 20p._S Uy =2mV; I, =8mA; U, = = '3V

' Hinh 3-44 -
Bai tip 3-53. Cho tﬁng khuéch dai diing D-MOSFET nhur tlén hinh 3-45. Hay

xdcdinhR, R ; K‘J Biét r, = 60k<; I,.— 12mA, Up=-3,5V;E,,=22V.

Hinh 3-45

" 7.250BTKTOENTY . B



@ Bai tap 3-54. Tinh toén 1ap lai cho bai tap nhw hinh 3-45 véi 1, = 25kQ.

Bai tap 3-55. Cho tdng khuéch dai ddng D-MOSFET nhu trén hinh 3-46.
Hay xac dinh U v6i U, = 4mV; g, = 35u8; g, = 6000uS.

- Hinh 3-46

\ Bai tap 3-56. Tinh toén 1ap lai nhu bai tap 354 trén hinh 3-46 v6i
gs=350uS; g, = 3000|J.S

. (136) Bai tap 3-57. Clio téing khuéch dai ding E MOSFET nhy trén hinh 347,
Hay xdc dinh Ry; R,; KU véi k =0,3.10% Uy = 3V; 1, = 100kQ.

Hinh 3-47

Bai tap 3.58. Tinh todn lap lai cho bxi 3-57 (xcm hinh 3-47) véi
k =0,2.10” va so sénh cdc két qua. -

 Bai tap 3-59. Hay .xéc dinh U, véi tdng khuéch dai dung E-MOSFET
cho trén hinh 3-48. Vé6i U, = 20mV; U, =3,5V; k =0,3.10”; g, = 30pS.
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Hinh 3-48

Bai tap 3-60. Hay x4c dinh U, cha tdng khuéch dai ding E-MOSFET
cho trén hinh 3-48. Biéi: U, = 4mV; U; = 4V; In.., =I, =4mA ;

Uésum =Ugs = 7V; gy = 20ps.

 (140) Bai tap 3-61. Cho ting khuech dai diing E-MOSFET nhu trén hinh 3-49.
Hﬁy xdo dinh U véi Uy=08mV;r,= 401(9_; U, = 3Vik= 0,41 03 A

Hinh 3-49

Bai tap 3-62. Cho mach khuéch dai ding JFET nhu irén hinh 3-50.
Hiy xdc dinh R, véi: Ings = 8mA; U, =-2,5V; g, =25uS; K, =8.
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Hinh 350 -

Rai tap 3-63. Cho ting khuéch

dai dung JFET phu trén hinh 3-

. 51. Hay xdc dinh R, A R, Véi
K, = 100 Ug =%UP;

o Ing= 12mA; Uy =-3Vi 1, = 40kQ.

Bai tap. 3-64. Cho bo

— khuéch dai gém hai tdng
nhu trén hinh 3-52. Hay

_ xac dinh dién dp ra U, . Vi
Ipss = 8mA; Uy, = -4,5V.

Hinh 3-51

Hinh 3-52

101



Bai tap 3-65. Cho b6 khuéch dai gdm hai tdng nhu trén hinh 3-53, Hay
xdc dinh hé s6 khuéch dai K. Véi I =6mA, U, =-3V, f = 150.

* o E +10V
R,e 1.8kQ R, é24k R 32,7k
- C, 0,05pF C, 0,1pF
*—] " 4

10MQ R, ,
. 3300 100uF

| . Hinh3-53
- (145) Bai tap 3-66. Hiy xéc dinh R, vA R, &lia b khuééh dai cho trén hinh 3-53,

Bai tap 3-67. Cho. tdng khuéch dai Cascode nhu teén hinh 3-54. Hiy
- xdc dmh h¢ s6 khué’ch dai K va dién ﬁp ra U V6‘1 UV = IOmV

Bi=p.=p= 200
—e +E, 20V .-
. Rask
. v ) e Ura
Uy (390 . &hC,
o S TlOOpF
Hinh.3-54
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Bai tap 3-68. Cho tdng khuéch dai Darlington nhu trén hinh 3-55. Hay
x4c dinh K. | '

v
120mV G

Hinh 3-5% _

Bai tap 3-69. Cho tdng khuéch aai Darlingtori nhu trén hinh 3'-56.\H5y- '
xdc dinh dién 4p ra U,,. V6i B, = 160; B, = 200 ' '
: ‘ +16V

Hinh 3-56
Bai tap 3-70. Cho mach dién diang JFET nhu ' Eppl8V
trén hinh 3-57. Hiy x4c dinh dong dién I vé R
Ioss = 6mA; Uy = -3V. o KO b
V1
Hinh 3-57
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, Bai tap 3-71. Hay xéc dinh dong dién I cho mach dién trén hinh 3-58.
v6i B = 100. |

+E, -18V

Hink 1_RR
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Chuong 4
MACH KHUECH DAI CONG SUAT

4.1. TOM TAT PHAN LY THUYET

. Nhiém vu cta tng khuéch dai cong suit 12 dua ra tai mét cong sudt do
16n theo yéu cdu, c6 thé tir vai chuc mW dén hang trim hay hang ngan W. .
He s6 khu&ch dai cong sut déng vai trd quan trong, cdn h¢ s6 khuéch dai
dien 4p chi1a thif yéu.

- Téng cOng sufft c6 thé 1am viéc & cdc ché do khéc. nhau ch€ do A, AB,

B hay ché d6 C, nhumg dé khuéch dai cic tin hiéu diéu hoa thudmg st dung. -
horn cala ché do A va AB (hay con goi 13 ché€ 46 B)).

- Day 1a tang khuéch dai tin hiéu 16n nén budc phai lam viec & doan
cong ctia dac tuyén transistor nén s& gy méo phi tuyén. '

- Ting cong suat c6 thé mic theo so d6 don hay s0 dé ddy kéo, c6 thé
diing ngudn cdp dién don cuc hay nguén d6i xing c6 diém giita trung hoa.

- Hiéu sudt cita tng cong sudt quyét dinh hi¢u sudt cia mdy khuéch
dai; viéc ning cao hiéu sust ngodi ¥ nghia ti€t kiém nang luong cbn lam
giam cdng sudt tiéu tan trén vo transistor dudi dang nhiét.

- Céac tang khuéch dai cong
sudt dugc phan ra: tdng don, ting
ddy kéo, tdng c6 bién 4p ra, ting
khéng bién 4pra... _

* Tdng cong sudt mde don tdi
dién tré(hinh 4-1)

Hinh 4-1, Tang cong suat mac don tai dién rd

Dé khuéch dai céc dao ﬁ@ng diéu hda ting chi lam viéc & ché do A,
trong dé transistor 1am viéc trong ca hai nita chu ky tin hiéu.
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2 2
Cong suit ra Pm=-[—1£1ﬂ=1°—m3-£=gfi
2 2 2R

It ]

Trong d6 U, = Uggo = % val, =

U I

| - L Ey 1y g
= 2 2 2% 4°7
Cong sudt tiéu thy tir nguon
P,=1..E
Hléu Suat’ cyc da1 khi P, — Py, 0 '
11 E
on = —e—  100% -25%
"CALE T

Thuc t€ hiéu suit con thap hon. A
Dién tr& tai xoay-¢hiéu t6i wu duoc xéc diﬁh;:f g

o Ropy= —® =i
L I'tm'“ 21
U diém: tfn higy {( bl méo ,
- Nhuge diém: cOngsuaft ra nhd, hléu sudtthap,. . - .
* Téing cong sudt migc: don ¢6 bién dp ra (hinh 4-2)

Bién dp ra c6 chire. ‘néng ngan mot chiéu, dén tiri. hiéu xoay chléu ra tﬁ:
R, déng thdi phéi hop tr& khéng. )
Diéu kién phfn horp tw khing ‘
R,=R=n*R,
Trong dé n= W he s6 bién ap;
: _ W, . ,
R;ﬁ - dif}n trd ra ciia tdng khuéch dai; - '
R, - dién tr téi; . | |
R, - dién tré tAi quy vé so cdp bién 4p.

"I_‘Txdésuy'ra ' n=1/§-‘j _ |
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Néu bién 4p ra ]a ly tueong thi dién ted tai xoay chiéu & mach ra

C
IBO
<],
5 . UCEmmL
- ——
Uﬂl~
a) Hinh 4-2. Tang cAng sudt mag don, c6 bién' apra )

- Cong sudt ra cyc dai

P = m-" - _!’_
14 max . 2 R 2 s Lo

- Cong sudt tiéu thy tir ngudn:
P0=Uco .ICQ.'V-.=ICOE
- Hiéu suét cuc dai: '

|
n,, =-ome  1EL, Elw 100% = 50%
P0 2 -E'Ico

Trong thuc t& bién dp ludn cé t6n hao va tén tal dlén ép du Udu nén hiéu
sudt con nhd hon. : :

Khi lam viéc vdi tai t6i wu bién do dién 4p cuc dai Ugg,,, bang 2E vi tai
mang tinh dién khiang nén xudt hién sivc dién déng cam u'ng trong cudn sg
cdp bién 4p.

- *Tang céng sudt mdc theo so dé ddy kéo ¢é bién dp ra (hinh 4-3)

BA, 1a bién dp dio pha; '

BA, 13 bi€ndpra.

' Ting c6 thé lam viéc & ché do A hay che do B nhung thudmg la ch€ do
AB véi dong tinh T, = (10 + 100) pA.
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I (mAX

Uk : R, I \o IBQ
| I l \
I{:m \
L 2 W \ >
| il | UelV)
a) ' @
b}.

Hinh 4-3. Sa @8 cong suilt (a) va déc tuyén ra (b)

Dién trd tai chia méi transistor (1/2 cudn so cép 13 w, vong) dugc xédc dinh.

R’l=n2.Rt'Suyra.i1= &; Lo n=-—".

- Cong suét ra cuc da_li mot nhanh _
][2 LU [.E

P cml.=m CEm . “um

7 mmex . 2 ) 2 - 2 .
D.bng dién trung binh tfong mdt chu ky cia mot nhdnh (1 transistor)

T

j (t)dt——

0

Dng tiéu thy tif nguén E (c& hai nhanh): [, =2. 1=
T

- Cong sufit tiu thiz tix ngﬁﬁn E:

I_E

cm

AN

P=1,E=
Hiéu sudt cuc dai clia ting

= LB 100%
Pu 2216_"1E_ '
ug

FI’]'rmm =

= —100% 78 5%
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Thyc (€ bién &p c6 t6n hao va Ugy,, < E nén hi¢u suat thap hon.
Coéng sudt ticu tan trén colecto cha mot transistor dudi dang nhiét.

P-P
PC = _n7£ =lIt:rn‘E--lI:m'R'll
. n 4

SuyraP iP ~0,4P

cmax Jfamax

-Két luan: : _
- O ché€ do B hay AB khi U, = 0 tdng khong tiéu thu ndng lugng.

- Ngén mach tai va hé mach tai khi ¢6 tin higu vao déu rit nguy hiém
cho transistor.

* Tdng cong sudt ddy kéo mdc noi 1iép khong biéh dp ra (hinh 4-4)

i

Hinh 4-4°

_ Dé mic tai truc tip khong qua bién 4p phai dung nguén déi xing +E c6
diém giita trung hoa, cdc cyc + va —E khéng duge néi véi vé mdy. Transistor
T,, T, 1 hai nhédnh cha ting cong sudt, ding hai transistor khéc loai din
dién, déu méc theo so d6 tai emito nén khéng khuéch dai dugc dién 4p. Tang
T, ia tAng kich céng sudt va khuéch dai dién dp, tai xoay chiéu 1a Ry; D, va

‘D, 1am nhiém vu tao thién 4p va én dinh nhiét cho T, vi’l T,.

Téang thudng 1am viéc & ché do AB. Cic tinh todn cia tdng néy giéng
nhu d4 xét & trén.

* Ting cong sudt mdc theo so dé ddy kéo diing ty phan cach C,

Trong trwdng hop khong c6 ngudn d6i ximg ma chi c6 nguén don cuc,
muén méc tai true ti€p, khong qua bién 4p thi phai ding v phan ciach C,
midc ndi ti€p vai tai.

Tu C; ¢6 hai chitc nang: ngan thinh phin dong mét chi€u qua R, vh lam
nguén thi cdp cho T, khi T, tit. Tu C, s€ phéng, nap qua T|, T, va R,
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‘Tang T, va céc linh ki¢n hop thanh gidng nhir so' dé diing ngudén doi xing.

4.2. PHAN BAI TAP O L& GIA|

@ Bai tap 4-1. Cho mach khuéch dai céng sudt nhu hinh 4-5a
Biet: E=12V o : +E
R = 20Q Mg Rg |

C2
R, =2kQ - .__TI__JT———H——-I
4= o
' ]
[

A
VYV

U, =05V, p=50 lU" |
Dong dién vao c6 bien do I, = I, = SmA

a) X4c dinh diém lam viéc finh 0 va o

' dub’ng-t_éi mot chiéu, xoay chiéu. Hinh 4-5a
b) Xdc dinh dong I, iing v6i I, = SmA. |

_ Bai gidi e .
a) Ddng tinh I, duoc xéc dinh .I "
B . e S 12;055=5,75mA oA ! e
. R, 210 AW lasew
- ‘Dong tinh colecig I, " \/ L BERN -
Ico = Plgo = 50.5,75=287,5mA | | e 12 yam
- Dien fp Ugp = 124Re = | -
12-287,5.10°20=12~5,75=6,25V
/ Diém lam viec t'inh 0 c6 toa do
0 (6,25V; 287,5mA). - ‘ .
- D& vé dudng tai mot chiéu va xoay chiéu (& day R_=R_=R) cdn xdc
dmh thém mdot diém nua ngoai dtém O Biét phuong trinh dudng tai
-E- 1R
Cho I.=0-5U, UCE =E= 12V N&i dlem O véi dlem 12V trén trgc
hoanh ta dugc duong tai mot chiéu. ‘

.Hinh 4-5b

Trong trudng hop nﬁy vi R = R_ nén dudng tai mét chiéu va xoay chléu
tring vdi nhdu : :
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b) Khi dong dién vao T, bién thién SmA thi dong dién ra s& bién thien
o= Bl = 50.5mA = 250mA. :

@ Bai tap 4-2. 56 lleu nhu bai 4 1.
Hay xéc dinh:
a) Hiéu sudt ciia tdng.
b) Cong suAt tiéu tin trén colecta clia transistor.

Bai giai
- a) D€ x4c dinh hiéu suit, cdn xdc dinh cOng sut ra tai va cong suét tiéu thu.
: , 3 AN - '
-Congsudtra P, = I;" R.= @—0519—)— 20=0,625W

- Cdng sudt tiéu thy tir ngudn

Py=EI, =122875. 10% =3 45W

:Hléu suét n —9-62100%— 18,1%
3,45

| b) Cong suat ti€u tan trén colecto transistor
P.=P,—P,=345-0,625 = 2,825W

@ Bai tap 4-3. bé lap lai bai 4-1.
Néu giam bien d6 dong tin hien vao con 3mA
Hay xéc dinh:
- a) Cong suit ra.
b) Hiéu suit n ciia tdng.
¢) Cong suét tiéu tdn trén colecto.
d) Cho nhan xét.

| Bai gidi .
a) X4c dinh cong suft ra
-Dong dienra I, =I5B = 3.50 = 150mA

2

-3y2 '
~ - Cong sudtra Pm:I“T“‘R' #Q&;O—)—20=0,225W
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- Cong sudt tiéu thu, khong déi
P,=I,E=12.2875.10"=345W
b) Iiéu suat cla tang

n= %100% = 0’2255100%: 6,52%

0 ’

c) Cong sudt tiéu tan trén colecto P
P.=P,-P,=3,45-0,225=3225W
d) Nhan xét: o ' _
- Cong sudt tieu thu tir nguén 1a cd dinh, khéng phu thuge vao mLIc tin
hiéu vao, vi tdng lam Vlec o ché dg A. '
- - Bién do tin hiéu vao giam thi hi¢u sudt giam va cf)ng sudt tléu tdn P,
tang lén. ' ‘

. Bai tap 4-4. Cho mach khuéch dai cong sudt c¢6 bién ipra nhu hinhi 4- 2

Bi¢t dong dién tinh I, = 5mA p=20;E= 12V UREO =0,6V, l’JlLl] dO
dong dién vao Ig, = 4mA., ' '
w

SutaptrénRE Upe = 1V, R 8!1 n——v—=4'.

W,

a) Xdc dinh dién tré’ R, vaR,.
b) X4c dinh diém _lém viéc tinh, dudng tai mét chidu va xoay chiéu.
¢) Xdc dinh dong 1, va dign dp U,..

Bai gii
“a) Xdc dinh tri s6 dién id R, v R,
- Upy = Upg + Uggo = 1.0 + 0.6 = [,6V
Ug, U, _ 16

Upe= bR, > R, = —%& = k2 = - 8002
wUEE TR, 4L, 45007

) P RO
Ug =T+ 1) Ry =E - Up,. _
E-U, E-U, 12-16
I, +1, 51 5.5.10'_'l

Suyra R, =

= 416 )

O
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b) X4c dinh diém lam viéc tinh

Néu coi bién ap 1a Iy tuémg thi Uggo = E = 12V
I, = Bl,, = 20.50 = 100mA

"Toa d6 diém 1am viéc tinh O (12V; 100mA)

.200 \ SmA
[ <[80mA”
- 4mA TmA
.......... I.(.)O °~ Ip,=5mA
/ f gmA - oma
‘l' ................ eraze ﬁ...lmA
——g- : ‘ S
f N LA SR | O
lt:min=:2'0mA ) < B .
l l > UCEimux=22v

Hinh 4-6

Pién trdr 1ai quy vé so cdp bi€n dp-

R’ =n'R,=4"8=128Q | _

Tir diém trén truc hoanh 6 dién 4p Uggg = 12V cong thém mot doan
dién 4p bing IR’ = 100.107.128 Q= 12,8 V, dugc diém B ké dudng thing
qua B va O ta duge dudng tai xoay chidu.

Tir dé thi x4c dinh, iing v6i dong I, bién thién T4mA.

Ucg oy =22V

Uk min = U =3V

T = 180 MA

Iemn = 2,0 mA.

I -1 _ '
Y <«ntn = 180 2 — 89mA

Bién do dong I, cucdai I, =—"" >
Bién do dién dp ra cyc dai
' I, -1, 22— |
Uy g = et = 223 =9,5V
i 2 2
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@ Bai tap 4-5. D& lap lai bai 4-4
a) X4ac dinh cong suft ra tii.
b) Xdéc dinh cOng sudt tiéu thu.
¢} Xéc dinh hi¢u suat cia tdng.
d) Céng sudt ticu tdn trén transistor.

Bai giai
a) Dién 4p hiéu dung irén cugn so cép bién dp:
U — ICEmax - ICErm 22 3

] =—t2= =6,74V
rms. \/5 2\/5 2(

- Gia tri hiéu dung dién ap bén thi cdp blén ép tic 12 trén tal R,..

U = Um.l=l 674=1 685V

. 4 4 .

- Cong sudt ra tai: |

o 3 » 2

P = U/ _ (1685 =0,355W

TR g XY

b) Cong suit uéu thu ti nguén:

P EIm— 12v 100 103f12w
c) Hiéu susit cua tang
0, 355

n= #_100% = 100% =29,58%

0 g
d) COng sudt tién tan trén vo transistor P
Pe=Py- P, =12-0,355=0845W

. Bal tap 4-6 Dé lap lai bar 4-4. Nhutng giam dién tro tai xuéng con
4€2. Hay x4c dinh cong euat ra, hléu sudlt va cOng sudt tiéu tén Pc.

Bél giai

a) Néu R, = 40, thi R?, = n’R, = 424 = 6402, toa dd diém B trén truc
hoanh bay gids 1a 12V + 100.10%64 = 18,4V. Tir dé thi (hinh 4-6) Ving véi
Is, = t4mMA 50 Vdi Iy, ta xdc dinh dugc '
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Uamex = Uce mex = 18V

Usa min = Ucg i = Uy = 3V
Lmin = 2mA

Conx = 180mA

Bién dt} dién ap ra khéng méo

U,.—-U,. 18-3

| UCF‘“ = — CEnx 2 CEmin - 2 -— 7, SV
- bién 4p hieu dung bén so cdp bién 4p
- Ug _ 75
L =532V
_ T TR
~ -Dién 4p hiéu dung bén thi cap bi€n dp
| 1532

\U,=U_, F=H_133v
™4

- - Cong sudt ra

p“=__n_=g(1‘i3) =0,442W

Cong suat tiéu thu

P,=1,E=100.10%12= 1,2W
0,442

b) Hieu suat 1= %— 100% = .100% = 36,83%
: v > :

c) Cong silﬁ_t tiéu tén

PC=P0' Pl‘a= 1,2:' 0,442 =0,758 W
Ket tuan: Khi dien trd tai gidm cong svdt ra tang lén.
Bai tiap 4-7. Cho tdng khué&ch dai cong suit (KDCS) mac . don lam viéce

&ch€do A nhuhinh 4-7. -

Hay xéc dinh cong sudt ra (Pm) hiéu sudt cia tdng (n) véi bién 4o dong
bazo I, = 10mA; B = 25; I(B) = %QL— = %—g =1000mA

C

Bee=Ua(A) =20V ;  Up=07V
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5 1ou 15 20E, (V)25 v LY

b)
Hinh 4-7

Bﬁi gidi

Toa do di€m Q duoc xac dinh theo phuong mnh dubng tai mot chiéu (R_) '

_Be 07V _20-0,7

I =
v R, - L10°

=19, 3mA.

I, =pJ,=25.193mA=048A
U, = Be, - IR, =20 - 0,48. 20 = 104V

- Toa d6 hai dlém A va B trén truc hodnh va truc tung twong ung s€ 1a:
20V va 1000mA.

- Bién 46 dong ra (dbng colecto) s€ 12:

L =Ty B = 10mA.25 = 250mA

2 ) -3
p=lor - B0 g w

Py =Ecc 1, =20.048 = 9,6W

n:P—“’10O%— 0.623,

0 . k B

100=6,5%

Bai tap 4-8. Cho tng khuéch dai cong sudt ghép bi€n 4p nhu hinh 4-8.
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Hiéu suat cla tang I:

P ' "
MN=—100%= 12,5 100% = 52,3%
P0 23,9

Bai tap 4-11, Cho bo KDCS dung transistor 1am viéc & ché do B mic ddy

kéo nhur hinh 4-9 (gia thiét _ t 42 25V
transistor 1y tuong). Hay xéc dinh ‘
cong suft tidu tan P, trén médi ¢ Rz -
. It

transistor, P, P, va n. Véi U, - T DSE LT "

v BT - - (‘_:2 R, < r
hi¢u dung (rms) 1a 12V N Uyps: U, — Pr Sraa

Bai giai ‘ R, |

BiEn d6 dien 4p vio la: . N ~—1E, 25v

-2U,,, =V212v=17v Hioh 45

V6 ting KDCS ly tudng ta coi
dun g b?mg U.,, (khong c6 tdn hao trén ti€p glép bazo-cmlw)

| U,.=U,,
- Céng suat ra s& la:
2 2
Ve 1756 125W
2R, 24

Bién d6 dong tai 1a;
Io=1, = Sm 14058
R 4

Dong trung binh duge tinh
' 2 2 4,25

=21
b
L T T

=2,71A

Cong suAt tiéu thu tir ngudn cung cdp la:
=E_.l, -25271 6775W
Cong suﬁt Liéu tén trén méi tran51stor 1a
| B, =P, _67,75-36,125

P =t =15,8W
2 2 .
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Hiéu sudt v la:

P
n= Y 100% = 212 1009, - 53,3%
P 6175
| Bai tap 4-12. Cho ting KDCS +B, 24V

1am viéc & ch€ d6 A nhu hinh

- 4-10. Hay xac dinh dong tinh I,
va cong sudt tiéu thu tir ngudn
cung cp P,. |

Bai giai

_ B, _ E

CC [

[ = = e _ , _
® R_+R_ R_+R +R, ~“Hinh 4-10

S Be 2 ussa
R +R, 28405

(3dayR_=R;R-=R,+R)
P,=E,.I,=24.1,454 = 34,896 W

Bai tap 4-13. Cho ting KDCS
nhu hinh 4-11. Hay xéc dinh hé s6
bién dpn véi P, =9 W?

Hinh 4-14

Bai giai
: U2
P, = ﬁ =9W , tir d6 ta xdc dinh duge bién do dién 4p ra trén tai U
t ) . .

U, =P 2R, =028=12V
-V6i giai thiét r, = 0Q2 (bi€n 4p c6 cudn so cdp ly wdng) nén bién do
dién 4p ra phén dnh vé so cdp U, ddng bang U, va bang E, ..
U‘,m = -U‘_.eo = E'tc =24V -
Up W _2_,
U w, 12

m

Vay n=
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Bai tap 4-14. Cho ting KPCS lam viéc & ché do A nhurhinh 4-11 (xem bai
tap 4-13). Hay x4c dinh cong sudt tiéu tén trén colecto cua transistor T.
Bai giai
E E E
I, = €= = 224'=0,75A
R_+R_ R'+0 n°R, 2°8

P,=E.l,=24075=18W

<c°co

VayP,=P,-P, =18-9=9W

Bai tap 4-15, Cho maéh khuéch dai cong suat nhy hinh 4-12. Biét hai
" transistor 12 Iy twdng U, =0, I, = _0 E 20V.Bién dpralaly tlro’ng, _

hé s6 bi€n dpn = 2. _ —E .
- R,=8Q; R, =100Q. : '

a) Xéc dinh trj 56 di¢n ¥ R, l e

dé€ tang 1am viéc & ch€ do AB : @ '

v6i |Uggo|=0,4V . o

b) Tinh dong dien cuc dai qua
transistor. \ '

¢) Tinh hiéu suét cta ting.

d) Coéng suit tiéu tan trén colectd.

Rinh 4-12

Bai giai
a) Thién dp Uy, dugc xédc dinh theo biéu thifc:
= ~E—.R2 =0,4°

"0 R,+R,

BR, , _20.100
1 =

BEO ’

—100 4,9kQ2

Suyra R, =

Bign 4p 1 fudng nén Usg, = E = 20V va dong tinh I, = OmA
b) Dong colecto cuc dai ,
Iumnx = E = "E == %.1 = 1’ 25A

R, n'R, 2°8

1
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- Cong sudt ra cuc dai

Ugg L 20.1,25

pm . CEm " emux _ 12,5W '
e 2 2
- Cong suat ticu thy tie ngudn
P =Bl ~EZ1_ 20— 125=1592W
_ 314

c¢) Hiéu suat cuc dai cua ting:

N =ﬁ.100%= 12,5
' 15,92

0

=78,5%

d) Cong sudt tiéu tan:
P.=P,-P, -1592 125=342W

168) Bai tap 4-16. D 1ap lai bii 4-15. Néu gia thict tang 1am viéc & ché do
A véi thién dp Uy, = 1,2V, Hay xéc dinh dién ti¢ R,. - o
| Bai gidi o
O ché do A ca hai transistor T, va. T2 lam wcc d(’mg thou thlen dp dat
vao T, vaTlalZV :

R
Ugpy= 12V = —1L_ R
"-R_.l + Rl'
ER '
Suyra R, =—=*-R, = 201 1200 -100=1, 566kQ

REO

167) Bai tap 4-17. Cho ting
khuéch dai cong suat phu hinh
4-13. Hai transistor T, va T, c6
U, = 0,5V, I, = ImA. Tang
lam viéc & ché do AB. Cong
suat ra P, = 25 W, dién trd tai
R =8Q. - -

a) Xéc dinh dong dién cuc dai
qua transistor.

Hinh 4-13

b) Pién 4p ngudn can thiél.
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Bai giai
2

a) Tir bleu 1.huz T Lo R (trong do 1,

am

>
Suyra I, =1, 121"’ 22 =2,5A

b) Tu bleu thuc P = —2 '”‘ (U 14 bién do dlén ap ra cuc dar)

Dicndp Uy = U, +Ud., JP.2R, +U,, =v2528+0,5= 20,5V

 Dien dp ngudn £ =2 (VP. 2R +U,, ) =2(V2528 0,5)..—. 41V

[ bien do dong dién ra mot nhanh)

o

- Ex20,5V.

. Bal tap 4-18. Cho mach khuéch dai céng suat nhu hmh 4-14. Bi€t R, = 8Q
P,=5W. Hé s& khuéch dai T, va T, Blmm = Bomin = 50
Um, .0,5V; Téng lam viec & ché do B, ¢6 \UBCO,|_\U5E02[ =0,2V
a) Tinh dong cuc ddl qua [l‘dnblS'LOI‘
b) Dién ép Ugo. |
- c) bién dp ngudn cung cap.

d) Cong suat ra cuc dai.

Bai giai
l 2

a) Tu biéu thic P, I‘“’ R,

Suy ra dong cuc da1 I, ’ -,’— —1 118/\

b) Dién dp Ugo = /2P R, +U‘,u =J2.5.8 +0,5=9,44V

" Hinh4-14

¢) Dién dp ngudén cung cip

B=2({2P.R, +Udu)v (\f25_+05)~1888\7
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h 2.
U2 ' 2P R,
4d) COng suat ra cyc daiP,  =—""= ( ) =5W
=" 2R, 28

. (169) B thp 4-19. Dé Iap lai bai 4-18. Néu biet dong colecto cia transistor T,
Ieos = 1,515, = 1,5k, (Iyo;» Iso, dOng finh bazo clia transistor T, vaT 5)
a) Hiy xdc dinh dién tré R, va dién tré nhiét R,.
b) Xac dinh cong suét tieu thu.
c¢) Xd4c dinh hi¢u suit cia ting. .

Bai giai
- Dong tinh qua transistor T,
o L. 1,118
Toy = 151y, =15 = =1, 5_5()_-_33 5 A
a) Dién trd R, duge x4c dinh
1y .
: R2=U”=2 _ E._ 18,88 - 28189'
lon Loy 2leoy 233,510

- Dién trd nhigt R, _ .

- 20U 02

R, = Vesol __20.2 =1,9Q~12Q

I, 33,5107

b) Cong suft tieu thy tir nguén

P, =21 . U, =—>.1189,44=7,005W
- =314

e max
]

c) H1¢u sudt cye dai clia tdng

Fa _ 49 000 =70, 33%

M =p "= 7 095
Bai tap 4-20. DE bai lap lai b 4-18_. Néu thay R, bing hai diét giong

~ nhan mic.ndi ti€p thuan chidu. Gia sit dong qua T, bing 1,2 Iy, Lys-
Hay chon hai di6t; dong qua T,, dién tré R,.
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Bai giai

a) X4c dinh dong qua T,
T, = 1,210, = 1,220 =1 22118 _ o6 g
By
b) Dién trd R,. !
R, ..'E&z_=£'__9'ﬁ4;3='352,29
1, I, 268100
¢) Dién trd thuin cua hai didt
_ U y o .
RD| +R02 =l BEOl|+| B502l= 094 - 514’929
T Iy, 26,8.10
Chon hai di6t hoan toan giéng nhau c6 dién tré thuan

Rp =Rp,; = %93 =7,46QQ.
Bai tap 4-21. Cho mach khuéch dai cong sust nhu hinh 4-13. Biét
E=+25V | : S
‘R, =40 |
Git sit dién dp vao c6 gid tri hiéu dung 12 10V,
a) Tinh cong suflt ra tai.
b) Tinh cong sudt tiéu thu tix r;guén.
¢) Tinh hiéu sudt ciia ting.
d) Tinh cong suat tiéu tan trén mdi transistor.
Bai gidi
a) Gi4 trj bién d9 clia dién 4p vao :
Uy, =v2U,,, =V2.10=14,1V
T, va T, méc theo st d6 1ai emito nén dién 4p ra coi nhur bing dién 4p vio
o Uy = 14,1V
Cong suft ra tai '
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Uf(.,, _(14y

; =24,85W
2R, 24
Bién d6 dong dién tai
' U
= ——Ii“” = % =3,525A
b) Xdc dinh cong sudt tieu thy tit nguén
- Dong tfung binh I, trong ca chu ky
I, = 31'“ = 2 3505-2,245A
" 314 .

Céng sudt tiléu thu .
P, =1,E=224525=56,125W.
c) Higu suat clia ting . |
P 2485

n===100% = 100%_44 17%
B 5625

d) Cong sufit tieu t4n trén colccto chia mbi trans;stor

p =P0—2P 56, 1252 24, 85_15 6W

@ Bai tap 4-22. Mot tdng khuéch dai khi chua cb: h01 ti€p Am c6 hé s6

126

khuéch dai dieén 4p k4, = 40dB, yavdlen ap vao U, = 100mV. D€ tang
d6 én dinh va giam méo, dua vio mach h6i ti€p am dién 4p c6 h¢ s6
héi tiépk, = —.
- P Kp | 200 | |
a) Tinh hé s6 khuéch dai khi ¢6 héi tiép.
b) Dién 4p ra khi chua c6 hdi ti€p va khi c6 héi tiép.
c) Dien 4p héi ti€p. ot

Béu glal
a) He s6 khuéch dai khi chua ¢6 héi ti€p kdB =40 dB. Suy raK =100
- Hé s6 khuéch dai khi ¢6 hdi ti€p am:



K100
KK, 1004
200

=66,6

b) Dién 4p ra khi chua cé héi tiép
U, =K.U, =66,6.100.10° = 6,66V
c) Pién dp héi uep
U, =K, U,= l ——.10=0,05V = 50mV
200 ‘

Bai tap 4-23. Mot tdng khuéch dai cong suat sau khi lap rap do duoc
méo phi tuyén 12 6%.

bé giam-méo phi luyén xudng con 1% ngudi ta méac vao mOt mach hdi -
Liép am. - ' e

_-a) Hay tinh 49 sau h01 tiép.

g .b) Tinh he s§ khuéch dai khi c6 hoi ti€p. Ne’u gia thiét khi chua c6 héi
_' népU =0,5V thi U, = 10V. '

o Baigidi
. a) Tinh d¢ sau héi tiép g |

“Tir biéu thic y' = S — , trong d6 y: méo phi tuyén khi chua cé héi ti€p
' 1+K.K,,

v’: méo phi tuy&n sau khi c6 héi ti¢p am. |

Suy ra d6 sau hoi ti€p g = 1 + KK,,, Y. =?—=6
¥
KKh,-6I-5
| .5
Kht E
P bict K = 2= = 12 29014
- U, 05
Kh,=i=0,25
20

b) He s6 khuéch dai khi c6 héi ti€p
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K"-=—K—=E=3,33
+KK, 6
Bai tap 4-24, Cho mach khuéch dai
dung J-FET c6 héi ti€p nhu hinh 4-15.
Biét: R, =120kQ
R, = 30kQ
R, = 20kQ)
R, = 20kQ

H6 dén cua FET g = 59\%

Hinh 415 .

a) Tinh hé s6 khuéch dai khi chua c6
hdi ti€p am.

b) Tinh do sau héi tiép g va KI1I
¢) Tinh hé s& khuéch dai khi c6 héi tigp K’.

Bai giai ,
Day 1a mach héi ti€p am, khi chua tinh dén héi tlé’p (hé R, va Rz)

a) Hé s6 khuéch dai
K=g,R.trong d6 R 12 tai xoay chiéu

~ R.R, 20 20
R, +R, ~20+20

=10kQ

K =5.107.10° = 50

- b)He s6 héi ti€p K,
| | R, 30 1

K, == = ==

CR+R, (120+30) 5

Do sau hoi tiep g =1 + KK, =1+ 50é= 11

¢) He s68 khuéch dai khi c6 héi ti€p am

K= =20 24,545
1+KK, 11
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Bai tap 4-25. D€ gidm méo phi tuyén cho ting khuéch dai cong sudt tir
5% xudng con 1% ngudi ta dua vdo mach héi ti€p 4m qua phan 4p R,

R, Bi€t khi chma c6 héi tiép
K =20dB. Hay xac dinh tri s6 R, vaR,,

\\\\\

-K(dB) =20dB. Suy raK = 10
a) X4c dinh hé s6 héi ti€p K,,

-2

Bigt y'=1—7-———>l+K.K,“ =— Hinh 4-16

'Khl_ 'Y

‘Ko= L l_i -=l(§_1-)=i
"KLy 1641 10

'b) Dién trd phan dp héi ti€p
' _ R, 4
" R,+R, 10

gidira: R, = 1,5R,
- NéuchonR, =20k} thi R, = 30kQ.

Bai tap 4-26. Mach khuéch dai thuat todn khong dio nhu hinh 4-17.

Biét h¢ s6 khuéch dai clia ban than bd R
KDTTK, = 10% Ry = IMQ; R, = 20kQ R, _'W]{';E_'
"a) Tinh he s6 héi tiép K, | | : LY >

b) Tinh he s6 khuéch dai khi ¢6 héi tiép. W1

’ ° P .
Baigial -~ Hinh 417
a) He s6 héi ti€p '
3 .
I Y
R, LI0° 50
b) He s6 khuéch dai khi ¢6 héi tiép am K
v i 4
K, 10' 075

T1+K,K, 1+10°0,02

" 9. 250BTKTRIENTU - A

ra
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Chu'dng 5
BO KHUECH PAI THUAT TOAN

5.1. TOM TAT PHAN LY THUYET

Bo khuéch dai thuat todn (KDTT) 13 bg khuéch dai mot chiéu, c6 hai
d4u vao mot ddu ra, he s& khuéch dai r4t 16n, dién 4p ra ty 12 véz hiéu dlén ap
vao, dlén trd vao rit 16n va dién trd ra rét nho.

Hién nay hdu nhu chi sir dung bo KDTT duéi dang IC. Hinh 5-1a la ky
hiéu bé KDTT.

a) Ky hieu KDTT

b) Dic tuyén truyén dat
Hinh 51
Theo dinh nghia U, = KU~ Uy) =K,U,
trong d6: Uy =U, - Uy 12 sai léch dién dp ddu vao;
K, 12 he s6 khuéch dai ciia ban than bo KDTT.

Néu Uy =0thi U, =K, U, dién dp ra déng pha véi dién 4 ap vao va cita P
duoc goi la cira vao thuan ky hleu +. :

Neu U, =0 thi U, = - KUy, dién ép ra ludn nguoc véi dién dp vao va-
ctta N dugc goi 1a cira ddo va k¥ hiéu Ja (-).
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Cic tham s6 co ban ciia ICKDTT

Tham s6 - Ly tudng . Thue -
- Tré khdng vao Z, ' o Triim kQ
- Tr& khang ra Z,, 0 Tram Q
- He s6 khuéch dai K, ) - 10%-10°
- Dong dién vao L, Iy 0 Tram nA

!
* H¢ s6 nén dong pha \

Néu UN = U U, #0 (U, goi Ia dién ép déng pha) theo 1y thuyét
U,=0 nhlmg trong thu’c t& U khdc khéng.

U =K..U,,-K, goi 12 he s6 khuéch dai déng pha B

"Hé s6 nén déng pha (CMRR) 12 ty s6 glua h¢ s6 khuéch dai clia ICTT

ly u_r(mg K, va hé s6 khuéch dai déng pha K, -
 oMRR = Ko oMRrR(@B) = 2018 X B
- TK K,
- CMRR vao khoang (70 + 100) dB.

* B tuyén truyén dat (hinh 5-1b) 1a quan hé giffa U, va U, = U, - Uy,
U,, va U, chi tuyén tinh trong mét khoang hep, ngoai pham vi dé dién dp ra
khong thay d6i va goi 1a dién 4p bdo hoa. Khi chua cé mach hm tlép am bén
ngoai, IC 1T lém viéc & ché d6 bao hoa U, ~ +E

* Léch kh.éng va b léch khon.g

- Néu théng s finh hai clta vio P va N khong hoan toan can bing I, =T, vi
Z,#Zy thi khi Uy = U, = 0 véin t6n tai dién 4p mot chiéu U, nao d6 Uy =121, Z,

Dien 4p nay duoc khuéch dai v 0 ddu ra t6n tai di¢n dp U, =0 goila

dién 4p léch khong, béi vay phal c6 bién phap dé U, ludn bi’mg 0 khi. Uy V= 0
goi la mach b J¢ch khong.

Vé nguyén Iy, mgch b 1éch khﬁhg duoc thue hign bing cach bl vao
dau vio mot dign 4p mot chiéu cé tri s6 ding bing U, va c6 cyc tinh nguge
véi U, Mach ndy c6 thé thuc hién bing cdch dua dign dp vo cifa P hay N
hoic IC ¢6 sin céc chan dé mic mach bi léch khong. | o

* Mach khuéch dai ddo '
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Dién dp cdn khuéch dai dugc dua dén cira ddo N, cdn Ry, va R, 13 hai.
dién trd hoi ti€p mach ngoai (hinh 5-2). '
DG6i v6i IC TT 1 tudng, he s6 khuéch dai khi ¢6 héi tiép duoc xdc dinh

K= Ry vadiénapral, =- &.UV
. R R

| i 1

Déu (-) & day c6 nghia la dién 4p ra va vao ludén ngugc pha. |

a) | )

Hinh 5-2. Cac é,d d8 khuéch dai thuat toan cd ban
* Bo khuéch dai khong ddo o
Dié}n ép’ can khuéch dai duoc dua vao cira lhuan P (hinh 5-2b).
Hé s6 khuéch dai dién 515 dugrc xéc dinh theo biéu thitc:

- R
U;a=(lfi1)Up

'
Néu giita Uy va :di¢n' ap cilra P c6 mach phan ép dién trf)' thi U, xdc dinh
theo U, qua mach phan 4p d6. '
* Mach cong va tri (hink 5-3)
Mach céng 1a mach thuc hién ham U, = A(U,+U¥-¥...+Un).
Trongdé U, U, ..U, 1a céc dit?:n ap vao.
Tuy theo so dé c6 thé 1a ﬁlach cong ddo hay cong khong dao.
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a) ’ b)
Hinh 5-3. Mach cong (a) va Irit (b)
~ Hinh 5-3a 1a mach c9ng dao.
“Dién dp ra duge xéc dinh.
' R R
U,=-(F U+-—2U).
o= (R U2,

. 1 2
" Mach trir (hinh 5-3b)

C6 thé giai mach dién theo nhiéu phuong phép khéc nhau nhung thuﬁn
uen hon cé 1a sif dung phuong phép xe’p chOng :

I"‘-l =(1+?':)UP-

=(sRuy _Re i Ry
R, R,+R, ° R,
* Mach vi phdn va tich phdn (hinh 5-4)

Hinh 5-4a la mach vi phan dung IC TT

a) ' © b)
Hinh 5-4. Mach vi phan (a) va tich phan (b)
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Dién dp ra mach vi phan (hmh 5-4a)
du, dU

-T .
_ dt de
Hinh 5-4b 12 mach tich phan diing ICTT

Dién ap & d4u ra mach tich phan (hinh 5-4b)

Y

U=

' 1 | 1 \ I
U,=-— |U (tydt=-— |U dt
" RC J ,“() 'c,J ’

Trong d6 © = RC goi |2 hing s6 th¥i gian.
5.2. PHAN BAI TAP CO LGOI GIAI

@Bmﬁps-l Cho mach KDTT nhurhinh 5-5

R, = 10kQ
=500kQ

R,=10kQ

E= 12V

Viét biéu thic U,,.
Tinh U, néu U, =02V vé cho nkidn xét

Hinh 5-5
Bai giai
AU, =- R—“ v
. R,
U, =- 5UV=-@ 0,2=-10V.
R 10

1

Dién 4p ra-10V 16n hon E —_-12V nén tin hleu ra nam trong vimg tuyén
tinh, khong bl méo. '

Bai tap 5-2. Hay tinh toén va thiét k& mach khuéch dai thuat toan vdi
cdc yéu cu sau: :

a) Dién 4p ra ngirgc pha véi dién dp vao.
b) Néu U, ,=0,5Vthi U, = L5V,
- Dién trd vido R, = 20kQ.

134



Bai gidi
" Vi dién 4p ra nguoc pha véi dién 4p vao neén day Ia mach khuéch dai
déo, so d6 mach dién nhu hinh 5-4..
Hé s6 khuéch dai:

Mat khéc

K=-%i =30 suy ra R, = 30R, .

|
. Vi R, chinh la di¢n tré vao R, = R, = 20kQ2
Suy ra Ry = 20k .30 = 600k€2.

Bai tap 5-3. Cho mach KDTT nhu hinh 5-6a

a}

b)
Hinh 5-6 ‘
Bi¢t R, = 20kQ
R, = 780k
R, =20kQ
E=15V
2) Viét biéu thitc x4c dinh U,,.
b) Tinh U, néu biét U, = 0,30V.
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Bai giai ‘
a) Vi dién trg"r vao clia p rit 16n nén c6 thé coi nhu khéng cé dong qua
R, nén di¢n dp U, = U, U, = (1 +%)UP =[1+%)Uv

b)TinhU,: U,=(l+ EQ)OS—IZV

= 12V < E = 15V, tin hiéu khong bi méo.

Bai tap 5-4. Cho mach dién nhu hinh 5-6b
Biét '
R, = 500kQ
R, = 20kQ
. = 20k
R, = 10k
R, =30k .
U, =400mV
U, = 500mV :
a) Xdc dinh biéu thic U,
b) Tinh tri s6 cia U,,.

f

Bai gidi

a) C6 thé giai mach dlen trén theo cdc phuong phép khac nhau, nhung
tign hon ca la dung phuong phap x€p chéng.

-Néuchitdcdong U, —» U = (&4_1} R,/R,
' i

R, ) R+RJR) "
- Né&u chi tdc dong R, _)..U I+E—- ____B__/'{R— ]
B R, /R, +®R,/R,)

Urn = Uml + Ura 2= 1+ —B—N- . RJ// R‘ th + _Rz//R‘ .[IV2
R, /LR, +(R,/R,) R, +(R,/R,) .
R.R, 1030

R, /R,= ——2—-= =7,5kQ
/R R,+R, 10+30
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- R,R, 2030
RyR,= —2—4 = "7 = 12kQ)
/Ry R,+R, 20+30 '

b) Tinh tri s6 U,;:
Thay s6 vao

0, 5:1 9,906V

Um=(1+500.)[ 7,3 0,4 + L2

20 7 [20+7,5 10+12
. Bal tap 5.5. Cho mach dién nhu hinh 5-7
Day la mach gi?
Viét biéu thitc tinh U,.
Tinh U, néu biét:
U, =0,15V - .
U, =1V 2R
= 500kQ, R, 20k9. '
R, = 30kQ, R, = 20kQ

| Bai gii | Hinh 57
) Day 13 mach triy, thyc hién thuat todn U, = AU,,- BU,,

D thiét 14p biéu thifc U, tién hon cé 13 giai thea phuong phép xép chéng
- Néu chi tic dong ngudn tin hiéu U,,, day Ia mach khué&ch dai dao -

. R
Ua=- R_N Uy

Néu chi tic dong tin hiéu U,, , day 12 mach kbuéch dai thuan

y = l+—N -U
( R ) R R V2
Dién dP ra:U,=U, +U,,= 1+R_ RP v2 _EN"UVI
o R, +R, R,
b) Thay s6 vio | |
U =1+20y 20 0.2 015-665v

20 " '20+30 20

Baij tap 5-6. Thi€t k& vA tinh todn mach khuéch dai thudt todn thuc
hién thuét todn sau: -
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Y =2a-4b *
Trong d6: Y la dién dp dau ra;
a va b 1a hai dién ap vao;
4 va 2 1a hé s6.
Bai gidi
D& thuc hién thut todn trén phai diing mach trit. So d6 nhu hinh 5-7.
a) Xic dinh biéu thic dién dp ra .. |
R

R.. R '
Y= (I4—N) 2 4 DN ek
| R,'R,+R R,

So sénh bidu thic ** va * suy ra
R, R,
R, R, +R,

(1+ =2

%:4{ Suy ra RN=4R,,V

Thay E—"— =4 vao:
R

R.) R . R, -
1+-= e =2 (1+4)— =2
R, JR,+R R,+R

2 P 2 r

R . 2 . 3 L
r __=—suyraR,=—R =1,5R
R,+R_ 5 0 aneTyhe= 2

Nhu vy dé thyc hién thuat todn trén phai chon:
R,=4R,vaR, = 1,5R, |
Néu R, =20k Q thi Ry = 80kQ.
Néu R, = 20kQ (hi R, = 30k<2. -

Bai tap 5-7. Cho mach khuéch dai thuat todn nhu hinh 5-8
“a) Viét bi€u thic tinh hé s6 khuech dai K,
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b) Tinh tri s6 U, néu biét;
R, = 10kQ, R, = 200kQ
R, =20k, R, = 15kQ.
R = 150kQ, E = + 15V
U,=0,15V.

Cho nhan xét

Hinh 58

B:u glal
a) O day cé thé coi nhir hai tﬁng khuéch dau mic k€ ti€p nhau, tdng IC,
c¢6 hé s6 khuéch dai 1a K, ting IC, c6 he s¢ khuéch dai 3 K,.
He s6 khuéch dai K, duoc xé4c dinh: '
K,= %’—"- =K, K,

Trong dé: K, = (l}%) o

v

R, R,.‘, R,
K,=~+—%. Suyra: K, =K K,=(1+-2) (-—+
2 ] Y | 1% ( Rn) ( Rq')
=-(l+—
.( R)R‘
b) Tinh U, '
UL=K, U=y Ry o 14 200 .EE)-OIS—-ISSV
R,” R, \ 20) 15
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Nhdn xét: Vi dién ap nguén -E = -15V trong khi U,, = -16,5V, nhu vay
dién 4p ra bi xén dinh, nén bi méo. Dé dlen ap ra tuyé’n tinh phai giam U,
hay giam h¢ s6 khuéch dai K,

. B'.‘li tzftp S -8. X4c dinh pham vi diéu chinh dién 4p ra trong mach hinh 5-9
Biét: R, = 10kQ2
Ry = 250kQ
R, = (0 20)kQ
U,=0,2V

Bai giai .
- Vié biéu thiic dién 4p ra : Hinh 5-9
_ R

— N

U, U,
R, +R,
.- Dién 4p ra sé& cyc tiéu khi chiét 4p R, = 0Q

U. —~B— .U, --35—9 02=-5V -
_ ' - R, 10
- Dién 4p ra s€ cuc dz;u_ khi Rp=20k_£2- -.
U, =y, =20 02=-1,66V

R,+R ' 10420

‘Nhu vay dlen dp ra s& bién blén th1en trong khoang tir -SV dén -1,66V
~ kbi di€u chinh chiét 4p R,

- . Bai tap 5-9. Cho mach KDTT nhu hinh 5-10.
"7 Big:  R,=15kQ
R, = 250kQ
R, =20kQ
R, = 470kQ
E=+9V
U,=25mV - .
ICTTRlY twng ~© Hinh5410
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a) Viét bidu thite hé s6 khuéch dai K.
b) Tinh tri_s6 U,, va cho nhan xét.

Bai giai
Dong dién tai mit N
II = IZ+IN V] IN = 0 nén Il = Iz
Uv - UN ;I - _UN 'UM

R, ' R,
Uv-U, _U,-U,
R

! 2

Trong dé I, =

Suy ra:

Vi N Ja diém déit 30, nén Uy = U, =0

U _
va cubi cung Y, = -=*, Suy raUM=-B—2-U‘,-"‘

- R.l, 2 _ R!

Tai nét M: I, +1,- [, =0 |
L Ua-Uy Uy

R R, R,

2

Vo Y Y U

"R, R, R, R,

Thay gié tri Uy, tit * vao va gidi ra ta dugc.

] RZ RJ R4
He 56 khuéch dai o
K =Um =__I_{£_ R4[/_L+i+.1_}
Uv ] R2 R3 R4
Tinh dién 4p ra: o - E
U,= -@.470 —1—'+—1—+—1——)25.10" ~1LV
15 250 20 470,

Dién 4p ra U, = 11V > +E = 9V. Tin hiéu ra bj xén dinh.
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Bai tap 5-10. Cho mach cong dao nhu hinh 5.11
Bigt R, = 20kQ |
R, = 25kQ
R, = 30k ; R}, = 500k
U, =01V
U,=02V

U, =03V

a) Viét bidu thic U . | Hinh 511 -
b) Tinh U,,. |

Bai glal

a) Day la mach cong véi ba di¢n ép véo U,, U, va TT oidi manh than
phlro‘ng phép xép chéng: - '

U= _&'Ul
R, o

Umz =- R_'N'Uz
R,

Urn] - -R—'N

l .
1 2 3

:FOOU; +500U2+53000U] [250 +20U +53%0U:| |

| R.. R R .
’ Ura = Urn1+Um 2+Ura3 =-| U +=" 2 =, 3
C o R R R

20 - 25
b) Thay s6 vio _ _
U, =-[52ﬂ01 +20.0,2+ -530—003] 11,5V

Bai tap 5-11. Cho m@ch-di¢n nhur hinh 5-12°
a) Viét bi€u thiic h¢ s6 khuéch dai K.
b) Xéc dinh tri s6 U, néu biét:
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U, =0,5V
R, =20k(; R, = 20kQ; R, = 30kQ
R, = 250k0; R, = 10kQ

Hinh 5-12

- Bai gialf

' a) He s6 khuéch dai K, =K, X,
trong d6 K, = 1 ddy lamachlapdién 4p U, =U, -

(\: R R
. Ko=14+]| 2| vaK =|14+—

5 5

" b)Diénédpra

U =+Ry Ry o429 20 o5 5v
; R.R +R "0 °20+30 -

s 2 ]

Bai tap 5.12. Cho mach dién nhv hinh 5-13
Biét R = 500k »
R =25kQ LR
+E=+12V | )
Di¢n 4p bao hoa +10V
Xéc dinh dién 4p vao cuc dai ma dién
4p ra vin trong pham vi tuyén tinh.
Xé4c dinh U,, v6i céc gid tri U, =0
U, = 0,4V,

Hinh §-13
Bai giai
He s6 khuéch dai:
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|U.W|_—W =+—=30,5V

U, =-Rey 2230 4 _ ooy,

| R, 5
Tinh tri s6 U,

U, U,
ov. ov
+0,4V -8V
04V +8V

| '- Bai tap 5-13. Cho mach kh'ue'ch.ds_ii nhu hinh 5-14

Hinh 5-14

a) Viét bidu thac U, , va U,
b) Tinh tri s6 U, va U, néu biét:
U,=05V -
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R, =R, =20k€ ; R, = 30k€2 ; R, = 25k Q2
R5=SOOkQ,RG_SO{)kQ,R-,—ZSkQ.

Bdl glal
a)U, =K K Uv ; nong dé6 K, 12 hé s6 khuéch dax cira IC,
K 12 hé s& khuéch dai clia IC,
Ua = ——R—i. _Ry U, =+&I}i,U ’
Ri Rd R!R4 T
Uml = K]' K3‘UV =" *(] 6) 'Uv
. : . 7
'b) Thay s6 ta cé:

U - Ry R, U _ 20500 0,5=10V

™7 RR, " 2025

S 20, @)05_ 10,5V
20

2

i Bai tap 5-14. Cho mach khuéch dai thuat todn nhu hinh 5-15.

Hinh 515

&) Viét bicu thic U,,.
b) Xéc dinh tri s6 U, néu biét:
R, = 20k ; R, = 500k , R, = 25kQ
R, = 20kQ ; R, = 30k ; R, = 60k
U,=02V:;U,=03V..
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Bai giai
a) Day 1a b6 khuéch dai c6 hai tdng IC, va IC, ¢6 hai dién 4p vao.
Trudc hét x4c dinh dién 4p U,

U, = (1+&JU,.;
. . R,

Day chinh 12 di¢n 4p dua vio cita ddo ciia IC,,
Gii mach dién IC,: |

. (1 + ——)U R R U
R, 'R, R,
- b) Thay s6 vao dé tinh U,

-[(1+@)02§9 903 =-13,2V
20 30"

[

. (197) Bai tap 5-15. Cho mach dién nu hinh 5-16.

\

N

| _ , ‘thh 5-16

Bist: R, =20kQ '
R, = 20kQ
R, = 600kQ
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R4 = 30k
s = 30kQ
R6 = 50kQ
=150kQ; U, = 0 v
a) Hﬁy viét b1éu thae U_ =1f(U)).
b) Tinh tri s6 U,,.

| © Bai gidi
a) Thiét 1ap biéu thic U,,
- Dién 4p & ddu 12 IC,. U,,, = U, i day I3 mach lap dién 4p.
R | R |
- Dién ép.d diura ICZ: U= [1 +-li—’-] U,

4
|

._ C4 hai dién 4p nay déu dua vao ddu vao ddo cia IC, nen day ]a mach
cOng dao. : :
Glal theo phucng phép xép chbng

5.

Um=-[R 2R )]Uv
R, R, R, |

4

Um=(-( & -—& 1+& Uv :
: R R, R, )~
6

b) Thay s6 vao ¢ tinh U,, ' SN

U =_[150 150, , 600)}01__68\,

+:
30 50 30

. (192) Bai t4p 5-16.,Cho mach dién nhus hinh 5-17
a) Xdc dinh biéu thiie U =f( U, U
b) Tinh trj s6 U, néu biét:
U, =30mV; U, = 20mV |
R, =20kQ , R, = 40k, R, = 200k&, R, = 40k
'R, =20kQ, R, = 500KQ. . -
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Hinh 5447

o Bai giai
-'a) . Dién.ép.ddu ra IC,
= U, , day 12 mach ldp dién 4 dp vio
- Dlén dp dau ra IC,
R, R, e
U,,=-|—U, +—lU, day la mach chng déo.
R, R, "] ,
Ca hai di¢n 4p U,,, va U,,l ,.déu duoc dua vio clra ddo cia lCh IC 1a
mach cong ddo. - : :
Giai theo phuong phap xé’p chdng, ta duge:
' R R; R

Uy=- Rey, -Re Riy _Riy
"7 R, Ra( R, ' R, :)

I—{EU2+R°(R’U,+B—3—UZ)
R, ' R, R 'R,

S =99 50107 @ 200 30107 + @2010-‘ 4,5v ~
20 , 40 '

20

. (193) Bai tap 5-17. Cho mach dien ICTT Iy tuong b i 5- 18
Biét Ry = 500k
- R, =20kQ
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E= %14V
Dién ap bao hoa + 12V

a) Hay xdc dinh U, cuc dai ma dién

4p ra vAn trong pham vi tuyén tinh.
b) Xdc dinh U, ‘v6i cdc gid uj
U,=0V; £0,2V; 0,4V .

Bai gidi -

a) He s& khuéch dai khi c6 hdi tiép am

Dién 4p vao dinh - dinh‘cuc dai

U - Uhiu o —

e K] 25

-b) Tinh tri s6 U,

U,=0 U,=0

U, =402V > U, =-KU,=-2502=
U,=-02V—> U, =-25(-02)=5V

U, =+04V 5U, = KU, =-2504 =-10V
=-04V > U_= ~25(-0,4) = +]0V

U

Y

12

-5V

Hinh 5-18

= 40,48V

u, 0 -0,2V

+0,2V

U, 0 5V

_SV

Bai tap 5-18. Thi¢t k€ mach
khuéch dai thuat toan thuc hién
chiic nang sau:
A dU,(t) .
dt ’
a) Néu biét U, = 2Vsin1000t;
R = 2kQ); C= 0,47pF. ITay tinh U,,.
b) V& dang dién 4p ra.

Uo=

Hinh 5-19a
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_ - Bai giai
a) Chiic nahg trén 12 mach vi phan, so dé nhu hinh 5-19a

Um\= T RC g‘
- dt

_ '2'1 o '0 4710¢ 92V 5in10001)

=-2.0,47.10°.2.1000 cos 1000t =
- 1,88 cos1000¢.

dt . .
y | |
. 188 |
b) Dang dién ép ra (hinh 5-19b) T |\ /\ /o
\/ \/ K

(A95) Bai tap 5-19. Cho mach dién nhu
_ hinh 5-20. Biét U, = 10sin 100t o _
- C=1pF | ’ ~ Minh 8-19b
R = 100kQ | | |
a) Day la mach gi?
b) Viét bidu thic U,,.
Baigiai  ~
. a) bay _151 mach tich phan, dién'dpra
. ty 18 véi tich phan di¢n 4p vio:.

b) D& thiét lap bidu thic U,, viét
phuong trinh tai nit N. '
ig+ic =0 (vi ICTT Iy tudng nén I, = 0)

U, .du,

+C—==
R dt

Suy ra:

|
U =-——|U (t)dt.
; ch (D

"~ Hinh 5-20

!

- Thay sd ta dugc

Urn = __1——_6
100.10%.10°

= 1(V)cos 100t.

.
lesinlOOtdt
0 .
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Bai tap 5-20. Cho mach dién nhu hinh 5-21
Biét tai thoi diém =0, U, =0V
R,=R,=R=100kQ -
C=1pF Ff, '
a) Xdc dinh biéu thite U, =f (U, + U, ,).

b) Tinh U, néu bigt U,, = (1V + c
L0V sin 100¢). U R —
Vi
U‘,Z = - IV

U,
Bai giai |

2) Xéc dinh biéu thic U,

" Phuong trinh ddng dién tai mit N L
SRRRCAILL LR - - " Hinh 5-21
! . lzl Rz . dt i ’ LT
CdU“‘ —-— &4_& :
. dt RI. ..RZ
: Suy ra Um=-..1..J' &.;.L t
| C{ R, R,

b) Tinh U,,, 6 day R, =R, =R = 100k, nén c6 th viét:
1 - 1 _

U,=- — (U, +U,)dt=—~——— {(1+10sin 100t — 1) dt
ra RC _{( vi uz) : 105.10-5 J( Sl_ )

U, = 1(V) cos 100t.

1



Chuong 6
NGUON ON AP

6.1. TOM TAT PHAN LY THUYET | R

Mach on dp 1a mach dién nhiam bao dam cho dién dp nguén mot chiéu
6n dinh, khong thay déi khi céc tic nhan bt én dinh tdc dong, vi du khi dlén‘
 4p lu6i dién thay déi, khi dién trd tai va nhiét do thay d6i. Mach 6n ap dugc
- b8 tri sau mach loc phang clia mach chinh lru. Déng thoi mach n ép cling
. ¢6 téc dung giam nhiéu, do vy gidm dugc tri s6 phén tir loc ngu6n LL, C.

- tam cho bd nguén don gtan va gon nhe hon -
* Mach én dap don gidn nhdt la diing didt on ap ( diot zene:) { hmh 6 1)

Trong so d6 D, 1a diét én dp, luon
_ duwge phan cyc nguge, mbi didt ton tai mot -« 4 1 LM3I7
ia tri dién 4p 6n dinh nhdt dinh 12 U,

gid tri dien d]f) n dinh nhd .}\ . I " Iml R, IHF
U, [a dién ap moét chicu sau mach
chinh lun va loc chua én dinh. : ' ‘L '
. : ' R2 -

U, 1a dién dp da én dinh. : .

Tir so dé cé thé viét

_Hinhv 6-1. Mach dn ap don gian dlng
U=U+U,=LR+U, - . diot zener

R 12 dién trér by

r=U~1R
R+r ° o

z

Suy raU, = U, = Iz.fz =

1, 12 dién i dong chia diot én 4p ', =
| cAng cao. : ‘
Néu vi 1y do nao dé (vi du dién 4p ludi dién tang) U,T - LT > LR T,



kél qua 1a U, duge git nguyén. Dién trd finh ¢lia di6t zener duge Xéc dinh
bing ty s6 gitta dién dp dat vao di6t va dong dién qua dist I, '
' U

R Iinh = R_:

Heé 58 6n 4p mét chiéu chinh 14 hé s6 loc do i
AU, Ry, ‘R

G= 1+ B ur >'r,
AU, I, o,
hay ' E>>1
r 1

Mach 6n ap tryc tiép dﬁng diot zener chi diing cho nguén cong sudt nho,
¢6 higu suét thap khoang 50%, vi t6n hao trén dién tré R vatrén D kha lén. -
- * Mach én dp tham s6 don gidn (hinh 6-2)
Day thyc chét 1a mach 1ap emito
(tai emito). Khi h& tai R, = dong qua
D, rit nho. |

i
1

Dong tinh I, = %

. Diéndpdndp ddiuralU, =1, = :
U +Ug~U;. Hinh 6-2. Mach n ap tham sé don gian
O day Uy, rat nhd so véi U, nén -
U, = U, = const. , ‘
Dién tro trong ctia by 6n dp chinh 12 dlén trd ra cla mdch tai emito

rBE

=

. vi R; < 1, nén d|¢11 dp ra ,
1+ﬁ v

chia mach én dp it phy thuée vao R,
* Mach 6n dp tham s& (hinh 6-3)

Phdn tir diéu chinh c6 dién tr&. l Uyt M ] l
thay d&i theo dién 4p diéu khién U, o ]

dugc mic ndi tiép voi tai R,. o _
1a dién 4p chudn, thudng sir  Hinh €3, S¢ d khdi mach én ap tham s3
dung di6t én dp ¢é U, = const. '

n11
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U 1a dién 4p mAu, ty 1& v6i dién dp ra U,.

B¢ so sénh: so sdnh dién 4p miu U,, va dién 4p chuén Uch v khuéch dai -
1&n, tao ra dién dp di€u khién U,,.

'Dién 4p U, c6 thé viét: .
' U,=U,-U, =U, Lz,
Trong d6 r,. 12 dién trés cha phén tir diéu chinh phuy thudc vao U,,. Néu
vi nguyén nhan nao dé ma U, tang — U, ciing c¢é xu thé tang va U, T > (U
-U,) T 13m cho U4 var, T ket
qua 1a U, T, cusi cing U, = U,
- U, dugc giit én dinh.

_ Hinh 64 la mach dlén
nguyén 1y én 4p tham s6 dung
transistor. _
Tiy so d6 mach dien suy ra

/

I =1 + 1y

U. : A ;
Uy = ':Rz R,=Ug,+U, — s

1
" Dién dp ra duoc xdc dinh.  Hinh6-4. S0d6 nguyén I mach 8n p tham s§

theo biéu thiic:

-

U,+U o . R.
U, %TFE-Z-(R’_ +R)=(U, + U_BEZ)[HR.—:]
] 2 . . R|
C6 the tinh gan diing U, = U, [ 1+ —
: . : 2
Néu thay d6i ty-s6
Ri ticé hédiduchion  * 1
2 . ¢
duoc dién dpra U, oA
* Mach 6n dp
dang IC thudt todn

Thay cho transistor
T, trong hinh 6-4 c6 thé -
ding IC thuat todn
doéng thoi 1Am nhiém vi

Hirih &-5. Mach n ap diing IC thuat toén
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so sdnh va khuéch dai d¢€ tao dién 4p diéu khién U, nhu hinh 6-5.

Dien ap U, duge xdc dinh theo cong thitc

U, ~U,| RR v 1| v
R, U'R,

Thay d6i tri s6 R, VA R, ¢6 thay déi dudc dien 4p ra U,

* Mach IC 6n dp
IC 6n 4p c6 hai loai: Loal khong di€u chinh dugc dign 4p ra va loai ¢6
thé diéu chinh dugc dién 4p ra. ' : !
- Loai IC én 4p khéng diéu chinh dugc
dién ap ra thong thudilg cé 3 chan. Muén

nghﬁn 6én 4p bao nhiéu von thi cdn chon loai
IC 4n ap thich hop Hinh 6-61a vi dy IC én &p
ho 78XX. '

- Loai IC 6n 4p c6 thé diéu chmh dugc dién 4p ra vi du:IC LM 117 |
hoac LM 317 (hinh 6-7). ' '

ra cd dinh

Trudng hop 1y tidmg, dbng bé sung I, = 0, dlen 4p ra dwoe xéc dinh. -
theo biéu thiic i -

U,=U, (1 " &-J,V
| R

)
Tron.g'.déz U,, 12 dién 4p chudn ’ G137 —y
bén trong IC va dugc dit vao dién trd T , ‘riADJ i %Rn J‘C. T '
U

. , . ;'Ud\ . UII ', - A 2
R,, khi d6 tao ra dong 'IR, -R—l, ‘ i ﬁle L i
dign 4p U, thudng 14 1.25V. TuCe6 - L L - " .

tri 6 khoang 1uF dimg dé cai thien
dic tuyén ra. Trong trudng hop thyc,

Hinh 6-7. IC 8n ap didu chinh duge

o dién 4pra |
tén tai dong bé sung I, di rdt nhé, :

1586 - -

Hinh 6-6!1C 8nap oo dignap . -



khi d6 qua R, c6 hai dong dién chay qua va dién 4p ra dugc x4c dinh.
(R |
U,=U,, (1_+ RZJ IR,V
|

Nhu vay c6 thé diéu chinh dién 4p Uz'bé'mg céch thay déi tri s6 R,.

Dién 4p chua 6n dinh U, phai 1dn hon U, vai von. -
6.2. PHAN BAI TAP CO LOI GIAI

Bai tap 6-1. Mot nguén dién mot chiéu, khi chua c6 tii dien 4p 1 12V.
Khi c6 tai dién 4p sut xuéng con 10V. Tinh dd mét &n dinh dién 4p.
Bai gidi |
D6 m4t 6n Ciinh dién 4p
| | AU=U,-U,=12-10=2V
Trong do U, la dlén ap khi ho tai
U, ladién dp khicétai.
Hé s6 mat én dinh dién 4p |

K = Uy~ Ut 100q,_(12r10)
T Ut

100% = 20%

Bai tap 6-2. Cho ma_ch 8n 4p diing di6t zener nhu hinh 6-8.
' BigtU, =20V - |
U,=U,=6V
Dbng L. =30mA
| R= 4OOQ

Dic tuyén di6t én ap nhy hinh 6-8b. X4c dinh pham vi R, dé mach lam
viéc trong dai én eip
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r—— = ——>
e = —>
N
o~
€ —« —>
[l 4
[w)

+10mA
e T —+20mA
Izmnx
2 ~m =R soma
b)
Hinh 6-8
Bai giai -

-KhiR, ¢cé tfi s6 nho nhé.'t,"clbng I, 16n nhat va dong I, nho nhit.

I, =1,,, = omA (cn c1f vao dic tliye'n)
Dién ép trén tai: '
U U L rmln Suy ra R!mm - UZR
R‘-I-R‘trnm .Ul _Uz
‘Thay s6 R, , =20 _171,4Q
20-6 o
-KhiR, =R,
Up=U,-U,=20-6= 14V
DongquaR I =U—=£=35 A
400

Dong qua R, c6 gid tn nho nhét

'-Il =10 =1z - Lo = 35mA — 30mA = SmA

SuyraR, =R, = Iz ='510_3|=1,2k§2
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@ Bai tap 6-3. Cho mach 6n 4p nhu I R.
hinh 6-9. Bi€t U, = 12V; U, =9V —>
Dong [, = = 25mA |
Xéc dinh dién tré b R

" Bai gidi | ‘
Vi dién tré bu R va di6t zerer mic n6i ' Hinh 6-9
ti€p nén dong Iy =1, .
U,=LR=IR=U,-U,=U ~U,
' U, -U, 12-9 |

R= e =27 2120Q
I 25.107 '

z

Bai tap 6-4. Cho mach 8n 4p nhu hinh 6-10
Biet U, =12V |

Dién trd dOng cia di6t 6n ap - T
r,=7Q - : IR %v} i

R,=390Q - u, ‘
.= 12kQ - }_ D, i“

R, =240Q
U =20VkhihotiiR,=c0 ~ " Hinh6-10

- . U, = 18V khi ¢ tai va dong
tai I, = SOmA

He s6 khuéch dai tinh cta transnstor B= 50
Thién 4p Uy, = 0,6V .

- a) V& c4c dong dign ghéy trong mach.
b) Tinh dong qua di6t khi hé tai va khi 6 tai.

1
U, §R
L

Bai giai
a) Chléu va ky hiéu céc dong dien duoc thé hlen trong so dé hinh 6-10.
‘b) Tinh dong I, khi hé ti (R, = w, L=0)
Ups = IR =U, = U = 12V = 0,6V = 11, av
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Suyra I,.= U, - UBE . 1;11:1)3 zQ,95mA

L 095 Py
Dong 1, =g T 18610°A = 18,60
O T TeB T 1450 H

Dong I. = Bl = 50.18,6.10'61\ =(,93mA
- Dién 4p sut trén dién trd R, !. .
Uy, =U,-U,=20-12=8V
5 .

- Dong dien quaR, - T, =—2 =% _oq smA
: . R, 390\ _

Dong dién qua di6t éndp |
| 1, =T, I = 20,5~ 0,018 = 20,48m/
¥ Khi cé tai R, = 24042
"~ Dong dien qua R,
U_ 12 12

= ———SlmA

|
R, 12.10° 240
5 - .

U
R,

E

— -

’ Dong bazo I,
T1+p [3 1+50 )
_U,-U, _18-12
Dong qua dién trd R I =15,38mA
Dong 1 RIS RI 7390

Dong qua D,; L=l -L=1538~1= 1438mA

. (201) Bai thp 6-5. D& 13p lai bai 6-4. -
a) Khi dlén ap U, thay ddl 10%, xéc dinh do mﬁl 611 dinh du'b‘ng day

K, = AU, —2100%
U

z

b) X4c dinh d6 mat 6n dinh tai K, = AI;]Z 100% Khi déng va ngét tai.

_ - Bai giai ,
~a)bo mét 6n dinh dién 4p U, khi bién thién 10% 12

1



AU, = 10%U, = 10%.20 = 2V
AU, s& gay ra bi€n thién dong dién trén dién trd R, 1a AL,
AL, A% 2 5 o8ma
R, 390 |
Dong dién nay coi nhu di qua D,; D6 mat 8n dinh tuyét d6i cla d'ié_n ap
ra AU, ty 1& véi AU,
AU, = ALr, = AL,.r, = 5,128.10°.7 = 35,89mV ~ 36mV
D6 mét én dinh dudng day
_AU, 36107
dd Uz -
b) D6 mat 6n dinh tai K,
Khi1 =0; I, = 20,48mA
Khi I'= 50mA; I, = 14,38mA
| S sai léch dong qua D, | \
|  AL=2048-1438=6,1mA
AU, = AU, = ALy, = 6,1.7= 427mV
Do m4t 8n dinh tai

. : _3
LK = ‘BLI}JZ 100%—%100%50,356%.

K

100% =0,3%

1
z

Bai tap 6-6. Cho mach
én 4p tham s6 nhu hmh
6-11. Biét: '

Uz 6V _

U, =18V

U= 0,5V

R, = 10kQ; R, = 10kQ;
R, = 5,6kQ; R, = 560Q

a) V& dong dién chay .
trong mach.

Hinh 6-11
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b) Xé4c dinh pham vi diéu chinh dién 4p ra.
| Bai giai
a) Dong dien mét chiéu trong mach duge ky higu va chi trong so dé
hinh 6- 11 Dong I, chinh 12 dong téi I
b) Di¢n dp ra U, du‘dc xéc dinh theo biéu thu’c

U, (U, +UBE)£1+5J
R2

Trong dé R, va R, 1d.dién trd nhdnh trén va nhénh duéi cha phan ép.

- Néu con chay ctia chiét dp & vi tri a, dién 4p ra s& nho nhét:

J =(6+0,5)(1+ 10 ]= 10,66V

R,
=(U; +U 1+
Uz = "E)[ R 10+5,6

B + 2 ) )
'Néu con chay ciia chiét 4p R, & vi ﬁ;’ b, dién 4p ra s€ dat gid tri cuc dai:

R,+R, 10+5,6
U, (U +UBE)[ ——] 6+ 05)[ )—1664\1
R, 10 )

. Bal tap 6-7. De 1ap lai bai 6-6. .

a) Hay x4c dinh trj 56 bién trd R, &€ dién 4p c6 thé diéu chinh nhd nhat
1a 8V.

b) Tink dién 4p ra cuc dai trong truomg h{xp do.
| Bai gii

a) bién 4p ra nho nhat du@c‘ xac dinh thco biéu thic.

mm 65[1+ R, J=8V
R, +R,

R _8 , R _8 (02307
6,5 RP+R2 695 .

R, _p __10

R, = -R,= —10=33,346kQ
0,2307 0,2307
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b) Khido U,

ramax

Zmax (U +UBE)[i+R;R ]

2

=(6+0, 5)(1+ =34,67V

10+33,346
10

Bai tap 6-8. Cho mach én ép ding di6t zener nhwr hinh 6-12
Yéu cdu dién 4p én dinh

-cinldyratrén R, Ja U, = [2V.

- Dién 4p chua dén dinh
= 18V. '

bi6t zener D, c6 U, = 6V,
vadéng I, =25mA.
' a) X4c dinh tri s8 R, cn thigt.
‘b) Tinh tri s6 R, va R,.

Bai gial

a) Dong dién chay trong . - R Hinh 6-12
mach duge chi trong s0 d6 6-12, .
Néu IC thuét todn 12 1y tudng, thi dong I, =0
| U,-U, 12-6

‘Do va R'-—- 2 Z= =240Q
2O vY 25T 25,107

z

b) D€ xdc dinh dién rd R va R,, ¢6 thé coi day 1a bo KDTT thuan v6i
yéu cdu: -

N&uUy,=U,=U,=6V thiU,=U, = 12v

, , R '
Va U,=|1+—=%|U
)’ . '2 ( Rl] z
Suyra’ EN‘——I-j—z—l:E—l-l.
R, U, 6
-vaRy =R,

Néu R, chon bing 20kQ thi RN = 20 kQ.

' ' 11- 250 IENTLS - B
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Bai tap 6-9. Cho mach én 4p tham s6 dimg IC thuat todn nhu hinh
6-13. Biét: RI = 390Q2
= 5,6k(2
R; = 5,6kQ
R, =4,7kQ
U, =20V
U,=6V
r,=7Q
a) Phan tich nguyén lf hoat
dong clia mach 6n dp.
b) Xéc dinh dién 4p ra cuc
dai va cuc tiéu khi didu
~chinh R,.

“Hinh 8-13

Ba’li glal

a) Bo phﬁn ép Ry R, R tao dién 4p 1 méu U ty lé véi dlén ap ra U va

duoc dira vio cira N dé so sénh véi dién 4p chudn U, do di6t zener D, tao
ra, sai léch dién dp U, = U, — U, dugc khué€ch dai len va dua vao diéu
-khién transistor T 1am cho dién trd r., cla transistor thay déi_ theo nguyén
1§, néu U, c6 xu thé ting 1én thi dién trd re, ctia T diéu chinh cﬁng ting va
néu U, c6 xu th€ giam thi reg clla T cung giam, maU,=U, =U,, nén U,
dugc giit n dinh.

b) Dién ép ra cue dai khi con chay chi¢tapR, &vitri b

R,+R, J# 6(1 +M) =17V’

U'Zmax = Uz[l +

»

3.

- Dién ép ra cyc tiéﬁ khi con chay CGa chiét apR, Gvitria
| | 56 Y .
Uzmin =Uz 1+ R2 : =6(1+ — —J=9,26V
R,+R, ) . 5,6+4,7

Bai tap 6-10, D& b I3p lai bi 6-9
Néu ho tai (R = co) thi U, =21V
Néu ¢é tai R 390Q thl U 20vVvval, = SOmA
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a) Xéc dinh do mat én dinh dudng day K, khi U, thay d3i trong pham
vi 10%. | -
b) Xédc dinh do mat én dinh tai khi déng va ngét tai.
| Bai gidi |
- a) D6 mét 6n dinh duéng day |
Ky = AY, 100%
U

Khi U, thay d8i 10% — AU, = 10%U, = 10% 20V =2V
AU, s& 1am thay d6i ddng qua D,

Bién thién AU, = AL 1. = 5,128.10°7 = 35,89mV
Cuéi cding tinh duge d6 mAt én dinh
_ AU, 35,89.107

K, = 100% =0,598%
U, SRS
~ b) Tinh d6 mat 6n dinh tai
‘Khi hd tai, dong qua D,
I, = U-u, 26 =38,46mA
- R, 390
- Khi cé tai:
1 =8 202645 goma
| R, 390
Bién thién dong I,

Al, = 38,46 —35,89 =2,57TmA
Bién thién dién 4p ra AU, = AU, = AL.r, = 2,57.10°.7 = 17,99mV

. -1 .
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. Bai tip 6-11. Cho mach 8n dp song song don gian nhu hinh 6-14. Biét:
=100Q) ' '
Rt: 120€2
U,=9V
Ug = 0,6V
B =50

a) V& cc dong dién trong mach.”

Phan tich nguyén 1y én ap.

b) Xac dinh dién 4p U, va céc :
“dongdien I, L, [. Hinh 6-14
Bai gidi
a) Dién 4p mot chiéu U, chua én dp, con dién 4p U, c6 the coi nhu én dinth
U, =U, + Uy = U, =const (vi U, > Ugg}

Néu U, bi¢n thién thi dién ap trén dién trd la R, 1a Uy, cung bi€n thién
va U, duoc gilt nguyén.

*. Dong dién chay trong ‘mach nhu chi din trong so do hmh 6-14.
b) Pién 4p trén R, dugc coi 1a én dinh

U,=U,+ Uy =9+ 0,6 =96V

- Dong dién trén R,
=228 _008a -80maA
R 1 0 '
- D(‘)ng IS quavdién tré RS'

Uy U -U, _20-96
R, R, 100
- Dong (e + L) =L~ % |
| S0+ 1y=L—-1,—»511,=1-1, |
I,~I, 104-80 '

Suy ral,=1I= L= =0,47TmA
51 51 .

I. = Bl = 50.0,47 = 23,53mA

[y = =104mA
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. Bai tap 6-12. Mach IC én 4p LM 317 nhu hinh 6-15. .
Bigt =240Q :
' LM317 | o

2—3kQ o . , +TP—V ‘ 1+
. Ua, =T, = 1,25V Lips ‘ Im'l' R, 7 IuF

Dong bé sung I, = 25pA

Hay x4c dinh dién 4p ra. U ‘+— Rzii

trong trudng hop:

a) Tinh dén dong I,,;. ‘

b) Khéng tinh dén déng 1,p;. : Hinh 6-15
| | Bai giai '

a) Dién ép ra khl tinh d€n dong L,

u,=U, |1+R2 |41, R, =1,25 14210 55 1043107 = 16,95V
~2 = ch. R.l AD! 240 e '. ] ...-’ C

b) Khi khOng tinh dé’n dong Ly,

i} N
U, Uc,, 1+ R | g 28( 14 §£ 16875V
R, - 240 |

Sai s6 gifta IC thuo vé 19 tl.ré'ng _
AU, = 16, 95 - 16, 875 =0, 075V 75mV

Bai tap 6-13. D€ l3p lai bai 6-12. Nhung néu thay dién trd. R2 bén
chi€t 4p c6 tri s6 R, = 1k$%; R, =4,7kQ.

| a) Hiy x4c dinh pham vi diéu chinh dlen ép raU,.

b) Néu dong b8 sung cuc dai Ly = IOOuA I-lay xdc dmh sai sd di¢
ap ra gn”fa IC thyc va ly tuéng.

2max

Bai glal

Ui =1 25(1+ 2min } =
R, :

iy o
—125 1+ 1—1(-)— 6458V
240

a) Dién 4p ra cue tiéu

Dién 4p cuc dai
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. ] ' 3 .

U, =1,25] 14—Zme R o =1,25| 1+ 4.7.10 =25,73V
R, - 210 )7

Pham vi diéu chinh di¢n ap U, tir 6,458V dén 25,73V

b) Truong hop tinh dé€n dong 1, = 100pA

3 . : .
U, =125 14 Romn + 1, 2mm—125 1+2% 14 100. 107°.10° = 6,558V
? R 240

Piénéapral,,,,

UZmax 1 25(1+ R;{max }-'-IADJ ‘Rzmax

| | N .
=1,25) 1+ 2719 +100.10—“.4,7.103 =26,2V
240 _

Pham vi diéu chinh U, ti¥ 6, 558V dén 26,2V.

Bai tap 6-14. Thiét k€ mach én 4p LM 317 nhu hinh 6-15 nhim tao ra
‘dién 4p én dinh U, = 12V ti mot ngudn chua 8n dinh U, = 18V,

' a) Hay x4c dinh tri s6 dién tr& R,, R,.

b) Muén diéu chinh dién 4p U, xuéng con 8V, xéc dinh dién tr& R, cén
thay thé.

ooooo

a) Néu bd qua I, (coi IC én 4p 12 1y tuong) thi dién dp ra U, dugc xéc
dmh qua R, va R2 theo biéu thifc.

U, = 1,25[1+§R—2]
. | R|

= 1,25(1452-]
N Rl

s =—1£—l —>R2=( 12 —IJR
5 . 1,25 ‘.

Su‘—z-
YR 12

*

| R, =8,6R,
NéuR, = 2400 thi R, = 8,6,240 = 2,064kQ
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b) Néu U, = 8V
U, =1 25(1+R—J 8V
: 1

Rio 8 jLR,= (—8—-1)1{[
R, 1,25 1,2 .

R,=54R,. NeuR, =240Q thi R, = 5,4.240 = 1296Q2 = 1,296k}

@ Bai tap 6-15. Cho mach IC én 4p LM 317 nhu hinh 6-16. Biét
'R, =R, =R, = 2400Q
R, = 2400Q
R, =2400: U, = 1,25V
T,, T,, T; lam viéc O ch€ do
kho4 (tat, md&) boi xung diéu
khién x,, X5, Xs.
Néu x = +5V mirc 1 thi
transistor thong, r; =0

. Néu x =0V thi transistor tit,

reg = 0. Bd quadong I,
Xdc dinh dien dp ra U, N .
trong céc trudng hgp sau. o
)X, =X,=X,=0 ' ~ Hinh 616
X =X,= 0, X,=1
C)Xl =X;=X;,=1

+ e | LM317

Bai giai
a) Truong hop X, =X, =X, =0, caba transistor déu & trang thai khod
(reg = ) dién trd nhdnh dwéi phan 4p R, chinh 1a R, khi d6 dién 4p ra.

,=1,25{ 1+ R 1o osf 14 3@) 13,75V
R 240 3

b) Trudng hop X, = X, = 0; X, = 1; T;, T, tét, T; thong.
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Khid6 R, =R,//R, = RiR, _ 24002400 _ 1,2kQ2
: R,+R, 2400+2400

R .
U,=125(1+—-L|=1 25[1 @ =7,5V
R 240

1

¢) Trudng hop X, =X, = X, = | ca ba transistor 'dé.u thong.
Khid6 R, =R //R,//R,//R,

R, //R, = 24200. =1200Q

R,//R, =24—;° =12009

R, //R, /R, /IR, =%)_9_6009

U, =125 1+ R |21, 25(1+@J 4,375V

;oL R, _ 240

@ Bai tap 6-16. Dé Lip lai bdi 6-15, véi tri 56 céc dien trd 1
R, = [kE; R, = 2K R, = 3kQ; R, = 2,4kQ

Hay x4c dinh ra'cho céc trudng hop sau: -

X | X X,
 a) 0 0 l
b 0 1| o
9 | o | 1] 1
d 1 1 1
a) Trub‘ng hop X 001, X, = 1 — T, thong, khi dé dién tréy nhénh dwéi R,
"R, =R, //R, ..le RR4 = 335;4 =1,333kQ

. (. R ] [ 1,333} .
. z - -p v
Dien dp U, 1,25[1+R_ 1,25{ 1+ —240) 8,192
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b) Truong hop X = 010. X, =0; X, = [; X, =0

T, thong, T, va T, tat
R, R 22,4

Khi dé C R, =2t = 200 ) 09kQ
R,+R, 2+24 |

R .
U, =125/ 1+—= _125(1 @EJ 6,927V
R 240 )

¢) Truong hop X =011 — T, tit T, v Ty thong
R,R.R, 232,4

'R, =R, /R, /IR, =
"R FRR+RR, 23+32,4+2,42
=0,8kQ = 8000
o R
U, =1:25{ 1+ |= 125(1+@J 5,416V
R, 240

d)Tm;‘)‘ng hop X =111 _).XI =1 X;= 1;_X3'= 1
T,, T, va T, déu thong. Khi d6 R, = R // R// Ry// R,

—=—t— = + + '
R, R, R, R, R, 1kQ 2kQ 3kQ 2,4kQ

i=_2,25—>R =
R P

p

=0,444KC2
2, |

25
R :
bigndp U, =125 [+—+ 125(1+ﬂ) 3,56V
R, 240
Cu6i cling c6 thé thiét lap dlén 4p U, ting véi tin hiéu sb dﬁu VA0 dléu

khlén transistor,
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(213) Bai tap 6-17. Cho mach IC én 4p LM117 ninr hinh 6-17. Biét

R, =240Q |

R, =125V \ o M7 +

_'le ' : ' .. . T ITJ_ | . ‘Rl ' 1

Bién r& R, = 0 + 3, 3kQ. Bo qua _{ D o | _{
dong I,p;- - R, S &
ay Xéc dinh pham vi diéu chirk - s
U, nhd bién tro R,. | 53
b) Nhyu cau a nhung néu tinh dén ' T

d(\)ng-IAD, - SOHA.

_ _ Bai giai
a) X4c dinh pham vi diéu chinh U, khi bbd qua I, -
- Dién 4p ra nho nhdt 1ing véi vi trf a cha con chay bién trd R,
~ U, = 1,25(1 + &]
' R

1
~1.25(1+ 5@) 6,458V
240
- bién dp U, 16n nhét ing v‘é‘i vi tri b ciia.con chay R,

R, + R;')

{

ramax

U = Uz = 1,25[1+

1+3,3

=1, 25( ) =23,64V

Pham vi diéu chinh U, 1 6,458V dén 23,64V
b) Trudng hop tinh dén 1,5, L
UZmin = 1’ 25 (1 +%?-] + IADI 'RZ

=1 25[1+1@) +50.10°.10° = 6,506V
240 )7
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* Mach dao dong ba diém dién dung (hinh 7-2a)

So dé goi 12 mach dao dong ba diém dién dung vi ding ty dién C va (
A€ phan 4p va 14y mot phén dién dp trén C, héi tigp vé ddu vio,

Diéu klén pha '

X .= —<0
.B_E,' oC,
Xep = L<0
CE ~ C,]
XCB—mL>O

Ly lhuyét da chu‘ng mlnh mach thoa min dléu klén can bé’mg pha,
héi tiép ducmg

_ Dléu kién bien do:
KK,,, >1
Trong do: K la hé sé khué'ch dal cba tidng mic theo s¢ do El
K”'_l.a_' e
I'BE . )
. K, 12 hé s8 truyén dgt héi txép

b)

a)

Hinh 7-2. Mach dao d{ng ba diém dién dung (a) va ba diém'dién cam (b)

Tho4 man diéu kién pha va bién do.s§ c6 dao dong diéu hoa hinh sii
tin s6 dao dong duoc x4c dinh theo biéu thifc:
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Trong d6 C tinh bang Fara;
L. tinh bing Henri.

Dé thay déi tan s6 dao dong c6 thé thay d6i dién cam L hay dién dung
C,, C, nhung trong trudng h(yp nay tién 1gi hon 12 thay déi tri s6 L.

* Mach dao dong ba diém dién cdm (hinh 7-2b)

Mach ndy chi khdc mach dao dong ba diém dién dung & chd mach phan

4p dé tao dién ap héi ti€p ding hai dién cam L, va L2 dlen ap trén cuﬁn L,
dugc dua vé héi ti€p. L _

Piéu kién pha Xz = wl, >0

Xee=aL, >0
. 1

Xep=-—<0
B oC

Ly thuyét di chu‘ng minh thod mén dxeu ki¢n cén bing pha va co hoi
ti€p duong. |

Diéu kién bien do: KX, 21 .
~ Néu thoid min ca hai diéu kién trén, mach s& dao dong va tao ra-dao
dong diéu hoa hinh sin.”
Tan s6 dao dong dugc xac dinh theo'biéu thu'c
- 1
f4g = ———=—=—=—"Hz
4 2L, +L,C o
Dé thay dél tan s6 dao dong & day thuan tién 1 thay d61 tri s6 dion
dung C. '
* Mach dao déng R- C di pha (hmh 7-3)

Mach dao déng R-C thich hop tao dao dong & tdn s6 thip; mach c6 thé
ding linh kién roi rac transistor hay ding IC thuat toén, :

O day céc mét loc R-C ding dé di pha va chon loc 14n s6, thlwng dung_
hon ca Ia 3 mét loc R-C. ‘

Dié€u kién pha: Vi mach khuéch dai thuat todn 1a khuéch dai dao nen dé
¢6 héi tiép duong thi mach héi ti€p gém ba mit loc R-C phai léch pha them
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mot géc ¢, = 180° Néu ding ba mét loc R-C gidng nhau thi méi mit loc
R-C phai 1éch pha o, = 60°.

Ly thuyét dd ching minh ring v .
dé thoa min diéu kién pha thi - Wf{ ,
oo 1 A Ala N c
J6RC Sy

1 ~ R R

hay f = ——~=—— vakhidé
Y andeRC
|

Kh| a0

29 Hinh 7-3. Mach dao déng R-C di pha
- Dé d&m béo diéu kién bien | -
dO KK, > | suy ra Kz——=29.
K
Trong dé K 121 hé s& khuéch dai cia mach khuéch dai dao

K=20=2N wR, —29R|
Ry

- Khi dé tn so’ dao doéng.

1

fag = 2nJ6RC’

¥ Mach dao déng cdu Wien
Mach dao dong cdu Wien la
“mach dao déng R-C didng mach cdu
‘Wien 1am mach héi ti€p tir ddu ra vé

dau vao (hinh 7-4).

_ Diéu kién can bing pha: vi mach
héi ti€p dira vé ddu vdo thuan nén dé
c6 hdi tiép duong thi goc léch pha

Hz

= 0 va khi dé co-R— -Suy ra tin

s6 chon loc f= va K,1l =1 .
‘ 27RC 3 |
Diéu kién can bing bién do: " Hinh 7-4. Mach dao ddng céu Wien -
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KX, > 1. SuyraK=3vi Ky (- =—=% do vay R, = 2R,.

7.2. PHAN BAI TAP CO LJI GIAI

@ 'Bai tap 7-1. Cho mach dao dong ba diém dién dung (hinh 7-2a). Gi3
thiét mach dam béo diéu kién pha va bién do.
a) Néu bigt dign cam L = 04mH, dién dung twong duong

.C
ce S1Ce

C.1G =0,1uF . Hay x4c dinh t4n s6 dao dong. |

AL =0,47pF . Hay xdc dinh dién cam L-cin

b) Néu gi4 thiét C=
_ C+
thi€t dé tao mach dao dong & tin s6 8000 Hz.
o Bai gidi

a) Tin s6 dao dé}n g duoc xdc dinh theo biéu thic:
1 .

fyg = ——
CiCy

2n IL, ———=—

NG +C,

faa =

Thay s6 vao ta dugc

1

- =25,19kHz |
2.3,144/0,4.1020,1.10°8

b) Tir biéu thifc trén suy ra
1 1

Ls—0p = — . ~=6,74mH
@f*C (23,14)%(8000)%.0,47.10

Bal tap 7-2. Dé 1ap lai bai 7-1. Néu biét C= -69'—;%_= IuF, dién cdm L
_ 1+ '
c¢é thé diéu chinh tir 0,5mH dén 1,5mH. Hay xdc dinh pham vi thay
déi tan s6 dao dong.
Bai giai

Tén s6 dao dong cuc tiéu tng véi tris6 L,
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£ = ! = l = 4111447

min -

o |- C1C2 2.3,14410°%.1,5.10°

C] +C2 max . -

I‘ 4n s6 dao dOng cuc dai g v&itris6 L.
Frax = —— l = 7120Hz
max - : -
or 1CC2 [ 23,14410%.0,5.10°
G +C;, ™

Bai tap 7-3. Cho mach dao dﬁng ba diém dién cdm nhu hmh 7-2b.
Gid sit mach dAm bao di€u kién bién d¢ va pha.
a) NeubietL=1, + L, =0,lmH, tu C = 0,47pF. de X4c dmh tan s8

dao déng.
b) Néu L =L, + L, = 0,lmH. Hiy x4c dinh khoang bi¢n thién cba tu C

d€ mach dao dong tir tdn s6 12kHz dén 160kHz.
Bai giai -
a) Tén s6 dao déng dugc x4c dinh theo biéu thic:

L. 1 _=23,376kHz
20VLC 93,144/0,1.10°.0,47.10°

b) Tén s6 dao dong cuc tiéu £, tng véi tri s6 cue dai ca tu di_en C,mlx

2
‘1 1 1
f . o=—e_"" Suyra C
min 2 fL Cmax y max (21[ fmm ]

2
1 1
Thay s6 ta duge C =1,76pF
4 max 1107 (231412103J g

tan s6 dao dOng cuc dai u’ng v6i tri s6 C,;,.

Suy ra Cmln [l‘(———l—-Jz

|
f L
™o L

2”_.fmax
. [ ! N2 : .
Thay 6 C_. = ' — | =9,9.10°F=9,0nF.
e ( 2.3,14.160.10° } _ |

‘Bal tap 7-4. Cho mach dao dong R-C di pha nhu hinh 7-5 du6i day.
Bt R =R, =10kQ

-12. 260BTKTRIENTUS - 8
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C=0,0ipF
R, = 10k
a) Xac dinh tan s6 dao
dong cba mach. _
b) Tinh iri s6 cdn thiét
cha Ry,.

Bai giai

Hirh 7-5. Mach dao déng R-C di pha

a) X4c dinh tan g8 dao dong
f= i = 1 .

2mJ6RC  2.3,14.4/6.10.10%0,01.10°

~ b) D€ mach dao dong phai ddm bao diéu kién bien 6.

=650,2Hz

‘P bigt dé ddm bao diéu kién pha ¢, = 180° thiK,, = % .

- Diéu kién bién d6 K.K,, =.I..Suy ra K =%=2‘) N
: ht

Mt khic x:f;—N .Suy raR, = 29R, = 29.10 = 290k
_- Bai tap 7-5. Hay thiét k€ mach dao déng R-C di pha ding IC thuat
todn dé c6 tdn s6 dao déng 2kHz. : CT '
Biét tri s6 tu dién C trong cdc méii lqé R-C la nhu nhau va dugc chon
bang 0,01 uF.
| Bai gidi

a) Mach dao dong R-C di'pha 3 k’hau RC duge thiet k€ nhu hinh 7-5.
Trude hét xdc dinh tri s6 R cla mét loc R-C.

T biéu thifc tan s6 dao dong

: I - 1
f=———— Suyra R=-—
2mV6RC 2nV/6 C.f
thay s& vio ta duce '
1 = 32510 =3,251KQ

R =-— - -
. 2.3.14./6.0,01.107%2.10°
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18y dién tr& chudn R =3,3kQ
Dién tr& R, ching c6 tri s6 bing R.
b) Tinh Ry _ |
DE dam bao diéu kién bign d6 di x4c dinh dugc he s6 truyén dat cia

o g 1
_mach héi t1§p K, = e

Diéu kién bién d6 KK, = 1. Suy ra K=K—l- 29
' ht

- K 1a h¢ s6 khuéch dai ciia mach IC thuat‘to_én

K BEN; =29 —» Ry, = 29R, = 29.3,251kQ2 = 94,279k}
1 - . :

R, = 94,279kQ
Xic dinh lai t4n s6 dao dong, dng Véi céc tri s6 dién trd chon theo tiéu c‘hué__n.

I E 1
f= = =1970Hz
2nJ6R.C 2.3,144/6.3,3.100,10.10°5 -

@ Bai tap 7-6. Cho mach dao dong R-C di pha 3 khau nhu hinh 7-5. Néu
biét dien g R = 10kQ. :

a) Hay xéc dinh tri s6 tu C ciia mét loc R-C d€ mach dao dong & tdn 'sb'
2500Hz | >

b) Tinh tri s6 dién trds R,

c) Néu thay ddi déng truc ca ba dién tr& R tir 4,7kQ) dén 20kQ. Hay xdc
dinh pham vi thay ddi tdn sé6. '

 Bai gidi
. 1 : 1
a) Ti biéu thitc f =———— Suyra C=
2mdoRC Y 2n\J6RE
Thay s6 ta duge '
C ] =2,6.10" =2,6nF .

©2.3,14./6.10.10°.2500
b) D& dam bdo diéu kién bién d¢ thi he s6 khuéch dai k =29
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K= %ﬂ- =29 - R, =29 R, =29 R = 29.10kQ = 290k,
, .

c) Khi R, = 20kQ tdn s6 dao dong dat gid tri c1jc tiéu
R (T

2V6R ey C  2.3,14.4/6.20.10°2,6.107°

KhiR =R

=1250Hz =1,25kHz

min

min = 4, 7K€2 tAn s6 dao ddng dat gid tri cuc dai
1 1

2nJ6R ;. C 2.3,14.J6.4.7.103.2,6.10,"9

.= 5320Hz = 5,32kHz

max

@ Bai tap 7-7. Tioh todn moét mach dao dong R-C di pha ba khau dim
FET (hinh 7-6). |

Biet: hé din cua FET .

g, = i—‘:}i(SmS), dien trd

_ ‘c.c C
cuc méng - ngudn —Hy
r, = 50kQ. Dién trd mit ' RZRSR
loc R = 20kQ. |

a) Xdc dinh tri s6 tu C dé
~mach dao dong & tdn s8
500Hz.
“b) Tinh tri 56 dién tr R,,.

Hinh 7-6. Mach dao d9ng R-C di pha ding FET

Bai giai

a) Tir bjéu thiic tinh t4n s6 dao déng

S S, Suy ra C= !
2n/6R.C " 2nJ6Rf
Thay s6 vao ta dugc |
1 .

C= . 6,510F=6,50F
- 2.3,14.4/6.20.10%.500 -

- b) D€ x4c dinh dién trd R, trude hét xét didu kién bién do.
Pé ¢6 dao dong diéu hoa K > 29; & day c6 thé chon K = 50.
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Ry g

Khi d6 K = g, R, trong d6 R_=— 2 t3i xoay chiéu cla ting

_ D t+Tus
khuéch dai.
Rp.ry.. Koy,
_=—I-{~_= Dds Suy ra Rp =——— ds
8n Rp+ry Bmlas — K
Thay s6 vao ta dugc |
3 .
Rp = ——0-0-10 =7.140k0

$.1072.50, 103 .50

. Bai tap 7-8. Cho mach dao dong R-C di pha 3 khau dung tramlstor
nhu hinh 7-7. Biét R =
~10kQ, C=0,01uF.
He s6 khuéch dai § = 50, dién
ud emito-bazo e = 2kQ2, gia
sir mach dam bao d]éu kién
| blén dG vapha.
a) Xéc;dmﬁ tdn s6 dao dong.

b) Tinh tri s6 dién tr&f R

Bai giai L ' - . -
Hinh 7-7. Mach dao déng R-C dung lransistor
a) Tan s6 dac dong: I -
1 oo
" 2nJ6RC 23, m/‘ 6.10. 10’001 1076
b) Dé thoa min diéu kién blén do, thl hé sd khuéch da1 K cua mach
khuéch dai transister mac EC.

=650Hz

KK, =1;dabiétK, = L
_ 29 v
vay . K= =29
‘ Ky

Mt khdc, he s6 khuéch dai ciia tdng khuéch dai R-C méc emito chung -

\ K =——&RC5 =—S__Rc_ .
I'bc )
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Trong d6 S B 14 hd din cua transistor;
l"bc .

Dau - ¢6 nghia dién 4p ra va vao nguge pha.

3
:Krhe =29><2.l(] ~1.16kQ
B 50 _

Chon dién tr& chudn R = 1,2kQ.

Suyra Re

Bai tip 7-9. Cho mach dao _ A

- dong cdu Wien nhu hinh 7-8. Ry

Biét: R =33kQ | AMA——

C=10nF ' ‘L—

Gia thiét mach thod man diéu,

kién bién d6 va pha. : J_"“'VWJ

" a) Xdc dinh t4n s6 dao dang. | ' |

'b) Tinh tri s6 R, néu cho
R, = 47kQ2.

Bai gidi
a) Tn 56 da6 dong ~© Hinh 7-8. Mach dao dong cdu Wien
e .
, 2rRC  23,14,33.10°.0,01.107°
b) Tir diéu kién can bing bién do |
R, = 2R, - Ry = 247.10° = 94.10° 2 = 94k

=482,5kHz

Bai tap 7-10. Dé lap 1ai bai 7-9. Néu thay dién trd R bing chiét 4p.
- dong truc ¢6 dién trd bién ddi vr 10k$2 dén 100kQ.
Hay x4c dinh pham vi tdn s& dao dong.
Bai giai
Tén s6 £, (g véi tri s6 cuc dai cla chi€t dp R, = 100kQ

fin = L. .1 - 1=159,23Hz
2nCRpay © 2.3,14.0,01.107%.100.10°
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Tan s6 f

nax UNE VO tri s8 cuyc tidu ca chigt 4p R, = 10kQ
1

foax = =
" 2mCRyiy  23,14.0,01.1075.10.10°

min

=1592,3Q2 =1,592kQ)

Bai tap 7-11. Thi€t k&€ mach dao dong cdu Wien dé tao Elao_ dong hinh
sin t4n s6 500Hz.

Bai gidi
C6 thé thiét k& mach dao dong ciu Wien ding transistor i rac hay

ding IC thuit toan, phung thuan-tién hon 13 dung IC thuat todn. Mach dién
~ nguyén 1¢ nhu hinh 7-8.

- Muén c6 dao dong diéu hod hinh sin phat ddm bao dxeu kién bien do
va diéu klén pha.

Diéu kién bien do: Ry = 2R; R, chinh la nhdnh duéi cta phan ap hCu :
ti€p. & day chon R = 22k va khi d6 Ry = 2.22kQ = 44kQ.

- Diéu kién pha: Dé héi tiép vé cita P 1a héi tiep du’ong thi géc pha

1
=0.Suyra w=— hay f=
P yrae=ge "™ T IRe

Muén dao dﬁng & tin s6 500Hz c6 thé chon R va C tuy y. Neu chon tu
C ¢6 tri s6 chudn 1a 0,01pF thi tri sb R duge xédc dmh
SR 1 o
R= = _ — = 31,847KQ
2nfRC  23,14.500.0,01.10™

Nhu Qay tri s6 dién trd cdn tinh todn:
R, =22kQ, Ry =44k}
R = 31,847k, C = 0,001pF.

Bai tap 7-12. Cho mach dao dong cdu vién nhw hinh 7-9..
Biét R =10kQ
R, =80kQ -
C=0,022uF |
Chiét 4p R, c6 tri s6 thay ddi tit 0 dén 30k, |
a) Hay x4c dinh pham vi tin s6 dao d{)ng khi diéu.chinh chiét 4p RP.
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b) Tinh dién tré R,
Bai giai
a) Pham vi tdn s6 dao dong phu
thudc vao tri s6 chiét 4p R, méc n6i
ti€p véi R.
- Tan s6 f

tng vdi gid tri cyc dai
cua R, = 30kQ. '

1

f . =
" 20 C(R +R )
_ 1
23,14.0,022.107°(10.10° +30.10%) N
i ' Hinh 7-9. Mach dao ddng ciu Wien co
=— — 3 = 180,95Hz tn 56 didu chinh
2.2,34.0,022.1076.40.10
- - Tan s6 cuc dai f,,, dng v6i R, =0 Q.
’ 1
=—— = ' =723,8Hz
O mCR 2314.0,022.1010.10°
b) Xéc dinh tri s6 R, o
R, =2R, = 2.80kQ = 160k(2.
@ Bai tap 7-13. Cho mach tao dao ”D1
dong cdu Wien nhu hinh 7-10 A
- dudi day.

Biét: R, =22kQ
R =4,7kQ
a) X4c dinh trj s6 Ry, cin thiét.
b) Téc dung cha D,D,. ,
¢) Tinh tri s6 bi¢n déi clia tu C dé
tdn s6 dao dong tir 100Hz dén 2000Hz.
Bai giai -
"2) D€ dam bio diéu kien do, R,
dugc tinh theo biéu thitc '

Hinh 7-10, Mach dao déng cu Wien
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R, = 2R, =2.22.10° Q = 44.10°Q = 44kQ

b) Didt D, va D, méc nguge chifu va song song vdi dién try Ry, tic 1a
song song v&i nhénh trén clia phan 4p héi ti€p, nhiim han ch& bién do dién 4p
ra. Néu bien do dién &p ra ting qué mot ngudng ndo dé thi hodc D, hay D,
din, dién tr& cha didt gidm xudng va hé s6 khuéch dai ciia b6 khuéch dai
thuat todn ciing giam va dién 4p ra dugc han ché.

¢) Tén s6 dao dong duoc xédc dinh
_ 1
" 27RC
thi tri s6 tu C phai dat gid tri cuc dai

f

Khi tdn s6 cuc tiéu f

min®
P B 1 =0,338uF -
P 2 REyn  23,14.4,7.100.100

Khi tén s& cuc dai £, thi tri s6 cita C 12 cuc tiéu
I 1 '
M 2n Rf 2.3,14.4,7.10°.2000

=16,94nF.

Bai tap 7-14. Cho mach -

dao dong cdu Wien nhu

hinh 7-11. " R
Biét: tu C = 0,05F.

Tan s6 dao dong cin thay
déi dugc tr 200Hz dén
2000Hz nhd bién tro R.

a) Phan tich nguyén 1y
hoat déng cta mach.

b) X4c dinh khoing bién
thien can thiét cha R.

Hinh 7-11 -
Bai giai
a) Phan tich so dé
Dy 14 mach dao dong chu Wien; imjéh cdu R-C duge mic gitta ddu ra
v ddu vao P cilia khuéch dai thuat todn 1dm thanh mach héi ti€p duong. Néu
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dam bao diéu kién can bang pha va bién do thi sé cé dao dong dleu hoa. Tri
s6 R va C clia clu Wlen 5¢ quyét dinh tin s6 dao doéng.

Diét D, R, va FET nhiam én dinh va han ché dién 4p ra. Khi U, tang,
dién dp am qua diét D dat vao cuc cira cba FET lam cho dién trd mang -
ngudn ry ctia FET tang 1¢n, day 1a nhanh dudi cha phan ap héi tlép nén hé s§
khuéch dai giam di va U duoc han ché.

b) Tir bicu thiic xéc dinh tdn s dao dong

f=

—- suyra R=
2nRC . 2=Cf

T4n s6 dao dong cuc dai s& ing véi gid tri cuc tién cla R.
1 ' 1

. =15920
min. = 20Cfyyx  2.3,14.0,05.106.2.10°

Tﬁn s0 dao dong cuc tiéu f, s& 1ng véi gid tri cyc d@ivcﬁa‘R.'
L 1 _ T
X 2mCln  2.3,14.0,05.107°.200

=15,923k

Bai tap 7-15. Cho mach dién nhu hinh 7-12.
'Biét: R, = 150k); R, = 100k
2) Phan tich mach.
~b) Hay xdc dinh hing s6 thoi gian
1=RCdé tao tin hiév ra cé tdn s6 | KHz.
c) Néu biét C = 0,02 uF hay xédc
dinh tri s6 cdn thi€t cia R. _
d) Xéc dinh tri's6 cyc dai cha dién
ap U, dat vao ctra P néu dién dp -
bdo hoa U, =+ 12V.

Hinh 7-12

Bai giai

a) Phan tich mach: - - :
Day 12 mach dao dong da hai (ddO dong Schmitt, dlen ap ra 1a céc xung

chit nhat ¢é6 mic +U, va-U_). R, vaR, la hal dxen tré phan ép 1ao ho: ti€p

sat

duong, di¢n 4 '\p hdi ti€p dua vé cura P.
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Dién 4p héi ti&p vé cira P
- . Usal
Rl + R2
Khi trj s¢ trén tu C nap bang U, thi mach chuyén trang théi v) U,=-U,.
b) Chu k¥ dao déng duge x4c dinh theo biéu thic
T=2RCIn [1;-231)
_ Ry

Suy ra 1=RC=

Trong dé chn ky T=

et
t=RC= =0,592.107%5

. 3
21al 14 2.100.10
150.10°
c) Néu biét tri s6 C = 0,02, IO‘F tri s6 R ducc xdc dinh

3
1=0592 10 —296kQ
C 002107
) Usal : _ 12

2 —
R +R; 100.10° +150.10°

R=

.100.10° = 4.8V

d) Dien ép U, =

Tri s6 dinh dinh cia dién dpvao U,
| Uy, =+248=% 06V
| . Béi tap 7-16. Chio mach dién nhu hinh 7-12 |
Gid sit dxén ap bao hoa 2U,, = +12V
'R, =30kQ; R, = 20k%; R = 12kQ; C= 0,024F
a) H‘éy x4c dinh dien ap héi tiép U, dat vio cuc P. .
' b) X4c dinh chu ky T va tdn s6 dao déng. -~
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Bai giai’

a) Dien dp U, .
U, = e R2 = M2 0-z1a8v
Rl + R2 30 +.20
b) X4c dinh chu ky T '
x . o 3 =
T= 2RC]n[1 +§2_] =212.100,02.10% n| 1+ 2221% | 0,406.10%5
1/ . - 30.10 '
* Tan s6 dao dOng f=—= ——-—1—— =2458,8Hz

T  0,406.1072

@ B t4p 7-17. Cho mach dign ni hinh 7-13a,
Biet: R, =10kQ
R, =20kS2
R =100 k2
, C=00lpF. =~
~ Gia st dién 4p bio hod 1z +12V
a) Phan tich nguyén 1§ tao dao dong.
b) Xéc diﬁh chu ky dao dong.
¢) X4c dinh tan s6 dao dong.
d) Xd4c dinb tri s§ dinh xung chi¥ nhat va xung tam giéc.

Hinh 7-13a
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A 4

+U

TN

‘Hinh 7-13b

Bai gidi

a) Day 1a mach tao xung ‘vubng U, va xung tam glac U,; IC 14 mach so
(Triger Schmitt) va IC, 13 mach tich phan

Gia sir tai thoi diém t =0 dign dpdiura IC 1aU, =
Pién 4p ngucmg hodc dién ép 14t trang théi la +U

U, = Um R = UIZ“‘ 'trong d6 R,=KR, (h¢ s6 K phii > l)
' 2

(J d4u ra cia bo tich phéan IC,

2(t) bi€n thién theo thdi gian't.

Uz{t) =— IU, (O)dt + U2 (0), trong do U (t) dién 4p U, tai thoi di€m t=0.
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Thay L 1\s —sat
U,() =-U,,

~— Usal )
U,(t) = R t=Upg

Dung dién dp & dau ra IC, — xung vuong va dédu ra IC, — xung tam gidc"
nfut hinh 7-13b.

b) Chu ky dao dong T _
1=ARC o day K=-2 R2 2,
K R, 10 |
T= i%S —2RC=2.100.100,01.10°5 = 0,0025 = 2ms

¢) Tan s0 dao dong

f=to 1 _s00Hz

- T 2 IO_
d) Tri s6 dinh xung chit nhat1a U, , =112V _
Tri s8 dinh xung tam gic chinh 1a dién 4p ngudng Uy, = —U—E“l = %2 =46V

Bai tap 7-18. Thiét k&€ mach tao xung tam gléc cé tan sO 1kHz véi - )
dién dp bao hoa Usal = :tlZV dién 4p dmh la 8V. -

Baigiai .
So do mach tao xung tam gidc nhu hinh 7- 13a. Dién ap dinh - dinh 1a
gV tuomg Ll'ng vdi dién 4p nguorng U, =4V, hé¢s6 K —%—!‘— —% 3

ng
Dién tro R, va R_2 duge xéc dinh theo ty 1& -
%:K .SuyraR,=KR, = 3R,

|
Chon R, = 12kQ thi R, = 36kQ
- Hing s& thoi gian © = RC dugc xéc dmh theo biéu fhlIC
f= R suy rat1=RC=—=—"= 75 10735 =75ms

4RC 4f  4.1000

Néu chon tu C=0,01pF thi dién tro0 R duac xéc dinh
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Chuoang 8
CHUYEN pdi TUONG TY - SO VA SO - TUONG Tl,I

8:1. TOM TAT P'H_KN LY THUYE'T

Trong hé théng thong tin s6 bat ky bit Buoc phéi c6 b chuyén déi
twong tu — s6 (ADC) va s6 - twong tw (DAC). Viec chuyén déi duge thuc
hién & khau déu va khau cudi ciia kénh thong tin va ding ma nhj phan.

Tin hiéu s6 dwoc biéu dién duéi dang ma nhj phan
Up=b,,.2%4b, 2"%+...4+b2'+b 2°.

Vi du: 1.2°+0.2° +1.2%+ 0.2'+1.2° = 45

Tin hiéu U, = 101101.

b,.,: 12 bit c6 nghTa 16n nhat (MSB)

'b,: 1a bit 6 nghia nhé nhét (LSB).

S6 s6 hang trong ddy s nhi phan goi 1a s6 b1t vi du trén 13 6 bit,
Chuyén d8i tuong tu — s6 gém céc khau chinh: 14y mau va giir muc, lugng tir
ho4& vi mi hod. '

LAy mdu & roi rac hod tin hiéu theo thoi gian va phai tuin theo dinh
luat Shannon. Tan s& 14y miu duoe xac dinh.

f,, 2 2F,, hay chu ky 14y miu T = fL s
8a

\

Trong dé: F,,,, 12 tdn s6 cyc dai clia tfn hi¢u cén chuyén déi. Néu s6 bit
la N bit, dién 4p mAu 1a Uy, thi s6 muc lugng tir 13 2V va bude lugng tr Q
(khoang céch giita hai mifc lugng tir 1ién ké) duge xéac dinh:

M
M-1

Sai s6 Iugng tir 16n nhét E,,, iing véi _%Q , tifc 1
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UM
227 -1)
Nhu vay 56 bit N cang 16n thi sai s6 cang nho.
* Cac phuong phdp chuyén déi AD |

1
E==-0-=
2Q

Tén 1ai mét s& phuong phap chuyén déi AD:

- Phuong phép chuyén ddi song song. Dién 4p analog cdn chuyén déi
dugc dong thoi duge dua vao cde bd so sdnh dé so véi dien 4p chudn da
‘duge chia 4p thanh cdc mic dién 4p triing véi cdc muc luong tir. D4n ia
ciia cdc mach so dugce dua vio cdc mach AND sau dé dua vao mach d&€m
Xung va mi hod.

Ut diém cfia iach chuyén déi A/D song song 12 toc d6 chuyén déi rat
cao, Vi dién dp chuyén d6i duoc dua déng thisi vao céc tit ca cic bo so, chi
phis thudc vao tin s6 xung nhip (xung déng hé) dua vao mach AND.

Nhuoc diém: Ciu tric mach rat phic tap, mu6n chuyén déi N bit c4n
- 2"-1 bo so sdnh va 2"-1 mach AND.

" - Chuyén déi theo phuong phép tiém cin gin ding. Dién 4p tuong tu
cén chuyén déi duge so sénh véi dien 4p analog U,,. Day 12 dién 4p dugc
chuyén ddi nguwoc tir ddu ra dua vé bo 50 (hmh 8- l)

———g-0
u, : B@ dém|—e—-o
&—>»I50 sdnh » AND > Xung .
ung nhip
M [Dacl

Hinh 8-1. Bd chuy&n ddi DA tiém can gan ding
Néu U, > Uy, thi dau ra bo so ¢6 mitc 1 va sau moét chu ky xung nhip ¢é
mot xung dugc dua vio bd dém, déng thdi tin hiéu s§ Uy, lai dugc c__huyén
déi ngugc thanh dién 4p analog Uy, rdi lai dua vao bo so. Néu U, < U, thi
déu ra bo so ¢6 mic O va khéng cé xung nao duge dva vao by dém va qué
trinh chuyén déi dimg. S6 vong so sdnh phu thudc vao s8 bit lugng tir N.
U diém: CAu triic mach don gian. |
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Nhuoc diém: Téc do chuyén déi bi han ché, khong cao.

- Chuyén déi theo phwong phép dém xung don gidn (hinh 8-2)

Bién dp cdn chuyén ddi U, duge dua vao bo so SS, dé so sdnh véi dién
ap hinh rdng cua Ug do bé tao dién 4p rang cua tao ra.

Néu U, > U, thi ddu ra SS, c6 miic |.

Néu U, < U, thi ddu ra SS, c6 mic 0.

Bo so SS, so sdnh dién 4p ring cua Ug vdi dit. Néu UC > O thi ddu ra SS,
nhan gid tri 1.

Tao dién 4p

Bo d€m
ring cua

| xung

A 2 4

e

Hln.h 8-2. Chuyén déi lheo ph_u‘ong'phép dém xung don gian _ .
Ca hai dién dp & ddu ra SS, va S, 1a .Usg‘:, va Uy, déu duge dua dén
mach AND, - Dién 4p Ug & ddu ra mach AND t§ l¢ véi do 16n ciia U,
Tiép dén xung U dua dén macﬁ AND;, ddu vao thit 2 1& xung nhip.

Tir ddu ra mach AND, tin hién duge dwa dén b dém xung. S6 luong
xunt_, duge dém ty 1é véi dién ap U.,.

- .U
Dién 4p rang cua U - U, .dt=—<t
ién 4p rang c= oo j b RO

Tai thoi diém t = t,, thi U = U,
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S& xung nhip'duge dém trong khoang thoi gian t,, 14
' U
Z=fty=1f,. U—: RC

Trong d6 f, 1a tin s6 xung nhip, H,. .

* Chuyén doi 56 twong tu (DAC), 1a qua trinh chuyén ddi ngwoc tir tin
higu s6 Uy, sang tin _hielj twong tu U,. Hai phwong phép duge sit dung rong
rai 1a phuong phap thang dién tré va phuong phdp mang dién trd.

- Phuong phap thang dién tré (hinh 8-3) |

@ D _:'T

Hinb 8-3, Chuyén ddi DAG theo phudng phap thang dién rd N
Dién 4p cén chuyén déi Uy dua dén diéu khién khod dien ti, hai trang
thdi 1 va 0 iing vdi s6 hang bit cia Uy, va néi qua mét thang dién trd, tri s6
clia chung duge phan bé theo ma nhi phan r6i dua dén ddu vao bo khuéch .
dai thudt todn.
Dién dp ddu ra dugc xdc dinh theo biéu thie -
U, = 2§ F,,( b.2 +b2? +...4b 2"
Biéu thifc b.2" + b, .27 +...+ b,.2" [a mifc chudn hod; b1, b, .. b, 12 cdc
s8 hang nhi phan, ing véi gid tri 1 hay 0 trong déy s6 nhi phan Uj.

195



Dién 4p toan thang tng vdi diéu kién khi tdt ca céc s6 hang by déu cé
gif tri 1. | |
Uy = 2R;{Uf‘- (12741, 2%41.2%.,41.2%)

“Amax

Mtic luong tir ¢6 gié trj nhd nhat, ing véi b, = 1 con tat cd céc s& hang
by con lai déu bang 0. '
2R
_ R _ |
* Chuyén déi DA theo phuong phdp mang dién trd R-2R (hinh 8-4)

10 =—*U, 27"

b

-O.T.Tl olIl olIr' UIL

T+
y
Hinh 8-4. Chuyén ddi DA theo phudng phap mang dién trd
Pién 4p analog U, phu thudc vao tin hieu s6 Uy, va dugc x4c dinh theo
_ biéu thic ‘ ' ' '
R, el 2 3 N "
UA = ?. ch(bl'2 +b2.2 + b32 +...+b“2 ) :

U

[/

Trong d6 U,, 12 dién 4p chudn;

b, bs by... b, 12 céic s6 hang nhj phan cha tin hi¢u s6 Uy, ing véi gid tri
1 hay O, _ _ '

Vidy: U, =1101thib =1;b,=1,b,=0,b,= 1.

Dién 4p ra cuc dai khi t4t ca céc bit b, déu ¢6 tri s6 bang 1.
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Do = % Ug(1.2'+1.2%1.2%..41.2%)

Bit ¢6 nghia nhd nhédt hay mét mic ]Lro‘ng ter Ung vé‘l b =1 con tdt ca
céc bit b, con lai déu béng 0.

R

U Uie = in'Uch-z-N

ramin

8.2. PHAN BAI TAP ¢O LOI GIAI

Baij tap 8-1. Mot hé xir Iy chuyén ddi AD, tin hi¢u tuong ty U, c6 tin
s6 tir 0 dén 2,5 kHz. Gia sir t6c d6 14y miu thue t¢ 16n hon tdn s¢ 14y
miu cuc tiéu theo ly thuyét 12 50%.

“a) Xac dinh tdn s6 14y miu.
'b) Xéc dinh chu ki 14y méu. .
*¢) Néu sit dung chuyén di AD v6i N = 8 bit, hiy xéc dinh dg rong méi bit,
 Bai gidi
~ a) Tdn s6 léfy miu nhé nhét theo 1y thuyét
fomn=2F

$a min max

§ day tan s6 14y méu thue t& duge chon 16n hon 1§ thuyét 13 50%

f,=1,52F,,=15225=75kHz
b) Chu ky 14y miu T duge xdc dinh

£ 7500

c) Bo chuyé’n‘déi AD c6 kh nang bién déi mdi tri s6 twong tu thanh
mot tr khong vuot quéd 133,3us. : :
133,3us _ 133,3us

= 16,66 us:
N 8 Ks

P6 rong bit t =

Bai tap 8-2. Tén 3 14y miu cha chuyén AD trong cong nghe ghi dia
compact (CD) 1a 44,1kHz
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a) Xdc dinh tdn sG cao nhdt cha tin hiéu tuong tu theo 1y thuyél khi tao
lai tin hiéu s6 d6.
_' b) Xdc dinh thoi gian bi€n ddi t6i da cha b chuyén ddi AD (chu ky 14y
méu T).
Bai giai
a) Tir biéu thifc ran sd 16y mu |
{ =2F =44,1kHz

Suy Ia ) Fmilx I= _‘1“;, 1

= 22,05KkHz
'b) Thai gian bién déi 16i da clha bd chuyén déi AD

I 1

L a0

(238) Bai tap 8-3: Mot bo chuyén dGi AD diing dé chuyén ddi tin hiéu tuong
' ty ¢6 tAn 86 20Hz + 10.000Hz. Gia sir tin s¢ 18y méu thuc t€ dugc
~ chon 1én hon tdn s6 1dy méu 1y thuyét 25%. ‘

a) Xdc dinh tn s6 14y miu, | .

b) Chu ky 1ay méu. ' __

c) Néu dimg bo chuyén déi AD 16 bit, hiy x4c dinh do rong bit cuc, dai?

| | Bai gidi
a) T4n s6 la'yl méu thyc t&" ' ,
f,=1,25.2F,,, = 1,25.2.10.000H7 = 25.000Hz = 25kHz
b) Chu ky I8y mau | '

1 1
T=w—= = 40us
£ 2500 "
¢) Do rong bit cuc dai |
= I_ % = ,SP.S
N 16bi L
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\23.2) Bai tap 8-4. Trong mot h¢ chuyén doi AD nao dé, cdn lugng tir hod tin
hiéu thanh 2048 mitc lugng ti.

[ldy xdc dinh sé bit cdn thi€t N cho méi miu.
Bai giai
S6 mic hrgng ti n phu thudc vao s6 bit lugng tir hod N va duoc xdc dmh
theo biéu thitc
n=2"=2048 _
log,2" = log,2048 — N = log,2048 = 11.

@ Bai tap 8-5. Trong bo chuyén déi AD sir dung luong tit hod 10 bit,
a) Hay xdc dinh s& mitc lugng tir cho méi mau.
b) Néu dién 4p mau U,, = 2V, hay xac dinh buée luong t& Q.

Bai giai
- a) S6 miic lugng tir
n=2%=2"= 1024 mic
b) Budc lugng tir Q r
e 2 2 1,955mV.

Q= 2“-1=2"‘-1'1024-1

Bai tap 8-6. Mot bo chuyén ddi AD 12 bit ding dé bién déi tin hieu
analog c6 d;én ap toan thang U, = 10V.
Hay xdc dinh cdc dai lugng sau day:
a) S6 mtic lwong ti.
b) Budc lugng tir.
¢) Sai s6 lugng tir cue dai,
d) Sai s& lugng tir theo phén tram.
- B3i gidi
&) $6 muic lugng tir | .
n=2" = 2'* = 4096 mtc
b) Budc luong tir '
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U, 10 10
- =9 = 0,002442V
Q S 281 2% -1 4096-1
| | =2,442mV
c) Sai s6 lugng W cuc dai E,
E’max_ _Q_ N . ];0 - 0,001221V
- 2. 2(2 - l) 202" -1)
=1,22ImV
d) Sai s6 lugng tir theo phdn trim
E% = %.100% - % 100% = 0,1221%

A

Bai tap, 8-7. Cho mach chuyén ddi AD song song (hinh 8-5)
Bi€l: N =3bit
U,=7V
| R = 10kQ _ |
Giai trinh chuyén déi céc dién 4p sau sang tin hiéu 6 U,
U,=1V;3V;5Vva7V,

Bai gidi
Miic dién ap U, dugc phan 4p bai cdc dign trd R va %rﬁi dua vao cic

ddu vao va bo so theo cac mUC luong ti

0,5V; lSV 2,5V; 3,5V; 4,5V, 5,5V; 65V
Budc luong ur Q hay 1U g duge xdc dinh
Dé giai trinh viéc chuyén ddi cac dién 4p trén 'sang Lin higu s6 thiét lap
bang duéi day, trong d6 dién ta méi quan hé gifta dién 4p analog UA, céc tri
86 & cic dau ra clla mach so va tin hi¢u s U, & déu ra.
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Ma
hod

Xung nhip ' !

Hinh B-5. Chuyén d6i AD song song

Miic Pdu ra cdc mach so U;
U,V (X, [X X, |X - [X [X . | CB
0 0 0o | o 0 0 0 0 | 000
1 1 0 0 0 0 | o 0 001
2 || 1 | ol o] 0o | 0o | 00w
3 | 1 1 0 0 0. | 0 | o1
4 1 1 1 1 0. 0 0 100
5 1 1 1 1 1 0 0 | 101
6 1 1 1| 1 { 1 0 110
7" 1 1 1 1 1 | 1 1 111
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U, =1V — U, =001
U, =3V U, =011
U, =5V > U, = 101
' U, =7Vo U, = 111
Bai tap 8-8. Cho mach chuyén ddi AD theo phuong phép tiém can
" (x4p xI ding) nhu hinh 8-6.
Biét:
N =4 bit
Ugmo=6V
X4c dinh U, cho cdc dién ap cin chuyén déi sau:’
A=06Vval,=175V.

Ua B|™ Bo | .
'f": So AND ff:; .'}_UD
Uy F o .:
- | Xung nhip B
—e ‘ DAC |-

Hinh 8-6. B chuyén d8i AD tiém can

Bai gidi
a) Trude hét xac dinh bude lugng tir hay bit nhd nhat
| U, 6
U, ¢ = —A= =0,4V
5= ST T

b Trudmg hop chuyén déi U, = 0,6V
- So sanh ldn 1: Uy = 0 = U,gg > Uy — B = 1, mot xung duoe dua
vao bo dém va mi hod, Uy, = 0001, chuyén déi ngugc, duac U,, = 0,4V,
_So sdnh 14n 2: U, = 0,6V; U, = 0,4V -
. U, > Uy, — B =1, thém 1 xung vao bo dém U, = 0010 chuyén déi
nguoc, duge U,, = 0,8V,
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- So sénh lan 3. U, = 0,6; U,, = 0,8 —» U, < U, dan ra B =0, qué trinh
d¢m dimg, nhur vay U, = 0 6V — U, =0010.
¢) Truomg hop U, = 1,75V

- Vong 3: U, = 1,75; UM—-08V—>U >U —)B—lvaU _0011
chuyén déi nguge DAC, duge Uy, = 1,2V.

- Vong 4: U, = 1,75V; U, -12V—>U > Uy va Uy = 0100, chuyén
déi nguoc DAC, dwoce Uy, = 1,6V.

- vong 5: U, = 1,75V; U, = 1,6V — U, > U, - B=1vaU,=010L,
chuyén déi nguge DAC, duge U,, = 2,0V.

- Vong 6: U, = 1,75V; U, = 2,0V —» U, <UM—)B Oquatrmh
chuyén déi dLrng -

Vay U, = 1,75V tng véi U, =0101.

. Bai tap 8-9, Cho mach chuyén déi DAC theo phuong phép thang dign .
tré nhu hinh 8-7.

Biét: N = 4 bit, Ry = 20k€); R = 20k); U, =3V
~a) Hiy xdc dinh bit c6 nghia nho nhat 10, .
" b) Tinh U, néu U, = 0110; U, = 0011.

¢) Tinh dién 4p toan thang.

Y,
01\1‘
ch b, 40kQ
i gy
80k Q)
‘\-—JW\,—

R=20kQ

Hinh 8-7. Chuyén déi DAC theo phuong phap thang dién tré
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Bai giai
- a) Bit c6 nghia nho nhét ing véi b, = 1 con tdtcab, =b,=b,=0
2R 0
Ryy, 2= 2.20
. R
~b) Theo biéu thic tinh U,

U, =%Uch (b27 +b,27 +5,27 +b,2*)

U, = 327 =0,375V

V6i Uy = 0110 ¢6 nghia lab, = b, =0
| | b,=b,=1
~‘thay tri,s6 clia b vao

U, _220 3(1.27+1.27%)= 220 4 l+l] =2,25V
. 20 20 4 8 '

v6iU,=0011 > b, =b,=0;b,=b,=1 |
U, _220 3(1.2‘3+1.2“‘)=@3 Loiiosv
20 "0 8" 16_ o
- ¢) Xdc dinh dién 4p toan thang

" Dién 4p todn thang tng véi trudng hop b, =b,=b,=b,=1 ..

U, =QBA.UC'h (1.2-' +127 4127 +127)

_220(1, 1, l+i) 5,62V
20 2 4 8 16

Bai tap 8-10. Dé gic’)’ng nhu bai 8-9. Nhu‘ng N = 8 bit.
a) Hay x4c dinh bit ¢6 tri s6 nhd nhat 1U,
b) Xéc dinh U, néu biet U, = 10000000

| | U, = 10101010

c) Tinh dién 4p toan thang.
Bai giai

a) Xac dinh bit cé tn s6 nhé nhat
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U, Ung véi trudng hop by = 1, con tt ca céc b, déu bing 0

R 1) 220 (1
U, =2—-2U =223 0, 0034V
TR (2“ ] 20 [256)

b) Néu U, = 10000000, c6 nghia 1 b, = 1-b2—b,=b =b,=b,=b, =b,=0.

-UA ZRNUch(IZ )=2220 3(2] =3V

Néu U, = 10101010 cé nghTa b,=b;=b;=b,=1
b2=b4=_b6=b3=0

U 2Ry

o{1271+127 41.'2‘5_ +127)

220 3[l+l+-l—+—l— =3,984V
.¢) Dién 4p ton thang tng véi trudng hop tat ci c4c s6 hang b, déu c6 tri -
sélal. | '
2Ry -1 ~2 -3, 1 94 -5 - -7 -8 .

, UA,=—R—Uch.(1.2 127 +127 41274127 +1.2° +1.27 +1.2°)

: =’—.3(-l-+-1—+l+L+L+L+—l—+—l—) 5,9765V
. 2 4 8 16, 32 64 128 256
. Bai tap 8-11. Bo chuyén ddi DAC 4 bit nhu hinh 8-7

Bi€t U, =3V

= 10kQ |
a) Hay xdc dinh tri s6 R d€ (ing vdi U, = 1001 thi U, =2,2V.
b) X4c dinh dién dp toan thang cho trudng hop dé.
Bai giai

a) Theo biéu thiic

| 2R,

(0127 5,22 45,27 +b,27)

dday  bj=b,=1



2R,

Uy=22V=— Ug (12" +1.27)
| R 2 16
"Suyra R, = 2,2R _2210 =6,518kQ

o1 9
o 23
2U°"[2+16] 16

" b) X4c dinh dién 4p toan thang

_ 2R,

U= U, (127 +127 4127+ 127)

l+l+l+L =3,666V
2 4 8§ 16

6,518
o
Bai tap 8-12. Cho mach chuyén déi DAC 4 bit nhu hinh 8-7.
Biet R =30kQ -
U, =6V ,_ |
2) Haly xdc dinh trj s6 dién tr& R dé ting v6i Uy, = 1000 thi U, = 9V.
b) X4c dinh bit ¢ nghia nhd nhét U g va bit ¢6 nghia 16n nhat Uy,
¢) Xéc dinh dién 4p toan thang. - |
© Bai giai

a) Bidu thiic tinh U,

| Uﬁ\_-_;—zllif*'uch (b2 +5,27 +b,27 4,27

N&u U, = 1000 thib, = [, b, =b,=b, =0

R, .. (1 ~ R,U
A7R °“(2j i U

A

ELLIMAY

b) Bit c6 nghia nho nhdt khib, =1 con b =b,=b, =0
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IRy .. 4 230 1 ~
U = —NU, 127% =222 6. —=1,125V
LRT R b 20 © 16 _
Bil c6 nghia 16n nhat Uy, dng véi trudng hop by = 1, b, =b, =b, =0
: 2R 230 1
Upyen = =N U 127 =220 6. - =0V
c) Dién 4p toan thang, ing vdi truéng hop b, =b,=b,=b, =1

2R ’ %
Up == MU (1274127 4127 4127)

230

T 20 2

6(1 + l'+1+i]= 16,875V
4 8 16

Bai tap 8-13. Cho mach chuyén di ADC mang dién tr& R-2R, 4 bit
_ nhu hinh 8-8.
Biét: R = 10kQ; R, = [0kQ

U, =10V
Hiy xdc dinh R, dé:
a) lU =0,5V |
b) Ung véi Uy, = 1000 thi U, = 6V
¢) Dién 4p toan thang U, = 10V

" 2R R - R

Hinh 8-8. Chuyén d8i DA theo phuong phap mang dién trd R-2R
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Bai giai
~a) Theo bidu thite x4dc dinh dién 4p ra U,
Ua = BR—Uch (27 45,272 +by 23 +b,.27%)

Bit ¢6 nghia nhé nhit 1U, ; ing véi trudng hgpb, =1, b, =b, =b, =0
U,=U,=0,5V= RT{“.Uch.z'“‘

0,5R _0,5.10

- Suyra N:U 2_4—1024=8kﬂ

b) Uy, =1000, tng véi b, = 1; b, =b, = b = (. Pay chinh 1a bit ¢6 nghi:
16n nhat U, =U,x=6V : '
U, =%Uch.2—‘ . Suy ra
R -1

6R 6R2 6102_IZkQ
Uch 27! UCh 10

Ry =

c) bién dp toan thang Ung vdi trudng hop
“b,=b,=b;=b, =1 | -
s ~ . R _ _ ._ _
U, =10V = RNU,ch (27 +272 42742 ‘)

Ry = R 1000 oo
. ' : 2 4 8§ 16

Bai tap 8-14. Bo chuyén déi DAC mang dién ird R-2R 8 bit.
Bigt: R, =20kQ - '
ch_6v
a) Hay xdc diph dién trs R va 2R dé bit c6 tri 's6 nho nha
1U, i = 0,046875V.
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b) Xdc dmh blt c6 tri s& 16n nhét UMSB trong trudng h(rp dé.
c) Tinh dién 4p toan thang
Bai giai
a) Bit c6 nghia nho nhdt tng v6i trudng hop by=1. Céc s6 hang by con
lai déu bang 0. | _ :
Upgy = NU, 27 = 0,046875
LSB = 5 Sehs  TH

R BN o8 20 1,06

Suy ra b2 =
ISR | 0,046875 28

2R = 20kQ.
~ b) Bit c6 nghia 16n nhét Uyg, ting v6i trudng hop b, = 1, cdc s6 hang b,
con lai déu bang 0. .

R 20
Uner = —NU .2*‘=—6—_6v

c) Dién 4p todn thang ting véi trudng hgp b, =b,=b, =b,=b,=b,=b, .

A

Uy = i—”Uch-(Z" +272 4273427 {2#5 +276.427 +2f’?) |

=@.6. l+l+l+i+ L +— 1 L L +— L 11953V
1027478716 32 64 128 256
Bai tap 8-15. Cho mach chuyén déi DA nhu hinh 8-8.
Bi€t: N =4 bit - -
R=10kO

R, =10kQ
a) Hay x4c dinh dién dp chudn U, cén thlc't dékhl Up=1100thi U, =4,5V.

" b) Tinh U,
¢} Tinh dién 4p toan thang.

Bai gidi

a) Dién 4p ra duoc xdc dinh theo bidu thitc
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U, =RFNU¢,1 (blz“'+l;»22*2 +b;278 +b42i4)_
v6i Uy =1100thib, = 1,b,=1,b;=b,=0
| _Rnyr g1 ,42
UA——R—U_ch(Z +27%)

UWR 1045

(5] 02 0)
2 4 2 4

b) X4c dinh bit c6 nghia nhé nhat

b,=1;b,=b,=b,=0

U, 55 =_5R£Uchz-“ = %.6.2‘4 =0,375V

Suyra U

¢) Dién 4p U, toan thang, ting v6i trudng hop'b, =b,=b,;=b, =1 -

_Ry a1 72 03, nmd
UA—?Uch(Z +2724273427)

' =!'.96 l+l+.1_+i)=5,625V
- 10 \2 4 816 :

- ' Bai tap 8-16. Cho mach chuyén ddi DA nhu hinh 9-8 nhung N.= 5 bit
U, =10V; R = 10kQ. o '
Hay x4c dinh R, c4n thigt dé dat dugc c4c diéu Kién sau:
a) Ung véi bit c6 nghia nho nhat thi U A= 200mV.
~ b) Khi dién ap U, = 10001 thi U, = 5V.
" ¢) Pién 4p toan thang U, = 2v.

Baigiai -
a) Bit c6 nghia nho nhat khi b= ;b =b,=b,=b; =0

. R
U =02V= -%Uch.z 3

Suyra . - . Ry= 0.2R -‘0’2'10=6,4k£2

N2t 1027

210 . : . i 14- zéoe‘rnmeuw -B



b) Khi Uy'= 10001 ting véi b, =b, = 1
U =sv=Ruy (27 +27%)
R Y

Suyra Ry= U.R = 3.10 =9,412kQ

Ug(27+27) o1, L
2 32
c) Dién 4p toan thang U, = 12V iimg véi trudng hop U, = 11111
b=b,=b,=b,=bs=1

U, =12V =ﬁUch (2‘-’ +27+42° +2'4'+2'5)
. R :

Suyra R, = T T 11
Uch[—+—+~+-—++—
2 4 8 16 32

=12,387kQ2,

Bai tap 8-17. Cho mach chuy'e"n déi DA 8 bit diing IC DA8O6 (hinh 8-9),
Gidsi: R, =R ;=R =Ry = 10kQ '
Upgr = U, = 5,12V _ _
a) Hay xéc dinh bit c6 nghla nho nhﬁt 1U g
-b) Xéc dinh dién 4p toan thang.

Bai giai
a) Blt ¢6 nghta nhd nhé4t u’ng v6i by = 1 con tét c cdc s6 hang by con lai
‘déu bing 0. '

R

Us=U =_€"Uch'2_s 0

=—.5,12.2" =0,02V
10

b) Dlén ap toan thang U, ing vél tru‘o‘ng hopb,=b,=b,=b, =b; =D,
=b,=by=1. _
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Bai tap 8-18. Cho mach chuyén ddi AD 801 8 bit nhu hinh 8-10
Bi¢t U,, U,... U, I tdm mitc dién 4 ap ing vdi tam tri s6

00000001, 00000010, . 00000100, 00001000 00010000 00100000,
01000000 10000000.

Hiy tinh nhimg dién dp dé.
Bai glal

Dm vdi m01 trong 8 dién ép ducc tinh & day chi c6 mot bit duy nhat ung

vm miutc 1, con cic bit khac tng VO’l mu‘c 0.
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Hinh 8-10. Mach chuy8n d8i AD 801

0000001

= U;=512V2%=20mV

© 00000010 > U,=512V27=40mV
00000100  -»  U,=512V.2%=80 mV
00001000 - - U,;=512V.2°=160mV
00010000 > U,=512V2*=320mV
00100000 =»  Ug=512V.2%=640mV
01000000 - U,=512V22=1280mV
10000000 - Uy=512V.2'=2560 mV
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