Chuwong 6: Di-6t

Chuong 6: PI - OT (DIODE)
MUC TIEU:
- Sinh vién doc dugc cac thong sd ghi trén Di - 6t, cach chon st dung Di - 6t.
- Trinh bay duoc cAu tao cua cac loai Di - dt, phan loai dugc cac loai D1 - bt, cong
dung cua timg loai i - 6t thong dung.

- Hiéu, phan tich dugc cac mach dién ung dung b1 - St trén 6t0.

6.1 Giéi thiéu vé chat ban din:

Theo tinh chit dan dién, ngudi ta chia vat liéu thanh 3 nhom:

- Vat liéu cach dién (c6 dién trd suat 16n) dién hinh 1a chat dién méi.

- Vat liéu dan dién (c6 dién trd sudt nho) dién hinh 1a kim loai.

- Vat liéu ban dan dién (c6 dién trd suat trung binh) dién hinh 13 cac nguyén tb
thudc nhom 4 bang tuan hoan MenDeleep nhu Silicium (Si) va Gecmanium (Ge)
c6 dién trd suét la:

Si=1014 Qmm?*/m; Ge=28,9.1012 Q mm?*/m

- Chét ban dan tinh khiét 1a mot don chat, khong pha tron tap chat, tinh thé ban dan
dugc ciu tao boi sy lién két cong hoa tri giita cac nguyén tir cing nguyén to.

Xét ciu tao nguyén tir cta chat Si va Ge. Chat Si c¢6 14 electron bao quanh nhan va

cac electron (e-) nay xép trén 3 16p (hinh 4.1). Chat Ge c6 32 e- bao quanh nhan va céc

e- ndy xép trén 4 16p hinh (4.1b).

a b
Hinh 6.1: C4u tao nguyén tir ciia chét Silicium, Germanium.
Hai chat Si va Ge c6 dic diém chung 14 s6 e- trén 16p ngoai cing bang nhau 13 4 e-
(hoa tri 4). 4 e- cia mdi nguyén tir s& moi voi 4 e- clia nguyén tir xung quanh tao thanh 4
mdi ndi 1am cho céac e- kho tach roi khoi nguyén tir dé tro thanh e- ty do. Nhu vy chat

ban dan tinh khiét c6 dién trd rat 16n nén kha ning dan dién kém
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Hinh 6.2: Chét béan dén tinh khiét.
Chat ban din tap:

Néu pha vao chit ban din tinh khiét mot luong chat khac dé tao thanh chat ban dan
tap c6 do dan dién tot hon.

Chit ban din loai N (Negative-am):

Néu pha vao chit ban dan Si tinh khiét mot luong rit 16n cac chét ¢ chu tao
nguyén tir voi 5 e- ¢ ngoai cung (hoa tri 5) nhu chit Asen (As), Photpho (P)... Cac
nguyén tir cia chat Photpho co 5 e- thi 4 e- s& lién két voi 4 e- ciia 4 nguyén tir Si khéc
nhau, con lai 1 e- thtra ra khong lién két vGi cac e- ctia chit ban dan sé trg thanh e- tu do
(hinh 4-3).

Nhu vay, khi pha thém 1 nguyén tor Photpho s€ c6 mot e- tu do, pha thém cang
nhiéu nguyén tir Photpho thi c¢6 cang nhiéu e- ty do. Chit ban dan c6 e- tu do duoc goi 1a
chat ban dan loai N (loai 4m). Dong dién trong chat ban dan tap chit loai N gom e- (12
loai hat da s6) va 13 tréng (1a loai hat thiéu sd) déng gop, viéc hinh thanh cac hat da sd

thue hién d& dang rong diéu kién binh thudng v6i ning luong kich thich nho.

Hinh 6.3: Chit ban dan loai N

Chat ban dan loai P (Possitive-dwong)

Néu pha vao chat ban dan Si tinh khiét mot luong rat 16n cac chat cé ciu tao

nguyén tur voi 3 e- ¢ 16p ngoai cung (hoda tri 3) nhu Indium (In), Bo (BO). Cac nguyén tur
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ctia chit Indium c6 3 e- nén khi lién két v6i 4 e- ctia 4 nguyén tir Si khac nhau s& c6 mot
mdi ndi thiéu 1 e-, chd thiéu e- nay goi 14 16 trong. Ld tréng ctia moi ndi thiéu e- s& dé
dang nhan 1 e- tu do (hinh 4.4).
Nhu vay, khi pha thém mot nguyén tir chat In s& c6 mot 16 trong, pha thém cang
nhiéu nguyén tir chat In s& c6 cang nhiéu 15 trong. Chat ban din c6 16 tréng goi chat
ban dan loai P (loai duong).
Vay chit ban dan loai P ¢6 sb 15 tréng nhiéu hon sb e- tu do, 15 tréng la hat tai da
s6, e- tu do 1a hat tai thiéu sd. Dong dién chinh trong chit ban dan loai P ¢6 sb 16 tréng
quyét dinh.

Chét ban dan tap chét suy bién:

Khi pha tap chat loai N (cho e-) hay loai P (nhan e-) véi nong do cao (1017 nguyén
tir/ cm®), ngudi ta thu duge cac tap chat suy bién twong Gng loai N hay loai P.
Nhom chit ban dan tap suy bién dugc sir dung ché cac loai linh kién c6 céc tinh

chét dién - quang dac biét nhu: Tunen Diode, Led, Laser ..

Hinh 6.4: Chét ban dan loai P.
6.2 Pic diém, ky hiéu Di - ot:
6.2.1 Pic diém:

Trén mot miéng ban dan nguoi tao ra mot ving loai P va mot ving loai N. Thi ngay
tai mat tiép xtic s& ¢ sy khuéch tan dién tir: Cac e- tir 16p N s& nhay sang 16p P lap vao
16 trong cua ving P (hinh 4.5a). Nhu vy bén 16p N bi mat e- tr¢ thanh ion duong con
bén 16p P nhan thém e- trd thanh ion 4m. Hién tuong nay két thiic khi hai 16p ion trai ddu
nay dat dén gia tri du 16n 1am ngin can sy chuyén dong cia cac e- tir N tran sang P (hai
16p ion nay hinh thanh mét 16p dién truong ngin can sy chuyén dong cia cac e- tir N

sang P).

Gido trinh Ky thuat dién — dién tr Trang 46

46



Chuwong 6: Di-6t

Su chénh léch dién tich & hai bén mdi ndi s& tao thanh mot dién ap tiép xtic (Vtx), goi

1a hang rao dién thé hay dién truong tiép xtc (Etx) hudng tir N>P.

Hang rao dién dp

a b

Hinh 6.5: Cau tao di-6t.
6.2.2 Ky hiéu:
Bé ngoai di-6t c6 nhiéu loai, loai thong dung ma ta thudng gip trén 6t6 nhu sau:

A B |

A K
Thin den Vong tring

Hinh 6.6: Bé ngoai cua di-it.

Di-6t loai thuong c6 ky hiéu nhu sau:

A K
. {>| .
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c: ky hiéu diode

Hinh 6.7: Ky hiéu di-6t.

6.3 Nguyén Iy hoat dong ciia i - t:

6.3.1 Phan cuc thuin:

Dung nguoén dién 1 chiéu, néi cuc duong ciia ngudn voi Andt, cuc 4m clia ngudn
v6i Katét. Trong trudng hop nay dién ap ngoai VN ngugc chiéu voi dién ap tiép xtic Vix.
Khi d6 dién ap ngoai triét tidu dién ap tiép xtic, lic d6 dién tich duong ciia nguodn s& day
16 tréng trong ving P va dién tich 4m cta ngudn sé day e- trong ving N 1am cho e- va 15
tréng lai gan mbi ndi hon va khi lyc day tinh dién di 16n thi e- tir N sang mbi ndi qua P
va tai hop véi 16 trong.

Khi ving N mét e- tré thanh dién tich duong thi ving N s& kéo dién tich 4m tir cuc
am nguén 1én thé chd. Khi vung P nhén e- tr¢ thanh dién tich am, thi cuc duong cua

nguén s€ kéo dién tich am tur vung P vé. Nhu vay da c6 mot dong e- chay lién tuc tur cuc
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am cua ngudn qua diode tir N sang P vé cuc duong cta ngudn, ndi cach khac, c6 dong
dién di qua diode tir N sang P vé cuc duong cua ngudn, hay c6 dong dién di qua diode
theo tuir P sang N.

Thuc chét ching ta chi can nim duoc: Khi chung ta cip dién duong vao cuc andt

(P) 4m vao cuc Katdt (N) thi di-6t cho dan qua.
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Hinh 6.8: Phan cyc thuan di-t.

6.3.2 Phan cuc nghich:

Dung ngudn dién mot chiéu, ndi cyc 4m ctia ngudn vao Andt, cuc duong cia ngudn
nbi vao Katdt. Trong truong hop nay dién ap ngodai VN cung chiéu voi dién ap tiép xuc.
Luc d6 dién ap tich Am cua ngudn s& hut 16 tréng cua vang P va dién tich duong cua
ngudn s& hat e- cua ving N 1am cho 13 trong va e- hai bén mdi ndi cang xa nhau hon nén
hién twong tic hop giira e- va 16 tréng cang kho khin (do dién ap tiép xuc ting). Tuy
nhién trudng hop nay van c6 mot dong dién rat nhé di qua diode tir ving N sang ving P,
goi 1a dong dién ri tri s6 khoang nA . Hién twong ndy duoc giai thich 1a do trong chat P
cling c6 mot sb e- va trong chit N cling c6 mot sb it 15 trong goi 14 hat tai thiéu sd, nhing

hat tai thiéu s6 nay s€ sinh ra hién tugng tai hop va tao thanh dong dién ri.
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Hinh 6.9: Phan cuc nguoc di-6t.
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Dong dién ri con goi la dong dién bao hoa nghich Is (Staturate: bao hoa). Dong dién
nay c6 tri sb rat rat nho nén trong nhiéu truong hop ngudi ta coi nhu diode khong din
dién khi dugc phan cuc nguoc.

Thuc chat ching ta chi can ndm duoc: Khi ching ta cdp dién 4m vao cuc andt (P)
duong vao cuc Katét (N) thi di-6t khong cho dan qua.

Tuy nhién khi dién ap nguoc dit vao qua 1on thi di-6t ciing s& cho dan qua, nhung
lac nay thi di-6t dd bi phé huy.

6.4 Gio6i thiéu cac loai Pi - 6t thong dung Khac:
6.4.1 Di-6t zen-no (zener):

Tir duong dat tinh nguoc V — A cua diode ban dan ta thdy khi dién ap nguoc ting
qua tri s6 cho phép thi tiiép giap P — N sé& bj danh thung d6 chinh 13 hiéu Gng zener, loi
dung hiéu ng nay ngudi ta ché tao ra loai diode ma khi xay ra hiéu tng danh thing tiép
giap, dién ap hau nhu khong ddi hay con goi 14 c6 tinh 6n dinh dién 4p, d6 chinh 13 loai
diode 6n ap hay con goi 1a diode zener.

Vi n6 lam viéc dya trén hi€u Uing zener, trong cac diode thong thuong hi€u ung
danh thing dién 4p s& 1am hu diode. Nhung dbi véi lai diode 6n ap do ché tao dic biét co
ndng d6 tap chat cao hon va tiét dién tiép xuc 16n hon diode thudng , thuong dung 1a loai
Si, do d6 khi lam viéc & mach ngdai phai c6 dién tré han ché dong dién, khong cho dong
dién ting qué tri s& cho phép nén diode 6n 4p ludn ludn 1am & ché d6 danh thiy nhung

khong bi hu.

Z15 D—N
DZBB D—N

a- Ky hi¢u diode zener b- hinh dang diode zener

Hinh 6.10: Hinh dédng bén ngoai va ky hiéu cia di-6t zen-no.
Trang thai phan cuc thuan : Khi phan cuc thuan di-ot thuong.
Trang thai phan cuc nguoc: Néu dién ap nguoc dat tri s6 6n ap thi diode s& hoat

dong va giit dién ap & muc can On ap dinh 1a Vz d6 1a doan AB trén hinh (4.11) gia tri
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dién ap 6n dinh dugc ghi trén than diode zener nhu:3V; 3,9V; 4V3; 5V; 5,2V; 5,5V;
5,6V; 6,2V ;6,8V; 7V; 7,5V;9V2 ...
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Hinh 6.11: Puong dic tinh cia di-6t zen-no.

Nhitng diéu can nhé khi phan cuc cho di-6t zen-no nhu sau: Khi phan cuc thuan di-
6t zen-no giéng nhu di-6t thudng.

Khi phin cuc nguoc: Dbi voi di-6t thuong thi khong cho dong dién di qua nhung
dbi voi di-6t zen-no thi khi dit dién ap nguoc vao dat dén 1 gia tri nao d6 thi di-6t zen-no
cho dong diém di qua (gia tri d6 goi 14 gid tri 6n ap).

Ung dung phé bién cua di-6t zen-no 1a 6n ap. S¢ di ngudi ta sir dung di-6t zen-no
thay cho cau phan 4p 1a vi:

Dbi voi cau phan ap: Pién ap chiét ra s& phu thudc vao dién ap cta ngudn.

Nhung d6i véi di-6t zen-no thi c6 thé 6n ap bat chap ngudn thay doi.

6.4.2 Di-6t phat quang (Led):

Diode phat quang duoc goi tit 1a led (Light Emitting Diode) thong thuong dong
dién di qua vat dan s@ sinh ra ning luong dudi dang nhiét. O mot s6 chat ban dan dic
biét nhu (GA, AS) khi c6 dong dién di qua thi c6 hién tugng buc xa quang (phat ra anh
sang).

Tuy theo chat ban ddn ma anh sang phatli ra ¢6 mau khac nhau. Dua vao tinh chat
nay ngudi ta ché tao ra cac loai led c6 mau khac nhau.

Led thuong c6 dién ap phan cuc thuan cao hon diode thuong. Vled = 1,5V +3V,
nhung dién ap phan cyc ngugc thuong khong cao (3V +15V)
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P
Hinh 6.12: Hinh déng bé ngoai di-6t phat quang (Led).
Dién ap phan cuc thuan cta cac led ¢ mau sic khac nhau nhu sau:
+Led do c6 Vled = 1,4V +1,8V
+ Led vangco Vled =2V +2,5V
+ Led xanh 1a c6 Vled = 2V +2,8V
Dong dién qua led: Iled = 1 +20 mA (thong thuong chon Iled = 10 mA). Led duoc
ung dung rat rong trong cdc mach bao hiéu, chi thi trang thai ciia mach nhu bao ngué)n,

trang thai thuan hay nguoc...

e
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K+ hiéu diode phat quang (led)
Hinh 6.13: Ky hiéu di-6t phét quang.
6.5 Khao sat cic mach dién co ban sir dung Di - 6t:

6.5.1 Mach chinh lwu sir dung Pi - 6t thuong:
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Hinh 6.13: Tiét ché on 4p trén 6t0.
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Cho mach tiét ché c6 6 di-6t thuong lam nhiém vu chinh lwu, D1 va D2 1a di-6t zen-
no lam nhiém vu 6n 4p. D3 1am nhiém vu dap xung dién phat ra tir cudn déy kich tir.
6.5.2 Mach 6n ap sir dung Di - 6t zen-no

Mach duéi st dung di-6t zen-no VD1 lam di-6t 6n ap.

Hinh 6.14: Mach 6n 4p st dung di-6t zen-no.
6.6 Phan tich cac mach dién &ng dung Di - 6t tiéu biéu trén 6t6:
6.6.1 Mach hé théng danh lira trén 6té:
Mach dudi 1a mach IC danh Itra, trong mach nay c6 st dung 1 di-ot zen-no, di-ot
nay co tic dung 6n ap 2 dau transistor T3.

IG/SW

Bobine

Ieniter

Cudn cdm bién
Hinh 6.15: Mach IC danh ltra c6 str dung di-6t zen-no.
6.6.2 Mach 6n dinh dién ap (tiét ché) trén 6to:
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Mach trén hinh 4.14 sir dung di-6t zen-no dé 6n ap dién 4p may phat. Khi dién ap
méy phat con thap thi VD1 s& khong cho dién di qua->két qua 1a cudn kich tir s& duoc
kich tir. Piu nay s& 1am cho médy phét phat ra dién cao hon.

Khi dién ap may phét cao thi VDI s& cho dién di qua->két qua 1a cudn kich tir s&
khong dugc kich tir. Piéu nay s& 1am cho may phat phat ra dién thip xudng.

Céc kién thirc vé tiét ché s& duoc nhic lai chi tiét hon trong cic phans sau.

6.6.3 Mach dén chép tit ciia hé thong tin hiéu trén 6td
Trong mach tao nhay ciing c6 2 di-6t (mau den), di-6t zen-no c6 chirc ning 6n ap, trong

khi d6 di-6t thudng lam chirc ning khong cho dong dién di qua.
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Hinh 6.16: Céc di-6t trong mach tao nhay hé thng tin hiéu.
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