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Loi gidi thiéu

Viée t6 chite bién soan va xudt bdn mét s6 gido trink phuc vy cho dao tao
cde chuyén nganh Dién — Dign 112, Co bhi — Dong luc 6 ede truomg THCN - DN
la mjt sit c6'géing lon ciia Vy Trung hoc chuyén nghiép - Day nghé va Nhe xuét
ban Gido duc nhdm titng bude théng nhat nét dung day vé hoc & cde trudng
THCN trén toan quée.

- N6i dung cia gido trink da dwige xdy dyng trén cd sd ké thite nhimg noi dung
duoc gidng day & cdc truing, két hop véi nhitng néi dung mdi nham ddp ung yéu
cdu ndng cao chdt lugng dao tao phuc vu sw nghiép cong nghiép héa, hién dai
 héa. Dé cuong cia gido trink da duge Vu Trung hoc chuyén nghiép - Day nghé
tham khdo ¥ kién cia mét sé” truong nhi : Truing Cao ddng Cong nghiép Ha
Ng¢i, Truong TH Viét — Hung, Truong TH Céng nghiép II, Trudng TH Cong
nghiép Il v.v... va dd nhan dude nhiéu ¥ kién thiét thute, givip cho tdc gid bién
- soan phi hop hon.

Gido trinh do cde nhé gido cé nhidu kinh nghiém giang day & cdc truong
Dai hoc, Cao ding, THCN bién soan. Gido trink duge bién soan ngdn gon, dé
hiéu, b6 sung nhidu kien thize mdi va bién soan theo quan diém md, nghia la, dé
c@p nhitng néi dung co'bdn, c6t yéu dé tiry theo tink cha? ciia cde nganh nghé
dao tao ma nha truong tie didu chinh cho thich hop va khéng trdi véi quy dinh
cta chuong trinh khung dao tao THCN.

Tuy cde tde gid dd ¢6 nhibu o6 gdng khi bién soan, nhung gido trinh
chdc khong tranh khéi nhiing khiém khuyét. Vu Trung hoc chuyén nghiép -
Day nghé dé nghi cde truimg siz dung nhitng gido trinh xudt bdn ldn nay dé b’
sung cho ngudn gido trinh dang rét thidu hién nay, nhém phuc vy cho viée day
va hoc ciia cde truong dat chét livong cao hon. Cdc gido trinh néy cang rét b6
ich d6i voi dgi ngd ki thudt vién, cong nhan ki thugt dé néng cao kién thitc va
tay nghé cho minh.

Hy vong nhén duge su gop ¥ ctia cdc triwdng va ban doc dé nhitng gido
trinh duge bién sogn tiép hode lén tdi ban sau ¢6 chér lugng t6t hon. Moi gép y
xin gui vé NXB Gido duc - 81 Trén Hung Dao - Ha N¢i.
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Mo déu

Giao trinh linh kién dién ti va dng dung duge bién soan theo dé
cwong do ve THCN - DN, B6 Gido duc & Dao tao xdy dung va thong qua. Néi
dung dude bién soan theo tinh thdn ngdn gon, dé hiéu. Cdc kién thitc trong todan
bé gido trinh c6 méi lién hé logic chét che. Tuy vdy, gido trinh cung chi lg mét
phdn trong néi dung cia chuyén nganh dao tao choe nén ngudi day, nguot hoc
cén tham khdo thém cdc gido trinh ¢6 lién quan d6i vdi nganh hoc dé viéc sw
dung gido trinh ¢é hiéu qua hon.

Khi bién soan gido trinh, chung t6i di cé gdng cdp nhdt nhitng kién
thite mdi 6 lién quan dén mén hoc va phit hop vdi déi tuong su dung cting nhu
cd gdng gdn nhitng noi dung li thuyét vdi nhiing vin dé thuc té thuing gip
trong san xudt, doi séng dé gido trinh 6 tinh thic tién cao.

Néi dung cta gido trink duoc bién soan véi dung luong 60 tiét, gom 5 chuong :

Chuong 1. Cac linh kién dién td thy ddng ; Chuong 2. Chit ban din dién va
diét ban dén: Chuong 3. Tranzito ludng cue (BJT) ; Chudng 4. Céc ciu kién
ban din khac : Chuong 5. vi dién ti . :

Trong qud trinh sw dung, tiy theo yéu cdu cu thé cé thé diéu chinh sé
tiét trong méi chuong. Trong gido trink, ching toi khong dé ra ndi dung thuc
tap ctia ticng chuong, vi trang thiét bi phuc vu cho thuc tap cua cde triong
khéng ding nhét. Vi vy, cdn cif vao trang thiét bi da cé ciia titng trudng va khd
ning 6 chic cho hoc sinh thue tdp & ede xf nghiép bén ngodi ma triong xdy
dung thoi lugng va néi dung thuc tép cu thé — Thoi luong thue tap t6i thiéu néi
chung ciing khong it hon thoi luong hoc Li thuyét ctia méi mén.

Gido trinh duge bién soan cho dét tugng lé hoc sinh THCN, Céng nhéan
lanh nghe bge 3/7 va né cing la tai liéu tham khdo b6 ich cho sinh vién Cao
dang ki thudt cing nhw Ki thudt vién dang lam viée d cde co so kinh té trong
nhiéu linh vic khdc nhau.

Mdc diz dé c6 gdng nhing chic chdn khéng tranh khot hét khiém khuyét,
R&t mong nhdn duge y kiéh dong gop ciia nguot st dung dé ldn tdi ban sau disge
hoan chirh hon. Moi gop ¥ xin dwoe giti vé Nha XBGD -81 Tran Hung Pao, Ha Noi.

TAC GIA



Chuong 1
CAC LINH KIEN BIEN TU THU BONG

Dé€ c6 cic kién thitc chung vé 1 nhém céc linh kién dién tit thy dong nhv
di¢n trd, tu dién hay cuén day dugc sir dung mot cich rong rai trong cdc mach
dién va thi€t bj di¢n tlr; chuong nay s& dé cap t6i mot 54 tinh chat quan trong
cla cdc loai linh kién nay. Tuy nhién do s& ti€t hoc c6 han va kh6i lugng 16n
céc linh kién tich cyc 12 trong t4m cia chuong trinh nén ta ciing chi ditng lai &
nhitng diém co s& chung nh4t ciia chiing.

1.1. KHAI NIEM CHUNG

Trang thdi dién cha 1 phdn tir dugc thé hién qua hai thong s6 trang théi 12
dién 4p u gilta 2 ddu va doang dién i chdy qua né, khi phén tir tu né tao duoc
cdc thong s6 nay thi né duoc goi 1A mot ngudn dién 4p hay nguén dong dien.
D4i 1ap lai, phdn tir khang tu tao dugc dien 4p hay ddng dién trén né thi cén
phai dugc nuéi tir 1 ngudn sitc dien dong tix ngoai. M6i quan hé twong hé giita
2 thong s6 trang thdi u va i cla mot phdn t&r duge goi la tré khdng clia né thé
hién & mot quan he him s6 ndo d6: i = f(u).

O day ta chon dién 4p u gifta 2 ddu cia phin tir dang xét 1& bién s¢ va
ddng dign i chay qua n6 1a ham s6 ctia u. Tén tai hai nhém quan he ham f 13
quan h¢ tuyén tinh (dugc mo ta bdi mot phuong trinh dai s& bac nhét hay
phuong trinh vi tich phan tuyén tinh) khi d6 phédn tir twong ing duge goi 12
phén vl tuy&n tinh, con khi quan hé ham f 13 quan hé phi tuy&n tinh (trang th4i
dugc mo ta bdi mot phwong trinh dai s§ bac cao hay phuong trinh vi tich phan
phi tuyén tinh) khi d6 phdn tir dwgc goi 12 phén ti phi tuyén. Dién trd, tu dién
va cudn day trong diéu ki¢n lam viéc thong thudng 13 cdc phdn tir thuéc nhém
quan heé tuy€n tinh. Tinh chdt quan trong nhat 13 c6 thé 4p dung duoc nguyeén
1y x€p chéng (nguyen 1y chéng ch4t) 1én né, nghia 12 tdc dong tdng cong luon
bang téng céc tic dong riéng 1¢ 1én phdn tir, d4p ing téng cong nhan dugc
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luon bing tdng cdc ddp iing rieng 16. Néu biéu dién quan h¢ i = f(u) bing d6
thi goi la déc tuy€n von—ampe cla phén tir thi d6 thi s& c6 dang bac nhdt theo
cdc quan hé (1.1).

du (1.1)

hay i= k3 |udt
- & day cdc gid tri ky, ks, k4 12 cdc hing s6.

Néu datk, = % (12 dién din cia phén t{) thi ta ¢6 biu thitc cha dinh luat
Om cho 1 dién 1r& thudn c6 gia tri R.

i = %.u (1.2)

Con khi c6 k, = C (goi 1a dién dung cla 1 ty di¢n) ta c6 quan hé

. du
i= C—a-t- _ (1.3)
va khicé k; = % (L 1a dién cam cia 1 cudn day) ta ¢é quan hé:

1
i = — Judt 1.4
i=1Ju (1.4)
Céc hé thic (1.2), (1.3) va (1.4) 12 3 phuong trinh mo6 ta trang thdi cla cdc
phin tr dién trd, tu dién va cudn day.

1.2. CAC TiNH CHAT CHUNG CUA PIEN TRO

Dé dat dugc 1 gid tri dong dién mong muén tai 1 diém nao d6 cha mach
dién hay gi4 tri dién 4p mong mudn gilta 2 diém cha mach ngudi ta ding dién
trd ¢6 gid tri thich hgp, c4n chid ¥ ring chiing c6 tdc dung gidng nhau trong ca
mach dién I chiéu v mach dién xoay chiéu tic 12 ch€ d¢ 1am viéc cua dién tro
khong phu thudc vao tdn s¢ cta tin hiéu tic ddng lén né. Khi sir dung 1 dién
trd, cac tham s& cdn quan tdm cha né 1a: gid ui dién trd tinh bing 6m (QQ) hay
kil6-6m (k€2)...; Sai s6 hay dung sai 12 mitc thay d6éi twong d6i cha gié tri thuc
so v6i gid tri danh dinh sdn xudt dugc ghi trén né tinh theo phin tram (%);
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Céng sudt t6i da cho phép tinh bing wat (W); tham s& vé dac diém cfu tao va
loai vét lieu duge diing dé ché tao dién trd.

1.2.1. Gia tri cia dién trd

1. Cédc dién tr& thuc t€ do cdc nha san xust ché tao c6 gid tri theo thang
thé hién trén bang 1.1.

Bidng 1.1. THANG CAC GIA TRI SAN XUAT THUC CUA DIEN TRO

<10Q Q kQ MQ
0,33 10 1 100 0,27
0.5 S 12 1,2 120 0,33
1 15 15 . 150 0,39
1.5 18 1.8 180 0,47
2 _ 22 2.2 220 0,56
3 27 27 0,68
3.3 33 3,3 0,82
39 39 .39 1.0
4 47 4,7 1.2
4,7 56 56 1,5
5 ) 68 6.8 1,8
5.6 82 8.2 2.2
6 100 10,0 2,7
6,5 120 12,0 3.3
8 150 15,0 3,9
180 18,0 4,7

220 22,0 . 5.6

270 27,0 6.5

330 33,0 8,2

390 39,0 10,0

470 47,0 : 12,0

560 56,0 150

. 680 68,0 18,0

820 82,0 22,0

Khi tinh tedn 1y thuyét d€ thi€t k&€ mach dién, gid tri dién tr& nhan dugc
thuong khac véi thang gia tri trén, lic d6 cin chon gié tri trong bang gin nhét
véi gid tri da tinh. '



2. Quy luat mau va dung sai
Ngudi ta thuong ding phuong phép ddnh du cdc gi4 tri dién trd bdng cac
vdng médu khéc nhau trén than ca né theo thi ty va quy luat mau trén bing 1.2.

Bdng 1.2. QUY UGC MAU VA CACH PQC GIA TRI BIEN TRG |
THEO MAU QUY UGC

Maiu S& thiy nhét 56 thir hai Cic s 0 dat sau hal chix sd trén
Pen 0 : 0 Khéng cé

Nau | | 0
Bé- 2 2 00
Cam 3 3 000
Vang 4 4 0000
Xanh 14 cay 5 5 00000
Xanh da troi 6 6 000000
Tim 7 7 0000G000
Xim 8 g 00000000
Tring 9 9 0000000000

Viduy tren than 1 dién trd ¢6 cdc vach mau ldn lugt 12 do, tim, cam thi gia
tri twong ing clia n6 theo bing mau 1a 27.10°Q = 27 k2. Mot s6 dang dién trd
cli doc theo 3 mau & than, & ddu va chim trén than lic d6 s& doc theo quy luat riu
trén nhung theo thit ty than — ddu — chdm. Vong thit 4 biéu thi sai s6 (dung sai)
cla dién trd v6i cdc mau quy udc:

Vong ngén nhii (bac) dung sai 10% S6 this Dung ssi
Vong kim nhii (vang) dung sai 5%
Vong do . dung sai 2%
Vong nau dung sai 1%

Hién nay ngudi ta con st dung quy
dinh dénh s6 truc ti€p trén than dién trd
tinh theo Q kém theo chit cdi biéu thi
boi 56 cha Q (R = 10°Q, K = 10°Q va . Vachmiud
M= 1069), chiY cdi thi hai ti€p sau chit Hinh 1.1

8



cdi thit nhat bicu thi durg sai: M = 20%; K = 10%; J =5%; H=2.5%: G = 2%
va F = 1%, vi du trén than | dién trd ta nhén dugc dong ky hieu: 8K2J tuong
\Ung vdi dién trd c6 gid tri 8 kilo-6m 200 6m véi dung sai 5%.

1.2.2. Cac diic diém cdu tao cha dién trd

1. Cdc loai dién trg cé gid tri ¢d dinh thudng gap nhat duge cho trén
hinh 1-2 (gén tuong dwong véi hinh dang va kich thudc thuc cla ching).

Néu phan chia theo cdu tao, ¢6 5 loai dién trd chinh la:

* Dién trd than ép ;:iang thanh ché€ tao tir bot than tron véi chat lien két
nung néng héa thé rin duge bdo vé bang 1 16p vé gidy phi gém hay 18p son,

cong suit cd %W dén 1W véi gia tri 10Q dén 22 MQ.

e Dién trd than co do én dinh cao 1a loai phd bi€n nhat ¢é cong suit danh
dinh tir 2—10~W dén vai W, _

* Di¢n tré mang kim loai ché tao theo céch két lang mang Ni — Cr trén
than gém cé xé rinh xodn sau dé phi 1ép son, loai nay ¢6 d6 én dinh cao hon
loai than nhung gi4 thanh cao hon vai ldn.

* Dién trd oxit kim loai: k&t ling mang oxit thiéc trén thanh Si0,, chéng
nhi¢t va chong 4m t6t, cong sudt danh dinh 1/2W,

* Dién trd day quan thudng ding khi yéu cdu gia tri dién trd rat thip hay
yéu cadu dong dién rdt cao, cong sudt 1W dén 25W.

2. Gid tri dién tré con phy thudc nhiét d6 1am viéc cia né do dé tri sO sé&
bi thay d6i khi c6 dong chdy qua do hién tuong bién déi ning lugng dién
thanh nang luogng nhiét trén than dién trd. Dién trd than cé hé s8 nhiét do am,
nghia 12 gid tri dién tr& s& giam di khi nhiét do tang vdi hé s6 — 100%. dén —
500%0/°C. Trong phﬁn 16n c4c loai di¢n tr& khdc (loai mang kim loai, oxit kim
loai...) h¢ s6 nay la duong. Ngoai ra gid tri dién tro con thay d8i theo thai
gian hay trong nhitng diéu kién dac biét theo tdn s& tin hi¢u xoay chiéu tic
dong 1én ndé. '

3. Dién tr& bi€n déi thudng goi 12 chiét 4p véi cdu tao 5 loai dd néu trén
nhung c¢6 dang 1 cung 270° néi véi 1 cin con chay quay duge nhd 1 truc giita,
con chay tiép xiic dong véi vinh di¢n tré nhd d6 gia tri cla nd tinh tir 1 trong
2 dau 161 di€m con chay c6 thé bién ddi khi quay truc con chay. Phé bién
nhdt 12 loai cdu tao bing than vi bing day quén, loai than c6 cong suit danh
dinh thdp (1/4W dén 1/2 W), loai diy quan c6 cong sudt danh dinh cao hon



e, ey,
el P

Mang than 1720w Mang than 1/3W

3 {1}
Mang than 113w Méng kim loai 1/10W
C_ C——
| S |
Méang than 1/2W Ot kim loai 112W
Mang than 1W Day quéin 1W
D&y quin 3W
Day quin W

Hinh 1-2. Cic loai dién trd 6 dinh

(1W dén 3W) v6i cdc gia tri dién hinh: loai than 100; 220; 470; 1K; 2.2K; 4,7K;
10K; 22K; 47K: 100K; 220K; 470K; 1M; 2,2M; 4,7M.

Loai diy quan: 10; 20; 47; 100; 220; 470; 1K; 2,2K; 4,7K; 10K; 22K;
47K vai dung sai vai %.

Khi con chay dich chuyén, gia tri dién tr& clia phén s& thay déi (so vi tri
2 d4u 161 vi tri con chay) ¢6 thé t¥ 1& v&i vi tri hinh hoc cha con chay khi 46 ta
c6 chiét 4p bi€n d6i tuyén tinh, trong cdc trudng hop khic day 1a quan hé ham
logarit (titc 12 ban ddu ting nhanh sau dé con chay cang dich xa gid tri dién
trd s€ cang tang cham lai).

Ciing ¢6 loai chiét 4p diéu chinh truéc (hay goi 14 bdn diéu chinh -
Trima), khi d6 cdn diéu chinh bing cdi van vit vi khong c6 cdn quay & tai truc
ma chi c6 vong quay gin vé6i con chay, loai nay khi diing trong mach chi diéu
chinh 1 l4n trong pham vi géc quay hep cla con chay (vi diéu chinh).

1.2.3. Dién trd chia mét vat din

R=pt | (1.5)

& day p la dién trg sult cia vat dan ché tao dién tré
L chiéu dai cla vat ddn
S tiét dién mat cit cia vat dan
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1. Thudng dien wé duge che tao tir cdc chdt c6 dién trd sudt cao va véi |
loai chat xdc dinh, gid tri dién trd R do L va S quyét dinh; vi du: mot doan day
c6 dién tr& 5,6 Q khi d6 1 doan day ¢6 cling chit lieu va ti€t dién dai gdp doi
s€ c6 dién trd 1a 11,2Q hay doan day khdc clng chat liéu cé d¢ dai gdp bon
nhung i€t dién day bdng mot nira, khi d6 dién tré theo (1.5) 1a:

5602x4
-1

2

2. Khi ¢6 hai hay nhiéu dién trd Ry, R, ... Rn. méc n6i tiép nhau thi dién
trd téng cong R bing t8ng cic dién trd rieng ré.

= 44,8Q

n
R=R; +Ry+...+R;= YR (1.6)
i=1

Tic 1a viec mic ndi ti€p ludn 1am ting téng die'n tré ciia mach va do dé
theo dinh luat 6m lam giam dong dién chay qua chiing n€u giif nguyén dién dp
tdc dong lén ching.

Khi mic n&i ti€p hai dign tr& c6 tri s& rdt khac nhau (vidu R = 100<;
R, = 1000002 = 10kQ) lic d6 dién trd t8ng cong Ja R = 10000 Q + 100 Q = 10.10002
ta c6 thé gdn diing R ~ 10.000 Q = R, v&i sai s6 pham phai chia phép gin

diing nay 12 XL 100 = 1%
R,

3. Khi méc hai hay nhiéu dién trd R, R, ... R, song song nhau, di¢n trd
tugng duong cia ching duge tinh boi hé thirc (1.7).

1 1 1 1
=—t—t. =) — 1.7

R R, R, R, &R (1.7

Céch méc ndi ti€p hay song song cic dién tr& thé hién trén hinh (1.3a) va

hinh (1.3b).

Vi du 1: trong hinh 1.3 néu R, = 220Q; R, = 470Q; R, = 680Q véi cach
méc n6i 1i€p ta nhan duge dién trd tuong duong 1a

Ry = Ry + R, + Ry = 22002 + 470Q + 6800 = 1370 Q

Con v6i cdch mac song song hinh 1.3b ta cé:

LIS SR USRS S B U
R R, R; Ry 220 470 680

= 0,0045 + 0,0021 + 0,0015 ~ 0,0081 (Simen)
hay R = 123,4602
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R Rz Ry . R

— = . —
L . . { |
a}
Ry
—
| S
- — . —_ —
- { ] . = { ]
R,
b) —)

Hink 1.3. Cich néi-dién ud
a) Mac noi licp @ by Miac song song

Vi du 2: trong mach hinh

1.4, hiy tinh dién & tuong ' i
duwong khi bi€t R; = 220Q2 ; _ 1000
R,#= 470 Q ; R3 = 100Q vfi_ R, R,
R, = 8200 — 311+ —

) 2200 4700 R

Ap dung cdc he thic L
(1.6) va (1.7} che mach hinh 8300
ldtacé: Hinh 1.4

R;.R
R‘d = R.l + Rz + -ﬁf:-]g—ql
100£2.820Q
= 2200 + 470Q + 06 508 = 779,13Q

4. Ngudi ta thudmg ding dién trd dé
tao ra 1 sut 4p gitta 2 diém cha mach . Rt
dién hay goi 12 dich mitc dién 4p gitta 2 v, - Uy

diém khdc nhau cia mach nhu trén hinh
(1.5). Mtc dién 4p U, nhan dugc trén [] r
Ry so voi U da bi dich di vé phia am '
(sut dp) 1 lugng U; — U,:

__U
" R+R,

U2 ‘Rléj. -

Hinh L.5
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- _ Rl
Ul_'UZ_Ul[l R+Rl51)

U, R R
R+Ry =1
& day I 1a dong chdy qua R va Ry

Vidu U, = + 12V; R = 1000

Gia thi€t ta cdn mitc Uy = 5V khi d6 mitc dién 4p dich roi trén R 12
12V -5V =7V = Up. '

Dong trén R, = 100Q x4c dinh béi

U, 5V
= o2 = _=0,54=I
‘" Ry 100Q R
Vay cén chon gid tri dién trd dich
R .
oo UR TV " e - .
miclaR = K_ETS_A_I‘I.OQ Uy U,

Chi ¥ 12 khi sir dung 1 b6 chia dp
R,. R, d€ 14y dién 4p U, trén R, cung [] Ry
cdp cho tai R, (hinh 1.6) thi phép tinh
trong vi duy vira néu phai thay déi do
anh huéng clla R, n6i song song v6i
R, va khi d6 dong qua R, sé phai tinh
lai cho phé hop.

Hinh 1.6

1.3. TU PIEN

1.3.1. Mot 88 dang thyc t& clia tu dién

Tu di¢n 12 phin v ¢6 gid tri dong dién qua né ty 1& v6i t6c d6 bi€n ddi cla
dién 4p trén né theo th¥fi gian (he thic 1.3). Ching duge chia thanh 2 loai
chinh: loai khong phén cuc va loai ¢é cuc tinh x4c dinh khi lam viéc (c6 thé bi
hong khi n6i nguge cyc tinh). “

1. V€ cdu tao ty khong phén cuc gém cic 14 kim loai xen k& véi cédc 14 lam .
bAng chat cdch dién, gi4 tri clia tu thudng c6 dien dung tir 1,8 pF (1pF = 10~ '°F)
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td1 1pF, khi gid trj dién dung 16n hon 1uF (1uF = 10_6F) thi kich thuéc tu trd
nén kha 16n nén khi dé ch€ tao loai cé phan cuc tinh kich thudc s& gidm di
ding ké.

2. Tu dién ph4n ¢6 cdu tao gém 2 dién cyc tach rdi nhau nh& mot mang
mong chit dién phan, khi ¢6 mét dién 4p tic dong lén hai dién cuc s& xudt
hién mot mang oxit kim loai khong dan dién, 16p dién moi cang méng thi dién
dung cla ty cang lén. Day 1a loai tu dién c6 cuc tinh x4c dinh duoc ddnh ddu
trén than tu, n€u ndi nguoc cyc tinh, 16p dién moéi c6 thé bj phd hiy va lam
hong tu, loai nay dé& bi do dién do lugng dién phan con du.

3. Céc loai ty dién thudng gap & dang 2 nhém cé tri s& c6 dinh hay c6 tri
s ¢6 thé thay d6i dugc. Theo dac diém loai vat lieu sir dung khi ché tao, tu
dién dugce phan chia thanh cic loai sau:

a) Tu gébm (ceramic) c6 kich thudc nho, ché tao ré tién, gid tri dién dung rong
tir 1pF dén 1uF, dién 4p 1am viéc cao tuy nhién dién trd 10 16n; c6 dang 6ng,
dang dia hay phi€n g6m tring kim loai lén b€ mit (hinh1.7 a, b, ¢, d).

b) Tu mica tring bac ché€ tao dit tién, ch4t lugng cao dung sai nho thudng
dugc st dyng & tdn s6 cao dai dién dung c6 gid tri tr 2,2 pF t6i 10nF
(InF = 107°F) (hinh 1.7¢)

QQQQ P HHHH
Ll ﬁﬁﬁ ﬂﬂW

—C 99 T

Hinh 1.7, Céc loat tu dién (klch thudc x4p xi thuc t&)

a} Tu gbm dang dia ~d) Tu g6m dang &ng g) Tu polistiren
b) Tu gdm dang phién ¢) Ty mica ma bac h) Tu vien tang tan

¢} Tu gdm don khéi f) Tu polieste Iy Tu dién phan ¢ nhd
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¢) Tu polistiren duge lam tix 14 kim loai xen gilta 13 16p mang mong
polistiren bao boc thanh 16p cdch dién, & tdn s6 cao chiing ¢6 tén hao ihap, do
6n dinh cao, dung sai khoing 1% diing cho céc mach dien yéu cdu do 6n dinh
va d¢ chinh xdc, d9 tin cay cao.

d) Tu polycacbonat dang t4m chit nhat, cé dién dung 16n (16i 1uF) kick
thudce nho thich hgp cho viéc cam tryc ti€p vao cdc mach in véi tén hao thép.

e) Tu mang mong polyeste mang mong PETP

f) Tu polyeste gidy dang tru diing trong cdc mach dién tit ., ch4t
moi 12 polyeste va gidy ép, tri s6 tir InF t6i 1pF.

dién

" g) Tu dién phan c6 cfu tao Ia 1 nhom ciing bot dung dich dién phan cuén
lai dang hinh Sng dat trong vo nhom gié tri dién dung tuong d6i 16n tir 0,1uF
t&i vai nghin puF (4700uF), dién dp lam viéc thudng thap c6 dung sai 16n va
kich thudce twong d6i 16n (hinh | 7).

h) Tu dién tan tan dugc ché tao ¢ 2 dang hinh tru véi diu ra doc theo truc
hoac dang vién tan tan, thudng c6 gid tri dién dung 16n nhung kich thudc nhé :
0,1pF (9 x 5)mm tGi 100uF vé&i kich thude (17,5 x 9)mm.

Hinh 1.8 giéi thiéu mot vai cich doc tri s6 tu theo lust médu duge ghi trén
than tu tuong ing; quy ludt mdu theo bang 1.2 da trinh biy & tren.

Chirsé
thir nhét =" Bang 1
Ving Chirs8 - Bing 2
thiz nhat i hai 88is8  Dungsa 1 bang
Chim Vang ) ] p
mau VI L Chis§ Béng
vong thit hai puam— YL
thit ba Chit 85
i {hi nhét I'Ihlét
Lul mau cho cic ty didn Luét mau cho cacty Lugl méy cho tu didn
{ang - tan deng visn ofm dang dia mang mong polyeste
Chirsé - 56
Chir 8 Chir 6 Pignsp Blémbac "E‘L’;"fé CT::?
thi? nhét thir hai danh dinh
wa /[ T‘O \6 73 téhai i ongt
ddobdoonb—— L
? e S
7 f —
Bdis§. Dung sal Dungsai  Bdisd
LuAt mau cho cac tu din gify ép Luft mau cho céc tu phanol va gdm dang Sng

Hinh 1.8. Luat mau cho mot s&loai tu dién hinh
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4. Ty dién c6 gid tri dién dung thay d6i dugc gdm hai dang co ban:

a) Dang tu diéu chudn dung dién méi 1a 16p khong khi giita 2 bo canh kim
loai nhom 14p xen k& nhau mot bo cdnh c6 dinh, bo kia c6 thé xoay 180° nhd
mot tryc quay; nhd d6 khi quay ra hét dién dung chia tu 12 cuc tiéu va nguge
kai 6 gid trj cuc dai khi quay vao hét (c6 gid tri tir 10pF tdi 103pF = InF) kich
thuée loai nay da dang trong pham vi vai chuc mm.

- b) Dang tu tinh chinh ding mica l1am vat liéu dién moi cdch ly giita 2 hay
nhi€u phién kim loai xen k&, dién dung thay déi duge nhd xoay vit truc dé
diéu chinh phdn dién tich tring nhau giita c4c pkién kim loai, ph4n tring cang
nhiéu thi gid tri tu cing tang, ciing ¢6 thé ding khong khi hay ch4t déo 1am
vat liéu cdch dien

5. Mot s8 dac tinh khdc cdn quan tam t61 khi str dung cdc tu dién trong
mach la hé s6 nhi¢t do (tri s& thay déi twong d6i tinh theo % ciia dién dung
theo nhict do), dién trd cach di¢n cia ty. Céc gid tri dién dung thudng gip do
céc hang san xudt lua chon ciing twong thich véi cdc gid tri sin xuft cﬁa'dien
tré trén céc thang don vi pF, nF, uF.

Vi dy thang pF ¢6 1,8pF; 2,2; 2,7; 3,3 ..., 820pF...

1.3.2. Mt sd tinh chit quan trong

1. Tu dién 12 mét linh kién ¢6 tdc dung ngdn dong 1 chiéu chay qua né (&
trang thdi xdc 1ap én dinh) nghia 1 cé dién tr& I chiéu v6 ciing 16n.

Téng qudt tr& khing cha tu dién duge xéc dinh & ch€ d¢ xoay chidu bdi he
thic (1. 8)

l 1
= e 8
)2nf.C X _ (-8

ZC=

dday j—lonviao \nc'iij2 =-1;

f - tdn 56 cia tin hi¢u xoay chiéu tic dong lén tu va C 13 dién dung
twong ing cia tu.

Tir (1.8) thdy r5 khi tdn s6 tin hi¢u tdc dong 1én tu cang ting, trd khing
cua tu cang nho va véi f — w thi Z- — 0 (12 mot phén tir ngin mach & tdn s6
vo cling 16n). O he thic (1.8) gid tri X duge goi 12 dung khing cia t duoc
xédc dinh bdi he thic (1.9)

Xc =0,16f.C () _ (1.9)
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& day f tinh bing Hz va C tinh bing F.

hay X¢ = 0,00016. 10™° £.C v6i f t{nh bing kHz va C tinh bing pF; X tinh
bing Q.

2. Khi mic ndi ti€p cic tu c6 dién dung Cy, C,, ..., C, ta ¢6 dién dung
turong duong xdc dinh bdi (1.10)

1 1 1 1 &

— =ttt =)y — (1.10')'
Ca C C Ch gci
khin=2tac6—l——-=L+L:suyra:
' Cu C & _
C,.Cy
= 11
Vidu C| = IpF; C, = 2,2uF khi d6 :
1pF.2,2
= M = 0,6875uF
iuF + 2,2pF

3. Khi thue hign néi song song cdc ty c¢é dién dung Cy, Gy, ..., C, tanhdn
dugc dién dung twong duong C,4 tinh bdi 1.12.

n
Cy=Ci+Cy+...+Cy= DG (1.12)
i=l

Viduvéin=3;C; =0,1pF; Cy =0,22uF; C3 = 0,47uF ta nhan duge
theo (1.12) gid tri dién dung tuong duong khi néi song song C; v8i C, va
C; la: : '

Cia = 0,1uF + 0,22puF + 0,47uF = 0,79uF.

Ta hdy tinh gid tri dién khdng cla céc tu dién C;, Gy, Cq O tdn s6 1am viéc
10kHz. Ap dung hé thic (1.9) ta cé

X, = 0,16. 10*(Hz). 0,1.105(F)
=0,16.107°0) .
X, = 0,16. 10°(Hz). 0,22.10"%F)
= 0,0352. 10°2Q
X3 = 0,00016. 10(kHz). 0,47(uF)
= 0,000752Q
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Hinh 1.9 mo t4 cdch méc ndi ti€p a) vA méc song song b) cdc dién dung
C,. C, (C3) va qua d6 nhan dugce dién dung twong duong C c6 gid tri phu thuge
vao sy lua chon cédc gia tri cdc dién dung thanh phdn trong mach, nghia la dat
t&i 1 gid tri mong muén khic cac gid tri danhk dinh do nha san xudt da tao ra
nhé vay m& rong kha nang tng dung trong viéc thi&t k&€ mach phil hop véi céc
yéu céu dat ra. ‘

C=1pF CF 2,2pF ' C =0,68751F

. L 1l . = 1 .
H 11 _ . 11

a)

c=0224F C=0,7JAKF
1

b | 11

Hinh 1.9 a) cdch mic néi tigp . '

b) cdch méc song song ty dién

4. Khi thuc hién méac néi ti€p 1 dién trd véi 1 tu dién c6 gid tri tvong Ung
1a R va C, ngudi ta nhan duge cdc mach loc RC co ban 1A loai mach dién c6
phan dng khic nhau véi cdc dai tdn s6 khdc nhau cia tin hi¢u tdc dong & cdng
vao. Hinh 1.10a dua ra c4u tric mach loc tdn thdp RC va hinh 1.10b la cdu
tric mach loc tdn cao RC.

U,

R .

. a) . ’ b) —

Hinh 1.10. Mach loc RC co bin
a) Mach loc RC tdn thip: b) Mach loc RC 14n cao

»
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Tinh chat cia mach hinh 1.10a va 1.10b thé hién trén d#c tuyén truyén dat
dién 4p theo tdn s6 A(f) = %I-—‘:— hinh 1.11 a va b tuong tng. O day dudng nét

v

diit thé hién tinh chét 1y tudng va dudng nét lién the hién tinh chit cla mach
thuc €. : :

} a=ly boa- YU
¥

M- -
~ll-

[ I

&
2
g

a) . b}
Hinh I.11. dii tuyén tdn 56 clia mach loc tdn thip (a) va tdn cao (b)
Tir d6 thi hinh 1.11a ta thdy r3 mach hinh 1.10a twong (ng s& cho phép
U, = U, (A = 1) khi f <<f 4, con khi > f 4 A gidm nhanh dén 0 nén né cé
tinh chét chi cho qua céc tdn s6 tin hi¢u & dai dudi f_4, (tinh chdt loc thap) f 4,

I tén s6 tai d6 A (f4) = —= (hay —3dB) (1.13)

V2

Ta ¢6 nhan xét twong ty véi mach hinh 1.10b vi dac t'uye’n hinh 1.11b
tuong ung; né chi cho qua cdc tn s6 tir  gia tri f_4, trd 1én viing cao (tinh
chdt loc cao) viéc tinh todn chi ti€t ham truyén dat phic ciia mach din t6i he
thite tinh gid tri f4 tir diéu Kién (1.13) ta nhan dugc:

1

feae = 32RC (1.14)

vidu vdi R = 10kQ2 ; C = 1pF thay vao (1.14) ta cd:

i

= =15,92Hz
21.104(Q).1076(F)

fese
f.4 mang tinh ch&t 12 diém gap trén thang tdn s6 cla bo loc.
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5. Khi thuc hién méc néi ti€psong song hén hgp cac tu va dién trd o gid
tri 13 C va R ta nhan dwgc nhidu dang bo loc khac nhau, trong d6 dng dung
quan trong nhit 1a 4 dang bo loc RC cho trén hinh 1.12.

j—
g )
3]

Ur UV u r

=
ey |
Q

. d)
Hinh I.12. Cic b loc RC phic tap

a) Mach loc thong déi (loc bang) RC f, = —

Tk b) Mach loc tdn cao kiéu hinh thang 3
) 1
mit RC don gidn f, =
B Lo = 6RC
1 : R |
¢) Mach loc cdu T kép (chin déi) f, = >—= RC ~ ) Mach loc cdu T don (chan dai) f, = 5—-

Mach hinh 1.12a cé tinh ch4t chi cho qua tin hiéu cé tdn s6 & lan cén tin
sc‘i trung tam f, = 3RC RC , cang dich xa f, vé 2 phia, hé s6 truyén dat dién dp

czng gidm, tai f, ham c6 gia tri 16n nh4t va bing 1/3 (nghia 12 bién d¢ dién 4p
tai cOng ra bing 1/3 bién d6 dién 4p tai céng vao).

"Mach hinh 1.12¢ ¢6 tinh chat khong cho qua tin hiéu c6 tdn s6 & f, va lan
can, nghia 1a tai f,, gid tri di¢n dp ra nho nh4t va bing 0 (v6i mach hinh 1.12c¢)
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va bang 2/3 (v6i mach hinh 1.12d). Mach hinh 1.12b cé dac tinh giéng mach
hinh 1.11a nhung g4n v6i 1y tudng hon. Ching ta s& gap lai cdc mach loc RC
loai nay trong chwong 3 va chuong 5 khi két hgp ching vdi cdc phdn t¥ ban
din va vi dién tir. Céc tinh chat da néu trén cha céc mach hinh 1.12 cé dugce 1l
viec phan tich bi€u thic vi biu dién d6 thi ham truyén dat phic

~_U, Z, A o g
A= ﬁ_r = 2—’ cia ching vi du v§i mach hinh 1.12a biéu thiic cia A cé dang:
v v )
1
A= % -— J2=fC 4 1
v ——//R
janic TR [erch " ]
j2#RC

" 1+ 327IRC — (2nfRC)2

tr day sau khi tdch phdn modun va géc pha ciia Asé nhén duge cic két luan
da néu trén.

6. Khi sir dung tu di¢n trong mach cdn dic biét chii )’(htdi dién dp dat trén
tu ludn thap hon gid tri dién 4p danh dinh t6i da cia tu c6 thé chiu dung dugc
dé 16p dién méi gitta 2 cyc cla né Khong bi ddnh hong, gié tri dién 4p nay
thudng duge ghi trén than tu vi dy véi loai tu phan cuc 1 pF/35V hay
470uF/25V...

1.4. DIEN CAM VA CUON DAY

1. Mot cudn day cd dong dién chiy qua s& sinh ra 1 tit trudng d6 1a
nguyén 1y hoat dong cla 1 nam cham di¢n. N&u gid tri cha dong chay trén
cudn day thay d6i cudng d6 t¥ trudng ph4t sinh tir cudn day ciing thay ddi gay
ra 1 sic di¢n dong cam \ng (ty cdm) trén cudn day va cé xu th€ d6i 14p lai
dong di¢n ban ddu. Mot cuon day trong mach di¢n xoay chiéu s& c6 dién trd
1 chiéu binh thudng do dién tr& day cudn tao ra va thinh phin trd khing cta
né duge xdc dinh béi (1.15).

ZL=RL+j21'Cf.L ) . (1.1%)

O day tré khing téng cong cla cudn day k¥ higu 1a Z; gém 2 phin nhu d3
néu va khi tdn s6 tin hi¢u tdc dong tang Ién, theo (1.15) dien khing ciia cudn
day X, = 2nfL s tang ty 1¢. H¢ thitc trén cho x4c dinh dién khdng béng € khi
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L tinh 12 mH va f 1a kHz hoac L tinh theo don vi pH va f tinh 13 MHz. L4y
modun biéu thitc 1.15 ta nhan dugce gid tri tré khéng cla cudn day.

Zy =R} + X} (1.16)
thudng khi Ry << X| thi Z; =~ X|.

vi dy véi X; = 1pH thudmg Ry = 10; v6i cudn cam c6 gid tri ImH dién tr& 1
chiéu cha né thudng tir 5Q dén 10Q. Tinh chit quan trong ddu tién cha cudn
d4y rit ra tir phan tich trén 13 khi tin hiéu c6 tdn s§ thap tic dong, dién trd
téng cong cha cudn day tuong d6i nhd va khi tdn s6 ting 1én gid tri nay sé
tang ty 1& véi tdn s6. Vi du 1 dién cam c6 gid tri 100uH, & tdn s6 f = 100Hz
gid tri cam khdng cua né 1a :

X (100Hz) = 2x.100(Hz).100 (uH)
= 2n.0,1(kHz).0,1(mH)
~ 0,068Q

& tdn s6 1MHz cam khéng cia nd la:

Xy (IMHz) = 2x.1(MHz).100(uH)
~ 6280

Qua vi du tinh todn trén ta th&y néu tin hiéu ¢6 chifa ca thanh phdn 1
chiéu va thinh phdn xoay chiéu cao tdn thi khi tdc dong vao cudn day né s& dé
dang cho qua thanh phén 1 chiéu (hay tdn s6 thdp) va chan thanh phén cao tdn
lai, tic 12 cuén day c6é phan ing véi tin hiéu cao tdn trdi ngwge hin v6i phan
ung clia ty dién tirc 12 cudn day khi van hanh phaa ¥ng vdi tin hiéu nguroe lai
vOi cdch phan iing cla tu dién véi tin hiéu.

2. Khi méc né6i ti€p cdc dién cam v6i nhau, gid tri dién cam tuong duong
bing téng cdc gid tri thanh phdn, con khi néi song song ching, dién cam
teong duong ciing duge tinh nhu d6i v6i cdch méc di¢n trd, (trudng hgp nay
hi€ém gap vi con xay ra hién tugng cidm #ng gilta cdc cudn ddy ndi ti€p hay
song song dit gdn nhau.

3. Mot trudng hop dac biét khi mic song song 2 cudn day qua 1 15i st ¢
hay 16i ferit tir, ta ¢6 1 k€t cdu bi€n 4p thyc hién qu4 trinh ngin dong 1 chiéu
giita 2 cudn va bi&n déi gis tri dién dp xoay chiéu tir cudn ndy sang cudn kia
1 cdch thich hgp phuc vu yéu cdu dat ra.-K&t cfiu 1 bi€n 4p co ban cho trén
hinh 1.13 vé6i 2 cudn day Lp duge goi 14 cudn so c4p c6 s6 vong day la Np va
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dién tré 1 chiéu la Rp, cudn day thit cdp Lg c6é cdc tham s6 tuong dng 12 Ng
va Rg, tic dong vao cudn so cdp dién dp Up s€ giy ra dong Ip trén né, nhd
stic dien dong cam (fng qua viéc ghép gilta cdc vong day Np va Ng trén Ng
nhan duge sic dién déng cam iing tao ra dong Ig va 4p Ug tai mach thif cdp.
Hé¢ thitc (1.17) cho phép xéc dinh gid tri dién 4p Ug khi dd biét cdc tham s6
cdn lai,/ n goi 12 hé s6 cla bi&n 4p hay ty

s0 vong day: .
lp ls
U
-P _ & =n (1.17
Us NS_ Np | LN,
- o el
néu n > | ta cé bién 4p 12 loai ha 4p, ¢dn Rp - ~R,
khi n < 1 ta ¢c6 bi€n dp loai lam tang glé
tri dién 4p tai cng ra. _

llﬂ = *Nli— = l (1.18)
p N Hink 1.13. Ki hitu co bin cia

mot bi€n dp
Cac hé thac (1.17) va (1.18) cho

phép két luin néu mudn 12m tang dién 4p & cng ra bit budc phai giam dong

dién ra va nguge lai, nghia 1a khi Ug > Up thi Ig < Ip hay khi Ug < Up (ha 4p),

thi Ig > Ip (tang dong). Tir (1.17) va (1.18) ta ciing c¢6:
Up = n.US

2YUs

g (1.19)

- 1 Up
IP-;IS hay I =n
Nghia 1a dién tr& clia mach thit cfp Rg = % duge phan 4nh vé mach so
) ) 5

'ca'p Rp= Up

I khi thuc hién binh phuong hé s& bi€n 4p theo (1.19).
P

Vi du véi nguén dién ap (sidn ;:é) 220V/50Hz n&u cin dién 4p (mudn cé)
12 10V ta cdn 1 h¢ 6 bién 4p hay ty s6 vong day giilta cudn so cip va cudn thit

cipla n= “21_2(%!3 =22 nghia la khi np = 2200 vong thi ng phai c¢6 gié tri 100
vong, khi Rp = 1kQ thi Ip= Yp . = 20V _ = (,22A, theo d6 dong trén cudn thi
- Rp IKQ

c4p theo (1.18) sé la:
' I = n.lp = 22.0,22A = 4,84A.
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Ta rit duge k&t ludn tir vige phan tich dd néu trén 12 d6i vdi tin hiéu xoay
chiéu: Muén giam dién 4p ra cén ting s6 vong day cudn so cdp va nguoc lai,
trong khi d€ bién ddi dong dién thi mudn giam dong dién ra phii giim s6
vong day cudn so cdp; vi du néu cin ting dong xoay chiéu tir gid tri Ip = 1,2A
lén Ig = 5A cin chon bién 4p c6 he s8 ghép (ty s6 vong day) la:

Is _ SA Np
=8 -2 —417=
Ip 12A Ng

Khi ¢6 tai v&i trd khéng 1a Zg n6i t6i cudn thit cap, trd khdng cudn so cp
lic d6 12 Zp = n’Zg, tir day ta c6 thé xéc dinh n theo he thic (1.20) sau:

‘ZP Rp
= =T 1.20

theo ¥ nghia nay bi&n dp 1a 1 phdn tir thong qua hé s6 n cha né c6 thé phéi hop
gilta 2 trd Khdng mach so cip Rp va mach thit cdp R, (>> Ry).

4. Néu chi trén 1 cudn day Np 18y 1 diém trung gian va chon 1 phdn cla
né lam cudn thit cdp Ng (hinh 1.14) ta c6 dang bién 4p ty nglu dang giam 4p
hinh 1.14a hay dang tang &p (hinh 1.14b); day 1a dang bién 4p v&i chi phi tiét
kiém (do s6 vong day thit c4p khong cdn rieng') tuy'nhien gilta cudn sc cdp va
thit cdp khong cdch ly duge vé dién va s& bat 1gi khi.Ng << Np.

mg]“ v,

a) { b)
Hinh 1.14. Ty bién 4p ki€u giam 4p (a) hay ting dp (b)

5. Khi cho 1 cudn day cé dién cam L va 1 tu dién ¢é dién duhg C méc lien
1i€p nhau va cung cép déng thdi 1 tin hiéu xoay chiéu t6i chiing, dién khing
Xy va X cia ching déu phu thudc t4n s6 theo hai hwéng ngugc nhau:
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XL = 2xnf.L.

1
Xe= 7ac
Trén thyc t& mach con dién tr& tdn hao rieng cia cudn day va ty dién ta
801 chung 1a R (hinh 1.16) khi 1am viéc & tén s6 thép Xc > R >» X;: cdn khi

(1.21)

lam viéc & tdn s6 cao thi ngvoc lai X¢ < R « X nghia 12 khi cho ting d4n
tdn 6 1 thép tdi cao, s& dén 1 gid tri tdn s6 goi 12 £y, & d6 |XL| = |Xc| nhung

nguoc ddu nhau nghia la dién 4p trén ching nguoe pha nhau nén s& triét tiéu
mach trd nén thudn tr& vi dong cuc dai chay qua mach chi do cuéng d6 dién
dp xoay chi€u tic dong va gia tri R quy&t dinh, khi lam viéc trong diéu kién
ndy mach dugc goi 1a 1am viéc & ché do cong hudng; ché d6 nay chi xuat
hién & mot tdn s6 goi 1A tdn s6 cong hudng riéng cia ndé xac dinh b&i he
thitc (1.22): '

1
fo, = (1.22)
e
o ddy L Iadién cdm cudn day tinh bing Henri (H)
C1a dién dung ciia ty dién tinh bing Fara (F)

f ch 1 t&n s& cong hudng tinh bang Hertz (Hz)

106

2nJLC

Ciing c6 th€ tinh theo céng thiic foh, = (1.23)

Khidé ., kHz (10°Hz)

L tinh bing pH (10~ %H)

L “12g, L R
C tinh bing pF( 10 " “F) T 1}

Cic chi ¥ quan trong ddi véi tinh
chét cha mach hinh 1.15 la:

— . : —o

o Cic cong thic (1.22) hay (1.23)
khong chita gid tri R do d6 tdn s6 cong (1
hudng rieng f,, chi phu thudc vao LR
céc gid tri L va C ma khong phu thudc L ¢
vio R. Hink 1.15. Mach coag huéng LC
. (kiéu song song)

25



o Tuy nhién gi4 tri cta R anh hudng quan trong tdi chat lugng cla Khung
cong hudng thé hién qua hé s& phdm chit Q cba khung xéc dinh béi (1.24).

X
Q=3 . (1.24)

X 1a dien khéng (tinh bing Q) clia khung L va C tai t4n s6 cong huong va
R 1 gid tri dién trd n6i ti€p (tinh bing Q) Q cing 16n mach cé chit lugng
cing cao va day 12 tiéu chuin quan trong danh gid d¢ sic sio clia mach (tinh
chit chon loc tdn s6 (8t 1di mic nao?).

* Mach ¢6 hiéu ing céng huong lam tﬁng cudng do dién dp tren cudn diy
trong khi d;én 4p tac dong nhd: vi du cudng d¢ tin hiéu tic dong la 10 V= ImV,
lic cong hucmg dong chiy qua mach imA (khi R = 1Q) (do tinh chét X} > 0

va X < 0 d6i nhau) v4i cam khéng clia cudn day tai fy 12 1kQ thitrén L ta

nhan dugc 1 dién 4p tin hiéu ra cé cudng do 1a 1000Q2 ImA = IV (diéu nay
hoin toan tuong tu véi dién dp trén C).

e & tdn s6 thap gid tri cla R thudng do day cuén tai cuén day L quyét
dinh, con O ving tdn s6 cao gid tri R thudng do t8n hao cha tu dién ¢6 vai trd
quyét dinh.

e Khi cdn diéu chinh dé lua chon tdn s6 cOng huéng thich hgp théng
thudng gid tri dién dung di dugc lya chon trudc va tir h¢ thic (1.22) hay
(1.23) ta xdc dinh tham s6 L con lai cha Khung cong hudng theo hé [hlIC thye
nghiém (1.25) hay he thitc (1.26).

- 23600 f tinh bing MHz (1.25)
f2 C
6 .
hay L = 23:600.107 f tinh bing kHz (1.26)
f3,.C

Vi du: néu cdn mach cong hudng diéu chuén f, trong pham vi tdn s6
f.in = 0.5MHz dén f,,, = 3,5 MHz ta s& thyc hi¢n nhu sau dé chon gid tri céc
linh kién phi hop:

Bude 1: uéc luong chon tu bién déi trong dai dién dung vi du tir 18pF dén
250pF (tu xoay loai 1 ngan). : : .

Buéc 2: Diéu chinh gi4 tri thdp ciia dién dung
Cpin = 18pF + 22pF = 40pF
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Buéc 3: Tinh dién cdm cudn day cdn c6 dé dat t6i tdn s6 cong hudng thip
nhat f;, = 0,5MHz, khi d6 phai st dung gid tri C,,, = 250pF theo (1.26) cé:
6
L= 25.600.10 — 40uH
(500)%.250
Budc 4: ding tri 56 di¢n dung bé nhat C;, = 40pF, tri s6 dién cadm L = 40pH

dé tinh, tinh tdn s6 cong huong f,,.:

i J25_.600.10‘5 _ [25.600.106
max LC  Y40uH40pF

= 4,0 MHz

k€t luan khi chon L = 40uH, tu dién c6 dién dung thay d6i tir 40pF dén 250pF,
ta nhan dugc khung LC duge diéu chudn cong hudng trong dai tdn s tur
0,5MHz dén 4MHz > 3,5MHz la gi4 tri foy, ..., yéu cdu. O tdn s6 cong hudng
f = 500kHz né€u c6 dién cam gid tri 1A L = 200pnH, dien dung 1a 500pF thi cdc
gid tri dién khdng tvong dng cia chiing bing nhau va bing:

Xp. = 27.500.10°. 200. 10~% = 628Q

X¢ = [27. 500.10% (Hz). 500.107'% ;)] = 6280

CAU HOI ON TAP VA BAI TAP
Cau héi on tap
1. Hay phan biét tinh chét cla dién trd, clia tu dién va clia cudn day
a) Trong mach dién 1 chiéu
b) Trong mach dién xoay chiéu tdn s6 thip
¢) Trong mach dién xoay chiéu tdn s6 cao.

2. Ghi nh¢ va tu viét lai bang thang gid tri dién trd, tu dién c6 trong thuc
t&€ do cdc nha san xudt ché tao ra va ghi nhé quy luat miu dé doc cic gid tri
clia dién trd, clia tu dién ciing nhu dung sai ca né khi doc dugc cdc vach miu
trén than cha cdc linh kién nay.

- 3. D€ han ch€ gid tri ddong dién trén 1 tai ngudi ta c6 thé sit dung phan
tlr ndo?
a) dién trdy ; b) tu dién ; ¢) cudn day .
Pé han ché (1am giam) gid tri dién 4p trén tai ngudi ta c6 thé sir dung céc
phén tir nao? -
a) dién tré ; b)tudién;  c) cudn day
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4. Gi4 tri cha dién tr¢ tuong duong sé :

a) tang Ién ; b) gilt nguyén ; c)gidm di .

khi thuc hién méc lién tie’p’céc dié¢n trd rieéng r& lai vdi nhau? Khi thuc
hién mic song song cdc dién trd sdn c6 ?

5. Gi4 tri dién dung tuong duong s& thay déi nhu thé nio khi

a) mic song song cdc dién dung thanh phidn?

b) méc ndi tiép cdc dién dung thanh phin?

c) vira mic ndi ti€p vira mic song song chiing?

6. Khi hé s6 vong day n cia bi&n d4p 16n hon 1 thi bién dp

a) 12 loai lam tang dién 4p vao hay 1am giam dién dp vao?

b) 1a loai lam ting dong dién vio hay lam giam dong dién vao?

7. D€ phdi hop gia ! dién trd tdi R, nhé v6i 1 dién trd ngudn tin hi¢u

Ry guén 160 cdn sir dung bi€n &p ¢ hé s6 n 16n hon 1 hay nho hon 1?7 H¢ thie
xdc dinh n nhu thé nao? :

Bai tap ap dung

Bai 1.1. Khi da cé sdn dién tr& gid tri 2,2kQ ma trong mach dién thuc t€
cdn 1 dién tro gié tri:

a) 1,4k
b) 2.4kQ

Hiy chon dién tr& b6 sung dé dat dugc cdc gid tri mong muén trén va néu
cdch méc chiing (cdn luu ¥ phai lua chon dién trd b8 sung phd hop véi cdc gid
tri ¢é trong thuc té).

Bai 1.2. D€ c6 1 tu dién c6 dién dung 13 0,55uF c6 nhitng bién phédp nio
thuc hién, hiy v& cdch méc tong \ng vi viét biéu thitc tinh todn gi4 tri ph hop.
Hay tinh gi4 tri dung khéng cfia tu dién trén & tdn s6 f; = 50Hz va f, = 1kHz.

Bai 1.3. Gié thiét c¢6 sidn cdc tu dién 0,18uF/35V c4n ndi chiing vao mach
dién c6 dién dp t6i da 1a 60V. Hay néu cdch thyc hién dé dam bao an toan vé
dién 4p trong qua trinh 1am viéc, yéu cdu vé gid trj dién dung cia tu phi hop
v4i gid tri sdn cé 0,18pF.
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Bai 1.4. Cho mach chia 4p hinh B1:4.

. U'
a) hdy xdc dinh h¢ s6 chia téng quit
ciia mach c, == [] Ry
A=l ‘
Uv = U
b) Tinh hé s6 chia khi U, ¢6 tdn s6
f = 0 (1 thanh phén 1 chiéu) G m [] Re
¢) Tinh hé s§ chia ctia mach & tdn s8¢
1kHz va & tdn s6 |MHz? T T
Hinh B1.4
B¢t R, = 1000 R, = 200 "
'C, = 22nF C, =-47nF.
Bai 1.5. Cho mach loc RC dang hinh B1.5:
R R R
—_{1 1} {— Y .
u, u,
— po— —
—4_ 1 .
Hinh B1.5

a) Hay x4c dinh biéu thic ham truyén dat

A=l
Uy
clia mach
b) Hay tinh tdn s8 cét f_;, clla mach khi biét
R=10"0Q C = 1uF

¢) Xéc dinh gid tri cha A tai tdn s6 f 4
Bai 1.6. Cho 1 bién dp lam viéc voi dien ludi 120V/60Hz, hé sé bién 4p

n=E =8, tai c6 gid trj R, = 100Q.
NS
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a) Hay tinh gid tri q.ien dp hi¢u dung trén cudn thir cap.

b) véi R, >>Rg, Rp tinh dong dién chay trong cudn so cip va trong cudn
thit cédp Ip, Ig

¢) Néu tai R, = 10Q, Rg = 1Q, Rp = 5Q0. Hay tinh cdc gié tri Ip va I twong ing.

d) b€ ¢6 dugc dong tai 0,45A cdn chon gid tri n bing bao nhieu khi R, = 500

Bai 1.7. Cho hai cudn day ¢6 dién cam L; = 4mH; L, = 500uH, | = 5Q;
= 1Q

a) Hay tinh dién khdng ciia L, va L, tai tdn s6 1kHz.

b) Khi méc ndi ti€p L, voi L, xdc dinh dién khdng twong duong & tdn s6
100Hz.

c) Khi mic song song L véi L, gid tri dién khdng tuvong duong & 1kHz 12
bao nhién?

'd) Hay tinh dié¢n khéng ctia L, tai tdn s6 1MHz va c¢6 nhan xét gi khi L,
duge néi ndi ti€p v4i 1 dién trd tai cé gid tri 100Q2.

Bai 1.8. Hay chon mach cong hudng LC song song c6 tin s& cong hu_c’mg
duge diéu chinh trong dai tir 1IMHz dén 6MHz. Néu biét ring ty diéu chinh
dugce sir dung ¢é dai bién thién dién dung tir 33pF dén 390pF

a) Tinh gid tri dién cam cta cudn day
b) Tinh dai tdn s6 mach lam viéc

¢) Xéc dinh hé s6 phdm chét khi biét R = 100, tdn s cong hudng chon la
4MHz.
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| Chuong 2 |
CHAT BAN DAN DIEN VA BIST BAN DAN

Tit nam 1947 téi nay, trong su6t hon mot nita thé ky, vat liu b4n din dién
va céc san phdm dién th dugc ch& tao tir ching gii vai trd quan trong mang
tinh chit quyé&t dinh dén cdc ti€n bo cong nghé thuéc nganh dién tir néi rieng
hay toan b¢ cdc nganh lién quan khdc nhu do ludng, tv dong diéu khién, tu
dong héa... néi ching.

Chuong nay dé cip t&i dist bin din vé& nguyén ly, cAu tao va dac biét
nhing ng dung co ban cia loai linh kién nay.

2.1. VAT LIEU BAN DAN DIEN

2.1.1. Chat ban dan dién thuin khiét
Theo tinh ch&t dan dién, ngudi ta chia vat ligu thanh 3 nhém:
e loai vat liéu cdch dién (¢6 dién trdy sud 16n) dién hinh 13 chat dié}ﬁ moi.
¢ loai vat lieu din dién (cé-dien trd sudt nho) dién hinh 1 kim loai.

e loai vt liéu bdn dan dién (c6 dién trd sudt trung binh) dién hinh la céc
nguyén t8 thuéc nhém 4 bang tudn hoan Mendeleep nhu Silisium (Si) va
Gemanium (Ge).

C4u tric mang tinh thé cha mot chat bdn din dién hinh nhu Si d6 thi cdu
tric viing nang lugng cia chat ban ddn va co ch€ sinh hat din cha ching dugc
cho trén hinh 2.1a, b va ¢. Ta thdy rd & hinh 2.1c gifng nhur vat liéu cdch dien,
cdu tric ving nang lugng cla chit bdn din dién ¢6 dang 3 viing tich biét
nhau: Viing c4m nim gitta | viing cdn nhiéu mic néng lugng cao cdn bd tréng
(goi 12 ving ddn) va mot viing cé cdc mic (trang thdi) nang luong thip di
bi hat chi€ém ddy (goi 1a viing héa tri). Viéc hinh thanh co ch€ din dién gin
lién v&i qua trinh sinh timg cip hat din ty do 13 dién tir (trong ving dén)
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. Ving din
'..' ien t {dién ut ru do)
ol o, oo e ’ s

(Olelelele) oy —HHH

=

(©]eje)ele) N

o, Smnat Sm e S

...‘@ {16 trong tt do)

Vimg héa tri

a) b) ¢}
Hinh 2.1.

va 16 tr6ng (trong viing hda tri) nhd viéc ion héa moét nguyén tir silic turong
duong v6i viéc 1 dién tir héa tri nhdy mdc nang lugng qua ving cdm l1én viing
din dé lai mot lien k&t bi khuyét (16 tréng) trong viing héa tri. K&t qua 1a dong
dién trong chédt bdn din sach gém 2 thanh phédn tuong duong nhau (do cdc cap
sinh doi dién tl ty do - 16 tréng) déng goép va mudn dat duge diéu nay cén mot
nang luong kich thich da lén (vai eV) di dé gay ra qué trinh nhdy mifc ciia
electron qua viing cdm tir ving héa tri (nang lugng thép) lén viang dan (céc
mifc nang luong cao hon). ' o

2.1.2. Chat ban din tap chét loai n

Ngudi ta tién hanh pha cdc nguyén t6 c6 5 dién ti héa tri (vi du Asen
(As), Photpho (P)...) vao mang tinh thé cta ch4t ban din sach thudc nguyén 16
- nhém 4 (Si, Ge), két qua thu duge mot chat bin din dién loai méi ¢6 kha nang
dan dién chlt y&u bang dién tr (hat da s&) goi 1a ch4t bin dan tap chat loai n.

Dién t 4 Nang luong
wrdo
Vimg dan

{dign tdr b do)

s s o 0 Mirc day ving &

] o e day vung dan
D —Mife néing lugng tap
R TN T ¥ chét |°ai n
N’It’.\'t|:_I g;n‘h viing
Viing hoé tri© "
(15 tréing 1 do)
a) b}
: " Hinh 2.2 .
a) M& hinh cu tnic mang tinh thé ; b) B4 thi nang lugng cha chit ban dén tap chat loai n
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Tuy nhién vén tén tai co ché ciia ch4t ban din nén (trudc khi pha tap chdt) dé
hinh thanh titng cap hat ddn tr do, nén 18 tréng ciing tham gia ddn dién va goi
tén la hat thiéu s&. M6 hinh cdu triic mang tinh thé v d6 thi nang legng cia
chédt ban din tap loai n cho trén hinh 2.2. Ta thdy r& mitc nang lugng chia tap
chat loai n ndm trong viing cAm va s4t ddy ving din ciia d6 thi nang lugng cha
chat bin ddn lam nén. Didu nay tao kha nang cdc nguyén tir tap chét dé dang
bi ion héa gidi phong ra dién tir ty do (nhdy tit mitc ning lugng tap chat lén
ving din) va 1am xu4t hién cdc ion duong tap chdt (l1a cdc loai hat c6 khéi
lugng 16n khong di chuyén duge va do dé khong tham gia vdo dong dién).

Vay dong di¢n trong chat ban dén tap chat loai n gém dien tir (la loai
hat da s6) va 18 tréng (a loai hat thiéu s6) déng gép, viec hinh thanh cdc hat
da s6 thuc hién dé& dang trong diéu kién binh thuéng v6i nang lugng kich
thich nho.

2.1.3. Chat ban dan tap chit loai p

Néu thyc hién pha céc nguyén t6 thudc nhém 3 (cé 3 dién tir héa tri, vi du
Al, Ga, B...) vao mang tinh thé Si s& xu#t hién céc lien ket ghép doi bi khuyét
(1 tréng). Khi kich thich nang lugng du nhé, cdc nguyén it tap chat s& bj ion
héa tao nén cdc ion am (nhan dién tir) va cic 16 tréng ty do. M6 hinh mang
tinh thé va d4 thi nang lugng cia chét ban din tap loai p cho trén hinh 2.3,

E A Nang luong

L5 trdng

Digntirtirdo o M néing lugng déy
} [ viing din

Mirc néing lugng tap

o—o0—o ¢ chéit logi p
+ 4 4 - Mir néing luging dinh
0 @ © [) _ viing hod i
L5 tréng
ﬂ} b}
. Hinh 2.3,
a} Mo hinh mang tinh thé ; b) D4 thi nang lwong ciia chdt ban din tap chdt loai P

Mitc ning lugng tap chat ndm sit dinh viing héa tri tao co hoi nhay mic
a0 at cho cdc dién tir héa tri va hinh thanh mét cap ion am tap chét (khong
tham gia dong dién) va 18 t6ng (12 hat dn da s6),di¢n tir trong co ch& nay la
loai hat thiéu sé.
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2.1.4. Chat ban dan tap chit suy bién

Khi pha tap chdt loai n (cho dién tif) hay loai p (nhan dién tlr) v§i néng 4o
cao (> 10"’ nguyén tf:/cm3), ngudi ta thu duge cdc chit béan din tap chit suy
bién tuong dng loai n hay loai p. Khi d5, vifng nang lugng cdm cta chdt bin
dén 1am nén bi thu hep lai do xuft hién viing nang lugng chia tap chat phan b8
duéi sat ddy vang din (véi loai n) hay trén st dinh ving héa tri (véi loai p).

Nhom chét ban dén tap suy bién dugc sit dung ché tao c4c loai linh kién
c6 cdc tinh chét dién — quang dac biét (Tunen diot, LED, LASER...).

2.2. TIEP XUC CONG NGHE P-N

Bing céc bién phip cong nghe dac biét (plana khuéch tan — Epitaxi),
ngudi ta tao ra duge mot viing chuyén 1iép tinh din dién tir loai p sang loai n
dugc goi 1a mot ti€p xiic cong nghe pn. Pay 1a mot dang ti€p xidc phi tuyén
tinh 6 tinh din dién khong ddi xiing theo hai chiéu dién 4p dat vao:

a) Binh thudng khi chua ¢é téc dong cla trudng ngodi (hinh 2.4a) hé
théng ti€p xic pn & can bing dong va khong c6 ddng dien qua né. Cic ion
duong (bén n) va ion 4m (bén p) tao nén mot dién trudng cuc bo Ew hudng tir
n sang p 1am can bing giita dong dién Khuéch tén (ciia cdc hat din da s6) do
chénh léch ndéng do va dong dién gia t6c (cha cdc hat din thiéu s8) do dién
trudng noi bo Ew gia tdc.

b) Khi tdc dong cla Engo‘ai cung chiéu véi Ew (hudng trudng ngodi tir
viing n sang ving p, xem hinh 2.4c¢), trang thdi cin bing ban diu bi phd v,
dong khuéch tdn bi can tdi gid tri 0, dong gia t6¢ tang kn nhung khong
déng k& vi do cic hat dén thiéu s6 déng g6p, nhanh t6i mot gid tri bio hoa (¢
107 +107 A). Ta néi trong trudng hop nay ti€p xiic pn bi khéa (bi phan cyc
nguoc) va qua né chi ¢6 dong dién nguge nhd chay tir viing n sang vang p.

¢) Khi téc dong cia Engoai nguge chidu voi Ew (chiéu Engoai huong tir
ving p sang ving n, xem hinh 2.4 b), trang théi cn béng ciing bi pha v&: dong
khuéch tén clia cic hat da s& tang manh (c6 gid tri 16n) vA dong gia t6c giam .
t6i 0. Ta nhan dugc mot tiép xic pn phan cyc thuan (duge md).

Viéc phan tich trén din t6i k&t luan vé tinh chat din dién khéng dgi ximg cha
ti€p xiic pn: khi bi khéa dong qua n6 nhé trong khi dién dp dat vio (hudng i
n sang p) ¢6 gid tri 1n (khodng vai chuc von) do dé ti€p xic ¢6 dié¢n trd tuong
d6i 16n. Khi dugc md, tiép xidc din dien t6t v6i dac trung dong quand  ( chay
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ilr p sang n) 16n trong khi dién 4p roi trén n6 nhd, c¢é chidu tir p sang n, gid tri
khodng vai phin vén.

p n
OOOp n 000 zzz=
990a--2| 4388 =iz
000 - - = (°°° o~~~
Engoti — Fy
p n
883@8[“ v | v
oo el---— i V.
DOAS e - = =i I+
L}J+ Electron fiow
Ei Conventional flow
LV (4] A (K
(_ P
v )
. =||=_ -_=II=+
a) b) C,J

Hinh 2.4. Ba ché d9 co ban cia ti€p xiic cong nghe pn
a) chua c6 tic dong ngoii
b) phan cyc thugn (md)
¢) phén cuc nguoge (khoa).

2.3. PAC TUYEN VON AMPE CUA PIOT BAN DAN

Céu tao cla mot diot ban din bao gém 1 tiép xic cOng nghé pn va 2 tiép
xdc tuyén tinh d€ 14y ra 2 dién cuc duoc goi 13 anét (tir ving p) va katot (tir
ving n), véi k¢ hiéu quy uéc cho trén hinh 2.5a. bac tuyén von ampe biéu thi
quan he d6 thi giita dong dién chay qua di6t va dién 4p dat gifa A va K clia né
(hinh 2.5b). '

Ta ¢6 cdc nhan xét va chi ¥ sau day d6i véi dac tuyén hinh 2.5b:

1) bBac tuyén c6 3 vang 15 rét : viing (1) diot duoc phan cuc thuan véi dac
trung dong 16n (mA), dp nhé, dién trd nhé (Q).

Ving (2) diot phan cuc nguoc (khéa) véi ddc trung dong nhé, ¢6 gid tri I .

rdt nhd gdn nhu khong déi, 4p 16n (hang chuc t6i hang tram V) dién tr& 16n
(hang chuc nghin Q).
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Ving {3) dong dién nguge tang manh, dién trd nhd (Q), dién dp gin.ahu
khéng d6i, duge goi la viing bi danh thing.

Tigp xtc phi tuy8n | 251
¥
7 204
Z \ Dién ap
— P // npl— . g
56 154 thusn
Che tigp xiic | Bign ap danh thing 10F
tuyén tinh ' Ver 1y . 51
“ T
Angt(A) o Cat(q Un (V6n) ¢ 78 U oY)V
Pt , - Bién p
@ NUYC
a
’ Iy (oA

)
Hinh 2.5.{a) (b)

2) Trong viirz 1 va 2 dic tuyén c6 phuong trinh :

I=IS[CXP(m%T]_1:| (2.1)

véi Ig 12 dong dién nguoc bio hoa m lahé s§ (tir 1 1612) ; Ut = % 1a dién thé

nhiét véi k 12 hing s6 Botzman, q dién tich cfia dién t&, T nhiét do tuyét déi.

3) Trong ving md (1) khi AT® = Ty - T, = 1°C thi AU =U, - U = 2mV
nghia 12 dién 4p thudn rei trén diot s& giam di 2mV khi nhiét do tdc dong lén
di6t tang len 1°C (hay 1K). '

4) Trong virig (2) khi AT° =T, '~ Ty = 10°C thi Alg = Ig nghia la dong
dien nguoc qua di6t s€ ting gdp doi khi nhiét d6 moi trudng tac dong len didt
ting lén 10°C.

5) Hiéu dng dénh thiing trong vung (3) do cdc nguyén nhan:

+ Vi nhiét, do tich liiy nhiét qué nong gay hu héng dift, can tranh khi
str dung. : ,

o Vi dien, do ion héa vi va cham cla hat ddn thi€u s6 vdi nguyén tir nit
mang tinh thé chat ban din lam nén (Si) hién tuong c6 tinh chat thic lu va
gdy dénh thing tam thdi, khi cho dién trudng ngwoc vé OV thi tinh chdt van
(dAn dién khong d6i xing) cha diot duge héi phyc binh thudng.
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Thudng gap hi¢u img nhiét dwong véi dien dp Uz = Ugygnn than, Dghia la
oU,
aI‘O

6) Trong viing md& (1)  diac ' tuyén ¢6 2 viing (a) dong thuan con rat
nhé va tang y€u va (b) dong thuan da 16n tang manh. Diém dién 4p giSi han

gilta 2 ving nay goi 1a nguéng dién d4p md cia dist (U

=>0.

mfr)'

V6i di6t c6 ngudn g tir vat liéu Silic Uy = 0,7V, tit Gemanium U_, = 0,3V.

2.4. MO HINH GAN PUNG VA THAM SO CUA PIOT BAN DAN

2.4.1. M6 hinh twong duong gin ding cla di6t dva ra nhim thay thé di6t
trong mach di¢n dé dé tinh todn dinh lugng hay xic dinh cdc tinh chat dinh
tinh cia nd. Hinh 2.6 dua ra 3 m6 hinh gén ding dac tuyén von ampe cia dit
bdn dan.

|

F
Phén cuc thugin (Dﬁgﬁh?z"gm) . —Bién ap thuan
+ Wk - - _ zero, U g
Ugo— ———= U,
) Khoa mé
Phan cuc nguoc . {Ddng dién zero) Déng nguge
- ”*' = o zerg, I
8 e a)
e
Phén cyc thusin Uma
- + -
—p— = —
b - gl N
} s
Phan cuc ngugc s Déng ngiroe
- zero, |
P - oo~ ? b)
|
. R
u b
Phan cyc thuén md "
+ -
— = ] e
—og=l . .
. — U = F
Phan cuc nguoc . s Dong ngu‘oc_J
- Wl ]
P = o I's |
Lo ¥k K

Bién trd phan cyc nguoc oo

Hinh 2.6
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a) O mo hinh loai ! (hinh 2.6a): Di6t dugc thay thé b&i mot chuyén mach
S Iic n6i mach (c6 Ug=0)khiU 20  ngit mach (c6 Ig= 0) khi U < 0.

b) O mo hinh loai 2 (hinh 2.6 b): Diot duge thay bing mot ngudn sic
di¢n dong hd mach U, va S néi mach no’i‘tié’p vai Ug = 0 khi dién 4p d4t vao
digt U > U4 v2 bang S ngit mach (Ig=0) khi U < U ..

¢) O mo6 hinh loai 3 (hinh 2.6 ¢) : Dién 4p thuan roi trén di6t lic dién 4p
datlen n6 U 2 Up o 18 Up = Uy + Ipr, 5 (nghia 12 ngudn U ;5 o6 ndi 16 rpe).
Con khi U < U, dift duge thay_béng chuyén mach S h& (ngit) mach véi dong
thyc di qua 12 Ig trén dién & cha chuyén mach lic nay 12 Rg.

2.4.2. Tham s cua diot

1. bi¢n tré mot chiéu R cia di6t tai mot diém trén ving md clia dac
Urg

tuyén dugc dinh nghia Rg = ;
F

(2.2)

nhu vay tai A (hinh 2.5b) ta c6 : Rp) = %5% = 59Q

s s e ' 0,7V
va tal dlém Btacéd: RF(B) = m = 31,10
Ta ¢6 nhan xét 1a khi di6t dén dién manh hon (dong 16n hon) dién tr&d mot

chiéu theo huéng md didt Rp s&€ giam di.

2. Dién tré mot chiéu tai ving 2) cla dac tuy€n von — ampe:
_Ur |

Rg = I

(2.3)

vi du véi diot Silicon iIN4002 I, = 0,05 pA

Ug = 100V
e 00V
Khi d6 R =5 o5A = 21070

Vidy 2.1. Cho mach dién hinh 2.7a

Tinh dién 4p trén R, khi 4p dung mé hinh gén diing 1; 2 hoac 3 véi di6t.
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1/ V61 m6 hinh gin ding 1 (hinh 2.7b) ta ¢6 : U, = U, = +10V, dong tai

10V
tuong ing la 1, = = 100mA . '
gune ' L = Tooq
R,=2.50
D4
Pt o0—»0
oV
+ +
g . a8 R#100 01
U, =10v - [ R&100 0 Uv=10V____ Ut.=10 v
a) b}
V=07V Upg=0.7V R w280
- + -
i |
I ¥
+ +
= = R=100Q =10V = R=100 02
Uy=10v T [] LIt =|3V W [ U=807V
d}

g)

Hinh 2.7

2/ V&i mé hinh 2 (hinh 2.7 ¢) tac6 U; = U, - 0,7V = +9,3V, dong tai wwong
tng lic nay 1a :

_Ug 93V

TR, 100Q = 93mA

3/ VSimo hinh 3 (hinh 2.7dytacé:

U, -Upg 10V -0,7V

oy Tmd = 90,73mA.
=R 7L, - 10zsa 07mA

* Tuong ting dién 4p trén tii lic nay 1a U, = I,. R, = 9,073V
3. bién tro d6i v6i dong xoay chiéu cda dist (hinh 2.8a va b) -

Sau khi ¢6 nguén Ug. = 10V cung c4p ch€ do 1 chiéu cho di6t vi du dat
t6i mitc dién dp Up = Uy = +0,7V.
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il Déng 1
- hig
(_ .“] xody chidu e Déng Bibt
. I (mAy f f mét chidu
) E i ] | S—
+ .
> o
+
L{h=10 V—
| |L_ ) I
© Di8n &p xoay chibu
a) 727 b) v, (volts)
Hinh 2.8

a) Mach dién d€ phan tich ché do xoay chidu ;
b) PYac tuy€n von — ampe taong (ng

_ Tac dong dién 4p U, xung quanh ch& d9 1 chiéu (diém A trén hinh 2.8b)
dién tr& dong (xoay chiéu) cha dist duge dinh-nghia:

Ug
L = % theo biéu thitc (2.1) véi Ig = IS.eUT (m=1)
oy Ig g _
6U_F = mUz = Ur (chonm=1)
Tir dé6: e = % (2.4)
& 300K Ur(300K) = 25mV vay 1, = %%Elx (2.5)
F

Vi du 2.2: Xét mach hinh (2.8 a), tinh r,, clia di6t khi chon dién trd han
dong R gid tri 10kQ, 5kQ va 1kQ.
Ta dung mo hinh gin ding loai 2:

Uge =07V _10V-07V _ oo

KhiR=10kQ Ig=

R 10kQ2
tir dé Tacg, = (f;Tman = ZG,SSQ
Khi R = 5kQ Ig = 10\;;{% = 1,86mA
25mV

tir dé

ey = T,86mA
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10V -0,7V

Khi chgn R = 1kQ ta ¢é I = T =9,3mA
do vay Tacsy = %;—VA- = 2,690

Két qua : Khi cho dong thugn qua di6t tang dédn, dién trér xoay chiéu Tac
cua didt sé glam dén.

4. Cdc tham s6 gidi han ciia di6t droc dva ra nhim chi ra kha nang 1am
viéc 18i da cla n6 vé mat dong dién, dién 4p thuan, dién ip ngugc, cong sudt,
nhi¢t do, hay tdn s6 1am vié¢c: Nghia la trong diéu kién lam viéc binh thudng
ngudi sir dung cdn quan tam dé khong cho di6t ban ddn lam viéc & ving nguy
hiém da dugc chi ra bdi cdc tham s6 gi6i han do nh san xust khuyén cdo.

2.5. CAC MACH DIEN UNG DUNG DIEN HINH
CUA PIOT BAN DAN

2.5.1. Mach chinh luu nira s6ng (nira chu k)

aj Trudng hop 1: chua ¢6 tu C - tai dién trd R, (hinh 2.9)

V6i mach hinh 2.9a ta thay 18 khi Ug cé cyc tinh dwong, D ddn dién, trén
R, ¢6 dong di¢n hudng di xubng, trong ban ky ti€p sau (8,33ms < t < 16,67
ms) do Ug ddi sang cyc tinh am, P ngit khéng dan dién do d6 khong c6 dong
trén R,. Di¢n 4p 16i ra trén tai khi d6 c6 dang séng nita sin, cuc tinh duong
(hinh 2.9b).

Ta hdy tinh cic gid tri dong va 4p trén tai trong truomg hop nay.

bién dp xoay chiéu (hiéu dung) trén thit cp la:

Ng 1

Us=xyUr =7

120V(5e) = 30Vye

Gid tri bién do (dinh) trong ting bang Ugpy = v2.Ug= 1,414.30V = 42,42V,

hay gid tri bien d¢ dinh - dinh cla dién 4p thit c4p bing 2.42,42V = 84,84
V{(pp). Né&u diing mo6 hinh gin ding loai 2 cla dist thi bien do dién 4p ra trén
tai 1a (bo qua dién 4p roi trén cudn day thi cip).

Unpy = US(p) 0,7V = 42,42V - 0,’?V = 41,72V
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Gia trj dién dp 1 chiéu nhan dugc trén R, 14

1 8,33ms .
Uio) = 15 67 [ Uggpy sin2m.60tdt = 0,318U )

=0,318.41,72V = 13,26V

U(dc) _ 13,26V

Dong 1 chidu nhan dugc trén R 13 |, = R - 1000 - 132,6mA dong
t

trén di6t bang dong trén tai Iy = I; = 132,6mA.

Ng: N
p s
N 4 :1 Ur
o
D,
120 Vac S 30 Vac
60 Hz gl ]Rt=1onn
T
! 77
Us
+4242V

/\/\/\/\ !
\VIRVARVARY

16,67 ms,

ov

b}

Ur
a7y Ugo=0.318.Vripig
ov ; t
16,67 ms’
1 c)
Hink 2.9

Tin s6 clia séng xoay chiéu con lai trén R, bang tdn s6 cla dién 4p so cdp
(hay thi cap) U]:l (hay Ug) la 60Hz.

Khi D ngit mach (trong bidn ky sau) dién dp nguéxc cuc dz_ii dat tai dist c6
= 42,42V,

gid tri bang US(p)
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b) Truong hgp 2: B6 sung tu C = 1000uF néi song song v6i R, = 100§
(hinh 2.10).

Npi Ny .
8 :1 e ) Ur
Dy
12 - +
oV -
0 He : Uy C= 1000 uF []R,=1oon

Hinh 2.10. Mach chinh luu nita séng cé tu loc (a) va daﬁg di¢n ap trén tu (b)

120V,

Di¢n dp hi¢u dung trén thi cdp Ug = 5

Gid tri dinh Usgp) = v2.Us = 1,414.15V(y, = 21,21V,
Bién d¢ dién 4p ra trén tai: Urpy = Uspy —0.7V =20,51V chinh la gid trj
dién dp trén tu C ldc t = t, (hinh 2.10b).

Yeéu cdu chon hing s6 thoi gian clia mach R;C dl 16n sao cho: lic digt
m& dong qua D nap rdt nhanh cho ty C (khoang t, ~ t; rt nhd) va lic di6t
khéa tu C phéng dién rat chAm qua R, v6i hing s6 thoi gian phéng bing:
Tph = CRy= 1000pF.100Q2 =100ms > T, = 16,67ms lic d6 c6 thé gin ding t,
—ty =Ty =16,67ms.

Di¢n 4dp dap manh trén tu C bién thién theo quy lust hAm mi:

Uclty) - Ug(ty) = Uy = Ur(p).[l —exp(—-C[—Rﬂ 2.6)
h 4

Thay sd vao ta cé Uge= 20,51V [1 - exp(-0,167)]
= 20,51V (1-0,846) = 3,15 V)
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Khi d6 dién 4p 1 chiéu nhan dugce trén R, 1a:

U..
Uo) = Ueepy 5 2.7)
= 20,51 -¥ = 18,93V

Do vay dong 1 chiéu trén tai va dong qua didt 13 ;

18,93V
LT T 000

=189,3mA

2.5.2. Mach chinh luu toan séng (2 nita chu k)
a) Trudng hop 1: tai dien trd R, (hinh 2.11a va b)

Xét mach hinh 2.11a, ta thdy rd trén 46 thi hinh 2.11b dang s6ng & thi
cdp U, va U, ngugc pha nhau do tinh chat thit cfp c6 diém giita ndi t6i OV. Tir
dé, trong ban k¥ ddu (0 <t < 8,33ms). U, & pha duong va DB déin dién trong
- khi U, & pha &m va D, khéa khong dén dién, trén R, ta nhén duge dién ép U
c6 gia tri dinh: U,y tinh boi:

120V,
Uypy = V2. = 42121V
Ul'1(]3) = Ul(p) — UDI = +2l,21V - 0, TV = +20,51V

Dén ban kY ti€p san (8,33ms <t £ 16,67ms) U; < 0 ; U, >0 do vay dist
D, khéa, D, din dién, ta nhin dugc dién 4p trén tdi Uy, cé gid tri dinh:
Ul’2{p) =+ ZO,SIV = Url(p)

Tinh trong cé chu k¥ ciia dién 4p thit cdp U; hay U,, cic di6t D, D, thay
phien nhau din dién, trén tai ta nhan duge di¢n p U, tinh boi U, = Uy + Uy
va c6 chu ky lap lai 1a g = @ = 8,33ms.

Pién 4p 1 chiéu trén tai duge tinh nhu gid tri trung binh ciia di¢n dp ra U,
dang dap mach séng mdt nira hinh sin.

1 (T2
Urde =Ur =573 Io Upy(2)(Ddt (2.8)
Thay T/2 = 8,33ms, v6i Uy 3 5y = 20,51V ta nhan dugce

Ugc = 0,636.U,, = 0,636.20,51V = 13,04V .

p
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N -
Dy
120 Vac _
80 HZ US_ 30 Vac [] Rt=10m 8)
D2
—

N ANANANA
VAAVAAVARVA

T ]
1867ms |

B IVANANA
| VAAVARVARVAR

b)

U, +20,51¥
N ANVANVANEN

U

21 w081V _
. /\ /\ /\ /\

t
y . .
" +20,51V : Ugc=0.836. Urrpi)

Hinh 2.11. a) Mach chinh fuu toan séng (2 nira chu k¥) tdi dién ted
b) Dang dién 4p 1rén the cdp U,, U,va dang séng ra trén dién tré RiU,, U, U,



Déng 1 chiéu trén R, la:

L. - Yrde 1304V
tde "R, T 71000

= 130,4mA

Iige  130,4mA

Dong mot chiéu qua mdi diét cé gid tri 3 5

= 65,2mA

Gid trj bién d¢ dinh clia dong di¢n trén tai duge tinh theo Uy,

Lo = Usip) _ 20,51V
P TR, 100Q2

=205,1mA .
C6 thé xdc dinh dong 1 chiéu qua mdi diot theo hé thitc tinh tri trung binh
ctia dong dién chay trén R

I, = 0,318y = 0,318.205,ImA = 65,2mA

Tén s8 séng ra gép 2 l4n tdn 56 séng vao T, = %— = 8,33ms

Dien 4p nguge dat trén didt idc bi khoa la:

Uak = -Usepy + Up = —42,42V + 0,7V = 41,72V |

b) Trudng hop 2 : méc tu C = 1000pF song song v§i R, = 100Q (hinh 2.12)

Qua trinh phan tich hoan toan trong tv nhu mach chinh Iuu nira séng hinh
2.10 di xét, & day chu k¥ lap lai gidm di mot nira nghia 12 ta ¢ thé van dung

két qua da xét hai l4n cho D, vdi U; va cho D, véi Uy, két qua 1a:
Gid tri dinh cla dién dp ra '

Ur(p) = UI{P) “0,?V = 21,2}.V —O,TV = 20,51\}

Pbién dp dap mach trén tu C (do qud trinh nap nhanh phéng cham cia ty C
gay ra} la:

U (t,) - U.(t;) =U, 4p dung hé thitc (2.6) cho trudng hop sit dung x4p
Xi:t) —t,=8,33ms; R.C= 100ms c6:

Uy, = 20,51V(1 - 0,92) = 20,51V.0,08 = 1,64V,
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T
] U,=15 Vac
120 Vac )
60 Hz ; f T C=10004F []Rl=100n
U,= 1£5 Vac D, :
T1 > p—
g) 77

' b
- Ur U..(p}=2u.51 v

[} 1
1
!

L]
1
ov ! L -
)t it t
fT—el
8,33 ms b)

A Hinh 2.12. a) Mach chinh luu toan séng tdi dién dung ;
b) Dang dién 4p trén ty loc

T d6 dién &p 1 chiéu trén tai c6 gia tri theo hé thic (2.7)

U, qe = Upgy =+ Us. = 20,51V — 164V _ 19,69V -
rdc (p) — 7 ss ’ ) :
Chii ¥ rdng néu ta chon R,= 75Q, titc 12 hing s6 thdi gian mach phéng
ciia Cla Ty = Ry.C = 75Q.10004F = 75ms.
Khi d6 dién ap dap mach dugc xédc dinh lat:

Uy = Uy [1 - exp['—R,;Cﬂ = 20,51V(1 ~ 0,8948)

lo
= 20,51.0,105 = 2'15Vpp
Tu d6 digén dp 1 chiéu trén tai theo hé thifc (2.7) bing:
. ,lSVpp : .
Uyge = 20,51V - =2 19,4V < Uy = 19,69V

Nghia 13 khi giam nhé R, hay giam gid tri tu C (twvong duong t phéng
giam) dién dp 1 chiéu nhan dugc trén tdi twong dng s& gidm theo.

2.5.3. Mach chinh luu toan séng dang céu

Tren hinh 2.13 12 mach di¢n nguyén 1y va gian d6 dién 4p minh hoa hoat
déng cia mach chinh luu cdu toan séng
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120 Vac

80 Hz
a}
U, /77
+42 42
o ANVANANES
7
e T "
16,67 ma
Ur
D203 | L4
U,
0,0, +;4<
. ANNANANS
Vf’
Dy, D;. Dy,D, a1y
ov ; t
et

8,33ms

Hinh 2.13

a) Mach dién nguyén 1Y bd chinh luu cdu toan séng tai dién trd
b) D4 thi dién 4p trén thi cdp bién dp Ug va dign 4p trén tai,



Phuong phap phén tich va cdc két qua tinh todn tuong ty nhu cdc trudng hop
chinh luu todn sdng tai dién 1 va tai dien dung. Cc két qua chinh nhan duoc 1
(cdn chil ¥ trong mbi ban k§ mach cdu 1am theo timg cip van b, B3 va D by).

aj Truong hop ta. dién tréd ta cé:

120
Us(py = —3-V2 = 42,42V

Uspy = Uspy —2.Up = 42,42V - 1,4V = 41,02V

Usdey = 0,636.U ;) = 0,636.41,02 = 26,08V

U, 26,08V _
I[d(: = Rl = m = 260,8mA
. e e Itdc
Dong qua méi dibt 1, = = 130,4mA

Séng ra 6 tan 8¢ f, = 2f, = 2.60Hz = 120Hz
bién 4p nguge dat 1én mbi van khda 1a

. U.(p)
Unguqc max — 7 =20,51V

b) Truong hop tdi dién dung

t
U, = Ur{p).]il - exp[—-ﬁﬂ

=41,02V(1-0,92) = 41,02V.0,08 = 3, 28Vpp

1

Ur(dc) = Ur{p} )

U

55
3,28V,
= 41,02V - ——F = 41,02V - 1,64V = 39,38V

Urde)y 39,38V
R,  100Q

Dong 1 chiéu trén rai: Lide = = 393,8mA

I
_ 2
Dién 4p ngugce trén méi van khoa :

23J.(p)
Unguc;c max 2r_p =U. (p) =41,02V

Déng qua méi diot : Igge = = =196,9mA
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2.5.4. Mach chinh luvu nhan déi dién ap
1. Mach nkan déi nita séng (hinh 2.14)

Trong ban k¥ ddu (U, < 0) : D, din dién, C, dugc nap tdi gid tri dinh cia
Uyt Uygpy =120V.42 =169,7V.

Pién 4p trén C; duge tinh boi

UCI = U\,(p) 0 7V = 169V

Trong ban ky ti€p sau U, > 0 : D, din dién, C, s& dugc nap 161 gid tri
UC2 =Ug, + (U\,p -0,7V)=2.169V =338V

T4n s8 séng dap mach tai 16i ra trén tai 1a 60Hz.

C.=500uF D C,= 500 pF
A et > n+

T

I o R
[ = SOUIJF t qu—169 ™ —

Toh
o LT T
pe

120 Vac

D
60 Hz &0

LE

77
a} b)
Cy= S00nF Ug=0,7V
- ol | b ol .
A 1|}
l 169V Ds
169,7v R D - 33&\! [] R
Uni=189, A\ 1 < = 500uF t
G+
c
Hinh 2.14.

a) Mach chinh lvu snhin déi dang nira séng
b} Mach tuong dwong khi Uy, < 0 v khi Uy, > 0 (¢}

2. Mach nhan d6i toan séng (hinh 2.15)
Mach hoat déng nhu sau:

Khi U, > Ug. D din dién va C, dugc nap tdi gid tri
Ug, =169,7V —0,7V = 169V
lic nay D, khoa khong din dién.
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Khi U, < Ug : D, dén dién C, dugc nap 6 gid trj U, = 169,7V — 0,7V = 169V,
lic nay D, khong din dién.

Cuc tinh cdc di¢n dp nap dugce trén C; va C, ndi ti€p nhau (hinh 2.15).

D
A pr—S bl
120 Vac 1+ C=
60 Hz Ue| == C=5004F
B )
[] R 100Q
+
Us| == €= s00uF
¢

’LG
Hinh 2.15, Mach nhan d6i toan séng

Dign dp ra tinh tr diém C t6i diém G c6 gi4 tri

‘Ur = UC, + UC'2 =169V + 169V = 338V
Tin s6 s6ng dap mach tai 16i ra f, = 2.f, = 120Hz

2.5.5. Mach han ché& bién do dién 4p

Hinh 2.16a va b dua ra mot s& dang mach han clle’ dién hinh kiéu ndi tiép
hinh 2.16c va d 1a cdc dang dién 4p ra tuong img khi tc dong & 16
vao 1a mot tin hiéu di€u hda. Qua dé thi minh hoa, chitc nang clia mach duge
th€ hién r6 v6i myc dich bi€n déi dang tin higu, yéu cfu han ché bién dé &
cOng ra tir 1 mic gid tri nao dé.

0 mach 2.16a khi U, > 0, D din di¢n va trén tai nhan dugc séng nira hinh
sin v6i gid tri dinh thap hon tri dinh cia U, mot lugng bing giam 4p thuin
trén di6t (0,7V); con khi U, chuyén sang pha am (U, < 0) di6t khéng din dién
do dé dién 4p trén tai béng 0. Tuong ty v6i hinh 2.16b khi U,, < 0, diét D din
dién va trén tai ¢é dién dp cuc tinh am bién d6 dinh Bﬁng — Uyp + 0,7V con
khi U, > 0, di6t khong dan di¢n va dién 4p trén tai bing 0.
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o,
P l
u, Re
a)
0,
) |
u R't. u

b)

d)

MANVA
\/
NANVA

\V

ANYAN.
VARV,

TV

Hinh 2.16. 2) Mach han ch€ ndi tié€p phia dudi mic 0V (han ché am)

b) Mach han ché ndi Li€p phia trén & mitc OV {han ch¢ duong)
¢, d) Dang dién dp wrong dng & céng vio va cdéng ra

R =1}
UV@ K D1 u
77 77 77
a)
R =1k{2
!
77 7 fJ‘l
b)

Uy

<)

d)

Ja\
VARV,

“Uv(pk)

/\

*Uv(pk)

07V

Uyl *Yvipk)

/\
VARV

+0,7

VARV

“Uv(pk)

“Hinh 2.17 Mach han ché€ am .(a) vi han ché duwong (b)
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@ cdc mach hinh 2.17a va b khi sir dung mo hinh gin diing loai 2 ctia it
chd y giam 4p trén dist 12 0,7V (khi di6t din ing vdi ban ky 4m cia dién ap
vao ¢ hinh 2.17¢ hay idng véi ban ky duong & hmh 2.17d). Do di6t ndi song
song v6i tai nén giam 4p nay chinh 12 dién dpra hay Ia ngudng han ch&. Trong
bin ky con lai didt khong din dien va véi dien trd tai di 16n (R, >» R), dién 4p
ra trén tai ¢4 gid tri x4p xi gi trj clia dién 4p vio & ban k¥ nay dang séng vao
va séng ra duge thé hién trén hinh 2.17¢ va d.

Trén hinh 2.18a, b, ¢ dra ra cdc mach han ché diing nguén phu phéan cuc
cho di6t, khi d6 ciac mic ngudng han ché€ dudi (hinh 2.18a) hay mic ngudng

R=1kQ Uy ﬁ

\/ av
by A0V
U,=20 vpp® Ur U, 4+10V
= Eg=5V /\ AN ov
* /T
L 57V
U, $+10V
R =1k} /\
-4
D, h : oV
Uy=20 vp, N U U b e ry
—En=5V -
0
' VA var
’J" -0V
Uy +10v
R =tkQ) /\
| v v
B4 b, 10V
Uy =20 Vp, - * Ur Ur
: Egy=3v —Eqp=6V BV
— ————— OV
/J?' 37V

Hinh 2.18. a) Mach han ché duéi & mic (E,, + Up)=-3V-0,7V =-5,7V.
b) Mach han ché trén & miic E,+Up=35.7V
¢} Mach han ch¢ ca 2 phia trén & mirc ngudmg Ey + Upy = 6,7V
va dudi & mic ngudng — E;; - Upp =-3,7V
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han ché wen (hinh 2.18b) hay cdc mifc ngudng han ch€ hai phia (hinh 2.18c¢) s&
dich di twong tng mot lugng E, + Up = E, + 0,7V ; Vi du trén hinh 2.18¢ : B,
phé&i hgp véi E, tao ra mic ngudng han ché trén la + 6,7V va D, phé: hop vdi
nguén phan cuc E,; tao ra mic ngudng han ch& dudi 1a -3V - 0,7V =-3,7V.
Trong khoang giita hai mic ngudng cdc nhdnh song song s& khong dan di¢n va
trong difu kién R; d0 16n hon R thi dién dp ra 13p lai dién 4p vao, cOn & ngoai
khoang ngudng thi hoic nhinh ¢6 D, din di¢n (ving dién dp vao duong hon
mifc 6,7V) hodc nhanh ¢é D; ddn di¢n (viing dién dp vao am hon mic -3,7V).

2.5.6. Mach ghim muc

Cac mach ghim thudng duge st dung 4€ hdi phuc mic 1 chifu cla séng
vao. Dang dién hinh duge cho trén hinh 2.19; trong dé mach 2.19a thue hién
ghim & muc duong, mach 2.19b ghim & mic am va hinh 2.19¢ thuc hién ghim
¢ mic thy ¥ do chon dién &p phan cyc ban diu thich hgp cho_ diét.
Céac d6 thi minh hoa dang séng vao va séng ra cla cdc mach trén thé hién
céc tinh chat quan trong nhat cia mach va gid tri cdc mic ghim trong ting
truong hop.

a) Trong hinh 2.19a ldc U, (v6i bien dd 20Vpp) &-'bdn ky am D| déan dién,
C dugc nap t6i dién dp —Uy, + Up =10V + 0,7V = —9,3V.

Khi U, chuyén sang ban ky duong di6t D| khong din dién, C phéng dién
qua dién tr& R. Néu chon héng s thoi gian clia mach phéng 1, = RC db lén
(phéng dii cham) RC > 10 T,, khi d6 ty C ¢6 vai trdo nhu nguén 1 chiéu cé gid
tri 9,3V néi ti€p voi U, va do vay didt D chi din dién trong m¢t Khoang thoi
gian hep, ldn can lic U, dat 18i gia tri bién d¢ dinh am, ph4n 16n khoang thoi
gian con lai B khong dén dién. Ching ta lun ¥ ring bién do dinh - dinh clia
dién 4p 16i ra 12 19,3V — (— 0,7V} = 20Vpp tifc [a bang U, . Tir do.thi ta cling
cé nhén xét 12 truc cla dién 4p xnay chiéu sau khi qua mach ghim da wy dﬁng
dich tir mirc OV lén mitc +9,3V.

b) Viéc phan tich d&i v6i hinh 2.19b hoan toan tuong (g nhu trén voi mifc
dién dp nap trén tu lic nay 13 +9,3V, do vay tuong duong nhu viéc diot D,
duge dat t6i mot dién dp phan cuc ~ 9,3V vao an6t, két qua 1a D, chi dan dien
& khoang thdi gian hep khi U, & gin dinh bién do duong, truc dién 4p Xoay
chidu sau khi qua mach ghim 2.19b da ty dong dich r mic OV xulng
muc — 9,3V (xem do6 thi minh hoa). .
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. }* +« Uy 4410V
83V Uy N\
: 0
VARV
Uy=20 Vpp []R Ao, A0V
Ur y193v
77 77
___________ 9,3V
aj) \.// ov
07V
c Uy, +10 Y
ot s
I
93V Ur \/ \/ ov
Uy=20 Vpp [] R ¥° -lov
. Ly +0,7V
o~ ov
77 77 /_- - fo N Leav
b}
193V
c
Hi ' u, f+10V /\
93V Uy -0 V
D \/ \/ .
Uy=20Vpp @ R 3 : A
1. Upprisy
—Us;=43V
7 [_\___A_- +5V
- I wov
7 77 AN N
) . 5V
)

Hinh 2.19. Cic mach héi phuc dién 4p mot chiéu {(mach ghim)

€) V6i mach dién hinh 2.19¢ By chi din dién khi dién 4p vio giam 16i
mirc du6i — 4,3V - 0,7V = — 5V, 1ic U, dat t6i bién d¢ dinh am — 10V thi dién
dp nap duge trén ty C1a + 5V (cyc tinh nhu trén hinh v&), do vay dang séng ra
c¢6 dinh duong 1a + 15V va dinh am 12 — 5V, nghia 12 truc clia séng xoay chiéu
da dich t&r OV 1én +5V sau khi qua mach dién hinh 2.19¢, Nhu vay thanh phdn
mot chiéu clia séng U(t) da duge héi phuc & gid tri +5V khi qua mach 2.19c.
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2.5.7. Mot 88 (tng dung cula diot dic biét
A. Cdc tinh chdt cia diét zener

Khac v&i di6t chinh luu théng thudng khong dugc phép 1am viéc trong viing
sat ch&€ d¢ ddnh thing, didt zener 13 mot dang didt dic biét ¢6 thé 1am viéc
trong ving ddnh thing cda dic tuy&n von — ampe t8ng qudr clia di6t hinh 2.20.

I. Tir dac tuy€n von ampe hinh 2.20b d6i v&i di6t zener Silicon ta thdy ¢é
hai ché€ d¢ dic trung : O viing phan cyc thuan, dit zener hoat déng nhu mot
diot chinh luu théng thudng vdi dién 4p roi trén né 12 0,7V ldc ddn dién thuan;
O vitng phan cuc nguge, chi khi qua gi6i han dién 4p ddnh thing — Uy, dong
dién qua diSt zener mdi ting manh va dugc goi 1a dong zener 1. Cdn lru §
rang di¢n 4p — Uy gilt gdn nhu khong déi trong khi ddong zener qua diét thay
d6i manh nghia 12 di6t zener ¢6 thé ding lam mot phén t&r diéu chinh dé én
dinh dién 4p mot chiéu. Tuy nhién nhan xét trén chi diing khi [Iz| 2 1z

lF
Viing phan cuc
thugn
+ - ) ‘Uz
U, Zb . Ur
Vingphdncyw [T T lzx
nguac
...... Im
a) b)

Hinh 2.20. a) Ky hiéu quy ubc ciia didt zener vd mach twong duong ;
b) Didc tuyeén von — ampe cha didl zener

O day Iz, 1a gid tri dong zener nho nhdt ma higu Ung zener bit ddu thé
hién (bit ddu x4y ra hiéu ¥ng ddnh thliing zener) vi du véi di6t zener IN4742A
06 Uz = 12,0V ta c6 dong Iz, =21mA.

2. Tham s6 dinh mitc quan trong nhat cia di6t zener 1a cong sudt dinh
miic P, ciia né, d6 1a cong sudt tieu t4n trén didt khi c6 dong I, chiy qua:
Pz = Uzlz I
Vi du v&i didt zener 1N4742A dong Iz qua né bang 30mA, di¢n Ap trén 2
cuc giita K va A cia né 12 12V thi P, tinh duge :
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Pz = Uy.I; = 12V.30mA = 360 mW

Gia trj cong sudt tieu tdn cyc dai cho phép trén di6t zener 1a Pz duge
tinh tir dong cho phép cuc dai chdy qua dioe Iy,

PZM , PZM = ]‘.W
Py =Ugll hay Iz = dy =—— = =100mA .
zm = Vz-lzm hay Izm =3 = vidy 57 0w Izm m

Trong moi diéu ki¢n 1am viéc cdn bao dam diéu kien 1, < IZM va do d6
PZ < PZM'

3. Mot tham s6 dinh mifc quan trong khéc 12 dién & (trd khéng) zener ky
hi¢u Rz mang ¥ nghia 1a dién tr& trong ciia di6t zener khi sit dung né nhu mot
ngudn dién dp ¢6 siéc dién dong hd mach la Uy (hinh 2.19a). Két qua 1a do

anh hudng cha Ry (c6 gid trj twong d6i nhd, mang tinh chédt chung ciia mot
ngudn 4p), dién dp zener trén diot s& thay déi 1 chiit khi dong qua né thay d8i
theo quan hé cung pha, tiic 1a khi I tang thi Uy ting theo.

4. C6 thé x4p xi di6t zener bing hai mé hinh gin didng trén hinh 2.21.
Hinh 2.21a coi di6t zener 12 mét ngudn 4p 1y tudng v6i noi rg Ry = 0.

Hinh 2.21b coi di6t zener Ia mot nguén 4p thuc t€ véi noi trér 1a Ry,

£ - & z
0 - Rz
a) | b} ¢ d

Hinh 2.21. Cic md hinh gdn diing <la didt zener

Theo hinh 2.20b dién 4p trén di6t zener U, bién déi 1 lugng AU, khi
dong qua dist I thay ddi 1 lugng Al do ¢6 mat dién trd Ry:

AUz = Al; Ry Q9
Dién 4p téng cong trén di6t zener gém hai phdn:
Uz +IzRz=U, (2.10)
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B. BO DPIEU CHINH (ON DINH) BIEN AP DUNG DIOT ZENER (D)
1. Trudng hop khong tai (hinh 2.22)
Trong mach 2.22a khi Uz = 6,2V, dong qua di6t zener bing :

_U,-Uz 25V-6,2V

IZ RS . e = 18,8mA

Khi chon Dy ¢6 Uy = 10V thi I = % =15mA .

Rs=1kQ2
I 1
| S
e +|, U=82v 1
u,— _ u,
25V T M Re1W l
a) b,
Ry= 4700
B +
Ul’

+ u=15v -

. _
;Zéuﬁ 2045V Po=1W
- 1 Ry=1402

¢)

b}
Hinh 2.22. Bo diéu chinh dién dp ding D5 khi khéng tai

Trong mach 2.22b ta hay diing gdn ding loai 2 dé tiﬁh_IZmin va Iy, va
qua d6 Uy, va Uz Dién trd t6ng cong clia mach 1a :
Ry = Rg + Ry = 4700 + 14Q = 484Q

Tai lic U, = Uy, =20V tacé  Izpig = H = 10,33mA

_ 45V - 15V

Khi U, =U,, =45V ; I max = —gga53— = 61.98mA

1
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Khi dé dién 4p ra tuong dng la:
U, min = Uz + 1z min-Rz =15V + (10,33mA.14Q2) = 15,14V
Urmax = Uz + Iz ma Rz =15V +(61,98mA.14Q)) = 15,86V

Vay su bi€n déi ciia dién 4p zener (do U, thay d6i) la :

AUz =15,86V - 15,14V = 0,72V = Alz Rz (theo hé thiic 2.9)
= (61,98mA - 10,33mA).14Q = 0,72V

Pién trd trong cha ngudn 6n dp dugc dinh nghia :

AU, AU, 15,86V —15,14V

R, -~

Al |Alz| 61,98mA -10,33mA

Heé s6 Sn dinh dién ap (khi khong tai) dwoc dinh nghia la :
AU, 45V -20V
AU, 15,86V —15,14V

2. Trudng hop ¢é tai (hinh 2.23)

=34,7

R=10002
+ Lo U,-’Uz = ?.5 LY
U,=15V
+ U,=7,5V
) "* [] R=15002
- Pm=1W
77 ~

Hinh 2.23. Bo diéu chinh én 4p khi ¢6 tai
bien 4p roi trén Rg duge xac dinh bai:

Uprs=U, -Uy = 15V -7,5V =7,5V

X Ugs 7.5V

Dong qua Rg 1a: [ = —2 = ——— =T7mA
S ST Ry  100Q

Dong dién trép tai bang : I, = Yz _ 15V

==Z =12V _ s5oma
R, 1s00

(ding m6 hinh gﬁn ddng tha nh&t hinh 2.21a cua didt zener)
Do diét zener ndi song song vdi tai nén:

IS=IZ+II' .

Tir d6 I; = Ig - I, = 75mA - 50mA = 25mA



Doéng cuc dai cho phép di qua Dy la:

Py IW
I7max = 22 = =—— =133,3mA
mx Ty, 1,5V

Cong sudt tiéu tdn trén Dy la:
Py =17.U7 =25mA.7,5V = 187,5mW

3. Xét mach dién hinh 2.24 khi R, Re= 1000
bién thien tir 200Q t6i 500Q. ta hay  + =

khido sdt sy thay d6i cdc tham s6 cila u=16v
mach (dung md hinh gdn ding dang -
2.21a cia didt zener). Uz=10V tf +[] R
Pa=tw T LR
Dong dién qua dién trd Rg 1a:
_U.-Ug _16V-10V _ A, il

I =
S Rg 10002
Hinh 2.24. Mach 8n 4p diing did1 zener khi
dong Ig s& khong thay d8i khi dién trd ¢6 tai R, thay d6i

tai thay déi.
Khi R, = 2000, ta cé:
' Uz 10V

I[maﬁ( = m = m = 50mA
Tix day dong cuc tiéu qua didt zener 13:

Iz min = Is =1, ;e = 60mA ~ 50mA = 10mA

Khi R, = 500 ta c6

Uz 1oV
Limin = 72— = 5555 = 20mA

Tir dé dong cyc dai qua dist zener la:

17 max = Is = Iy min = 60mA — 20mA = 40mA .
Két qua 12 khi R thay ddi 1am dong tai bi&n thién mot lugng :
Al = Limax - Limia = S0MA — 20mA = 30mA.

Dong dién qua Dy s& bi€n thién mot lugng twong ing: Aly =17 . ~17 . =
= 40mA - 10mA = 30mA . DAn tdi hai két luan quan trong vdi céc c4u triic én
dinh dién 4p dang nay la:
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* Mach hinh 2.22, 2.23 va 2.24 luén ¢6 tinh chit san bing d6 mat 6n dinh
e AU P \
cla dién dp vao vdi dic trung hé 56 dn 4p S=—Y:»1 va c6 tinh chit cla
T

mot ngudn dién 4p véi dién trd mach ra R, nhd.

» Gia s6 dong dién bién thién trén tai va wrén Dy ludn bing nhau

|AL| = AL
V&i huéng bién thién cha hai dong dién nady luon ngugc chiéu nhauw.

C. Diot bién dung (diét varicap - VD)
Cdu tao, ky hi¢u quy wéc va dic tuyén bién ddi dién dp - dién dung clia .
diot varicap (VD) dugc cho trén hinh 2.25. :

Vang
chuyén tip pn

| | c

e ]
WobE]
p 2] n
]

-

——

LAp c6 di&n trd rat lan it

Ur 0
b} c}

aj ; U
R Hink 2.25

Mot img dung dién hinh ctia VD dé thuc hién bién déi tin s6 cong huomg riéng
cia mot khung dao déng LC theo dién 4p tic dong 1én VD cho trén hinh 2.26.

Tinh chat quan trong nhdt cia VD
la duéi tic déng clia mot dién 4p phan
cue nguge (Upx < 0), dién dung clia
diot thay d6i theo quy luat dé thi hinh
2.25¢c. Néu xét trong mot ving di hep
cua dac tuyén bién déi nay, ¢ thé xem
quan hé gita AUR va AC 13 tuyén tinh.

O mach dién hinh 2.26, nguén mot
chién U = +5V phan cyc nguoc cho VD
thong qua bo chia dp gém dién ré r; = 500
1a dién tr& rieng cia 151 cuén day o gid trj
dién cam L = 40uH va mot dién tr& mach
ngoai ¢6 thé bién déi gid tri tir 0Q dén
200€2. Bién ap phan cyc cho didt tinh boi: Hinh 2.26
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Ug = U theo chiéu tir K téi A cha VD.
L +R1
: .. _ 500 _
KhiR; =08Q2taco: Ug, _SOQ.+OQ'5V_+5V
. 50Q
Kh ' =2 Q ': PR — =
i R'| =200Q ta cé Uy, 300 3 2000 SV=1¥

Nghia 1 khi cho R, bién thién trong khoang 0 — 200Q) dién dp phan cuc
ngugce cho VD thay déi trong khodng tr 5V 181 1V. _
Ta gia thiét ring theo dé thi hinh 2.25¢ gi4 tri dién dung cba VD khi d6
thay d&i tuong ing:
C(Ug, =5V)=10pF

Cy(Ug, = 1V) = 39,58pF

Diéu nay lam tdn s¢ cong hudng riéng cla khung dao dong song song LC
thay d6i tir gid tri f,; t6i f 4,5 duge tinh bdi:

l _ 1
2nLC,  2m=\J40uH.10pF

fop, = = 4.108Hz = 4MHz
1 1

= =7,957.108Hz = 7,957MHz
2nJLC,  2m\J40uH.39, 58pF

Ch2 =

Mot diéu cin luu ¥ 13 néu gid tri dién dp Up phén cuc cho VD bién thien
theo mét quy luat tin titc nao dé ta da nhin duge dao dong cé tan s6 bién thién
theo quy.luat tin tic thé hién & : % = ; Aé: hay 16i ra 132 mot tin hié¢u duge
' ch

diéu ch€ tdn 56 va trong moi trudng hop cdn dam bao dién 4p trén VD khong cé
gia trj duwong ciling nhur khéng qud am t6i ngudng dién dp ddnh thing VD.

D. Diét phdt quang LED

Dist phat quang LED duge ch€ tao thudng tir cde hop chdt A By trong
bang tuan hoan Mendeleep, pha tap chét bin din dién loai p hay loai n téi mifc
gén suy bi¢n (xem phdn 2.1).

Khi phan cyc thuan LED nhd hién tugng céc hat din bi kich thich nhay
miuc tlr viing héa tri lén ving din, sau dé cdc co ch€ tdi hop hat din cho phép
ching nhay mic tr¢ tr ving dan vé ving héa tri ¢6 kém theo viéc phit
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ra mot biic xa quang c6 tdn s& (mau sic) phil hop véi khodng cich nang lugng
cla hai trang thdi tham gia qu4 trinh. Dién dp ngudng (gidm 4p thuin) roi trén
LED thuéng cao hon dist Silicon phit hgp véi cdc mau 4nh sdng khac nhau -
trong dai budc séng tir 550nm dén trén 900nm.

Vi du: dnh sdng mau do6 dién dp ngudng 12 1,6V dén 2V -
mau cam: 2,2V dén 3V
mau xanh 14 cdy : 2,7V dén 3,2V
mau vang : 2,4V dén 3,2V
mau xanh da troi: 3,0V dén 5V

Xét mach hinh 2.27a. Né&u dién 4p thuéan trén LED (vi du mau do) 1a 2,0V
thi dong qua LED la:

U, -Upgp 24V-2V _

D = TRg T 2 mA
R,='_2_,'_2‘kn ' : U,=+24 V
Ry=2,2 ki1
%_tu‘ﬁ 24y LEDT! & uU,.=20 v+ I§D
- a) T by
Hinh 2.27.

Néu cin dong qua LED la 25mA,, ta phai chon dién tr& han dong Rg c6 gid tri:

Re o Uv-Upp _24V-2V _ .00
S T ep 25mA

Tri s6 tiéu chudn cho phép ta chon Rg = 910€Q2 vCi sai 56 5%.

Phin 16n cdc LED ¢é dién dp ddnh thing thap (t 3V dé€n 15V), nén khi sl
dung cdn quan tam dac biét t6i dién 4p ngugce dat 1én nod c6 gia tri di nho. Mot
phuong phdp don gian chong dinh thing LED cho trén mach hinh 2.27¢ bing
cach ddu song song véi LED (ngugc chiéu) mot didt Silicon & ché€ do ludn ma,
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nghia la dién dp nguoc dat 1én LED 6 gia tri t61 da 12 0,7V ding bang dién dp
ngudng cia didt Silicon.

Mot vi dy (ng dung diung LED bio .
di¢n dp ludi 220V(c6 hay khong c6) Ry 022uR250V
tho trén hinh 2.28. Vi tdn s6 dién luéi 22K0 }3'1
cong nghiep 50Hz, ud khing cha Rz
C, = 0,22uF/250V khoang 12kQ, khi 220 v
ndi ti€p véi R; = 2.2kQ ¢ho ta mot S0Hz LED
dong dién qua LED cé gia tri khoang
15mA. O nita chu ky 4m, D, c6 nhiém
vu ddn dién va qua dé6 bao veé LED khoi
bi ddnh thing trong diéu kién dién 4p
ngudng danh thing khd nho (chi vai V).

Hinh 2.28

CAU HOI VA BAI TAP
Cau hoi 6n tap

1. Hiy phan biét 3 loai chédt ban din dién thudng gap : chdt ban din thuédn
khiét (sach) chdt badn ddn tap chat loai n va chat ban dan tap chat loai p vé céc
at : d6 thi viing nang lugng, tinh dén dién, c&u tric tinh thé. Chat bdn din
tap chat suy bié€n 1a gi ?
2. Tinh d&n dién khong d&i xing cha | tiép xiic pn (12 ban chit cda mot
diot ban din) thé hién nhu thé nao ? Bing cdch ndo khi diing mot déng hd van
nang c6 thé xdc dinh xem tinh chdt ndy cta di6t t6t hay khéng tét ?

3. Cic nhan xét quan trong rit ra tit dang dac tuyén von—ampe ciia didt 1a

* g1 7 qua d6 edn luu ¥ nhiing tinh ch4t nay trong thyc t€ nhu the nao dé sit dung
né L6t nhAt.

4. Mo hinh gdn ding cla diot dung dé [am gi ? 3 dang m6 hmh thudng
gap duge thé hién nhu thé nao ?
5.Cdch phan biét dién trd 1 chiéu va dién trd xoay chiéu cha diot ?

a) Pac tuyén von-ampe clia diot ¢6 d6 d6c cang I6n thi dién trd xoay chiéu
cia didt cang Ion ¢é ding khong ? Vi sao ?

b) Dong dién chay qua diot ting lén thi dién tré dong (xoay chidu) cha
diot s& thay déi nhu thé ndo ? Chitng minh qua 1 vi du thuc t&.
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6. Trong cdc mach dién chinh luu toan séng (2 nira chu ky) dung diot ban dan :
a) Giai thich ch€ do 1am viéc clia céc diot khi ¢6 tu loc C mac song song
voi tai R, khi gid tri cha C tang lén thi thai gian 1am viéc cha cdc diot (thai
gian dan dong dién) tang theo cé ding khéng ? Vi sao ?
b) Khi chon dién trd tdi R tang lén thi gi4 tri dien ip 1 chiéu thuin tiy
(1 chi€u sach) tang theo tai sao?

c¢) Bi¢n dp nguge dat 1én mbi diot lic khong dan dong dién bing bao
nhiéu (khi cétu C) ?

d) Dong dién cuc dai (gid tri dinh) di qua mdi diot ldc né dan dién bing
bao nhicu khi bi€t dong trén tai R (gid trj dinh) 14 I, = 200mA.

7. Khi nao ngudi ta can diing mach chinh luu boi 4p 7 Uu diém va nhuge

~diém cfia ching 12 gi ? Khi cdn dong dién tiéu thu trén tai 16n dung mach.
chinh luu boi dp ¢6 loi khéng 7 Visao ?

8. a) Mach han ch€ diing diét dé lam gi ?

Phan biét 2 dang mach han ché néi tiép va han ché song song ? Mach han
ché phia trén va mach han ché phia dusi ? Khi mic ngudng cin han ché 16n
hcn bi¢n do cia tin hi¢u vao cé ddng mach han ché duge khong ?

b) V6i mach han che kiéu ndi ti€p hay kiéu song song khi dién tc& 1ai (R[)
O mach ra cang 16n thi mach lam viéc cang gan 1y tudng (cang t6t) vi sao ?
Khi R, gidm din thi diéu gi s& xay ra lam inh hudng t6i chat luong clia mach ?

9. Mach ghim ¢6 dic diém gi khdc so v6i mach han ch€. N6i ring khi
dung mach ghim ngudi ta c¢6 thé dich gi trj dién 4p 1 chiéu cla tin hiéu &
céng vao 1 gid tri nao dé trong khi gid tri xoay chiéu clia tin hiéu vin duge
bao toan cé ding khéng ? hiy ching minh qua mot vi du v chon.

10. On dinh dién 4p I chiéu ding diot zener :

a) Tai sao ddng chay qua diot zener lai ¢6 chiéu tir K 16 A?

b) Khi biét dién dp trén diot zener 1a U, = 10V va céng suét cuc dai cia
né 1a Py = 3W thi ddng cuc dai di qua n6 13 bao nhieu ?

¢) Néu bigt dién wd lilc 1Am viéc & ch& do dénh thing cua diot zener 1a R,
tht di¢n 4p trén diot xdc dinh (theo mo hinh gin ding loai 3) nhur *h& nio ?

Hay tinh 2i4 tri dién 4p trén diot bi&t Uy = 6,3V ; R; = 4 khi dong di
qua diot 1a Iz, =20mA va Iz, =50mA?

Xéc dinh sai s6 AU irong trudng hqp nay.
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d) Hay chitng minh hé thitc Al = -Al & day Al, va Alg 1a d¢ bién thién
dong trén tai va dong qua diot khi mic R, vdo véi R, thay d6i 95Q + 1702,
R4=100Q2, Uy, =15V; U,, R, nhu trudng hop cduc.

Bai tap ap dung

Bai 2.1. Cho mach dién chinh luu hinh B2.1

1. Khi cho tai di¢n tr& R = 100Q (chwa c6 C)

Hay tinh cdc tham s& cia mach: dién 4p hi¢u dung US, dién dp dinh Ugp,
dién dp mot chidu Ug va ddong mot chiéu Ig.

Tinh ddng qua dist, dién 4p nguge dat lén dist va tdn s6 séng trén R.

2. Khi mc tu C = 470pF song song v6i R (xem dudng dit nét)

Hay tinh lai cdc tham s6 & cau trén, nhan xét k€t qua thu dugc. Tinh dien'
ip dap mach trén ty C: Ugg.

3. Khi chon C = 1000uF, R = 200 ¢6 thay d6i gi trong cdc tham s6 da
tinh & cau 2, giai thich 1y do sy thay déi nay.

Bai 2.2. Cho mach dién chinh luu hinh B2.2

1. Khi tai R = 100€ (chua ¢é C). Hiy tinh cc tham s6 dong dién va dién
ap cha mach (nhu cau 1 cua bai 1)

N,: N Up: Us .
: 4: 1 !
10:1 D D, :
— .
I Up \
1
K 120V u '
+ 3
220V EU“ c__° R  S0Hz e H R
50 Hz 470uF - 1000 C—; [ 10002
: _ 1000uF
1
L]
' e
| \
Hinh B2.1 : Hinh B2.2

2. Cho thém ty C = 1000uF vio mach. Hiy xdc dinh lai cdc tham sO da
tinh & cau 1. Tinh dién 4p dap mach U tréntu C.
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3. Tang dién & tai R = 250Q dién 4p U, c6 gi thay déi- Hay tinh lai
tham s8 xoay chiéu va mot chiéu trén tai.

Bai 2.3. Xét mach chinh lwu cdu toan-séng hinh B2.3

1. Tinh céc tham s6 clia mach khi R = 100Q2 (chua ¢6 tu C): Dién ap, dong
(hléu dl_ll'lg, dil'lh) trén thi Cgp Us. USP’ Is, ISP

Dién 4p, dong dien mot chiéu trén taj Ug. I
Dong di¢n qua méi di6t, dién dp nguoc trén méi diot va tin s6 dien 4p dap
mach trén 1ai.

Np: Ny
8

1
220V g U,
50 Hz ~

2. Méc thém ty C = 1000uF, hiy x4c dinh lai cdc tham s6 da tinh & cau |
Nhan xét ket qua thu dugc, tinh dién 4p dap mach trén tai Ugg.

-

-""""-‘P'

u

-4

0‘.——"'—‘

Hinh B2.3

3. Khi déi chiéu tit ca cdc di6t D, dén D,. Céc tham s& ndo trong maéh S
thay déi va cin chi ¥ thay déi nhiing gi kém theo trong mach dién da cho.

Bai 2.4. Xét mach dién chinh luu hinh B2.4.

1. Hay giai thich hoat déng clia mach

V& dang séng Ug, Ug,, Ug, minh hoa

2. Tinh cdc tham s6 clia mach:

Dong dién va dién d4p mot chiéu trén tai

Dong qua méi diét

Dién ap nguoc dat trén dict

. Dién dp dap mach trén tﬁi (gid tri bien do dinh ~ dinh va tdn s6)
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ot Na
8:1
U, 220V g
isoﬂz 3 _
(N Ds

Hinh B2.4

Bai 2.5. Cho mach hinh B2.5. Phan tich hoat d9ng cila mach

Hiy ding mo hinh gin ding loai 1 cha di6t dé tinh dién 4p mot chidu trén
tai R = 100Q, tinh dién dp chiu dung cho phép cia C|, C,. Khi diing cic mo
hinh g4n ding khdc (loai 2 va loai 3) thi k&t qua trén c6 gi thay d6i ?

o, ——

. Pl - — ! *
2324:- 4?0:4FT ) j ' @ . -~ p, D, ”

‘ _l_ b [ . : . l

470;1 F

Hinh B2.5 . Hinh B2.6

Bai 2.6. Cho mach hinh B2.6
1. Hay xdc dinh dang d4c tuyén truyén dat di¢n 4p U, theo U, clia mach.
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2. V& dang U (1) khi U, (t) c6 dang hinh sin bién d¢ dinh - dinh la 30V .
Biét Uy, = 2,5V: Up, = 7.5V R = 1kQ.
3. Néu cho U,(t) dang tam giac voi céc.tham s6 sau:

Chu ky T = 20ms, di qua g6c toa d9, thdi gian quét thuan ty = 15ms.
Bién do dinh - dinh 20V . Hay vé dang U(t) va xdc dinh cdc tham s6 vé bién
do va thoi gian clia U, (1),

Bai 2.7. Cho mach hinh B2.7

1. Hiy v& dang séng U, (1) khi U, (1) 12 hinh sin c6 bién do 30V ,,, chu ky 20ms.

2. Néu cho U, (1) ¢6 dang tam gidc can, cling gia tri bién do 30Vpp chu k¥

20ms va U, (0) = + 15V, Hay v€ dang U, (1) va xdc dinh cdc tham s6 clia U_.
c ' ‘

|1
H

U,

1 lC’\Dw . _*
] I va . -

R

P —1
el

~ BV
Hinh B2.7
Bai 2.8. Cho mach hinh B2.8
. 10062
Hay tinh cdc tham s6 + —
cha mach:
20v e
1. Dong trén Rg, dong - *e 10
trén R v dong trén DZ.

R;= 10
2. Xéc dinh Py, Pz

Ry
Re= 120
cua zener dist. '

2200
3. Xdc dinh he s6 én

dinh dién 4p § va dién
trd ra cha mach.

Hinh B2.8
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Chuong 3
TRANZITO LUGNG CUC (BJT)

3.1. CAU TAO CUA TRANZITO LUGNG CUC (BJT)

BJT 1a 1 h¢ th6ng gém 3 16p bdn dén tap chét cho ti€p xiic céng nghe xen
ké nhau, do d6 hinh thanh 1 h¢ gém 2 ti€p xiic pn phi tuyén tinh (hinh 3.1a)
rdt gdn nhau, k& hop vdi 3 ti&p xiic tuyén tinh (ti€p xdc Ommic) dé dua ra 3
dién cyc dugc goi l4n luot 12 emitter (cyc phdt) base (cuc gdc) va collector
(cuc gop) vi€t tit 1a cuc E, B, C twong ing. C6 hai két cu dic trung c6 dang
npn (hinh 3.1a) va dang pnp (hinh3.1b) véi cdc ky hiéu quy wéc trén hinh 3.1¢
va 3.1d tuong ing. Nhu vay cé thé mo td 1 cdch quy uc tranzito bao gém 2
diét Dgg va Deg mic d6i nhau vdi 3 cyc ra E, B, C (hinh 3.1.e, f). Céc dic
diém coéng nghé quan trong nh4t khi ché taoc BJT 12 :

Emita Colects c E c
— n el n. |—
) l 8

B
Bazg . -
a) c) E o)
Cc
— p |n P | E _.N_.l_n_. o
| | | E B
b) Bazo d) . )

Hink 3.1. Mé hinh cau tao cbda BIT loai npn (a) loai pnp (b)
k¥ hi¢u quy udc clia ching (c) va (d).
M@ ti cdu tzo dé phan tich BJT theo ché do cic diot (¢) vi (f).
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1. Mitc d¢ pha tap chat cha chdt bin dén lam vang E 12 manh nhat, ving B
pha nhe hon va lam viing C pha it nh&t. Tir dé dién trd khéi cia viang C 12 16n
nhdt, ving B vira phdi va cila viing E 1 nhé nhat.

2. Ban d4u xudt phadt tir d€ cé dién trés cao ding lam viing colecto thuc
hién tao ra ving bazo trong d€ (bing cong nghé khuéch tin plana) sau d6 trén
viing B vira tao ra, ti€p tuc cong nghé khuéch tén 14n thit 2 dé cé vang E trong
ving B.

3. Vung B duge ché tao rdt
mong va dac biét pha tap chat B
khong déng déu hay pha thém tap
chdt d€ nhim giam thdi gian séng J
cta cdc hat thiéu s8 trong nd. Lap nghao E- B Lop nghira G - B

4. DGi véi vat lidu co ngan
goc¢ ti Silicon, hang rao dién thé
cho ca hai di6t giita bazo — emitg
va bazo — colectg déu bang 0,7V
(hinh 3. 2 tuy nhién viung dién
tich khong gian (16p ngheo) clia ti€p xiic bazo — emito mong hon nhiéu so

v4i cha ti€p xic B — C diéu ndy xudt phdt tir dic diém c4u tao thi nhat di
néu trén.

[ |
=00 000
IO

Hinh 3.2

3.2. CACH MAC BJT, CHE PO LAM VIEC VA
CAC QUAN HE DONG PIEN TRONG BJT

1. Ty theo viéc chon cyc ndo 1am di€ém chung — tic 12 diém c6 dién thé
OV vé xoay chiéu cho c8ng vao va c8ng ra (néu coi BJT nhu 1 mang cé 1 cng
vao va 1 ¢bng ra), sé ¢6 3 kifu méc BIT trong mach: kiéu méc bazo chung
(vi€t tat 1a BC - hinh3.3a), kiéu méc emito chung (viét tit 1a EC - hinh3.3c¢)
va kiéu méc colecto chung (viét tit 1d CC). Trong kiéu mic EC dang Ip la
dong dién vao, dién dp Ugg 12 dién dp vao, dong rala I, dién dprala Ucg.
Trong ki€u méc BC : Ig 13 dong vao Ic 12 dong ra, Ugg 1a di¢n dp vao, Ucg
1a dién 4p ra : con trong kiéu mic CC: Iy 1a dong vao, Ig 12 dong ra, Upc Ia
dién 4p vao va Uge 12 dién 4p ra. Quan he giita cdc dong dién va di€n 4p 16i
vao va 161 ra cho ta cdc dic tuyén von-ampe cta BJT d6 1a :

¢ Dgc tuyén vao : Iy, = f; (U,) khi cho I, hay U, 12 hing s6.
e Dic tuyénra : I = f (Uy,) khi cho I3, hay Uy, 13 hing s6.
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* Dac tuyén truyén dat [, = f5 (U,,,) khi cho I,;, hay U,, 12 hiing s6.

2. Trén hinh 3.1e hay {, vdi 2 di6t trong cdu tao, cé 4 cdch lam viéc khic
nhau ciia BJT, ta goi twong dng 12 4 ch& d6 co ban ciha BIT,

a) Ch& d6 khuéch dai ¢é dugc khi dist B - E phan cuc thuin (md), diot
B—~C phan cuc nguge (khoa).

b) Ch€ d¢ khu&ch dai dao khi Bgg khéa D mé.

¢) Che€ d6 bao hoa xdy ra khi ca 2 di6t déu mo.

d) Ch€ d¢ cit dong xdy ra khi ca hai di6t déu bi khéa.

Ché€ d6 khuéch dai 1 dién hinh nhét khi sit dung BJT nhu mot phén tir
tuyén tinh dé khué&ch dai tin hiéu xoay chiéu, trong khi ch€ do bio hda va cit
dong 1a 2 trudng hop gisi han, BIT khi dé 1am viéc nhu mot khéa (chuyén
mach) dién t&r v6i hai trang thai phan biét: dong nhé, 4p 16n (cit dong) va
dong 1én, 4p nhé (bao hoa). '

Emita Colects .
n P n -
' |
I c
Baza
-t NG
it I a
a) Ue U,
+
P l I
!o- - -—_-_— Ucc
H n
H
+
Una-_:_, lelg! ¢
T e | g
\ y,

L2
|
I

Hinh 3.3

O ch& do khuéch dai, yéu cdu co ban nhat 13 diSt B-E phai md véi dién dp
roi trén né 1a 0,7V (Silicon) hay 0,3V (Gemani), di6t B-C phdi khda, yéu cau
nay duge cic ngudn Vgg va Ve thoa man. Khi d6 dong hat da s6 tir viing E
duge phun qua dist BE mé vao vang B, sau doé ti€p tuc khuéch tdn sau qua
viing B va bi cudn (gia tdc) trong dién trudng phan cuc nguge (cho diot B-C)
t6i cue C tao thanh cdc dong dién I, Ip va I- tuong tng (hinh3.3b). 3 day
dong emito Ig la ddng hat xuit phat tr E, dong bazo 1 1a dong tai hop hat tai
viung B (cé g_ié' tri rdt nhoé) va dong colecto 1 1a dong hat té1 duge cyc C.
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3. Theo cdch mé ta trén, c6 cac quan hé dong dién sau:

Ig=Ig+I¢ (3.1)
%de =[£ . (3.2)
E

04 12 he s6 truyén dat dong dién cha BJT (& ch€ do 1 chiéu).

va

He 56 khu&ch dai dong dién (& ché do 1 chiéu) dugc dinh nghia:

I
Boc = 7= (3.3)
B
Tir cdc biéu thic dinh nghla (3.2) va (3.3) suy ra
Bdc
= (3.4)
de I+ Bdc
e
=— (3.9
Bdc (l _ U-dc)

Hay 14y mot s6 vi du minh hoa céc h¢ thirc ddng dién néu trén:

Vidul. Su dung hé thifc (3.1) xdc dinh cdc dong dién con lai cha BJT

a) Mot BIT c6 dong I = 4,98A ; Iy = 20mA.

Vay dong emito la: Ig = [ + Iz = 4,98A + 0,02A = 5A.

b) BIT c6 dong emito Ig = 100mA ; Iy = 1,96mA.

Vay dong colecto A Ip = I - I = 100mA — 1,96mA = 98,04mA.

¢) BIT ¢6 dong Ig = S0mA; [¢ = 49maA.

Vay dong baza 1a Ig = Ig — I = 50mA - 49mA = ImA.

Vidy 2. Hay xdc dinh he s6 oy, va By, cha BIT c6 I = 15mA ; Iy = 60pA.

-1
a) Trudce tieén x4c dinh adc = IC EE—B thay sd ta ¢6:

Ig Ig
5
e = mf\s—i(mA 0,996
b) Xéc dinh By, = }L - IEI;IB thay s6 da cho, ta c6:
B B
15mA - 60pA _ 14,94mA
~ 24
Pac = 60pnA 0,06mA ?
Vidy 3. BIT ¢6 I¢ = 10mA ; Ig = SOpA
X4c dinh oy, va By, : ‘
Ic  10mA
= == = e =200
ﬁdc IB SO}LA
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o By 200
4 " 1+ Bge 1+200

= 0,995

Vidu 4. Cho BIT ¢6 By. = 150 ; Ip = T5pA
Tinh Ig, I va oy, _
Ie = BgcIp = 150.751A = ll,25rhA
Ig =Ic +1Ig =11,25mA + 75pA =11,325mA

C6 thé xdc dinh he s6 a4, dua vao hé thic (3.2) hay (3.4)
Theo (3.2) ¢6:

Ic _ 11,25mA _
%de =1 = TL325mA 00
Theo (3.4) ¢6 |
= Pae 10 __ 95

%de =1 Bg  1+150

‘Hinh 3.4a dua ra kiéu mic EC v6i 2 ngudén nuodi Vg va Ve 6 thé thay

ddi nhidm x4dc dinh dac tuyén von ampe trong ch€ dé chua cé ngudn xoay
chiéu tdc dong (ch&€ d6 tinh). Hinh 3.4b 1a ho dac tuyén ra cho quan hé dong
colecto I phu thudc vao dién dp colecto — emito Ucg. Ta thdy 15 trén dac
tuyén c6 .4 ving 1am viéc khic nhau ciia BIT: :

I{mA)
81 1= 70 RA
) ; |,= 60pA s
FE U S g7 500A
E .l I5= 40 pA
,= 30 pA
Y —
; F = 100A
..... om0
% P 1234567890010 Y
a) b)
Hinh 3.4

tinh 161 dong dién ngugce cua didt bazo — colecto).
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» Viing c¢6 dong I vira phai (vai chuc pA vdi BIT cong sudt nho) dong I¢
chiu su diéu khién cia ddng Iy goi 1a ch€ do khuéch dai tich cuc.



* Ving c6 dong Iy twang d6i 1dn, do d6 dong I ciing 16n g01 12 ch& do
bao hoa, khi d6 Iy mat tic dung diéu khién I..

. Vilng cé dién 4p Ucg S " I
qud 16n : dong I tang [
manh goi 1 ch€ do bi dinh
thing (cla dist bazg - ["—K
colecto) day 1a ché€ do ma
BJT khong duge phép roi
vko dé trdnh hu hong.

Il
=)
R
.H".
FAR
-/
i

Hinh 3.5

Khi lam viéc & ving
tich cye, BIT c6 thé dugc mé t4 theo mach dién twong duong hinh 3.5.

Dé ddnh gi4 chat luong ciing nhu gi¢i han pham vi sit dung, phén loai BJT
ngudi ta dya vao cdc tham s6 gém 2 nhém:

Nhom cdc tham s6 gidi han chi ra céc gid tri t6i da hay nang lyc lam viec
vé dong dién, dién 4p, cong sust, nhiét do hay tdn s& cla BJT ma ngudsi si
dung cin quan tdm va nhém cdc tham s6 dinh mitc dé xic dinh ch& 46 lam
viéc v& 1 chiéu va vé xoay chiéu cia BJT.

Cé thé dwra ra mot s& tham s& dién hinh sau:

* Di¢n dp dinh thiing céc tiép xic EB, ti€p xiic CB va 1iép xiic CE ching
han véi loai 2N3904 ¢6

UCB‘, = 60V; UCED = 40V; UEBo =6V
o Cong sudlt tiéu tin cyc dai trén tranzito Pimax)
Theo dinh nghia Py=Ucg. Ic (3.6)

Pd(max) = UCErnaJ('ICmax

Vidu trén hinh 3.4 v6i Iy = 50uA ; By. = 100; Upe = U = 10V ta ¢6
Py = 10V. 100. 50pA = 50mW.

Néu cho truée Pyp,y = 0,5W ta s& xdc dinh duge dong colecto cyc dai tng

Pd(max) _0.5W
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Cong sudt-Py thudng dugc tinh & 25°C, khi tang nhiét do 1én, cong suit Py
va Pynax ca BJT giam di khoang 2mW/°C (v4i loai tranzito cong sust nho).

Vi dy cho P,y = 350mW, tinh & 25°C

OP4

Xic dinh gid tri Py(may tai 50°C khi P -2,8mW/°C

b)

E n n C
5]
p
d) Pen _ +
B
Dién trd thép Didn trd cao

Hink 3.6. Kiém tra diot BE va BC bing déng hdé AVO
(a), (b) thir diot BE
(c), (d) thit diot BC

c ' c
£ 57,] Bé
o+ R=10k & .

B »——1 T ‘B
[ Bidn trd cao 1~ Bigntrd
trung binh

Pen Ben

E E

) b)

Hinh 3.7. Dimg d8ng hé AVO thir kiém tra
BIT hoat dong & ché d6 tich cuc.
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Su thay d6i cong suat tidu t4n trén BIT duogc tinh bdi : |
APy = AT.(-2,8mW) = (50°C - 25°C)(—-2,8mW)I°C =70 mW
Vay Pg(max) = Py(max) — APy = 280mW

Trén hinh 3.6 dwa ra cich thir dé kiém tra BJT bing déng hé do om.
Hinh 3.6a va b cho phép két luan didt BE t6t khi dién trd do theo 2 chiéu la
chénh léch nhau nhiéu. Hinh 3.6¢, d cho phép két luan wong ty vé dist B - C.
Phép thir trén hinh 3.7 cho phép két luan hoat dong clia BIT & ché dé tich cuc

con t6t hay khong, day 1a cic phép thir don gidn nh4t dé xdc dinh chat lugng
ciia BIT.

3.3. PHAN CUC CHO BJT

Dé BIT sin sang lam viéc vdi cdc tin hiéu xoay chiéu (vi du & ché do
khuéch dai) cin thyc hién phan cuc mot chiéu cho né nhiam dua dién dp va
dong dién mot chidu téi cdc cuc bazo, colecto v emito cia BJT. Néu biét
truéc cdc gid tri ngudn nuoi mot chidu, cdc dién trd han ch€ dong, By, cua BIT
va dién dp phan cuc Ugg = 0,7V v6i BIT loai Silicon, ta c6 thé xdc dinh diém
lam viéc mot chiéu cia BIT : Q (Icg» Ucgg) va quy tich cha cdc diém Q c6
thé goi la dudng tai mot chiéu.

3.3.1. Mach phan cyc ¢o ban

Rez1k0
R=56 kD2 Rz 1kQ
 — 3
R 56 k1
—E—K Ba=100 E""U =15V +
T - + - . = U, =15V
H b U’=5V_~—:_- Ue=0.7V C) le=Peln 'EE.— &
U=5V=
7 ’ /'J'r
a} ]
Hinh 3.8

Hinh 3.8a dua ra cdch phan cyc don gin nhdt (goi 12 phan cyc bazo). Nguén
Ugp cung cdp di¢n 4p phan cyc thuan cho dist B-E dé dat duge Ugg = 0,7V,
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Rp dé chon dong cuc bazo Iy. Nguén Uge cung cfp dién dp phan cyc
ngugc cho digt B-C v6i dién trd R dé han ché€ dong colecto L. V6i tranzito
loai npn ta cdn dat dugc diéu kién Uc > Ug > Ug, cdnvéi BIT loai pnp cén c6
Uc < Ug < Ug & day Ug, Ug, Ug 1a céc dién th& mot chidu tuong ing trén céc
cuc cla BJT. Hinh 3.8b 12 mach dién tuong dwong mot chiéu cha mach
hinh 3.8a. |

Tir mach hinh 3.8a tinh dugc dong bazo :

_ UBB _UBE _ SV—O.?V __'
I = Rg  56kQ 76.78pA

Dong colecto I xdc dinh béi :
Ic = Byo.Ip = 100.76,78uA = 7,68mA

f)ién ap gita C va E ¢4 thé tim dugc :
Uce = Ugc - Ie-Re | 3.7
= 15V - (7,68mA.1k2)
=15V - 7,68V =17,32V
Tir h¢ thae (3.7) cha y 1a khi tang dong I ludn 1am giam Ucg va nguge
lait dong iC giam s€ 1am tang Ueg.

3.3.2. Phin cyc bing déng bazo

Ta c6 thé chi diing 1 nguén Ugc 1am ca hai nhiém vu phan cuc cho bazo
va colecto nhu trén hinh 3.9a. Khi d6, dong ig dwgc xdc dinh tif hé thitc (3.8) '
Ig = M (3.8)
Rp
Thay sé liéu ta c6:
I = 15V - 0,7V _ 14,3V
180k} - 180kQ2

= 79, 44pA

Ic = Byc-Ip = 100.79,44pA = 7,94mA

UCE = UCC - IC'RC = 15V - (7.94mA1kQ)
15V - 7,94V = 7,06V

Theo dinh nghia dudng tai | chiéu 12 1ap hgp t4t ca céc cip gid tri c6 thé
¢6 cha I va Ucg, day chinh 12 d6 thi bi€u dién quan hé I¢ va Ucg he thite 3.7,
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12 phrrong trinh dudmg thang c6 hé s& g6c am. Céc diém gidi han cia dudng tai
1 chiéu 1a: o )

)
C {sal) R,

tU=15V

- _ ' u_ =
Ry= 180 kQ2 [] Re=1k02 Y ceen o

—— = —

a)

_k

Ve tom
Hinh 3.9
o) trang thdi hd mach cia BJT dong I = 0 khi d6:
UCE(hm] = UCC . (39)
o O trang thdi ngin mach ctia BIT 4p Ucg = 0 khi dé6
_' _ Ucc '
G = R (3.10)

Puding tai moét chiu duge cho trén hinh 3.9 b, Dé dam bao ché do khuéch
dai t8t nh4t, ngudi ta thudng chon céc gid tri diém 1am viéc mot chiéu cé toa
d6 & khoang giira duong tai mét chidu (hinh 3.9¢)

ICQ R 0,5 IC(ngm) (31 l)

Uceg * 0.5 Ucghmy
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Viduy 1. Xét chg dé mét chiéu cha BIT cho trén hinh 3.10a

Ucc - Upg _ 12V -0,7V

Tinh dé =
linh dong g Rp 390kQ2

= 28,97uA

Ic = By .lg=150.28,97uA = 4,34mA

Ucg = Ucc~IcRe
= 12V — (4,34mA.1,5kQ)
=12V - 6,51V = 5,49V
_Uec _ 12V
lemem = R = 1 5kq = 8mA

UCE(hm) = UCC = 12V

K&t qua tinh todn cho trén d6 thi hinh 3.10b. C4c mach phan cyc hinh 3.9a
hay hinh 3.10a ¢6 nhugc di€m 1a diém Q kém &n dinh vi nhiét.

U =12V
Ic{m= 8 mh
=15kQ 1,=6.34 MA
Rz 390kQ [] Ry= e HAMA Ll .
I '
L]
Bac=150 E
Ugeo= 449V Ugn=12V
U
a) | b e
Hinh 3.10

3.3.3. Phan cuc dung mach chia ap.

Xét mach phan cyc hinh 3.11a, & day dung cap dién rd Ry, R, dé cung
cip dién 4p 1 chidu 16i cuc bazo, gia thi€t dong dién trén cic dién trd nay
chon da i6n hon dong bazo (Ig, . Iz, » lp) ta cé:

R,
Ug=—+—U 3.12
B Rl +R2 cc ( )

5,1kQ2

= 15V = 2,38V
27k + 5,1kQ2 >

80



Ug = Ug — Ugg =2,38V -0,7V = 1,68V

_Ug _ L68V

"B =R, “2a00 - ™A

do h¢ s By, = 100 c6 thé xdp xi Ig = I
Ic = Ig = TmA
bign ap trén cyc C tinh boi:
Ue =Uge —Ic.Re =15V - (7TmA.1kG)
=15V -7V =8V

UCE = UCC - IC(RC + RE) (313)
=15V - TmA(1kQ + 240Q))
=15V — 8,68V =6,32V"

Céc diém mit cha dudng tai mot chidu xdc dinh bdi:

__Yec
Ic(ngm) = Re + Ry (3.14)
UcEym = Ycc (3.15)
N . 15V
Thay 56 vao ta co IC(ngm} = m = 12,09mA
UCE(hm] =15V

Céc két qui tinh ché do mot chiéu cia mach hinh 3.11a cho trén dé thi
hinh 3.11b. : - ' :

=15V

RF= 27 kQ [

R=5.1 kn[

Hinh 3.11.
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Vi dy 2: Xét mach phan cuc mot
chiéu cho BJT loai prip hinh 3.12 I U= 12V

3 day, dé dam bdo diéu kién
Ue < < Ug < Ug déi vé6i loai pnp ta

RF 2k
diang ngudn Upqe- < 0 (day khong
phdi la cdch duy nhét - Xem phan By =150
cuc dao & tiét saun). T dé:
_ (=VYeo) R = 5000
B=R +R, 27 )
(-12V)
= = 6,2kQ = 1,89V
6,2k + 33kQ2 6.2k 189

Hinh 3.12, Mach phan cuc bing bo

Ug = Ug —Ugg = —1.89V —(-0,7V) chia 4p cho BJT loai pnp.

=-1,19v

- . Ug _LI9V .
[g~Ic=—E =22% -2 38mA
E¥CTRE ~ 5000 m

Uc = -Ugc +IcRe = -12V +(2,38mA.2kQ)
=— 12V +4,76V =- 7,24V
UCE = AUCC + IC(RC + RE)

= —-12V + 2,38mA(2kQ + 5002)

=— 12V + 595V = - 6,05V
Pubng tai cé cdc tri s6 gidi han:

Lo [-Ueel _ 12v
Cogm ~ R + Rg 2k + 50002

= 4,8mA
UCEhm = _UOC = —12V

3.3.4. Phan cyc bing déng emitd

Mach phan cyc bing dong Ig thuong gap khi ngudn nuéi 1 chiéu ¢6 2 cuc
tinh Uge > 0 va Ugg < 0 (hinh 3.13). Loai phan cyc nay, gidng nhir cdu triic
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loai diung bo chia nh& c¢6 su tham gia

cua dién tré Rg (H.3.11a va 3.12) trong Hec=10V

mach emito thyc hién héi ti€p am dong

dién 1 chiéu nén tinh chdt én dinh ciia ) [] Re1ka

diém céng tdc Q dic biét 13 6n dinh vé Uaov ~
Ba=200

nhiét dugc nAng cao rd rét.
| e e -

Trong mach hinh 3.13, dong emito

dugc tinh theo hé thic (3.16) R,= 1kG [] Re= 22 kQ
Ugg -U
IE = % (3.16) -
10V - 0,7V " Hinh 3.13. Mach phin cyc bing bo
- 2.2kQ = 4,23mA chia 4p cho BFT loai pnp.

C6 thé tinh chinh x4c hon bing hé thic (3.17) néu quan tam tdi dién tro
Rp (tic 1 coi dién thé cuc B khdc OV 1 chiit).

- Uee ~Use (3.17
R +R—B
B Bdc

S AOV-0TV i oimA
2.2k + &2
’ 200

So sdnh véi két qua trén ¢ sai léch : 4,23mA - 4,21mA = 20pA
Tic 14 dién thé€ cyc B néu tinh chinh x4c s& l1a:

Ug = 20pA. 1kQ = 20mV

Ig

Dién thé trén cuc C xic dinh bdi :
Uc=Ucc-IcRc
=10V - 4,23mA. 1kQ
=10V - 4,23V =577V
Tir d6 dién dp Ucg xdc dinh boi
Ucg = Ue - Ug = 5,77V - (=0,7V)

= 6,47V
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3.3.5. Phan cuc kiéu héi tigp dign

Trén hinh 3.14 dién trd Rg thay vi
ndi t6i nguén Ugc, nhu mach phan cuc

bing dong bazo hinh 3.9a hay hinh °

3.104a, lai dugc néi tdi colecto. Cé thé
coi day 13 mot dang cai ti€n cia kiu
phan cyc bang dong I, tuy nhién nhd
6 dudng lien he tryc ti€p qua Ry tir cue
C vé€ cuc B ca thanh phin 1 chiéu va
xoay chiéu titc 1a ¢6 thyc hi¢n héi tiép

ap

U= 15V

am vé dién 4p 1 chiu nén chit lugng én,

dinh clha diém lam viéc moét chiéu Q
dugc nang cao rd rét. Ta cé thé minh
hoa nhu sau: gia thi€t By tang khi nhigt
dé tang, diéu niy lam I tang va do dé

Re= 2.2k
R.=330kQ
1
—
B,=150
Hinh 3.14.

dién dp roi trén Re 12 IcR tang, dién dp Uy = Uee - ICRC giam va dién ap
rot trén Rp giam, do 46 lam giam dong bazo Ig kéo theo I giam va qua
| vong (héi 1iép) dong I~ da duge b kiu nguge pha va diém lam viéc Q nho
dé duge 6n dinh t6t hon trudc day (so véi mach hinh 3.9a). Trong trudng hgp

nguge lai, gia thi€t By, giam, qué trinh

din 161 dong I tang bi lai trang théi

ban ddu I giam do By, giam. Dong colecto I duge tinh theo hé thire (3.18)

Ic = M (3_1.3)
R~ +—=2
c ﬁdc
15V - 0,7V 14,3V
= ! =—" =3,25mA
S orey . 330K T 4,4k0D m
? 150

do dé dién ap colecto — emito xdc dinh

Ucg = Ucc - IcR¢

fl

=15V -715V=

15V - 3,25mA.

bdi:

2,2k
7,85V

Pudng tai 1 chiéu dugce xdc dinh béi cdc he thite (3.9) va (3.10):

I _Ucc.
Cogmy ~ Rg
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I _ 15V
Congmy ~ 2,7k

= 6,82mA,; UCE(hm) =15V

3.3.6. Phan cyc dao

Ch€ d¢ phan cyc dao dugce sir dung khi cén phén cyc cho BIT loai pnp bang
1 nguén Ugc cuc tinh duong, diéu niy phit hop véi moi trudong 1am viée ciia nhidu
BJT khdc loai npn ma khong cdn phai Hp=20V
dang ngudn nuoi cyc tinh 4m riéng cho l

loai pnp. Trén mach hinh 3.15 cén chy ¥
- N . . . + +
dam bao du?:-u kién Upg = O,T\T va Ry=47 kD [] W <07y [] R.=390 ke
UCE < 0 dé BIT lam viéc d ché dO . e - Pen
khu€ch dai thong thudmg. Ta tinh dién //l/ ¥
the trén cuc bazo : A -
Rz + ]
Up =5—%5—Ucc = : N
R; +R; _ Ry=33kQ {] u, [] R 15k
= Tt a2V 1Y ml 7
’ . ' " Hink 3.15. Mach phan cuc ddo
cho toai pap

Ti€p theo dién thé trén emito :

Ug = Ug + Ugg = 17,5V + 0,7V = 18,2V
Dién aﬁ trén dien tré Ry xéc dinh bi:

Ug, =Ucc - Ug =20V -18,2V= 1,8V
Tir d6 ¢6 dong Ig ~ I béng:

Ic = —L;RTE = % = 4,61lmA
Dién 4p trén cuc C 1a:

Ue=IcRe = 4,6ImA. 1,5kQ2 = 6,91V
Tu day tinh dugc Uy

Ucg = Uc= Ug =691V - 18,2V = - 11,29V
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3.4. MACH KHUECH DAI DIEN AP DUNG BJT

V6i 3 kiéu mac BIT trong mach, ta nhan duoc 3 dang mach khuéch dai
dién 4p méc kiéu emito chung (EC), mic kiéu colectd chung (CC) va mic kiéu
bazo chung (BC). Khi s dung 1am 1 phédn tir khuéch dai, BIT da thyc hién
dugc viéc iam 16n dién ap, dong dién hay cong suféit cha mét tin hiéu xoay
chiéu dat & céng vio nhd mot qué trinh bién déi nang lugng c6 didu khién. Dé
thyc hién dugc nhiém vu nay, BIT cdn duge lua chon va dat trudc mot ché do
1 chiéu thich hop 16i cdc cuc clia né (xem phén 3.3) tly theo yéu cdu va muc
dich dit ra.

Cdc ch& do thudng gap nhat 1a :

¢ Ché do A khi sit dung dé khué&ch dai dién 4p, khuéch dai cong suft nho

e Ch€ do B hay ch€ do AB thudng gip & mach khuéch dai cong suat

» Ché€ d6 C hay ché do D thudng gap & mach khéa chuyén mach dién tir
hay mach khuéch dai cong sudt phat séng.

Trong phdn nay, khi xét cdc mach khuéch dai dién dp, ch€ d6 cong tdc.
chii y&u ciia BIT (v6i vai trd 1a phdn tir khuéch dai tich cuc) 1a ché do A véi
Ugg = 0,7V (tranzito loai Silicon).

3.4.1. Tdng khué&ch dai méc emits chung (EC)

Mach dién nguyen 1y 1 tdng khuéch dai di¢n d4p méc EC cho trén hinh
3.16a. Chd ¥ su c6 mat ciia tu dién C, (goi 12 tu ghép mach vao) nhim chéng
anh hudng cha noi tré clia nguén tin hiéu xoay chiéu téi ch€ do 1 chiéu clia
tdng khuéch dai dang xét (cdch ly I chiéu gitta BIT va ngudn tin hiéu vao), su
c6 mit clia tu Cg nhdm n6i ngén mach dién tré Rg vé xoay chiéu dam bao trd
khdng cyc E so v&i OV 1a rét thdp.

Khi c6 tin hiéu xoay chiéu '(ngfm mach qua tu C,) tic dong téi bazo, dong
‘dién bazo thay d8i 1 lugng i gay ra su thay ddi tuong ng clia dong colecto 1
lugng ic qua dé trén colectd ta nhan duge 1 dién dp xoay chiu Ucg. Hé s6
khu&ch dai dong di¢n xoay chiéu ciia BIT dug: dinh nghia 14 ty s6 giifa 2
dong dién nay:

5:% | (3.19)
B
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Uz 10 my,

Hinh 3.16
a) Mach dién nguyen Ly mot ting khuéch dai mic EC;
b) M6 ta hoat dong cia BIT khi diédm 1am viéc Q trugt trén dudng tdi.

1. Phan tich ch€ d6 1 chiéu clia mach hinh 3.16a, khi chwa tic dong dién
ap xoay chiéu U,, 4p dung cdc két qui di cd & tiét 3.3 vé phan cuc mot chidu
ta nhan duge : ' :

R, 3,6kQ

=2 Uge = o= 15V =2,5V
R, +R; € = Tgk0 + 3,6k0 2

Ug=Ug-Ugg=2,5V -0,7V=1,8V

- Ug L8V
= = —= A
E=R, 2400~ ™

Uc=Ucc~IcRe

=15V -7,5mA.1kQ =15V - 7,5V =75V
Ucg = Ugc - Ic(Re + Rp)

= 15V - 7,.5mA (1kQ + 2400)

=15V -93V =35,7V
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Tri s6 diém gi6i han dudng tai mot chiéu : Igpgmy Ucgmm) 12 :

Ucc 15V
I = = ~ 12,04mA
Clngm) " Re+Rg  1kQ +240Q .

UCE{hm) = UCC =. 15V.

2. Phan tich ch& dé xoay chiéu (khi ¢6 tdc dong dién dp xoay chiéu & cdng
vao, chua méc dién rd tai R, tai cong ra).

a) Hinh 3,17 mé6 ta quan
hé dac tuyén Ig (Ugg) cla
mach bazo — emito ciia BJT.
Khi U, =0, Ugg =0,7V, dong
emito gia s IEO =7,5mA,
khi U, tang lén (+ 5mV),
Ugg, =705mV wong Wng

véi dong Ig =9mA, con
khi U, giam ( - 5mV)
Upgg, =695mV,dong I,

lic d6 1a 6mA. Dién dp Hinh 3.17. Quan he dong I phu thudc dp Vg
colecto khi dé la: chia mach bazo — emilo.

Ug, =Ucc ~IcRe = 15 V - 9mA.1kQ = 6V
Ug, =15V ~6mA.1kQ = 9V
K&t qua 1a dién dp ra c6 bién d¢ dinh i dinh 14 :
Ug, -Ug, =9V -6V =3V,
Trong khi bién d6 dinh t&i dinh cla dién 4p cng vao 12 :
Ugg, —Ugg, = 705mV —695mV = 10mV,

Mach khuéch dai dien 4p hinh 3.16a di dat dugc mot he s6 khuéch dai
dién 4p khi khong 3i 1a:

A, =—L = PP —30014n - (3.20)
v v 10mV,,
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dong thoi khi U, tang (duong lén) dong i, tang 1am Upg giam va nguoe lai,
nghia la c6 quan h¢ nguoc pha giita dién 4p & c6ng ra va & cdng vao.

b) Dién tr& xoay chiéu clla dist bazo — emito dugc xdc dinh bdi hé thic
3.21 {xem mach tuong duong hinh 3.18a)
Tir hé thitc dinh nghia
UT UT ' 25mV

=-La-T 61 = 3.21

V&i mach hinh 3.16a ta ¢o

o 25mV
€ 7.5mA

= 3,330

¢) So d6 tuong duong xoay chiéu clia mach hinh 3.16a dugc cho trén hinh
3.18b la dang day du cé tinh tdi cdc phin t ngén mach C,, Cg va nguén mot
chiéu Upe va hinh 3.18¢ 12 dang da thu gon. Khi thiét 1ap so dé tuong ducmg
can chii y cdc diém sau:
® Tro khdng ciia C,, va clia Cg O tdn s6 cia tin hi¢u vio.
Xcov = L -0
& 7 j2nfC,

1
Xe = 0
Ce = afCg

» Noi r& cla ngudn Uge rdt nhd nén & ché d¢ xoay chiéu, cé thé coi
nguodn 13 1 phan tr ngin mach.

» Di6t emitc s€ dugc thay th€ bing dién tr& wong dwong r, 6 gid tri tinh bdi
cong thirc (3.21), (¢ day 25mV la gid tri dién th€ nhiét U = %— @ nhiét d6 300K).

¢ Cic dién trg cua bo chia 4p R va R, thong qua ngudn U ngdn mach
dugc ndi song song nhau vé xoay chiéu,

Theo hé thitc dinh nghia (3.20) hé s& khu&ch dai dién dp la:

A, = voi U, =ic.Re ; U, =ig.
néu x&p xi ic = ig thi U, =i 1,
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—
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U= 10 mV,, f\) [|r=18Ka [|r=3ska
b}
77 7 Frrd
[ o] _-‘.c-b
U=3V,
c) - (chsp lo R,= 1k} 4 pp

: i

g

UF 10 mvw@ | (] RIIRe. [Jn=320

k02
E

Hinh 3.18
a) Mach trong duong dién 11& xoay chidu clia dift emito
b) Mach tuong duong ddy di cha so 46 hinh 3.16a
¢) Mach tuong duong thu gon cia 3.18b



Tir d6 c6 hé 56 khuéch dai dién 4p khi 161 ra chua mic R, (R, — <o)

A, =2 _lcRe Re (3.22)
= U e
1kQ
= 3336 = 300 ln

bién 4p xoay chiéu tai 16i ra (khi chua mic tai) 1a Ut

Urey = Ay, Uy =300.10mVp, = 3V,

T}

3. Ta hdy x€t mach dién hinh 3.16a khi ndi véi tai tiéu thy R, = 1,5kQ tai

cdng ra qua 1 ty ghép C, (ngin mach xoay chiéu) — hinh 3.19.

+Um=15V
R=1k(
_ [+3
. rewa T
: ' i
Cy V Cr :
I - -
I} B =200 Ry 1,5 k(1
ﬁd,;=2°0| )
U =10mv
sta.em[]
7

Q =0 ":.%'2‘

b* a [

u,=10 mvw(f\) [] RyHR, [] =333 0

k0l
E

77 lred 7r

Hink 3.19
a) Mach EC khi méc R, ; b} S50 d6 twong duong xoay chiéue cia mach 3.19a

Ur=1,8Vw
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Tai xoay chiéu clia mach 3.19a 1a :

Rc.Ry  1kQ.1,5kQ
Rc + R, 1kQ + 1,5kQ

L =Rc /R =

=0,6 k(2 =6000
Hé s6 khuéch dai dién 4p khi ¢6 R, hitu han 1a:

A, =lok o _000Q ., (3.23)
ict, 1, 3,330

Khi d6 trén R, ta nhan dugce dién 4p ra bang:
Uy =A, .U, =180. 10mV, = 1.8V,

K&t lugn: hé s6 khuéch dai dién 4p A, hay dién dp ra U, gidm khi dién tré
xoay chiéu mach colecto giam (khi mic R //R¢).

4. Xét mach dién hinh 3.20a khi ta tach dién trd Rg thanh 2 phdn:
Rg = Rg +1g = 180Q + 60Q = 2400

Tu Cg duge néi song song voi Rg nhim thodt xoay chidu trén R dong
emito chdy qua rg gém ca thanh phdn 1 chiéu va xoay chiéu. Khi dé mach
twong duong xoay chiéu cha 3.20a ¢é dang hinh 3.20b v viéc tinh he¢ s&
khué&ch dai tir mach tuong duong cdn duge diéu chinh lai nhv sau:

Ay=Dr_ ek _ % (3.24)
VU ot +g)  f+ g
60002 \
= o in .
3330+ 600 - 7 Hn

do 1, << rg ¢6 thé viét lai gédn ding A, » :l =10 lin
E
K&t qua la viéc c6 hdi ti€p am (dong dién xoay chiéu) trén rg lam hé s6
khuéch dai dién dp giam manh so véi trudc khi chua c6 héi 1iép.

5. Ta gia thiét khi 13m viéc nhiét d6 méi trudng tdc dong 1én BIT thay ddi
trude tién lam Upg thay déi (xem chuong 2 — dac tuyén von ampe ciia dist) va
do d6 1, thay déi tir 3,33Q dén 6,67Q.
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a)
c\f
I1 R=15 k2
I
U,= 10 m, R=36 kn[] 24003 |
feii
r = 60002 U =100 mv,
b}
C)i; Big

n =3,330
uv=10mvpg/\> [ R /IR, C

Ik

=600}

) Hinh 3.20
(#) Mach EC khi mic dign ro rg tao héi tiép am dong xoay chidu
(b} Mach tvong duong cia hinh 3.20(a) & ch& dé xoay chiéu.

* V&i mach hinh 3.19a ta nhan dugc su thay ‘déi h¢ s& khuéch dai A,:
E 60002 .
=+ =———=901
Ay r, 6670 an
nghia la AAy 100% = 2 50%
v 180

* Véi mach hinh 3.20a ta cé:

I 6002 '
A= T T ense6ma
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Ay 100% = 9.4 = 4,96%

nghia la . 5.47
v +

Nhu vay 1A héi ti€p &m lam ting do 6n dinh twong d6i cha hé s6 khuéch
dai dién dp A, (hay do mit én dinh cia A, véi vi du trén da giam di 10 lan)
qua d6 méo phi tuyén tinh cling giam.

6. Trd khdang vao va trd khdng ra cia cdc mach hinh 3.19a va 3.20a duge
xd¢ dinh nhu sau:

* Tir hinh 3.19a ¢6: U, = ic.1, i, =iy
Theo dinh nghia :

U, i L .
Zyp) = T;“ = -C-gf'- =B (3.25)

12 trd khang vao nhin t cyc B vao BIT.

Tré khéng vao chung ca tdng EC cdn dé ¥ 16i céc dién tré phan cuc R va
'R;. Khi d6 Zy, dugc tinh bai hé thitc (3.26)

Z‘lr = R]I//Rzllzv(B) (326)
Thay s6 liéu & mach 3.19b ta c6
V(B) Bl’e = 200. 3 330 = 66702
Z, = 66702 //18kQ2// 3,6kQ2 = 545,6Q

Nghia 14 tr& khdng vao cha mach khuéch dai mic EC tuong d6i nhé.
* Tix hinh 3.20b ta c6: '

Zy(B) = Bl +1g)
= 200(3,33Q + 60Q)) = 12,67kQ2
Z, =12,67Q // 18k //3,6kQ2 = 2.,425k€)

Két qua 1a nhd ¢6 rg trd khdng vao cila mach 3.20a ting l1én 5 ldn so vdi
mach 3.19a,

* Trd khdng ra duoc tinh theo dinh nghia tir mach colecto nhin vao (hinh
3.19b, 3.20b) ta ¢c6

Z, ~Rc = 1k,
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* Khi ndi ngudn tin hiéu U., ¢é noi trd Ry, do mic ni ti€p véi Z, nén tin

hi¢u xoay chiéu s& b suy hao trén bo chia & céng vao gém Ry, va Z,.

Két qua 1a v6i mach hinh 3.19a dnh hudng ciia R, t6i céng vio manh hon
(do c6 Z, nho) so véi dnh hudng cha cing R, t6i mach hinh 3.20a.

3.4.2. Tdng khuéch dai mic colectd chung (CC)

Téng khué&ch dai mic CC thudng ding d€ khuéch dai dong dién va khuéch
dai cOng suat, hé 56 khuéch dai dién 4p cia né (s& ching minh duéi day) x4p’
xi béng 1. Tin hiéu ra Idy trén emito ludn clng pha v6i tin hiéu vao trén bazo
nén nd cdn c6 tén goi la bo 13p emito. Cac tinh chit quan trong khic nhur tré
. khdng vao twong d6i 16n va tré khang ra tuong d6i nhé rat phd hop véi vai trd
1a 1 b6 khuéch dai de¢m vé6i ngudn tin hiéu hay dém vdi tai tieu thu.

1. Ta bét ddu bing viec xdc dinh ch& do 1 chiéu clia mach khuéch dai mic
kiéu CC hinh 3.21a.
bién dp cuc bazo .
R
UB B Rl + R2 UOC
_5.6kQ
"~ 4,7kQ + 5,6k

A5V = 8,15V

bién dp 1 chiéu trén emito :
Up=Up- Ugg

= 8,15V -0,7V = 7,45V
Dong 1 chiéu trén emitd :

Ug _ 7,45V
=t =277 7 45mA
g R 1kQ L

IC = IE = ?,45mA
Tir day dién 4p colecto emito la:
UCE = UCC - UE =15V - 7,45V = ?.SSV

Chi ¥ ring dién 4p 1 chiéu trén colectd bing U do duge n6i tryc tiép.
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U =15V

a)
Ry 4.7In[
c
o
1 H
14 = ool
=
Rp= 56 kﬂ[] - c,
Re= 1k Ry = 1012
7
uﬂ
kwe™ = 15MA
b}
| = 7.45mA

c Ug =785V U, =U =15V
. o
B
T '
b [I]r,= 33 Q
il
R MR, ©
uv=1vpp® []2;5:\;21 W=3Vv,
' f= Re//Ry=9080

Hinh 3.21.
4) Mach nguyén 1y CC ; b) Ché& d¢ 1 chiéu ; ¢} So dd twong duong xoay chiéu

Cic diém gidi han cla dudng tai 1 chiéu xdc dinh bdi:

Uce 15V

Ic(ngmj = -ﬁg“ = kO = 15mA

Ucgmy = Ucc =15V
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Céc thong s6 1 chiéu duge cho trén d6 thi hinh 3.21b.

2. Ch€ do xoay chiéu khi mic U, = 1V, va R = 10kQ.
a) Mach dién tuong duong xoay chiéu cho trén hinh 3.21c
3 day dien o xoay chiéu cla di6t emite :

«_25mV _ 25mV
¢ Ig ~ 7,45mA

= 3,35Q

1, 1 ti xoay chidu trong mach emito’ xdc dinh béi:

_ _ RpgR, _ 1kQ10kQ
“=Re/R = ROIR, Tk + 10k - 2090

b) Tinh h¢ 56 khuéch dai dién 4p :
Ti mach twong duong hinh 3.21c ta c6:
U =i, 1y
U, =ig(r,” + 1)
Uy

Ig.1 I
hay Ay =—L=—2t _ I
Uy (e +5) 1, +x

(3.28)

PR » N I
chi ¥ ring r,” <<, thi A‘,z;'—zl
1

Trong mach 3.21a c6:

909Q)

Av = 3350+ 000 - 9%
khi chua mic R, = 10kQ thi
1kQ
A = 3350 ke - 9%

Nghia 12 hi¢u tng mic tai R, hitu han khong anh hudng 16i A, = 1.
‘He s6 khuéch dai dong dién va hé s6 khuéch dai c6ng sufi:
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¢) Trd khdng vao nhin tir cuc bazo :

U, g, +1)

“uim) = iy N o i L z,=Ry=R, ﬂ(l’." _"_RG”?”RZ)
(vai U, =1 (re+rl)~1 (re+l‘t) 3 1y = iy) L1 >
‘,(B) [3(rc +1;) : (3.29)
Z, =Zymy /IR /IRy (3.30) u

vc‘.'fi_ mach 3.21a theo 3.29 va 3.30 c6

Zywy = 100(3,35Q2 + 909 = 91,23kQ

Z., = 91,23kQ /1 4, TKQ // 5.6KQ = 2,48 KQ2.
Hinh 3.22

Tr& khéng ra nhin tir mach emito theo mach tuong duong hinh 3.21¢ cd:

Ry /Ry /IR
ANy 2} (3.31)

=Rg /|1 +
E [ c . B
C6 thé biéu dién theo dinh 1y Thevenin vé nguén tuong duong két qua
(3.31) trén hinh 3.22. Ciing tir hé thife (3.31) thdy 18 Z, twong d6i nho va do cum
dién & r, noi ti€p véi s6 hang thi hai 6 gid trj twong duong 1, quyét dinh.

3.4.3. Téng khuéch dai Darlington

Hinh 3.23 1a 1 bi¢n dang chia tng CC ghép 1 cap tranzito T, va T; lién
ti€p thudng duoc goi 12 ki€u mic Darlington. Uu diém co bin cia mach 1a ¢6
tré khdng vao rit 16n, trd khang ra nhd va he s6 khué&ch dai rat 16n.

Bisng = By.B = 200.200 = 40.000 (3.32)

1. Ch&€ 46 1 chiéu :

R2 v ¢ __ MO 13,75V

Us, TRy +R; ¢ T IMQ+2,2MQ

Up, = Ug, -2Ugg= 13,75V - 1.4V = 12,35V
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Dong emito cla Ty:

Ug, 12,35V

IEZ = E = le = 12.35111A
, .

Ig, = B, _12,35mA _ 61,75pA

B, 200
2. Ché€ do6 xoay chiéu :
* Dién trd xoay chiéu clia diot emito T,:
_25mV _ 25mV

= = =20
2 T g, TT2,35mA 200
* Dién tr& xoay chidu cia diot emito T, :
25mV 25mV
i el TR = 404,85Q
=20V
@ v [] RF22M0 :
Jrera  [Jneve
Fead o iz

Hinh 3.23. Bo khu&ch dai Darlington

¢ Tai xoay chiéu r, = Rg//R,
= 1kQ//1KQ = 0,5kQ = 500Q

* Trd khdng vao nhin t bazo cBa T, : theo h¢ thitc (3.29):

ZV(Bz) = ﬁz(l’éz + r,)

= 200(2, 02Q2 + 5000) = 100, 4kQ

- gld tri Zyg y chinh la tai tvong dudng xoay chiéu cfia Ty:

Tl) = Zv(B,)
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do dé:
Zugy) = Bilte, + Zy(,)]

= 200 (404.859 + 100,4k2)

=20, 16 MQ
C6 thé x4c dinh theo he thic gin ding

Zyp) =B B (3.33)

= 40.000.5000 = 20MQ |

Tré khing vad ciia mach hinh 3.23
Zy = Zyey I Ry IRy =
= 20,16MQ f/ IMQ /] 2,2 MG
_ = 664,8kQ) -

Hi¢u tng ghép ngudn c6 ndi tr& Ry = 1kQ 1am dién dp vao cyc By la:

_ 2y
Uvw = 747, U

664, 8kQ2

~ Tk 64,8k SVpp =4 99Vpp

3.4.4. Tidng khuéch dai mic bazd chung (BC)

So v6i tdng EC va CC, tdng mic BC it ding hon, né cho phép nhan dugc

hé s6 khuéch dai dién ap vh hé s6 khuéch dai cong sudt cao nhung hé sd
khué€ch dai-dong dién lai nhd hon 1. Trd khdng vio qué nhé 1a 1 nhuge diém
16n ciia tdng mic BC (1a nguyén nhan chinh din t6i né it duge sit dung hon).
Viéc sit dung tdng BC thich hop véi cdc ngudn tin hiéu cé ndi trd thip (tuong
duong nhu dién tr& ra cda tAng mic CC) vi thich hop & viing tdn s6 1am viéc

cao do tin s§ gidi han trén ctia h¢ s6 a cao hon cia h¢ s& B nhiéu l4n.

Hinh 3.24a 12 mach dién nguyén 1¥ 1 tdng méc BC, so d6 tuong duong 1
chiéu cho trén hinh 3.24b va mach tuong duong xoay chiéu cho trén hinh 3.24c.

1. Ché d6 1 chiéu cia mach hinh 3.24a
Dong emito 1 chidu xdc dinh bai he thirc (3.34)

UEE - U(*E _ 6V -0,7V

=g, ~33:a

= 1,6mA = IC
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(chd ¥ dién 4p | chiéu trén emito Ug =-0,7V so v6i Ug = 0V) -
Dién 4p 1 chiéu giifa colecto va bazo la:
" Ucs =Ucc - IcRc
=12V - (1,6mA.3,3kQ) = 12V - 5,28V

=672V
=6V =12V
a) .
R=33k0 Ryp33kQ
i I
o | e
L= Yen
Y=10my Rm=33kQ
V=8V e 12V
b)
R=3.2k0 Ry 33k
c
B =Byl

o) 5 c

R=33kQ | r=15620

U 10my, L= By ﬁ:a";(cg"tf

Hinh 3,24 ]
a} Much dién nguyén 1§ ting khué&ch dai BC ;
b) So d6 wong duong 1 chiéu ;
¢} Sa d6 twong duong xoay chidu
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Ucc +|Veg]

Dong ngén mach Icgm) = Re 7 Rp

12V + 6V

=3I T33kn - 2 omA

2. Ché d6 xoay chiéu khi tdc dong tin hiéu dién 4p U, = 10mV
+ Dién trd xoay chiéu cua dist emito :

o _25mV _ 25mV
e”"Ig  L6mA

=15,62Q
¢ Tai xoay chiéu : .
r, = Rc//R, = 3,3kQ//33kQ2

= 3kQ)
* Hé s6 khuéch dai dién dp :

Ur = ic.rt

— LI L]
U, = i..1.” ~icTe

Ay =gtk
v 1.0 Te
3kQ

= =19
15,622 2

Digndpra: U= Ay Uy = 192.10mV

= 1,92V,

e Ting khuéch dai BC khéng 1am déo pha tin hiéu, do tin hi¢u vao dat t6i
cue E n€u ¢d cuc tinh duong s& lam ddng colecto gidm, do d6 dién dp trén R¢
giam theo va dién 4p trén colecto s& ting 1én, nghia 1a dié¢n 4p xoay chiéu ¥ 16i
vao (gifta E va B) v & 16i ra (gitra C va B) bién thién cung pha nhau.

e Trd khang vao clia mach BC nhin ti¥ cyc E vio mach (xem sa d6 tuong
duong xoay chiéu hinh 3.24¢) '
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T 16i vao ta c6 Z, = Z,gy//Rg = r.’//Rg
tuy nhién vi Rg = 3,3k >> r,’ nén
Z,=Zygy=1.'=15,62Q
Néu tinh chinh xdc ta c6:
Z, = 3,3kQ//15,62Q) = 15,54Q)
R5 rang mach BC cho két qua 1a tré khdng vao nhé nhat trong 3 ki€u méc.
¢ Xét mach hinh 3.25a, ta hiy tinh dién dp xoay chiéu tai 16i ra :
_ Upg ~Upg _ 12V-0,7V

I = 5,13mA
E Rg 22kG
Dién tré xoay chi€u cha di6t emito la:
¢ 25mV 25mV
= = = .STQ
=i TS 0mA
Uge= 12V =12V
R=22ka [|R=12ka Ry 6ooa
R,= 1008
{} U Ve U= 805 mv,, | ]5=4670
c c I
@Uprp []R.=33kn
77 77
a) b)
Hinh 3.25. Anh hudng cia Ry, 16i mach BC
Tai xoay chiéu ciia mach hinh 3.25a la
. - 1,2kQ.3,3kQ
rl = RC//RI = 1,2kQ//3»3kQ = m = 88002
Hé s6 khué&ch dai dién ap bing:
o ST 8800y .
Ay == =180,7
X 77e) 18
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* Vdi ngudn tin hiéu cé noi trd R = 600£2 cho ta mach twong duong
xoay chiéu & c6ng vao trén hinh 3.25b.

Khi d6 dién 4p dit vao cuc E (trén dién trd Z, = 1.’ cha mach BC) la:

U\-’(E) = —-—-,—-.re

1Vpp

= mA, 870. = 8, OSmVpp

Ta nhan dugc dién 4p ra trén mach colecto la:
U= Av_' UV(E)
=180,7. 8,05mV = 1,45V,

Két luan : do Z, = r,’ qud nhd, tdng khuéch dai mic BC mac dit c6 he s6
khuéch dai dién 4p du 16n (A, = 180,7 14n) nhung tai mach vao, tin hi¢u da bi
suy giam trén néi trd nguén R,y = 600Q mat 99% chi con 1% dugc dua téi
emito d€ mach khuéch dai, nhuge di€ém cia BC duge thdy rd qua viéc phan
tich mach 3.25.

3.5. MACH KHUECH DAI PIEN AP KIEU VI SAI

1. Mach khuéch dai vi sai thudng 12 tdng déu tién cita vi dién tir tuyén tinh
(xem chuong 5) va tinh chét cla tdng khuéch dai vi sai s& quyét dinh cic tinh
chdt co ban cia vi dién tir tuyén tinh (IC tuy&n tinh) c6 thé tém tét c4c tinh
chdt co ban ¢ha 1 tAng khuéch dai vi sai la:

¢ C6 cdu triic d6i xdng v6i cdc tham s cia T; va T, giéng nhau.

¢ C6 thé khué&ch da1 cédc tin hiéu ¢é dai tdn s6 tix OHz (1 chiéu) tdi 1 tAn s6
¢4 gidi han khoang 10°Hz. : "

e Thudng c¢6 2 cdng vao va 1 céng ra (hinh 3.26a) voi tai 1a dién trd
colecto R¢ nay 16t hon 14 1 tranzito.nguén dong dién, tuong ty dién tr& emita
Rg cling ¢6 thé dugc thay thé b&i | nguén 6n dong.

e Chi khuéch dai cdc thanh phédn 13 higu s6 giita 2 tin hiéu vdo  khong
khuéch dai cdc thanh phin ciing d4u va ciing do 16n (thanh phin déng pha) tdc
dong tdi 2 cOng vao, tinh ch4t ndy goi 12 kha nang chéng (nén) nhiéu déng pha.
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Hinh 3.26, Tdng khué&ch dai vi sai
a) Mach di¢a nguyen Iy véi 2 cdng vao va | céng ra
b) Sir dung d4u vio khéng dio ( U, =0)
c) Sir dung ddu vao ¢6 ddo pha ( U, =0
d) Sir dung 16i vao d6i ximg U, .U, »0
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Tir hinh 3.26b va ¢ thdy rd: Céng vao chia T goi 12 18i vao khong dao pha
vi khi d6 tin hiéu ra cling pha véi tin hi¢u vao, céng vao ciia T, goi 12 161 vao
¢6 dao pha vi tin hi¢u ra lic nay (1dy trén colecto cla T,) nguoc pha véi tin
hiéu vao. N€u tic dong vao bazo clia T dién dp U/, bazo cia T, dién dp U,
thi khi d6 dién 4p ra xdc dinh bai hé thic (3.25) (xem hinh 3.26d)

U, = Ay (U - Up) (3.35)

Vi Ay goi 1a hé s5 khuéch dai dién 4p vi sai.

Khi Ul = U2 =0V, 16iraco dlén ép bé’mg UC = UCC - Ickc
2. Phén tich ch€ d9 1 chiéu tdng khuéch dai vi sai :

Trén hinh 3.27a ci hai bazo cla T| va T, dugc n6i dat qua di¢n trd
Rp, = Rp, = 1k diéu nay la bt buoc dé dien th€ 1 chiéu Uy xdp xi OV, néu
khong tranzito v6i mach bazo hd s& & ch& do cét dong (Ig = 1= 0).

Trong trudng hop 1y tudong T, va T, c6 tham s6 giéng hét nhau.

Déng dién 1 chiu qua dién trd emito Rg (thudng goi 12 dong chubi) duge
tinh theo hé thirc (3.36)

Ugg| - :
I, =|M‘ _ (3.36)
Rg
v6i Ugg = 0,7V c6:
15V -0,7V
IO = W = l,43mA
Tl d6 ddng emito cia mdi tranzito 1a:
Lo |Uge|- Ugg
= =]g =2 3.37
IEI IE E > hay I ZRE ( )

Tu hé thie (3.37) ¢6 thé vé& mach tuong duong hinh 3.27b trong dé mdi
tranzito T va T, cé 1 dién trd emito riéng ¢6 trj s8 1a 2Rg = 20kQ

Ig, = Ig, = %0 = 1’4_?;"“ = 715uA
hay Ig, =Ig, = %S—V =715pA theo (3.37)
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HF 15V

a)

Rc= 10kQ

Up= 7,85V

J

Re= 10k

U= 15V

U, =15V

b)
Re= 10kQ

Hinh 3.27.
- Téng khu&ch dai vi sai & ché d¢ tinh
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Dién dp 1 chiéu trén colecto la:
Uc =Ugc - IcR( v6i gln diing I iE c6:
= 15V - 715pA.10kQ -
= 15V - 7,15V = 7,85V

Di¢n thé 1 chiéu ndy s t6n tai ngay ca khi hai bazo clia T, va T, c6 cing
muc dién thé, thé hi¢n tinh chat nén (chdng nhiéu) déng pha cla c4u tric dang
xét. i

Di¢n thé trén cdc cyc bazo By vd B, néu tinh chinh xdc bing:

o _T7i5pA
Ip = =535~ = 2.86nA

Ug, = Up, = IgRp = 2,86pA.1kQ = 2,86mV

tuy nhién vi ching qué nho nén ¢6 thé coi Ug = Up, = OV.

3. Phén tich ch& d6 xoay chiéu clia tdng khué&ch dai vi sai :

He s8 khu&ch dai vi sai :

Xét mach hinh 3.28a & d6 tdc dong dién 4p vdo U, t6i c6ng vao Bazo
ciia T}, c6ng vao cdn lai n6i 16i OV. D€ viéc phan tich 15 rang hon, ta vé lai
mach hinh 3.28a thanh mach hinh 3.28b khi ¢6 T, 1a-1 tdng khué&ch dai don
mic CC va T, l1a 1 tdng khuéch dai don ti€p theo mic BC. Dién 4p 16i ra sé
cing pha v6i U; vi cd hai tdng CC va BC mic lién ti€p nhau déu khong dio
pha (vi 1y do nay cdng vao T, goi 1A c6ng vao khong dio pha). So d6 tuong
duong xoay chiéu clla mach hinh 3.28a dwogc vé& trén hinh 3.28c va khi c6 diéu
kién Rg >> réz dua vé& mach thu gon hinh 3.28d. Vi d6i xing tham s6 cia T
vaTytaco Ig =1Ig,

do dé I, =1, = 2?“’" = 2?"“’
E; E,
25mV
= TI50A = 350)
U, = 2y,
‘Ur - iCRC

108



L]

U, 10 mVj,

+U =15V

JRg=10kQ

A

Hinh 3.28

(a) Tng khuéch
dai vi sai khi tdc
dong khong d6i
xtng

U, = 10mVpp
Uy=0

(b) V& lai mach
3.28a trong 46
T] méc CC;

Ty méc BC.

¢) Mach tuong
duang xoay chidu
ciaa mach hinh
3.28a

d) Mach tuong
duong thu gon
cua hinh 3.28a
khi Rg >> Te,
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h¢ 6 khuéch dai vi sai

- Yr _LRc
Uy i
Ay =Re (3.38)
2r,

e

Thay cédc gid tri s6 vao (3.38) ta cé:

10kQ

Ag

Pién 4p ra xoay chiéu sé bang:

U, = Ag. Uy = 142,86.10mV , = 1,42V,

Hoan toan tyong ty néu tdc dong tai cong vao bazo T, di¢n dp U,, cOng
vao Ty ndi OV ta sé nhan duge hé s6 khuéch dai vi sai tinh d6i v6i cdng vao
dao pha:

Ay =-Rc (3.39)
_ 2r,

Khi téc dong ddong thoi U; va U, tai c6ng vio tuong ing, dién 4p tai cong

ra tinh bai hé thire (3.40)

R
U, =-S5, - Uy) (3.40)
2r,

luu ¥ khi U} — U, = 0, dién 4p tai c8ng ra khi d6 U, = U = 7,85V véi mach
hinh 3.28a va gia tri dién 4p tdng cong tai 18irala U, + U,

b} Hé s6 khuéch dai dong pha: Xét mach hinh 3.29a trong d6 cdc dién dp
tin hiéu téc dong vao 2 cdng vao ¢6 cing tri s va cliing pha nhau ta goi ching
la cde dién 4p dong pha (U, dong pha), tuong tu trudc day vi Ig, =1g, = %IO

nén ¢6 thé tich dién wd Rg nhu mach hinh 3.29b va so dé wong duong xoay
chiéu twrong ing & hinh 3.29¢. Tt d6 ta ¢6 :

U, =i.R¢
U, déagpha = i (r.” + 2Rg)

-110



a)
]
Uno !
pha
b}
)
OF
rl
[
oo

R=20k0  [|2R=20kQ

Hink 3.29. a) Mach khdo sit hé sé Khuéch dai donyg piea
by Mach dicn twong duong
) 8o do wong duving xoay chicn

He s6 khuéch dai déng pha dugc dinh nghia -

icRC

Adéngpha =
PEPIE i (r, + 2RE)

. R¢
hay Adéngpha = Eﬁ"‘g (3.41)
Vir,<<2Rg
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Véi Re = 10kQ) ; Rg = 10kQ ta c6;

Rc _ 10kQ
Adéngpha = 3R = 20k ~ 7

H¢ s6 nén dong pha N dugc dinh nghia béi hé thic (3.42)

N=_fBd 2
' A(:l(Sngpha
V6i mach 3.29a hé s6 nén déng pha N duoc tinh:
N(dB) = 201g—2d__ _ 01514286
Adéngpha G,5

N(dB} = 201g 285,7 = 49,1dB

Nghia 1a hé s6 khuéch dai vi sai troi hon hé s6 khuéch dai déng pha (nén
d6ng pha) 285,7 14n tuong duong v6i he s6 N cé gid tri 12 49,1 dexibel.

3.6. MACH KHUECH PAI CONG SUAT

Vi nhiém vy 1am 16n céng sudt cha tfn hiéu trudc khi dua 16 tai sit dung,
mach khué&ch dai cong sudt cdn théa man yéu cfu chinh la:

¢ Cho phép dat t6i mot cong sudt ra t6i wu theo yéu cdu ciia tai st dung

¢ Yéu céu cédc loai méo tin hiéu do né gay ra nho, do thudng mach khuéch
dai cong sudt phai lam viée v6i cdc tin hi¢u vao cé bien d6 16n vi la tdng
khuéch dai cuéi cling.

e Hiéu sudt (hiéu qua) sir dung ning lugng cao (duge danh gid bang ty s6
giita cdng sult c6 ich va téng cong sudt phai chi phi cho nd).

Mot tdng khuéch dai cong suil ¢6 thé 1am vieéc & cdc ch€ d6 khuéch dai
khdc nhau nhu thé hi¢n trén hinh 3.30 khi tin hiéu vao c6 dang vi du 12 1 ham
diéu hda (hinh 3.30a). Tin hi¢u ra tuong itng khi ting khuéch dai céng sudt
lam viéc 0 ché€ do A (hinh 3.30b), ch€ d6 B (hinh 3.30c¢) hay ch& do C (hinh
3.30d) titc 1a dong dién trén mach ra s& c6 gi4 tri khac O trong su6t ca chu ky
cua tin hiéu vao (ch€ d6 A) hodc chi ¢6 trong mot nira chu k¥ cla tin hiéu vao
(ch€ do B) hodc c6 trong thdi gian ngdn hon mot nia chu ky cla tin hidu vao
(ch& do C),vi dy < 120°. Tix dé thi minh hoa nay ta thdy rd muc d6 méo phi
tuyé€n tang din tir ch€ do A 61 ché& d6 C trong khi d6 hiéu qua sir dung nang
legng ciing cao dén l1én.

112



Tin higu véo

a o0 180° 360°

VARVAR

Tin hiju ra
b 0 \//\\/ ché do A

o

ch&€ dé¢ B

A

Hinh 3.39. Céc che do khdc nhau cha | tdng khuéch dai cong sust

—eché d6 C

3.6.1. Mjch khué&ch dai céng suit don & ché dd A

Tranzito khuéch dai mic EC & ch€ do A, phan cuc bing dong Ig (hinh
3.31a) ‘

1. Ch& d¢ 1 chidu cia BJT th€ hién trén hinh 3.31b véi

15V -0,7V _

fog = Pacls =100~ 5=

7,5mA
Ucgy = Uce - IcRc
= 15V - 7,5mA. 1kQ = 7,5V

| : Uee _ 15V
UCE(hm) = UCC =15V M IC(I‘Igl‘I‘l) = -lq = Tk'ﬁ = 15mA
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=15V

R,z 190,67 kQ b = 15 MA
C.

By= 100 lg=T5MA f---muans

a) ’ )
Hinh 3.31.

Uz 50 my,

U 75V Uy (F15V

2. Ché do xoay chiéu khi khong tai
Ché€ do xoay chiéu ban ddu dugc tinh nhu v6i 1 tdng EC khuéch dai dién dp:
R¢ 1kQ 1k

Av = & 25mV/7.5mA 3330 300
Tir d6 dien 4p xoay chiéu 16i ra
U = A, U,
= 300. 50mVpp = 15V,
+ Cong sudt tiéu tdn trén tranzito cong sudt :
Py = Ucgglcg (3.44)

=7,5V. 7,5mA = 56,25mW

day I gid tri cong suft 16n nhit tiéu hao trén BIT xdc dinh khi chua ¢é tin
hiéu vio, trong trudng hop nguge lai khi U, = 0, Py s& gidm.

= Cong sudt xoay chidu trén tai xac dinh b&i hé thic (3.45)

2
- UfPP

b= 8R¢

(3.45)

U .
rF'P)

242

(chi ¥ & day tri higu dung cha dién dp ra la
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1o = 22,5 mA Pubing tai

o XoRy chiéu

Rg= 180,67 m[
15 mA

Budng ti

RF 1 ki lm =7.9mA ===~~~ mo{ chlﬁu

b) :
Hinh 3.32. Ting khuéch dai c6ng sudt don A mic EC tai dien trés

Thay céc gid tri Ug,o = I5Vpp va R¢ = 1kQ

15V3,
P, = = 28,125mW

NS
e Cong suft 1 chiéu dua t&i tAng khuéch dai P, x4c dinh boi
Pec = Ucedec coi Iec ~ Ic (b qua Ip)
=15V .7,5mA = 112,5mW
¢ Hi¢u suit nang lugng n 16i da mach 3.31a dat duoc 1a:

P 100 = 25:125mW

n=p—

100 = 2222 2 100 = 259
Poc 112,5mW 25%

3. Ché do6 xoay chiéu khi c6 mic tai (hirh 3.32a)

Dudng tai xoay chiéu 12 quy dao cdc di€m 1am viéc clia BIT & ch& do ¢6
tin hi¢u U, # 0 va ¢6 méc tai R, hiru han.

Tir hinh 3.32a ta ¢6 gia tri dién tro tai xoay chiéu :
5 =Re /IR, = 1kQ// 1K = 50062

Toa do cdc diém dong ngdn mach v 4p hd mach trén dudng tai xoay
chiéu xdc dinh béi cdc he thic (3.46) va (3.47);
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. Uceq
lC(hio}u\a) = ICQ + I (346)

UCE{céldhng) =UceqQ * Icq X (3.47)

Tir day ta xéc dinh duoc cdc toa do cdn thiét & hinh 3.32b:

- 7,5V
lC(bﬁu hida) = ?’ SmA + SOOQ
= 7.5mA + 15mA = 22,5mA
[ ]
UCE s aomp = 0¥ T, SmA.5000)

=75V + 3,75V = 11,25V
He s& khuéch dai dién dp khi méc R, :

AV = r—‘ —m = 150
|
Dién dp ra: U.=A,.U,

= 150 . 50mVpp = 7,5Vpp
Cong sudt trén tai lic nay theo hé thic (3.45) 1a:

Pf ?’SV'?" 7,031mW
T T

Higu sudt ning luong ctia mach khuéch dai khi néi tai R, vao

*
o = P 100 = 103mW

PCC —m.1m=6,25%

Khi Q & trung tam dudng tai xoay chiéu va chon R, = R ; ‘r]* dat t6i gid
tri 16n nhat 1a 8.33%.

3.6.2. Mach khuéch dai cong suat déi ximg ché do B

. 1. Trong tang khuéch dai cong suat ds! xing (con gﬁ_)i 1a tdng ddy kéo), ngudi
ta st dyng 1 cip tranzito T, va T, c6 tham s6 giéng nhau; c6 thé ching duge chon
cung 1 loai npn (hay pnp) ciing c6 thé ching khéc loai: T; 1 loai npn trong khi
T, 12 loai pnp. Khi ¢6 tin hi¢u vao vi du 13 dién 4p xoay chiéu hinh sin, T| va T,
s&€ lan phién nhan Jam viéc trong' ting nua chu k¥ thich hgp v&i dong diédn
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mach ra chi xudt hién trong 1 géc pha 180° cho méi BIT. Ta c6 thé ding
1 ngudn nuoi song song hay nuéi néi ti&p hodc ding nguén kép 2 cuc tinh -
nudi song song hodc nuodi ndi ti€p cho T, va T,. Hinh 3.33 12 4 dang két c4u
thuding gap. )

g tleg -

Uyy Uy
AT e A
e w
-—\/\__KTg [| Re ._\/\__K T

Uy

-Uee

¢)
+Uog
Uy
I: T
Ucc :
e A =
v J L
T2 [ Re 4': %

d). I

Ty [] R

ol -

b)

Hinh 3.33. Cdc dang két cfu thudng gip cia ting khuéch dai ddy kéo ché 46 B.
a) Ding 1 nguén +Uge nudi song song Ty va T, cdng loai npn
b) Diing 1 nguén +Ucc nudi song song T, loai npn, T, loai pnp
) Ding 2 ngudn 46i xdng +Ucc, — Ugg nudi ndi li€p T, va T, chng loai npn
d) Ding 2 nguén d6i xitng +Ucc, —Ugg nuodi ndi ti€p T, loai npn, T, loai pnp

Vi ciu triic hinh 3.33a T, va T, déu méc EC, trong khi d6 cdu triic 3.33¢

T, méc CC trong khi T, méc EC. Dé ddm bio T va T, 1am viéc thay phién

nhau (nghia 13 khi T lam viéc thi T; khong 13m viéc va ngugc lai) trong 1 chu
k¥ tin hiéu, nh4t thi€t 2 dién 4p vao kich thich chiing tai mach bazo phai
nguge pha nhau: Uy, =-Uy,, tic 12 truéc ching phai cé 1 tdng khuéch dai
dao pha phan tai hinh 3.34a hay 1 bién dp vao dio pha (hinh 3.34b).
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Uy, ,__.\/\_. Ug Up
o A
RE[E .
2) Uee b) -
Hinh 3.34

a) Tang khufch dai dac pha phan tdi ; b) Bi¢n ap ddo pha

V61 cdu tric hinh 3.33b: Ty méc kiéu EC, T, méc kiéu CC va hinh 3.33d:
T, va T, cing mac kiéu CC. Hai cu tric nay khong cin mach dao pha phia
trude vi voi 1 tin hiéu vao duy nhét (vi du dién 4p hinh sin hai cuc tinh) thi &
bén ky duong T, s& lam viéc, T, do cuc tinh khéng thich hop s& nghi va ngugc
lai ban ky am T, nghi va T, lam viée, chiing ty dong phéan chia lam viéc luan
phién & ché do B ma khong cdn su sip xép trudc & 16i vao. ’

2. Hinh 3.35a 1a mach dién nguyén 1y bo khuéch dai cong sudt d6i xing
kiéu diy kéo ch& do B ciing v&i dac tuyén tai (hinh 3.35b) va giai thich hi¢n
tugng méo phi tuyén & gée (hinh 3.35¢) do ch€ d6 B gay ra. Ta thdy rd trén mach

1

hinh 3.35a nguén +UCC nudi Tl va Tz kléll Ildl tlép va UCEQI =UCEQ2 =EUCC .

do tu ra ludn ¢6 dién 4p 1 chiéu la %UCC trén 2 cyc cla nd nén trén thuc té€

tai R, duge n6i OV (1 chiéu va xoay chiéu), trd khdng cta tu C phai di nho
hon R, dé khong gay méo & tdn s& thdp. Néu cdu tric ¢6 tinh déi xing cao,
hién tuvgng méo do m&i BIT chi lam viéce trong moét nira chu ky duge loai trif
phin 16n vi dong trén tai do Ty va T, tao ra ludén ngugc pha nhau, nghia
la thanh phan s6ng bac hai (12 nguyén nhan chli y&u gdy méo) tu triét tiéu
trén tdi. Tuy nhiér do T, vA T, déu c6 1 ngudng dién 4p mo 12 0,7V nin d6i
v6i gid tri cha U, trong ving + 0,7V xung quanh géc ca T, va T, déu khong
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+Ug
8) .
R, .
S S P
L T1
R,
2V,  —2iF
[ ] =12v Lu,
U, Ra 2 R,
T £} e U
TN T
/_J-_/ 77
U Budng téi
(P, 3R, ./ xoay chifu
I
b)
Ye
* u__=o7v
........... AN N
Uy Vi N 2 OV
h"UB;O.W
c)
Méo giic
T, vaT, cling nghi
Ue

Hinh 3.35
a) Mach dién nguyén 1y vdng ddy kéo ch& d3 B ;
b) Pudng tai | chiéu vi xoay chidu c¢iia mach a ;
¢) Méo phi tuyén & géc '

lam viéc din t6i hién tugng méo & géc. Diéu ndy s& duge khic phuc khi phan
cuc trude cho Ty va T, sao cho Ugp =Upg, =0,6V nhd bo chia RjRyR3R 4 thich
hop (hinh 3.35a). D€ tinh todn ché€ d6 cha 1 tdng khuéch dai ddy kéo ta ding
mach hinh 3.36a cung cip bang 1 ngudn +Ucc va hinh 3.37 cung cfp + Ugc.
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3. Trong mach hinh 3.36a, céc dién dp 1 chidu phin cyc cho T| va T,
duogc 14y trén D va D, 1a cic didt Silicon & ch€ d§ md uic ia
Ug,p, =Usg, +Ugs, =Up, +Up, =1,4V
Dién thé 1 chiéu phan bd trén cdc phin tit duge ghi trén mach, chi ¥ ludn
luon phii dim bio dién thé 1 chiéu gifa Ug = Up = %VCC = +12V v do
d6 Ug, =U,, =+12V
Ddng colecto tinh cia ca hai BIT T va T, duge tinh bdi hé thic (3.48)

_Ugc —2Upgg 24V -1,4V

" Ieg = = =4,18; 3.48
Q 2R 22 eIemA 49
+24v
' R =27k zZr3
r—
il = Y “ov
o, ¥ N PN '
v -l _Av.nv
. Dz![(_ » Cr Aoy
H ™ R, =80
U, =20V, R= 2,7kizi ' '
. 77

a}

Ri=8q|{ -10v

10V c)

Hinh 3.36.
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. U
Uce, =VUcg, =—5- =12V
Up, =Ug, +Ugg, =12V +0,7V =12,7V
Ug, = Ug, -Ugg, =12V -0,7V = 11,3V

¢ Cong sudt 1 chiéu tinh (hic chwa ¢6 U, kich thich) tiéu tén wrén T; va T,
xdc dinh theo hé thic (3.44) la:

Ps =Ucgpq Icg

12V . 4,18mA = 50,16mW

Hinh 3.36b va ¢ mo 13 huéng dong dién chay trén tdi & cdc ban ky duong
(lic T; ddn T, nghi) va ban k¥ am (lic T; nghi T, dén)

» Cong sudt xoay chiéu trén tai:

2
Uy _ 20Vp)” _ 6,25W

P = =
17 8R, 8.80

. COng sufit 1 chiéu nuoi T, va T, :

Pec =Ucc Icc

vdi I = 0,318. Icp (xem chuong 2 mach chinh lvu diing didt)

3 day Icp la gid trj dinh ctia dong xoay chiéu mach ra
U
Pee = Uge. [’{(p’ 0,318 (3.49)
t

10V
=24V, 30 .0,318

=24V.397,5mA = 9,54W

» Hiéu suit nang lugng cha mach hinh 3.36a 1a :

_ P, 6,25W
= o 100 = 5100 = 65.5%
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¢ Cong sudt tiéu hao cyc dai trén T va T, khi lam viéc dugce tinh theo he
thic (3.50)

2
P = k (3.50)
d{max) Rl . .
24V2
= = 8W
40.80

4. Mach dién hinh 3.37 diing nguén 2 cyc tinh +Uqxc = + 30V nuéi ndi tiép
cho Ty va T,, nhtr d6 khong cdn sit dung tura vi Ug = Ug, =0V va mach c6
thé ti€p nhan dugc dién 4p vao c6 bien d6 16n gap doi hay cong suit ra sé tang
khodng 4 1dn, tdn s6 1am viéc & phia thip dugc md réng.

¢ Dong tinh colecto :

: Uee —U
Icq =.“*QQ,R.,__B.E, (3.51)

30V -0,7V

= 5,23mA
5.6kQ m

+UCC

|

n o
w
+25V ! +25V

oV
a & o

-25V

25V 07V

/7K

R =56k}

/77

U F30V

Hinh 3.37. Ting ddy kéo nu6i bing ngudn d6i xdng tUce
* Diéndp 1 chiéu UEI = UE2 =0V
UB] =+0,7V ; UB2 =-0,7V
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Nhu vay trén R, (thuding 12 loa 8Q) khong c6 dong dién 1 chiéu chay qua,
t6n hao céng sudt 1 chiéu giam din t6i hidu sudt tang.

» Cong sudt tiéu tdn tinh trén BIT
Pd = UCEQ . ICQ
=30V .5,23mA = 156,9 mW

» Cong sudt 1 chiéu cung c4p cho tdng ddy kéo :

Uiy
Poc = Ugc X o 0,636 (3.52)
| - .

O day V., 1a tri bien d¢ dinh cia dién 4p ra.
(h¢ 56 0,636 = 2.0,318 vi dong do ca 2 ngudn +Ucc va — Uge cung cép).

Pec = 30V.%.0, 636 ~ 59,62W

¢ Cong sudt xoay chiéu trén tai nhan duoc 1a :

U2 50V2
P _ PP _ W
B = 8R,;; .80 39,06

¢ Hiéu sudt st dung nang lugng bing:

_39,06W

_ Pl
N ~39.60W

—ﬁgc—.IOO

100 = 65,5%

3.7. TANG KHUECH PAI CHE PO C

Véi ché€ d¢ C, phin tir khuéch dai BIT chi din dién (c6 dong colecto)
trong 1 géc khoang 120° hay it hon, tic 12 dong I cé dang ! Xung hep cé
chita nhiéu séng c6 tdn s6 nF, (véin =0, 1, 2, 3...) khi dién 4p vao hinh sin c6
tdn s6 12 F,, méo phi tuyé&n & ch€ do C rét 16n do d6 né chi ding kém véi tii
thudng 14 mach chon loc tdn s& dang 1 khung c6ng huéng LC (xem mach dién’
hinh 3.38a mé ta mot tdng khuéch dai ché€ d6 C). Tuy nhién mach & ché d6 C
¢6 wu di€m rat 16n 12 hidu sust nang luong cé thé dat t6i 90%.
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c L=100 uH
63,325 pF-I: r, =12,560
C,
Cv Il
A I . 1l
LV I BN T
Uy= 3 o | R=100k02
fy=fr= 2MHz B
77
a)
+1,5v CV r-a'azc +0,7V
wl\ - I Av_a,av
1.8V 2,3V
U, =3V, : []R' plot B-E
v Pp
77
b}

R L .
] SR -
R,

=9
—

Hinh 3.38. _
(a) Mach dién nguyen I¥ tdng khuéch dai RF (t4n s8 Radio)
(b) Mach ghim & mdc am tai 16i vao C,, Rg, dist B- E

(c) Dién 4p ra trén mach LC (2Uge)
(d) Dic tuyén AV theo f.



Hinh 3.38a 12 mach dién nguyén 1y 1 b6 khué&ch dai t4n s6 thu thanh (RF)
cé 1ai colecto 1a 1 khung cong hudng LC dugc lva chon tham 56 dé ¢6 tdn s6
cong hudng riéng la:

1

£, = ~ (3.53)
e LC
1

2.3,14.,/100pH.63,325pF

* Tu C,, dién tr& mach bazo Ry va di6t bazo — emito tao nén mot mach
ghim dién 4p am & tai mach vao (xem phéin Gng dung cia di6t chuong 2).
Mach dién tvong duong ciia mach ghim dugc v& trén hinh 3.38b, ta thdy ro do
hi¢u 1ng dich mifc dién th& 1 chiéu vé& phia am di 1 gid trj 1a — 0,8V. Dién dp
181 vao v6i bién d6 3Vpp sau khi qua mach bj dich mic 1 chiéu di - 0,8V ¢6
bién do duong 1a + 0,7V va bién do am 1a — 2,3V, nghia 12 chi m6t phén dinh
ctia dién dp U, = 3Vpp diéu khién T din dién. Tich s6 C,.Rg dugc goi I hing
s& thoi gian clia mach ghim, phai thda min diéu kién :

C,.Rg = 10. T, (T, 1a chu ky cia dien 4p U,). (3.54)
dé hieu ting ghim thé hién 15 (géc din dién clia T cang hep khi C,.Rg cang 16n).
* Di¢n dp 1 chiéu trén bazo :
~Uge = Uy(py ~Upg=1,5V ~ 0,7V = 0,8V

e VGi tu C, = 0,01pF, dién trd mach bazo RB cdn phai chon théa min diéu
kién (3.54):

__Sps
RB—O’OIPF—SOOQ

» Tai tdn s8 cong hudng cia tdi f, = 2MHz, hé s6 khuéch dai dién 4p ciia
mach Av 12 16n nh4t do tr&d khdng cta khung LC tai £, 1a thudn tr& va 6 gid
tri 16n nh4t. Tuy nhién 1 dai tdn s& hep xung quanh f, ciing dwoc khuéch dai
vGi he s6 xdp xi Ay. Ta dinh nghia déi théng clia bo khuéch dai hinh 3.38a Ia
dai tdn s6 lam viéc & lan can fy, trong d6 hé s6 khuéch dai dien 4p cha mach
Ay 270,7% Ay

Gid tri Aypax Xdc dinh tai f 0 Ay (F = ) = Aypax

Tir 1y thuy€t mach xoay chiéu c6 trd khdrig mach cong hudng:

Zeh = Qusi X XL
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Tinh X{ & fo, :
XL = Zﬂfch.L

= 2.3,14.2MHz.100uH

= 1{,256kQ
Tinh hé s6 phadm ch&t cia 15i:
_ Xy L256kQ
Qi = r, | 12,56Q 100

ZCh. = Qlﬁi . XL =100 . 1,2561(0

= 1256 kQ

Zen //Rp
L

_ 55,67kQ

= T2sexqy - 3%

R, 1a di¢n tr& song song cia khung L.C, gid thi€t R, = 100kQ.

Do rong bang (dai théng) duge xdc dinh boi :

Trén hinh 3.38¢ biéu thi gid tri dién 4p ra bién d6 dinh dinh c6 thé dat téi
mic 2U ¢ (trudong hop gin 1y tudng)

Hinh 3.39a, b, ¢ mé ta dang xung ddng dién colecto va méi lién hé cia né
véi dang séng ra (ng véi cic trudng hgp mach tai LC duge diéu chudn & cdc
tin s& cong hudng khic nhau:

trudng hop (a) f, = 2ZMHz
trudng hop (b) f,, = 4MHz (hai bc 2)
va truong hgp (¢) f, = 6MHz (hai bac 3)

(Cdn chd ¥ rang khi trén mach colecto cé dong I, BJT-c’r ch€ do bdo hoa
véi dién dp U = OV).



ZLL-. ( 2 MHz} 22U {4MHz}

\/\/ VARVAR VAR VAN

oV

e A A

a) b)

AN /\7'?/\/\ .
\/\/ \/ VU

oV

e A A ' 0
c)
Hinh 3.39. Sy thay d6i séng ra I¢ khi €, cia tai thay déi

3.8. MOT VAI UNG DUNG CUA BJT & CHE PO KHOA

Trong tiét nay, s€ gidi thi¢u mot vai ing dung dién hinh cia BIT & ché do
khéa, khi d6 ching chi & 1 trong 2 trang théi : din dien t8i da (ch€ do bio
hoa) v6i dac trung dong I 16n, dp trén BIT Uqg nhd xdp xi 0 hoac cit dong

dién v6i dac trung dong dig¢n mach ra I = 0, 4p Ucg & mifc cao.

3.8.1. 4 yéu cdu quan trong khi BJT & ch& do khéa

¢ Chi c6 2 trang thdi phan biét & cdng ra (vé dién ei'p hay dong dién)
(muén viy cin 2 trang thai phan biét tuong ing & cng vio)

¢ Khong cho phép cdc trang thdi trung gian & khodng giita (vé ddng va 4p).

* Phéi 6n dinh (vimg vang) & trang thdi dang cd n€u khong c6 yéu cdu
chuyén.

* Khi yéu cdu chuyén (tu dong hay c6 diéu khié€n) phai-1at nhanh tir trang
thdi bao hda sang cit dong hay ngugc lai.
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3.8.2. Trigo RS dung BJT

Xét mach dién hinh 3.40a. Day 1a 1 cfu tric d6i xing gém 2 tdng mac EC
chita 2 mach héi ti€p ciing pha do cdng ra cla tdng nay duge néi truc tié€p (qua
cic dién trd) téi céng vao cua tdng kia. Mach dién chi ¢6 2 trang thdi én dinh
bén ving, d6 12 khi T, bdo hda (T} ) thi T, cit dong (T ) hodc khi T, cat
dong (T} ) thi T, béo hoda (Ty ), céc trang théi Ty, T; hay Ty, T, déu khong
t6n tai. Mach dang & 1 trang thdi 6n d.nh nio d6, khi ¢é tin hiu vao la xung
dién 4p cuc tinh duong (ta ndi tin hiéu vao & mifc cao k¢ hi¢u la Uy =8=1
hay Uy, = R = 1) thi cdng ra twong tng (k¢ hi¢u 1a Q va Q) s& lat trang thai.
Vi du mach dang & T} va T; khid6 Q=0vaQ=1.NéuR = 1 thi T; vaqua
R, R; dot bién dién dp am trén colecto cia T, s& dap tat T; (T]) ta c6 trang
thii méi Q =1 va Q = 0; Con néu S = 1 thi T 14t trang thdi tit trang théi
cat dong sang trang thai din bdo hoa (TT hay Q = 0 dot bién dién 4p 4m
trén colecto cia T, s& qua RyRy dap tit T, (T, hay Q = 1). Cdc gid tri dién uds
can chon dé thda min 4 yéu cdu di néu trén cla cdc khéa dién tir. Trang thai
R = $ =1 tifc 12 dbng thdi ¢6 2 xung duong tic dong & 2 céng vio R v S bi cdm
vi khi d6 mach dién thoat ddu roi vao trang thdi TT T; sau d6 trang théi tuong
lai s& khong xdc dinh do tinh chit d6i xdng khong 1y tudng tic 1a Ic, #1c, s€
dan t6i 1 trong 2 trang thdi én dinh 'Tl+ T, (khi ngdu nhi¢n I¢, =I¢, +€) hay
Ty T; (khi ngdu nhiéncé Ic =Ic, —&) v6ie la 1 luong vO cling bé.

b)
R s|la @
¢ o ;a T
o 1 {1 0
1 0 }0 1
1 1 | x X

Hinh 3.40
a) Trigo RS (RS - Flip - Flop) ; b) Bing trang thdi cia RS FF
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3.8.3. Trigo Smit ghép cuc phat

Hinh 3.41a 1a mach ¢6 2 trang thdi 6n dinh vi viéc chuyén trang thdi
xay ra nh& 1 dién 4p vio duy nhat ¢6 2 cyc tinh tic déng (con goi 12 mach
Smit — FF),

U8 +15 V)
b u,
2) [] 15K [] 1K )

L1 —

] R=10K
| Y, '

R, 0 Uy, U, y,
Hinh 3.41
a) Mach Trigo Smit ghép E b) Pic tuyén truyén dat cha mach (2

T, v T, méc ki€u vi sai & ché d¢ c6 mach héi tiép dwong R, R, va 1
mach héi ti€p 4m ding Rg (dé chong bdo hoa cho T), T, ti: d6 nang
t6c do lat trang thdi clia so d6). Ban dédu, khi T T; colects cia T; & miic
dién dp cao qua R} R, duy tri TS va colecto cla T, & mitc dién ap thap,
Up = Upip- Khi U, tang vugt 1 gid tri dién dp ngudng la U,g (khrang
Ig, Rg + Upg = Ig, .Rg +0,7V) T, chuyén sang dén dién (") gidm dién
dp am trén colecto cua T| qua R, R, dua T, vé cit dong (Ty ) tvong (ng lic
d6 U, = Up,, (0 mic cao). Khi U, gidm dén t6i mic Upgic (khoing
g, .Rg +9,7V) T chuyén sang cit dong ( T ) mitc nhay duong trén colecto
T) qua Ry R, lam T, ddn (T hay U, = U, ). Hanh trinh m6 ta trén duge
biéu thi trén dé thi hinh 3.4ib. Chi y rang %hi tin hiéu & céng vao 1a 1 ham

.tudn hoan c¢6 dang bat k¥ thi sau khi qua mach hinh 3.41a s& nhan duge 1 dién
dp c6 dang vuong géc cing tdn s& vi dién dp vio, day la ding dung quan trong
nhat coa Smit FF.
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3.8.4. Pa hai ddi xiing dung BJT

Mach dién nguyén ly bo da hai ding dé wr dong tao xung vuodng géc cho trén
hinh 3.42a va gian dé dién ap bi&n thién theo thai gian cho trén hinh 3.42b.

Use

] e ec /
) Uf - UGE|
R *+Ucc

lozv
1

[ .

ULT- uﬁg

a) b) T 3 T
Hinh 3.42

a) Mach nguyén 1¥ da hai ty dao ddng tao xung vudng géc ding BIT ;
b) Dé thi dién 4p minh hoa hoat ddng

Mach dién hinh 3.42a c6 2 trang thdi 6n dinh khong bén : T T; va
nguoc lai T T5. - '

Khi & T}t T; (khoing th¥i gian tir O dén t, trén dé thi 3.42b)

C, dugc phéng dién qua CE; qua Ucc, Ry,

C, dwge nap dién qua R BE;

Khi T T; (khoang thdi gian tir t; dén ty)

C, nap qua R, BE, va C, phéng qua CEj, Ucc, Ry qud trinh nap, phéng
dién cia C; va C; ddy mach dén trang théi tdi han dé lat giita 2 trang thdi da
néu. Chud ¥ qud trinh 14t trang thdi d6t bién do bd loc C,Rp; hay C;Rg; la cao
tdn, nghia 13 cdc dot bi€n tir mdc cao vé mitc thdp (4ot bi€n am tir T sang
T;" ) dugc tan dung qua bo loc dé€ dap tét phan tir thit 2 (T; sang 17 ).

Chu k§ xung vuong géc tinh bdi (3.55):

Ty =1 + 13 trong d6 1 = 0,7Rp Cy313 = 0,7Rp,C;
Khi chon Rg =Rp, =R ,C; =C; =C tac6 T=1,4RC (3.55)
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CAU HOI VA BAI TAP
Cau hoi 6n tap

1. Hay néu cédc dac di€m cdu tao quan trong nh4t ciia BJT va gii thich
mdi lién hé gitta cdc dic diém di néu v6i cdc tinh chdt cha né.

2. a) Phén biét 4 ch& 46 1am viéc co ban ciia BIT ? Khi cho BIT 1am viéc O
ch€ d¢ khuéch dai cdn thoa min diéu kien gi ?

; b) Cdc thanh phdn dong dién quan trong nh4t cia BJT va cic hé thuc lién
h¢ giita cdc dong dién nay ?

¢) Hiy néu 3 ki€u méac BJT va phan biét cdc thanh phdn ddng dién, dién
dp cbng vao va c6ng ra trong mbi kiéu méc.

d) Phuong phdp ki€m tra thir ch4t lugng ciia BIT diing déng hé A. V. O
(ddng h6 van nang) dwge thuc hién nhu thé nio ? Chit lugng ciia BIT & ché do
tich cyc thé hién nhu the nao qua céc gid tri do duge ?

3. Phan cyc 1 chiéu cho BIT nhdm muc dich gi ?

Hay phan biét cdc phuong phdp phan cuc 1 chiéu va viét cdc hé thitc chi
y€u dé xdc dinh 2 tham s& [ va Ucg.

a) Phan cyc bing dong dién Iy.

b) Phan cuc bing chia 4p.

¢) Phan cyc bing dong Ig.

4. Dac tuyén téi 1 chiéu ciia BIT Ja gt ? Cdch xéc dinh dac tuyén nay ?
Hay chi ra cdc ch€ d¢ 1am viéc khdc nhau ciia BJT khi diém 1am viéc 1 chiéu

Q & cdc vi tri khédc nhau trén dudng tAi nay ? Hiy phan biét cdc ché do A, B,
AB, C, bdo hoa cia BIT ?

5. a) Binh nghia dac tuyén von-ampe vao, ra va truyén dat cha BJT trong
3 kiéu méc EC, BC va CC? :

b) Phan biét 2 nhém tham s6¢ giSi han va tham s6 dinh mitc cia BJT.
6. Mach khuéch dai dién 4p tdn s6 thdp mic kiéu EC, ghép RC, ch& do A.

a) Dien trd xoay chiéu & ché do tin hieu nhd cia diot BE dugc tinh nhu
thé nao ? _
b) Tai xoay chiéu clia tdng khuéch dai bao gém céc phdn tif nio ?
_ c¢) Cac két luan chi yéu vé dac diém cia tdng EC (he s& khuéch dai dien
dp, dién trd vao va dién trd ra).
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d) Khi nao thi sir dung tdng EC dé khuéch dai dién 4p ? Khi nao thi tranh
su dung tryc ti€p nd ?

7. a) Mach khué&ch dai mac CC ¢6 diac diém gi khdc mach EC trén nhitng
thong 56 co ban ? Khi n2o cdn sir dung mot ting khuéch dai mac CC ? (phan
tich ¥ nghia tic dung clia cdch mic nay trén quan diém ph6i hop v6i 2 tham s6
ndi tré cia ngudn tin hiéu cin khuéch dai (Ryg) va tai nhan tin hiéu sau khi da
khuéch dai (R,)).

'b) Cich méc BC trong 1 tdng khuéch dai c6 dic diém gi ? Céc két luin co
ban ? Khi nao sir dung n6 thuan lgi ? Khi ndo nén trinh diing ?

8. Mach khuéch dai vi sai ding d€ 1am gi ?

Dic diém cdu tao mach dién c6 gi dic biét d€ quyé&t dinh céc tinh chat
quan trong cta né ? Giai thich ¥ nghia cha hé s6 nén déng pha clia mach
khuéch dai vi sai ? Y nghia viéc dat ki hiéu hai céng vao ddu + (c6ng P) va
ddu — (cdng N) 1a gi ? Cdc trudmg hop st dung céc cbng vao cé thé xdy ra ?

9. Phan biét dic diém cau tao cla cdc dang mach khuéch dai cong suft
d6i xing & ch&€ d9 B (cung c4p ngudn song song hay cung cip ngudn ndi tiép,
dung cap BIT ciing loai hay cap BIT khic 1oai). '

a) Kiéu mic cdc BIT (EC, BC hay CC)?
b) Ché& d¢ tin hiéu vao, khi ndo cin ding thém mach dao pha ?

¢) Phan tich hoat déng khi ¢é tin hiéu vao, th€ nao 12 1am viéc kiéu luan
phién.

d) Dac diém mic tai (yéu cdu tai 16n, tai nhod, mic & dau ?)

10. a) Phuong phip phan tich 1 mach khué&ch dai cong suét c¢6 gi khic so
vdi 1 mach khu&ch dai di¢n d&p ? Cdch tinh cong sufft xoay chiéu, cong suit
téng va hiéu suit nang lugng.

b) Hién tugng méo gdc ta gi ? Cich khic phuc trong cdc mach thuc & ?

11. a) BJT & ch& do khéa ¢6 dac diém gi ? Khi d6 diém lam viéc cda BIT

nam & dau trén dic tuyén tai ? Ngudi ta sir dung ch€ do khoa cia BIT vao cic
muc dich gi ? Khi dé yéu cAu né phai thoa min cdc diéu kién co ban nao ?

b) Hiy dua ra | vi du minh hoa cdc tinh chat & ch€ do khéa cha BJT. -
¢) C6 thé chuyén ch€ do cha BJT tir khuéch dai dién 4p sang ché do khéa
duge khong ? Khi nao thi thuc hitn dugc ? Nguge lai muén chuyén BIT tir
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ché do khéa sang ch& do khuéch dai cén thyc hién didu kién gi ? Trong 2
trudng hop trén khi ndo cdn can thiép vio mach dién nguyén i ?

Bai tap ap dung

Bai 3.1. Xét ch& d6 phan cyc | chiéu ciia
mach dién hinh B3.1.

Tinh cdc glé trj UB’ UE' Ic, Uc, UCE

V& dudng tii 1 chiéu va xdc dinh toa 4  R,=3xa]]
diém 1am viéc 1 chiéu Q.

=18V

R.=15k0

. ; By 200
bépsd: Q(4.89mA, 8,76V)

Icmgm) = 9,52mA R=s8ka]
Ucemm) = 18V

R_= 3200

Bai 3.2. Cho mach hinh B3.2. Xdc dinh

ch€ 40 1 chiéu : Ig, Ug, Ucg va vé dudng tai | Hinit B3.1
chiéu twong ung.

Diapsdo: Q(53mA; 7,05V)

+HUpe=15V =15V

' [] Re=15k0 [] R.= 1.2k
R =180kQ
B~ 150 T
[] R=1k 0 Kﬂf 100
Wep=8Y
T
Hinh B3.2 | Hinh B3.3

Bai 3.3. Cho mach hinh B3.3. Tinh ch€ 46 1 chiéu, xdc dinh Q va duong
tat 1 chiéu.
Diapss: Q(4,76mA ; 9,24V)
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Bai 3.4. Hiy x4c dinh ch& d6 1
chiéu clia BIT cho trén mach hinh B3.4
vé dudng tai 1 chiéu va toa d¢ diém Q
tuong ung.

Diép s6 : Q(1,.39mA, - 6V)

Bai 3.5. Cho mach khuéch dai EC

hinh B3.5.

1. X4c dinh ch€ d6 1 chiéu va

dudng tai 1 chiéu.

=12V

R.=82 kn[] Rg=1KQ
By 100

Baﬁakﬂ RE- 33kl

2. Tinh cdc tham s6 xoay chiu A,

Zy» Zysy Uyy Ur-

3. Néu tach RE = Ig + R’E

= _ Hinh B3.4

= 6002 + 330Q v6i Cg//Rg tinh lai céc

tham s& & céu 2.

4. Thay R, = 1kQ bing R; = 150 Q nhan xét két qua A, trong trudng

hop nay.
‘w
=24V
a) ]R1= 12 k0 Rc=1'5 kil
cl’
i
R = 60002 11
g s —200
=200
R R,=1k0
U =26mv R24k0 Re= Ce
- 3904
Rg= 80002
b} l
Us=25my, Y= 10.79mv  ||R,= 45580
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Bai 3.6. Cho mach khuéch dai méc CC hinh B3.6
1. Xéc dinh ch€ d¢ 1 chiéu va dudng tai 1 chidu

2. Tinh cdc tham 56 cia ch€ do xoay chiéu khi R, = 1kQ ; R, = 600Q

3. Xdc dinh lai cdc tham s6 cia cau 2 khi R, = 100Q va R, = 1.5k
Nhan xét ket qua thu duge '

U =20V

Re=15K [IR,=1K

Hinh B3.6. Mach khuéch dai CC.
Bai 3.7. Cho mach khuéch dai di¢n 4p gém 2 tdng T, va T, (hinh B3.7a
va b)
1. Phan tich ch€ d6 1 chiéu cha T, va T,.

2. Tinh cdc tham s6 xoay chiéu clia T (mic EC) va T, (méc CC) Av,,
Avy, Zv(By), Zv(B,), Ur.

3. Khi khong diing T,, mic tryc ti€p C,, R, = 150Q vao mach ra kiéu EC

cia T;. Xem hinh B3.7b, hdy tinh lai két qua Ay, va U,, nhan xét gi qua k&t
qua thu duge.

Bai 3.8. Cho mach khuéch dai BC hinh B3.8

I. Phan tich ch€ d¢ 1 chiéu cha BJT

2. Tinh céc tham s6 xoay chiéu cila mach khi R,; = 0.

3. Néu ngudn tin hiéu vao cd ndi trd Ry, = 55Q, hily x4c dinh lai gid trj

dién 4p ra trén tai.

135



136

[+ucc= 24V

Cy
1L
1
U,=25my, R,=33 R, = 1500
a)
+Ue=20V
Ry=22K Re= 15K
:[:} T1 Cr
v Ry= 150 0
L UesmvpQy R33N Rg=220Q
- .
Hinh B3.7.
a) Mach ghép 2 tang EC va CC (R, = 1500Q) ;
b) Mach I ting EC (R, = 1500)
W= 9V +Ueo= 15V
R=18kn R =15k0
Il tH
1 1]
" c,
Ui 25 mig R,=1,5kN
Hinh B3.8.

Mach khuéch dai mic BC



Bai 3.9. Cho mach dién hinh B3.9
1. Xac dinh ch€ d¢ 1 chiéu va dudng tai 1 chiéu, cong sudt tiéu thu P4 trén

tranzito khu&ch dai.

2. Tinh cdc tham s& xoay chiéu cia mach A, U, P,, Poe hiéu sudt ning

lugng 7.

3. Xay dung duong tai xoay chiéu clia mach da cho.

=24V

Hinh B3.9.

b)

Puting t3i
£ xoay chidu

________ 2 point

Buing tai
mit chigu

Ueee  Uoen Up,om

Bai 3.10. Cho mach khuéch dai cong sust ddy kéo hinh B3.10
1. Xéc dinh ch€ do I chiéu cua T| vd Ty

2. Tinh todn cdc tham s8 & ché 4o tin hien U, = 40V,

HIR =47k
-
c',,__i

[l]R =47 kQ

U =24V

*Ug=24V

Hinh B3.10.
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Chuong 4
CAC CAU KIEN BAN DAN KHAC

Chuong nay s& tim hiéu cdc linh Ki¢n ban din dién tuong d6i phd bign
khdc ngoai di6t va BIT, dé 12 nhém céc tranzito hiéu ing trudng (tranzito don
cuc) FET, tranzito 1 ti€p xic pn UJT, Thiristor (SCR), diac... két hop véi
nhitng ding dung phd bi€n nhat clia cic linh kién loai nay.

4.1. TINH CHAT CUA JFET

FET dén di¢n chi bing 1 loai hat din, trong khi BJT din dién bing ca dién
tir va 16 tréng, nén ching con cé tén 12 tranzito don cyc. Chiing gém c6 2
nhém khdc nhau vé cdu tao 14 nhém cé cuc cira 13 1 ti€p xdc céng nghé pn
va nhém c6 cuc clra cdch ly (JFETva MOSFET).

4.1.1. Ciu tao cla JFET

Hinh 4.1 mé ta cdu tao cia JFET kénh n va JFET kénh p. Nhu vay tdn tai
1 kénh din dién bing di¢n tir (kénh loai n hinh 4.1a) hay 1 kénh din dién
bing 16 tréng (kénh loai p hinh 4.1b) ndi thong gifta 2 cuc duoc dat tén 1 cuc
méang D (Drain) va cuc ngudn S (Source) cuc thit ba 18y tai viing ban din d6i
dién kénh din dat tén 1a cuc clta G (Gate), chii y ti€p xidc kim loai bin din
ldy ra cdc cuc D, G va S1a ti€p xdc ommic (tuyén tinh) kénh dan dién (bing 1
loai hat din) nay nam cédch ly véi cuc cira bai 1 ti€p xiic cong nghé pn. C6 thé
¢6 2 loai clu tric : n€u tai ving P (hinh 4.1a) chi dua ra 1 cuc cira G, 1a ¢6
loai 1 cue cira, tuy nhién trong trudng hop téng quét cé thé 14y ra 2 cuc cira Gy
vd G, doc 1ap nhau (loai cé 2 cuc cira, vi du diing trong cdc b tron tdn s6).
Hinh 4.1¢ va d 1a ky hiéu quy uéc clia nhém JFET kénh n va JFET kénh p loai
cdu tric kénh d6i xitng-(ving cuc cira ndm ¢ gifta kénh), con khi kénh c¢6 cfu
triic khong d6i xdng (ving cyc cita khong ndm & chinh gifta kénh) ky hi¢u quy
udc vai loai kénh n cho trén hinh 4.1e.
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+ D
G
S
c}
D
G
~——
]
d)
Cim 1 Clm 2 4 )
) B S :
G
———
' 8} s
ﬂ\ NganTL_‘ '
Hinh 4.1. ’

a, ¢, €) IFET kénh n v k¥ hi¢u quy udc ;
b, d) JFET kénh p va k¥ hiéu quy udc
f} dong dién trong JFET kénh n khi hd mach cuc cira

4.1.2. Hoat déng cua JFET ké&nh n (viét tt 1a JFET,)

Dugc mo6 14 trén hinh 4.2. G hinh 4.2a ddng dién xust hién trén kénh (goi
1a dong di¢n cuc méng I, khi dat t6i I dién dp Upg = Upg(p) > 0. cuc clra hd
mach, tuong dng khi d6 gid trj Inp phu thudc vao dién 4p Upg va dién trd kénh
ky hi¢u la rpg, gid tri rpg phu thudce vao mitc d¢ pha tap chét cho phéin kénh,
thi€t dién va d¢ dai cta kénh din. Ddng I khi ndy 1a ddng dién tir hudng tir S
t6i D hay chiéu dong dién tir D téi S. Hinh 4.2b va ¢ mo ta trang thdi hoat
dong cia JFET,, khi c6 dién ap tic dong 1én cyc cira Ugg < 0, tic 1a didt cyc

clra — kénh bj khéa, viing ngheo cla tiép xiic pn phan b8 khong déu, ving gin
cuc D rong (do dién trudng phan cuc nguge 16n) va viung gin S hep, diéu nay
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dan t6i phan b8 thiét dien cha kénh din nguge lai hep ddn hudng tir S 16i D.
Khi cho dién dp cyc clra am hon, hinh anh vira néu cta kénh dén rd rét hon,

xay ra véi cdc dign dp Upg nhd hon ; dong dién cyc méng phu thuge vao 2
dien &p Upg va Ugg thé hien trén bidu thitc 4.1:

Méing Ming

+ Cla
= Upp=15V r
Ussf_
T +
? L.

a) : b

Hinh 4.2.

Ip =1f(Ups,Ugs) = UID—.SS‘[Z(UGS =~ Ugskhea )Ups — U%)SJ “.n
GSkhoa

Khi ¢o dinh 1 dien dp xét su thay d6i cha Ip theo dién dp con lai ta nhén
dugc 2 nhém dic tuyé€n von ampe quan trong nhit cia JFET cho trén hinh
4.3b, ¢, d. N&u cho Ugg = OV ta thu duge dic tuyén ra Ip = f(Upg) hinh 4.3b,
khi &y cdc gid tr1 khdc nhau clia Ugg theo mitc am dén ta duge nhém dac tuyén
ra hinh 4.3c. D6 thi 4.3b chia thanh 3 viing 5 rét: khi Upg con nho (< vai V)
dong I tang ty 1¢ véi Upg, khi Upg 16n (2 Upg bido hda) dong I = Ipgg goi la
dong bio hda cé gid tri khong déi va khong phu thuoc vao Upg, ving kKhi Upg
qud 16n diSt cira — kénh bj ddnh thing & ngay sdt cuc D, dong I lai tang theo
Ups. day 1a viing khong cho phép JFET roi vao vi nd bi phd hong. Ta ciing cé
nhén xét trén dé thi hinh 4.3c¢ 1a trong ving Iy cé gid trj bio hda, cé thé ding
dién dp cuc clra Ugg dé€ thay d6i dong dién cuc mang I va khi Ugg 4m dén,
gid tri dong I, gidm ddn va gidi han giffa viitng mot va ving hai 1di ddn vé phia
g0c toa do (tic la Upgp) < Up trén 44 thi). Khi c6 dinh | gié tri Ups > Upgepy
ta thu dugc quan hé Ip = f(Ugg) theo hé thitc (4.2)

U 2
Ip = Ipss [1 - i] (4.2)
UGsknéa

(O day Ugg khod = Up)
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Mang

3
- U=0v
loss = 10 MA | r0ma
U =-4V 11
GS (o)
Clra _ } UDS _.'l- ln(mA} u =1V
| AN Z v, 2
Use = s~ Nguén - 52V
* =3V
»
GS[§E]4 v 2=
/77 ' /77 /77 (vaits)
a) \ o) :
Ip(mA) Cuc ctra ngdn mach A
U . =0v
= GS S
|y 10MAL - - - — | iom
: L 7.5mA
E | mA)
1
I - 2,5 mA
U, =4V = Upes = : 4V 3V 2V 1V v
D) UDS (VCIltS) " d) . UGS(V)

Hink 4.3.

Trong cdc hé thac {(4.1) va (4.2) Ipss 12 gid tri ddng cuc mdng bio hoda

khi dién dp cuc cita Ugg =0, day 12 gid tri ddng I, t6i da khi JFET lam viec
(dén dien).

Ugs (khéa) 1a gia tri 4m nhat cda dién 4p cuc cira khi dé dong cuc ming
bang 0, dugc goi 1a dién 4p khéa :
Ip (Ugs = Ugsknea) = 0
trén hinh 4.3d gid tri dién dp khéa Ugg khda = — 4V = U,
Tix 44 thi hinh 4.3¢ ta cling c6 hé thic (4.3) |
Upspy = Up - Ugs (4.3)

3 day Upgp, 12 dien 4p khoa khi Ugg < 0 con Up I dien 4p khoa khi
Ugs = 0 (cye cira ngan mach). T phuong trinh (4.2) ¢6 thé xdc dinh gi4 tri
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dong cuc méng Ip khi bit Ingg va Uggkpss Wng véi cdc gid tri khdc nhau cla
dién é.p cuc cua UGS (khl thoa man diéu klén UDS > UDS(P)) '

Vidu 1: Tinh Ip véi céc tri Ugg khdc nhau

* Khi Ugg = 0V Ip = Ipss = 10mA
*KhiUgg=-05V  Ip = 10mA 1—%]2 = 7,65mA
- A A
o Khi Ugg=- 1V Ip = 10mA| 1 - =5 | = 5,62mA
' T v
* Khi Ugs = -2V Ip = 10mA|1- =< | =2.5mA
v
o Khi Ugg = - 3V Ip =10mA|1-—= | =0,625mA

Chi y khi Upg < Upgcp) phuong trinh 4.2 khong con ding, lic nay JFET
duge ding nhw mot dién trd (rpg) thay déi tuyén tinh theo dién dp Ugg, khi
Ugs cang am gid tri rpg cang 16n.

4.1.3. Phan cuc 1 chiéu cho JFET

U 20V

+Up =20V +Upe 20V
Khdng cb xoay
RF 1kQ Rp=1kQ chibu Ry=1kD
<, S
Rq
Ugg “Uaa Ugg b -

Hinh 4.4. Thién dp cuc cira cho JFET

a) Phuong phdp ding thién dp cyc cua Ugg < 0.

Di¢n trds cyc cira R thudng chon 0,1 MQ t6i vai MQ tren thyc t€ chi lam
nhi¢m vu din dién dp — Ugg t6i cuc G. Dién 4p trén cyc médng xdc dinh theo
hé¢ thic (4.4): '
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Ups = Up - IpRp (4.4)
Vidu 2: Tinh Iy va Upg khi Ugg = ~ 1,5V khi cho cc tham sé

IDss min =2mA; ° Ipgg max = 20mA ;

Ugs khéa min = =2V Ugs knéa max =~ 8V ;
Vai cdc gid tri Ings min v Ugs khéa min €O -

2
-1,5V
ID = 2mA[l “TZV-] = IZSHA

Ups = Upp - [pRp = 20V - (125pA. 1kQ) = 19,875V

vei IDSS max va UGS khéa max €6

2
=20 - =13,
Ip mA[I _vgv:’ 13,2mA

Upg =20V - (13,2mA.1kQ2) = 6,8V
Tit hé thic (4.3) cé:
UDS(P) = Up - UGS = 8V - I,SV = 6,5V

Tir vi du 2 thdy 8 nhuge diém cha cdch phan cuc hinh 4.4 1a gid tri Ip va
Upg bién thién trong 1 dai rong v6i cing 1 gid tri Ugg = - 1,5V.

b) Phuong phdp tu cdp thién ap hinh 4.5 khdc phuc duge nhuge diém via
néu cua hinh 4.4,

Phuong phdp tu cdp hinh 4.5a 12 phé bign vi cé d6¢ 6n dinh cao nhd

diing dang cuc ngudn Ig ~ Iy chay qua dién tré Rg tao ra dién 4p roi trén né
Us = I5. Rg ~ IpRg (dién 4p nay ty 1é v6i dong Ip).

Tir d6 dlén ép cuc cira UGS = UG - US =0V - US = - IDRS (4.5)
he thic (4.5) cho phép giir 6n dinh dong Iy, nhd sy bién thién twong tng cia

Ugs do I tao ra trén Rg nén ta néi cfu tric c6 d6 én dinh cao. Tri s6 dién tré
R luva chon theo hé thite (4.6):

21pss
lru §: Ip = IDTSS khi Ugg = @, theo phuong trinh (4.2)
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Re=1MQ

—
.

T T T T
-4V 3V o2V 1V oV
Ussiem
Uy V)
a) ' b)
Hinh 4.5. Phuong phép thién 4p ty cip

Vi du 3: v UGSkhéa = -4V N IDSS = 10mA theo (46)

_ —(4V) 3 _ _
ta 6 Rg =7 )= 20002 (c6 thé chon Rs = 1500 hay Rg = 220)
v6i Upc= -1V tacé Ig = ——— = SmA
eS8 572000

Up =Upp - IpRp =10V - (SmA.IkQ) = 5V
¢) Phan cuc bang b6 chia dp (hinh 4.6)

-i-Um=15\.ir . : =15V

R =1kQ
R=1kQ
Rﬂ= 1M
loge=10 MA
Voo 4V
R3 8000
R_=22 k0
V=15V
Hinh 4.6. Phan cyc cho JFET, bang Hinh 4.7. Phin cuc bing
b chia p dong cuc ngudn lg.
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0 hinh 4.6 sit dung b6 chia R, R, tao dién &p 1 chiéu cho cyc G :

Up = —R2__yy . 100kQ
G TR, +R, PP ~ 390k + 100KQ

A5V = 3V (4.7)

Di¢n 4p trén cyc ngudn Ug = Ug - Ugg, néu chon Ugg = — 1V thi:
' Ug=3V—(=1V)=+4V

Dong cyc méng  Ip = — =5mA~ “ (4.8)

bDién dp cuvc ming
Up =Upp -IpRp =15V - 5mA.1kQ = 10V
hay Ups =Up - U = 10V -4V =6V

d) Thién dp dong cuc ngudn (hinh 4.7). Day 13 ! cdch phan cuc kh4 phé
bién, véi BJT (phéan cuc bang dong Ig) duge dung nhu 1 ngudn dong dién cung
cp dong Ig cho JFET,

Ugg - U
Ic=Ip = HEER—BE— (4.9)
E
15V -0,7V
IC ——""i’sz—6.5mAzID

Up =Upp ~ IpRp = 15V - (6,5mA.1kQ) = 8,5V

4.1.4. Ting khuéch dai JFET

Khi khu€ch dai tin hiéu xoay
chiéu ¢6 bién d¢ nhd, dung JFET cé
thudn lgi hon BIT vi tré khing vao
cta tdng khuéch dai JFET rat lén. -
Tuong tu BJT, ciing ¢ 3 kiu mic :
cyc ngudn chung (SC), cuc mding
chung (DC) va cyc cira chung (GC)
vGi cdc tinh chét hoan toan twong ty -
nhu 3 kiéu méc EC, CC va BC:

a) H5 din dong ca JFET (hinh 4.8) Vastvolts)

. - i 3z ' Hinh 4.8 X4c dinh hd din
‘ Theo cf;nh nghia ho ":Ian. xoay Xoay chiéu g__ ciia JFET.
chiéu g, cla JFET la d6 d6c vi phan ' '
clia dac tuyén truyén dat hinh 4.3d hay hinh 4.8 thé hién & biéu thic (4.10).
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__Alp
gl"l’l - "AUGS

(khi giit Upg khong déi) - (4.10)

G day Alp v AUgg la bién thién (gia s6) tuong iing cia dong Iy, va dp Ug,
Vi du trén hinh 4.8:

KhiUgg=-2V; Ip=2,5mA

Khi Ugg=-3V: Ip = 0,625mA (xem vidu 1)
X 2,5mA —0,625mA _ 1,875mA _
W d6 gn = Sy = = L7mS

(chi ¥ don vi cla g, 1a miliSimen hay mA/V)
KhiUgs=0V Ip=10mA
Khi Ugg=-1V Ip=5,625mA

do dé g, trong khodng — 1V t6i OV cila Ugg béng :

_10mA -5,625mA _ 4,375mA
Bm =T ovV_(c1v) 1V

=4,375mS

Két ludn: gid tri g, sé tang khi diém 1am viéc dich gdn vé gdc toa do
(|Ugs! giam). |

Vi | gid tri bdt ky cla Ugg, g, dugce tinh theo (4.11)

U
gm =gm0[1~ﬁ-95—} (4.11)
. (iSkhoa .
Khi Ugs = OV, do hd din [a:
21 -
Emo = Ty o (4.12)
GSkhoa

b) Tang khuéch dai dién 4p mic cuc ngudn chung (SC)

Xét mach khué&ch dai mac SC hinh 4.9a vdi c4c tham s gidi han cho trude
cta JFET 12 Ipgg = 10mA; Ugs yhaa = ~ 4V |
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a) U, =10V ’ b)
Ry= 1,5 kQ
- - D '
UGS(o?n-“V []
losg™ 10 mA C=100pF
C=01 f '
1 Rl U
: 10k v R r=R,#R
MG
u, R C)l v Rpd Ry

G Rg | 1M b= 9, Yo
0,2 Vpp MO 2000 ) m
o s
100pF

Hinh 4.9. a) Téng khuéch dai 5C : b) mach tm:fng duong xoay chiéu

e Ché& do mot chiéu:

Up =Upp - IpRp =15V - (5mA.1, 5kQ) = 7,5V

* Ché d6 xoay chiéu : Dién 4p vao dat 16i cuc cira, dién dp ra ldy trén cuc
mang, hé 56 khuéch dai dien 4p : (chi ¥ ki hiéu Ugs chi thanh phdn xoay
chiéu, khong tinh t6i thanh phin phan cuc 1 chiéu cho G)

U, g
A =L =dt
¢ U\" UV
vai K U,=Ugsiig=gpUgstacé: A, =g.r, - (4.13)

hé thifc (4.13) nhan duge chi khi ¢é Cs ndi song song thodt dong xoay chiéu
1rén Rg, con khi khong ¢6 Cg, A, duoe tinh bdi (4.14):

Bm.r,

=_°mh (4.14)
1+ ngs

u

Vi dy 5: Tinh hé s8 khuéch dai dién ap A, va dién 4dp ra U, trong mach
hinh 4.9a :

tai xoay chiéu trén mach cuc méng :

. - BpR _ 15kQ10kQ
' Rp +R, 1,5k + 10KQ

= 1, 3kQ
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hé din tai géc (Ugs = 0) tinh theo (4.12)

Apss  2.10mA
= = = SmS
~UGskhoa 4V

Emo
Ap dung hé thic (4.11) tinh g:

u
GSkhéa

= 5mS|-1 - _:}] = 3,75mS

L

Ditng hé thic (4.13) ta c6:
A, = 8 =3,75mS.1,3kQ = 4,875
dién 4p xoay chiéu tai 16i ra xdc dinh boi:
U,=A,.U,=4875.02V,,
= 0,975 Vpp

¢) Tang khu&ch dai mic cuc mang chung (DC)

Tuong ty nhu mach ap CC ding BIT, tdng DC cé tr& khing vao rdt 1dn,
trd khdng ra nho va hé s khuéch dai dién dp nhé hon 1, khong dao pha. Di¢n
dp vio dat t6i cuc cira, dién dp ra 1Ay trén cyc nguén: (hinh 4.10a va b), cuc
ming ndi OV vé xoay chiéu.

Xac dinh hé so khuéch dai dién dp :
Ur = gm'UGS'rl (Vél n= RS”RIJ
U, = Ugs + 8m-Ugsht

1 .
A, =-([J—'=-———--1 i 4.15;
v EmTy

Trd khing vao Z, = Rg

Trd khang ra Z, = Rg // L
Em
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=10V v =-gV

) GS khod
a .
lpss = 15MA
c,
|1 c
| C > . 2
U, = 1V
RG-1MI1 |
/E’R-z«m R=18%0
b) R, C)ia"gm"g.
Uy=1Vpe . -}U
@ Rf1MQ r=RR, '

77

Hinh 4.10. Ting khuéch dai DC
a) mach nguyén 1§ ; b) mach tvong duong xoay chiéu

Thay céc s6 lidu di cho chia mach hinh 4.10a ta duge ;
240Q0.1,8k02

= 3400+ 8K =211,7Q
_ 2lpsg _30mA _
8m = Bmo [i - Ugg{:& ] = 3,75mS[l - {-:-] = 2,8mS
= E8mhlt  _ 2,8mS.211,7Q2
A= Tig n ~T+2.8msairia - oY
U, =AU, =0,37.1Vpp = 0,37V,
Z, =Rg //——- = 2400/ oz = 143,50

&m 2,8mS
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d) Tang méc cuc cira chung (GC) hinh 4.11

W =12V
a) Ussknos =4 Y
I|:1s:-;= 10mA R=1.2 (19
| R Mk
| I .
C, C,
vz = 2000 HR=15 k€
10 mVpp@ H R '
77 77 77
b)
Uf.
1 id= gmvgs = Ro” Rt

]Rsr» 200Q | |4

Igm | I l—'
77

=
@

Hinh 4.11. Mach khuéch dai JFET mic cyc cfra chung
a) mach nguyén ly ;
b) so d6 wong duong xoay chidu

bién dp vao dua i cyc S, dién 4p ra 14y trén cyc D cong pha véi U,,
tuong ty cdch tinh véi kiéu méc SC tir mach dién tvong duong hinh 4.11b ¢6 :

U, =gn-Ugs g
. Au _ gm..UGs.l'l
Ugs
Ay=gn 1y ' . (4.16)
.. 1,2kQ2.13kQ2
voi = RoIRC= g ek O

A, =3,75mS. 1,11kQ = 4,16
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Up = AUy = 4,16.10mV,, = 41,6mV,,

1

375ms | 144

Z, = Rg /- = 2000/
8 .

- 4.2. CAC TINH CHAT CUA MOSFET

Vé mat cdu tao FET ¢6 cyc clta céch ly vai kénh dan dien, kiéu kim loaj —

0xit — chdt bén din duge goi chung 1a nhém MOSFET véi 3 cue tuong tu nhu
JFET, dong cuc méng I, duge didu khién bing dien 4p cuc cita Ugg. C6 hai
nhom MOSFET : loai ¢6 kénh cam Gng viét tat la EMOSFET va loai c6 kénh
c6 sin DMOSFET. Do cyc cira 1a cich dién véi kénh din nén tré khdng vao
cia MOSFET 1én hon vai cdp so v&i JFET.

4.2.1. DMOSFET (loai kénh c6 s&n)

a) Cdu tao DMOS cho trén hinh 4.12a v6i loai kénh n va hinh 4.14a véi

loai kénh p cho thdy 13 hai dac di€ém quan trong:

* Dd c6 san [ kénh ddn di¢n loai n hay loai p ndi thong giita 2 cie D va S

clia né.

* Cuc cira nam cdch ly v6i kenh qua 1 16p dién moi SiO, méng ¢& pm.

Méng
1, {mA)

¥énh dan D
Cla -

.__4 G Bé Ché d% nghéo Ché a8

'—J gidu
SiO2 / I
Ch&t cach ly P
Ngudn Ugs U gq
a) b) c)

Hinh 4.12
a) Cau tao ciia MOSFET kénh n c6 sin ( DMOSFET) ;
b) Ky hiéu quy udc ; ¢} Déc tuyén I, theo Ugg

b) Khi dat 1 dién dp Upg > 0 gitra D va S, thay déi dién dp dat vao cuc clra’

Ugs 2 0 ta nhan dugc dac tuyén truyén dat I = f(Ugg) hinh 4.12¢ va
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néu thay ddi Upg tmg vdi mdi Ugg c6 dinh ta nhan duge dac tuyén ra Iy = f5(Upg)
hinh 4.13d, tic 1a DMOS c6 thé lam viéc vdi 3 ch€ do khéc nhau cia Ugg:

Vi Ugg = 0, khi Ugg > 0 DMOS 1am viec & ché do gian va khi Ugg <0 0
ch& do ngheo ing vél mide do dong I khéc nhau do kenh dén duge lam giau
hat din lén hay bi lam ngh&o hat din di nhd hién tugng cam tng tinh dién cia
dien truong Ugg qua 1dp SiO, tdc dong téi viing kénh, nghia 12 kénh s& c6 nhiéu
dién tit din hon khi Ugg >0 va do vay dong Iy tang (hinh 4.13b) hay s€ giam
bat dién tlr dn di khi Ugg < 0 va do vay dong I giam — hinh 4.13c, Quan hé
Ip= fl(UGS) tudn theo quy luat (4. 2) gidng nhu JFET. :

| {mA)

}
+Ues
/ Ups= 0
!- -Ugs
U .
P UD3 (v)
d)

Hinh 4.13. Xic dinh dac tuyén dong cuc méing I, phu thuéc
dign dp méng ngudn Upg  khi dién dp cyc cira :
a) Ugg =0 b) Ugs > 05 ¢) Ugg < 0 ; d6i vé1 DMOSFET keénh n
d) Dac tuyén ra ¢ciia DMOS kénh n.

Vi du 1: Hay tinh dong cyc méng I tng vi Ugg = 0V, Ugg = + 2V va
UGS = - 2V, blélt rﬁng DMOS cd IDSS - IOmA, UGS khoi = — 4V,
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2
o Khi Ugs = + 2V theo he thic (4.2) Ip =IDSS[1—&] c6

Ugskhéa
Ip = lOmAlil - %] = 10mA.2,25 = 22, 5mA
- s Khi UGS = - 2V
. 2V '
cod Ip =10mA|1 —W = 10mA.0,25 = 2,5mA
* Khi UGS =0V ID = IDSS = 10mA.
Mang )

1, (mA)

Cla
|: gidu | _
Si
s« J|, |
Chét cach dian s

Ngubn s *les
) _ . b) c)

Hink 4.14.
a) Cdu tao loai DMOSFET kénh p ;
by K¥ hi¢u quy udc ;
c) Bic tuyén Iy theo Ugg

Véi DMOS kénh pcdn cha y
" e dien 4p mdng nguén Upp <0

e khi Ugg > 0, DMOS & ché& d6 ngheo (hinh 4.14c) cdn khi Ugs< 0 DMOS
kénh P & ché do gidu.

4.2.2. EMOSFET - (loai kénh cam img)

Hinh 4.15a trinh bay cdu tao cia EMOSFET loai kénh n cam ung,
diém khéc biét 1a chua c6 kénh dén dién n6i gita S va D khi di¢n dp cuc clra
Ugs = 0, chi khi dat tdi cyc cilra 1 dign ap thich hgp cyc tinh duong Ugg > 0 sé
xudt hién dién tich trdi d4u (dién tlr) trong viing bdn din d6i dién véi cyc G
(hinh 4.15b) va do dé xudt hién mot kénh din dién béng di¢n tl (kénh n). Ky
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hiéu quy udc va cdc dac tuyén quan trong nhat cia EMOS cho trén hinh 4.15c¢,
d,e. Hinh 4.16a va b la ky hiéu quy uéc va dac tuyén truyén dat I (Ugg) d6i
vdl nhom EMOS kénh p.

Méang

N D
= J
+ Si
T &j G._J’y:l
Chét cach
- alén - -
l Ngudn /_L
el S
. . a) c)-
|{mA) 1 ' Io{mAY
Use= +12V
U= +8 V
Un=+4V
Um .
U,
Uy V) g UV}
d) %)

Hinh 4.15.
a) C4u tao ; b) Tich dién trén bé mat 16p SiO, ;
c) K¥ hiéu quy udc ; d) Dac tuyén truyén dat cha EMOSFET kenh n cam ing

“Uno . ( (MA)
Mang
I_ 13

Clm Bé .

Ngusn -

Ups(V) Ussmy
a) ;77 ' b)
Hinh 4.16.

4) Ky hieu EMOSFET kénh cam ng loai p:  b) Dac tuyén truyén dat Iy phy thudc Ugg.

154



4.2.3. Phan cuc 1 chiéu cho MOSFET

a) Vdi DMOS c6 thé cho dién dp cyc cira ban ddu bing O (che& do thién 4p
O nhu thé hién & hinh 4.17a. Hinh 4.17b m6 (3 phuong thirc diéu khién dong
¢uc méng clia di¢n dp cyc clra khi DMOS & ché do khuéch dai dién 4p mic cuc
ngudn chung (SC), xét véi loai DMOSkenh n.

Khi Ugg = 0 dong cyc méng Iy = Ipss (hinh 4.17b) 1ing v6i ban ky duong
cia U, DMOS 1am viéc & ché do giau (dong I, tang theo U, (hay Ugg), khi
U, < 0 DMOS lam viéc & ché€ d6 ngheo khi d6 dong Ip, gidm khi Ugg gidm.

- U5V
Io{mA}
Ro

Te
i
A

u, R°=1 M0

r#7

a)
Hink 4.17
a) Phan cyc thién 4p0 cho DMOSFET : - b) Minh hoa ch€ d6 xoay chiéu.
UDS = UDD — IDSS’RD (41?)

Néu chon Ry, dé Upg = %UDD thi Ry, xéc dinh bdi (4.18):

=15V ls=(mA)
A
RD
=M
R logee= 10{mA)
3N169 -
a) ) Usaga Vot

Hinh 4.18. Phan cuc kidu hoi ti€p dien 4p tir cuc méng
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Rp = Ypp (4.18)
2Ipss |

he s6 khuéch dai di¢n dp A, xdc dinh nhu véi JFET : Ay =g, 1y

Tuong tu nhu d6i véi JEET c6 thé sit dung céc phwong phdp phan cuc
khdc: thién 4p tv cdp dung dién trd Rg va dong Ig, thién 4p ding bo chia dp
hay dung ddong dién cyc ngudn (xem muc 4.1.3).

V6i nhém EMOS, khong thé sit dung phuong phdp phan cuc 0 nhu véi
DMOS. Hinh 4.18 dua ra | céch phan cuc kiéu héi ti€p dién 4p cyc ming
(twong tv nhy hinh 3.14 d6i véi BIT), do ddng cuc cira Ig = 0 nén Upg = Ugs
va dién 1rd cyc méng Ry xdc dinh boi:

- o7 ' 419
D)
15V - 10V
= = 500Q2 (chon Rp = f’«?O Q)

« M6t s6 luu ¢ khi sir dung FET:

a) Khi sit dung MOS & ché do khuéch dai hay ch€ do khéa dién 1r luon
chd ¥ tinh chét nhay cam cia loai lmh kién nay vé&i cic trudng tinh di¢n: ngoél
vi 16p dién moi SiO, rdt mong (10 m) nén dé bi ddnh thung.

b) Cédn tuan thi cdc yéu cdu trong 10
khi thao tdc v4i MOS

e Khi dang n6i ngudn tuyét doi
khong 14p (han) hay g& MOS trong mach e -

¢ Khong dua tin hi¢u vao lic nguén
dang rgit

e Cin ti€p ddt (OV) véi mo han
trudce khi cho tdc dong han g& MOS.

» N&i ngén mach cdc cyc clia MOS
khi chua sir dung Hinh 4.19. Bién phép bio vé& ddu vdo MOS

Mot bién phdp c6 hiéu qua 1a dung )
di6t chéng qué 4p (d4nh thung) tai céng vao nhu trén hinh 4.19.

|s

¢) Khi dung MOS & ch€ d¢ khda chi c6 ch€ do n6i mach (v6i dbng Ipl6n
nhit Upg nhd nhat) va ch€ do ngdt mach (v6i ddng cuc méng Ip = 0, dién 4p

156



Ups 16n nhét) cdn chi ¢ ia JFET, DMOS & ch€ 36 ngheo 1a loai ¥héa thuong
md (khi chua c¢6 diéu khién dong cyc méng 1 16n nnat) cdn EMO3 va DMOS
& ch& d6 gidu 1a loai khéa thudng ngit (khi chua ¢6 didu khiér, dong cuc
mang I = 0) véi EMOS. .

d) V@i Upg tuong d6i nhd (Upg < Upgepy) FET c¢ thé 1am vig¢c nhu mot
dién tré thay ddi gid tri ciia minh theo dién 4p cuc cira tdc dong: rpg (Ugs)-

e) Trong phédn 16n cédc trudng hgp, do tinh d6i xing, vai trd cuc S va cuc D
c6 thé déi 1dn cho nhau ma tinh chat FET jt thay déi.

f) Cuc d&€ c6 thé ding lam cyc cira thir 2 dé dua tin higu diéu khién t6i;
Con khi khéng st dung t6i, cdn ndi né t6i cuc S (dién thé thap), hay 16i cuc D
(n&u cédn dién th€ cao trong mach logic s&).

4.2.4. Khéa dién tr ding FET

a) Khoéa JFET : Xét méch dién hinh 4.20

Khi dién 4p didu khién bing Y s D Y
0, Ugs = 0, JFET dugc néi mach
v6i Iy = Ipgs (vi du bing 10mA).

Khi d6 dién trd rpg cha JFET xdc
dinh bdi he thic (4.20)

Ugskhoa _ 1
DSmin ™ 737 = (4.20) - ch an: '
D3S mo Hinh 4.20. Chuyén mach anulog ding JFET

gid tri rpg_ - thudng & vai Q 161 vai chyc Q.
Khi d6 khi chon R >> Rpgmin

Uy

Se—Y R=xl
P+ l-Dsmin Y

r
vdi sai s& pham phai khi x4p xi la
ms. .
y = =2 100(%)
Ta goi trang thdi nay 14 c&u tridc dang doc tin hiéu vio.
Ugk < Uymin + Ugskhoa <0

(0 day Uy pnin 12 gid tri am nhat cda tin hiéu vao)



JFET bj ngét mach I = 0 lic d6 U, = 0 mach chuyén vé trang théi nghi.
Do ¢6 mat dién dung Cgg . né dugce nap téi gid tri Ugk < 0 lic nghi nén hic
Ugx = 0 (Iénh doc) mach c6 do tré do cdn thdi gian phan tdn dién tich am trén
Cgs, n€u ¢é R {tri s6 nho) thai
gian tré ldc doc tin hiéu s& giam.
biot D dé chéng cuc tinh duong = Y

ctia U diéu khién. -
) T,

b) Khéa EMOS : Xét mach !
hinh 4.21 v6i T, loai EMOS kénh W TTT Uy
n va T, loai EMOS kénh p (cong 111 *
nghé CMOS). _

Ty R
Khi Uy > 0 (khodng vai von)

T, va T, déu ndi mach do tin hiéu >0 Uy,
vao ¢é cyc tinh thich hop :
U, ~ U, véi sai s6 doc la:
DS
Dmin 09
2R

Khi Uy <0, Ty va T, déu ngit mach, trén R khong c6 dong dién, dién ap
& cong ra biang 0: mach & ché do nghi khong doc tin hi¢u U,

Hinh 4.21. Chuyén mach ding CMOS

4.3. TRANZITO MOT TIEP GIAP PN (UJT)

4.3.1. Cdu tao UJT dugc v& trén hinh 4.22a gdm 3 cyc twrong \ing 1a bazo 1
(By), bazo 2 (By) va emito (E) & d6 ¢4 3 1i€p xiic tuy€n tinh. D€ néi giita 2 bazo

a) B, b) E_, I8,
+ B,
Si-n Voo —
pr pt+
— N - - - ¥
E[A A
Ue
> E s,
B| : c} )

B,

Hinh 4.22. 3) Céu tao UJT loai kénh n
b} K¥ hi¢u quy udc cla loai kénh n ; c) vi cla loai _kenh P
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(ByBy) 12 1 thoi chat bén din don tinh thé Si pha tap chat (vi du loai n) nghéo,
do vay d€ cé dién tr& Rgg twong d6i 16n (10 Q). Vang lam cuc E 12 ban din
khéc loai din di¢n v&i d€ (vi du loai p) nhu vay da hinh thanh mét didt giita
cuc E va d€. Ky hi¢u quy udc cia UJT cho t¥én hinh 4.22b véi loai kénh n va
4.22¢ v6i loai kénh p.

4.3.2. Nguyén ly hoat ddng va dic tuyén von ampe cia UJT

18
|EA
[JRe.
E A
B <o ESRLR RIS
0 i i
L ”R :.1IR << R
T e [JRe, ii"n i Fn
1 i S 1 ]
Uv Up -k R T
a) p B

Hinh 4.23
a) Bac tuyén Von ampe cia UJT ;
b) So do twong dwong mé phéng cdu tao cua UIT

Tédc dong gifta cuc E va B; mét dién 4p Ug bién thién, do dong dién cyc E
(ky hi¢u 1a Tg) ngudi ta thu duge dac tuyén von ampe ctia UJT hinh 4.23a. Mo
hirh twong dwong cdu tao cia UJT cho trén hinh 4.23b.

Béc tuyén hinh 4.23a chia thanh 3 viing phan biét:

Vong khi Ug < Up vdi dac trung dong emito Ig nho, ap Ug 16n goi [a viing
khoa cia UJT. Vig khi Ug 2 Up, UJT chuyén sang din dién (mé), véi dac
trung dong I 1dn, 4p Ug nho. Chuyén tiép giita 2 viing trén 12 mot viing qud
do dong Iy tang trong khi di¢n 4p Ug gidm (viing dién trd ¢6 gid tri am). C6
thé giai thich vat 1y dac ruyé&n hinh 4.23 bang mo hinh 4.23b nhu sau: Tir mat
cat AA trén hinh 4.22a dién trd khéi cta d& BB, c6 thé tich thanh 2 phin:

RBB = R82 + RBl
Nhu vay dién 4p tai A s& bang :

Ugp

Uy =——BB
A I{B2 +RB|

Rp, 4.21)
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Up =nUgg - (4.22)

R
vii 1 = ——L— 12 he s6 chia cita UJT (thuéng n cb gid tri 0,47 + 0,85).

Vay khi Ug < nUgg + 0,7V di6t b khong déin di¢n, dong qua di6t (dong
Ig) chi 1a dong dien nguoc ciia mot dit khéa, khi Ug 2 nUgg + 0,7V D dan
dién, dong Ig 13 ddng 16 trong phun manh tir cyc E sang d€ B, B,, diéu nay
13m dién trd d& gidm nhung chi y&u tic dong lam giam Rp, (do phan b&
dién trudng Ugp doc ti B, t6i B;) din t4i he s6 n gidm theo, diéu nay lam
diéu kien mo ciia P cang 16t tic 13 s& hat phun sang d€ lai tang ... qud trinh
duoc khép kin gay ra dét bién (doan dift nét trén hinh 4.23d) 1at nhanh UJT
tir khéa sang md. Trong so dé wwong dvong 4.23b ta mé ta qud trinh khi
diét md, nhdnh Rp ¢6 thém 2 thanh phdn R, (do di¢n t&t phun qua ti€p Xiic
pn) va R, (do 16 tréng phun qua) v6i R, << R, do néng do hat chénh léch lon
(néng do p >> néng do n). Thiét lap phurmg trinh nit dong dién tai A, din t6i
h¢ thitc m¢ ta dic tuyén ig = {(Ug) dang:

‘ Hn 1) . (Rg,-Rg, ) kT (1]
Us =nUnp — +l-— 5B L 2l B (4.23)
g =NUps (“p Y]YIE[ Rog a M1

Vi 1y, By 12 he 58 linh dong cha dign vir va 18 trong

Eq?_ = U 1a dién thé nhiét

y= hé s¢ phun ciia emito

P
Iy+1,

Néu dao ham (4.23) sau d6 cho triét tidu: E;l: =0
E

ta nhan dugc 1 cdp gié tri toa 46 cua diém phan cdch 2 viing md - khéa

-1
IP=E(H_-1+,_1] (%**R—l-]
‘ qy { Kp ¥ B, Rs, (4.24)

kT, (1p
U, = nUgp +—In| £

He thirc 4.24 cho phép giai thich viéc lya chon d€ ngheo hat din d¢ Rp,

va Rg, ¢6 gid tr1 16n, do d6 cap gid tri (I, Up) nho 1a diéu mong mudn vé chét
lugng cia UIT.

160



4.3.3. Ung dung dién hinh cha UJT 12 & ché do tu dao dong tao ra déng |
thoi tin hiéu c6 dang tam gidc va ham s& mii (nhon ddu) theo so dé mach diéx :
hinh 4.24a. D¢ thi biéu dién sy bién thién clia dién 4p trén cuc B (dong thoi 1a
trén tu C) va trén cuc B| cho trén hinh 4.24b,

K ]
/./—. BR :
Uaa --------- ) -‘-,-;--"'::- -
[V AT S
M
1 1
E_Wr g, Uy I !
A NS N -
I, o,
1 1 ] 1 1
— $——e U a A O .
—_— R1 ] i
] t
] 1
[ LN L
0 ' ==
T Loty Lty
a) T p et —T—]
Hinh 4.24

a) Mach dién tao dao dong diing UJT ;
b) B3 thi thai gian minh hoa

Hoat dong ctia mach 4.24a nhu sau: lic t = 0 khéa K néi mach cho Ugg
cung cap (tri s& vai chyc V), ban ddu Ig = 0; Ug = Ue = 0, dong qua R nap
cho tu C lam di¢n 4p trén tu tang din theo quy luat xudt phat tr viée can bing
IR = IC cd:

Ugp - Uc(® _ dU.)
R dr |
, . |
U ([) =1 nn [l - exp( RCJ] (425)

Biéu dién (4.25) ta dugc dang hinh 4.24b, chti ¥ ring u (1) = ug tang dén
theo t: khit < t; UJT & ch€ d6 khéa, con khi t =t ta cé: Ug(t)) = U, nén UJT
chuyén sang ch& do mé. Tu C phéng dién qua di6t D va (RB + Rl) tao ra
dong dién c¢6 dang ham mi suy gidm theo t
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¢ . -
Ue(t) = Up exp(_m] v6i  Rphong = Rp, + R
phong-

ldc t =ty, U, (t5) = U, UJT lai lat trang thai tu md sang khéa, C lai dugc nap

sau thoi diém nay, cho téi lic t = 1, lai 1 nhip phéng... Qu4 trinh tao dang hai
tin hiéu tam gidc va nhon ddu xay ra 1 cdch ty dgng (tu dao dong) khong cén
b4t k3 mot kich thich ngoai ndo. Cac két luan rit ra duge la:

¢ Chu k¥ cha tin hi¢u ra hoan toan do mic U, v& thoi gian thyc hién 1
nhip phéng va | nhip nap clia C quyé&t dinh: T =t3 — t] = (13 — 1} + (13 — )
tuy nhién (13 — t5) >> (1 - t;) nén chii yéu do thii gian nap cho C quy¢t dinh,
duge xdc dinh boi hé thie 4.26.

T=RCln( 1 J (4.29)
) 1-n
viduv6i C=0,luF ; R=220kQ:n=0,06.
ia co:
1 |
T= = . Q.
RClnl_n 0,1uF.220k 1n[1_0’6j

= 20,16 ms
hay tdn s6 xun ralﬁ"f-i——w—l—-——496Hz
Y grald: I =T T30, 16ms

e Khi tang dién trd R, thdi gian (13 — t;) s& tang do d6 chu k¥ T uing va
nguoc lai giam R s& lam T giam; nghia 12 c6 thé thay déi tdn s6 cta tin hiéu ra
nh® thay déi R (hoac thay déi C).

« Né&u thay gid tri R; béing 1 loa dién thanh, chon RC thich hop ta s& nhan
dugc trén loa am thanh dng véi cdc n6t nhac (dan dién ti).

4.4. THYRISTOR (SCR: SILICON CONTROLLED RECTIFIER)

SCR la cum tir viét tit ti€ng Anh thé hién tinh chdt co ban cia thyristor
12 mot phén tir chinh lwn bing vat lieu ban dén Silic ¢6 diéu khién duge.
Thuc ra ching gém 3 nhém:

e Diac (hinh 4.25a) vdi dic tuy&n von ampe dang hinh 4.25b.

o Thyristor (SCR) vdi céu tao, k¥ hi¢n quy udc dac tuye’n von ampe cho
trén hinh 4.26.

e Triac 1a su két hgp tinh chét cha Diac va SCR trong 1 phén tir.
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4.4.1. Piac

Diac thuoc nhém linh kién 3 16p bdn din cé két cdu thé hién trén hinh
4.25a v&i ky hiéu quy udc 4.25b, tuy ¢6 2 ti€p xic pn nhu loai BIT nhung chi
€6 2 cuc ra va ¢6 kha nang dan dién theéo ca 2 chiéu nhu thé hi®n trén dic
tuyén von ampe (hinh 4.25¢). Can chi y 1a khi dién dp U dat "én Piac nim
thdp hon gid tri ngudng Ug, hay cac hon — Up, theo ¢d hai chiéu Piac déu
khong dén dien. Tai gidi han U = +Up,, Diac chuyén sang dan dién véi dic
trung dién ap roi trén ndé cé gia tri nhd hon | Ug, | . dong qua né 18n va duy tri
& mic 1] > “duy ml theo ca 2 hudng thuin v huéng nguoc. Néu chon
|UBO| di I6n, Piac duge ding trong mach dién bao vé chéng qua ap khi né
dugc n6i song song tai ddu vao cia tai tiéu thu dién 4p xoay chiéu.

p
-Ugo Iu
U o
n YA
p
- _ ¥
a) b) c)

Hinh 4.25 :
a) Cau 1ao Diac ; b) K¢ hig¢u quy udc ; ¢) Dic tuyén von ampe cha Fiac

4.4.2. Thyristor {SCR)

Cau tao, ky hiéu quy wdc, dic tuyén von ampe cia SCR dugc che trén
hinh 4.26, thé hién SCR 12 1 linh kién loai 4 16p ban din xen k& PN pany. tiic
. 1a ¢4 3 1€p xic phi tuyén dang pn két hop vdi 3 tiép xiic tuyén tinh dua ra céc
tuc andt A, cat6t K cue cira diéu khién G. V& mat cdu tao cén chd ¥ dic diém
vung p, va n dugc pha tap chét nhiéu nhit (ndng do cao 16i mite gan suy bién —
xem 2.1} va xu#lt phét tir viing p, lam dé, budc mot tao ra n; va n, sau d6 trén
ny tao ti€p p;. Dic twyén von ampe hinh 4.26¢ ¢ thé chia thanh 4 ving chinh
va | viing chuyén ti€p dé 1a viing chin thuin, ving din thuan va gitra 2 vung
nay la 1 ving qud do (c6 dién trd am: dong qua SCR tang trong khi dp trén nd
giam) thu duoc khi tic dong dién dp giita an6t va katst 12 chiéu thuan U Ak =Ur20,
't 14 cac di6t pn;, pn, din bi ngan cdch bing dist n,p, khéa khi & ving chin
thuan. Cén chd ¥ ¢ day c6 | gid tri dién 4p ngudng U danh thing thuan
(Uggp) thc'1a khi tang ddn dign dp U,y trén SCR t6i lic Uag = Uggpp, SCR sé
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chuyén tir viing khong din dién sang cling din dién (ta goi d6 12 phuong phip
kich m& SCR bing dién 4p thudn giita anét va katst). Cdc viing con lai cha dic
tuy€n khi Uy < 0 gidng nhu clia 1 dist bdn din thong thudng, d6 12 ving
chdn ngugc (cdc didt pyn,, pon, khda, didt n;p; md) va viing din nguoc: didt
pin; va sau d6 p,n, bi ddnh thing vé di¢n).

] | Dang duy 1ri |,
Dang chdn ngugc
P ’ ™ ®ién 4p dénh
\ thiing thuan
n U - 2
: U UBRF
G — v] ROM
2 ) o
Pbign ap 5
n d4nh thiing nguac Dang chin thuan
2
l c) 1
K
a) A
Cira didu
khién ~
o U F
b} K d) Varrs Usrr2 Yerrr Ugreo

Hinh 4.26
Civ tao SCR (a) ky hi¢u quy udc (b) ¢ac tuyén von ampe khi chua ¢6 diéu khién (c)
vd dic tuyén von ampe nhdnh thuan khi cé didu khién & cuc G (d)

Trén hinh 4.26d ta nhan dugc cdc gid tri dién 4p dénh thing thuin khic
nhau va gi4 tri nay giam khi tang dong khdi déng 1én cuc G. Nghia 12 n€u c6
~dinh di¢n 4p giita A va K & 1 gié tri U,g < Upgp, (iing véi ldc dong I = 0).
SCR s& khong din dién cho t8i lic ¢6 | tic dong dong dién Ig # 0 1én cuc G
(vi du Ig ) trén hinh 4.26d va SCR s& mé (dan dién) theo phuong phép ding
dong trén cuc didu khién G. Tuy nhién diéu nay chi thuc hién dugc theo chidu
thuan, con nfu SCR dang md khéng thé ding dong hay 4p cuc G dap tit né
duge, khi d6 ta phai diing bien phdp duy nhat 1a dat U,g < 0 lén SCR. C6 thé
mo td SCR nhy hinh 4.27a : '
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Xét vé cdu tao, 13 1 cdu tric gém 1 cap BIT njPyy VA pynyp; mic lien
hop nhau nhu hinh 4.27, tic 12 Ia=1Ig 1= Ig,; Iy = Ic, va I, = Ig,
(khilg = 0); khic6 I = 0 ta cé

IK = IA+ IG

n,
. J—
) - '
oo
o—l//;’// P

G . II:.T’

a} T b} : s K
: ) K

Hinh 4.27.
a) Cau tao SCR gbm 4 16p c6 tich ddi cic l6p giita ; b) M6 hinh tuong duong coa SCR

O ché do xoay chiéu diy = di, + dIg

mac khac dIA =0 dIA + ﬂ,z dIK

dIA 1]
= 27
dIG 1—(CLI +C.".2) (42 )
4i A _ oLy A A _ e, 1a cdc hé s6 truyén dat dong dié
= = = = — t
YOl (_xl aIEl aIA va g QIEZ aIK cac he sO truycn aat Ol'lg en

xoay chiéu cla T va T,. H¢ thiic (4.27) cho phép giai thich tic dung didu
khién cha cyc G (thé hién 14 chi cdn dlg vo cing bé) khi d6 a; + a, —» 1 va
nhan duge dI, da 16n. . -

4.4.3. M6t vai ing dung dién hinh chGa SCR
Mach dién hinh 4.28a 12 1 4ng dung dién hinh ctia SCR nhim diéu khién
dong di¢n chdy qua tdi (13 1 dén thdp sdng) khi thay déi gia trf cia dién trg R,
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trong mach. Dién ap vao giia 2 diém AB la di¢n 4p ludi 120V ¢6 bien do dinh
12 120V~2 = 170V, R, dé han ché dong, R, dé thay d6i géc md cho SCR, D
~ dé ngan dién 4p cyc tinh am téc dong téi cyc diéu khién G ciia SCR (di¢n 4p
danh thing gitra G va K clia SCR thudng thap). Khi tang gié tri R, (dich diém
P lén phia trén) dién ap duong tic dong dén G cia SCR s& tang theo do d6
g6c md chia SCR s& giam 14n lugt theo cdc d6 thi minh hoa hinh 4.28b, c, d
ing voi cac géc mé 1a 90°, 45° va 0% khi d6 c6 dang dién 4p trén tai va trén
SCR tuong tng duoc mo ta trén dé thi, ket qua 12 40 sdng cia dén ting dén khi
p dich Ién trén hodc giam ddn dén t6i hin khi p dich xuéng dudi. Mach di¢n
hinh 4.2%a thuc hién khoi dong SCR bang 1 mach dich pha RC c6 nhiéu wu di€m
hon so véi mazh 4.28a. O vi tri gia tri 16n nhét ciia R, géc pha giita di¢n dp vac
U g va dié¢n dp trén tu U x&p xi 90°, nghia 12 khau RC lam tré pha di 1 géc 90°,

g6c mdO din dién cho SCR dugc thay d8i tir 90° dén 180°, dang dién dp trén tai

. pisn &p 4
~ wontl I\ |\
+170 0 . o
Ban R .
ov 1
Uy .
SCR
i \ G Dignap
5, Pht  tenSCR /|
Q — o
% \/ \/
a) B)
. Didnép B;::‘:; \
© wen thi (\ (\ ' /\
] - 0 Lo
] Blgn &p
A  }
:;insgn - trén SCR
U A oL _
* \/ \/ ’ ° \/ \./

©) d)

Hinh 4.28. Dang SCR diéu khién dong di¢n qua dén
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khi SCR mé& ting v6i cdc g6¢ mé khéc nhau dugce cho trén hinh 4.29b, ¢, d, khi
giam ddn dién o R, gid tri dién dp trén ti s& tang d4dn do géc md sém dﬁn
lén, tuong Ung dén s& c6 do sdng tang dan.

A I:'::: ::: [\ [\
° —
16n
Dignap §
trén SCR
ANVA
0 -
vV

Pin &p

mm}/\ /_\ )

R duoe didu chinh
& Ném glim

R c6 gid tri
nhd nhit

Plon ap pién ap

trén SCR /I trdn SCR I

0 - D
ViR ;

¢)

MV, VO

Hink 4.29. Diing khau tr& RC thay d6i géc dan dién cia SCR

4.4.3, Triac

bic diém ciia SCR 1a chi din dién theo 1 chiéu khi dién 4p dat giira cic
cuc A va K clia né cé cyc tinh duong di 16n hoac khi c6 tin hi¢u diéu khién
dua 16i cwe G (khi Uyg duong chua di 16n). D€ c6 khi nang diéu khién dong
xoay chiéu (theo ca 2 hudng), cdn diing phén tir Triac ¢4 c4u tao thé hién trén
hinh 4.30b v6i ky hiéu quy wéc 4.30a va dac tuyén von ampe hinh 4.30c. Nhu
vay thuc chat Triac c6 ciu tao gém 2 phén tir SCR n6i song song d6i ddu nhau
¢6 chung 1 cyc diéu khién G (hinh 4.30b). Dic tuyén von ampe chia Triac cho
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trén hinh 4.30c 1a két hgp 2 nhdnh thuan cia 2 SCR tugng ¥ng cua né. Bon
kha nang hoat déng khdc nhau cha Triac duge cho trén bang hinh 4.31: ch€ do
| hoac ch& do 2 khi A, dat dién dp duong, G dat tin hiéu diéu khién duong
hoac tin hiéu diéu khién am. Ché do 3 hoat ché€ do 4 tuong dng véi khi A, dat
dién dp am va G dat dién 4p duong hoic dién 4p am. Ché€ do 1 thudng gip nhat
vi nhay cam nhat khi ¢6 dién 4p cuc clra diéu khién, & cdc ch& do con lai
thudng yéu ciu gid tri dong diéu khién idn hon, nhiét do lam viéc cha Triac
clng Anh hudng 16n t6i yeu cdu dong diéu khién.

+|

A

|
A A
2
_ J Dang chin ngugc Dong duy tri
Wi ': e / il (1)
| +Ugpr

(V) - -

q
1l
1©

H

A, ' Dang duy tri Ddng chin thufin

a)
&) e ’L-'

Hinh 4.30. a) K¥ hig¢u quy udc ; b) ¢fu tao ; ¢) dac tuyén von ampe cia Triac

Hinh 3.32. Gi6i thiéu mot vi du hoat dong ciia Triac diéu khién dong qua
tdi R, theo 2 chiéu cyc tinh cla dién 4p lugi 220V, 50Hz. Mach R C, va R,C,
dé diéu khién géc pha xudlt hién cta dién 4p diéu khiéa Triac.

Khi R, thay déi, géc pha nay c6 thé bign déi dugc tir st 0° 161 360°. Khi
Ry & vi tri cuc dai, Triac khong dan dién trong sudt chu ky cua di¢n dp vao,
két qua 13 dong qua tai R, bang 0. Khi giam déin gid tri Rﬂl triac s& tién tGi ché
do dan dién & sdt gid i géc pha 180° va 360° tic 1a dan dién & ci 2 bén k¥
duong va am clia dién d4p vao. Can luu ¥ 1a mach dién hinh 4.32 c6 sit dung
Diac hinh 4.25 1am nhiém vu tao ra dong dién khoi dong diéu khién dua t3i
cuc G cta Triac, day 14 ddng dién 2 cuc tinh d6i xdng khi thoa mén diéu kién
dién 4p trén Diac 16n hon |Up,| thi Diac' m& va xudt hién dong khéi dong
duong (khi U, duong) hay dong khoi dong am (khi U, am). Tai sir dung & day
c6 thé 1a dong co xoay chifu, aén thiap sang, bo nung nhiét hay mot thi€t bi
cong sudt dan dyng nao dé.
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220v Re
A G Ché 4 50Hz
+ + 1 R, A
Trang R,
+ - 2  E—— 1A
—_ — 4 ——01 :: Cz
77 777 77
Hinh 4.31. i . Hinh 3.32. Mach tng dung Triac diéu khién

cong sudt xoay chidu trén R,

Mach di¢n hinh 4.33 14 sy két hgp sit dung UJT dé tao xung nhon diu
khdi dong cho SCR, xung diéu khién nhan dugc trén dién trd Ry = 56Q ¢ géc
pha diu thay ddi duge nhd dién tré bi€n ddi Ry (xem vi dy hinh 4.24). C6 thé
mo td hoat dong cha mach (4.33) nhu sau: Dién 4p xoay chiéu tir luéi dién
120V 60Hz qua bg chinh luu cdu diing céc diot B; D, D5 va D4 c6 dang sérg

SCR

Hinh 4.33. Mach diéu khién pha két hop ding UJT
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nira hinh sin dua t6i phdn mach con lai, 1 phin dt t6i tai lic SCR din dién,
1 phdn qua mach én dinh Rg va Djs tao dién 4p 1 chiéu cung c4p cho mach
ty dao dong diing UJT (hinh 4.24). Tin s6 dao dong xu4t hién trén emito cla
UJT (dang tam gidc) va trén bazo | dang xung nhon ddu ¢6 thé thay ddi nho
dién tr& Ry (c6 gid tri cyc dai 1a S00kQ) va nhd d6 thay dbi dugc géc din dien
cita SCR béng cdch chon thdi diém xu4t hién céc xung nhon diéu khién SCR.
Keét qua 12 khi tang gi4 tri Ry, SCR m& muon di va dong tai I; gidm va nguge
lai khi gi4 tri Ry giam, SCR dugc khdi dong md sém hon va dong dién qua tai
téng lén. Chi y UJT dugc cung cdp séng 1 chiéu 14y trén D c¢6 dang bing ddu
va tdn $6 d6ng b véi séng ra cla bo chinh luu cdu (chu k¥ 1a 8,33ms va tai
lic nay s6ng ra chinh luu bing 0, chu trinh dao dong lai dugc khéi dong bing
viéc nap cho tu Cp). Ciing nhu vi du trén, tai ¢6 thé sit dung & day la cdc phén
tr cong sudt ¢S dong tai diéu ti€r duge theo géc mé din dién cua SCR, day 1a
dong 1 chiéu dap mach huéng tir trén qung dudi trong mach hinh 4.33 do
tinh chdt din dién cia SCR.

4.5. LINH KIEN QUANG BAN DAN

Duya trén cdc hién tugng bién d6i nang lugng dién thanh ning luong 4nh
sdng hodc ngugc lai tir nang lugng dnh sdng thanh ning lwgng dién, hinh thanh
2 nhém linh kién quang bin din dién duge dé c4p t6i trong phin ndy cung
v6i mot 6 {ng dung thudng gap cda ching.

4.5.1. Quang dién trd

a) Quang dién trér 12 1 linh Kién bén dﬁn dlen khong cé 16p chuyén 1iép
pn, thudng lam tir loai vat héu hén hop AlllgY (tuc 13 hop chat giita 2 nguyén
t6 thudc nhém 3 va nhém 5 bang tudn hodn héa hoc Mendeleep). Vi du : CdS
(Sunfit Cadmi) CdSe (Selenit Cadmi), ZnS (Sunfit kém)...

b) Quang dién tr& chi lam viéc & ch€ 4o thy dong, khi bi chi€u sdng xuat
hién thém cdc hat dan ty do (goi la cdc quang hat dién tit hay 16 tréng) 1am do
dén dién cha vit liéu ban din gia ting 1 luong :

Ac=e¢ (), An + ppAp) (4.28)

& day An va Ap 1a d¢ gia ting néng do khi dugc chi€u sing va p, va Hp 12 do
linh dong ciia dién tir va 16 tréng. :
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Quang dién tré_ducjc sit dyng rong rii trong nthiéu linh vyc nhu: tr dong -
tit ma (cong tdc dnh sdng), diéu chinh d6 hoi ty trong may chi€u phim, do 4nh
sdng O cdc mdy chup hinh, ty dong dlrng trong médy ghi am, ghép quang hoc,
bién déi tin hiéu quang — dién...

¢) Céc dic tinh quan trong cla quang dién trd 1a:

* DO din quang dién gy ,n,
* D0 nhay quang theo budc séng 4nh sédng chifu vio.

* T6c do lam viéc: thoi gian cdn thi€t d€ quang trd thay déi 65% gid tri
clia minh khi chuyén tir ch€ d6 duge chiéu sdng sang ch€ do t6i (khong duge
chi€u sdng) hay nguoc lai tir ch€ 49 t6i sang ché& do dugc chiéu sing.

e Dién trd lGc t6i ciia quang dién trd

¢ H¢ s6 nhiét dig¢n tr& cla quang dién trd (nhiéu nhiét d6) anh hudng téi
gid trj ctia dién tr& quang khi cudng do chifu sdng 1 khong déi.

d) Mach dién ing dung quang dién trd :

Hinh 4.34b 12 mgt mach dién sit dung dién trd quang LDR, khi ¢6 d4nh
sing chi€u vao LDR role s& déng mach, dén hay chudng s& hoat dong.

Hinh 4.34a 12 nguyén tic n6i mot quang dién trd Ry vao mach sit dung:
8 =15V

T +
#inh séng D _\C_ >
Ry | |1k 2
. Rdle

IN4148

u I T 4700 BC238
H]Rt : NN E+ Rg
: . Rq 1N4148 Dy
a) by .
Hinh 4.34.

a) Mach dién co ban mic quang dién tré ;
b) Mach diéu khién dén, chudng diing dnh sdng tic dong i6i quang trd.

0 mach hinh 4.34a, khi dugc chifu sing R, s€ thay déi (thudng gidm) 1
lugng AR, diéu nay 1am dong dién trong mach tang lén | glé tri kéo theo dién
ap trén tai tang thém 1 lugng U, xdc dinh bdi
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. U, AR
VTR R, - AR) Re®m~ Rq)

(4.29)

Tin hiéu U s& 1n nh4t khi

R, = JR2 -ARRg (4.30)

C6 2 trudng hop x4y ra cdn luu y:

* Khi AR << Rq +Ry, Uy s& dat cuc dai khi R, = Rq
AR

© 4R, _

* Khi AR >> Rg + Ry, U s& cye dai khi R, = /R;Rp

e} day Rq 1a gid tri quang trd liic t6i ; Rpy 12 gi4 trj cla né lic duge chigu
sing (Rp <<Rg).

Usmax =U

1
smax = Up———== U,
1+2 Rp

R

q

Khi d6 U

Vi mach dién hinh 4.34b khi R‘:1 dugc chi€u sdng, dién thé cuc B clia T
giam nho ddy T, v€ trang thai ngit mach (binh thurdng lic t6i R4 ¢ gid trf 16n
di d€ T, dén di¢n), xung dién 4p duong xuit hién trén E, qua P, khdi déng

cho T, dén dién, c6 dong dién qua role lam cuén day cla role hiit déng tidp
di€ém cung c4p dong cho tai (vi du dén chi€u sing hay chuong...).

Cam bign ! . +1s:14v
khdl
1 N401 1 @ EFTS I ITL T TIISTTT.
JATE FaX 470 oo W
R 4 sang

7 “SCR
c106Y1

AT IR AR

[LT‘@ '@ﬁ‘

a) 1 | b)

Hinh 4.35.
a} Mach bdo chdy ding quang dién tré ; b) Céu tao cam bi&n khéi ding R,
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Mach di¢n hinh 4.35 d€ bdo dong kha nang chdy nhd 1 cam bi€n khéi
dung quang dién trd.

Khi xuat hi¢n lung khéi qua khe vio budng cdm bien, cic hat khéi s& phin
chifu &nh sdng tir dén chidu sdng lén bé mat cha quang trd Rq lam dién trd ctia né
giam manh (tily theo lugng khéi nhiéu hay it} din t6i T, chuyén tir ngat sang
- dan dién, c6 xung khéi dong cho SCR n6i mach chudng bdo déng chiy.

4.5.2. Photodidt va pin quang dién

a) Cdu tao clia photodiot giéng diot thong thudng 1a ¢6 1 tiép xiic ban din
pn, tuy nhién khi 16p chuyén ti€p pn nay dugc chi€u sdng sé phét sinh ra mot
dién 4p trén nd, khi ndi v6i mach ngoai ta s& duge 1 dong quang dién co do
I6n phu thuoc ty 1& véi cuyng do
chi€u sdng. Titc 1a photodiot da thue
hi¢n 1 qua trinh bién d6i nang luong
quang thanh nang luong dién., Vé
nguyén 1y, bat k¥ 1 dié6t Silic nao khi
dugc n6i t6i 1 dién thé phan cuc
ngugc, chi cé 1 dong dién do rdt nho
chdy qua va dién 4p trén dien tr& R,
(hinh 4.36a) gin bang 0, tuy nhién
dc‘ing nguoc nay s& tang cao khi
viing ti€p xiic pn cta dist bi phoi trin
tryc ti€p c6 dnh sdng mat trdi chiéu
vao va ta nhan duge 1 gia trj dién : :
dp dang ké tren R; vi du R| = 1kQ ; Hinh 4.36
Ip=ImAtacé:

Ug, = Ip.R; =1mA.IkQ =1V

Ky hiéu quy u6c clia 1 ph6t6diét duge cho trén hinh 4.36b, cu tao cla 1
photodiot hinh 4.37a, mo hinh ving nang lugng I6p chuyén ti€p pn (hinh
4.37b) va dac tuyén von ampe clia photodiot (hinh 4.37¢) _ \

b) Tir d6 thi hinh 4.37b 1a thdy 5 khi nang luong cia luogng tir quang
(photon) dii I6n hon bé rong ving cdm s& xay ra qud trinh hap thu nang lugng
va nhay mirc cla dién tir t¥ viing héa tri 1én ving din tao ra 1 c4p quang hat,
'rong mién dién tich khong gian, cdc quang hat bj téch nhd dién truomg: 16
tréng tir 16p n hit  sang 1Gp p va diéntir ti 16p p sang lép n, cap hat dén bi
phén ly va xudt hién 1 dong quang dién & mach ngoai chuyén ti€p pn véi 2 ché
d¢ phan biét:
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Xarhda ©° Hng ngogl
Ti#p xtc Kim logi andt (A)

SIo
Wiing dign
] p——" tich
. O L A khing gian
S ée\\ Virg €80 tich
L P S Bén dn p khang glan
@8 N
——nt 3 Bén din n
\_Ti€p xdc kim loai ka8t (K)
& —
a) _ viing déin
2 Vilng com
A n g : i
Dang did W 2
fquang di .
() 0 e u 7T
7o} Quang 16tr6ngé
Déng bao hod / A/ vimg hot wis
{ - .
ol i
/@ ) b}
Fa .
c) W ™

Hinh 4.37
a) Ciu 1ao photodiot Si, flatma ; b) M6 hinh ving nang luvong vi co ché tich hat dan ;
_c) Pac tuyén vom ampe cia photodidt (gée I, 1) va clia pin quang dién (géc IV)

* C6 dién 4p bén ngoai phan cyc nguge (ving I va III) goi 1a ché do
- phétodiot, khi d6 dong dién ngugc mach ngoai ty 1€ véi cudng do chi€u séng
F3 > F2 > Fl' I.

e Khong c6 di¢n 4p bén ngoai dat vao chuyén ti€p pn (viing 1V) goi la.ché
d6 t& bao quang dién (hay pin quang dién) phén tir hoat dong nhir 1 nguén sitc
dién dong cung cdp dién 4p cho mach ngoai khi dugc chiéu sdng.

. Nhu vay 2 tinh chdt quan trong nhat quyét dinh tham s6 ing dung cia
phdn tir 1a: & ché€ do photodiot, cdn bi€t quan hé ddng quang dién I, phu thuoc
cuing do sang F va phu thudc budc séng dnh sdng A (d6 nhay quang phé).
& ché do pin quang dién cédn biét 15 sitc quang dién dong hé mach hay dong
quang dién ngin mach cla nguén tng véi 1 gid tri tai di biét trude (goi la
cong suit hieu dung) vd hiéu sudt bi€n déi quang dién cla pin (thudng dat
12% dén 15%).
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4.5.3. Photo tranzite

Cira 58 a8 . lg {MA)
Emitd  &nh sang chifu Kddng coleciy)
—P 500 Ix
R 2
. Tang dén
cudng a3
11 3001x U chigl sang
Ur  os
) 1501x 4p colecto
Emito
L. 0z 04 56 ce
/ Colecta & )
C
i6p chon b) }
Epitaxi a)
Hinh 4.38.

2) Cau tao photo tranzito toai npn ; b) K¢ hieu quy uée trong mach dién ;
¢} Dac tuyén von ampe (loai BPW40)

Céu tao cia photo tranzito c6 thé coi Ia sy k&t hop | ph6todist va 1 tranzito
‘khuéch dai ddong quang dién (hinh 4.38a) ky hiéu quy udc cho trén hinh 4.38b
va dic tuy€n von ampe & hinh 4.38¢. Cuc gép (colecto ) gdém 1 16p n pha tap
ndng d¢ thdp c6 chirta 1 16p ddy goi 12 16p chon n+ pha tap néng do cao (Iép
epitaxi) d€ giam do dai khuéch tan cia 16 tréng do vay phdn chil y&u clia dong
quang di¢n xuft hi¢n & diot bazo — colecto khi chifu sing ving P (bazo)
thudng dong mach ra nhin dugc ¢6 d6 khu&ch dai tir 10 dén 10° 14n so véi
dong quang di¢n ban ddu do hiéu ing khuéch dai dong dién cia tranzito. So
véi photadiét (PD), photo tranzito (PT) ¢6 céc dic diém :

¢ Lam vi¢c cham hon (vi hiéu tng Miller ghép B — C cia tranzito)
e Tén 56 lam vi¢c cao nhét dat t6i vai tram kHz (& PD dén MHz)
e Do nhay v6i dnh sdng cao hon PD (hang tram l4n)

O hinh 4.38b khi thay ddi gid tri bi€n trd VR, c6 thé thay d6i duge do
nhay va t6c do 1am viéc cita PT. Khi h& mach VR ta ¢6 ché d6 cta 1 PT, con
khi ngdn mach VR ta cé ché d6 1am viéc cda mot PD.

4.5.4. Mot 6 ting dung dién hinh cta PD va PT

Hinh 4.39 1a cdc mach dién d€ bat 14t den ty dong khi trdi t6i : khi 4nh
sdng bi ngit hay trdi t6i, role s& déng mach dién cho phép dong qua tai. O
hinh 4.39a, PT dugc két hop véi mot diot phat quang LED loai LD271, binh
thudng khi PT dugc LED chiéu sing c6 dong phan cuc 1am T, dén dién,
di¢n 4p thp trén colecty cha T, lam T, ngét (khong din) role khong hoat
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déng vi khong c6 dong cung cdp. Khi 4nh sdng bi ngit khong 16i duge PT, T,
ngét dién lam dién th& colectd ciia né dang cao ddy T, dén dién (n6i mach)
c6 dong qua role diéu khién thiét bi tai (n6i qua céc ti€p diém do role diéu
khién). mach hinh 4.39b hoat dong twong tu.nhung ngudén sing khi nay la
anh sdng ban ngay, khi tréi t6i co ch€ xay ra tuong ty 1am T, néi mach
va cung c4p dong cho role hoat dong. Hoin toan c6 thé thay thé cdc khéa
tranzito T, T, trong mach 4.39 bang khda diing vi dién ttr (IC) nhu cho trén
hinh 4.40.

L2V +H12v
5V ’ i

BC308

oo [J35”

Loy [
PT

BC238
. LD 271 .- _
a)’ ' b}
Hinh 4.39.
SFH 309 ' +10V INa14g 4530V
JZ — Role . 6 Rd le
SH TCA345 - 4m0a L] 2
409 1 4 5
L 3
2| 3
[] SH4DSSZ*"|< 1 Tcas0s
. | |se0q [] K _
-10 -
a) b}
Hinh 4.40.
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Ciéc phan tir quang digén ¢6 su két hgp LED v&i PD hay PT dugc s dung
rong rai dé diéu khién ty dong trong c6ng nghiép hay dan dung nhu diéu khién
- Xa ding tia hﬁng ngoai, thi€t bi bdo dong bing dnh sdng, thiét bj bio chdy va
dac biét trong céc thiét bi ghép quang dung dé cich dién giita cdc mach dién
¢6 su khic biét 16n v€ dién th€ {DPTRON), dung dé diéu khlen cac trang thai
logic cla mot phin tir s6 nhé tdc dong ciia 4nh sdng...

CAU HOI VA BAI TAP
Cau hai on tap
1. Hay phan bi¢t JFET va MOSFET loai kénh din N va loai kénh din P vé :
a) Dic diém cau tao )
b) Ky hiéu quy udc trong mach dién.
¢) Phuong phdp phan cyc 1 chiéu cho chiing (cyc tinh cia cdc dién ap
UGS va UDS ) )

2. a) Dang dac tuyén truyén dat I = f(Ugg) clta JFET va MOSFET ¢6 ¥
nghia gi ? Tham s6 quan trong nhét 12 h6é din S thé hién trén dac tuyén nay
nhu thé n2o va né mang thong s& dinh lugng gi khi sir dung ?

b} Khi tang dan gid trj cla dién ap cuc clra |UGS| hé din cia FET tang 1én
hay giam di ? Vi sao ?

3. Hay vé dang dac tuyén ra Ip = f(Upg) ung v6i 1 gid tri Ugg ¢& dinh
va giai thich ¥ nghia cha dic tuyén nay trong 3 trudng hop :

a) Vi JFET kénh N.

b) V&1 MOS FET loai kénh 6 sdn

¢} Vi MOS FET loai kénh cam {ing.

4. a) Khi sir dung FET ngu&i ta mong muén dong I}, duge diéu khién chi
boi dién dp cyc mang ngudn Upg, chi bai dién dp cuc cira nguén Upg, hay
boi ca hai dién dp trén ?

b) Ché do tu phan cuc cho FET la gi 7 Hay v& mot mach tu phar cuc dé
dat duge dién 4p clia ngudn Ugg =— 1,5V néu ddng Ip = 3mA = ig, khi d6
di¢n trd cuc ngudén Rg phai chon 1a bao nhiéu ?

¢) V&i JFET dong cyc mdng Iy cuc dai khi ndo ? Tai sao ? Dong Ip =0
khi nao ? Tai sao 7
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d) Cau héi tuong tu cau ¢) che MOSFET loai kénh cam dng va loai kénh
dat san.

5. Hay néu mot s& tinh chat chung quan trong nh4t giita 2 kidu méc nguén
chung v3 emito chung, gita 2 kiéu méic ming chung va colecto chung khi sir
dung FET trong mach khuéch dai dién 4p ch€ do A. Lap thanh mot biang so
sdnh cic tham s6 h¢ 56 khuéch dai, dién tr& vao, di¢n trd ra, mot bang tuong
img cdc dong dién va cdc dién dp trén cdc cyc cha BIT va FET.

6. a) Hiy neu dac diém cu tao ¢ha UJT va ky hiéu quy udc.

b) Tinh chit cia mot phdn tr chuyén mach (khéa dién tir) cha UJT thé
hi¢n nhu the nio trén dic tuy€n von-ampe Ig =f(Ug) clia né ?

c) Cic tham s& quan trong (ngudng & 2 ch€ d¢ ndi mach vi ngit mach)
cua UJT la gi ? H¢ s6 chia n cua UJT 14 gi va ¢6 anh huéng nhu th€ nao téi
cdc mifc ngudng néu trén ?

d) Bang cdch nio tao ra déng thoi 1 xung tam gidc va xung nhon ddu khi
dung UJT ? Hay vé& d6 thj thdi gian minh hea qud trinh tao xung nay va viét hé
thitc tinh chu k¥ cia xung duoc tao ra.

7. a) Hay phéan biét ky hiéu va tinh ch4t cha Triac vA Diac thé hién trén
dac tuyén von-ampe ciia ching.

b) Ban chit c4u tao ciia SCR v tinh chét chuyén mach va tinh chat van
cia SCR thé hién trén dic tuyén von-ampe nhu th€ nao ?

¢) Bing cich nio tir SCR tao ra duorc Triac ? Tinh chat cia ching khéic
nhau can ban & dic diém gi ?

d) Hay neu hai phwrong phdp kich mé& SCR tir trang thdi ngit mach sang
trang thdi n6i mach ? C6 thé ding cuc diéu khién dé dap tdt SCR tir n6i mach
vé ngt mach duge khong ? Hiy vé so d6 twong duong SCR bing BIT.

8. a) Khi diéu chinh géc din dién ciia SCR, tham s6 nao trén tai thay ddi ?
Bang cdch nao thyc hién dugc viéc diéu chinh géc din dién (thoi diém kich
md) cia SCR ? (Hay vé d6 thi thoi gian séng vao, séng kich thich khdi dong
SCR va sdng ra trén tai dé minh hoa cdc két luan trén).

b) Hiy néu diéu kién quan he giita séng kich thich khéi dong va séng vao
vé mil thoi gian va vé mat bién d6 dé dam bao SCR lam viéc theo yéu cdu.

9. a) C6 miy dang c4u kién quang bdn din ? Hay vé ky hi¢u quy udc
twong ¥ng cha ching va chi ra khi ndo ngudi ta st dung cic linh kién nay ?
Viéc sir dung ching mang lai k&t qua gi ?
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b) Khi sir dung cic linh kién quang cdn chd ¥ dén cic tham s6 gl la quan
trong nhat ? (Xét voi tirmg loai : quang dién trd, photdiét, phototranzito, diot
phat quang...)

¢) Hay dua ra mot vi du sir dung linh‘ kién quan trong cdc mach diéu khién
* va ty phén tich vi du nay d€ giai thich nguyén 1y hoat ddng cta mach di neu.

Bai tap ap dung
Bai 4.1. Cho 1 JFET keénh n c6 cdc tham s6 : Ugskhéa =42V ; Ipg = 12mA.
1. Hay tinh hé din g, cla tranzito tai diém lam vigc c6 Ugg = 1,4V,

2. V6i dong Ip & diém lam viec 1 chiéu 2 SmA, xdc dioh dién trés Rg
thich hop.

3. Tinh dién 4p
Ups khi nguén nuéi

la 420V va dién uo
Rp chonla 2 KQ,

4. V& dudng tai 1
chidu coa JFET vi
diém lam viec Q
tuong 1ing.

5. Tinh dién trd
cia kénh din g
lic (a) Ugg = 0 ;
(b) Ugg = -1,4V. ' Hinh B4.2

Bai 4.2, Cho mach .
khuéch dai mac SC ding JFET kenh n hinh B4.2. Chon Ugs = -1V

1. Xdc dinh ch€ d¢ 1 chiéu cua tranzito, v& dudng ti 1 chiéu.

2. Tinh U,, xoay chiéu khi (a) R; & o« (b) R; =1,5K, bién U,;, = 0, 4Vp,

Bai 4.3. Cho mach hinh B4.3 v6i R, = 200K, R, = 800K, Rgu4, = SkQ,
Rs = 1K, Rp =Ry =3K; gy = 2mS. pg = 30kQ, Upp = +20V.

1. Tinh tré khdng vao va gid tri Uy, tdc dong t61 JFET.
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2. Muén dién aAp phéan
cuc cho G1a Ugg = -1V
cdn chon dong 1 chiéu
cyc mang la bao nhiéu ?

3. Hay tinh dién 4p
1 chiéu Ugg . Tinh tai xoay
chiéu.

4. Khi tdc dong Uy, =
= l\fpp,
Upsmin v& Upsmax nhén
duge trén éuc mang khi
R, = . Tinh U, Kkhi

mic R, = 3kQ.

hdy xdc dinh

Bai 4.4. Che mach
dién hinh B4.4 diag UJT
2ZN2646 c6 m = 0,6.

1. Giai thich hoat
dong, vé dang song tai E
va tai 181 ra.

2. Tinh dong t8i da
qua BC107.

3. Khi R, = 5kQ,
C = 1pF. Tinh chu k¥
ca Ug,. )

4. Néu cho R =10kQ

dang U, (1) c6 gi thay d6i ?

L) +UDD=20V

R
W) Une 2

e +15V

11k

——2U,
BC107

Hinh B4.4

Bai 4.5. Cho mach hinh B4.5:

1. Phan tich ch& do 1am viéc cha T, va T, khi c6 1 ddy xung vuong goc
chu k¥ Ty = 'ms bién do 4V dinh~dinh tdc dong, v& dang dién 4p tai diém A

tuong Gng.

2. Xéc dinh dang dién 4p tai cdng ra trén ty C = 1pF va trén dién & R, .
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3. Tinh chu k¥ cia U, trong 2 trudng hop C = I1pF va C=2uF.

Hinh B4.5

Bai 4.6. Cho mach tao tin hiéu tam gidc ding UJT hinh B4.6. X4c dinh
dai tin 56 clia xung tam gidc nhan dugc khi R, thay d6i tr 100kQ 16i 330kQ

v6i Cy = 0,22uF. Tinh chu ky tuo‘ng ung cla dién &p trén R,. Tinh bién d¢
dién 4p tren tu C.

Hinh B4.6

Bai 4.7. Mach hinh B4.7 sir dung UJT khoi dong cho SCR qua dé l1am
thay déi do nhdp nhdy cla den. -
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1. Tinh 14n s& xung
xudt hién tai b va B,
cia UJT. V& dang 2
di¢u dp nady Gng véi 3
trudng hop a) cé Cy,
b)co C; va Cy, ) cd
C,.Cy va Cy.

2. Chu ky nhdp
nhdy clia dén thay déi
nhu thé nao trong 3
trudng hop trén ? Dé
mat thudng phan biét
dugc do nhép nhdy thi
chon gia tri giéi han Cp,, — Cg,,, 12 bao nhiéu ?

Hinh B4.7

Bai 4.8. Mach dién
hinh B4.8 sir dung 1 _
quang dién tr& ding dé R,
diéu khién hoat dong
cia role cong suit nhd R'ik[]
nh& dnh sdng tic dong
phin tir chuyén mach 2
ding IC thuidt todn

MA741 (xem chuong 3) R,= R; 4 -
cung cip ngudn +12V. Rq,’@’ Q 10K : €
1. Giai thich ché&

-do 1am viéc cha mach
khi Rq = RqO 16n (=1 Hinh B4.8

MQ) do khong duge chi€u sdng va khi Ry ¥ do dugc chiu séng.

v +12Y

ZN3702
Q

2. Tiah cdc mide dién dp 1 chiéu trén chan s6 3 cia MA741 va trén bazo
cua T trong 2 truong hop da cho.

3. Tinh dong dién qua R,, Rz, Ry, R4 khi chan s6 6 & OV, Tinh dién dp
tai chan s8 2 khi R, (duge chi€u sdng) = 20% Rqo-

4. Tirh adng dién chay qua role khi dién tré cua role rg = 5Q va dién urds
cia T Hic bao hoa la 745Q.
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Chuong 5
VI BIEN TU

Tir cdc cdu kién rdi rac nhu diot, tranzito, dién tré ... ngudi ta tim cdch
ché tao k&t hop chiing trén 1 d€ b4n din, bang mot quy trinh théng nhat va da
dugc ket ndi lai dé thuc hién mot hodc nhiéu chiic nang, nhiém vu dugc thi&t
k€ sdn tir truée khi ch€ tao. Qué trinh nay lam xudt hién mét nhém linh kién
di¢n tir thé he¢ mdi duoc goi 1A linh kién vi dién t&r viét tit 1a IC (Intergrated
Circuit) véi nhiéu uu diém can ban so v6i cdc the he trudc né:

* C6 kich thudc cang ngay cang thu gon hay mat do phén tir trén 1 don vi-
khéng gian ngay cang cao.

¢ D¢ tin cdy va chédc chan khi hoat dOng dugc nang cao rd rét trong bdi
canh doi hoi phat trién k¥ thuat cang ngay cang da dang va phirc tap.

* C6 thé hoan thanh nhiéu nhiém vy (chic nang cing) trén 1 chip di ché
tao hay thuc hién nhiéu chic nang mém khi chudn bj chuong trinh vi nap sin
cho chiing truéc khi s& dung. :

* D¢ linh hoat hay t6c d6 phan ing nhanh véi cdc tin hiéu t4n s6 cao

o Tieu hao nang lugng tinh trén 1 don vi khéng gian cia chip (d¢) cang
ngay cang nho.

Céc uu the trén din t6i khuynh hudng cdu kién IC trd thanh linh kién chi
y€u trong giai doan hién nay va tiép sau cua céng nghé Dién tr — Tin hoc —
Vién thong va cdc nganh lién quan.

Trén quan diém chic nang xit 1y va gia céng tn hiéu & céng vao, tin hiéu
nhin dugc sau khi qua IC & cdng ra, c6 thé chia céc linh kién IC thanh 3 nhém
16n: Nhém 1 thugc vé cdc vi dién tif tuyén tinh (IC tuy&n tinh) nhém 2 thuoc
vé cdc vi dién tlr s& chi lam viec vdi cdc tin hiéu bién thién r&i rac theo thai
gian {(cdc bién vi ham trang thdi). Nkém 3 13 cic IC thudc vé qué trinh thyc
hign giao ti€p tin hiéu lién tuc véi tin hidu rdi rac va ngugc lai. Tuy nhién

183



ngudi ta con chia IC theo cdc chirc nang ma chiing thyc hi¢n, theo dai tin s6
ma ching céng tic hay theo mic do niang lugng ma ching gia cong, tieu thy,
hay thudng gap hon: theo ¢6ng nghé da thuc hién d€ ché tao ra chiing...

5.1. CAU TAO VA CAC TINH CHAT CUA IC TUYEN TINH

5.1.1. CautaocualC

Ciu tao dién hinh clia 1 IC tuyén tinh cho trén hinh 5.1a va k¥ hiéu quy
uéc cia né trén hinh 5.1b. Bén trong cha IC gém 3 tdng chi y€u: Tdng ddu vao

Céng vio 2
dio

Céng vao 3
kh6ng g0

b)

Hinh 5.1, IC tuyé€n tinh
a) Mach dién nguyén 1¥ cdu tao thu gon cia IC tuy€n tinh pA741 ;
b) K¥ hidu quy uéec
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la | mach khué&ch dai vi sai ding cap BJT T T, kiéu hinh (3.26) ¢6 tdi dong la
tranzito T3 va ¢6 T 1am mot nguén dong én dinh c& 20uA nuoi T\T,, T,
Ts 12 1 tidng khuéch dai phitc hop kiéu Darlington ciing ¢6 tai dong 13 Ty, ting
ra la 1 cap Ty Ty khuéch dai cong sudt ddy kéo kiéu dang mach hinh (3.37).
Ngudi ta thi€t k&€ sao cho lic U, = 0 dién th¢ tai cdc diém A va B phai bing
OV (U, = Ug = 0V) khi d6 cdn cdc mach dién ¢6 nhiém vy dich mic 1 chiéu
tir phia duong vé phia am di vai von cho dat t6i can béng diém 0. Ky hiéu quy
udc cha IC tuyén tinh cho trén hinh 5.1b véi 1 cng vao dao pha va | khong
déo pha, 1 cong ra kiéu khong d6i xing va 2 c6ng dua ngudn 1 chiéu +Ucc va
—Uce t6i nuodi, cling ¢6 thé chi cin diing 1 trong 2 nguén +Ucc hay -Ucc. Khi
dé chén ngudn con lai néi téi OV.

Khi sir dung IC tuyén tinh c6 thé dang céng vao khéng d6i xing (cho 1
trong 2 céng vao ndi t6i OV hoac t6i mot mitc dién the c6 dinh) hay ding cbng
vao d6i xitng néu dat dién dp U, 16t cd 2 c6ng nhur trén hinh 5.1a.

5.1.2. Cac tham sd cd ban coa IC

Céc tinh chdt v tham s8 quan trong cua IC thuit todn: D& sit dung IC
thuat todn mot cdch ding dén cé hiéu qua cdn quan tam tdi cdc tham s6 va
tinh chdt co ban nhat ctia né;

¢ H¢ 53 khué&ch dai dién dp lic ho mach (khéng chita mach héi ti€p am):

Ay = %; Pay 1a 1 gid tri tuong ddi 16n véi moi IC tuyén tinh, véi pA741 gid
v

tri A, 1a 200.000 lan, U, & day 1a gié tri dién 4p vi sai dat gita 2 céng vao P
va N: U, = U} — U, (& day U, d4t 16i c6ng p, U, dat t6i c6ng N).

Hinh 5.2b, ¢, d cho phép ta tinh gid tri dién 4p céng ra khi & céng vio trn
dong 16i dién dp vi sai + Uyg = 50uV (hinh 5.2b) hay Uyg=50uV =U,-U,
(hinh 5.2¢) hay Uyg = — 50uV (hinh 5.2d). Nghia la khi dién 4p U, dit vao
céng P troi hon (duong hon) so véi U, dat vao céng N, dién 4p ra s c6 ddu
duong va ddu vao P dugc goi 1a ddu vio khong ddo pha, trong trudng hop
nguge lai ddu vao N duge goi 12 ddu vdo déo pha. K&t luan chung 13 IC chi
khuéch dai thanh phdn dién dp hign s6 (vi sai) giifa 2 c6ng vao, cdc thanh phén
dién 4p cung ddu khong cuge khuéch dai ma bi lam y&u di véi mac 46 tuong
duong. Ta goi day 1a tinh chit nén d6éng pha cta IC tuyén tinh (12 hé qua cédc
tinh chat tvong tu clia mach khuéch dai vi sai dd xét dén & tigt 3.5).
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» Quan h¢ di¢n dp U, = A U, chi thé hién trong 1 ving U, c6 bién do rit
nhé. Khi bién d¢ U, tang, U, s& khong tang theo ma giit & | trong 2 gid tri gidi
han duong & mic c6 dinh U, goi la mitc bdo hdoa duong hay 4m & miic c6
dinh U,,;, goi A mitc bio hda am ciia IC. Gid trj U, Uy, phu thudc gid tri
nguén 1 chiéu + Ucc cung cdp cho IC va thudng thdp hon gid tri nguén nudi tir
1 dén 3V, vi du véi +Ucc = +15V ; ~ Ucc = - 15V khi d6 |

Upax = 15V -2V =13VvaU_, . =- 15V + 2V =-13V
lic d6 ngudng dién 4p vi sai & céng vao

U hax

0

= 65UV

Uvmax =

gid tri £ 65uV 12 khé nhd nén thuc t€ c6 thé coi gi4 tri ngudng nay la OV.
+U . .

o

W

U¢d=Ul+u2 { Uz
8) A g
Yo U, =50 ¥ { . M=Z®>—-u, =+10V
2

/

g
\%

UsU XA sy

\

Lo YE +\
U= 50 kV =200.®—~u =+10V
X {u2 ~099.95 m| ™ ~ +5V
- M —

Uy = 999.95 mV
TP MY

15V _
U”=5°“v{ TR

c)
U =-10v

Hinh 5.2. 9 s

* V6i IC 1y tudng céc dong dién vao 1 chiéu & cdc cbng P va N bing 0 do
trd khdng vao 1a vé cling 16n, trén thuc t€ ludn tén tai dong sai s8. Gid tri dong
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sai s6 [§ hay Ig (hinh 5. 3a) thudmg tir 10 "A+107°A tuy chat lugng ciia IC
(vi du v6i uA741 I = 2. 10 A)

* He¢ s6 truyén dat A, phy thudc vao tin s theo d6 thi hinh 5.3b dugc goi
I ddc tuyén tdn s6 cha IC.

1.+

=

+U

Y,

Open-loop voltage gain, A vo.

200.000 ! A(fy)=141.400
100.000 -

10.000 4

1.000

100 -

10 4

s Lt

T T L3 L L
1 +z 10 Hz 100 Hz 1kHz 10 kHz 100kHz 1MHz

Frequency —————m-

_ Hirh 5.3
a) Dong dién sai s6 cia IC tuy€n tinh ; b) Pac tuyén tin s6 cha IC tuy&n tink

Khi tdn s6 tang, he s6 khuéch dai A, giam véi t6c do tiéu chufn 20dB/decac

va dat t6i gid tri 1 & tdn s6 khuéch dai don vi fy = IMHz.

Bdng hinh 5.4. CAC THONG SO CUA pA741

Ten thamsé | Ky hi¢u | Gis tri Tén tham s o Gl
« He s6 A_ khuéch :
i pe &n 4p vi
dui dien dp lichs | A, 1004 | ® Di¢n dp vao Upmax | £13V
. cuc dai
mach
» Tro khdng vao Z, IMQ *Diéndpracycdai | U,,, +14V
. . « Dien dp lech 0
* Trd khing ra Z, 130Q diu vio U,, 2mv
» He¢ 56 nén déng
! - pha {suy giim
= Dong sai 58 Iyt 200nA theo cich ndi N 904B
chung)
. f)i@n ap ngudn » T4n 36 khuéch dai ' ,
nudi cuc dai tUccmax +18V don vi fp 1N[Hz
* Tq'c df) bién d46i du, 0,5V /us
dién dpra dE
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© tai tan 56 f, = 10Hz, A, gidm t6i gid trj 141 400, f, dugc goi la tdn s6 cét cia
IC mang y nghla 12 tdn s6 gidi han trén trong dai lém viéc clia IC khi chua cé
héi ti€p &m. Sy ma& rong dai tdn s& 1am viéc (nhd mach héi ti€p &m) ludn kem
theo 1am giam he s6 khuéch dai A, vi du & tdn s6 1kHz hé s6 A = 60dB thi véi
hé s6 A = 20dB tdn s& gidi han s& lén tdi 100kHz. Cic tham s& dién hinh nhét
cla pA741 duge cho trén bang 5.4

5.2. MACH PIEN DUNG IC TUYEN TINH CO HOI TIEP AM

Khi sér dung mach hdi ti€p két hop v6i “C tuyén tinh, cdc tinh chét quan
trong nhat cha IC duge thé hién va trong nhiéu trudng hop c6 sy thay déi co
ban. Trong tiét nay, trudc tién hay xét voi cdc mach hoi ti€p am trong mach
vong khép kin voi IC tuyén tinh.

5.2.1. H3i tiép

Hinh 5.5. biéu dién 1 mach khu&ch dai va 1 vdng héi tiép.

Theo dinh nghia, héi ti€p dugc hiéu 12 hién tugng truyén dat (nang lugng)
clia tin hiéu tir cong ra nguge trd lai cdng vao.

Ta c6 1 s6 dinh nghia sau:

e Khi lugng héi ti€p dua vé Uht ty 1& v6i dién 4p tai 16i ra Ur ta c6 mach
héi ti€p kiéu dién 4p, trong trudng hop Uht ty 1& v6i dong dién ra Ir ta cé
mach héi tiép kiéu dong dién.

 Khi Unt cling diu (ciing pha) véi Ua la dién apsincé & c6ng vao bo
khuéch dai ta goi d6 1a hién tugng héi ti€p duong, cdn khi Un nguge ddu
(ngugc pha) véi Ua ta nhan duge hién tugng héi ti€p am.

e Khi Upn dua __vé
cong vao n6i uép véi Ua

— Khdi

(hinh 5.5) ta c6 héi ti€p |7, |5 | wwienew v
kiéu n6i tiép, cdn khi LS A

U méc song song “6i

Ua ta cé héi tiép kiéu :gi’ud;p ——

song song. Trudng hgp ooy [
“hinh 5.5 1a héi ti€p dién

ap kiéu néi 1iép, goi cac Minh 5.5
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goc dich pha do mach khuéch dai v mach héi tiép gy ra 12 ¢, v op tuong
ing thi:

Khi ¢, + @p = 0 ta c6 héi ti€p cling pha (hoi ti€p duong)

Khi 0, + 0 = 180° ta c6 héi ti€p ngugc pha (héi ti€p am).

Hién tugng héi ti€p am lam thay déi co ban tinh ch4t clia mach khuéch dai
trong dé quan trong nhét la:

1) Lam gidm h¢ s6 khuéch dai dién ap Ay, << {\0 {so vdi khi chua cé héi lié’b)

Age =TIAKB‘=% (v6i A>>1) (5.1)
& day A 13 he s6 khuéch dai khi chua c6 héi tiép
3 14 he s8 truyén dat cia mach héi ti&p.
2) Lam tang d6 6n dinh clla hé s& khuéch dai

dAy _dA 1 dA

=2 L 5.2
Ay A 1+ABA (5.2)

3) Lam tang dién tr¢ vao, giam dién trG ra va giam cdc loai méo (xem vi
du mach dién hinh 3.20 va cic tinh todn lién quan téi mach nay & chuong 3).
5.2.2. Khuéch dai dao pha

B¢ khuéch dai ddo pha diing pA741 c¢é chita hai dién tr& thue hién héi tiép
4m Ry, vA R, trén hinh 5.6 cho thdy dién 4p nhan dugc tai clng ra ludn ngugce
pha v6i dién 4p vao dit tdi cdng N. Can bing dong dién tai nit N vdi gia thigt
IC1Y twong (15 =0 va Uy = Up =0V) ta cé:

IR"IB- —Ihl=0V6iIB_=OCéIR—IhI=O

U, -0V _ OV -U,
(urc la U\«'isaj =Up *-UN ={)
Thu gon lai ¢é:

hay: & day ta da gia thi€t Uy = Up=0.

Uy __U;
R~ Ry _
T day, néu dinh nghia hé sé khuéch dai theo vong kin ¢é chita khau hé
tiép am la

Ay = % tacéd: Ay =-——- (5.3)
v
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i
v
U, =1 Voo
Hinh 5.6. Bd khuéch dai ddo pha ding IC pAT41
' 10kQ2
3 = 10k€y; R =1kQ; =———=-10
Vol Rhl kQ 1kQ2 Ahl T8}

dién 4p xoay chiéu tai cdng ra bing:

U, = Ay Uy = (-10).1V,, = -10V,,
trong trudng hgp nay véi A, = 100.000; dién dp vi sai & cédng vio xdc dinh bai

U 10V 100pV,
visai R HVpp

thyc 1€ dien dp nay rat kh6 do nén c6 thé coi U,y ~ 0
Tr6 khang vao theo dinh nghia chinh 1a R, trd khéng ra so véi trudc (khi
chua ¢6 hoi ti€p 4m) xdc dinh boi he thic 5.2.

Zio
=10 5.4)
Z, T+A B (5.4)

O day Z,, 14 gié tri tr& khdng ta khi khong tai
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Ry R R
+U
R = ) oo
.—m‘_ e rearare—
UV O Uv
UR=-U\( UR-_RH' IR
U, Ve '
a —- by -
Hinh 5.7.

a) Bo ddo ddn : b) Bo bign ddi dong - 4p.

Hai truémg hop dac biét thudng gap clia bd khuéch dai dién hinh 5.6 12 khi
chon Ry, = R do d6 he s6 Ay, = — 1: (hinh 5.7a) v khi chon R = 0 (xem hinh

5.7(b)) va do d6 cé hé thic 4p ra ty 1& vdi dong vao:
U, = -Ry I, (5.5)

5.2.3. BS khuéch dai khéng dao pha

Thuc hi¢n 1 vong héi ti€p 4m nhd 2 dién tr& Ry, v& R (hinh 5.8), tin hié¢u
vao cdn khuéch dai dua ti cong P, dién 4p ra trong trudng hop nay luén ludn
cing pha véi dién dp vao. Hé s& khuéch dai Ay, tim dugc nhd can bing dong

dién tai nit N: Ig = I, véi .
[o = OV-Uy OV-Up 0V-U,
RT™R "7 R TR
Uy-U, Up-U, U, -U,
va Iy = = =
Rhl Rht Rhl‘
ta c&: —& = M, tir dé rit ra:
R Rh[
U, R + Ry R
= - = = 5.6
_ U\’ Ahl R 1+ R : ( )
vGi cdc gid tri cho trén hinh 5.7 : Ry, =10kQ2; R =1kQ
10kQY :
1a ﬂhan dUUC Ah! —l+m—ll
do dé U, =A, U,=11. 1vpp=11vpp

(Chl'l }3 iUCC 2 x13V)
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Ry= 10 k2

e
R=1kQ
v ov{ 741 U,
visw
+
P
-1 Ry
Uy=Vip o

"Hinh 5.8. Mach dién nguyén Iy bd khuéch dai khong dio pha

« Tt hinh (5.8) néu ta chon R = ® va Ry, = 0, s& nhan dugc mach hinh
(5.9) v6i tinh chat Ay, = 1 hay khi d6 dién dp ra bing vé do l6n va cing dau
v6i dién dp vao: U, = U, , la ¢6 mot bo lap dién dp.

o Tr& khing vao cha mach hinh 5.8 duge xdc dinh boi hé thic (5.7) 1a 1
gid tri rat ion trén thuc té:

Zuw = Ry +AB) (5.7)

v6i Ry, 13 trd khang vao clia mach IC khi khong cé héi tiép.
tré khdng ra duge xdc dinh tir hé thic (5.4) da cé
vidu véi A, =100.000 Z,=75Q  Ry,=2MQ
 ta co:
Zot = Ryp(1+ Ay B)

= 2M£(1 + 100.000.0,0909)

= 18GQ = 18.10°Q
2 75Q
“1+A,B  1+100.000.0,0909
R 1kQ
R+Ry  1kQ+ 10kQ
véi mach hinh 5.9 tac6 3 = 1 do dé:
Z, = Ry (1 + Ag) = 2MQYI + 100.000)
= 200G

7 o Lo __ 759
T 1+ A, . 1+100.000

- 0,0082

Z

= 0,0909)

(& day he & hoi tiép am B =

= ,00075Q
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U,= U, =lv,

Uv=1vff\,) Ry

Hinh 5.9. Bo khuéch dai lap vdi Ap =1

Cac ket qua thu dugc qua vi du cho thdy cdc mach hinh (5.6) (5.7) (5.8)
va (3.9) ¢6 trd khdng vdo rat 16n va trd khing ra vo cing bé rét thuin lgi cho
viéc phéi ghép tin hiéu.

5.2.4. Mach khuéch dai ¢é ngudn khéng déi xing

Mach khuéch dai cung cdp khong d6i xing (ding ngudén don +15V) duge
cho wrén hinh 5.10, vi khéng diing ngudn cye tinh am nén chan sé 4 n6i tdi
OV. Cap dién tré Ry, R, c4n thiét dé cung c4p dién 4p phan cuc 1 chidu Up t6i
cdng vao P c6 gid tri bing + 7,5Vdc. Do c¢6 mat céc tu ghép C, va C, chan
dong 1 chi€u nén dién 4p 1 chiéu tai cdng dao Uy va dién dp ciia IC ciing bing
+7,5Vdc. Véi dién dp 1 chiéu, IC 1am viéc nhu 1 bo 1ap dién ip, cicdientrd R
va Ry, khong anh huéng 16i ché d¢ di¢n 4p 1 chiéu & trong mach nh& C,., C, hé
mach 1 chiéu, tirc 13 khong gay héi ti€p am 1 chiéu.

L3

C, R=1kQ R,= 10kQ
— E—
1t = 2
5V
u,=1vw6P R0k | 74 | £
+15V — % 6
P
RE100KD
77 - Cw R=10kQ

Hinh 5.10. B6 khuéch dai dao pha ding nguén don
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(3 ch& do c6 tin hiéu xoay chiéu U, (vi Ju U, = 1Vpp) cictu C,, C, ngﬁn
mach, IC 1am viéc nhit mot bo khué&ch dai dao pha v6i h¢ s6 khuéch dai dign
ip theo hé thic (5.3) béng:

Ry _ _10k®

Aw="R " "ka "

-10

Tu Cgy chéng cdc dao dong tap 4m gy ra tai 161 P. Trén c6ng ra tai chin
s§ 6 ciia JC741 ta nhan duoc dién dp c6 bién do dinh la 12,5V va 2,5V, nguge
pha véi dién 4p U,.

5.2.5. Mach khué&ch dai céng

U=ty Ry
10kQ

Iy R=10kQ .

Ry=tkQ |, [ L=2v R, 1|, +

= e i)
U=tV | ke P —
Rp=tkq 1| | © Ve u,
U,=+3V +———> - - ,_J_,
=1Q ' —
US‘ By Rs I! | + lJr N —
i R,F 10k
R=10kQ
a) ﬂ\7 b
Hinh 5.11.

a) Mach cong dio ; b) Mach cong khong déo

Xét mach hinh 5.11a), can bing dong dién tai nit N cé
Il +12 +I3_Ihl_IB =0

. ' U; -Un U; -Uyn U; - Uy
g . = — = —— I = ==
vl Il Rl 12 Rz\ 3 R3
Ig=0va Iy = Un-Y,
Rhl

chii ¥ ring voi gia thiét Iy twong Uy =Up=0tacéd

R R R
Ur=—[Rf:'Ul+ RI:U2+ R':Uc,]
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hay t6ng quit v6i n ¢ng vio c6 t4¢ dong cdc dien 4p U 1---U, tuong ing, ta cé:
< ' R
Ur = —E ‘IiUi [V@l ‘(Ii = R—rj] (58)

trudng hop khi Ry =R, , o; = 1 ta nhan duoc :

U =->U (5.9

dp dung hé thic (5.9) vao mach 5.11a di cho ta cé:
U, =—(Uy+Uz +U3) = IV =5V +3V) = 1V
V6i mach hinh 5.11b : chd ¥ diéu kién can bing dong tai niit N va tai nit
P, gia thi€t [ = g« =0 vad Uy = Up ta nhan dugc két qua

khi chorn R = R, ta cé:

U, = 1;“(1}1 +Uy) (5.10)
R
& day dat o =Nt
y dit @ =2
hay téng q.uét v6in 16i vao U, = l;aZUi (5.11)
i=1
véi U; 12 dien 4p tdc dong 1én céng vao i va R;=..=R,

dp dung hé thic (5.10) véi s& lidu da cho trén mach 5.11b cé:

[ . lOkQ)
U, = —%—(lv +2V) =3V

5.2.6. Mach khuéch dai trir (khudch dai vi sai)

a) Hinh 5.12 12 1 bo khuéch dai thyc hién phép trir 2 dien dp thuong dugc

st dung phdi hop sau 1 mach c4u dién trd. Khi U, ngén mach ta c6 di¢n 4p dat
vao cbng P la: :
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R,;U
Up =3
R2+R3

R,=1 k2 N Reg = 10K

L3
 —  —

Nﬂ.’w\
R,=1k} P
u, +
Ve

R, =100 kQ
R,y =10kQ

Hinh 5.12. Bo khu&ch dai trir (loai ding 11C)

dp dung hé thitc 5.6 trong trudng hop bd khuéch dai khong dio ta c6:

Rhl Rhl R3
= ] —_ = 2 |=—U
Un =Up (H R ] (H R, /Ry +R3 Y

Con khi ngan mach U, dp dung hé thic (5.3) ¢6:

R
va =[50

do IC lam viéc & ché€ d¢ tuyén tinh dp dung nguyen 1y x&p chéng tai cng ra ta cé

Up =Up +Up
(1 Roe|_Rs y _Rumy
_[1+ R, ]Rz TR, Uy TR, Uy (5.12)

Khi chon R, = R; va Ry, = R3 (nhy trén hinh 5.12)
R .
ta ¢ U, = _R_T(U" -Uy) (5.13)

chi y la khi U, = Uy thi U, = 0, mach 5.12 chi khuéch dai dién 4p 12 thanh
phén hiéu s& (vi sai) giita 2 dién 4p vao U, va U,. '

b) Mét dang khé.c thuc hién phép trir dya trén mach khuéch dai cong hinh
5.11a hay 5.11b ph6i hop véi mach hinh 5.7a, cho trén hinh 5.13a hay 5.13b.
Truéng hop nay ding 2IC
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Hinh 5.13
@ U, = 320U, U012 ) U, =~R2qu, 4 cuyy
1

IC) 1am nhiém vy dao dau dién 4p U, (hay Uy)
IC; lam nhiém vu cong hai dién dp Uy vai (-U,) hay U, véi (-Uy)

¢) Hinh 5.14 dva ra 1 vi du 4p dung bo khuéch dai trir 4t phé bién trong
cOng nghiép bao gém 3 kh&i: Mach cdu do v6i céc dién trd Ry Ry R va
Rp (T%), & day Rp (T°) 1a mot nhiét dién trd c6 gia tri dién trd R phu thude
nhiét do cén do clia moi trudng tic dong len né. Tiép sau 1a kh6i tdng khuéch

I ' l
Cdu dién ird M
o6 cim bién niigt : amviT:,&h %
! = 10kQ
| I R= 1k "m
| _

Ro =5k & nhift
df phéng(25°)

Hinh 5.14. Vi du ing dung bo khuéch dai trir do nhiét do
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dai dém (bo lap dién 4p A, = 1) cudi ciing la khéi khuéch dai vi sai (khuéch
dai trr) loai 1IC ta vira xét & wrén. Tai cdng ra IC; v6i két qua he thirc 5.13 cé:

U, =By, - Up)

r— Rl
vi IC; va IC, 1a cdc bg 1ap véi he s6 khuéch dai bing 1 nén:
Ry
\ U, = —?1—(Ux -Uy) (5.14)

G 25°C (nhiét do phong) Ry (25°C) = 5kQ

diéu chinh Rg = 5kQ ta s& nhan dugc diéu kién can bing cla cdu do va do d6
U, - U, =0dint6i U, =0. .

Khi nhiét dg moi trudng tdc dong Ty > 25°C gid tri Rp tang, U, tang theo
trong khi U, giit ¢6 dinh (nhd bg.chia R, Rp c8 dinh)

~ Khi d6 hiéu s6°Uy - U, < 0 ta nhan dugc dién 4p vi sai & cong ra IC; ¢6
ddu duong. Trudmg’hop Ty < 25° thi d4u ciia U, nguge lai 1a am (Vi Rp gidm

dudi 5kQ2 dén 161 U, gidm theo). Trong mach di¢n da cho O hinh 5.14, khi diéu
chinh dé R, = Rg = 5kQ ta c6:

Ux = %SVdC = 2'5Vdc
mat khéc:

5Vge3 625°Ccé Uy = ——&Udc =25V, -

U. = Rp(T®
. " 5k + 5kQ

Y™ Re + Rpyro,
Néu Ry, ¢6 do nhay 13 1009/°C (uic 1a khi AT® = 1°C thi ARp = 100Q), &
nhiét d6 50°C ta cé:
AT = 50°C - 25°C = 25°C
ARp = 100Q2 . 25°C = 25000 = 2,5kQ

Vay gid tri dién tré Ry tai 50°C 1a 5k + 2,5k§1 = 7,5kQ

7,5k}

Khide Uy =5q 77500

SV =3V,

do dé tren dudng chéo cdu di xudt hién 1 dién 4p léch cAn bang (do nhiét d§
tdc dong vao Rp gay ra) la:
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Uy -Uy =2,5Vy. -3Vy = 0,5V,
Tuong ing tai cOng ra ta nhan duge 1 dién 4p tin hieu I3 :
: R
U, = *" (U -Uy)

10kQ)
=g @5V - 3V)=5V,

Tic 1a mach (5.14) da thuc hién 1 qu4 trinh bién déi tir sy bién thién nhiét
dé AT qua bién thién dién tr& ARy, va cudi ciing 12 bi&n thién dieén 4 ap AU (=U))
vdi 1 d6 nhay dat duoc a 5V, /25°C =200mV/1°C

Tham s& nay cé ¥ nghia 1a khi nhan dugc 1 dién 4p tin hieu bi€n thien &
céng ra 12 K.200mV, ta két luan dugc ring nhigt do tc dong truc tiép 1én cam
bién nhiét dién trd Ry dd thay déi di K°C so véi gi tri ban dfu & can bing (1a
nhiét do phang 25°C). O day K 12 mot gi4 tri thuc duong hay am.

5.2.7. Mt s8 img dung mach khuéch dal thuat toan diing IC tuyén tinh

a) Mach tich phan dao (xem hinh 5.15) thuc hién quan hé

U, = --ﬁ% Juydt+ U©) (5.15)

nh¥ 1 vong héi ti€p am ding tu C

Hinh 5.15. Mach tich phan ddo - Hinh 5.16. Mach vi phan

O day tich s6 1, phan = RC goi 12 hing s6 thoi gian cha mach tich phan,
gid tri hing s¢ tich phan UL(0) do dién tich T, c6 ban du lic bit ddu thuc
hi¢n tich phan cé & trén tu tich phan quyét dinh (Q, = CU,(0)). He thitc (5.15)
thu dugc nh& can bing dong dién tai niit N: Iy = I
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Véi sy chii ¢ 1a I =Cc“c’ll—tc;6day Uc = Uy -Ug

Mot itng dung quan trong nhit ciia mach 5.15 1a thyc hién bi€n d6i dang
U, (1) 12 vuong géc thanh dang U(1) 1a dién dp bién ddi tuyén tinh (dién dp
quét dang tam giéc).

b) Mach vi phan cho trén hinh 5.16 thuc hién quan hé:

du,
de
cén chi ¥ ¢ tdn s6 cao do tu C c6 dién khéing trd nén gdn ngén mach nén mach
vi phan lam viéc khong 6n dinh, ngudi ta khic phuc bing cdch ndi thém 1 dién
trd R 1am nhut cdc dién ip cao tdn (dé giit cho mach ¢6 h¢ s& khuéch dai
hiru han). ' '

U, = -RC (5.16)

gia tri T phan = RC duge goi Ia hidng s& thoi gian clia mach vi phén.

Mot ing dung quan trong ciia mach vi phan 13 thuc hién bién déi dang
U(t) vudéng géc thanh U(t) dang ham mil (xung nhon d4u) duogc sir dung rat
ph6 bién trong k¥ thuat didu khién ty dong.

¢) Mach 14y logarit co s6 e ¢6 dang hinh 5.17 va 14y bam s€ mi c6 dang
hinh 5.18, khi can bing cdc dong di¢n qua nit N ta nhan dugc cic h¢ thic

quan he gira U, va U, ¢6 dang: (Chy ¢ dong colecto cas BIT: [, = Isexr’[%ﬁj )
VT

vdi mach 5.17:

o . ‘
U, =-Ur h{RlJ (5.17)

Hinh 5.17 ' Hink 5.18.
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va vé1 mach 5.18:
U, =RIg CXP(_ILJJ_;J (5.18)
& day Ig la dong dién nguoc cda didt colects va Ugp I dién thé nhiet
kT
(o)
d) Mach nhén analog diing dé thyc hién phép nhan 2 dien apU, va U Cé

thé thyc hién phép nhan nhé diing céc mach 14y In va exp nhu thé hlén trén
cdu tric hinh 5.19 hay diing céc phdn (& binh phuong nhu cfu tric hinh 5.20.

>0
uf In Uy Binh
' 4 * phuong
U . v
+ |4 exp |— -
U >0 —
¥ —_ n
. In Uv‘ phuong
Hinh 5.19 Hink 5.20

& hinh 5.19 sir dung phép In va exp 12 ham nguoc clia nhau ta c6 hé thic
xudt phdt (5.19) d€ x4y dung cau tric

Ux.Uy = exp[ln(Uny)]

Ux.Uy =exp(inU, +InU,) (5.19)
Cdrr trén hinh 5.20 ta da sir d.ung thuit todn sau: ,

(Ux +Uy)? - (U, - U, )2 = 4U,U, (5.20)

lam he thie xuit phdc d€ xay dung cdu triic. Cdn nhdn manh d6i véi cfu triic

(5.19) yéu clu ddu cua cdc dién 4p thira s§ U, va Uy phai duong vi s6 4m va
s6 0 khong ¢6 logarit, cdn d6i voi c4u tric 5.20 cdn hru § phén tit binh phuong

thyc chat 12 1 phén 1 nhan c6 2 céng vao chung thanh 1 céng: (U, .U, = UZ)
5.2.8. Mach lgc tich cyc

a) Mach hinh 5.21a 12 mot bd loc tich cyc tdn s6 thdp bac nhat véi dic
tuy€n tdn s6 cho trén hinh 5.21b. Trudc khi phan tich mach, ta c6 mét s6 dinh
nghia sau:
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e Mach loc 12 mach dién cé he sé truyén dat dién dp (hay hé s& khuéch
dai dién d4p) phu thudc vao tan s ¢ia tin hiéu vao; n€u mach uvu tién cho qua
cdc tan so thdp, né dugce goi la bo loc tan thap hodc nguge lai duge goi la bo
loc tdn cao. .

C.F 0.01pF :
" Ack
1T
Ry= 10Kk02 A omax) 6dbloctave
R 0,707 A (max) f---cccceemnm-- 20 db/decade

—_l :

U, . ;
) S E

fo tin 83_

Hinh 5.21
Bo loc tich cyc 1dn thdp bac | ding IC tuyén tinh
ay Mach dién ; b) Dac tuyén tdn sd

e Khi him truyén dat dién dp ¢6 dang 12 1 da thic bac nhat cia bién phirc
(joRC) = p (» 12 tdn s6 cha tin hiéu) ta ¢ bo loc bac nhit, con néu 1a 1 da
thire bac cao cua p ta goi b loc tuong Gng 1a bic cao (bac 2 hay cao hon).

e Khi bd loc cé chita phdn t tich cuc nhu BJT hay IC ta goi bo loc tuong
iing 1a bo loc tich cyc. Trudong hop khong c6 cdc phan it tich cuc bd loc duge
goi 12 b¢ loc thu dén 2

_ Mach loc tich cue hinh 5.21 ¢6 tu Cy; n6i song song v&i Ry, tr&é khing
cua tu duge xdc dinh boi:

1
X+~ =
Cu ~ 2mfCy,

nhu vay X~ cang lon khi f cang thdp, c6 thé coi lic dé Cp, hé mach vi cdu
triic hinh 5.21a quay vé dang mach hinh 5.6a 1a m¢t bd khuéch dai dao, uic la
c6 hé thitc :

Ap = -2 (5.21)

Khi tan s6 tang lén, X¢, gidm ddn trd nén so sinh duge v6i Ry, lam o
khdng tuong dwong Zy, = Ry, // X, giam din t6i Ay, giam, nghia 1a mach ¢6
tinh chat chi cho céc tdn s6 thép di qua thuan 1gi (tinh chat loc thap). Tham s6
quan trong clia mach loc hinh 5.21a 14 tdn s cat mang ¥ nghia 12 tin s& gi¢i
han trén cua dai tdn cho qua cua mach :

4 = WLCM_ (5.22)
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Khi d6 tai tdn s6 fog Xc, = Ry, v2 Ay, gidm 70,7% so véi gid tri ban ddu
xdc dinh theo 5.21. Tai 1 tdn s6 bat k¥ ta cé:

Apy =—-=0 ) (5.23)

X~ R
v6i 7, = oo Bt (5.24)

he =
2 2
JRE + Xt
ip dung c4c hé thic trén cho mach hinh 5.21a ¢é:
£ 1 B ' 1
4 7 2aR,Chi | 2% 3,14 % 10k x 0, 01pF

=1,591kHz

Ta tinh Ay, & OHz vd & IMHz

G0Hz Xy — ® dp dung (5.21) ¢6:

_ Rp _ _10KQ _
A = R, ke - 10
1 MHz Xy = =t = L =159Q
V7 2nfCy 2x3,14x IMHz x 0,01uF
do dé theo h¢ thirc 5.24 tacé Zy, = 13,90 % 10k0) = 15,9Q

J(15,9Q)2 + (10kQ)?
ap dung hé thic (5.23) ¢6 heé s6 khuéch dai dién 4p tai 1MHz bing:

Ay = o _ 1590

R, TR —0,0159

Néu chuyén sang don vi dexibel (dB) ta c6 he s& khuéch dai dien dp 1ai
OHz Ia:

Ry 10kQ

con tai tn sg cit f_ = 1,591 kHz ¢4
N Znl 7,07kQ)
Ap(dB) = 201g R, =201g T

=20x0,85=17dB
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Nhu vay tai tdn Sol.fca'l hé sé khuéch dai dién 4p cha mach giam 3dB so vai
gid tri Ay, trong dai thong (dai cho gua).

b) Mach hinh 5.22a 1a dang 1 mach loc tich cyc tdn cao bac 1 va dic tuyén
tdn 56 ctia né cho trén hinh 5.22b. Khi tdn s6 tin higu vao cao X¢, -»0 va

Ay — [—%J , ¢On khi tdn s6 xudng thap Xc, > © dodd Ay —> . Tdnsé
I .

cdt clla mach xac dinh béi hé thic :

k= 21'cR11C1 (5:25)
tai tdn s6 nay, Ay, giam 70,7% so v6i gid tri ban ddu
tai 1 tdn s6 bat kY, ta co
Ay = "%‘— (5.26)
(v6i Z; = R} + X2 )
hay tinh theo dcm vi logarit: Ay, (dB) = 201g RZ—';‘ (3.27)

Rpy = 10k Aa.‘

Cz01F RF kA Acdmax)l - - - - - - <

i 0707 A fmax)- - - - - -
> — I - 6dbloctave
rl.' f 20 db/dscade
N

il

Hinh 5,22 .
Mach loc tich cuc tdn cao bac 1 ding IC
a) Mach nguy#n 19 ; b) Dang dac tuy&n tén 56

I
1
I
b) f

a) 77 " tin ;;6

Véi céc gié tri da cho trén mach 5.22 ta cé:

1

o= maxo e - LI
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¢) Mach di¢n hinh 5.23a va 5.23b gidi thieu 1 dang khéac cua mach loc
tich cyc tdn s6 thdp va tdn s6 cao bac nhat ding 1 bo lap dién ap véi cac tinh
chdt tuvong ty nhu mach hinh 5.21a va 5.22a tuong ing ; mach 5.23 thudng
dugc diing khi cdn cdch ly bo loc RC thu dong vdi 1 tai cé trd khdng thap do
tinh chat uu diém cta IC khuéch dai dem véi A = 1.

1

| it xdc dinh bai = 5.27
Tén s6 cét xdc dinh bm. f. SRC (5.27)
vidu v6i R =2,2kQ2; C=0,22uF ta nhan duge :
l .
f. = = 329Hz
€ 2m12,2kQ.0,22uF
R = 2,2k ' c A=
— | +
U, u N
i /Ic,=n,2zpp Ry ,Jy R Ry
a) b}
Hinh 5.23.
a} Mach lgc thép ding A =1 ; b) Mach loc cao diang A = 1.
Dién 4p cdng ra xdc dinh boi (véi mach 5.23a)
U, = Xy, (5.28)

JrR2exz
cdn véi mach 5.23b ta cé;
' R

U, =—2 | (5.29)
"R+ x2

d) Mgt dang mach loc tich cyc tdn thdp bac hai duge cho trén hinh 5.24a
va dac tuyén t4n s6 tuong ing clia né (hinh 5.24b).
Tin s6 cét cla mach xdc dinh bdi:
_ 0,707
¢~ 2nRC ‘ _
O tdn s6 f, Ay, gidm con 0,707, sau d6 khi f tang va 16n hon f,, Ay, gidm

v6i 8¢ do 12dB/octar hay 40dB/decac. (A}, s& gidm 10 14n khi tdn s6 tang
1&n 10 14n). )

(5.30) .
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Viduvai R = 1kQ ; C = 0,047pF ta cé:

0,707 _ 0,707
" 2aRC 2 x 3,14 x IkQ x 0,0474F

£, =2,39kHz

Hinh 5.25a 12 1 dang mach lgc tich cuc tin cao bac hai véi dac tuyén tdn
s6 twong Ung cia nd cho trén hinh 5.25b.

Y £
i
: 3_. an
—
}——c

a} a)
} }
1 [ NSS—— ———
0.707 | r-rrmmrmnmmne- 12db/octave 0.707
¥ 40 db/decade . 12¢/b/octave
: ' 40 db/dacade
b) = - b) o .
Hinh 5.24 Hinh 5.25

Trén hinh 5.25(a) v6i R = 2,7kQ2 va C = 0,15uF, diing hé thitc (5.20) nhén
dugc tdn s6 cit (gidi han dudi clia dai tdn s6 cho qua) 1a:

0,707 _ 0,707
© 7 2nRC 7 2x 3,14 x2,7kQ x 0,154F

= 278Hz

5.2.9. Mach bi&n déi dién ap - .dc‘mg dién hodéc dong dién — dién ap

Mach dién hinh 5.26 cho kha ning bi€n déi tir 1 dién 4p vao U, thanh
dong dién ra I, khong phu thudc vao gid tri dién trd tai R,. Ti diéu Kién 1y
tudng cla IC, U, i, = Up— Uy = 0, trén di¢n trd R clia mach héi ti€p am s
¢ he thic xdc dinh dong qua R;:

[ =¥ (5.31)
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0 day gid trj ciia I do U, va R quyét dinh ma khong phu thuge vao R, chinh

Ia yéu cdu dat ra. Vi du v6i U, = 5V, R = 1kQ, R, = 100Q dong ra theo
(5.31) xédc dinh boi: :

= 5mA
R
—
. .
Hinh 5.26. Mach bicn a3i Hink 5.27. Mach bién doi
di¢n dp thanh dong dién dong dién thanh dién dp

Trudng hop ndy ta duge 1 nguén dong dién SmA cung cdp cho tai R, vai
noi tré ca ngudén dong 1a v6 cling 16n Z, — .
Mach di¢n hinh 5.27 cho kha ning bién ddi tl 1 dong dién vio I, thanh 1
dién 4p ra ty 1¢ khong phu thudc vao R,. Ta c6 he thic xdc dinh dien ip ra:
U, =1, R (5.32)
Ta nhén duge 1 nguén dién 4p U, c6 noi trd Z_ —0 cung cip cho R, va
gid tri U khong phu thude vao gia tri R;, vidu v6i I, = 1,5mA, R = 1kQ,
R; = 10kQ, tacé:
U =1,.R=15mA. IkQ = 1,5V

5.3. CAC MACH SO SANH ANALOG

Trong ti€t nay, ching ta s& xét | fing dung quan trong cha IC tuyén tinh &
ch¢ do khong ding mach héi ti€p hay chi ding mach héi 1i¢p duong. Khi dé
cdc mic dién 4p ra clia IC chi ¢6 thé roi vao 1 trong hai trang thdi x4c dinh
khéng phu thuge vao gid tri cha U,, dé la: _

U = Upyax. chinh 13 mite bio hda duong clia IC hoac U, = U, 1a mic
bdo hoa am cua IC. Ch€ d¢ nay goi la ché do khéa (hay ché€ d¢ chuyén mach)
cua IC. ' :
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5.3.1. Mach $o sanh thuan

-Mach so <canh thuan cho trén hinh 5.28a v&i dic tinh chuyén mach cho
trén hinh 5.28b. Trudng hop nay mirc dién dp ¢6 dinh {muc ngudng) dat vao
céng N 12 OV, cdn trong trudng hop téng qudt (xem hinh 5.29a va b) khi miic
ngudng Ugys., = Un # O dic tuyén hinh 5.79b s& dich tinh uén song song
vdi tryc thang ding di 1 doan bing Upgygng.

Ag= 200,000
+U_=12V Ury
L5
11 Usat
U=U a0 hoa -
4] U,
Usat
41
b)
Hinh 5.28.
4} Mach so sanh thuan mdc ngudng 0V ;
b) Diic tinh truyén dat dién 4p (chuyén mach)
=12V U
f T
+Ubsio hoa
"
ST o
“Ubso hoa :
a) . -1
. . b)

Hinh 5.29
a) Mach so sdnh thudn véi mic nguimg = 0 ; b) Dac (uyén chuyén mach wreng tng

a) Hay gia thiét miic bao hda c6 gid tri Uy, = 12V — 1V = 11V = + Uz, poa
VAU == 12V 4+ 1V = = 11V = = Upgo pow

V@i hé s6 khuéch dai khi khong héi ti€p A, = 200.000 ldn
KhiU,=-e=- 107V néu IC & ché€ do khuéch dai ta nhan dugc U, = A =
=(—€) = 2.10°.(~10 HV = 20V
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hay twong tu khi U, = + ¢ thi U, = +20V
day 1a céc gid tri vugt hon Up,, va U, nén khong c6 trén thyc té, nghia la
khi Uy = —¢ thi U, = Uy = =11V, Con khi Uy = +¢ thi U, = Uy, = +11V, chi
cdn Uy chuyén qua gid tri OV mot lugng vo cing bé, dien 4p céng ra di déi
trang thdi bao hoa.

b) Trong trudng hgp mach hinh 5.29a khi U, chuyén t¥ 5V — ¢ sang 5V + ¢
dién dp ra U, s€ chuyén trang théi tir bdo hoa am (U_ ;. = —11V) sang trang
thii bao hoa duong (Up,, = +11V)vi nguoc lai.

5.3.2. Mach so sanh dao

Hinh 5.30a va b bi€u dién mach so sdnh dao va dic tinh chuyén mach khi
chon Uy, ygng = OV va khi chon Upgigng # 0 ta 6 céc hinh 5.31a va b v6i céc
tinh chit tvong tu nhu mach so sdnh thugn. Diém khic bi¢t & day 1a hudng
bién d6i trang thdi ra U, = + Upzy pa, sang U; = — Upso 1sg hodc nguoce lai
nghich dio’so véi cdc mach hinh 5.28a va 5.29a.

u +
u,
u
u, r
a) 8) Unguong®
Ur
U
——— e Ubhoa
- U ° W Unnwnn e U,
b) ™~ b.hoa by Ub.hod
Hinh 5.30, Hinh 5.31.
4} Mach so sdnh dio ngudng OV ; a) Mach so sdnh déo v6i U5, # 0
b) Diéc tinh truyén dat twong tng b) Dac tinh truyén dat twong vng

5.3.3. Mach so sanh 2 muc ngudng

Ngudi ta c6 thé két hop cic mach hinh 5.29a v6i 5.31a dé tao ra mach so
sénh 2 muc ngudng nhu trén hinh 5.32a hay 5.33a véi cic dic tinh chuyén
mach tuong ung cho trén hinh 5.32b va 5.33b.

Trong c4c cAu tric trén cén chi ¥ 12 ngudn nuoi cic IC khong d6i xing
(chi ding I nguén duong) cho phil hop véi trang th4i logic duong yéu cdu déi
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véi $; vA S, va chit ¥ réng cling c6 thé két hop hai mach so sdnh dao. Tin hi¢u-
vio cdn dugc so sianh trong cdc trudng hop nay duoc dua déng thoi t6i ca
hai mach va cdn chon cdc mic dién dp ngudng Ungyengt * Unguong?- Két qua
1a trang thii ra cho ta thong tin vé kha nang U, c6 ndm giita 2 mic ngudng
hay kkong : khi Y = 1 ta ¢6 Uy gune 1 < Uyao < Unguang 2 hodc nguge laiY =20

khi U, < Upougng 1 hay Uy > Upgyang 2-

Céong
nhi phén

a}

B Hinh 5.32

a) Bo so sanh 2 miic ngudng
diing 2 bd so sdnh thuan ;

b) Dic tinh chuyén mach

5.3.4. Mach so sanh téng

Mach so sdnh téng cho trén hinh
5.34 c¢6 kha nang phdt hién ra trang thdi
Uyl =1Uyl téc 1a trang thdi ldc tdng
dai s6 U, + Uy = 0 theo tinh chat cha
mach hinh 5.28a 43 xét.

Trong trudng hop nay U, c6 vai tro

1a 1 dai lugng cdn tim (can do) cdn U, ¢6 '

vai trd 13 gid tri miu dua vao thir (c6 thé
thay ddi dugc U, theo 1 quy luat ndo
dé). Su thay déi ddn Uy s& din dén
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Hinh 5.33.

a) B0 so sanh 2 mic ngudng ding k&t hop
1 b so sdnh thuan v&i 1 bd so sénh dao ;
" b) Dac tinh chuyén mach

" Hink 5.34. Mach so sénh iéng --



trang thdi can bang IU,| = [U,[ th€ hi¢n & lic dien 4p cbng ra déi mic bao
hoa. Trudng hgp téng qudt, dién 4p ngudng dat téi cdng N b gid tri Unguong #
0, khi d6 mach so sanh téng s& cé dién dp ra déi trang thdi bio hoa khi téng
dais6 U, + U, chuyén qua gia tri Ungm-mg‘. Tuy theo tinh cht cta viéc so sanh
ma quy dinh d4u hay khyng d8i véi U, va Uy.

5.3.5. Mach so sanh ¢6 tré (Trigo Smit)

C6 hai dang mach so sdnh tré kiu dao hinh 5.35a va kiéu thuan hinh
5.36a véi cdc dac tinh chuyén mach tuong ¥ng hinh 5.35b va 5.36b

Uy
Uy =15V g 13
. . )
Ur=iusat
LTP uTP
[
R 100 ke A
R=tkQ
R K R— .
a) . b)
Hinh 5.35.

a} Trigo Smit kicu dao ; b) Dac tuyé&n chuyén mach ¢6 teé cha Trigo Smit dio

R, 1kQ R, 1000 -
I 1

NP — ‘ Y
+13]| *U pao hoa
+15v bao
]
| . uTP LTP
U, 'l'J'
A Y
-1Sv
-13 'Um hoi
a) b}
Hinh 5.36.

a) Trigo Smit kiéu thuan ; b) Dac tinh chuyén mach cia Trigo smit thuin

CAc phén tir so sdnh khong tré hinh 5.28a hay 5.29a tuong d6i nhay cam
khi tin hiéu U, & lan can gid tri ngudng, nghia 13 & vitng ndy véi muc nhidu
loan du nhé c6 kha ning lam 1at trang thdi ra 1 cich khong mong mudn. Cic
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mach dién ciia bo so sdnh cé tré hinh 5.35a va 5.36a khic phuc duoc nhuge
diém di néu trén, cho phép céc trang thdi ra & lan can mic ngudng rdt 6n dinh
ddi vai cdc mitc nhiéu ¢ cudng do khong 1dn.

a) Trong mach hinh 5.35a (Trigo Smit dio), cdc dién trd R, = 1kQ
R, = 100k thyc hién | vong héi ti€p duong vdi h¢ s6 hoi ti€p 1a:

B=

m (5.33)

Khi dién 4p ra & mic bio hda duong U, = Upz, pa,. Ngudng didn dp trén
(ngudng ngit mach) dat téi cong P 1a:

Ungél = +f Upzo hoa (5.34)
Con khi U, = — Upzo hoa 12 €6 ngudng ndi mach:
Unsi == B Upio hoa (5.35)

Cic ngudng (5.34) va (5.35) dugc thi€t 1ap theo 2 chiéu khic nhau cia tin
hi¢u vao, nghia la: khi U, tang ma cdn thoa mén U, < U4 thi Up = + Upgg paa

Khi Uy 2 Upgs thi U; = = Upzo o |
Con khi U, gidm, néu U, > U, thi U, = ~Upzo nea

Khi U, < Uy g thi U, = + Upzo noa-

Mitc dién 4p tr& khi chuyén mach cta Smit xdc dinh bai

Uge = Ungar — Ungi = 2BUbsohoa (5.36)
Ap dung véi cdc gid trj cho trén hinh 5.35a ta cé:
- e 0,009

R, + R, 1k + 100k

vdi nguén nudi tUpc = 215V ta chon 2Upzona, = 13V
do d6: |
Upgiimach = BUbzohda = 0,0099 . 13V = 128,7mV

Unciimach = _BUbﬁohba = -128,7TmV
Dién dp tré chuyén mach bang:
Uye = 2PUps0nta = 257,4mV

b) Mach hinh 5.36a (Trigo Smit thuan) ciing ¢6 1 vong hdi ti€p duong
dung P, Ry voi he 56 hoi ti€p 1a:
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B gt (5.37)
Tir d6 muc dién dp ndi mach va ngét mach la:
Unsi = +BUpaohoa (5.38)
Ungél = —BUpaohoa (5.39)
véi Ry =1kQ R, =100kQ ta cé:
1k
p=- 101(;1(9 =-0.01

Upgi = (-0,01(~13V) = 130mV
Upgar = (-0.01)(+13V) = ~130mV
U = 2|B|Ubﬁohba =260mV .

¢) Hinh 5.37a dua ra 1 vi du tng dung ctia Trigo Smit hinh 5.35a dé bién
ddi 1 tin hi¢u tudn hoan c6 dang b4t ky thanh tin hiéu ra 1a xung vuéng goc cé
cling chu k¥.

u,

Uy=10V, +15V +5V Upge130mV
U 7 A Wasiit
r 3
’ \/ \u.,ﬂ =-130mV
-5V
R 4= 90k(2 WET
u:
Ri=Tke2 ' e *U bao hoa
+13V
=001 : : t
' l -13v
a) b) “Upao hoa
Hinh 5.37.

a) Mach tao xung vudng & ché d¢ ddng bo ; b) Dang dién 4p minh hoa

5.4.1C 0 CHE PO KET HOP CA HOI TIEP AM
VA HOI TIEP DUONG

Khi thuc hi¢n déng th¥i cdc mach hdi ti€p am va héi ti€p dwong trong 1
mach dién ding vi dién t&r tuyén tinh, ta dugc 1 cdu triic ty dao dong cé thé ty
dong tao ra tin hi¢u vudng géc hay tin higu hinh sin.
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5.4.1. Ba hai ty dao ddng tao xung vudng gdc (hinh 5.38)

Gia thiét ban dau U, & mifc bdo hda duong U, = Up,y = Upzoppy mic
Upnax Qua D qua Ry nap cho ty C 1am dign ap trén ty C bién d6i tuyen tinh
trong khoang 0 dén t,

D,
T}
c R, . v t, t, /Umgt
eees e s -
Nl R, D2 P ; _\; t
. . u, Unai
_ Lt
uuy f
—U r P'/ l =U
+ r ‘ Umax b.hod
P — U ngat »‘! """"" -
R1 ) RZ UndT - & \...T t
nlE/ Sy i e N U™ U .ot
- b
a) Hinh 5.38. )

4} Mach tae sung vudng & ché do 1y dao ddng ; b) Gidn dé di¢n 4p minh hoa khi Ry = Rg

- t
U (1) = Un{t) = Upjohaa [1 - exp[— Ry C J]

lic t = 1) ; Ug(t)) = Upyy (duge thiét lap trén céng P) mach so sénh tré cho
phép U, nhay 1ir U, dén U, = —Uy, lic nay (> 1) C phéng dién qua R,
qua D, hudng 16i — Upzonss = Umint 101 Jdc =ty 3 Ue(t) = Upgimacn cho phép
U, nhiy mite ~Upgonga = Unin 480 +Upzonsa = Umax mach da thue hién duge
1 vong kin va lai ti€p tuc 1 vong lam viéc méi, chu k¥ xung vudng gée, (U))
xdc dinh boi : |

T+t =T
3 | 148 2Ry)
véi 1 =Ry.Cln RyC.lnl 1+ 5.40
P [1—BJ N [ R, (49
va 1, = Rp.C. 1n[1+5) Ry.C. ln[1+2R’] (5.41)
p L R
. 2R,
Khi d6 T=1 +1y = C(Ry +Rp)In| 1+ 2L R (5.42)
. _ 2
V{du Ry = Rg = 5kQ C =0,
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R} = 10k = R, ta s& nhan duge xung vudng goéc cé chu ky 1a:

T =(Ry +Rg)C ln[l +2Rﬁ] = 10.103Q.0,.1.10'6F.1n3 =2,2ms
2 .
hay tan s6 cla dao dong la:
1 1
f===———~454Hz
T 221073

Khi chon Ry # Rptas€ 6 1y # 15 vidu Ry =4 Rp
Khi d6 1) = 0,8T cdn 15 = 0,2T hay 1, = 41,. '

5.4.2. Tao tin hig¢u didu hoa (hinh 5.39)

Diéu kién dé mach hinh 5.39 cho ra mot diér d4p U (1) # O 1a dién 4p cdng a0
va dién dp cong ra clia IC phai d6ng thdi c6 su can bang vé pha v bien do.
Khau mach C,R,C,R, thuc

. | l —

hi¢n khong dich pha dién 4p U, dé - _]_ 'c, R»
dua trd vé ddu vao p O tai tdn s6 : R[] ¢ +

1
= (5.43) :I: SR
® 21 /R,CR,C, £ U

titc 1a tai f, da c6 héi tiép duong, —
oR

thanh phan bién do dién 4p héi R
ti€p suy giam 3 ldn do tinh chat
ctia mach héi tigp R, C|R,C, tic
Hinh .?.39 .

o] —

lataco p(fy) =0 va B(f,) =

Khéau mach héi ti€p am aR, R dam bao bo khuéch dai ¢6 hé s6 khué&ch dai
digndp Ay, =1+9R5 = (1 + o)

Muén c6 dac dong Ult) = O diéu kién cdn thi€t 13 he s6 Ay, phdi di
bl suy gidm cia mach R;{C R,C,, nghia la: Ay, 21 hay o > 2, t&t nhién ta da
c6 dicu kién goéc pha cia mach khuéch dai ¢, = 0 dé dat duge diéu kién
®a + 9p = 0 do & day IC I3 b6 khuech dai khong dao pha. Ngubi ta c6 tié chon
Ry =Ry =R va C; = C, = C. Khi d6 cao déng diéu hoa tao ra duge co tin sd 1a :

foopes  saa
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Khi cdn thay ddi tdn s6 f, cha dao dong ngudi ta phai thuc hién thay déi
déng thoi cdc gid 1ri R hay C clia mach héi tiép.
Vi du néu chon C = 0,22uF, R = 3,3kQ ta sé cé dao dong hinh sin véi chu
k¥ (trong di€u kién chon o = 2) :
T=2nR.C
=2x2,14x3,3.103Q x 22.1078F =~ 45,6ms
twong Ung v6i dao dong c6 tdn s8 f = 22Hz

5.4.3. Tao ddng thdi tin hidu vudng géc va tam giac (hinh 5.40)

a)

b

Hinh 5.40.
a) Tao tin hiéu vudng géc va tam gidc ding 2 1C tuyén tinh ;
b) Dang séng ra tai mach tich phan A,
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'N&u thyc hién ghép lien ti€p 1 mach tich phan dao hinh 5.15 v6i 1 mach
Trigo Smit hinh 5.36 bao trong 1 vdng héi ti€p kin nhu trén hinh 5.40 ta nhan
duoc 1 mach tu dao dong, cho phép d6ng thdi nhan dugc hai loai tin hiéu Uy
dang tam giic va U, dang vudng géc cé chu ky xdc dinh bdi T = 4R |C, 22
4

ta s& ¢4 thé tim duge he thic nay nhu sau:

Cdc diot zener D va D, ghim mutc bien d6 dién 4p ra & céng IC, & céc gid
ti +Up =+(Uz, +0,7V) va -Ug = ~(Ugz, +0,7V); khi chon Uz = Uz, thi

HUgl = I-Ug |. Dién 4p tam gidc tai cdng ra U, c6 céc gid trj dinh la:

UA(RQ +R4) UBRZ
Ry R,

_ UA(RZ + R4) N UBR2
R, Ry

Gid trj dinh - dinh caa di¢n dp tam gidc : Up= Uy - U,

2UgR,
R4

p= (5.45)

do rong sudn clia dien 4p tam gidc (hinh 5.40b) 1a:

R,C; 2Ugr 2R
tab = 1 . B2 = RIC] —E- {5.46)

2R,
chuky xungra Ty =T, =T = 2R|C, =

4

R

T =4RC o> (5.47)
4

chi ¥ di¢n 4p tai cong khong dao cha IC; dugc xdc dinh béi

U R4 U .R,
*
Rz + R4 Rz + R3

Uy =
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5.5. MACH DUNG IC TUYEN TINH KET HQOP VOI DIOT

Khi si& dung diot bdn din don 1& 1am nhiém vu chinh luu, do ngudng md
clia diot Silic 1a 0,7V va cla Germani 12 0,3V nén cédc dién dp xoay chiéu c6
cudng d6 ¢& vai chuc dén vai tram mV s& khong thé 1am viéc v6i diot rieng 1é.
K&t hop véi mot IC tuyén tinh s€ nhan dirge mach chinh luu chinh xdc (6i mV.

5.5.1. B3 chinh luru chinh xac dang nira séng (hinh 5.41)

Khi' U, > 0, IC 1am viéc nhu 1 b lap dién 4p, dién ap ra IC ciing c6 dau
duong, diot s& din dién lic dién 4p n3y dat 0,7V tuong Ung voi mirc dién 4p
viao dé md diot la: '

0,7V 0,7V
Uv =2~ =To0000 - ™Y
+100mV Ao 100008 y Up=+100mv
Y S~ O\
-400mV _ s, :
RE1DKA -

Hinh 5.41. Mach chinh luu chinh xdc 1am viéc trong ving mV cua dién 4p vao.

IC 1am viéc nhu 1 mach 14p dién dp v6i he s6 khuéch dai Ay =1

Khi U, < 0, dién dp ra cha IC ciing c6 ddu am va diot khong dan dién,
dién 4p ra nhan trén tai bang 0. Dang dién 4p ra tai cé dang séng nita duong
hinh sin bien do bang gi4 tri dinh cla dién dp vao U, = 100mV. Chii ¥ 1a khi
dio chidu diot, ta s& nhan dugc dang s6éng la cdc nira &m cia dién dp vao.

5.5.2. Bd tach séng gia tri dinh

B6 tach séng gid tri dinh cho trén hinh 5.42. Dién 4p tai cng ra 12 1 chiéu
c6 gid tri bing bien d6 dinh duong cda dién 4p vao. Khi U, > 0, diét din
dién va tu C dugc nap t6i dinh duong cla dién 4p ra trén IC ciing chinh la
dinh duong clia dién dp vao vi IC lam viéc & ch€ do bo 1ap véi Ay, = 1. Khi
dao chiéu diot két hop véi dio cyc cha tu C ta nhan duge bo tich séng dinh
gid tri &m. -
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+100mv A,=100.000

Hinh 5.42. Bo tach séng dinh gid tri duong

Khi U, <0, diét khéa, tu C phéng dién qua R, cdn chon héng s6 thdi gian
cla mach phéng da lén:

Tphong = R;.C 2 10T, (5.48)
0 day T, la chu ky cha séng U,

Vidu véi f, = 100Hz, R, = 1k, hay chon C thich hop:

chuky T, = = 10ms

1
100Hz
Tohong = R(.C = 10T

10T _ 10.10ms _
€= R,  1kQ = 100pF

5.5.3. Mach han ché mic chinh xac

Trén hinh 5.43 1a mot dang mach han ché trén ¢6 mifc ngudng chinh xdc
dung IC tuyén tinh két hgp v6i diot han bien.

Khi thay d8i R;, dién 4p ngudng han ché c6 thé lya chon theo ¥ muén: lic
R; & vj tri tan ciing (0V) mitc ngudng duge chon la OV va dang séng ra 12 cdc
xung nira &m hinh sin véi bien do dinh &m la — 250mV; Khi U, ¢6 cyc tinh
duong, dién 4p ra cha IC ¢6 cuc tinh 4m, di6t din dign va IC 1am vigc nhu 1
bo lap véi he s6 khuéch dai bang 1, do d6 dién 4p ra duoc giit & the OV. Khi
U, <0, di¢n 4p ra cha IC ddu duong 1am khéa diot, U, qua R dugc dén t6i 16i
ra trén tai ta nhan dugc cdc xung nira am hinh sin cda U,. Khi chon gid tri R,
bang 5002 dang séng ra s& bi chan trén & mic ngudng:

__Ry . KO
2 Ry+Ry; T1kQ+39kQ

Uy 10V =250mVy,
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Ug, 250mV

Ungua.ng = T 5 . = 125mV

dang U_ trén tai trong trudng hop nay duge vé trén hinh 5.43.

+250mV

R .
Uv/\/  — -

-250mV s

+V=10V . ) /_L

R,= 39k 125mv

Urgt oV

Ry= 1k
-250mV

Hinh 5.43. mach han ch€ miic c6 4o chinh xic cao
(miric duong khong han ché irén)

5.5.4. Mach ghim chinh xac

Mach ghim chinh xdc v@i mitc ghim 12 +100mV dugc cho trén hinh 5.44.
Khi U, > 0 didt khéa ; cdn khi U, < 0 diét ddn di¢n vi dién 4p ra coa IC khi.
dé duong, C dugc nap (v6i cyc tinh chi ra trén hinh 5.44) t6i gia tri dinh cia
dién &p vao, diéu ndy lam mitc ra cda IC dat t6i — Upzopaa (Vi dién the duong
nap trén C dua truc ti€p t6i cdng N), dién 4p nay khéa diot va U, dugc dat tryc
1i€p tdi R,. Gid tri bién d¢ cha U, bang U, nhung mitc | chiéu bi dich len trén
bing mitc ghim +100mV do ty tich liy duoc & ban k¥ 4m.

+200mv
_Avnoc»mv »
+100mV ov :
Pay ul [ :
NS | Y
-100mvy

. . R
U, =200 mV,, @ o 4 :

Hinh 5.44. Mach ghim v§i mic ghim chinh xic
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5.6. CAC TINH CHAT CHUNG CUA VI BIEN TU
ON PINH DIEN AP

Hai dang nguén 6n 4p ding vi dién tir thudng gap 1a nhém ding IC tuyén
tinh mic theo c&u tric mach nguén 6n dp va nhém ding IC én 4p chuyén dung.

5.6.1. IC tuy&n tinh trong vai tré6 mach ngudn 8n dinh dién ap

Nhiém vu chung cia mach &n dinh dién 4p 12 cung cdp cho tai 1 dién 4p
cd dinh U, it bi€n déi gid tri (AU, nhé) khi dién dp 16i vio U, cé sy thay déi
gid trj Idn (AU, 16n) va khi dong dién tai I cling ¢6 su thay d6i gid tri 1én
(Al 16n) do nguyén nhan tai tieu thy R, ¢6 thay déi.

Mach di¢n hinh 5.45 cho phép dua ra 1 dién 4p 6n dinh c6 gi4 tri thay ddi
dugce tir 3V dén 15V khi diéu chinh Ry, v6i dong dién ra 1ir O d&€n 50mA. Khi
di¢n 4p khong diéu chinh 16i vao 12 +18V.

+18v

R,=3,9K P N
3
—
741
Dy + ’ +U
e | LR b
. + Uy < 1uF 2K
02 B gy

Hinh 5.45. Mach 6n 4p cé miic ra diéu chinh dwoc ding IC tuyén. tfnh pA741.

D, va D, tao ra 1 dién 4p chudn c6 gid tri 13 UZZI+ UDl

Uz, +Up, =6,1V+0,7V = 6,8V ¢6 tinh chét quan trong la 6n dinh nhiét
trong 1 dai réng vi bién thi¢n theo nhiét 46 clia Uz, va Uy 1a nguge nhau. Dién
ap chudn ndy qua bo chia R,R; dat 16i céng P cta IC 1 dién d4p ngudng khoing

+3V. IC ding trong mach la loai phé thong pA741 & ché& do khuéch dai |
chiéu mic kiéu khong déo, c6 hé s6 khuéch dai c6 thé thay déi nhd thay 6

cc gi4 tri cia dién trd héi ti€p am R4 - Rs. Khi P & tan cing (dudi) cia R,

chon R thich hop d€ c6 he s6 khuéch dai Ay =1+ %i =5 14n hay khi 46 vGi
5
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R4 = 10kQ thi Rg chon gid tri 2,5kQ2. Ta nhan dugc dién dp tai cng ra IC 1a
U, =Up.Ap. Uy =3V.5=15V; qua BIT 12 1 tdng méc CC ta nhan duge
tuong ung U, = U,; = 15V. Khi P & diém tan cing trén cia R, IC lam viéc
nhu 1 bo 1ap, he s6 Ay, = 1vaU, =U,. Khi d6 bang dién 4p ngudng 3V da
dat tdi céng P clia IC. O 1 khia canh khéc su 6n dinh ciia dién 4 dpralU, vaUp,
dugc duy tri trong mach hinh 5.45 dién 4p dd thuc hién | vong phén héi am
qua R4Rs gia 56 AU, sau d6é dugc IC so sdnh véi dién 4p ngudng Up va
khuéch dai sai lech k&t qua 12 nhan duoc tai céng ra 1 luong gia s6 AU, c6
do 19n wong duong nhung ngugc ddu va nguéu ta n6i di thuc hien nguyen ly
6n dinh dién 4p ki€u bi.

- 6.6.2. V6i mach dién hinh 5.45 sau khi b8 sung 1 vai mach phu cé nhi¢m
vy bao vé cho BJT chéng qud tdi (qud dong hay qud 4p), cdc ngudn 6n dong
dung BJT cung cdp dong 6n dinh cho D[, P, va cho ting khu&ch dai vi sai
(cuia IC tuy&n tinh)... v thyc hién ngay trong qud trinh thi€t k& ché€ tao, 1a s&
nh4n dugc mot vi dién tlf chuyen dung (hay IC 6n 4p). Xét vé phuong dién cdu
tao va tinh nang st dung, ¢6 thé chia IC 6n 4p thanh 2 nhém chinh la:

e IC 6n 4p c6 mifc dién dp ra ¢ dinh vdi cdc dien trd héi ti€p 4m (nhu
R4Rs trong mach hinh 5.45) dugc ché tao c6 dinh sdn bén trong vo cla IC va
khong ¢6 kha nang thay déi dugc mic ra n€u khong diing thém nhirng bién
phdp dac biét (xem cac bai tap Bai 5.12).

» IC én 4p ¢6 mikc dién 4p ra thay d6i duge do ngudi s& dung lya chon hai
di¢n tré hoi ti€p Ry, R4 theo ¥ mudn trong mot gidi han cho phép, nghia la khi
ché tao trong IC chua c¢6 cdc mach héi ti€p am ding R4R5. Hinh 5.46 gidi
thiéu hai mach én dinh dién 4p dién hinh dung IC én 4p chuyén dung loai
HA78G cho phép nhan cic mifc ra duong (khi ding nhém pA79G s& duge cic
mitc ra am). Gid tri cdc mitc nay do viéc chon R R, trén hinh 5.46 quyét dinh.
Néu dung nhém chi ¢6 3 chén ra loai pPA78XX (hay pA79XX) khi dé s& khong
¢6 R|R, & ngoai nita va mic ra chi ¢ dinh & +XX (hay ~ XX) von vdi dong
dién ra c¥ 1A. Mach hinh 5.46b sit dung loai LM 317 cta hang National vé1 mic
ra c6 thé thay déi tir +1,25V dén +25V thy theo vi tri bién d6i clia R = 5kQ:

U, = 1,25v(1 2 ) - (5.49)
Chu ¥ khi diéu chinh dam bao dong trén R, khodng SmA con dong trén

R; ¢ 50 — 100pA (céc tu dien & day dé€ loc céc tin hiéu (nhiéu ) bién déi
nhanh né€u ching xuit hién). |
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Hinh 5.46. Mach én 4p dung IC chuyén dung foai diéu chinh dioc U,.

5.7.1C SO

5.7.1. Tém tit vé dai s6 logic

Dai s6 logic la tap hop gém cdc bi€n va ham trang thdi con goi 1a bién va
ham logic v6i hai gid tri phan biét: trang thai ¢6 (tri 1 logic) va trang thai
khong ¢6 (trj O logic).

¢ N&€u 1 bi€n hay ham logic ludn & trang théi cé né nhan tri hing s6 1, néu
né luodn & trang thii khong ¢é né nhan trj hang s6 0

* Dinh nghia 3 phép todn co ban tdc dong 1&n cdc bi€n dé hinh thanh céc
ham logic (con goi 14 cdc phép dio (dfu "-" trén ky hiéu bién hoic ham),
phép cong (ddu +) va phép nhan logic (ddu .).

* Cic phép cong logic va nhan logic tuan theo 3 quy luat hoan vi (déi
chd) két thp va phan phéi.

X} + X2 = X3 + Xy ; X|.X3 = Xp.X) (hoédn vi)

(X] +X2) + X3 = X1 + (X3 + X3) (k&1 hop)
va . . XI(X2 + X3) = XIXZ + X1Xg (phan phdl)

¢ 3 phép todn logic tuan theo 10 quy tdc co ban dé 12

(x)=x; (x)—x
X+ X=x X+ X =1 X+1=1 _x+0#x'
XX =X X.x =0 x.1l=x x.0=0

* Ham logic c6 3 cich biéu dién chinh la:

1/ Bing bang liet ke tdt cd-cde gi4 tri bi€n v gi4 tri tuong Ung ctia ham
(got 1a bang trang thdi hay bang chan 1y).
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2/ Bing biéu thifc giai tich quan hé ham vé&i hai dang biéu dién tich cdc
téng cdc bi€n va tng céc tich cdc bién.

3/ Bing bia cdc 6 vuong thé hién méi trang thdi bing mot 6 vudng va sip
x&€p chiing sao cho cdc 6 ndm canh nhau chi ¢é 1 bi&n khdc tri (bia Cacno).
Vi du mot ham logic 2 bi¢n F(X|,X5) ¢6 thé cho du6 cdc dang biéu dién sau:

» bing gidi tich F(X;, x3) = X,X3 + X} X,

» bing bang chan 1y :

X X2 F
0 0 0
0 1 I
I 0 1
1 1 0
 biing bia Cacno
X)
X, 0 1
0 1
1 1

e Tir 1 bidu thirc ham logic dang bat k¥, ngudi ta c6 thé van dung cic quy
tdc co ban hay ding quy tic t5i thiéu héa trén bia Cacno dé tim céch thu gon
cdch biéu dién ham sao cho s bi€n tham gia 1a {t nhat va s& phép todn logic
thuc hién né ciing 12 it nh4t, s& cic s6 hang trong biéu thirc ciia né ciing 1a it
nhat. D€ thuc hién cdc ham logic, ngudi ta sit dung cédc linh kién dién tlr s6 ma
quan trong nh4t {a cdc IC s6 véi cdc trang thdi vao va ra thé hi¢n trang thdi vat
Iy vé& dién 4p tai cdc céng tuong dng.

7.5.2. Cic vi dién tlr s6 hoat dong v6i cic tin hiéu bi€n thién rdi rac theo thai
gian (tin hiéu xung) chi ¢6 2 trang thdi phan bigt rd ring & cdc céng vio vara
1a: trang théi dién dp cao (ng v6i gid tri logic “1” va trang thii dién 4p thap -
v6i logic tri “0”. Quan trong hon ca trong ho vi dién tir s& (IC s6) 12 nhém céc
céng logic co ban dé thyc hién cdc phép tinh logic co ban. Trén hinh bing
5.47 c6 gi6i thiéu cic cdng logic thudc nhém nay gém tén goi, k¥ hiéu, ham
ma né thyc hién vi bang cdc gié tri twong dng cla bi€n va ham.
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Tén ham Phi dinh Ho#c va Hodic va Khéc ddu | Ciing diu
I6gic {NOT) {OR) {AND} |, phi dinh phil ginh {Hofic  |(tuzng duong)
. * (NOR) (NAND} | tuyat o83
X x X | X X %
Kghidu |x F |t 1 ! ! X
g [ 1) el Dl el =) D)
. 3 L] F F.
g Cmg xz . Xz xz xz 5 XQ B xz 7
Fy=X
Bifu th[f'c X | F,
. hé:iﬁr"; 0 [ 1 [Fe=Xt% | FamXo Xy | FosXo#X, | Fo=Xo X, | Fo=X, X, | F,=X, X,
Wwethehitn | 4 | o _ _ KX, | XX,
x1 x2 F! FS Fd F$ FE F?
Béng gia 0 0| o o 1 1 0 1
tri bign
! 0 1 1 i}
v b 0 1 1 0
1 0 1 0 0 1 1 i}
1 1 1 1 0 0 0 1

Bing hinh 5.47. Céc céng logic co ban

Céc tham s6 quan trong nh4t ctia IC s8 duge cho trén bang 5.48 duoc phan
chia theo dac tinh cong nghé ché tao cdng logic 14 RTL, (dién trd — tranzito —
logic) DTL hay TTL (diot - tranzito — logic hay tranzito — tranzito — logic),
ECL (logic ghép emito) PMOS hay CMOS

Bang cic tham s6 thé hién tinh chét :

H¢ s6 méc tai (fanout) 1a s6 cdng logic 161 da c6 thé n6i véi déu ra tieu
thu cong sufit véi 1 céng, phu thudc s6 lugng céc phén tir & ch& d6 biao hoa
trong cdu tric clia né va phy thudc tdn s6 cua tin hi¢u. Thoi gian tré cia 1
céng 12 khodng thdi gian tinh tir lic ddu vao nhan dugc tin hiéu téi lic ddu ra
thay déi xong trang thdi, thudng xdc dinh t6i wu hon khi tinh thoi gian trung
binh qua 2 cdng lién ti€p vi khi d6 su 1ré duge chia déu cho hai trang théi lén
cao va xu6ng thép. Trong cdc nhém trén quan trong va phd bién hon ca la
nhém cng TTL va céng CMOS.
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Dic tinh RTL | BTL | HTL | TTL | ECL | PMOS | CMOS

Loai c¢éng cu ban| NOR | NAND | NAND | NAND |OR-NOR| NAND |NOR-NAND

L 3.6 5 : -52 | -27¢2
v . .

Negudn nuoi (V) +10% | +10% 15¢1 | 5+10% +10% 1341 +3 dén +18
Hé s6 mac 1ai 5 8 10 10 25 - >50
Zekhildirad | o4 | gkpaK |15K/1.5K] 70 15 2K 1.5K

muc Cao
Z khilgira g
mic thip Ron | Ren | Ren | Ry s 2K i.5K
Cong sui tiéu thy '
(W 12 8 22 10 40 0.1 0.1-1
Thai gian tré 12 30 90 10 2 700 30
| céng (ns)
Tin s6 ahip. '
cue dat (Mite) 8 12 4 35 60 1 10
Muc 46 cheng | i yong | 16t (61 W 0t khd it 161
1ap am .

Bing hinh 5.48. Céc tham 56 co ban cha IC 56

5.7.3. Céac cong logic co ban

a) Loai chi ding tranzito va dién trd RTL cho trén hinh 5.49a thuc hién ham
hodc phit dinh Fy = X, + X, vdi bang trang thai tuong 1ing di cho trén bang 5.47.
Khi it nhat mét ddu vao X, hay X, & mitc dién th€ cao hon Ugg (> 0,7V) thi
tranzito tuong tng din dién bao hda lam ddu ra & mic dién thé thip. Con khi ca
hai dau ¢é dicu kién X = X; = 0 tic 12 déu & mic thdp, T; vd T, déu khda
kKhong dén dién, trén Ry s& khong cé dong dién (khi chua mac tai R, vao
colecto) ddu ra ¢ mifc dién thé cao (mifc ngudn nudi 3,6V). R, R, & ddu vao
dé han ché€ dong cyc bazo di t6i mitc Igpz0hea Khi X; hay X, bang 1, R,
duoe chon dung hda gilta yéu cdu tdc d6 chuyén trang thdi (dac biét tr 0 lén 1)
va cOng sult tiéu thy.

Cin chi y 1a: mach RTL luén can dong cyc g6c chay vao (nén con goi la
nhom thu dong) va khi ndi song song 2 mach NOR 1 ddu vao ta sé nhan dugc
I mach AND thyc hién ham F; trén bang 5.47 v6i ky hiéu quy uéc da cho
thé hién trén hinh 5.49b

226



+36Vv

Xy X3 Xg

8400 - . R,
F =X+ X, 6V

Hinh 5.49 a) Cdu trdc céng RTL: dign 1ré - tranzito — logic

b) Céng RTL thyc hign F; = X,.X,

b) Loai cong NAND diét — tranzito ~ logic (DTL) (hinh 5.50): Khi mét
trong cdc dau vao X; & mic ¢ién th€ thip thi b; dan dién qua R va R,, giir
cho Ug & dién the thap T, khong dan dién, T, khong dan dien vi khong da

dién the cho By, ddu ra F5 & mic cao (Fy = 1). Chi khi X,

cao) P, déu khoa, ¢6
dong qua R T, Dj; lam
T, dan dién bdo hoa
dan tdi trang thdi F5 =0
{th¢ thap). Cau tric ¢6
dac diém T, mac kiéu
CC nén dong khdi dong
cho T, tuong d6i I6n
(luc T, dan) diéu nay
lam T, kéo miic F5 =0
xuéng th& thdp 16t nén
co thé phSi ghép vai
nhiéu DTL & mach ra
(hé s& mic tai 1dn). Khi
ndér diu ra loai DTL
céng NAND véi nhau
{nhu thé hién & hinh
5.51), ta s& nhan duoc |
cong méi thie hien ham

-4
{véio mé& rdng)

= XIE =1 (déu & mitc

Hink 5.50. Cong NAND loai DT1.

X, x
Xz F, = XY=X.X, . X;.X,
X3 (X, X3) + K3 Xq)
X, ”

Hinh 5.51,
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F3 (AND), con khi cdn thém 16i vao, ¢6 thé sir dung clra E nhu 1 ¢fng vao md
rong (dudng vE dut nét coa hinh 5.50).

Xay ra hiéu tmg c@ta haim NOR(F,) khi néi truc ti€p cdc dau ra cha ham NAND
(Fs) 2 cira vao (hinh 5.51). ‘

¢) Loai HTL 14 1 bién thé cha DTL dé c¢6 mitc chéng nhiéu cao (xem tai
liéu tham khao).

d) Loai TTL (tranzito — tranzito — logic) véi céng thyc hién ham
Fs = X,.X, cho trén hinh 5.52 véi dac diém quan trong la sit dung tranzito T,
loai nhiéu cuc emito 1am céng nhén logic (va) & ting ddu tién. T, lam nhi¢m
vu chia tich pha thuc hién chific ning ham cong logic (hodc), tang cu6i T3 T,
1a cap tranzito cong sudt mic ddy kéo 1am tdng ra cla IC. Céc diot ddu vao
D, D, gift cho mic X;, X, khong am qud — 0,7V dé lam hong T, vi dien dp
dénh thiing EB thudng thip. T, ding R,. R; goi 13 tdng dao pha (chia pha)
phan tai véi gid tri Ry, Ry xdp xi (0,25 dén 0,3) R;. Khi X, = X, = 1, T ngét
mach ddy T, n6i mach (ddn dién biio hoa) cap T3 ngit T4 ddn va Fs = 0. Trong
cde trudong hop con lai, tirc 12 khi it nhdt mot ddu vao X, c6 tri O (dién th&
thdp) T, s& ndi mach theo ddu nay lam T, ngit mach, cip tranzito 16i ra T3 n6i
mach T4 ngét mach va Fs =1 tic 1 16i ra dang lén th€ cao; nhd T3 “kéo mic
logic 1 =l\é.l,1"’\ nén tinh chéng nhidu & mifc cao t6t va dac biet 12 tré khang ra s&
¢6 gi tri thip ca khi F5 =1 (cd 7082) ya khi Fs = 0 (cd 10Q) day 1a wu diém
q-uén Hong :c_-t;no sy chuyén trang thdi t8¢ do cao v6i tin hi¢u & ddu ra c6 cudng
d6 160 mA i tap am. T, 6 t6c d9d chuyén mach cao ¥i c6 mat dién ¢ Ry gdy
héi tiép. ‘ .

Khi cén t6c d¢
chuyén mach cao
hon nita ngudi ta ¢4n
cai ti€n tdng ra dé
d4p tat T, nhanh hon
khi F5 chuyén tir 0
1en 1 hodc ding cac
linh kien T; T, Ts
T, la céc tranzito
Schottky v6i ky hiéu
vi dién t¥ thudc

Hink 5.52
' . . . 1
ahém TTL LS. Céng logic TTL thuc hién ham VA - phu‘dgnh (NAND) ( ZIC?M}D)
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e) Loai ECL (logic ghép cuc phat) c6 t6c d6 1am viéc thudc nhém nhanh
nhét trong cic loai cdng hién nay, nhd hiéu tng ghép & cuc emito cdc khéa
tranzito ir¢ nén khong bio hda. Mot c¢éng ECL thuc hién ham F5 va F4 dong
thoi cho trén hinh 5.53a va ky hiéu quy wéc cha né cho trén hinh 5.53b. Mach
ECL hinh 5.53a c6 dac diém :

1/ S&r dung dién thé am (-5,2V)
2/ C6 hai ddu ra lién hop lay trén emito cla Ts (ham F) va cila Tg (ham F).

N AR

M 8

F2=x1+xz
R
. -
1.5k ] FoxXie
= F2
R
15K X'E:Xﬂ‘xz
. 52V Xa J(11‘::"“

b)
Hinh 5.53 a) Cdng ECL thyc hi¢n haim OR (F,) va NOR (F,) :
by Ky hiéu quy wéc

Diéu nay lam téng trd khdng ra nhé (cd 15Q) v6i moi trang thdi ra cda F,
va Ey =F, . Cap dién trd R, Rg v6i 2 diot bd nhiét Dy, D, va tranzito T, c6
nhi¢m vy tao ra 1 di¢n the Ugg = — 1,175V 6n dinh tai emito cda T, (ciing la
bazo cua Ts). Khi X| = X, = 0 (th€ rat thap vi du < - 1,25V) T, va T, ngét mach,
T3 n6i mach (khong bi3o hoa nhd cé R,), dién thé Ug,; =-19V,Uc, =-1V
dén 16i T¢ ndi mach va ddu ra F, = 0 (& mic thé thap bing Uc, +Upg, =-165V, .
ddura Fy=1(cd~0,75V vi Ug, =Ug, =0V). Khi ¢6 it nhdt | cdng vio X
¢6 dién the cao (bdt am di, X; = 1) T; (T; hoac T,) din lam Ug,; gidm vi Uy
ting dén t6i T, n6i mach, T3 ngat mach Fp=1(-0,75V) con F; = 0 (-1,65V).

3/ Néu déu chung d4u ra cia 2 mach loai ECL sé tao ra hiam hoic méi nhu
vi du trén hinh 5.54. |

4/ Dang mach ECL ¢6 nhuoc di€ém khé két hop v6i c4c mach logic khdc vi
khong ciing muc dién thé, cdn c¢6 mach dién trung gian (giao dién) dé phéi hop.

f) Céng MOSFET dua trén cong nghé ché tao tranzito trudng FET c6 ciu
tao cdch ly cyc cira v6i kénh dén dién (xem chuong 4).
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« )
Xo ‘) ,2} Xa+ Xz
F4.1
- L Z=x+Y Xy# Xz + Xa-Xq
. F?.Z - —_—
Xy ) 2 Xy# Xy = Xy %,
Y x.q
. ’ For
a) b})

Hinh 5.54.
a) Ddu 2 mach ECL ; b) Ky hi¢u quy udc va mot cach ddu chung ¢dng ra Fy | v6i Fy 5

Hinnt 5.55. dua ra cdu tric l.céng NMOS thee hien ham Fy = X, + X,

+Upp

G I%jo Ts
]
F= X+ X,
._, K ._| T, X4
% X, x:D)_x”’.‘z
2 .

Hinh 5.55.

Tranzito Ty 0 ch€ d6 thudng néi mach dwa ngudn +Up cép tdi cac cyc
mang ctia T; v T, & ché do thudng ngit mach tic 1a khi X; = 0 thi T; ngit
mach, lic d6 chi khi X; = X, = 0 (dién thé thip) T, T, ngét va F, = 1 (dién
thé cao) cdn khi c6 it nhit 1 clra X; = 1 (dién th€ cao) T; tuong d¥ng s& ndi
mach xudt hién xung cuc tinh 4m trén cyc mdng xung nay dua T; vé ngét
mach vd F, = 0 (vé dié¢n th¢ thap) chinh 13 bang trang thdi cia ham
F, = X, + X5 (hoac — pha dinh). '

CAu tric cdia 1 c6ng NOT thyc hién ham F, =X va 1 céng NAND thyc

hien ham Fs = X;.X; loai CMOS cho trén hinh 5.56.

Trong cong nghé IC CMOS 1 cap MOS kénh P va MOS kénh N ludn dugc
ché tao sinh doi va 1&m viéc ngugc pha nhau véi tin hién vao trong d6 NMOS
s& noi mach khi c6 xung duong (tir mitc thip 1én cao) va nguge lai PMOS n6i
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mach khi c6é xung vao cuc tinh 4m (1t mic cao xudng thdp). Vi du trong mach
hinh 5.56a, khi X = 1, T, néi mach T, ngdt mach vay F} = 0 (mic thap). Con
khi X = 0, T, ngét mach T, n6i mach dua F, =1 (mifc th€ cao).

+3 +15V

+
T,pm0s D Vop(3 + 15V)

(5.7.9,11.14) {46.10,12,15) T2
8) b
Hinh 5.56. Cdng CMOS

a) thure hign him NOT (IC:%4049) : b} thyc hién ham NAND (IC:%4OI 1y}

Trong mach hinh 5.56b, khi X; = X, =1 Ty va T, (loai NMOS) déu n6i
mach va F5 =0, con khic6é it nhat X; =0 (i=1, 2),T; twong ting s& ngit mach
va T;” néi mach dua trang théi ra Fs lén mitc cao (F5 =1), tifc 1a mach da thuc
hi¢n chiic nang logic clia ham va phi dinh (NAND).

5.7.4. Mot s Umg dyng dién hinh clia cac c8ng IC $& cd ban

a) Mach cng nhi phan khong nhé Fs = X, X5 + X[X; = X; © X,
Thyc hi¢n tir 4 phdn tit NAND ciia IC 7400 cho trén hinh 5.57

X, X3 | F
X, 6 ¢ |o
X, A 0 1 1

1 0 1

1 1 0

10 8

Hinh 5.57. Mach thuc hi¢n bo cong modun 2 56 nhi phan ding IC 7400

b) Mach nhap nhdy diung diét phit quang LED (hinh 5.58)

Nho qu4 trinh phérig nap cla C; va C; trén cdc cbng ra clia NAND xuat hién
Xung vuodng géc.
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Khi Fs =0 (hay F5;=0)
c6 dong qua Ry c& 15mA
lam D, (hay D,) phét sing,
hi¢u (ng nhap nhdy la do
Fs | = Fs, . Thay déi gid tri
C,. G, s& thay déi duoc tén s6
xung, vi du R3 = Ry = 4,7kQ,
R, = 1kQ, € =C,; = 46uF
thi f. = 2Hz

+ C6 thé thay thé vi tri dén
LED 1a 1 loa 8€2 s& dugc &m
thanh véi tdn s6 nhidt dinh
trén loa.

Hinh 5.58. Mach tu dao dong tao xung
vuong géc diéu khién D, D, sdng nhip nhdy
(2x %7400 hoac 2 x2-7402 }

c) Bit thlr logic dung
IC 4050 (nhém CMOS) cho
trén hinh 5.59 o3 18W

Khi tai ¢éng ddu vao

(chan 3 - 8) c6 mic logic 3 l“: ! F R
thdp, ddu ra 2 ciing ¢ mitc B vao s> o K
thdp tuong dng, dong tir ' -1 .

ngudn qua R qua LED din
dien va phat sdng (bdo hidu _
mirc “0” logic) trong trudng Hinh 5.59. Bat thr logic ding IC
hop nguoc lai LED t6i néu dem khong dio 4050 (-é—IC4050 ).
ddu vao dmic 1.

d) Bo tao xung nhip loai CMOS dung 2% 1C4049 cho trén hinh 5.60a va

dung -i—IC4070 cho trén hinh 5.60b, c.

Chu k¥ xung xdcdinh béi T =

1
5.50
1,4RC ( )
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— JUL

- €
0,01 +1Q uF

- Hinh 5.60a. Tao xung vﬁéng gdc ding CMOS 2%10’:049

U= +(3= 15V} ' : Upo= +{3+ 15V)

C
0.0011

b) o

Hinh 5.60b), c) tao xung vudng géc ding %IC4070 .

5.7.5. Trigd & (Flip — Flop s8)

Trén hinh 5.62a, b biéu dién 2 cdu tric 12 c4u tao co sd clia cdc Trigo s6
g6m 2 phdn tr NAND (hodc 2 phdn tlt NOR) c6 chia 2 vong héi tiép duong
gilta cdc cdng ra va cng vao clia ching va ky higu quy wéc. Bang chan 1y thé
hién cdc trang théi ra theo c4c tic dong vao cho trén hinh'5.62 ¢, d twong tng.

Céc cfu tnic hinh 5.62a va b ¢6 cdc dac diém chinh la:

e C6 hai trang thdi 6n dinh bén vitng khi Q = 1 (thé cao) thi Q = 0 va
nguoc lai Q = O (thé thap) thi Q = 1. Ta néi 2 céng ra c6 tinh litn k&t nhau
kiéu ddy kéo.

* Cic cdng vao diéu khién trang thdi 12 loai diéu khién truc tiép (loai RSFF
khong d6ng bo) (thudng ky higu cdc céng nay 12 S, va R;) nhu thé hién trén
hinh 5.62a phan @ng vdi sudn sau cha xung (tir midc 1 xudng mitc 0) hay trén
hinh 5.62b phan ting v6i sudn trude (tir mic O 1én midc 1) {cdn phan bist véi 1
loai FF ¢6 d4u vao diéu khién déng b6 v6i cdng vao C, s& xét & phia sau). -
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§n E{n an sn Rn an
0 0 | x e o | o
0 1 1 0 1 0

1 0 0 1 0 1

1 1 Q, 1 1 x
c} d)

Hink 5.62. RS FF 50 loai khong déng bo ding cap céng NAND (a) (¢} v cap cbng NOR (b} (d)

o O c4 hai bang trang théi 5.62 ¢, d khi S, = R, = 1 thi cdng ra c6 kha
nang bi dao dong, khong chéc chan & trang thdi Q = 1 hay Q = 0 bén vitng, do
d6 ngudi ta quy dinh cdm trang thai nay xay ra (ky hiéu ddu X) va diéu kien
nay dugc thé hién la:

SR, =0 (5.51)

¢ Khi bd sung thém 2 céng Gy va G, (hinh 5.63) ta nhan dugc RSFF 1am
viéc 0 ché do duge diéu khién theo nhip tir ngeai dua t6i cita vao C goi 13 loai RSFF
dong b¢ v6i 2 clra vao dir liéu (loai RS) hay véi 1 clra vao dit ligu (loai D).

C G, G,

ol

5 G, G,

a) b)
Hinh 5.63. |
a) RSFF loai d6éng bo ; b) DFF (Trigo tré)
Cic cdu tric nay chi hoat dong véi cdc bi€n vao RShay Dkhi C=1, con
khi C = 0 chiing s& khoéng thay ddi trang thdi dang c6 cla minh v6i moi R, S
hay D. '
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* N€u quy udc goi toan bo hinh 5.63a 1a cdu tric A, hinh 5.64 cho ta 1 cap
A va A 1am viéc & ch€ do ddy kéo: A hoat dong khi C = 1, khi dé6 A, nghi,
Aj hoat dong khi C = 0 vi khi d6 A| nghi (diéu nay dat dugc nh cdng dao
Gy). Ta nhan dugc mot FF cé quan hé chl (A)) va t& (A,) hay con goi MSFF.

q,

R A, A, e
c @, G, o, — (G o
8 G, Gy) G; Gy)

Dot— @

Hinh 5.64. MSFF sa

Cau iric ndy cdch ly 2 thao tic co ban ciia 1 6 nhé | bit nhj phan ding
FF: khi c¢é Ienh ghi (C = 1) thi A, nghi (khong doc) con khi ¢6 1énh doc C =0
(C=1) thi A, nghi (khong ghi).

¢ Néu thyc hién 2 vong héi tiép R = Q va S = Q ; thay thé S ta c6 them
céng J, thay thé R ¢6 cbng K ta duoc JKFF goi la Trigo s6 van nang v6i bang
trang thai trén hinh 5.65b dng vdi cfu tric 5.65a theo bang trang thii 5.65b
khi J; # Ky : Qqy =J, titc 12 & 161 ra trang thai wwong lai n + 1 s& ¢6 gid tri
cua J & hi¢n tai (n) con khi J; = K, = 1 thi FF s& 14t sae méi nhip C = 1 hay
cdu tric da thyc hién duge viec d€m (chia déi) s6 xung C trong hé dém co s6
2, néu n6i lién ti€p nhiéu JKFF 1 cdch thich hop, ta s& nhan dugc 1 bo dém
ddy xung C v6i 1 co s6 d€m bt k¥ theo ¥ mudn (xem [3], [4]).

= @ Joo Ky | G
K—] G2 Q
C —1— A, M A; a 0 0] 4,
T e, Q, o 110
DDJ 1 0 | 1
G, 1 1 Q.

‘Hinh 5.65,
a) Cau 1ao cila JKFF 54 ; b) Béng trang thdi cia JKFF

¢ Nhom IC s6 thyc hién viéc chon kénh (chon 1 trong » dudng) hay tich
kénh ; thuc hién phép cong, phép so sdnh (s6 hoc nhi phan).

e Cic thanh ghi dif liéu (1 ddy ky tu nhi phan) cic 6 nhd ban din va nhiéu
phin tir IC 56 phirc tap hon dugc xay dung tir cdc cfu tric da néu trén sé dui;fc
dé cap t6i & gido trinh k¥ thuat s va cdc gido trinh lien quan khdc.
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o Mot vai k¥ hiéu va chic niang twong dng cia cdc nhém vi mach 58 thuomg
gap (loai FF):

SN7473, chita 2JKFF trong 1 vo 14 chan

SN7474, uC4013 chiia 2DFF trong 1 v 14 chan

SN7476, uC4027 chira 2JKFF 16 chan thém 2 ddu vao diéu khién truc ti€p
S§N7490, upC4017 ta bo dém thap phén (chia 10)

nuC4518 chita 2 bo d€m 10 trong | vo

SN74143 bo d&m 16 (chia 16)

MC 4520 chita 2 bo dém 16 trong 1 vo

& Mot vai loai IC s6 khace :

74HC151 dén kénh (MUX) chon I trong 8

74147 ma héa chuyén s6 thap phan thanh s6 nhi phan

7485 so sdnh ddng thyi 4 bit nhi phan _

74HC283 cong song song 4 bit nisi pndn (¢ nhd)
7446/7447 giai ma nhi thap phan thanh LED 7 vach

7474 thanh ghi 2 bit dung 2 DFF

4027/74L.876 thanh ghi 2 bit ding 2JKFF

2764 bo nhé ghi doc EPROM 64 Kilobit nhé x6a bing tia tfm.
MN6164 bo nhé ghi/doc DRAM 65 Kbit '

CAU HOI ON TAP VA BAI TAP
‘Cau héi on tap
1. a) Cau Kién vi dién tr la gl 7 Ky hiéu quy ude cha vi dién tir (IC) wyen
tinh va trinh bay ciu tao khai clia mét IC tuyen tinh?

by Hiy néu céc cdch sir dung IC tuyén tinh: st dung cdc dau vao. y nghia
mébi diu; s dung ngudn 1 chiéu nuoi IC. .

2. Cic tinh chdt quan trong nhit cia IC tuyén tinh la gi ?

Hiy giai thich dé thi quan hé gitia dién dp ddu ra va dau vao va do thi
quan hé gifta ham truyén dat dién dp véi tin s6 cla tin hiéu vao (qua dd dua
ra cdc nhan xét quan trong vé tinh chat cua IC).

3. a) Ban chit cua hién tugng héi ti€p? Khi ndo ta ¢6 hoi tiép am? C6 héi
tiép duong? Hai tiep dién dp hay hoi ti€p dong dién ?
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b) Tinh chat cia IC tuyé&n tinh s& thay déi nhu thé nao khi thuc hién 1
vong koi 1i€) bén ngoai cho né ? Cho vi du minh hoa tinh ch#i da néu. Hay
- chiing minh ring héi ti€p am 1am gidm h¢ s& khuéch dai dién 4p nhung lam
tang d6 6n dinh gid tri clia hé s6 nay.

4. Hay ching minh he thitc x4c dinh hé s6 khuéch dai dién 4p khi sir dung
IC tuy€n tinh két hop vdi 1 mach héi ti€p am :

a) GOm 2 dién tr& mach ngoai (bd khuéch dai dio va bg khuéch dai khong
ddo). Khi cdn he s6 khuéch dai bing 1 hay bing —1 phai lam thé nao ?

b) Gém 1 dién trd va 1 tu dién & mach héi ti€p (mach vi phan vd mach
tich phan).

5. Hay phan biét bo cong dién 4p va bo trir dien 4p va tim he thifc lién he
gilta dién 4p ra va dién 4p vio :

a) Trong truomg hgp bo cong ¢ 3 ddu vao, 1 ddu ra.
b) Trong trudmg hop bo trir ¢6 2 ddu vio ; 1 ddu ra va 4 d4u vao, 1 ddu ra.

6. a) Khi cdn dat t6i quan hé giita dién 4p ra va dién 4p vao 1 quan he
logarlt hay quan hé ham mi cdn st dung phdn tir ndo trong mach hoi ti€p am ?
Chitng minh ?

b) Mach nhan anolog dugc thyc hién nhu thé nao ? Hay s& dung cdc mach
logarit va ham mi di néu & cau a) thyc hién 1 cdu tric mach nhan. Diéu kién
sit dyng d6i vai céc thira s6 nhan 12 gi ?

7. a) Mach so sédnh dugc diing dé 1am gi ? Hay giéi thich dac tuyén quan
h¢ U, theo U, clia cic mach so sdnh thuan va so sdnh dao.

b) Khi cdn so sdnh 1 tin hi¢u vio v6i 2 mitc ngudng (mang ¥ nghia 13 gici
han trén va gidi han duéi) cé m4y cich dé'thyc hién ? Piéu ki¢n dé phéi hctp
véi cdc phdn tir s6 c6 mic logic duong (trang thdi i ing véi +5V trapg thii §
ing v4i.0V), cén cung cdp cho IC nhir th& nao ?

¢) Khi ndo ta ¢6 mach so sdnh tré ? Dic tuyén truyén dat dién dp c6 gi
khdc so véi maoh so sanh thong thudng ? C6 thé vé mach so sdnh tré tuong
duung vdi mach so sdnh thong thudng duge khOrng 7 Né&u duge hay giai thich.

¢) Hay vi€t cdc he thitc xdc dinh mic ngudng n6i mach va mic ngudng
ngét mach cta hai cau ¢ric so sanh tré.

8. Mach so sinh tré ding dé 1am gi ? Cho vi du minh hoa qua trinh hoat
dong clia b so sénh tré kiéu Trigo Smit ddo khi & ddu vao tic dong 1 dién 4p
diéu hda va khi & ddu vao tdc dong mot dién 4p dang tam gidc 2 cuc tinh cé
chu k§ T. Hay v€ gian d6 dién 4p ddu vdo va ddu ra theo thoi gian minh hoa
qua trinh nay, (biét hé s6 héi tiép duong la 0,05).
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9. Mach da hai ty dao dong dung dé lam gi ?

Hiy giai thich dang séng dién 4p theo thoi gian & cdc ddu vao va diu ra
cba IC kHi st dung bo so sdnh tré kiéu dao ¢6 két hop vai 1 mach héi tiép Am
diing mach RC?

Chu k¥ cla dién 4p tai ddu ra duge xdc dinh béi heé thitc ndo ? Mudn thay
déi chu k¥ nay cin thay d6i tham s6 nio cha mach ? Mudn thay déi thai gian
¢6 xung ma khong thay déi chu ky cdn 1am nhu th& ndo ?

10. Hay néu diéu kién can va di dé€ tao duge dao dong diéu hoa hinh sin
diing mach héi ti€p két hop v6i mot IC tuyén tinh. Cho mot vi du minh hoa va
hiy viét hé thitc tinh chu k¥ clia ham sin dugc tao ra. Khi cdn thay déi chu ky
nay phai thay déi tham s& nao ca mach ? Viéc thay d6i nay lam déng thdi v6i
cac tham s@ tuong wng hay lam riéng 1€ v6i 1 trong cdc gid tri cla ching ?

11. Nguyén 1y 6n dinh dién dp kiéu bil tuyén tinh 1a gi ?

_ Yéu cdu quan tr(_)né cia 1 nguén 6n dinh dién 4p 12 gl 7 (Hay néu hai yeu
cdu co ban doi vdi dién dp vao va ddi vai dong dién tai).

Hiy vé cdu tao tng quat (khoi) cha mot vi dién tr 6n dp va phan tich
nhiém vu cha c4c khéi di v&. Cho mot vi du sir dung IC dn 4p trén thuyc té.

12, a) Néu cdc luat va cdc quy tac co ban cia dai s& logic _

b) Ba cdch biéu dién ham logic thé hién nhu thé€ nio ? Céich bién doi tir
biéu dién nay sang biéu dién kia cdn thdéa man diéu kién gi ? Thuc hién nhu
thé nio (cho vi du minh hoa).

13. Hay liet ke cac.cdag logic co ban :

a) Tén goi va ham logic ma nd thyc hién

b) Ky hiéu quy udc cua ching trong cdc mach dién logic

¢) Bang trang thii ma né thue hién

d) Hay vé& dé6 thi thdi gian minh hoa bang cac xung dién 4p duong.

€) Hay phan biét cdac cong logic co ban theo cdu tao : RTL, DTL, TTL,
ECL, MOS ; cho vi d¢ minh hea.

14. Hay néu vai vi du ung dung clia cdc coéng logic co ban.

a) Thuc hién phép so sdnh 2 s& nhi phan cting cap ?

b) Thuc hién cong 2 s6 nhi phian khong nhé.

¢) Thuc hién cong hai sd shi phan ¢é nhé.

d) Biit thir mic logic.

15, a) Hay v& cdu tric cha hai Trigo s6 dung cdc phdn tir NAND va ding
cic phdn tr NOR chira vong héi ti€p (loai déng boé va loai khong dong bo).
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Vi€t bang trang thdi twong ing cua ching ? Hiy v& d6 thi thoi gian (the
hién 12 cdc xung vuodng géc cue tinh duong) minh hoa bang cdch gia thiét cho
trude dang S, va R, v& dang Q41 VOi yéu cdu thoa mén diéu kién cdm cho R,

va §,.
b) Ngudi ta diing Trigo s6 vao muc dich gi 7 Cu tric t6ng quét cia MSFF va
JKFF nhu thé nao ? Hay viét bang trang thdi cia JKFF va giai thich bing nay.

Bai tap ap dung

Bai 5.1. Cho mach hinh B5.1 v6i cdc tham s6 R = 10kQ2, Ry, = 20k0
Ey = +1V, £Uce = 215V, he 56 khuéch dai khéng héi ti€p A = 10” dong sai
-7
sO lB- =1lgs =2.1077A.
"1/ Tinh he s6 héi ti€p 4m 3, gla tri bién d6 dién dpra U
U, (t) cé bién d¢ 4V

au khi

rmax ¥ [ min

2/ Tinh tra khang vao, tro khang ra va dién dp bl 0 & céng vao N
3/ Hay vé dang U(t) theo U, (t) khi U () 1a
a/ Tin hi¢u vuéng goc di qua gdc c6 bién do bing +2V

- = b/ Tin hi¢u tam gidc can di qua g&c c6 bién do bang +10V.

R

R=10K . m=20K

Hinh B5.1 Hinh BS.2

Bai 5.2. Cho mach hinh B5.2 véi cdc tham s8 cho trén hinh vé vi hé s6
Khuéch dai khi khéng héi ti€p ctia IC 12 2.10%= A

1/ Tinh h¢ 56 hoi tiép B va cde gid tri bien do U, max> B¢ min

2/ Tinh tr& khdng vao va tr& khdng ra, tinh dién 4p bl 0 & cong N véi
Ig- =Ig. =1077A,
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3/ V& dang U (t) theo U, (1) kKhi U,(t) la:

a/ Tin hi¢u hinh sin ¢6 bien d6 4V, (V5 dugc tinh 13 bién 40 dinh téi dinh)

b/ Tin hi¢u vuéng géc c6 bien d¢ 2V,

Bai 5.3. Cho mach hinh B5.3

R,=t0K B  R,=82K

-5V J_

Hinh B5.3. (Up, =|Umin|=14V)

Bai 5.4. VGi mach hinh B5.4

1/ Hay v& 1 chu ky bién
thién cha Ut) khi Up(t) hinh
sin tdn s6 100Hz, bién do
1Vpp va di¢n 4p U, = 1.5V
(1 chiéu).

2/ Néu cho U} = 2,5V,
dién 4p do dugc & diém B 1a
bao nhi¢u ? diéu gi xdy ra véi
Uy ? V& dang Ugt) theo
U,(1) nhu gia thi&t ban ddu.

1/ Tim he thic xdc dinh U, theo

U, U, U3, Uy

2/Cho U, = 1Ugc 3 Up =04V,

U3 = 2Vdc M U4 = - I,SVdc

| Tinh U,
R,=10K
. | Tinh U, khi U} =2V s Uz = Vg,
Hinh B5.4. Uz = 560mVg, vaUy=— 1,5V
Bai 5.5. Cho mach hinh B5.5 R5=10K R, =10K
1/ Tinh gié tri U, ' Y 15V
2/ Tinh U, khi U, = 0V, (a) 1
khi U = +1Vgc (b) " o) i
va khi U, = — 1V ()

3/ V& dang ULt khi Uy
hinh sin 100Hz, bien d6 5V,
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Bai 5.6. cho mach hinh B5.6
1/ Hay thiét 1ap hé thirc tinh U,

theo Uy va U, dua trén phuong trinh
ntit dong tai N va tai P.

2/ X4c dinh gi4 tri cila U, trong
cdc trudng hop sau:

@U =1Vy 5 Uy=-025V,,
U =~0,5Vy: Uy=+05V,,
(C) Ul = +0,3Vdc : Uz =+ 0'3Vdc

Bai 5.7. Cho mach hinh B5.7

1/ X4c dinh h¢ s& héi tiép duong

2/ Biét c4c dién 4p bao hda'la +10V
va — 10V v6i R = 10kQ R; = 10kQ,
Ci = 0,005pF, Ry = 4,7kQ. Tinh cédc
mirc di¢n dp ngudng U,

3/ Tinh chu k¥ clia séng U, va
v€dang U, U, va Ue.

4/ Tinh héng s& thoi gian clia mach
phéng nap cho tu C, khi f, = 1000Hz
vaR, =R, = 10kQ.

Bai 5.8. Cho cdc mach hinh B5.8

10V

Hinh B5.6.

L

)

Hinh B5.8
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1/ V& va giai thich cac dac tuyén U, (U,) clia mach (a) va mach (b}

2/ Hiy vé dang U,(t) theo U,(t) da cho

3/ Néu cho U, = 0 thi cdc dang dac tuy€n va d6 thi ULt) di thu duge &
trén cé gi thay déi ? Hay vé lai cho phi hop. '

Bai 5.9. Cho mach hinh B5.9

1/ Hay tinh c;ic.gié tri dién 4p ngudng va dién 4p tré chuyén mach cla
mach (a) va mach (b)

2/ Hay vé dang dac tuyén chuyén mach U(U,) tuong Gng.

3/ X4c dinh dang dién 4p tai 16i ra khi cho U(t) hinh sin c6 bi¢n do cho
trén hinh vé.

R,=100K
—1TJ—
R,=1K +OV
B et
" U
BV, r
-9V

_—
Hinh B5.9

Bai 5.10. Cho mach tao dao dong hinh sin ding IC thut toin c6 cdc tham
s trén hinh B5.10. '

]
J_ Gy 53
0,1uF y B
' [ VR,
R, 10K
9100 53 8,
_______ R, +9v
r 10K —
'
1
: 9100 C, [ R, YRz} «— U,
1 0,1uF 33K 10K
' R, , .
10K _

Hinh B5.10

1/ Giai thich nhiém vu va tdc dung cdc linh kién sir dung trong mach
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2/ Néu diéu Kién chon gid tri cia VR va gidi han bién d¢ U, ,, (khi
VR, & vi tri max).

3/ Tinh Ty, Tipag va tuong tng F .. dén F ;. cia dao dong U (t) khi R,
thay déi toan thang 0 — 10kQ. Khi chon Cy = 1pF thi cdc gi4 tri da tinh thay
d4di nhu thé nio ?

Bai 5.11. Cho mach tao xung *; | oy
vuong goc hinh B5.11 ' ~
b U,
1/ V& dang dién ap va giai thich tai J' o R

cdc diém O, N va P chon |Upzonsa| = 8V e
2/ Cho P, = 100kQ) ; R, = 10kQ ; Ry 0.014F

ia bi€n tré c6 gid tri max 1a 100kQ khi

thay d6i R tham s6 cla xung U,, s& T

thay déi. '

Tinh gid tri nay khi diém P tring Hink BS.11.

v&1 A va khi P tring vé&i B.
Bai 5.12. Cho cdc mach &n dp hinh B5.12

Xdc dinh cdc mirc dién 4p ra trong cdc trudng hop trén. Giai thich vai tro
cta T trong hinh B5.12c.

. 1 2 + + 4 2 + Uy 2N3055 (58)

M 78XX - T8XX y
u, ) U, + S__Z U,
3 1K 5 60
By L 7axx |2 (1A
] . By
D Bu, Pa Jj
a) b) ! <)
Hinh B5.12

Bai 5.13. Cho mach 6n 4p bl hinh B5.13.
1/ Néu nhiegmvochoa T’ va T
)

3/ Xéc dinh dong dién t8i da imax di qua T khi mach 1am viéc.

2/ Tinh dong qua Ry (17 _ val

ZITH.X
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N RB|
1K
B, y
T
[
3K
T R R
a E
: [ 0.7

R 10K @ U=1sv

Hink BS.13. Mach 6n fp bi.

Bai 5.14. Tra 15i cdc cau hoi sau {phan IC s4)

1. Ba phép todn logic ¢o ban 1a gi? Tai sao ham va bién logic chi 14y hai
gid tri 1 va 0. : -

2. Trong cac ham sau khi nao Z = 1.
 Z; =AB+BC+AC
Z, =AB+BC+AC
Zy = AB+ABC+ AB + ABC
3. Chiéng minh cdc ding thic sau:
. (@ A+BC+D=A(B+0D
(b) AB+ AB+C = (A ® B)C
(¢} AB+AB+AB+AB=1
(d) ABC+ ABC +ABC+ABC=A®B®C
(&) A®B=A®B.

4. So d6 logic 12 gi? Ban cé thé vé& 1 so dé mach logic bac gém cdc phan
tl cg ban F, ...F, tir bién thic ham logic da cho trudc cta n6 khong ?

5. Ban c6 thé viét lai biéu thitc 1 ham logic khi 6 trong tay 1 s¢ d6 logic
thuc hién né tir cic phin tr co ban.

6. T6i thidu héa 1 ham logic 12 ham gi v6i né ?

244



Bai 5.15. Cho mach hinh B5.15 véi D, Dpg la cdc dist Silic, dien 4p rci\
khi diot thong 13 0,7V. Ding déng hé AV do dién 4p & diém Bva Z (déng ho
c6 ndi troé 20kQ/V)

1/ X4t dinh cdc gid tri do duoc trong cdc
trudng hop sau:

a. Uy =03V Bhéd

b. Uy, =10V Bho

c. Ans 5kQ Bho

d. Ays 3V . Bnéi 5kQ

€. Ansi 2kQ B ndi 5V

Hinh B5.15.

2/ Thi€t 1ap ham logic va bang trang théi
ma so do thuc hién

Bai 5.16. Cho mach dién

+5V
hinh B5.16
I/ Hay phan tich tinh todn Rei 15K
ch€ do cua BIT dé xdc dinh R, =20K : u,
cdc trang thdi lam viéc cha né u, 1 d p=30
trong 2 trudng hop : 3av ] 1
a) khi U, = OV ov] 5K
b) khi U, = +3,3V l
2/ Hay néu chife nang ham R
logic ma BIT da thyc hién, viét
Hinh BS.16.

bang trang thai cha ham.

Bai 5.17. Xét 1 c6ng TTL thyc hién ham NAND. Ding | ddng hé van
n&ng 6 néi trd 20kQ/V do dién 4p vio hd mach
1/ Hay xéc dinh c4c gid trj do dugc trong cic trudng hop sau day:
a) Khi cdc ddu vao khdc cling h& mach
b) Khi cdc ddu vao khic néi t8i +5V
¢} Khi ¢6 mot trong cdc ddu vao khdc néi 0V
d) Khi toan bo cic ddu vao khéc n6i dat
¢) Khi cdc ddu vao khdc n6i vao dién 4p 0,35V
2/ Néu tic dung cla D va R, trong mach.

Néu Lhuycn b téi vi trf bazo clia T thi ¢6 4nh hudng gi 16i su‘ lam viéc
binh thudng cua mach.
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Bai 5.18. Hay viét biéu thic logic céa cdc ham cé ciu triic cho trén céc
hinh B5.18.

A A
B E ai D l
c
i EDTW
¢ — S F
a} b)

100K

) c)
Hinh B5.18

Bai 5.19. Hay phan

tich va v& dang séng ddu o TN

ra A, B cua mach dién cé

a A
cdc c6ng CMOS san hinh 5V +5V DF“_‘
B5.19 .

Chiy ] FG,3
Fg = X,iz +§|X2 - F61 D
B
= Xl B Xz 0 Fé.2 )
Bai 5.20. Xay dung Hinh B5.19.

cdc mach logic TTL thuc
hién cdc ham sau (tir cic cdng logic 2 cilra vao)

F] = XIXZ.X3X4. F2 = XIXZ.X3X4

F3 = XIXZ + X3X4 F4 = XlXZ + X3X4

FS == X1X2 .X3X4
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M din T 4
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t.1. Khii ni¢m chung 5
1.2, Cac uinh chidt chung cis dién trd .
1.3. Tu dién : 13
1.4 Dién cdm va cudn day 21
Ciau hoi on tp vio bii ap 27
Chuong 2. CHAT BAN DAN DIEN VA DIOT BAN DAN 10 tiét (8LT + 2BT:
21Vt li¢u bin dim dién 31
2.2, Ti&p xuie¢ cong nghé P-N 34
2.3, e tuyén von ampe cda diol ban din ) 35
2.4 Mo hinh gin dong va tham s cita didt biin din 37
2.3 Gie mach dign dng dung dién hinh cua diot bin ddn i
Ciau hoi vi bal tap 64
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3.3. Phan cue cho BIT ' 77
3.4. Mach khucch dai dign dp ding BIT 80
3.5, Much khuéch dai dién dp kifu vi sai 104
3.6, Much khuéceh dai cong sudt 12
3.7 Ting khudch dai ché do C 123
38 Mot vad dng dung eis BT & ché 40 kKhoi 127
Can hoi v bid tap ' 134
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5.3, Cic mach s0 sinh 207
5.4, 1C & ché do két hop ca hdi 1i€p am va hoi tiép duang ' 213
5.5, Mach diing 1C toyén 1ink k&t hgp v didn 218
5.6. Gie tinh chal chueng cia vi di¢n tir 8n dinh dién ap ) 221
37.1C s0 223
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