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Thong tin giao trinh dién tw

MON: LINH KIEN PIEN TU

1. Thong tin tac gia:
* Ho Tén: Truong Van Tam
* Sinh nam: 1951
« Anh (k¥ thuat sd)
« Co quan cong tic: Bo mon Vién Thong & K§ Thuat Piéu Khién

Khoa Cong Nghé Théng Tin va Truyén Théng — Trudng Pai Hoc Can Tho

* Dia chi Email: tvtam(@cit.ctu.edu.vn

« Pham vi va déi tuong sir dung:

+ Dung tham khao cho céc sinh vién chuyén nganh Dién Tir vién thong, tu dong,
k¥ thuat diéu khién, k¥ thuat dién, co dién tu...
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« C6 thé dung cho cic trudng c6 cac chuyén nganh ké trén
» Khong can kién thirc trude khi hoc
* Chua xuat ban.
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[ 4 A o oA oA ? N\ 0 ry e
Giao trinh linh ki¢n di¢n tw-Lo1 noi dau
Linh kién dién tir 1a kién thtrc budc dau va cin ban cia nganh dién tu.
Gi4o trinh dugc bién soan tir cac bai giang cla tac gia trong nhiéu nim qua tai Khoa
Cong Nghé va Cong Nghé Thong Tin, Truong Pai hoc Can Tho va cac Trung Tam Gido
duc thuong xuyén ¢ dong bang séng Ciru Long sau qua trinh stra chira va cap nhat.
Gi4o trinh cha yéu dung cho sinh vién chuyén nganh Pién Tt Vién Thong va Tu Pong
Hoa. Cac sinh vién khoi Ky thuat va nhitng ai ham thich dién tur cling tim thay ¢ day
nhiéu diéu bo ich.
Gi4o trinh bao gdm 9 chuong:
Twr chuong 1 dén chuong 3: Nhic lai mot s6 kién thirc cin ban vé vat 1y vi md, cac muc
nang lugng va dai nang lugng trong cau tric cia kim loai va chat ban dan dién va dung
no nhu chia khoa dé khao sat cac linh kién dién tir.
Tir chuong 4 dén chuong 8: Dy 13 d6i twong chinh cua gido trinh. Trong cac chuong
nay, ta khao sat cau tao, co ché hoat dong va cac dac tinh chu yéu cua cac linh kién di¢n
tor thong dung. Cac linh kién qué dac biét va it thong dung duoc gidi thi€u ngan gon ma
khong di vao phan giai.
Chuong 9: Gidi thi€u su hinh thanh va phat trién cua vi mach.

Ngu’O’i viét chan thanh cam on anh Nguyén Trung Lap, Giang vién chinh cia B mon
Vién Thong va Ty Pong Hoa, Khoa Cong Ngh¢ Thong Tin, Truong Pai hoc Can Tho
da doc k¥ ban thao va cho nhiéu y kién quy bau.

Can Tho, thang 12 nam 2003

Truong Van Tam
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Khai niém vé co hoc nguyén lugng

Ta biét rang vat chat duoc cu tao tir nhu‘ng nguyen tir (46 1a thanh phan nho nhét cua
nguyén t6 ma con giir nguyén tinh chat cta nguyén t6 d6). Theo md hinh cua nha vat Iy
Anh Rutherford (1871-1937), nguyén tir gdbm c6 mdt nhan mang dién tich duong (Proton
mang dién tich duong va Neutron trung hoa vé dién) va mot sb dién tir (electron) mang
dién tich 4m chuyén dong chung quanh nhan va chiu tic dong bai luc hut ciia nhén.
Nguyén tir luén ludn trung hoa dién tich, sb electron quay chung quanh nhan bang sb
proton chira trong nhan - dién tich ctia mot proton bang dién tich mét electron nhung
trai dau). Pién tich cia mot electron 1a -1,602.10'19Coulomb, diéu nay c6 nghia 1a dé

c6 dugc 1 Coulomb dién tich phai c6 6,242.1018 electron. dién tich cta dién tir c6 thé
do dugc truc tiép nhung khdi lugng cia dién tir khong thé do truc tiép duoc. Tuy nhién,
ngudi ta co thé do dugce ti s6 gitra dién tich va khéi luong (e/m), tir d6 suy ra dugc khdi
lugng cua dién tir 1a:

mo=9,1.10>'Kg
D6 1a khdi luong cua dién tir khi no chuyén dong véi van tdc rat nho so véi van tde anh

sang (c=3. 108m/s). Khi van téc dién tur tang 1én, khdi lugng cua dién tir dugc tinh theo
cong thuc Lorentz-Einstein:

Moi dién tir chuyén dong trén mot duong tron va chiu mot gia tdc xuyén tim. Theo
thuyét dién tir thi khi chuyén dong c6 gia toc, dién tir phai phat ra niang lugng. Su mat
nang luong nay lam cho quy dao cua dién tir nho dan va sau mot thoi gian ngan, dién
tir s& roi vao nhan. Nhung trong thuc té, cac hé thong nay 1a mot hé thong bén theo thoi
gian. Do d6, gia thuyét cua Rutherford khong dimg viing.

Nha vt 1y hoc Pan Mach Niels Bohr (1885- 1962) di bé tiic bang cac gia thuyét sau:
C6 nhiing quy dao dat biét, trén do dién tir co thé di chuyén ma khong phat ra nang
luong. Tuong tng véi modi quy dao c6 mdt mirc niang luong nhat dinh. Ta c6 mdt quy
dao dung.

Khi dién tir di chuyén tir mot quy dao twong Gng véi muc ning lugng w1 sang quy dao

khac twong tmg v6i mirc ning luong wo thi s& co hién tuong birc xa hay hip thu ning
luong. Tan so ciia buc xa (hay hap thu) nay la:
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Trong do, h=6,62.10'3 471 (hing s6 Planck).

Trong mdi quy dao dimg, moment dong luong cua dién tir bang boi sd cua

Moment dong lugong:

Hinh 1

Véi gia thuyét trén, ngudi ta da du doan duoc cac mire ning lugng ciia nguyén tir hydro
va giai thich dugc quang phd vach cia Hydro, nhung khong giai thich duoc ddi véi
nhirng nguyén tir co nhiéu dién tir. Nhan théy su d6i tinh gilta song va hat, Louis de
Broglie (Nha vét Iy hoc Phap) cho rang c6 thé lién két mdi hat dién khéi lwong m,
chuyén dong véi van toc v mot bude song A = %

Téng hop tat ca gia thuyét trén 1a mon co hoc nguyén luong, kha di co thé giai thich
duoc cac hién tugng quan sat dugc & cap nguyén tur.

Phuong trinh can ban cua mon co hoc nguyén lugng la phuong trinh Schrodinger duoc
viét nhu sau:

3
- H—T{;’J+ (E-LNge=1
2m

7/222



? 1a toan tir Laplacien

&4 ik a4
-22.22,29

E: niang luong toan phan
U: thé ning
(E-U): dong nang

@ 1a mot ham s6 goi 1a ham s6 song. Ham s6 nay xac dinh x4c suat tim thay hat dién
trong mién khong gian dang khdo sat.

Trong khi giai phuong trinh Schrod’ingger dé tNim nang luong cua nhitng dién tr trong
mot nguyén tl;l’ duy nhat, nguoi ta thay rang moi trang thai nang lugng cua electron phu
thudc vao 4 s6 nguyén goi 1a 4 s6 nguyén luong:

S6 nguyén luong xuyén tam: (S6 nguyén luong chinh)

Xéc dinh kich thudc cua quy dao n=1,2,3,...7

S6 nguyén luong phuong vi: (S6 nguyén luong phuy)

Xac dinh hinh thé quy dao 1=1,2,3,...,n-1

S6 nguyén luong tir:

Xac dinh phuong huong cia quy dao ml=0,+1, ..., nl

S6 nguyén luong Spin:

Xac dinh chidu quay ciia electron m=+3va -3

Trong mdt hé théng gdm nhiéu nguyen tir, cac sd nguyen lugng tuan theo nguyén ly
ngoai trir Pauli. Nguyen 1y nay cho rang: trong mot hé théng khong thé ¢ 2 trang thai

nguyén luong giéng nhau, nghia 1a khong thé c6 hai dién tir c6 4 s6 nguyén luong hoan
toan gidng nhau.
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Phén bo dién tir trong nguyén tir theo ning
lwgng

Tat ca cic nguyén tir c6 cung sd nguén lugng chinh hop thanh mét ting c6 tén la
K,L,M,N,O,P,Q ung vé6in=1,2,3,4,5,6,7.

O mdi tang, cac dién tir c6 cung so | tao thanh cac phuy tang c6 tén s,p,d,f twong Gmg véi
1=0,1,2,3

Tang K (n=1) c6 mét phuy tang s co tdi da 2 dién tir.
Tang L (n=2) c6 mdt phuy tang s co tdi da 2 dién tir va mot phu tang p ¢ tdi da 6 dién tir.

Tang M (n=3) c6 mot phu tang s (t6i da 2 dién tir), mot phy tang p (t6i da 6 dién tir) va
mdt phu tang d (t61 da 10 dién tur).

Tang N (n=4) ¢6 mot phu tang s (t6i da 2 dién tir), mot phu tAng p (t6i da 6 dién tir), mot
phu tang d (t61 da 10 dién tir) va mot phu tang f (t61 da 14 dién tr).

Nhu vay: Tang K c6 toi da 2 dién tu.

Tang L c6 t6i da 8 dién tu.

Tang M c6 tbi da 18 dién tu.

Tang N ¢6 t6i da 32 dién tir.

Céc tang O,P,Q ciing ¢ 4 phu tang va ciing c6 ti da 32 dién ti.

Ung vGi moi phu tang ¢6 mdt mirc nang lwong va cac murc nang luong duge xép theo
thtr tu nhu sau:
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Hinh 2

Khi khong bi kich thich, cac trang thai ning lugng nho bi dién tir chiém trudc (gan nhan
hon) khi hét chd méi sang mtc cao hon (xa nhan hon). Thi du: nguyén tir Na c6 sb dién
tor z=11, c6 cac phu tﬁng 1s,2s,2p bi cac di¢n tir chiém hoan toan nhung chi c6 1 di¢n tir
chiém phu tang 3s.

Cach biéu dién:
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Then méu ciia Bohr Theo mie nang luong

NATEL Hall 152 24 2p% 38l

Maz-2-1

SILICTIT Silt 152 242 2pf 38 3pl

ol 2-B-4

GERMANIULL (3e72 15% 28 2pf 3 3pf 44 3410 4p?

Ge 2-8-15-4

Hinh 3
L&p bao hoa: Mot phu ting bao hoa khi ¢ du sb dién tir t6i da.

Mot téng bao hoa khi moi phu tﬁng da bao hoa. Mot tﬁng bao hoa rat bén, khong nhan
thém va cling kho mat di¢n tu.

Tang ngoai cung: Trong mdt nguyén tir, ting ngoai cing khong bao gid chtra qua 8 dién
tir. Nguyén tur ¢6 8 dién tir & tang ngoai cung déu bén viing (trudong hop cac khi tro).
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Cac dién tir & tAng ngoai ciing quyét dinh hau hét tinh chat hoa hoc ciia mot nguyén to.
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Dai nang lwgng

Nhitng cong trinh khao ctru & tia X chtng t6 rang hau hét cac chit ban din déu ¢ dang
két tinh.

Ta xét mot mang tinh thé gdm N nguyén tir thudc nhom 4A, thi du C%. Ta tudng tuong
rang c6 thé thay d6i dugc khoang cach giita cac nguyén tir ma khong thay doi cau tao
can ban cua tinh thé. Néu cac nguyén tir cach nhau mot khoang dj sao cho tac dong lan
nhau khong déng ké thi cac mirc ning luong cua ching tring voi cac mirc ning luong
clia mot nguyén tir doc nhat. Hai phu tang ngoai cung cé 2 dién tir s va 2 dién tir p
(C6=1522522p2). Do d6, néu ta khong dé y dén cac ting trong, ta c6 2N dién tir chiém
tat ca 2N trang thai s va c¢6 cung mirc nang luong; Ta ciing c¢6 2N dién ti p chiém 2N
trang thai p. VAy c6 4N trang thai p chua bi chiém. Gia sir khoang cach giira cac nguyén
tir duoc thu nho hon thanh dp, tac dung ctia mot nguyén tir bat ky 1én cac nguyén tir 1an
can trd thanh quan trong.

Nang luong E
4N trang that 6N trang that p
chira bi chigém Tia1 dan dién (2N trang thai bi chiém)

......... frang thai s
v Diat hoa tri bi chiém

dU d4 dﬂ d2 d’l

Hinh 4

Ta c6 mot hé théng gdm N nguyén tir, do d6 cac nguyén tir phai tudn theo nguyén ly
Pauli. 2N dién tir s khong thé c6 cung mirc ning lwong ma phai c6 2N murc ning lugng
khac nhau; khoang céach giira hai mirc nang kuong rat nho nhung vi N rat 16n nén khoang
cach giira muirc ning luong cao nhét va thip nhit kha 16n, ta c6 mot dai ning luong. 2N
trang thai ctia dai ning lwong nay déu bi 2N dién tir chiém. Twong ty, bén trén dai ning
lwong nay ta c6 mot dai gdm 6N trang thai p nhung chi c6 2N trang thai p bi chiém chd.
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Ta dé y rang, giita hai dai ning luong ma dién tir chiém-duoc c6 mot dai cAm. Pién tir
khong thé c6 niang lugng nam trong dai cam, khoang cach (dai cAm) cang thu hep khi
khoang cach d cang nho (xem hinh). Khi khoang cich d=d3, cac dai ning luong chong
1én nhau, 6N trang thai cua dai trén hoa vdi 2N trang thai cua dai duoi cho ta 8N trang
thai, nhung chi co 4N trang thai bi chiém. O khoang cach nay, mdi nguyén tir c6 4 dién
tir tAng ngoai nhung ta khong thé phan biét duoc dién tir ndo 1a dién tir s va dién tr ndo
1a dién tir p, & khoang cach tir d6, tac dung cua cic nguyén tir 1én nhau rat manh. Sy
phan bd cac dai nang luong tuy thudc vao dang tinh thé va nguyén tir s6. Ngudi ta xac
dinh sy phan b nay bang cach giai phuong trinh Schrodinger va c6 két qua nhu hinh va.
Ta c6 mot dai hod trj (valence band) gdm 4N trang thai hoan toan bi chiém va mot dai
dan dién (conduction band) gdm 4N trang thai chwa bi chiém. Giira hai dai ning luong
nay, c6 mot dai ning luong cidm c6 ning luong khoang 6eV. (eV: ElectronVolt)

1 volt 14 hiéu dién thé gitra hai diém cta mot mach dién khi ning luong cung cap 1a 1
Joule dé chuyén moét dién tich 1 Coloumb tir di€ém nay dén diém kia.

— Tonale
Viay, volt <V = E

— Coloamb

Vay ning lwong ma mdt didn tl tiép nhin khi viret mét hidu didnthé 1 volt 1a;

v

Q
v=—w
1602 10

= W =1,602.107" Joule
Ning luong nay dwoc goi 14 1eV (1eV=1,602.1012T)
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Ta d3 khao sat trirdmg hop déc biét ca tinh thé Cachon. Mé&u ta khao sat mét
tinh thé bt ky, ning lyong cia didn tiy cling duge chia thanh ting dai Dl ning
lrong cao nhit bi chifém go1 14 dat hoa tr, dat nang heong thﬁp nhit chira bi chiém
goi 14 dai din didn. Tadic bidt chi ¥ dén hai dai ning hyong nay.

E Niang luong
| |

__—Déi dfin dién (Déi ndng luong
| | thap nhat chira b chiém)

Eq Déi cim

| | —— Dai hod tri (Dai ning lzong

cao nhit bi chié‘m)

Hinh 5

* Ta c6 3 truong hop:

Dai cAm c6 d6 cao kha 16n (Eg>5¢V). Pay 1a truong hop ciia cac chit cach dién. Thi du

nhu kim cuong c6 Eg=7¢V, SiO2 EG=9¢V.

Dai cidm c6 d6 cao nho (Eg<5eV). Pay 1a truong hop chét ban dan dién.
Thi du: Germanium c6 EG=0,75¢V

Silicium ¢6 Eg=1,12eV

Galium Arsenic c6 Eg=1,4eV

Dai hoéa tri va dai dan dién chong 18én nhau, day 13 trudng hop cua chit dan dién. Thi du

nhu ddng, nhém. ..
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E (Ning luong)

Diai dan dién

Eq=5eV | Dai cim | | Dii din dién
E.:;iﬁev
Ddai hod tri Dai ho tri [ ' |
| } | e |
() () (c)
Chét cich dién Chét ban din Chét din dién
Hinh 6

Gia str ta ting nhiét do cua tinh thé, nhd sy cung cap nhiét ning, dién tir trong dai hoa
tri tang nang luong. Trong truong hop (a), vi EG 1on, dién tir khong du nang luong vuot
dai cam dé vao dai dan dién. Néu ta cho tac dung mot dién trudng vio tinh thé, vi tat
c4 cac trang thai trong dai hoa tri diéu bi chiém nén dién tir chi c6 thé di chuyén bang
cach d6i chd cho nhau. Do d6, sé dién tir di, vé mot chiéu bang véi sb dién tir di, vé theo
chiéu nguoc lai, dong dién trung binh triét tiéu. Ta co chét cach dién.

Trong trudng hop (b), mot s dién tir c6 du ning luong s& vuot dai cAm vao dai dan
dién. Dudi tac dung cta dién truong, cac dién tir nay c6 thé thay d6i ning lugng dé dang
vi trong dai din dién c6 nhiéu mirc nang lugng trong dé tiép nhan chung. Vay dién tir co
nang luong trong dai dan dién co thé di chuyén theo mot chiéu duy nhat dudi tac dung
cua dién truong, ta cé chit ban dan dién.

Trong truong hop (c) ciing gibng nhu trudng hop (b) nhung sb dién tir trong dai dan
dién nhiéu hon lam cho su di chuyén manh hon, ta ¢6 kim loai hay chat dan dién.
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P4 linh ddng va din xuat

Trong chuong I, hinh anh cta dai nang lugng trong kim loai da dugc trinh bay. Theo su
khao sat trén, dai ning lugng do dién tir chiém c6 thé chua day va khong co dai cdm cho
nhing niang luong cao. Nghia 13 dién tir ¢ thé di chuyén ty do trong kim loai dudi tac
dung cua dién truong.

®.60 6, @
|@eCe @ @
e e e e
® .0 @

Hinh trén v& phan b dién tich trong tinh thé Na. Nhimng chd gach chéo tiéu biéu cho
nhimg dién tr & dai hoa tri c6 ning luong thap nhat, nhitng chd tring chtra nhimg dién
tir c6 nang luong cao nam trong dai dan dién. Chinh nhiing dién tir nay 1a nhiing dién tir
khong thé noéi thudc han vao mot nguyén tir nhat dinh nao va ¢ thé di chuyén tu do tir
nguyén tir nay sang nguyén tir khac. Vay kim loai duoc coi 1a noi cac ion két hop chit
ché& voi nhau va xép déu din trong 3 chiéu trong mot ddm may dién tr ma trong d6 dién
tir ¢6 thé di chuyén ty do.

Hinh anh nay 14 sy mo ta kim loai trong chat khi dién tir. Theo thuyét chat khi dién tir
kim loai, dién tir chuyén dong lién tuc voi chiéu chuyén dong bién ddi mdi 1an va cham
v6i ion duong ning, duge xem nhu ding yén. Khoang cach trung binh gitra hai 1an va
cham dugc goi 1a doan duong ty do trung binh. Vi day la chuyén dong tan loan, nén &
mot thoi diém nao do, sb dién tr trung binh qua mdt don vi dién tich theo bét ctr chiéu
nao s& bang sd dién tr qua don vi dién tich ay theo chiéu nguoc lai. Nhu vay , dong dién
trung binh triét tiéu.

Gia sir, mot dién truong E - duoc thiét 1ap trong mang tinh thé kim loai, ta thir khao sat
chuyén dong cia mot dién tir trong tir trudng nay.
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Hinh 2

Hinh trén mé ta chuyén dong cua dién tir dudi tacdung cua dién truong E . Quy dao
cta dién tir 1 mot duong gap khac vi dién tir cham vao cac ion duong va ddi huéng
chuyén dong. Trong thodi gian t=n 1an thoi gian ty do trung binh, dién tir di chuyén duoc
mot doan duong 1a x. Van tde

x
v=—
i

goi 12 van tdc trung binh. Van tdc nay ti 18 voi dién truong E . v=puE

Héng sb ti 1& p goi 1a d6 linh dong ctia dién ti, tinh bing m?/Vsec.

Dién tich di qua mdi don vi dién tich trong mot don vi thoi gian duge goi 1a mat d6 dong
dién J.

Taco:J=n.e.v
Trong do, n: mat do dién tu, e: dién tich ciia mot electron

Bay gid, ta xét mat dién tich vi clp S dit thing gde véi chidu di chuyén cha dién tir.
Nhiing didn tiy téi mit 8 & thei didm t=0 (t=0 duoc chon lam thei didm ghc) 14 nhiing
dién tlr & trén mat &' cach 8 mét khodng v (vin téc trung binh cia dién th) & thén diém
t=-1. & thi diém t=+1, nhitng dién t&r di qua mit S chinh 14 nhitng dién tir chira trong
hinh tru gié1 han bdt mit 5 va 8 Bién tich cha s dién tiy nay la g=n.ev.s, vo1 n la mét
dd dién tir di chu}fén, Vay dién tich d1 ngang qua mdt don w1 dién tich trong mot don vi
thon gran la: J=nev | t=0

Nhung v=pEnén J=neplE o f"’/ %
Nguwdnta dat o=nep (doc la Sigma) % %
NénJ=cE ogotla din zudt cia kim loai v

Va
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goi la dién trd suat cua kim loai

Dién trg suat tinh bang ?m va dan suit tinh bing mho/m
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Phwong phap khao sat chuyén ddng ciia hat
tu bang nang lwong

K A

Sem
— vl:l—'
M)
0 E-=2eV -
— 10V
+

Phuong phép khao st ndy cin cir trén dinh luat bao toan luong. Dé dé hiéu, ta xét thi du
sau day:

Mot diode 1y tudng gdm hai mit phing song song bang kim loai cach nhau 5 Cm. Anod
A c0 hi¢u dién thé 1a —10V so véi Catod K. Mot dién tur ro1 Catod K véi nang lugng ban

dau Ec=2eV. Tinh khoang cach tdi da ma dién tir co thé roi Catod.

Gia str, dién tir di chuyén t6i diém M c6 hoanh d 1a x. Dién thé tai diém M sé ti 18 véi
hoanh d¢ x vi dién truong gitra Anod va Catod déu.

Dién thé tai mot diém c6 hoanh do x la:

F=ar+ 8
Khi x=0, (tai Catod) = V=0=3=0
Nén

Vo= om

Tai x=5 Cm (tai Anod A) thi V=-10volt

= =2
Viy V=-2x (volt) véi x tinh bang Cm

Suy ra thé nang tai diém M la:
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U = QV=+2.e.x(Joule)voi e la dién tich cua dién tu.
Ta c6 thé viét U= 2.x(eV)

Ning luong toan phan tai diém M la:

T= %mv2 +U
Ning luong nay khong thay d6i. Trén d6 thi, T dugc biéu dién bang dudng thing song
song vai truc x.

Hiéu T—Uzém&rzlé dong ning cba dién tr Bodng nang nay téi da tai didm O
(Catod) rdi gidm dén va triét tidu tai didm P cé hodnh d8 x;. Nghia 13 tai didm x,, dién tiy
dirng lai va di chuvén trd vé catod K. Viy %, 14 khodng cach tdi da ma didn tlt cé thé rod
xa Catod.

eV (Ming luong)

Tt FL =T ¥ ¥ ¥

Tai diém M (x=x0) ta co:

T-U=0

Ma T=+E¢ (ning luong ban dau)
T=2.e.V

Vay, U=2.x0 (eV)

=>2-2.x0=0 =>x0=1Cm

Vé phuong dién ning luong, ta c6 thé néi rang véi ning luong toan phan c6 sin T, dién
tir khong thé vuot qua rao thé ndng U dé€ vao phan co6 gach chéo.

Ta thay rang néu biét nang lugng toan phan cia hat dién va sy phan b thé ning trong
moi truong hat dién, ta ¢6 theé xac dinh dugc duong di chuyén cua hat dién.
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Phén sau day, ta ap dung phuong phap trén dé khao sat sy chuyén dong cua dién tir trong
kim loai.
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Thé niing trong kim loai

Néu ta c6 mét nguyén tir duy nhét o thi dién thé tai mot diém cach o mot khoang r la:

v=ti+c

Néu chon dién thé tai mot diém rat xa lam dién thé Zero thi C=0. Vay mdt dién tur co
dién tich —e ¢ cach hat nhan mdgt doan r s€ co6 thé nang la:

=—2l= —ﬁ
-
L I e ® o€
a @ r
0 r

an®
T T L b
-

Hinh trén 1a d6 thi cua thé niang U theo khoang cach r. Phan d6 thi khong lién tuc ung
v6i mot dién tir & bén trai nhan o. Néu ta c6 hai nhan a va p thi trong ving giita hai nhan
nay thé ning cta dién tir 1a tong cac thé nang do o va B tao ra. Trong kim loai, cic nhan
duoc sép Xép déu dan theo 3 chiéu. Vay, ta co thé khao sat su phan bd cua thé nang béng
cach xét sy phan bd doc ta, heo dai B va y..
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1én tir tr do

o
L ]

Bién tlr budc

Turu =|:' f EB

Hinh trén biéu dién sy phan bd do.

Ta thiy rang c6 nhitng vung dang thé rong nam xen ké voi nhimg ving dién thé thay
d6i rat nhanh. Mt ngoai ciia mdi kim loai khong duoc xac dinh hoan toan va cach nhan
cudi cuing mot khoang cach nho. Vi bén phai ciia nhan € khong con nhan nén thé ning
tién tGi Zero chu khong gitr tinh tuan hoan nhu bén trong kim loai. Do do, ta c6 mdt rao
thé nang tai mat ngoai cia kim loai.

Ta xét mot dién tr ctia nhan B va co ning luong nho hon Up, dién tr nay chi c6 thé
di chuyén trong mot ving nho canh nhan gitra hai rao thé niang tuong tmg. 6 1a dién
ttr budc va khong tham gia vao sy dan dién cua kim loai. Trai lai, mot dién tir c6 ning
lwong 16n hon Up ¢6 thé di chuyén tir nguyén tir ndy qua nguyén tir khac trong khéi kim
loai nhung khong thé vuot ra ngoai khdi kim loai duoc vi khi dén mat phan cach, dién
tir dung vao rao thé nang. Cac di¢n tur c6 nang lugng 16n hon Up dugc goi la cac dién tur
tu do. Trong cac chuong sau, ta dat biét chu y dén cac dién tir nay.

Vi hau hét khéi kim loai déu c6 cung dién thé Vo tuong ting véi thé nang Up=-eV( nén
ta c6 thé gia str khéi kim loai 1a mot khéi dang thé Vo. Nhung dién thé tuy thudc vao
mot hing s cong nén ta co thé chon Vo 1am dién thé gdc (Vo=0V). Goi Ep 1a chiéu cao
clia rao thé ning giita bén trong va bén ngoai kim loai. Mot dién tir bén trong khdi kim
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loai muén vuot ra ngoai phai co it nhat mot nang lugng U=EB, vi vay ta can phai biét sy
phan b cua dién tir theo ning luong.
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Sw phén bo ciia dién tir trong kim loai

Goi Ang= 1a sb dién tur trong mot don vi thé tich c6 nang luong tu E dén E+AE. Theo

dinh nghia, mat dg dién tu trung binh c6 nang lugng tur E dén E+AE la ti s6

Ay
ME
. Gi6i han cua ti s6 nay khi
AE =10
goi la mat do dién tir c6 ndng lugng E.
Ang  dng

Tacd plEi=lim — =

LE—=+0 AT dE

Vay, dng=p(E)dE

(1

(2)

Do d6, néu ta biét duoc ham s p(E)ta co thé suy ra duoc sd dién tir c6 ning luong trong
khoang tir E dén E+dE bang biéu thic (2). Ta thiy rang p(E) chinh 1 s6 trang thai ning
lwong E di bi dién tir chiém. Néu goi n(E) 1a sb trang thai ning luong c6 ning luong E
ma dién tir c6 thé chiém duoc. Nguoi ta ching minh dugc réng: ti s& %(% béng mot ham

s6 f(E), c6 dang:

=28

n(E)

1+ &

Trong d6, K=1,381.10"2 J/°K (héng s Boltzman)
k=238 g 65 107 5(VAK)

EF ning lugng Fermi, tiy thudc vao ban chét kim loai.
Mirc ning luong nay nam trong dai cam.

O nhiét do rat thip (T=0°K)

Néu E<EF, ta c6 f(E)=1

Néu E>EF, ta c6 f(E)=0
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Vay f(E) chinh 1a x4c suat dé tim thay dién tir c6 ning luong E & nhiét do T.

Hinh sau déy la 36 thi cha f(E) theo E khi T=0"E va khi T=2.500%K.

FE) 11 T=0'K o(E)
__T=0'K
L
@K T=2500K
Ep E Er E
Hinh &

Ta chép nhén ring;
1
N(E)=vE? o 13 hing sé ti 1&
Lic dd, mat dd dién ty cd ning logng E la:

pE)=f(E)NE)=vE %-f(E)

Hinh trén 1a d6 thi cta p(E) theo E twong Gng véi nhiét do T=0"K va T=2.500K.

Ta thdy rang ham p(E) bién doi rat it theo nhiét d6 va chi bién d6i trong vung can cia
nang lugng Er. Do d6, ¢ nhiét do cao (T=2.5000K) c6 mot sd rat it dién tr c6 nang lugng
16n hon EF, hau hét cac dién tir déu co nang lugng nho hon Ef. Dién tich gidi han bdi
duong biéu dién cua p(E) va truc E cho ta s6 dién tir tu do n chira trong mot don vi thé
tich.

e Er 1 5 3
n=[oB)dE= |y B dE = SVEE
i} I}

(Dé y 1a f(E)=1 va T=0°K)

Tu day ta suy ra ndng lugng Fermi Ef

2
3
2y

Néu ta dung don vi thé tich 1a m> va don vi nang lugng la eV thi ? ¢o tri s la:
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1=16,8.10%7

Do do,

2
Ep=36410"n3

Néu biét duge khdi luong riéng cua kim loai va s6 dién tr ty do ma moi nguyén tir co
thé nha ra, ta tinh dugc n va tir d6 suy ra Ef. Thong thuong Ef < 10eV.

Thi du, khdi lugng riéng ctia Tungsten 1a d = 18,8g/cm’, nguyén ti khéi 1a A = 184, biét
rang mdi nguyén tir cho v = 2 dién tir tw do. Tinh ning luvgng Fermi.

Giai: Khéi lwong mdi em’ 1a d, vay trong mot cm’ ta ¢6 mot sd nguyén tir khéi 1a d/A.

Vay trong mdi cm3, ta co s6 nguyén tir thuc la:

4 4, v6i Ag 1a sb Avogadro (Ag = 6,023.10%)

Mbi nguyén tir cho v = 2 dién tir ty do, do d6 s6 dién tir ty do trong moi m° 1a:
n= %.AQ.V.IOG

V61 Tungsten, ta co:

188

f 6,202.10%.2.10% % 1,23.10% dién tivm3

)
3

= By = 3,64.107°[1,23.10%)

= B, = 8,95V
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Cong ra(Ham cong)

Ta théy rﬁng o nhiét do thép (T, OOK), nang luong tdi da cua dién tir 13 Ep (E<EFr<EB),
do d6, khong c6 dién tir ndo c6 ning lugng 16n hon rao thé ning Ep, nghia 1a khong c6
dién tir nao c6 thé vuot ra ngoai khéi kim loai. Mudn cho dién tir ¢6 thé vuot ra ngoai,
ta phai cung cp cho dién tir nhanh nhat mot ning luong la:

Ew = EB-Er

Ew duogc goi 1a cong ra cta kim loai.

E ‘\\_\F,_. 2500PK U
AN B e
Er Er Ex
T
R :
a pCE) 0

Néu ta nung néng khdi kim loai t6i nhiét d6 T=2.500°K, s& c6 mot sé dién tir ¢6 ning

lugng 16n hon EB, cac dién tir nay c6 thé vuot duoc ra ngoai kim loai. Nguoi ta chirng

minh duoc rang, s6 dién tr vuot qua mdi don vi dién tich trong mot don vi thoi gian la:
-F

J, = Ay KT Trong d6, Ag = 6,023.10% va K = 1,38.10°2 J/°K
Day 1a phuong trinh Dushman-Richardson.
Nguoi ta dung phuong trinh nay dé do Ew vi ta c¢6 thé do duoc dong dién Jin; dong dién

nay chinh 1a dong dién bao hoa trong mot dén hai cuc chan khong c6 tim lam bang kim
loai muon khao sat.
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Pién thé tiép xuc(Tiép thé)

et mdt nbi C gifra hai kim loai T va IL Néu ta dung mét Volt ké nhay d& do hidu
dién the gilta hat ddu ciandi (A va B), ta thiy higu 0 dién thé nay khing triét ti18u, theo
dinh nghia, hidu d18n thé nay got latiép thé Ta giai thich tiép thé nhwy sau:

A B I E, IT
' ®Ee_| OO
®O | OO
s, Q0 | OO
®O | OO

E
®® | OO0 Ewi <Ew
OO | OO0 v,»v;

Hinh 10

(1a st kam loai T cd cdng ra Egn nhd hon céng ra Egp cla kim loat IT Ehi ta néi hai
kim loat vén nhau, dién tir 58 di chuyén by () sang (IT) lam cho cd sirtu tdp dign ty bén
(ID) & 6 su xult hién cac Ton duong bén (I). Cach phin bé difn tich nhu trén tao ra mét
dién truomg E; huéng tir (D sang (ID 1am ngin tré s di chuyén cia didn tl Khi E; di
manh, cac die’_‘r; tr khdng di chuyén nita, ta cd =i cén bﬁng nhiét ddng hoc cia hé th-f‘:ung
hat kim loat nd1 vén nhau Sw hién hitu cha dign tredng E; chitng té cd mdt hidu dién thé
gifta hat kim loat

30/222



Chit ban dén dién thuan hay n§i bam

Hiu hét céc chét ban din déu cé cic nguyén tlr sip xép theo cfu tao tinh thé Hai
chit ban dan duoc ding nhidu nhit trong ki thudt ché tao linh kign dién tir 14 Silicium va
Grermanium. M31 nguyén tir cia hai chit nay déu cd 4 dién tlr & ngodl ciing két hop véi 4
dign tir cia 4 nguyén tlr k& céin tao thanh 4 1ién két hoa tri. Vi vy tinh thé Ge va 21 &
nhiét d¢ thap la cac chat cach dién.

. . . Brién tlr trong
U % oo dai héa tri
1(% ] 1V. . 15/. L

.j 1.“//; .ﬁ 141 héa tri
OW\J- '@' '% L ]

Hinh 1: Tinhthé chét ban dén & nhiét d6 thép (T = 0"K)

. . . Bién tir tw do trong
J K D t@t “Eiﬁi dan di1én

. 0 .| -
o e o ) -

fA {} o] -ﬁ &1 héatri

. o | ol TTTTThi gdy.
e s @ o o j® .. Litrdngtrong

. . . “edai héatri

Hinh 2: Tinh thé chit ban din & nhiét 48 cao (T = 300°K)

Khi ning lugng nay 16n hon ning luong cua dai cam (0,7eV ddi véi Ge va 1,12eV doi
v6i Si), dién tir co thé vuot dai cAm vao dai dan dién va chira lai nhiing 16 trong (trang
thai nang luong tréng) trong dai héa tri). Ta nhan thay s6 dién tir trong dai dan dién bang
50 16 tréng trong dai héa tri.

Néu ta goi n 12 mat do dién tir c6 nang luong trong dai dan dién va p 1a mat do 16 tréng
c6 nang luong trong dai hoéa tri. Ta c6:n=p=n;j
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Nguoi ta chimg minh dugc rang:

ni? = Ao.T>. exp(-EG/KT)

Trong dé: Ao : S6 Avogadro=6,203.10%>
T : Nhiét d6 tuyét déi (D6 Kelvin)

K : Hang s Bolzman=8,62.10'5 eV/’K

EG : Chiéu cao cua dai cam.

E
Déi din dién e s o o o o ——Difntlrirong
dai dindién
e fermi
PP e ®@®® Diai hoa tri OO0 0 OO0 0L tréng trong
Déi hoa tri
3 nhiét d& thap (0VE) O nhiét 38 cao (300K
Hinh 3

Ta goi chét ban din c6 tinh chat n=p 1a chit ban din ndi bam hay chit ban dan thuan.
Thong thuong nguoi ta gap nhiéu kho khan dé ché tao chat ban dan loai nay.
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Chat ban dan ngoai lai hay co chat pha
Chét ban dan loai N: (N - type semiconductor)

Gia sir ta pha vao Si thuan nhitng nguyén tir thuoc nhém V ctia bang phan loai tuan hoan
nhu As (Arsenic), Photpho (p), Antimony (Sb). Ban kinh nguyén tir cia As gan bang
ban kinh nguyén tir ciia Si nén c6 thé thay thé mot nguyén tir Si trong mang tinh thé.
Bén dién tir ciia As két hop voi 4 dién tir cua Si 1an can tao thanh 4 ndi hoa tri, Con du
lai mot dién tir cua As. O nhiét do thép, tat ca cac dién tir cua cac ndi hoa tri déu co nang
luong trong dai hoa tri, trir nhitng dién tir thira ciia As khong tao ndi héa tri c6 ning
luong Ep nam trong dai cdm va cach diy dan dién mot khéang nang lugng nho chimg
0,05eV.

* . " Biéntlr thiva cha As E
Y .(.Si.‘;. o(Sije ~trong dat chm Diai din dién
. ] oL -
. o o< e 0,05V | "o
o (i)e e(szie e(Si)e —— /'
. . .
) . . 1,12V Wire fermi ting
o(Sije e(Si)e e(%i)e Diién tir thiva clia As
L ] L] L ]
Dai héatri
Hinh 4: Tinhthé chit ban din & nhiét 45 cao (T = 300°K) O nhiét 35 T = 0°K

Gia sir ta tang nhiét do cua tinh thé, mot sd ndi hoa tri bi gdy, ta ¢6 nhiing 15 tréng trong
dai hoa tri va nhitng dién tir trong dai dan dién gidng nhu trong trudng hop cua cc chit
ban din thuan. Ngoai ra, cac dién tir ctia As c6 niang luong Ep ciing nhan nhiét ning dé
tr& thanh nhimng dién tr c6 nang luong trong dai dan dién. Vi thé ta co thé coi nhu hau
hét cac nguyén tr As déu bi Ion hoa (vi khoang ning luong giita Ep va dai dan dién rat
nho), nghia 13 tat ca cac dién tir luc dau c6 ning lugng Ep déu duoc ting nang luong dé
tré thanh dién ti tu do.
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E Dai din dién

U SO O
D41 haa tr

Hinh 5
Néu ta goi Np 1a mét do nhitng nguyén tir As pha vao (con goi la nhirng nguyén tir cho
donor atom).
Taco:n=p+ND
Véi n: mat do dién tir trong dai dan dién.
P: mat d6 16 tréng trong dai hoa tri.
Nguoi ta cling chiing minh dugc: n.p = ni2 (n<p)
nj: mat do dién tir hoic 16 tréng trong chat ban dan thuan trude khi pha.

Chat ban dan nhu trén c6 sb dién tir trong dai dan dién nhiéu hon s6 1 trong trong dai
hoéa tri goi 1a chat ban dan loai N.

Chét ban dan loai P:

Thay vi pha vao Si thudn mot nguyén t6 thudc nhém V, ta pha vao nhimg nguyén t6
thudc nhom I nhu Indium (In), Galium (Ga), nhom (Al),... Ban kinh nguyén tir In gan
bang ban kinh nguyén tir Si nén né c6 thé thay thé mot nguyén tir Si trong mang tinh thé.
Ba dién tir ciia nguyén tir In két hop v6i ba dién tir ciia ba nguyén tir Si ké can tao thanh
3 nbi hoéa tri, con mot dién tir cta Si co nang luong trong dai hoa tri khong tao mot ndi
v6i Indium. Giira In va Si ndy ta c6 mot trang thai nang luong trong ¢ ning luong EA
nam trong dai cdm va cach dai hoa tri mot khoang nang luong nho chimg 0,08eV.

34/222



b b hd
L o(Gi)e o(Gie e(Di)e
o ol [T e 16 hida e
e (Sile e(lirje e(Gi)e khiing durgce
. ) . thanh l&p
L ] ,!.. _L
o(Sile o(Sije e(Si)e
L ] ] »

O nhiét do thap (T=OOK), tat ca cac dién tir déu c6 ning lugng trong dai hoa tri. Néu ta
tang nhiét do cua tinh thé s& c6 mot s dién tir trong dai hoa tri nhan nang lugng va vuot
dai cAm vao dai dan dién, ddng thoi cling c6 nhing dién tir vuot dai cAm 1én chiém chd
nhing 15 tréng c6 ning lugng EA.

E
Dai din dién
[ W ]
1,12V
e fermi gidm Ey
000 [ 0,08ev 11
Dii héa tri OO0 OO
¢ nhiét d3 thap J nhiét 45 cao
(T = 0K (T = 300°K)

Néu ta goi Na 1a mat do nhitng nguyén tir In pha vao (con duoc goi 1a nguyén tir nhan),
ta cling co:

p=n+NA
p: mat d6 16 trdng trong dai hoa tri.
n: mat d6 dién tir trong dai dan dién.

Nguoi ta cling chimg minh dugc:
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n.p = ni” (p>n)

nj 1a mat d6 dién tir hoic 16 tréng trong chit ban dan thuén trude khi pha.

Chat ban dan nhu trén c6 s6 16 trong trong dai héa tri nhiéu hon s6 dién tir trong dai dan

dién duoc goi 1a chit ban din loai P.

Nhu vay, trong chit ban dan loai p, hat tai dién da s6 1415 tréng va hat tai dién thiéu sd

la dién tur.

Chét ban dan hén hop:

Tacling co thé pha vao Si thudin nhitng nguyén tir cho va nhivng nguyén tir nhin aé

cé chit ban din hdn hop. Hinh sau 14 so dé ning lueng cia chit ban dan hén hop.

Dar dén dién

b
.o Ep Np 60 Ep
000 = s i8] =
coe ooe Déi héa tri 000 ©
3 nhiét 46 thép & nhiét d8 cao
(T = 09K (T = 300°K)

Trong truong hop chat ban dan hdn hop, ta co:
n+NaA = p+ND

np= niz

Néu Np > Na => n>p, ta c6 chit ban dan hdn hop loai N.

Néu Np < Na => n<p, ta c6 chit ban dan hdn hop loai P.
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Dan xuat cua chat ban dan

Dudi tac dung ctia dién trudong, nhitng dién tir c6 ning luong trong dai dan dién di
chuyén tao nén dong dién In, nhung ciing c6 nhitng dién ttr di chuyén tir mot ndi hoa tri
bi gy dén chiém chd tréng ctia mot ndi hoa tri da bi giy. Nhitng dién tir nay ciing tao ra
mot dong dién twong duong véi dong dién do 16 trong mang dién tich duong di chuyén
nguoc chiéu, ta goi dong dién nay 1a Ip. Hinh sau ddy mo ta sy di chuyén cia dién tir
(hay 15 trong) trong dai hoa tri & nhiét do cao.

li_atré‘:ung
@g@ K
@@ @
3 o0e T

M&i héa tri bi gy

L& tréng mn

S

. S' .% t*"CrIX .

M&i héa tri méd bi gly

.@' .@. .@.

Brén iy trong da1 hoatr i chuyén yé

ol | . R hén trai tao 18
“eo))% S8 trng mo
. . N
. o .
hd %' '@ d '@.
™ » »
L ] . ™
‘%' .%/‘g{' '/ »
. ™ .
Hinh @
he n
3 I K L L&
. trﬁng mén
. .0 . @ .

.@i .@. .lﬁ._ L]

- %]' -k ?—*l@l

Viy ta c6 thé coi nhu dong dién trong chit ban dan 1a sy hop thanh cia dong dién do
nhiing dién tir trong dai dan dién (da s6 d6i véi chit ban dan loai N va thiéu sb ddi véi
chat ban dan loai P) va nhitng 15 trong trong dai hoa tri (da s6 dbi v4i chat ban dan loai
P va thiéu s6 d6i v6i chat ban dan loai N).
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Déng dién tir trong Déng dign tilr trong
dai dan dién ’ B ‘ dai dan dién
Chéit ban dan thuin

/ AN

AR I NI R R LN L AL N RE R LN

TEITRINRTR] QOODOD0000

Diong dién tir Déng 18 tréng
trong dar hoatr
| |
_|_| . _|_| [
\Y V

Tuong g v6i nhitng dong dién nay, ta c6 nhitng mat d§ dong dién J, Jn, Jp sao cho: J
=Jnt+Jp

Ta da chung minh dugc trong kim loai:
J=nev=ne.nE
Tuong ty, trong chét ban dan, ta ciing co:

Jn=n.e.vp=n.e. un.E (Mat d¢ dong dién trbi cua dién tur, un 1a d6 linh dong cia dién tir, n
12 mat do dién tir trong dai dan dién)

Jp=p.e.vp=p.e.up.E (Mat do dong dién troi cua 16 tréng, Up 1a do linh dong cua 16 tréng,
p 1a mat do 15 tréng trong dai hoa tri)

Nhu vay: J=e.(n.pun+p.pp).E

Theo dinh luat Ohm, ta co6:

J=0c.E

=> 0 = e.(n.puntp.up) duoce goi la dan suét ctia chit ban dan.
Trong chat ban dan loai N, ta c6 n>>p nén 6 = 6 = n.un.e

Trong chat ban dan loai P, ta c6 p>>n nén o = Op = N.lp.€
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Co ché din dién trong chat ban din

Duéi tac dung cua dién truong, cac dién tir va 16 trong di chuyén véi van toc trung binh

vn=un.E va vp=pp.E.

Sb dién tir va 16 trong di chuyén thay ddi theo mdi thoi diém, vi tai mdi thoi diém c6
mot sb dién tir va 16 tréng duoc sinh ra dudi tic dung cta nhiét ning. S6 dién th sinh ra
trong mdi don vi thoi gian g01 1a tbc d6 sinh tao g. Nhung dién tir nay c6 doi sdng trung
binh ty vi trong khi di chuyen dién tir c6 thé gap mot 16 tréng co cung ning lu’orng va tai
hop v6i 16 trong nay. Néu goi n 1a mat do dién tir, trong mot don vi thoi gian sb dién tir
bi mat di vi sy tai hop la n/tn. Ngoai ra, trong chat ban dan, su phan bd ctia mat do dién

tir va 1 trong c6 thé khong déu, do d6

3ét mét méu ban dan khéng déu cd mét 46 dién tir duoc phin bb nhw hinh vé. Tai
mét didm M trén tiét dién A, s didn tiy di ngang qua t1&t dién nay (do s khuéch

tany ti 18 vén dn/dx, vdi didntich cha dién tiy va von tiét dién A

M vkt
. '_1',-""
i

X

Dong dién khuéch tan cua dién tir di qua A la:

g =100, éd—ﬂﬂ-:[]

dx
Dn duoc goi 12 hang s6 khuéch tan cua dién ti.
Suy ra mat d§ dong dién khuéch tan cua dién tr 1a:

dn
Jtg, =e.Dn.£

Tuong tu, trong mot gidy co

o |
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16 tréng bi mat di, véi p 1a mat do 16 trong va 1p 14 1a doi séng trung binh ctia 16 tréng.

Dong dién khuéch tan cia 10 trong trong mau ban dan trén la:

ap
pp=-D,e Eﬂ = 0]

Va mat do dong di¢n khuéch tan cua 16 tréng la:

dp
']-p]ﬂ = E.DP.E
Nguoi ta chimg minh dugc rang:
o, 0
Dy D KT T

w e 11 600

V6i: K 12 hang s6 Boltzman = 1,3 82.102%1/°K
T 13 nhiét d6 tuyét doi.
H¢ thirc nay dugc goi 1a h¢ thirc Einstein.

O nhiét d6 binh thudng (3OOOK): V1=0,026V=26mV
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Phwong trinh lién tuc

Xeét mot hinh hop cod tiét dién A, chiéu dai dx dat trong mot mau ban dan cé dong dién
16 tréng Ip di qua. Tai mdt diém c6 hoanh do x, cuong do dong dién 1a Ip. Tai mat co
hoanh d¢ 1a x+dx, cuong do dong dién la Ip+dlp. Goi P 1a mat do 16 tréng trong hinh
hop, tp 1a doi song trung binh cta 16 tréng. Trong mdi gidy co

P

Tp
16 trong bi mat di do sy tai hgp. Vay mdi gidy, dién tich bén trong hop giam di mot
lugng la:

G, =ehdr

T
(do tai hop)

Dong thoi dién tich trong hop ciing mat di mot lugng:

Go=dIp (do khuéch tan).

dx
A
- L]
Ip Ip+dIp
KFdx
X - b
Ip

Goi g 1a mat d6 16 trong dugce sinh ra do tac dung nhiét, trong mdi gidy, dién tich trong
hdp tang 1én mot lugng la:

Ti=e.A.dx.g

Vay dién tich trong hop da bién thién mot lugng la:

T, — (G, +G,) ek deg — e dz -~ — dp
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Do bién thién d6 bang:

e i d_p
dt
Vay ta c6 phuong trinh:
dp p dlp 1
dt T, dx ed
(D)
Néu mau ban dan & trang thai cAn bang nhiét va khong c6 dong dién di qua, ta co:
d_,
dt
dIp=0; P=Po=hing s6
Phuong trinh (1) cho ta:
I

T
V6i Po 1a mat do 16 trong & trang thai can bang nhiét. Thay tri s6 ctia g vao phuong trinh

(1) va dé y rang p va Ip van tuy thudc vao thoi gian va khoang cach x, phuong trinh (1)
tr¢ thanh:

P__popo T 1
& T, & eA
2)

Goi la phuong trinh lién tuc.

Tuong tu voi dong dién tr Iy, ta co:

3)

TD: ta gidi phuong trinh lién tuc trong truong hop p khong phu thudc vao thoi gian va
dong dién Ip 1a dong dién khuéch tan cua 16 trong:
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Ta co: E: 0 va I, :—Dp.eﬂ.d—p
dt o
]
Do dé, % =-D, .EA.E

Phurong tring (23 trd thanh:
4p P-PB P-P

d=* Dpt, L'

Trong do,tadit L, =, /D, T,
Nghim s& clia phuong trinh (4) 1a:

i ﬁl.ef_v +A2.e[_£{_"]

P-F,
P(za)-Fo

Vi mit 46 18 tréng khéng thé ting khi x ting nén A; =0

X

Dodd: P—P[,:Ag.e[ L_"] tal x=x
WAt 36 18 tréng 14 plg),

Dodd: P(x,-F :ﬁg_e[—f_ﬂ]

Buy ra, nghiém cia plwong trinh (4) 14

-y

P(x)-F, = [P(XD)_PD]E[_ L, ]

P-P,

P(#g)-Py

Hinh 14

Hinh 15
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Cau tao cua noi P-N

Hinh sau diy mo ta mot ndi P-N phang ché tao bang k¥ thuat Epitaxi:

510,
/(Lc'rp cach dién)
(1) (2) 7
S1-rt S-rt
(Thén)
210, Lép 810, Bi0;
b1 riva mit Anod Eimnloa 210y

(3} i v (4
F

=1-r Si-n+

I Catod Eim loa

Trudce tién, nguoi ta dung mot than Si-n+ (nghia 14 pha kha nhiéu nguyén tir cho). Trén
than nay, nguoi ta phi mot 16p cach dién SiO2 va mot 16p verni nhay sang. Xong nguoi
ta dat 1én 16p verni mot mat na co 16 tré)ng roi dung mdt birc xa dé chiéu 1én mat na,
vung verni bi chiéu c6 thé ria duoc béng mot loai axid va chira ra mot phﬁn Si-n+, phén
con laivan dugc phi verni. Xuyén qua phan khong phu verni, ngudi ta cho khuéch tan
nhing nguyén tir nhan vao than Si-n+ dé bién mot ving cua thén nay thanh Si-p. Sau
cung, nguoi ta phu kim loai 1én cac Vung p va n+ va han day ndi ra ngoai. Ta dugc mot
noi P-N c6 mdt noi gitra vung p va n+ thang

Hinh 1

Khi néi PN dugc thanh 1ap, cac 15 tréng trong ving P khuéch tan sang ving N va nguoc
lai, cac dién tir trong ving N khuéch tan sang ving P. Trong khi di chuyén, cac dién tir
va 16 tréng c6 thé tai hop v6i nhau. Do do6, co6 su xuét hién cua mot vung ¢ hai bén mbi
ndi trong d6 chi cé nhitng ion 4m ctia nhitg nguyén tir nhan trong ving P va nhimng ion
duong cua nguyén tir cho trong vung N. cac ion duong va &m nay tao ra mot di€n truong
E; Chéng lai su khuéch tan cua cac hat dién, nghia 1a dién truong Ei s€ tao ra mdt dong
dién troi nguoc chiéu véi dong dién khuéeh tan sao cho dong dién trung binh tong hop
triét tiéu. Lac do, ta co trang thai can bang nhiét. Trén phuong dién thong ké, ta c6 thé
coi ving ¢6 nhirng ion ¢6 dinh 13 ving khong c6 hat dién di chuyén (khong c6 dién tir
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tu do & ving N va 18 tréng & viing P). Ta goi ving nay 1a ving khiém khuyét hay ving
hiém (Depletion region). Tuong tmg vai dién truong Ei, ta c6 mot dién the Vo ¢ hai bén
mat ndi, Vo dugc goi la rao dién the.

P e = e
DDDE)@‘
.E) L ]
GDDG o o o °
F I
Vo
|
L e
DDDE‘@@@.'.
L ]
oo o % ‘..
o o Bgle| * e

V= Fao dién thé
Tal o1 nd1
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Tinh Vy: tadé ¥ dén déng didn khuéch tan cha 18 trdng:

d—p:-[]

I, =—-el) .
Tht ¥ fix

v déng dién tréi cla 13 tréng:
Tw=epH, E; <0

Ehicin bi’ing, ta co:
Ip]d+Iptr =1

Hay la: e D, % =epHy E;

D
St . E;.dx

Hp P
D
T4 _Psz =E
I, £
Wa Eﬁﬂ
dx
, dp
Do déd: dV =V, —
F

Léy tich phan 2 vé tir x1 dén xp va dé v rﬁng tai x1 dién thé duoc chon 1a Ovolt, mat do
16 tréng 1a mét d¢ Ppo ¢ vung P luc can bé“tng. Tai x2, dién thé 1a Vo va mat do 15 tréng

1a Pno ¢ vung N luc can bang.

K P, d
D[— dV =V, Lp., ?F’
Ma:
nﬂ

1 |
P, m——vwvalP, =,

Ir

Pp
Nén: V, = VTlog(P—o)

o

1

N
Hoac: Vy = %log( D;vA)

46/222



Tuong tu nhu trén, ta ciing c6 thé tim Vo tir dong dién khuéch tan cta dién tir va dong
dién tro1 cua dién tur.

el d—n+e.n.ﬁx.Ei =0
dx

Thong thuong
Wy o 07 wolt
néu ndi P-N 1a Si
WV, =03
volt néu ndi P-N 1a Ge

Véi cac hop chét cua Gallium nhu GaAs (Gallium Arsenide), GaP (Gallium Phospho),
GaAsP (Gallium Arsenide Phospho), Vo thay déi tir 1,2 volt dén 1,8 volt. Thuong nguoi
ta lay tri trung binh 1a 1,6 volt.
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Dong dién trong noi P-N khi duwgcc phan cuwe
Ta c6 thé phan cuc ndi P-N theo hai cach:

- Tac dyng mdt hiéu dién thé gitra hai cyc cua ndi sao cho dién thé vung P 16n hon vung
N mgdt tri s6 V. Trudong hop nay ta néi ndi P-N dugc phéan cyc thuan (Forward Bias).

- Néu dién thé vang N 16n hon dién thé ving P, ta néi ndi P-N dugc phan cuc nghich
(Reverse Bias).

N6i P-N dwoc phan cuc thuéin:

- V +
*— o o [If @ 5O | Déngdiéntd
o=y el @ ‘|
™ ::::::: :::::: o) —J)
e [t o O
N Ving hiém P
+ Vy -
E I
(Gid han dong
dién) -V +
| ||
R
v v
F i)
—| T Tm
W Vi
£ = £ Hn ¥
Hinh 3

Khi chua dugc phan cuc, ngang mdi ndi ta c6 mot rao dién thé Vo. Khi phan cuc thuan
bang hiéu dién thé V thi rao dién thé giam mot lugng V va try thanh Ve = V-V, do do
nbi P-N mat thing bang. L3 tréng khuéch tan tir ving P sang ving N tao ra dong dién
Ip. Dién tu khuéch tan tir ving N sang ving P tao ra dong dién In. Dong dién I qua ndi
PNla:/=1,+],
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Dong dién I khong phu thudc vao thoi gian va vi tri cta tiét dién A vi ta c6 mot trang
thai thuong xuyén nhung dong dién In va Ip phy thudc vao vi tri cua tiét dién.

Trong ving P xa vung hiém, 18 tréng tréi dudi tac dung cia dién trudng tao nén dong
Jpp- Khi céc 16 trong nay dén gan ving hiém, mot sé bi tai hop voi cac dién tir tir viing
N khuéch tan sang. Vi ving hiém rit mong va khong cé dién tir nén trong ving nay cac
16 tréng khuéch tan thing ngang qua ma khong bi mat va tiép tuc khuéch tan sang ving

N nhung bi mat 1an vi ¢6 sy tai hop véi cac dién tur trong vung nay.

Tuong tu, su khuéch tan cta dién tir tir ving N sang Vung P cling tuan theo qu1 ché trén.
Ta dé y 1a cac do thi nhan mot tryc d6i ximg vi tong sd cac dong dién 16 tréng va dong
dién tir phai bang mot hang sb.

Ta co: Jpp (x1) = Jpn(x2)

Jop (x1) = Jnn(x2)

Dong dién J tai mot tiét dién bat ky 12 hang s6. Vay tai x| hodc x2 ta co:
J=Jpp(x1) + Jnp (X1) = Jpn(x2) + Jnn(x2)

Dong dién Jpn 1a dong khuéch tan céc 16 trong, nén c6 tri s tai tiét dién x la:

dP, (x)
Jpn(x) = Dy

Trong d0, Pn(x) 12 mat d6 16 trng trong ving N tai diém x. Ta tinh Pp(x)

Ta dung phuong trinh lién tuc:

Vi dong dién Jpn khong phu thudc vao thoi gian nén phuong trinh tré thanh:

'y, B.-E,
. 2
dx L
Trong dé
L=y T

Va c6 nghiém s0 la:

49/222



=¥
L

a

Bm-E, =|B@)-28,

Suy ra,
AP el
T (x,)=—eD nL =—2[p (x,)-B, ]
. ’ dx =iy LP "
Ta chip nhén khi c6 dong dién qua mdi ndi, ta van c6 biéu thic: dv= — VTEIPE nhu trong

truong hop ndi can bang.

LAy tich phén hai vé tr x; dén x; ta duoc:

v]a: Pn(xzj
d
Idv= -V, I o
0 Ppim ™ Py P
Ta duoc

P
Ma: V=V, -V-= leog{P“]—v

Iy

P

y

Suy ra: V=1V, lng[wj

ki
Nén: P (X,)= Pnu.fe:vI

. 1
Do dé: T, (x,)= E'DP'L_[P(XE) —Pn,,]

P

W
D —
T (x,)= e.L—P.Pnu.[ev’ —1}

P
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Twong tiy, ta cod:

Tap ) =D [ )1y,

n

ki
D —_
Tpl®) = E'L_n'nPu [Evr - 1:|

suy ra, mat 36 déng dign J trong méi néi P-17 la:
N
I=e &.pm+D—nnpu |e™ -1
LP Ln
M vy, déng difn qua méi ndi P-1 14

[ W
I=4e &.pm +D“.npo |e¥ -1
L, L

n

D D
bat: I, = ﬁ;.e.[L—P.pm +L—n.npﬂ}
P

I

ki
Ta dwec: I= ID[eVT —1:|

Phwrong trinh nay dwoc got la phwreng trinh Schockley

D
Trong d4: I =E=—F=&
e ip fn
Vi k=1381.10"7/" K 14 hing s5 Boltzman

e=—1602 107" coulomb | 14 difn tich cia electron

T 12 nhiét d6 tuyét doi.

O nhiét do binh thuong, T=273°K, V1=0,026 volt. Khi mdi néi chuyén vén binh thuong,
V thay ddi tir 0,3 V dén 0,7 V tiiy theo mdi 12 Ge hay Si,

W

1}10:‘“3?’ ]
T
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A
7
Tel ™

Ghi cht: Cong thure trén chi dl'mg trong trudng hop dong dién qua moi nbi khé 16n (ving
dic tuyén V-I thang, xem phan sau); véi dong dlen I twong ddi nho (vai mA trd xudng),
ngudi ta chimg minh duoc dong dién qua mdi nbi la:

v
I:ID[e““f —1}

Véi 2 =1 khi mbi ndi 1a Ge
2 =2 khi mbi ndi 1a Si

Noi P-N khi dwoc phan cwe nghich:

Ion 8m - ron ducng
o 0O OM’E) . o o Diong electron (khac C)
@G:‘l
[ ]
oo of &% ‘. .
o o [%|e| * e
F -+ N

Rio didnthé Vg=V;

Hinh 4

Khi ndi P-N dugc phan cuc nghich, rao di¢n thé tang mot lugng V. Lo tréng va dién tur
khong thé khuéch tan ngang qua mdi ndi. Tuy nhién, dudi tac dung cta nhiét, mot s it
dién tir va 16 tréng duoc sinh ra trong ving hiém tao ra mot dong dién c6 chiéu tir ving
N sang ving P. Vi dién tir va 18 tréng sinh ra it nén dong dién nguoc rat nho, thuong
chirng vai chuc pA hay nhé hon. Dé y 1a dong dién nguoc nay 1a mot ham sb cua nhiét
do.

Nguoi ta cling ching minh duogc trong truong hop ndi P-N phan cuc nghich véi hiéu
dién thé V<0, dong dién qua noi la:
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s
I =fnle’?"r —1}

DP D:u
}_Fu = .ﬂ.é‘.|::.pw +L_ ..-"Ew,j|

Io cling c¢ tri so:

il

7
Thong thuong, e”'7<<1 nén 1 # 1o

Thi dy: Xem mach sau day

+5% N
D2 I

+ V2 -
+
! [y
)
|

Hmh_ 5 g—

D1 va D2 13 2 ndi P-N Si. Tim dién thé V1 va V2 xuyén qua ndi.
Giai: Dong dién qua 2 n6i P-N 13 nhu nhau. Cha y 1a dong dién qua D 1a dong thuén va
dong qua D1 1a dong nghich.

¥

Viy: 7 :f{eﬁ —1J= I, wéin =2 va VT = 0,026V

Fa
052 — 2

=, =0,6350,052=0,036(")

Do d6, dién thé ngang qua ndi phan cyuc nghich la:
V1=5-V2=5-0,036 =4,964 (V)

Io 1a dong dién bao hoa nguoc. Dong dién trong ndi P-N ¢6 thé dién ta bang do thi sau
day, dugc goi la dac tuyén V-I ciia ndi P-N.
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Khi hiéu thé phan cuc thudn con nho, dong dién I ting cham. Khi hi¢u thé phan cuc
thuan du 16n, dong dién I ting nhanh trong luc hi€u dién thé hai dau mdi nodi tang rat it.

Khi hiéu thé phan cuc nghich con nhd, chi c6 1 dong dién ri Ip chay qua. Khi hiéu dién
thé phan cuc nghich dii 16n, nhiing hat tai dién sinh ra duéi tac dung ctia nhiét dugc dién
trudng trong ving hiém tang van téc va c6 du nang luong rit nhiéu dién tir khac tir cac
nbi hoa tri. Co ché nay ctr chong chit, sau cing ta c6 mot dong dién nguoc rat 10n, ta
n6i ndi P-N ¢ trung ving phé hity theo hién tugng tuyét d6 (avalanche).

a1
: : v
0.3V 07V
’ Vail chuc pa
31| Ge
Phan cuc nghich Phin cuc thuin
lp |w | L plw |
- V<o + 0 +
<0 50
Hinh &
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Anh hwong cua nhiét do 1én noi P-N
Dong dién bio hoa ngwoe 10 tuy thude vao nong do chit pha,dién tich mdi

noi va nhat la nhiét do.

Thong thudng ta thiy rang Io sé ting 1én gap doi khi nhiét d6 mdi ndi ting 1én 10°C

=13

I,y = 1025020
véi t 1a nhiét do (°C)

Hinh sau day mo ta sy bién thién cua dong di¢n bao hoa ngugc theo nhiét do.

Ia
8 7 6 5 4 3 -2 1 J0o V

250C 2

&
350C :
450C €
550 ;

Hinh 7

Thi du: IN914B 1a diode Si chuyén mach nhanh c6 dong bao hoa nguoc Ip=25nA &
25%C. Tim Ip & 100°C.

1-25
Ap dung; L")y = 1,(25"C). 210
o 100-25
= 25nA
10
= 2onA 181

= 7, (100" C) = 4,525,464
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Tinh chat ciia ndi P-N khi phén cwe thuén ciing thay ddi theo nhiét do.

Ehi nhiét d& ciia ndi P-N ting, didn thé thém cfia méi ndi giam (di d& din
dién hom). Ngudi ta thiy ring, khi nhiét d6 ting 1&n 19C didn thé thdm gidm
1,85mV & diode 31 va gidm 2,02mV & diode Ce. M3t cach téng quat co thé coi nhu
dién thé thém o1dm 2mV khi nhiét 46 ting 18n 192

AV omvioC
At I(mA)

0 066 062 0,7 W

Nhiét d§ ciia ndi P-N ciing quyét dinh dién thé sup do.
Néu nhiét d6 tang 1én dén mot tri nao do thi dién thé sup do sé giam xuéng rat nho va

méi néi P-N khong con sit dung duoc nita. Nhiét d6 nay 1a 150°C déi véi Si va 85°C
dbi véi Ge.
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A e ? ? I{ [
NOi tro cua noi P-N
Nguoi ta thuong cht ¥ dén hai loai ndi tré ctia nbi P-N
Noi tr¢ tinh: (Static resistance).

Noi trd tinh 12 dién tré ndi cia ndi P-N trong mach dién mot chiéu. Nguoi ta dinh nghia
dién tré mot chi€u & mot di€m phan cuc 1a ti s6 V/I ¢ di€m do.

W I (mﬂ)
&

L

Rz

I 0 T I Q
W
JT::

Noi trd cua ndi tai diém Q la:

(Volt)

_r
RD_7

Khi ndi P-N phan cuc thuin cang manh, dong dién I cang 16n trong luc dién thé V gan
nhu khong doi nén ndi tré cang nho.

Noi tr& dong cta ndi P-N: (Dynamic Resistance)

Gia s dong déng difn ngang qua ndi P-1T 14 Iy trong ¥ng vér mot dign thé phin cuc
thudn Vg,

Khi V bién thién mot luong AV tir tri s6 V@ thiI cling bién thién mot luong twong tng
AT tir trj 56 1Q. Ti s6
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AT
A
bang v6i do dbc cua tiép tuyén tai diém Q véi dic tuyén cua ndi P-N.

Bt % = l ry duoe got ladién trd ddng cia néi P-1 khi phén cye thudn.

¥}

Wéi tin higu u nhd, ta cd:

AV dV
fd=—=—
AL D,
T
véiI:%le“ﬁ—l}
Suyra;
v
g
av- | nty
HNgoaira,

x v
f:%{ﬂ”—@:%gﬁﬁdu

Va dign tré dong 1a
_dl on;

.?"d- —_— -

v I+,
o
Théng thwémg, I ==I nén r; = ??TT

O nhiét do binh thuong (250C), V1 =26mV, di¢n tr¢ dong la:

. _n.26mV
L I(mdA)

V61 dong dién 1 kha 16n, 7=1, dién tré dong rd co thé duoc tinh theo cong thtrc:

58/222



2hmil”
.?"‘i =
I{mA)
O nhiét do binh thuong, néu I = 100mA thi rg = 0,26?. Trong mot ndi P-N thyc, vi ¢6
tiép tro gitra cac moi ndi, dién trd gitta hai ving ban dan P va N nén dién trd dong thuc
su 16n hon nhiéu so vi tri s6 tinh dugc, thong thuong khoang vai chuc ?.

Pién trir ndi
rp rd / rn ra[:=ru
— — A SR _ ™
/ /
/ / ta = tptHtytty
Enén trd ving P Eién trdy ving N =r1ytrg

Day ciing chinh 14 kiéu mau ctia Diode véi tin hi¢u nho. Nguoi ta cling dinh nghia dién
tro dong khi phan cuc nghich

v
r, = —
di |,

Vi d6 dbc cua tiép tuyén tai Q khi ndi P-N phan cuc nghich rat nho nén dién tro dong ry
rat lon, hang M?.
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Dién dung cua noi P-N
Dién dung chuyén tiép (Pién dung nbi)

Khi ndi P-N duoc phan cuc nghich, ving hiém duoc néi rong do co su gia tang dién tich
trong vung nay. V&i mot sy bién thién AV cua hiéu dién thé phan cuc nghich, dién tich
trong vung hiém tang mét lugng AQ. Vung hiém c6 tac dung nhu mdt tu dién goi la dién
dung chuyén tiép CT.

AQ _ A

CT = =
AV W,

Trong do6, € 1a hang s6 dién mdi cta chat ban dan, A 1a dién tich ctia noi P-N va W4 la
do rong cua vung hiém.

Khi dién thé phan cuc nghlch thay doi, d6 rong ciia ving hiém thay d01 nén di¢n dung
chuyén tiép CT ciing thay d6i. Nguoi ta chimg minh dugc Ct ¢6 tri sb:

k-
(Vo + Ve J

T:

Trong d6, K 1a hang s6 tuy thudc vao chat ban din va k¥ thuat ché tao. Vo 1a rao dién
thé ctia ndi P-N (Si 14 0,7V va Ge 12 0,3V). VR 1a dién thé phan cuc nghich. n = ttrong
truong hop nbi P-N 1a doc 1ai (linearly graded juntion) va n = %trong truong hop néi P-N
thudc loai doc dimg (brupt juntion).

Néu go1 Cj(0) la tr1 s6 cua Ct do dugc khi VR=0, ta co:
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CT_J—n
-';"'TEI
0 0 4 B@@Eﬁ. e o
oo o e® ‘.,
o o |F%|lae| * e
P - + N
Ve # Vs N
RL P ...... P .....
...... N‘
mn
I ||
- W +
N&i P-I khi phén cue nghich Dée lai Déc dimg

Trong cac ndi P-N thong thuong, CT ¢6 tri sb tir SpF dén 100pF

Pién dung khuéch tan. (Difusion capacitance)

Khi nbi P-N dugc phan cyc thuan, 15 trong duoc khuéch tén tir ving P sang Vung N va
dién tr khuéch tan tir ving N sang ving P. Su phan b cac hat tai dién thiéu s6 ¢ hai

bén ving hiém tao nén mot dién dung goi 1a dién dung khuéch tan Cp.. Nguoi ta ching
minh duoc dién dung khuéch tan Cpti 16 véi dong dién qua ndi P-N theo cong thirc:

Cp =

ki
12 . o . .
Trong do, =1, = D—P, la ddn sdng trung binh cia 18 trong, n = 2 461 v&i nd1
r

P-I 14 31, =1 d61 véi ndi P-IV 14 Ge.

Thdng thuéng, Cp ¢ tri <6 tir 2000pF dén 15000pF.
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Cac loai DIODE thong dung

Diode co ban 1a mot nbi P-N. Thé nhung, tiiy theo mat d6 chit tap pha vao chét ban dan
thuan ban dau, tuy theo sy phan cuc cua diode va mot s6 yéu t6 khac nita ma ta ¢c6 nhiéu
loai diode khac nhau va tam Umg dung cua chung ciing khac nhau.

Diode chinh lwu:

La diode thong dung nhat, dung dé dbi dién xoay chiéu — thuong 1a dién thé 50Hz dén
60Hz sang dién thé mét chiéu. Diode nay tuy loai co thé chiu dung dugc dong tir vai
tram mA dén loai cong suit cao co thé chiju duoc dén vai traim ampere. Diode chinh luu
chu yéu la loai Si. Hai dac tinh k¥ thuat co ban ctia Diode chinh luu 1a dong thuan ti da
va dién ap nguoc t6i da (Dién ap sup dd). Hai dic tinh nay do nha san xuét cho biét.

Anod

*&"'— P

N

Catod

E

K hiéu ™~

Nhw véy, diode ly tudng duge zem nhe mét nght (switch): ngit dién déng mach khi
diode duroc phan cue thudn va ngit d1én hd mach khi diode duoc phan cue nghich.

Diode 1§ trdng

Towr

Ip
W] Vo
Hinh 14
Lew Loy =0
I
Ve
§] Ve
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I Bdc tuyén

/U-I

0 Vp

B ~I, =0 I Brc tuyen

j V-1
+ +
= Vo — Wp=-Vg = o Vp

Phin cuc nghich

Nhuw viy, khi phin cuwe thuln, diode trong duong vét mét diode 1y twdng néi tiéy
v ngudn dién theé Vi, khi phin cue nghich clng teong duong vdi mot ngit dién hd

Ip
oz e = —]I|—
+7 - \ I tVg-
VoaWVy
— Vp
Ol 1
HD‘:HKID:D
—E—E—/o—
+ Vi -
Hinh 1&
V. — 1
f — 5 K
o R

Diode 15 tedng

E / E j
+ + % + +
Vg — iy = Vg —VerVg —¥x=Vp

_— E — =

- __]_ - -

K

Kiéu miu diode véi dién tré dong:

Khi dién thé phan cuc thuan vuot qua dién thé ngudng Vi, dong dién qua diode ting
nhanh trong lic dién thé qua hai dau diode Vp ciing ting (tuy chdm) chir khong phai 13
hang s nhu kiéu méu trén. Dé chinh xac hon, luc ndy ngudi ta phai chi y dén do giam
thé qua hai dau dién tré dong ro.
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[t
A
=
S

Diode I tudng Vo d1én thé offset

+ Vo — h\\\
—— =W —
ID _ +rp- + VI:I —
Ip
VD= -I;ur|:|+I'|:|ID

Thi du:

Tir ddc tuyén V-I cia diode 1N917(Si), x4c dinh dién trd dong ro va tim diém diéu hanh
Q(Ip va Vp) khi n6 dugc dung trong mach hinh bén.

I]:. (I'I'l.»."ll}
. V=15V
54 Ip=4,7Tm& Q o R=3K Ip,="
4 ¢ Ip=467ma | 9 I j
R +
N Wp="
14 L -
0|0,20,40,60,80,9 Vplvolt) -
Hinh 20
(141
Budc 1: ding kiéu dién thé ngudng; Vs=15V
_ _ o R=3K I'n="
I, = V=V _15-07 477 I

R 3K0) 1
_—
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Budc 2: voi I'p =4,77mA, ta x4c dinh dugc diém Q* (V’p=0,9V)
Budc 3: vé tiép tuyén tai Q’ voi dac tuyén dé tim dién thé offset Vo.
Vo=0,74V

Bude 4 Xac dinh rg ty cdng thie:
AV, 09-074 016

T =  320)
ADI, 477 47

Bude 5: Dung kiéu mau véi diéntréd déng 1. s WID

I = W5 =Wy _ 15-0,74 0004674

T R+r, 3000432 a =320

Ip=4 67mA V=10V = \
Va Vp=Vitrelp=0,74+0,00467232=0,89V —%WF 0,74V
Chu §: Hinh 22

Trong tmr:fng hop diode duoe dung vi tin higu nhd, dign tré dbng ry chinh 1a dién
tré ddng rymata di thiy & phan truede cbng vol didn tré cla hai ving ban danP va I
I‘sz‘a,:zfp+fn+fd=f‘5+fd
26mV
I,mh

v =T

Vi du: Xem mach dung diode IN917 véi tin hiéu nhé Vs(t)=50 Sinot (mV).

Tim dién thé Vp(t) ngang qua diode, biét rang dién trd rg cua hai ving ban dan P-N 13
10?.

S0mW - Vs=15V
/\ o R=3K
A

-50mi

Giai:
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Theo vi du trudce, véi kiéu mau dién thé ngudng ta c6 Vp=0,7V va Ip=4,77mA.

Tu do6 ta tim dugce dién trd noi rd:

_ 26mV _ 26mV_ _
o= T dma — 04 Q

rac=10 + 0,45=10,45?

Mach tuong duong xoay chiéu:

15,45

Dién thé dinh Vgm ngang qua diode 13 ¥, = ey~

R+ Tac
Vim=0,256 Sinwt (mV).
Viay dién thé tong cong ngang qua diode 1a:

Vp(t) =700mV + 0,256 Sin ot (mV).

R=3K Vp(t)
L\ o | + T00mV
@5“” ruf Va(®)

T |

15,45+3000 *

50

0,256mV

66/222



Kiéu mau tin hi¢u rong va hiéu rng tan so.

Hinh sau day md ta mét diode duoc dung v&i tin ludu hinh sin cd bidn dd lon.
wzit) b
30V [

@ Ry % VrLit)

Ban lor duong  Diode din

-30W

+30%
_____ +30V

+

IVARCORE

30N ; -

|
vs(t)
+30V Ban ky dm A .
N o P .___——Diode dan
_ VL
V0= SRy /-Diude ngung

o

Khi diode dugc dung véi ngudn tin hi€u xoay chiéu tin hi€u bién do 16m, ki€u mau tin
hiéu nho khong thé ap dung duoc. vi vay, nguoi ta dung kiéu mau mdt chi€u tuyen tinh.

Két qua 1a & nita chu ky duong cua tin hiéu, diode din va xem nhu mot ngat dién dong
mach. & ntra chu ky am ké tiép, diode bi phan cuc nghich va cé vai tro nhu mot ngét
dién hé mach. Tac dung nay cua diode dugc goi 1a chinh luu nira song (mach chinh luu
s€ dugc khao sat ky & gido trinh mach dién tir).

Dap tng trén chi ding khi tan s6 clia ngudn xoay chiéu Vs(t) thip-thi du nhu dién 50/
60Hz, tirc chu ky T=20ms/16,7ms-khi tan s6 ciia ngudn tin hiéu 1én cao (chu ky & hang
nano gidy) thi ta phai quan tdm dén thoi gian chuyén tiép tir ban ky duong sang ban ky
am cua tin hiéu.

Khi tan s6 cua tin hiéu cao, dién thé ngd ra ngoai ban ky dwong (khi diode duoc phan
cuc thudn), & ban ky am cua tin hi¢u cling qua dugc mdt phan va c6é dang nhu hinh vé.

67/222



Chu y 1a tan s6 cua nguodn tin hi¢u cang cao thi thanh phan ban ky am xuat hi¢n & ngod ra
cang lon.

W (t:l W3 (t:'

t(ams) /\ t{ems)

VL (t:l WL [t:l

tams) /\ tms)

Hi¢u trng nay do dién dung khuéch tan Cp ctia ndi P-N kha 16n khi duoc phan cyc thuan
(Cp ¢ tri tir 2000pF dén 15000pF). Tac dung cta dién dung nay lam cho diode khong
thé thay d6i tic thoi tir trang thai din sang trang thai ngung ddn ma phai mat di mot thoi
gian (thudng duogc goi 1a thoi gian hdi phuc, kiéu mau diode phai ké dén tac dung cia
dién dung cua nbi.

te ra IR Iy
A AN K A NP K
FPhin cyc thudn ]| I Phan oy nghich H
CD T

68/222



Thdng thiréng, gid tri cla t, cd thé thay d5i tir nhd hon 1 nano gify dén xfp =i 1pus.
Hiéu trng cia t, trén diode chinh hru (song sin) duoc dién ta nhu hinh sau. Nguei ta nhin
thiy rang co thé bd qua thed gian hdi phuc trén mach chinh luu khi t,<0,1T, véi T 14 chu
koy cha song sin duge chinh luu

ot — vg(t) T=10t,
—al t t
0 0
Tin higu tin Tin higu tin
20 cao 20 thip
1a(t) I/\ 14(t)
t t
D‘ 0

Diode tach song.

Ciing lam nhiém vy nhu diode chinh luu nhung thuong véi tin hi€u c6 bién do nho va
tan sO cao. Diode tach song thuong dugc che tao c6 dong thuan nho va co thé la Ge hay
Si nhung diode Ge dugc dung nhiéu hon vi dién thé ngudng VK nho.

Diode schottky:

Ta da thay anh hudng cia thoi gian hoi phuc (tire thoi gian chuyén mach) 1én dang séng
ngd ra ciia mach chinh luu. Dé rat ngan thoi gian hdi phuc. Cac hat tai dién phai di
chuyén nhanh, viing hiém phai hep. Ngoai ra, con phai tao diéu kién cho sy tai hop giira
16 trong va dién tir d& dang va nhanh chéng hon. D6 1 nguyén tic ciia diode schottky.

& hinh sau diy cho biét ciu tao cin ban ciia diode schottky.
Anod Zatod

Tiép mic Chin

Anaod Catad
_[:5_3:"_

Rao dién thé Schottky

Ta thay trong diode schottky, thuong ngudi ta ding nhom dé thay thé chat ban dan loai
P va chat ban dan loai N 1a Si. Do nhom 12 mét kim loai nén rao dién thé trong diode
schottky giam nhd nén dién thé ngudng cta diode schottky khoang 0,2V dén 0,3V. bé
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¥ 1a diode schottky c6 dién thé bao hoa ngugc 16n hon diode Si va dién thé sup d6 ciing
nho hon diode Si.

Do théi gian héi phuc rat nhd ( ddi trang thai nhanh) nén diode schottky diroc ding
rét phé bién trong ki thuft s& va didu khién.

L (m4) Diode g
schotthy

Vp (Volf)
0 02 04 06 07

Diode
=1 Schottky

Diode 6n ap (diode Zener):

Nhu di khao sat & phan trude, khi dién thé phan cuc nghich cta diode 16n, nhimng hat

tai di¢én sinh ra du0’1 tac dung nhi¢t bi dién truong manh trong Vung hiém tang van toc
va pha v& cac ndi hoa trj trong chit ban din. Co ché nay clr chong chat va sau cing ta
c6 dong dién nguoc rat 16n. Ta noéi diode dang & trong ving bi pha huy theo hién tuong
tuyét d6 va gay hu hong nbi P-N.

Ta ciing c6 mot loai pha huy khac do sy pha huy truc tiép cac ndi hoa tri dudi tac dung

cta dién truong. Su pha huy nay co tinh hoan nghich, nghia 1a khi dién truong hét tac
dung thi cac noi hoa tri dugc 1ap lai, ta goi hién tugng nay la hiéu ing Zener.

70/222



Higu img nay duoe Ong dung dé ché‘ tao céc diode Zener. Bing céch thay dfﬁi néng
dd chat pha nguen ta co thé ché tao duge cac diode Zener co didn thé Zener
khoang vai volt dén vai hang trém volt. D& ¥ 13 khi phin cuc thuin, dic tuyén cia
diode Zener gifng hét diode thudng (diode chinh lnp. Dic tuyén duoc ding clia
diode Zener la khi phin cuc nghich & ving Zener, dién thé ngang qua diode gin
nhw khéng thay doi trong khi déng dign qua nd bién thién mét khoang rong,
Ip (mA) + Vp -
Ip—

WVing phin cwe nghach Ving phan oo thuin

Vi (Velt)

V=\zener

/’* U V=07V

V=-Vp=Vz

- -+

— [=Ip=lg

* Anh hudéng ctia nhiét do:
Khi nhiét do thay doi, cac hat tai dién sinh ra ciing thay d6i theo:
« Vi cac diode Zener c6 dién thé Zener Vz < 5V thi khi nhiét do tang, di¢n thé
Zener giam.

* Vi cac diode c6 dién thé Zener Vz>5V (con dugc goi la diode tuyét do-diode
avalanche) lai c6 hé sb nhiét dwong (V7 ting khi nhiét d6 ting).

71/222



~ V& cac diode Zener co Vz nim xung quanh 5V gin nhu Vz khéng thay ddi theo

nhiét do.
Ip (mA) Ip (mA)
4 3 2 0 Vp(Volt) 40 -30 -200 -1 0 Voi{Wolt)
-5 -5
-10 -10
-15 -15
=20 -20
-25 =25
220 -30
150 0 0 0
SHC a0HC 35 aolC| 254C 35
-40 -40
45 -45
(a) Diode céd V<oV (b) Diode cé Vz=aV

Kiéu mau 1y tudng cta diode Zener:

Trong kiéu méu 1 tdng, diode Zener chi din didn khi dién thé phin cye nghich 1én
hay bang didn thé V. Dién th? ngang qua dicde Zener khong thay ddi va bing dién thé
V. Khi dién thé phin cwe nghich nhd hon hay bing dién thé Vg, diode Zener khéng din
dién (Ip=0).

+ OV - +y - Ip
—152 ]— = _Dl_‘ | | l_ -vz
T %
Vo=V _
e Diode Iy tréng
ID=-IE

Do tinh chét trén, diode zener thuong dugc dung dé ché tao dién thé chuén.

Thi du: mach tao dién thé chuan 4,3V dung diode zener 1N749 nhu sau:
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R=47002 R=470(2
A" 'A%

IM749 We=A—15WV +| 1

Vszﬁﬁlfi___Z' 43V ZS{ GO)Ti = /__Z' Vz=4,3v_—__—[ (%) Tai

Khi chua méc tai vao, thi du ngudn Vs=15V, thi dong qua zener la:

Vo=V
_ sz 15-43
[=—E =183 97 8m4

* Kiéu mau cua diode zener doi voi dién tré dong:

Thuc té, trong ving zener, khi dong dién qua diode ting, dién thé qua zener ciing ting
chut it chir khong phai ¢6 dinh nhu kiéu mau 1y tudéng.

Nguoi ta dinh nghia dién tré dong cua diode la:

Trong d6: Vzo 12 dién thé nghich bat dau dong dién ting.

VzT la dién thé ngang qua hai dau diode & dong dién st dung IzT

Iz
+ Vz - Zgt Vg -

17

K— = DW= =

-[ ZT
Iz
Duode I trdng
Wz
0 Vo Vo

Diode bién dung: (Varicap — Varactor diode)

Phan trén ta da thiy, sy phan bd dién tich duong va 4m trong ving hiém thay doi khi
dién thé phan cuc nghich thay doi, tao ra gitra hai dau diode mét dién dung:

= |5 =7
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bién dung chuyén tiép Cr ti I¢ nghich voi d0 rong ctia vung hiém, ttc ti 16 nghich véi
dién thé phan cuc.

Pic tinh trén dugc tmg dung dé ché tao diode bién dung ma tri sé dién dung sé& thay
ddi theo dién thé phan cuc nghich nén con dugc goi la VVC diode (voltage-variable
capacitance diode). Pién dung nay co thé thay doi tir 5pF dén 100pF khi dién thé phan
cuc nghich thay dbi tir 3 dén 25V.

ClpF)
Bic 1113?@1}1 ciia dién dung theo
il dién the cd dang nhr sau;
&0
40
20
o -2 4 -6 -8 -0 -1z -14 -If VeVl

Hinh 37

M8t img dung ela diode 14 ding né nhw mét tu dién thay d&i. Thi du nhw mudn thay
a8 tén 5{5 cing hurdng cia mét mach, ngudn tathay dbi didn thé phén cuc nghich cha mét
diode bién dung

R .
||Ci
AN | |

y =" Diode J§ T L = ;/f L

hién dung

Diode ham (Tunnel diode)
Puoc ché tao 1an dau tién vao nam 1958 bdi Leo-Esaki nén con duoc goi la diode Esaki.
Day 1a mot loai diode dac biét dugc dung khac véi nhi€u loai diode khac. Diode ham cé

ndng d6 pha chat ngoai lai 16n hon diode thuong rat nhidu (ca ving P 13n ving N)

Dic tuyén V-I c6 dang nhu sau:
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I(tridy)
I Binh A
:: F Diode thwirng
Anod Catod Ciode him
Iy
=T WVivalt)
0 vy 025 0,5V

Khi phan cuc nghich, dong dién tang theo dién thé. Khi phan cuc thuan, ¢ dién thé thép,
dong dién ting theo dién thé nhung khi 1én dén dinh A (Vp Ip), dong dién lai ty dong
giam trong khi dién thé ting. Su bién thién nghich nay dén thung ling B (Vv Iv). Sau
d6, dong dién ting theo dién thé nhu diode thudng c6 cing chit ban dan ciu tao. Dic
tinh cu thé cta diode ham tiy thudc vao chit ban dan cdu tao Ge, Si, GaAs (galium
Asenic), GaSb (galium Atimonic)... Ving AB 13 ving dién tré 4m (thay ddi tir khoang
50 dén 500 mV). Diode duoc dung trong ving dién tré 4m nay. Vi tap chat cao nén ving
hiém cua diode hdm qué hep (thuong khoang 1/100 lan do rong ving hiém cua diode
thudng), nén cac hat tai dién co thé xuyén qua méi ndi theo hién twong chui him nén
duoc goi 1a diode ham.

Ti s6 Ip/Iv rat quan trong trong tng dung. Ti s6 ndy khoang 10:1 ddi v6i Ge va 20:1 dbi
voi1 GaAs.

Mach twong duong ctia diode ham trong ving dién tré 4m nhu sau:

-Rd
A
Ls Ro
B S " - e T ke
Cd

Ls: Biéu thi dién cam cua diode, c6 trj sb tir InH dén 12nH.
Rp: Di¢n tré chung cia vung P va N.
Cp: Pién dung khuéch tan cua ving hiém.

Thi dy, & diode hAm Ge 1N2939: Ls=6nH, Cp=5pF,Rg=-152?, Rp=1,5?
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Diode ¢6 ving hiém hep nén thoi gian hoi phuc nho, dung t6t & tan s6 cao. Nhuge diém
ctia diode ham 13 ving dién tr& am phi tuyén, ving dién tré 4m lai & dién thé thap nén
kho dung véi dién thé cao, ndng do chat pha cao nén mudn giam nho phai ché tao mong
manh. Do d6, diode ham dan dan bi diode schottky thay thé.

Ung dung thong dung ciia diode ham 14 lam mach dao dong & tan s cao.
Bai tap cudi chwong

1. Dung kiéu mau ly tuéng va dién thé ngudng cta diode dé tinh dong dién Iy, I,
Ip2 trong mach dién sau:

1. IpTinh dong dién I; va Vo trong mach sau (dung kiéu mau Iy tuéng va dién thé
ngudng cua diode)

+12¥
Q N v
< ;
D, iSi R1= %
VUSIRISIK op, o
D, ISi
12V

1. Tinh Iz, Vo trong mach di¢n sau khi R2 = 50? va khi R2 =200?. Cho biét
Zener st dung c6 Vz = 6V.

10082
N

12v-l g

76/222



Cau tao cin ban ciia BJT

Transistor ludng cuc gdm c6 hai méi P-N nbi tiép nhau, dugc phat minh nam 1947 boi
hai nha bac hoc W.H.Britain va J.Braden, dugc ché tao trén cung mot mau ban dan
Germanium hay Silicium

Hinh sau déy mé ta chutrie cha hai loai transistor lréng cue PNP va NEPN.

Curc phat Cuc thu H g N
F nt | p - —
Ermutter Collecter
. B
B Cut nén (Base) Transistor PHP
Cuc phat Cue thu I
S NS I R )
Etmutter Collecter
; =
B Cut nén (Base) Transistor NPH

Ta nhén thay rang, ving phat E dugc pha dam (ndéng do chat ngoai lai nhiéu), ving nén
B dugc pha it va vung thu C lai duoc pha it hon nira. Ving nén c6 kich thuéc rat hep
(nho nhét trong 3 ving ban dan) ké dén 13 ving phat va ving thu 13 ving rong nht.
Transistor NPN ¢6 dap tng tan sd cao t6t hon transistor PNP. Phan sau tip trung khao
sat trén transistor NPN nhung dbi véi transistor PNP, cac dic tinh ciling twong tu.
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Co ché hoat ddng ciia transistor lwdng cuc

Trong tng dung thong thuong (khuéch dai), ndi phat nén phai dugce phan cuc thuan
trong luc ndi thu nén phai dugc phan cuc nghich.

Vi nbi phat nén duoc phan cuc thuan nén vung hiém hep lai. Néi thu nén duoc phan cuc
nghich nén vung hiém rong ra.

Nhiéu dién tir tir cuc 4m cua ngudn VEE di vao ving phat va khuéch tan sang ving nén.
Nhu ta da biét, ving nén duoc pha tap chat it va rat hep nén s6 16 trong khong nhiéu, do

d6 lugng 16 tréng khuéch tan sang ving phat khong dang ké.

Mach phan cire nhwy sau:

Phén oye thudn Fhin opc nghich
Dongdisntir | * o . n-
e . {Of: ce ',
ol .
I . y ™ ‘I
{E + () L C
[ ] e . [ ]
o 0 . @
- 3
[e
1] m
Vor W, Dongdiénts
Hinh 3

Do ving nén hep va it 15 tréng nén chi c6 mot it dién tir khuéch tan tir ving phat qua tai
hop véi 10 trong cua vung nén. Hau hét cac dién tr nay khuéch tan thang qua vung thu
va bi hut vé cuc duong ctia nguén Vcc.

Céc dién tu ty do ctia vung phat nhu vay tao nén dong dién cuc phat Ig chay tir cuc phat
E. Cac dién tu tor vung thu chay vé cuc duong cua nguén Vcc tao ra dong dién thu Ic
chay vao vung thu.

Mait khac, mot so0 it dién tur 1a hat dién thi€u so cia vung nén chay vé cuc duong cua
nguon VEE tao nén dong dién IB rat nhé chay vao cuc nén B.
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Nhu vay, theo dinh luat Kirchoff, dong dién Ig 14 tong ctia cac dong dién Ic va Ip.
Tacod: Ip=1-+1

Dong Ip rat nho (hang microampere) nén ta c¢6 thé coi nhu: Ig # Ic
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Transistor ¢ trang thai chwa phan cuwe

Ta biét rang khi pha chét cho (donor) vao thanh ban dan tinh khiét, ta duoc chat ban
dan loai N. Cac dién tir tu do (con thira ciia chat cho) c6 mirc ning lugng trung binh
o gén dai dan dién (mirc nang lugng Fermi dugc nang lén) Tuong tu, néu chat pha la
chat nhan (acceptor) ta co chét ban din loai P. Céc 10 tréng ctia chat nhan c6 mirc ning
luong trung binh nam gan dai hoa tri hon (muc niang lugng Fermi giam xudng).

Khi néi P-N dugc xac 1ap, mot rao dién thé s& duoc tao ra tai ndi. Cac dién tir tu do
trong ving N s& khuéch tan sang ving P va nguoc lai, cac 16 tréng trong ving P khuéch
tan sang ving N. Két qua 1a tai hai bén mdi ndi, bén ving N 14 cac ion duong, bén ving
P 14 cac ion am. Chung da tao ra rao dién thé.

Hién tuong nay ciing duoc thiy tai hai ndi cua transistor. Quan sat ving hiém, ta thiy
rang kich thudc cia viung hiém la mgt ham so6 theo nong do chat pha. N6 rong & vung

chét pha nhe va hep ¢ ving chét pha dam.

Hinh sau day mé ta ving hiém trong transistor NPN, su tuong quan giira miic ning
luong Fermi, dai dan di¢n, dai hoa tri trong 3 vung, phat nén, thu cta transistor
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tt ju f1-
Ving phat  Ving nén Wing thu

{ i [ BRI R {

Ving hifm
E{eV)

ot Ving phat p Viing nén 11- Viing thu

| | Dai dén dien |
Ilirc Ferr ting cao Mc Fermi gidm Iiwc Fermi ting nhe

T T o

Da dan dién / \\(Cnnductance hand)

Mitc Fermi xép thang
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Cac cach rap transistor va do lgi dong dién
Khi str dung, transistor dugc rap theo moét trong 3 cach can ban sau:
« Rép theo kiéu cuc nén chung (1)

« Rép theo kiéu cuc phat chung (2)
» Rap theo ki€u cyc thu chung (3)

Ig Ic I.':_

— N\ = Iy
N> ‘
. . ra
Vao ra Vao
- . - .
77 77
Eifu cuc nén chung Eifu cue phat chung

Ig

Hinh 4

7

Eigu cye thu chung
Trong 3 cach rap trén, cuc chung chinh la cuc dugc noi mass va dung chung cho ca hai
ngo vao va ngo ra.
Trong mdi cach rap, ngudi ta dinh nghia d6 lgi dong dién mot chicu nhu sau:

Déngdignngd ra

BEgldidéng dign = - -
Déngdiénngo viao

Do lgi dong dién cua transistor thuong dugc dung la do loi trong cach rap cuc phat
chung va cuc nén chung. B9 lgi dong dién trong cach rap cuc phat chung duoc cho boi:
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—
(]

heg = Ppp = —

[2a}

Nhu vay: Ic= Bpc.IB

Nhung: Ig = Ic + IB = Bpc.IB+IB

=Ig=(Ppc+1).IB

Do loi dong dién trong cach rap cuc nén chung duoc cho bai:

I,

Iy

hgg m g =

BDC ¢o tri sO tir vai chuc dén vai traim, tham chi c6 thé 1én dén hang ngan. apc co6 tri tir
0,95 dén 0,999... tuy theo loai transistor. Hai thong sO Bpc va apc dugc nha san xuat
cho biét.

Tur phuong trinh cén bén:

Ie=1c+1IB

Tacd: Ic=1Ig—-1B

Chia ca hai v& cho I, ta dwoc:

jole I _ 11

I I L I

Ig E
M vay: 1= ! —L
Cpne  Ppe

(Fial phirong trinh nay d2 tim Foc hay ope, ta dwoc:
ot . Poe
Ppe = —2° va Hpe =
1— oy, 1+ By,

* Ghi chu: cac cong thirc trén 13 tong quat, nghia I van ding vdi transistor PNP.

Ta chu ¥ dong dién thuc chay trong hai transistor PNP va NPN c¢6 chiéu nhu sau:
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MPHM PP

lIg II[:

1IE IIE

Thi du:
Mot transistor NPN, Si dugc phan cuc sau cho Ic = 1mA va Ig = 10pA.
Tinh Bpc, IE, aDC.

{(ziai: tr pheong trinh:

Hoo = f—c,Ta céd: G, = M: 100
I 1024
Tir phwr ong trinh:
E=l-+Ig tacd [p=1md +0,01mA =101mdb
{a lmA

Wa ty phwong trinh: & o= 7 =039

. L0lmd

LGt transistor 51 PP cé fpc =50 kh Ig = 1,5mé Xac dinh I-

Giai:

_ ﬁDC _ 50 0 9%

dnn = = =1,
P+ 8. 1450

L=Ppclg=059=215=147mh
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Dong dién ri trong transistor

Vi ndi thu nén thufO’ng ducc phan cuc nghich nén cling c6 mdt dong di¢n ri nguoc (bao
hoa nghich) di qua mdi ndi nhu trong truong hop diode du:oc phan cuc nghich. Dong
dién ri nguoc nay dugc ky hi¢u 1a IcBo, dugc nha san xudt cho biét, dugc mo ta bang
hinh v€ sau:

Cutrent (dong dién)

e SR
YV Base (cuc nén)
Cuc E Iea Vee—  Iera Crpenemitter (oyc phat hi)
dé hir
Collector {cyc thu)

Pay 1a dong dién di tir cuc thu qua cuc nén khi cuc phat dé ho. Hinh vé sau ddy cho ta
thay thanh phan cac dong dién chay trong transistor bao gom ca dong dién IcBo.

+ .
8 P f [ =apclet Ieeo
tocle
IE = I
{IE i— lCBO
Ig |: :
RE% ch
1] 1]
ViR L Ve

Nhu vay, ta c6: Ic = apclg + IcBO

Néu IcBo Xép xi 0, xem nhu khong dang Kké.

Ta co6: Ic = apclE

D6 1 cong thire 1y twong ma ta da thiy o phan trén. Ngoai ta, tir phuong trinh dong dién

can ban:
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Ie=1B +Ic
Suy ra, Ic = apc(Ic + IB) + IcBO

Ic = apclc + apc IB + IcBO

Ta tim thiy:
i Gpe I femg
© l—ﬁfﬂc 2 l—aﬂc
o &
Nhung: BD,::l_DE :>1+,3M=1_DC +1
DC e
1+p _o:D,:+1—G5D,:_ 1
o 1— o, 1—cp,

Thay vao phuong trinh trén, ta tim dugc:

Ic =PBpcls + (Bpc + DIcBo

Nguoi ta dat: Ico = (Bpc + 1)IcBo va phuong trinh trén duoc viét lai:
Ic =PBpclB + IcEO

Nhu vy, ta co thé hidu dong dién ri Iepo nhwr 12 dong dién cha}f trcwe C quacuc E
cha transistor khi cire B d@ hé. Tri 56 cla Iego cling duoc nha san xudt cho biét.

Current (dong dién)

R.;é IrED Emutter {cyc phat)

=0 Vcc__;_ Iegp——— Openbase (cyc nén hi)

IB \
Cuc nén hiv :—} ;) Collector {cuc thu)

Cac théng 50 Poc, ¥pe, Iepo, lopo rit nhay voi nhiét 44
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Piic tuyén V-I ciia transistor

Nguoi ta thuong cht ¥ dén 3 loai dic tuyén cua transistor:

« Dic tuyén ngd vao.
« Pic tuyén ngd ra
* Dac tuyén truyén
Mach té-ng quat dé wic dinh 3 dic tuyén trén duoc bidu didn bﬁng mo hinh sau:
E1 F;
[ BIT

i D
W T T\ W

= V1 Mafi wao Mgfi ra Vag =2

Piém can cha ¥: tuy theo loai transistor va cac cach rap ma ngudén Vi1, V22 phai méc
ding cuc (sao cho ndi thu nén phan cuc nghich va néi phat nén phan cuc thuan). Cac
Ampe k€ 11, I2, cac volt ké V1 va V3 cling phai mac dung chiéu.

Chung ta khao sat hai cach mic can ban:L

Mac theo ki€u cuc nén chung:

Mach dién nhu sau:

Er g — I Er
Il IE W
+ ] L/ S+
o
ER () | (=) -
+ |V VR

Pic tuyén ngé vao (input curves).
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L& dac tuyén biéu dién sy thay d6i clia dong dign Iy theo dién thé ngd vio Veg véi
Vg duoc chon lam thdng sd.

Bic tuyén cé dang nhu sau; // // /
Ig I(IIL":"..:I }f f l{ Wep =20V

-'i"'rEB =10V
-'i"'rEB =01V
-'i"'rEB =00V
Ve dEhi

0 0,2 0.4 0.6 Vg (Valt)

Nhan xét:
« Khi ndi thu nén dé ho, dic tuyén co dang nhu dic tuyén cia diode khi phan cuc
thuan.
* Dién thé ngudng (knee voltage) cua dac tuyén giam khi VB tang.

Pic tuyén ngé ra (output curves)

La dac tuyén biéu dién sy thay ddi cta dong dién cuc thu Ic theo dién thé thu nén VcB
voi dong dién cuc phat Ig [am thong so.

Dic tuyén c6 dang nhu sau: Ta chi y dén ba ving hoat dong cia transistor.
Vung tac dong: N6i nén phat phan cuc thuan, ndi thu nén phan cyc nghich. Trong ving

nay dic tuyén 1a nhing duong thang song song va cach déu. Trong céc tng dung thong
thuong, transistor dugc phan cuc trong vung tac dong.
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Vungtac dong

Iz (ma) —— o ——————— -
£ — > 6 mA
5 mi
- A dma
Ve
o _f:'i! Imad
%7
] _.-,{ )
o _..4_
a g
] i/
o 'y
&

Ving ngung

Ving ngung: ndi nén phat phan cuc nghich (Ig=0), ndi thu nén phan cuc nghich. Trong
vung nay transistor khong hoat dong.

Ving bao hoa: noi phat nén phan cuc thuan, noi thu nén phan cuc thuan. Trong céc Gng
dung dac biét, transistor madi dugc phan cuc trong viung nay.

Mic theo kiéu cuc phat chung.

Day 14 cach mic thdng dung nhét trong céc g dung clia transistor. Mach dién nhu

Sdll. PR
Re

Ry ol

+

+ +
1 Voo =
f’ Vg e
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Pac tuyén ngo vao:

Biéu dién sy thay ddi cia déng dién Iy theo dién thé ngd vao Vgg. Trong do hidu thé
thu phat Vg chon lam thing s6.

Bic tuyén nhu sau: Ip (i) Vep= OV
100 + Ve =1V
ED a4 |:E= ].I:IV
a0 1
a0 +
20 1
| | | vBE m
0 0z 04 06 08

Dac tuyén ngo ra:

Biéu dién dong dién cuc thu Ic theo dién thé ngd ra Vg véi dong dién ngd vao I duoc
chon 1am théng sd.

Dang dic tuyén nhu sau:
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Ving tac dong

I (mdy e mmmmmmm oo .
120 b
100 A
. B0pA
:;5 60 Wi
]
z 40 P
o0
=
=
= 20 LA
Iceo 1 Ip=0 pd
© 5 | Vg (V)
Ving ngung

« Ta thay ciing c6 3 ving hoat dong cua transistor: viing bao hoa, ving tac dong
va vung ngung.
 Khi ndi tat VBE (titc IB=0) dong dién cuc thu xap xi dong dién 11 ICEO.
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Dac tuyen truyén: (Transfer characteristic curve)

Tir d4c tuyén ngd vao va dic tuyén ngd ra Ta 6 thd suy ra dic tuyén truyén cia
transistor. Béc tuyén truyén bidy didn =i thay dn:fni cla dong dién ngd ra I theo dién thé
ngd vao Vgg vé1 dién thé ngd ra Vg lam thoing sd.

. Ic{ma)
Béc tuyén co dang nhw sau: Vg =10(V)

lers = lepo
Vg (V)
| | | | | | | |
Ll 1 1 1 1 1 1 1 1
| P 3 4 5 fi 7

Ving ngung Ving Ving bao hoa

' rieding |

cutn e Vpglsat)

Dbi v6i transistor Si, ving hoat dong c¢6 VBE nam trong khoang 0,5-0,8V. Trong ving
nay, dic tuyén truyén c6 dang ham mii. O ving bio hoa, dong Ic ting nhanh khi VBE
thay d6i. O ving ngung, khi VBE con nhé, dong ri qua transistor ICES rat nho, thuong
Xép X1 ICRO.

Ngay cé trong viung hoat dong, khi VBE thay ddi mét lugng nho (tir dong Ig thay ddi)
thi dong Ic thay d6i mot luong kha 16n. Vi thé, trong cac ing dung, ngudi ta ding dién
thé cuc nén VBE 1am dién thé diéu khién va cuc B con goi la cuc khién.

Anh huong cua nhiét do 1€n cac dac tuyén cua BJT.

Nhu ta da thdy, cac tinh chat dién ciia chat ban dan déu thay ddi theo nhiét do. Do do,
cac dac tuyén cua BJT déu thay doi khi nhi¢t 4o thay doi.

 Khi nhié¢t d6 tang, cac dong dién ri ctua cuc thu (IcBo,lceo, ICES) déu tang.

* Khi nhiét do tang, cac dg loi dién thé apc, BDC cling tang.

 Khi nhié¢t d6 tang, dién thé phan cuc thuan (dién thé ngudng) ndi nén phat VBE
giam. Thong thuong, VBE gidm 2,2mV khi nhiét do tang 10c.
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« Dong dién i IcBO tang gip doi khi nhiét do ting 80C trong transistor Si.

T g (8°C0 = I opa (25”0}.[

-2

'l

|

Tac ddng cha nhiét dd anh huo'ng quan trong dén diém didu hanh cla transistor. Mo
la nguyén nhan lam cho thdng sd cia transistor thay ddi va két qua 14 tin hidu cé thé bi

2502

hién dang

Ip (i)

500C
— 250C
(2,2mVAC)
Z/ VBE (m-""r:'
0 645 700
I[: [mﬁ]
500C
Veg =15V —25C
(2,2mVAC)
10 /
Z VBE (m-""r:'
0 645 700

Ig (m&)

s00C

250
.......................... _—
15004

100A

SOpd

o lE=0A

Weg(Volt)
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Piém diéu hanh — dwong thang lay dién mot
chiéu

Ta xem mach ding transistor BIT NP trong md hinh cure nén chung nhw sau:

RE RI:
ANAN C S ANAS—
g Qé Ig
v & v :
= EE CE S —
VE — — Ve
| vao Ra

Dé xac dinh diém tinh diéu hanh Q va duong thang ldy dién mét chiéu, nguoi ta thuong
dung 3 budc:

1. Mach ngd vao:
Tacod: VBE+ RElg- VEE=0

Vee ~ VBE
Rg

==
Chu y 1a VBE = 0,7V vé6i BJT 14 Si va VBE = 0,3V néu BIT 1a Ge.
2. Tu cong thuce Ic = apclg = IE.

Suy ra dong dién cuc thu Ic.

3. Mach ngo ra:

Tacod: Ves- Vee +Rele=0

V vV
CB+ cc

:IC:_RC Re

Day la phuong trinh duong thang lay dién mot chiéu (dudng thang 1ay dién tinh). Trén
dac tuyén ra, giao diém cua duong thang lay dién véi Ig tuong g (thong so) cua dac

tuyén ra chinh 13 diém tinh diéu hanh Q.
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Ta cht y rang:

+ Khi Ve =0 = o= Iy = 4 (Dong dién bao hod)
» Khi Ic = 0 (dong ngung), ta ¢6: VcB = Ve = Voc

5
/
-I;L'TCE

Ty = €
SH RC

Ic (mA)

Ip= fimd

Ig= Smd

[g=4ma

[g=3ma

[g=ZmaA

Ig= lmA

™~

Mot sO nhan xét:

bé théy anh huong tuong ddi cua Re,Vee, Ik 1én diém diéu hanh, ta xem vi du sau day:

Veeg

Anh huong cua dién tré cyc thu Rc: Rc = 1,5K?; 2K?; 3 K?

Eg = 100£L2

E¢

—AAN

Ig = 3md

Vee =1V —

ANNA—
I

Oma
\ WVep(Volt)

Vep=Ver=Vor

Vcc =12V



Veg—Vgg  1-17

Ta cd: Ig= =3mh =1,
i 0,1
. Ve W
*EhiRe=2KQ, I, =-2+_ 2=
RE RE
-
3:—£+E:~vwzam
22
I[:(I'IL":"..:I
\5‘
5
4 Q Ig= 3mb
3
2
L 2 4

VEB WDIt:I
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T #1p # 3mA
TUTCB = VCC - RCIC =12 - 1,5:?‘:3 :?,51ur

v
ISHzﬁzgzgmﬂL
C E]
Ic(ﬂlﬁ:l

.
&
5
i Q [g= 3méh
3 /
2
75V Vo
0 3 4 i 2 in 1z W ep(Wolt)
Hinh 22
* Khi Re = 3 KQ (Re ting)
Io #Ip =3ma
vcﬁ=vcc-Rc.Ic=12-3X3=3V
v 12
Iy = —— = — = dmb
tH R 3

C
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Ip (md)

Wep(Volt)

Nhu vay, khi gitr cac nguén phan cuc Vcc, VEE va RE ¢d dinh, thay ddi Re, diém diéu
hanh Q s& chay trén dic tuyén tuong ting voi Ig = 3mA. Khi Rc ting thi VB giam va
nguoc lai.

Anh hwéng ciia ngudn phan cwe ndi thu nén VCC.

Néu giit I 13 hing s6 (ttc VEE va RE 13 hiang s6), Rc 13 hang s6, thay doi ngudn Vg,
ta théy: Khi Vcc tang thi VB tang, khi Ve gidm thi Vg giam.

Thi du:
Rg = 10002 —~ Rp=2KQ Ip (md) Vo= 14V
AN —ANAN . Vee = 12V
~ IE —+.
6_
1 Ve 10V
+_—_ Ve =1V 12v T+ s7T
14V +
4__
34
= 2]
0 }

Anh huéng cia IE 1én diém diéu hanh:

Néu ta giit Rc va Ve ¢d dinh, thay d6i Ig (tic thay d6i RE hodc VEE) ta thiy: khi Ig
tang thi VB gidm (tic Ic tang), khi Ic gidam thi VB tang (tic Ic gidm).
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Ic (ma) T groay = Tzt = 8
/ E o
71
Ig =6 (rd)
Ig =5 (ma)
Ig =4 (b
J Ig =3 (trd)
(5 Ig =2 (1rd)
(s Ig =1 (&)
.\\u . vEB
i 3 10 12 14

Hinh 25

Tang

Cram

Khi I tang thi Ic ting theo va tién dan dén tri Isy. Transistor dan dan di vao ving bao

hoa. Dong tdi da ctia Ic, tirc dong bao hoa goi 1a Ic(sat). Nhu vay:
Vee

I(sat) = Iy = R_C

Luc nay, VB giam rat nho va xap xi bang 0V (that su 1a 0,2V).

Khi Ig giam thi Ic giam theo. Transistor di dan vao ving ngung, VcB luc d6 goi 1a

VcB(off) va Ic = IcBo.

Nhu vay, Vcs(off) = Voc = Vcc.

Vung bao hoa va ving ngung 13 ving hoat dong khong tuyén tinh ctia BJT.

Déi v6i mach cuc phat chung, ta cling c6 thé khao sat tuong tu.
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Kiéu mau mot chiéu cua BJT

Ta xem mach ding transistor BIT NP trong md hinh cure nén chung nhw sau:

Eg

o,

VAV

Ig

Vg

Van

Ea

E¢
MJ\_
Ig

\F.

#*

Dé xac dinh diém tinh diéu hanh Q va duong thang ldy dién mét chiéu, nguoi ta thuong

dung 3 budc:
1. Mach ngd vao:
Tacod: VBE+ RElg- VEE=0

Vee ~ VBE

= Ip= g

Chua y 1a VBE = 0,7V véi BIT 1a Si va VBE = 0,3V néu BJT 14 Ge.

2. Tu cong thuce Ic = apclE = IE.
Suy ra dong dién cuc thu Ic.

3. Mach ngo ra:

Taco: VcB- Vec + Relc=0

Vee

V
Yo,
C

Day la phuong trinh duong thang lay dién mot chiéu (dudng thang 1ay dién tinh). Trén
dac tuyén ra, giao diém cua duong thang lay dién véi IE tuong g (thong so) cua dac
tuyén ra chinh 13 diém tinh diéu hanh Q.

Ta cht y rang:
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e KhiVeB=0 = Ic=Iy= I;LCC (Dong dién bao hoa)
» Khi Ic = 0 (dong ngung), ta c6: VcB = Vcc = Voc
Ip (ma)
Ig= fmd
\ Ig= Sma
/ Ig= 4ma
I, = Ig= 3ma
Ee J Ig= Zmé

/ — Iz= lma

-

Otrnds
0 Verg \ Vep(Volt)

Vep=Ver=Vor

Mot sb nhan xét:
Dé thay anh huong twong dbi cua Rc,Veg, IE 1én diém diéu hanh, ta xem vi du sau day:

Anh huong cua dién tré cuc thu Rc: Rc = 1,5K?; 2K?; 3 K?

FEg=10082 E¢
AN ' AN
I
Ig = 3mA .
Vg = 1V = — Voo = 12V
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Veg—Vgg  1-17

Ta cd: Ig= =3mh =1,
i 0,1
. Ve W
*EhiRe=2KQ, I, =-2+_ 2=
RE RE
-
3:—£+E:~vwzam
22
I[:(I'IL":"..:I
\5‘
5
4 Q Ig= 3mb
3
2
L 2 4

VEB WDIt:I
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T #1p # 3mA
TUTCB = VCC - RCIC =12 - 1,5:?‘:3 :?,51ur

v
ISHzﬁzgzgmﬂL
C E]
Ic(ﬂlﬁ:l

.
&
5
i Q [g= 3méh
3 /
2
75V Vo
0 3 4 i 2 in 1z W ep(Wolt)
Hinh 22
* Khi Re = 3 KQ (Re ting)
Io #Ip =3ma
vcﬁ=vcc-Rc.Ic=12-3X3=3V
v 12
Iy = —— = — = dmb
tH R 3

C
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Ip (md)

Wep(Volt)

Nhu vay, khi gitr cac nguén phan cuc Vcc, VEE va RE ¢d dinh, thay ddi Re, diém diéu
hanh Q s& chay trén dic tuyén tuong ting voi Ig = 3mA. Khi Rc ting thi VB giam va
nguoc lai.

Anh hwéng ciia ngudn phan cwe ndi thu nén VCC.

Néu giit I 13 hing s6 (ttc VEE va RE 13 hiang s6), Rc 13 hang s6, thay doi ngudn Vg,
ta théy: Khi Vcc tang thi VB tang, khi Ve gidm thi Vg giam.

Thi du:
Rg = 10002 —~ Rp=2KQ Ip (md) Vo= 14V
AN —ANAN . Vee = 12V
~ IE —+.
6_
1 Ve 10V
+_—_ Ve =1V 12v T+ s7T
14V +
4__
34
= 2]
0 }

Anh huéng cia IE 1én diém diéu hanh:

Néu ta giit Rc va Ve ¢d dinh, thay d6i Ig (tic thay d6i RE hodc VEE) ta thiy: khi Ig
tang thi VB gidm (tic Ic tang), khi Ic gidam thi VB tang (tic Ic gidm).
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Ic (ma) T groay = Tzt = 8
/ E o
71
Ig =6 (rd)
Ig =5 (ma)
Ig =4 (b
J Ig =3 (trd)
(5 Ig =2 (1rd)
(s Ig =1 (&)
.\\u . vEB
i 3 10 12 14

Hinh 25

Tang

Cram

Khi I tang thi Ic ting theo va tién dan dén tri Isy. Transistor dan dan di vao ving bao

hoa. Dong tdi da ctia Ic, tirc dong bao hoa goi 1a Ic(sat). Nhu vay:
Vee

I(sat) = Iy = R_C

Luc nay, VB giam rat nho va xap xi bang 0V (that su 1a 0,2V).

Khi Ig giam thi Ic giam theo. Transistor di dan vao ving ngung, VcB luc d6 goi 1a

VcB(off) va Ic = IcBo.

Nhu vay, Vcs(off) = Voc = Vcc.

Vung bao hoa va ving ngung 13 ving hoat dong khong tuyén tinh ctia BJT.

Déi v6i mach cuc phat chung, ta cling c6 thé khao sat tuong tu.
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BJT vai tin hiéu xoay chiéu
M0 hinh ctua BJT:

Ta zem lat mach cue nén chung, bay gid néu ta dua vao BIT mdt ngudn xoay chiéu

Vet co bién dd nhd nhwy hinh vé. Vg g
Eg E¢
C1 c2
1= 1= Tin higura
Tin hiéu wao Valt)
Wa(t)

D4y 12 m6 hinh ciia mot mach khuéch dai rap theo kiéu cuc nén chung. O ngd vao va
ngd ra, ta c6 hai tu lién lac C1 va C2 ¢ dién dung nhu thé nao dé dung khang Xc kha
nho & tan sb ctia ngudn tin hiéu dé co thé xem nhu ndi tat (Short circuit) ddi véi tin hiéu
xoay chiéu va c6 thé xem nhu hd mach (open circuit) dbi voi dién thé phan cuc.

Mach tuong duong mét chiéu nhu sau:

Veg _— - —— Vi

Pay 1a mach ma ching ta di khao sat & phan trudc. Ngudn dién thé xoay chiéu Vs(t) khi
dua vao mach s€ lam cho thong so transistor thay do6i. Ngoai thanh phan mot chiéu con
c6 thanh phan xoay chi€u cua nguon tin hi€u tao ra chong 1én.

Nghia la: iB(t) = IB + ib(t)

ic(t) = Ic + 1c(t)
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ig(t) = Ig + ie(t)
vCB(t) = VCB + veb(t)
VBE(t) = VBE + Vbe(t)
Thanh phan tirc thoi = thanh phan DC + thanh phan xoay chiéu.
 Trong mb hinh cac dong dién chay trong transistor ta thﬁ}i:: diém B’ nim trong ving
nen duoe em nhi trung tim giao luu cla cic dong dién. Do ndi nén phat phin cue thuin

nén gitta B’ va E cling cé mét dién tré ddng r, gidng nhu dién trd ddng ry trong ndi P-1

khi phan cue thudn nén: 1, = 2bm¥

IE nt ]
B:‘
. L ]

-— le{ 1‘: -

\

Ngoai ra, ta cling c6 dién trd 1b ctia ving ban dan nén phét (& day, ta c6 thé coi nhu day
1a dién tr& giita B va B”). Do giita B’ va C phan cuc nghich nén c¢6 mét dién trd ro rat
16n. Tuy nhién, vin c6 dong dién ic = a.ie = Pib chay qua va dugc coi nhu mic song
song voi 9.

* o la do loi dong dién xoay chi€u trong cach mac nén chung:

AT, di, i
C{,:G‘_’,u = —_— =
jlllll:I:E IdlE &

Thong thudng o hodc aac gan biang apc va xap xi bang don vi.

* B 1a d6 loi dong dién xoay chiéu trong cach méc cuc phat chung.

Thong thudng B hoic Pac gan bang Bpc va ciing thay doi theo dong ic.

Tri s0 a, B cling dugc nha san xuat cung cap.
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Nhi vy, mé hinh cla transistor d6i véi tin hidu xoay chifu cé thé duoc mé ta nhue
sa;

i oL= P

—

o B
’W‘% ),
:

.
]

e
|

Hinh 32
ry, thudmg cé tri 56 khodng vai chuc () ry rét 1én nén cé thé bd qua trong md hinh
cha transistor,
Pién din truyén (transconductance)
Ta thay rang, dong dién cyc thu I thay doi theo dién thé nén phat VBEg. Ngudi ta c6 thé

biéu dién su thay d6i ndy bang mot dic tuyén truyén (transfer curve) cta transistor. Dic
tuyén nay giong nhu dic tuyén cua diode khi phan cuc thuan
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Ip () [eimd) =Ig

Ip=la. exp(Vo/VT) Ie=les. exp(Veg V)
0 Vp(volt) g WVeglvolt)
Ic(m“':"..:l

Ip=lp.exp(Vp/Vr) c C

Tiﬁp tuvén ci dd B 4@) # B + T
Q dic :gm:I l:-'hi"rT The
0 Vpr(mV) E
E

Ngudi ta dinh nghia dién dan truyén cia transistor 1a:
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M _ 1, (t)
AV oy, ()
Vi dé chinh 13 d8 déc cla tifp tuvén wéi dac tuyén truven tai difm didu hanh Q.

Twong ty nhwy diode, ta cling cd:

Em =

Vae

Io=Tome ™
Trong dé, Ic la déng dién phin cwc cwc thu,
Lrps la déng dign 11 cpe thu khi Vg =0V

Vo= E (I nhigt 36 Eelwvin)

E

I nhiét 45 binh thw sng (259C, Vo = 26mV
Ta cé thé tinh O bﬁng cach lﬁy dac ham cia I theo V.

vEE
g = dl, _ Leps EV_T
oAV VT
1 II:
Va g, = (£
Vo
Ty ms A s , 0 , I;
C nhigt 48 binh thwémg (259 tacd: g =
26mW

Tong tré vao cua transistor:

Nguéi ta dinh nghia téng trd vao ciia transistor bing md hinh sau day:;

1y,
+
Vin
v
R].n = __m
1y

Ta co hai loai tong tré vao: tong trd vao nhin tir cuc phat E va tong tré vao nhin tir cuc
nén B.
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Tong tré vao nhin tir cue phat E:

E = '/r-_\\ s
N L&é’
Ve = -Vin B
R, =i Vo
11'1:1 1&

Theo mo hinh cua transistor doi véi tin hi€u xoay chi€u, ta c6 mach tuong duong & ngd
vao nhu sau:

Vi ,=(p+1)4, nén mach trén cd thé v& lai nhw hinh phia dudn b‘ﬁng cach cot nhw
I

déng 1, chay trong mach va phéi thay ry, bang : b =
+
E f B’ E . B’
. A% | . 'A% -
e i
: I
) | p+1 1=
4 . v o
Hinh 36
+(p+1
Vay  Ryowo by, BT
1 |3+1 |3+1
Bt h =n+(p+10r,
h.
Suy ra R. =&
! B+l

P - y X :
Do p==1, 1y, nhd nén Bh ] <<r, nén ngud ta thdmg cot nhu:
+

Iy
R,-n=re +ﬁ93fe

Tong trd vao nhin tur cyc nén B:

Xem mo hinh dinh nghia sau (hinh 37):
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t ¢ M
&
Il
o
.

Vhe = Vin
_. E -
'y
E, =—
Ly
Hinh 37
Mach tuong duong ngd vao:
E 1 B’
YWV
. by
e | i fy
E

Hié¢u ung Early (Early effect)
Ta xem lai dic tuyén ngd ra cua transistor trong cach mic cuc phat chung. Nam 1952.
J.Early thudc phong thi nghi€ém Bell da nghién ctru va hién tugng nay dugc mang tén

Ong. Ong nhan xét:

O nhitng gia tri cao cua dong dién cuc thu Ic, dong Ic ting nhanh theo Vg (didc tuyén
c6 dbc dung).

O nhitng gié tri thap cua Ic, dong Ic ting khong dang ké khi VCE ting (dic tuyén gan
nhu nim ngang).
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Néu ta kéo dai dic tuyén nay, ta thﬁy ching hoi tu tar mét di8m nim trén truc VeE
Diém nay duroe goi 1a didm dién thé Early V. Théng thurdmg tri 56 nay thay 881 tir 150V

dén 250V va ngudi ta thirdng coi V, =200V,
IEI:IIL":"..:I

a1l it

vcEI:_EFEIlt:I

AVep=Veg-(-Va) = Vet Varn Vy

Mar#i ta dinh nghia thng trd ra cia transistor:
"T;"TEE _ vcE - (—V_,,,_] _ vcE +Vﬁ.

. = =
’ I, -0 I

I
E _ 200
Thwéng Wa>>Veg nén: I'3 I

C

rn O
C

Mach twong dwong xoay chiéu ciia BJT:

Early woltage . 19 30 40
W= - W s = -200°
Ic(ﬂlt':"..:l
ICQ Q
-------------------------- ﬂlc = IEQ
Weglwolt)
o ViEg

Vi tin hi€u c6 bién d nho va tan s6 khong cao 1am, nguoi ta thuong dung hai ki€éu mau

sau day:

Kiéu hén tap: (hybrid- )

V61 md hinh tuong duong cua transistor va céc tong trd vao, tong trd ra, ta c6 mach

twong duong hon tap nhu sau:
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el |

| 1
1 I
I |
1 I
I |
s | |
: T, g Zm e Iy :
! [
: " |
I |
| 1
| I
| 1

Kiéumaure : (r e model)

Ciing v6i m6 hinh twong duong xoay chiéu cua BIT, cic tong trd vao, tong trd ra, ta co
mach tuong duong ki€u re. Trong ki€u twong duong nay, nguoi ta thuong dung chung
mot mach cho kiéu rap cuc phat chung va cuc thu chung va mot mach riéng cho nén
chung.

« Kiéu cuc phat chung va thu chung:

Kiéu cuc thu chung Kifu cye phat chung
E(C)

l
B r h‘ - : I:= :E.E_ /-"_""\ EC—
' ' LYY
s . % 5 Y
[ 1 vao Ia
| 1
a . * -
1 nr
P i Eiéu circ nén chung
Hinh (c)

E
Thuéng ngudi ta cé thé bd r, trong mach teong duong khi Bo qua 1én,

Kiéu thong sb h: (h-parameter)
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Méutacol w, va 1, la mdt ham 28 cla 1g va veg, ta cd;

vgg = [(1g, vop) v 1c= f(1g,vep)

Léy dao ham:
& o
=dvpp = —=dip +—nd
Vpe = SVEE i, E B g Y eE
& a
| =di,=—Sdipg +——dv g
Ot &7 o
Trong kifu mau théng s6 h, ngudi ta dit:
hie=5v-BE; hm=5vBE; hﬁ=|3=%
Bl g B e Bi g

Viay, taco:
Vhe =hie-ib + hre-vce

i,: = hfe-ib + htiE'vCE

—————————————————————————————————

I I
1 I
I 1
E A
b | :
i . 1
: b bty T :
i o8 :
Whe | :
I l I
O 1
E
Hinh 41

Tir hai phuong trinh nay, ta ¢6 mach dién twong dwong theo kiéu thong sb h:

h, thudmg rit nhd (& hang 104, vi vy, trong mach tuong duong ngudi ta thudng

bédh, V...

So sanh v6i kiéu hon tap, ta thdy rang:
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hy, =5 +(p+0r, =1, +1r11

Do ry<<ry nén hy, =1y
Néu bé qua hy,, tathiy:

iy, =% Vay hgi, = hy .—;“
: _ s Ty
Do dOJ Em Ve _hfelb _hfe 1
hfe
h
Ha = _fe
¥ En h,
. 1
Mgoaira, 1 = T

Céc thong sb h do nha san xuét cho biét.

Trong thuc hanh, ro hay

1

h

=13

mic song song véi tai. Néu tai khong 16n 1am (khoang vai chuc K? tré lai), trong mach
twong duong, nguoi ta cd thé bo qua ro (khoang vai tram K?).

Mach trong duong don gian: (cé thé bd ry hodc L}

Bai tap cudi chwong

1. Tinh dién thé phan cuc V¢, VB, VE trong mach:

116/222



EE=1K BEC=3K
— - - N
K==
— | v = Vee
AN B T 12V

2. Tinh Iz, Vg trong mach dién:

+5V OV
By Re lIc
430K 2K
R=100/51
1K§RE
L
3. Tinh Vg, V¢, Vg trong mach dién: -
+12WV
K¢
SK
Vi
Vg _
B=100/81
RB VE
33K

- i 1K§RE
BB — 1V L

T
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Cau tao ciin ban ciia JFET

M3 hinh sau ddy md ta hat loat JFET: kénh N va kénh P.

Trong JFET kénh N gbm 6 hai vung nt la hat wing nguén v thoat. Mdt ving n-
pha it tap chit ding lam thdng 16 (kénh) ndi lién ving ngudn va vung thoat. Mot ving p-
nim phia dudi thing 16 la thin va mot vung p nim phia trén thing 15, Hai viung p va p-
ndi chung véi nhau tao thanh cue cbng cha JFET.

Thing 15
(lzénh) -

N+

n A i A
Thin p- (duoc ndi vén cong)

Hinh 1
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JFET Kénh P Ky hiéu

"\.n a3
o : Eénh p-
Tiép e kim loal

L |
Ay a3
G \ Kénh n-

JFET Kénh N

2

. Tiép mic kim loai 2 (Source): cuwc ngudn
D (Drainy: o thoat
Hinh 2 G (CGate): cuc cng

Néu so sanh véi BIT, ta thdy: cuc thoat D twong dwong véi cuc thu C, cuc ngudn S
twong duong véi cuc phat E va cuc cong G tuong duong véi cuc nén B.

» JFET kénh N tuong duong v6i transistor NPN.

JFET kénh P tuong duong véi transistor PNP
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Thodt &= Thy — C

IFET B BIT
Kénh M i NEPN

Tl

5 —  MNgudne Phat ———— E

cl
2
@
m

JFET EI{JE
Kénh P

/u/

Chng = Nén
Hinh 3
Cing glong nhu transistor NPN dugc su dung thong dung hon transistor PNP do dung

t6t hon & tan s6 cao. JFET kénh N ciing thong dung hon JFET kénh P véi ciing mt 1y
do. Phan sau, ta khao sat & JFET kénh N, v&i JFET kénh P, cac tinh chat cling tuong tu.
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Co ché hoat dong ciia JFET

Ehi chua phan crre, do néng 46 chéit pha khong déng déu trong JFET kénh N nén ta
thiy ving hiémréng & thong 18 n- va thin p-, ving hiém hep & ving thoat va ngudn n+.
Viing hiém

Cate

Hinh 4

Bay gio, néu ta mic cuc ngudn S va cuc cong G xudng mass, nghia 1a dién thé Vgs=0V.
Diéu chinh dién thé Vps gitta cuc thoat va cyc nguon, chung ta s€ khao sat dong dién
qua JFET khi dién thé Vps thay doi.

Vi vung thoat n+ noi voi cuc duong va vung cong G noi véi cuc am cuia ngudn dién Vps
nén n6i PN & vung thodt dugc phan cuc nghich, do d6 vung hiém ¢ day rong ra (xem
hinh v¢)

Vg
| ..
ya No1 P-N & ving
—— oat durge phin

'>—-|'S & D e nehicrh

R e — .
P
p_
—_ Hinh 5
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Ving hiém ring Ip Dong dién ti rin khdi thing 16 va
' Yi ra khai ving thoat

I Ding cdifn tiy tir
nguin 5 di vao
thing 13

ot thoat

Thén P- (Gate) 3

Hinh 6

Khi Vps con nho, dong dién tir tir cue 4m cua ngudn dién dén ving ngudn (tao ra dong
Is), di qua théng 16 va trd vé cuc duong cua ngudn dién (tao ra dong dién thoat Ip).

Néu thong 16 ¢6 chiéu dai L, rong W va day T thi dién tré ctia no 1a:

L
R=p——
P T

: Trong d6, p 1a dién trd suat cta thong 10. Dién trd suat 13 ham sb theo ndng do chat
pha.
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Théng 1§ cé hé day T

Hinh 7
Ip (tnd) Ving dign tri ding thay
(/’ diit khiing tuyén tinh
Ding dién bio hoa thodt __ Ipgs |, Vs =0V
ngudn )
. i Wing bio hba = ving dong
Ving tuyen tinh din gan nh 14 hing 56
K l:'JDlt:l
0 Wp (Pinch-off voltage)
Hinh &

Mhitng dién t c6 néng wong cao trong dai dan
/ difn uvén qua wing hiém 4 vio wing thoat

Nhiing electron bi hnit v
cue dwong cia ngudn dién

Thén P- (Gate)

[

Ving hifm charn rhau

(thing 1§ bt nghién)
Hinh 2
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Khi Vps con nhé (vai volt), dién tr& R cua thong 16 gan nhu khong thay doi nén dong
Ip tang tuyén tinh theo Vps. Khi Vps du 16n, dic tuyén khong con tuyén tinh nita do R
bt dau ting vi thong 16 hep dan. Néu ta tiép tuc ting Vps dén mot tri s6 nao d6 thi hai
vung hiém cham nhau, ta néi thong 16 bi nghén (pinched off).

Tri s6 Vps dé thong 10 bat dau bi nghén dugc goi 1a di¢n thé nghén Vp (pinched off
voltage). O tri s6 nay, chi c6 cac dién tir c6 ning luong cao trong dai dan dién méi co
du strc xuyén qua ving hiém dé vao ving thoat va bi hut vé cuc duong cta ngudn dién
VDs tao ra dong dién thoat Ip.

Néu ta ctr tiép tuc ting Vps, dong dién Ip gan nhu khong thay ddi va duoc goi 1a dong
dién bao hoa thoat - nguén Ipss (chu ¥: ky hiéu Ipss khi Vgs=0V).

Bay gio, néu ta phan cuc cong-ngudn bang mot ngudn dién thé 4m Vgs (phan cuc
nghich), ta thdy ving hiém rong ra va thong 16 hep hon trong truong hop Vgs=0V. Do
do6 dién tré ctua thong 16 cling 16n hon.

Vs

g G D
Al

Wi
o [ N P-N & wing

thodt dwoc phin
B- cuc nghich
I Hinh 10
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Ip

Ipss
Dring / Vgl

ban

i i hoa ID
i
Thén P- {Gate)

Thing 1d hep
hon nén dién
tror Iim hon, Ca
nghia 14 Ip wa g
nhd hon & cing
mit tri Vg khi
Wiog &m hon

WV Vs

Vs g vl tri bao
hoa giam

Thing 1i n-
nt+ thoat

Thing 1§ nghén £

& tri Vps thip
hon kkhi Vigg &m : :
wi thing 15 hep
hin

Thén P- (Gate)

Hinh 11

Khi Vps con nhd, Ip ciing ting tuyén tinh theo Vps, nhung khi Vps 16n, thong 16 bi
ngh&n nhanh hon, nghia 13 tri s6 Vps dé thong 16 nghén nhé hon trong trudng hop
VGs=0V va do do6, dong dién bao hoa Ip cling nhé hon Ipss.

Chum dic tuyén Ip=f(VDs) v6i VGs 1a thong sd duoc goi 1a dic tuyén ra ciia JFET mac
theo kiéu cuc ngudn chung

II:.I:I'IL":"..:I . VGE =0V
Pric tuyén ——
[Vos|= [Ve|-[Ves|
Ve = -1V
Wing bao hoa (ving dong
dién hing s
11 hang =a) Vs = 2V
; Vg = -3V
Vi = 4V
o Vg (volt)
0 Vis=Vp=8V
b F VG’S = Vgs(mﬂ= -8V
Hinh 12

Khi VGs cang 4m, dong Ip bao hoa cang nho. Khi Vgs 4m dén mat tri ndo dé, ving
hiém chiém gan nhu toan bo thong 16 va cac dién tir khong con di nang luong dé vuot
qua duoc va khi d6 Ip = 0. Tri s6 cta Vgs lac d6 goi 1a VGS(off). Nguoti ta chirng minh
duoc tri s6 ndy bang vai dién thé nghén.
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|V63cam| = |‘T”FP|

Vi Vp chinh la hi€u thé phan cyc ngugc cac noi P-N vira du dé cho cac vung hiém cham
nhau. Vi vay, trong vung bao hoa ta co6:

[Vos |+ [Ves| = [V

Vi ndi cong ngudn duoc phan cuc nghich, dong dién Ig chinh 1a dong dién ri ngugc nén
rat nho, do d6 dong dién chay vao cuc thoat D dugc xem nhu bang dong dién ra khoi
cuc nguon S. Ip # Is.

Khing cé hat ti dién di chuvén qua thing 16 (Ip =L =0

\ CGate

i3

Hinh 13

So sanh vii BIT, tathay:

Is IDFSIS
—— VD5+ —
i — D

Vos
Iﬁ{ﬂjﬂﬁﬂ
G

Hinh 14
Thi du: mét JFET kénh I cd Ings=20mA va Vogum=-10V.
Tinh I; khi Vgg=0V? Tinh Vpg béo hoa khi Vgg=-2V.

GHai:

Khi V=0V = Ip=Ipss=20mA vi I[p=[;=20m4A

Ta cb: [Vy| = [Vgjag,| = 10V & [Vig|= [Vp |- V| =10-2=8V
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Piic tuyén truyén cia JFET

- Cling gibng nhuy BIT, nguéi ta cling 6 3 cach rap coa FET (JFET va MOSFET).
rfc kifu cue cdng chung (common-gate), cue ngudn chung (common-source) va cuc

thoat chung (common-drain). D .
he—— ———aD c c
Tin higu Tinhi¥ T hie Tinhifs  Tiy hiey | Tin higu
VAo JET ra w3 : ra w3 o ra
. t . . __T__ . . __T__ .
Cﬁng_chung Nguﬁn- chung Tho ét_chung
Hinh 15
So sanh véi BIT NPN, tathiy cé su trong duong nhw sau:
Zac oue Cach mie
FET BJT FET BIT
Cupethoat D e thu C Cue crﬁng chung Chre nén chung
Cre ngudn & Cuc Pl}'ét E Cire ngudn chung Cuc phit chung
e crﬁng 3 Cucnén B Curc thoét chung Cure thu chung

Ngudi ta chimg minh duge khi Vps ¢6 tri s6 1am nghén thong 16 (JFET hoat dong trong
vung bao hoa), Ip va VGs thod man hé thtc:

2
- Ve }
VG’Sioﬂ'j

2

-
I, =Tpe|1+—=

el DSS|: -.;U;.-P:|

ID = IDSS

hay

Phuong trinh nay dugc goi 1a phuong trinh truyén ctia JEET. Céc thong s6 Ip va VGS(off)
duoc nha san xuit cho biét.

DPé y 1a: Vgs va VGS(off) am trong JFET thong 16 n va duong trong thong 10 p.
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Nguoi ta ciing c6 thé biéu thi su thay dbi cua dong dién thoat Ip theo dién thé cong
ngudn VGs trong ving bao hoa bang mot dic tuyén goi 1a dic tuyén truyén bang cach
v& duong biéu dién cua phuong trinh truyén & trén.

- - .I'II\H"'
D (N
L&) + I
Vg o
VGS g
—_— ) + —_—
Vs . Voo
Hinh 16
Bic tuyén
1 I (s _ ngd ra
1) : Vg =0V
Vos = -1V
Bac tI.J:jTén

truyén Wos = -2V
Vo = -3V
Vg = 4V
Vg = -0

; q | Vs Ii‘ii’lillt:l

-5 -6 -4 2

I VG’S = ‘J.;;g(.m = -EY

W siot)
Hinh 17
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Anh huéng ciia nhiét do trén JFET

Nhu ta di thay trong JFET, nguoi ta dung dién truong két hop v6i sy phan cuc nghich
ctia ndi P-N dé lam thay doi dién tro (ttrc do dan dién) cta thong 16 cua chit ban dan.
cling nhu BJT, céac thong s6 cua JFET cling rat nhay ddi v6i nhiét do, ta s& khao sat qua
hai tdc dong chinh ctia nhiét do:

Khi nhié¢t d tang, vung hiém giam, do d6 do rong cua thong 10 tang 1én, do do dién tro
cua thong 16 giam. (Ip tang)

Khi nhiét d6 tang, do linh dong cua cac hat tai dién giam (Ip giam)

Do thong 10 tdng rdng theo nhiét 4o nén VGs(off) cling tang theo nhié¢t d. Thuc nghiém
cho thiy | Veswom|hay|Vp| tdng theo nhiét do véi hé $6 2,2mV/ 10C.

Tt cong thirc:

2
Ip =Ipgs|l- Ve :|

Vﬁsiﬂf 1
Cho thiy tac dung nay 1am cho dong dién Ip ting 1én. Ngoai ra, do do linh dong cua

hat tai di¢n giam khi nhi¢t d¢ tdng 1am cho dién tr¢ ctia thong 16 tang 1én nén dong dién
IDss giam khi nhi¢t d¢ tang, hi€u ng nay lam cho Ip gidm khi nhiét d0 tang.

Tong hop ca hai hiéu tmg ndy, ngudi ta thdy néu chon tri sé VGs thich hop thi dong
thoat Ip khong dbi khi nhiét d6 thay d6i. Nguoi ta chimg minh duoc tri s6 ctia Vgs do
la:

|Vss| = |VP|_ 0.63%

v6i Vp 1a dién thé nghén & nhiét do binh thuong.

Céc hinh v& sau ddy mé ta anh hudng cia nhiét do trén cac dic tuyén ra, dic tuyén
truyén va dac tuyén ctua dong Ip theo nhi¢t d khi VGs lam thong so.
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25" 45°

Ip
- Vg =10
- I g1am
Vg = -1V
[V el = [V|-0,637
" ID tﬁ.ﬂg
Vg
1]
Hinh 15
ID ID

SC, 250C +1500C T— V=V —

[V sl = [Vil-0,63V

"N (Vos ob i) =
IIIII F'_'_/f""d_._‘__‘_\\_\

0 T Vaem Ve 100 50 0 30 100 150 pc

[Vis| = [Vo]-0,63V
Hirth 19

Ngoai ra, mot tac dung thir ba ctia nhiét do 1én JFET Ia lam phét sinh cac hat tai dién
trong ving hiém giita thong 16-cong va tao ra mot dong dién ri cuc cong Igss (gate
leakage current). Dong IGss dugc nha san xuat cho biét. dong ri Igss chinh 1a dong dién
phan cuc nghich ndi P-N giita cuc cong va cuc ngudn. Dong dién nay 1a dong dién ri
cong-ngudn khi ndi tit cuc ngudn véi cuc thoat. Dong IGss ting gip doi khi nhiét do

tang lén 10°C.
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[+—25)

Loss(E'C) = Iggs(25°CH2 10

VD-S =0V

Hinh 20
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Mosfet loai hiém (depletion mosfet de
mosfet)

Ta thiy rang khi 4p mot dién thé 4m vao JFET kénh N thi ving hiém rong ra. Su gia
tang cua vung hi€ém lam cho thong 16 hep lai va di¢én tré cua thong 16 tang Ién. Két qua
sau cung la tao ra dong dién Ip nhé hon Ipss.

Bay gid, néu ta 4p dién thé duong VGs vao JFET kénh N thi ving hiém sé hep lai (do
phan cyc thuan céng nguén), thong 16 rong ra va dién tr¢ thong 16 gidm xuéng, két qua
la dong dién Ip s€ lom hon Ipss.

Trong cac tng dung thong thudng, nguoi ta déu phan cuc nghich ndi cong ngudn (VGs
am dbi v6i JFET kénh N va duong ddi v6i JFET kénh P) va dugc goi 1a diéu hanh theo
kiéu hiém.

JFET ciing c6 thé diéu hanh theo kiéu ting (Vs duong dbi véi JFET kénh N va am dbi
v61 JFET kénh P) nhung it khi duoc ung dung, vi muc dich cua JFET i tong trd vao
16n, nghia 13 dong dién IG & cuc cong - nguon trong JFET s& lam glam tong tro vao, do

d6 thong thudng ngudi ta gii han tri s6 phan cuc thuan cia ndi cong - ngudn t6i da 1a
0,2V (tri s6 danh dinh 13 0,5V).
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Phan cypc liéu  Phin oye kiéy

tang hifm T D
(Téida 0,2V) * © Vs
I — + _
Wi 5
Lf -1 B _Zz'
) + | Voo Vop
JFET Lénh M
Piéu hanh Ip Ve = 0.3V
lafu ting | / ws
I Vg = 0V
Biéu hanh
idu hifm Ves =-1V
Vg = -2V
Vs = -3V
Vs %
-4 0,2%
Hinh 21
- - ID
Phén oyc lnéu  Phén oyc laéu —
tang hiém
(Téi da 0,2) Vs
bd Y N v
Wi
- + | ,- ) L/
+[ Voo i} __VGG _VI:-D
Hinh 22

Ta phan biét hai loai MOSFET: MOSFET loai hiém va MOSFET loai tang.

L&

Tuy JFET c6 tong trd vao kha 16n nhung ciing con kha nho so voi dén chan khong.
bpé tang téng tré vao, nguoi ta da tao mat loai transistor truong khac sao cho cuc céng
cach dién han cuc ngudn. Lop cach dién 1a Oxyt ban dan SiO2 nén transistor duoc goi
la MOSFET.
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Hinh sau day mo ta ciu tao can ban MOSFET loai hiém (DE - MOSFET) kénh N va
kénh P.

D
N gudin Céng Thoit Tifp mic
kim loa
50, a Thin 1J
L]
K3 higu 3
2

Thin néi véi

Thin p- figdn
‘ DE-MOGSFET kénh IM !

5

Hinh 2% D
Meudn Ching Thodt Tiép mic
o 0 D kim loa
Thin U
30, G .
L ]
EEnh B K:;lr higu
Pt Pt D

Thin nfi wéi

Thin - G nguiin
‘ DE-MOSFET kénh P !
3

Chuy réng DE - MOSFET c¢6 4 cuc: cuc thoat D, cuc nguén S, cuc céng G va than U
(subtrate). Trong cac ting dung thong thuong, than U dugc noi véi ngudn S.

bé DE MOSFET hoat dong, nguoi ta ap mot ngudn dién Vpp vao cuc thoat va cuc
ngudn (cuc duong ctia ngudn dién ndi véi cuc thoat D va cuc am ndi véi cuc nguon
S trong DE-MOSFET kénh N va ngugc lai trong DE-MOSFET kénh P). Dién thé Vgs
giita cyc cong va cuc ngudn c6 thé am (DE-MOSFET kénh N diéu hanh theo kiéu hiém)
hoic duong (DE-MOSFET kénh N diéu hanh theo kiéu tang)
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B RS AT \F Ef'lé'l.l
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him
Thin p-
Tigp e kim Ving hifm do cing im diy cde ditn tir
log Wciﬂg vi thodt duong bt cdc dign tirvé nd
EHEERHER R R RN AR ?ﬁnglﬁémgifra
phin cure nghich p-
wa ving thoat nt+

.||_

.
=

Enen

thffu:n
lden

it

Bien tlrtip trung
L chaid stbe bndt ngudn
dunng oia ope chng
lam cho dign trd
thing 15 gidm
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Khi Vgs = 0V (cuc cong ndi thang voi cuc ngudn), dién tir di chuyén giita cuc 4m cia
ngudn dién Vpp qua kénh n- dén ving thoat (cuc dwong cia ngudn dién Vpp) tao ra
d(‘)ng dién thoat Ip. Khi dién thé Vs cang 16n thi dién tich &m & cong G cang nhiéu (do
cong G cung dién thé véi ngudn S) cang day cac dién tu trong kénh n- ra xa lam cho
vung hiém rong thém. Kh1 vung hiém vira chan ngang kénh thi kénh bi nghén va dong
dién thoat Ip dat dén trj sé bao hoa Ipss.

Khi VGs cang am, su nghén xdy ra cang sém va dong dién bao hoa Ip cang nho.

Khi Vgs duong (diéu hanh theo kiéu ting), dién tich dwong cta cuc cong hat cac dién
tr vé mit tiép xUc cang nhiéu, vung hiém hep lai tirc thong 10 rong ra, dién trd thong 10
giam nhoé. Di€u nay lam cho dong thoat Ip 16n hon trong truong hop Vgs = 0V.

Vi cuc céng cach dién han khoi cuc nguén nén téng tréd vao cia DE-MOSFET 16n hon
JFET nhiéu. Ciing vi thé, khi diéu hanh theo kiéu tang, ngudén VGs c6 thé 16n hon 0,2V.
Thé nhung ta phai c6 gii han cta dong Ip goi 1a IDmMAX. Pic tuyén truyén va dic tuyén
ngo ra nhu sau:

DE-MOSFET kénh N

Ip (ma)  Ip (ma)

=T tujfén _ Bac mjré‘n
truvén I Drme ngdi ra Vs = +2V
E@e;u hf‘mh Vs = +1V
kiéu ting ‘
Inas Vg = 0V

Biéy hanh {

tiéu hiém Vos = -1V
Vi = -2V
Vs = 3V

s Vs I:TJIII]I:I
Ve < 0 o 2V
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DE-MOSFET kénh P

Ip(m&)  Ip (ma)

Brac mj.rén Bac tujrén
truvén IDmas ; ngf ra Vo = TV
] os — -
E'?Eu hvanh Vs = -1V
lnéu téng ‘
Ipzs Vs =0V
Biéy hanh
.x .= = 4
laén hifm Vs v
NWag =2V
Vg =+3V
VGE V]}s [Vljlt:l
WV igjom = 0 0| -2V

Hinh 23

Nhu vay, khi hoat dong, DE-MOSFET gidng hét JFET chi c¢6 tong tré vao 16n hon va
dong ri Igss nho hon nhiéu so véi JFET.
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Mosfet loai tang (enhancement mosfet e-
mosfet)

MOSFET loai tang cting co6 hai loai: E-EMOSFET kénh N va E-MOSFET kénh P.

Vé mit ciu tao ciing gidéng nhu DE-MOSFET, chi khac 1 binh thudng khong c6 thong
16 ndi lién gitra hai ving thoat D va ving nguon S.

Mo hinh ciu tao va ky hiéu dugc dién ta bang hinh v& sau day

g
Maudn Chng Thoét Tiép =ic
o G " kit loai =
210 0 f——=Thin U
—
Ky higu 8
n+ n+ D
! Than ndi wii
Thén p- G k— nouin
l_
E-MOSFET kénh M !
A

Thin U
Hirth 29
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M audn

210

Chng

p+

Thén n-

Thin U

Thoat

o

Tiép =ic ’_I
lam loa

p+

E-MOSFET kénh P

Hitth 30

o |————2Thin U

-

Ky hifu g
D

Thén nbi wil

o ﬂ nquin
3

Khi Vgs < 0V, (&6 E-MOSFET kénh N), do khong c¢6 thong 16 ni lién giira hai ving
thoat nguén nén mac du cé nguén dién thé Vpp ap vao hai cyc thoat va nguén, dién tur
ciing khong thé di chuyén nén khong c6 dong thoat Ip (Ip # 0V). Luc nay, chi c6 mot

dong dién ri rat nho chay qua.

.L|—

S0,

Thén p-

A
Mach tuorng durong

Khi Vgs>0, mot dién trudng duoc tao ra & ving cong. Do cong mang dién tich duong
nén hat cac dién tir trong nén p- (12 hat tai dién thiéu sd) dén tap trung & mat d6i dién cua
vung céng. Khi Vgs du 1ém, luc hat manh, cac dién tir dén tap trung nhiéu va tao thanh
mot thong 16 tam thoi ndi lién hai ving ngudn S va thoat D. Pién thé Vgs ma tir d6
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dong dién thoat Ip bat dau ting duoc goi 1a dién thé thém cong - ngudn (gate-to-source
threshold voltage) VGs(th). Khi VGs tang 16n hon VGs(th), dong dién thoat Ip tiép tuc
tang nhanh.

Nguoi ta chimg minh dugc rang:
Ip = K[vss - vl}ﬂl:ﬂl:l]g
Trong d6: Ip 1a dong dién thoat cia E-MOSFET
K 13 hang sb v&i don vi %
VGs 1a dién thé phan cuc cong ngudn.
VGs(th) 14 dién thé thém cong nguon.

Hang s6 K thuong dugc tim mot cach gian tiép tir cac thong sd do nha san xuét cung
cap.

Thi du: Mot E-MOSFET kénh N ¢6 VGs(th) =3,8V va dong dién thoat Ip = 10mA khi
VGs = 8V. Tim dong dién thoat Ip khi Vgs = 6V.

Gidi: trirdc tién ta tim hang s6 K tir cac théng s6;
K= o _ 1o 10™ =5,67.107 2
lvt?s _Vﬁﬂith:ljg [8_ BEF v
Vay dongthoat I va Vg 1
Ip = K[Veg = Vogay | = 5.67.10% [6 - 38]"
=TI, =274mh
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|__Thing 16 tam ther

Thén p-
I]:;. I:IIL":'L:I ID I:IIL":'L:I i
Bréc tuyén

I ngdira
et Vs =TV
Bdc tuyén Vs = 6V

truj,rén
Wig =5V
g = 4N
g = 3V
Wiag = 2V
i VGS V[;.s (Vﬂlt:]
0 WVish) ¥ oems 0
Hinh 32
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Xic dinh diém diéu hanh

Ta xem md hinh cua mot mach khuéch dai tin hiéu nho dung JFET kénh N méc theo
ki€u cuc ngudn chung

+Vyp = 20V

Fr= 82002

| I — wo(t)

VG-S(tj -
C”‘) Rﬁg 100KC2

= —V[;,[;,: AV =

Hinh 33

Mach tuong duong mot chiéu (tirc mach phan cuc) nhu sau:

)
Ep=82082

Toss +

+ Vs
VG,J__ )

Fe< 100EL2
1ﬁn'r]]]] =210V
TVGG: 1% __

Hinh 34

Ciing giéng nhu transistor thuong (BJT), dé xac dinh diém diéu hanh Q, nguoi ta dung
3 budc:

Ap dung dinh luat Krichoff & mach ngd vao dé tim Vgs.

142/222



2
Diing dic tuyén truyén hay cdng thire: 7, = I,.|1- i| trong trirémg hop

F3ai)
DE-MOSFET hofie cdng thite T = K[V, - Vigq, | trong trueng hop E-MOSFET
d& xic dinh dong dién thoét Ip,.

Ap dung dinh ludt Krichoff & mach ngd ra dé tim hidu dién thé Vo,

Bay gid, ta thr rng dung vao mach dién hinh trén:

Mach ngd vao, ta cd:

Vo — Rolgee +¥ g =0

SUVTa, o=V + Rad pae

Vi dong dién Iggs rit nhd nénta cé thd bd qua

MNhur viy, Vi =g

Trong trudmg hop trén, Vgg = -1
Day 1a phuong trinh biéu dién duong phan cuc (bias line) va giao diém cua duong
thang nay v&i dic tuyén truyén 1a diém diéu hanh Q.

Nho dic tuyén truyén, ta co thé xac dinh duge dong thoat Ip.

Ip Ip
Y, . e
Ipjen) = f Purirng thang lay dién
/’);’-,/
I I \
Dss LSS Vs = OV
Purirng phin cuc /
Vs = Vg = -1V
o oe Q . Ip Q Vg =-1V
"
Vi = -2V
Vg = -3V
Vi = -4V
Vﬁs \ 5 vD-S
WVt -1 0 | L Vog Vst =V DD

Hinh 35
- Bé x4c dinh dién thé Vps, ta ap dung dinh luat Kirchoff cho mach ngo ra:
VDD = RpID + VDs

= Vps = VDD — RpID
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Pay la phuong trinh ctua dudng thang iy dién tinh. Giao diém cua duong thang nay véi
dac tuyén ngd ra vdi Vgs = -VGG = -1V chinh 1a diém tinh di€u hanh Q.
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Fet véi tin hiéu xoay chiéu va mach twong

dwong vai tin hiéu nho

Gia str ta 4p mot tin hiéu xoay chiéu hinh sin vs(t) c6 bién do dién thé dinh 13 10mV vao
ngd vao cia mot mach khuéch dai cuc ngudn chung dung JFET kénh N

wglt)

VARV,

Hinh 36

i awaui o

+¥pp = 20V
En=&2002
D e
(] }—'
| L, t
| | - ?Ds{ﬂ' wolt)
Vislt) -
100K
—Vl;l;: —].V - =

C1 va Cz 14 2 tu lién lac, dugc chon sao cho ¢6 dung khéang rat nhé & tan sd cla tin hiéu

va coO thé duoc xem nhu no1 tat & tan so tin hiéu.

Nguon tin hiéu vs(t) s& chong 1én dién thé phan cuc VGs nén dién thé cong ngudn vGs(t)

& thoi diém t 1a:
VGS(t) = VGS + Vgs(t)

=-1V +0,01sin ot (V)
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(18

N ANANYAWA
NVAAVAAVARY

Wiglt) Hinh 37

Nguén tin hiéu c6 dién thé dinh nho nén dién thé céng nguén van luon ludn am. Nho
dic tuyén truyén, ching ta thdy rang diém diéu hanh s& di chuyén khi Vs thay d6l theo
tin hiéu. O thoi diém khi VGs it am hon, dong thoat ip(t) ting va khi Vgs Am nhiéu hon,
dong thoat ip(t) giam. Vay dong dién thoat ip(t) thay doi cting chiéu véi vgs(t) va co tri
s6 quanh dong phan cyc Ip tinh (dugc gia sir 1a 12.25mA). Do gia ting cta ip(t) va do
giam cua ip(t) bang nhau véi tin hiéu nho (gia sir 1a 0,035mA). (Xem hinh trang sau).

Sy thay doi dong dién thoat ip(t) s& 1am thay doi hiéu sb dién thé gitra cuc thoat va cuc
nguon.

Ta c6 vDs(t) = VDD — iD(t).Rp. Khi ip(t) o trj sb tdi da, thi vps(t) c6 tri s6 tdi thiéu va
nguoc lai. Bi€u nay c6 nghia la sy thay doi cua vps(t) nguoc chiéu vai su thay doi cia
dong ip(t) tirc nguoc chiéu véi sy thay doi cua hiéu thé ngd vao vgs(t), ngudi ta bao

dién thé ngd ra nguoc pha - 1éch pha 180° so véi dién thé tin hiéu ngd vao.

Nguoi ta dinh nghia d6 loi ciia mach khuéch dai 1a ti s6 dinh d6i dinh cua hiéu thé tin
hi€éu ngo ra va tri s0 dinh doi dinh cta hi€u thé tin hiéu ngo vao:

_Tolt)

A vgl(t)

Trong truong hop cua thi du trén:

EACH 0,0574V, 5{~180°

Vvt 0,02V,

Av=2,87 2-180°
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Nguoi ta dung dau - dé biéu dién d6 1éch pha 180°

In(mA)

12,285maA

wa(t)
001w

0

-0,01W

/
AWA

'y
[44

-1,01%

Rp= 282001

b
)

Vpp = +20V

{ in(t)

wpalt) C:

Hinh 38

-0.98%7

VARV
/

12,215maA

Volt) = Vas(t)

0,98

-1L,01V

(L)

ip(t) (ma)

12,285

12,250

12,215

)]
(48

wiolt)

00287
I

002877 eSS

* Mach twong duong cua FET véi tin hiéu nho:
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5 : e - n - : 5 s 5 s A a 5 5
Mg ta cd thé cot FET nhwr mdt tl cwre cd dong dién va dién thé ngd vao la
Ve, ¥a 1, Dong dign va dignthé ngdra la vy, vaiy

iq

Dong thoat 13 1a mdt ham 56 theo V., VA Vg, v tin hidu nhd (déng dién va
d1én thé chi bién thién quanh didm didu hanh), ta s& cd:;

; aiﬂ E5 E?z'ﬂ Vg
=
Mz |p Mo |
Ngwin ta dat:
g = aD 1{}';\3_ l: aiD
" Nz |0 fa g |g

I . 1 B - 1
Ta co: 1d:gmv55+r—vds ':G'C’thédf.ltr—=gn)

o o

Ve =Tyl

Céc phuong trinh nay duoc dién ta bing gian dd sau day goi 13 mach twong duong
xoay chiéu cua FET.

G M g
.—
Vs I'm g SV éfﬂ Vs
5
Hinh 40

Riéng ddi v6i E-MOSFET, do tong trd vao ry rat 16n, nén trong mach twong dwong
nguoi ta co thé bd 1
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14

Vs <D %fn

Hinh 41

Vs
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Pién dan truyén (transconductance) ciia jfet
va demosfet

Ciing twong ty nhu & BJT, mot cach tong quat nguoi ta dinh nghia dién dan truyén cta
FET la ti so:

_ 14l

SN0

Dién dan truyén c6 thé duoc suy ra tir dic tuyén truyén, d6 chinh 1a do doc cua tiép
tuyén voi dac tuyén truyen tai diém dicu hanh Q

. Ip(ma)
B dic tal diém Ip = Ipgs 14 g,

D% dbc tai didm Q & N Ipss
dl, A, gy

2T, AV,

Vasit)

a
Ve }
1;“;rlrfsi-:cﬁj
] 1 Alp

A

Vg (wolt) VGS(.:,ﬁ':l —*ﬁvt—
35

ID- = Ir:-ss

Hinh 4 2
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V& mit todn hoc, tiy phirong trinh truyén:

2
Ip = Ipgs|1- Ves :|
Vl:?sc-ﬁj
r 2
Tasuyra g, :ﬂzlDss - e }
AV s | Vs

En =~ =
vﬁﬁiﬂfﬁ L 1"?'3’5(011'3

Zlpgg 1- Vg i|

Tri 56 clia o K Vg = Owvalt (B0 khi Ip=Inse) diroe got 1a g

21
Vay: g, =- Dss
Vﬁs(ofj
oy . W
T dotathay: g, =g, 1-
Vst

Trong d6: gm: 12 dién din truyén cua JFET hay DE-MOSFET véi tin hiéu nho
gmo: 1a gm khi VGgs= 0V
VGs: Dién thé phan cuc cong - ngudn

VGs(off): Dién thé phan cuc cong - ngudn 1am JFET hay DE-MOSFET ngung.

2
Mgoatra tir cdng thire: I, =ID55[1— Ve } Ta suyra: I _ 1- Vs }
FE(off ) DEE vG’SI:I:-f:I
- I
VEY.  gn =8m . T
IDSS

Phuong trinh trén cho ta thay sy lién hé gita dién dan truyén gm v6i dong dién thoat Ip
tai diém di€u hanh Q. gmo dugc xac dinh tir cac thong s6 IDss va VGs(off) do nha san
Xuat cung cép.
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Dién dan truyén cua e-mosfet

Do cong thirc tinh dong dién thoat Ip theo Vgs cia E-MOSFET khac vé1 JFET va DE-
MOSFET nén dién dan truyén cua né ciing khac.
Tt céng thirc truyén cha E-MOSFET
Ty = K[Ves — Vogra |

dl d
d‘l;urzﬁ = m [K[VG’S - vﬁﬁithl]: ]

Za = 2K [V — Vigan |

: I
Ngokira: Ve =, ED + Visgom

Thay vao trén tadwae: g = 2, KI,

Tacd: g, =

Trong do:

gm: 12 dién dan truyén ctia E-MOSFET cho tin hiéu nho

K: 1a hang s6 véi don vi Amp/volt2

Ip: Dong dién phan cuc cuc thoat D

Ta thiy gm tuy thudc vao dong dién thoat Ip, néu goi gm1 1a dién dan truyén cua E-

MOSFET tng véi dong thoat Ip1 va gm2 1a dién dan truyén ciia E-MOSFET tng véi
dong thoat Ip2
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I
Tacd gy, =2JEL,; va g, =2.JEl,, nén g ,=g., ID_E
D1

I];.{IIL":'L:I
| [
Ip= K[vﬁs - TJn::*sttm ]2
I 3 B dic tal Q13 gg
0T Vs Vs (volt)

Hirth 43
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x ? bt bt x ? hd
Tong tro vao va tong tro ra cua fet
- Gibng nhu ¢ BIT, nguoi ta cling dung hiéu tng Early dé dinh nghia tong tro ra cia
FET (& vung bao hoa, khi Vpg tdng, dong dién Ip cling hoi tdng va chum dic tuyén ra

cling hoi tu tai mot diém goi la dién thé Early).

Néu goi VA 1a dién thé Early ta co:

-
r, =—= r :Téngtrdracia FET
° ID
* 1o nhu vy thAy doi theo dong thoat Ip va c6 tri s6 khoang vai M? dén hon

10M?

Ip(ma) Vi

Wos [Vljlt:l

i
Eatly woltage Hinh 44

- Do JFET thudng duoc dung theo kiéu hiém (phan cuc nghich néi cong - nguf)n) nén
téng try vao 16n (hang tram M?). Riéng E-MOSFET va DE-MOSFET do cuc cong cach
dién han kh01 cuc nguon nén tong try vao rat 1on (hang traim M?). Két qua 1a nguoi ta
c6 thé xem gan ding tong trd vao ctia FET 1a v6 han.

V61 FET : rpx o0 ?
Trong cac mach sir dung véi tin hiéu nhd ngudi ta c¢6 thé dung mach tuong duwong cho

FET nhu hinh (a) hoic hinh (b). Néu tai khong 16n 1dm, trong mach tuong duong ngudi
ta co thé bo ca ro
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id id

Vs fﬂ§ ngg;CD ém Vs Vs nggSCD érﬂ Vs

5 5
Hinh 45 (a) Hinh 45 (h)
0 i
— D
Vs gm“gsCD Vs
5
Hinh 45 {c)
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CMOS tuyén tinh (linear cmos)

Néu ta c6 mot E-MOSFET kénh P va moét E-MOSFET kénh N méac nhu hinh sau day ta
dugc mot linh kién t6 hgp va dugce goi la CMOS (Complementary MOSFET).

1 E-MOSFET
kénh P
Jy E-MOSFET

Gy kénh N

) e ::| ()
] J

— —

Hinh 46

That ra né duoc cau trac nhu sau:

n+ n+ pt pt+

p- Thén n-

Hinh 47

CAu trac CMOS duoc dung rat nhiéu trong IC tuyén tinh va IC sb
+ Bdy gio ta xét mach cdn ban nhu trén, ta tht xem dap trng cia CMOS khi tin hiéu vao

c6 dang xung vudng nhu hinh v&. Mach nay dugc Gng dung lam cong dao va 13 ting
cudi cua OP-AMP (IC thuat toan).
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- Khi vi = 5V (0 <t <t1); E-EMOSFET kénh P ngung vi vGs(t)=0V, trong lac d6 E-
MOSFET kénh N din manh vi vgs(t)=5V nén dién thé ngd ra vo(t)=0V.

- Khi vi(t)=0V (t >t1), E-MOSFET kénh P dan dién manh (vi vgs(t) = -5V) trong luc E-
MOSFET kénh N khong dan dién (vi vgs(t) = 0V) nén dién thé ngd ra vo(t)=Vpp=5V.

VDD =15V

W) G| E wult)

]

5V ::| 5V
it walt)

Hinh 4 &
Nhu vay, tac dung cia CMOS la mot mach déo (inverter)

Ta xem mdt mach khuéch dai don gian dung CMOS tuyén tinh:

Vop =15V

it
WP |g e

0 t

(] /
N
wilt) = ::| 'Ju (t)

Volt)
| 77

Hith 49

‘ =

WViag = =75V

2

- Khi vi(t) dwong, E-MOSFET kénh N dan dién manh hon va E-MOSFET kénh P bat
dau din dién yéu hon. Do d6 vo(t) giam.
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- Khi vj(t) duong, E-MOSFET kénh P dan dién manh hon va E-MOSFET kénh N bét
dau dan dién yéu hon, nén vo(t) ting.

Nhu vay ta thay tin hiéu ngd vao va ngd ra nguoc pha nhau (1énh pha 180°)
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Mosfet cong suat v-mos va d-mos

Céc transistor truong ting (JFET va MOSFET) ma ta da khao sat & trén chi thich hop
cho cac mach c6 bién do tin hiéu nhé nhu tién khuéch dai, tron song, khuéch dai cao tan,
trung tan, dao dong... nim 1976, ngudi ta phat minh ra loai transistor trudng c6 cong
sut vira, dén 16n voi kha ning dong thoat dén vai chuc ampere va cong suét c6 thé 1én
dén vai chuc Watt.

V-MOS:

That ra day 1a mot loai E-MOSFET cai tién, ciing 12 khong c6 san thong 16 va diéu hanh
theo ki€u tang. sy khic nhau vé cau truic E-MOSFET va V-MOS duogc trinh bay bang
hinh v€ sau:

Ngudn Chng Thoat

8 G D
1 210,

Ngudn Chng Moudn

= G = 20,

n+ nt+

Thong 15 s&
hinh thanh

=
- ‘s

Thing I3 s&

E-MOSFET kénh M hinh thanh V-MOS kénh M
Hinh 50

p- thin

Khi VGs duong va 16n hon VGs(th), thong 1o duoc hinh thanh doc theo ranh V va dong
electron s& chay thang tir hai ngudn S dén cuc thoat D. Vi Iy do nay nén duoc goi 1a
V-MOS (Vertical MOSFET).

D-MOS:

Ciing 1a mot loai E-MOSFET hoat dong theo kiéu tang, ng dung hién tugng khuéch tan
d6i (double-diffused) nén dugc goi 1a D-MOS. C6 cau tric nhu sau:
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Maudn Ciing Maudn
R G R

Thing
15 =&
Than n+ hinh
thanh
DMOE kénh M I"[‘h,:,ét D
Hinh 51

Céc dic tinh hoat dong ctia V-MOS va D-MOS ciing giéng nhu E-MOSFET. Ngoai ra,

cac dic diém riéng ctia V-MOS va D-MOS la:

- Bién tré dong rgs khi hoat dong rat nho (thuong nhé hon 1?)

- C6 thé khuéch dai cong suit & tan sb rat cao

- Dai thong ctia mach khuéch dai cong suit c6 thé 1én dén vai chuc MHz

- V-MOS va D-MOS ciing c¢6 kénh N va kénh P, nhung kénh N thong dung hon
- V-MOS va D-MOS ciing c6 ky hi¢u nhu E-MOSFET

Ho FET c6 thé tom tit nhu sau
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JFET MOSFET
JFET JFET DE-MOSFET E-MOSFET
kénh I EénhF Eifu hifm + ting Eitu ting
|
DE-MOSFET DE-MOSFET E-MOSFET E-MOSFET
Eénh M Kénh P Kénh N Eénh P
VMO8 V_MOS
Kénh N Kénh P
CMOS

D-MOS D-MOS
Kénh N Kénh P

Bai tap cudi chuong

1. Tinh Vp, va dién dan truyén gm trong mach:

+12V
Ep
SKE
Vo
Ipsz =4ma
— Vggi.;,ﬁj = -4
RG
1M 1K < Rg

1. Trong mach di¢n sau, tinh dién thé phan cyc Vp va dién dan truyén gm.
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+12V

1 Vp Ipes =dma

_ I’E-{;/—"[: szl:qu =47

3. Trong mach dién sau, tinh dién thé phén cuc Vp, Vg Cho hiét E-MOSFET

cohdsd k= 1(%] Vé Vg = V.

24V 24V
Eyp
10081 S|
W — ¥p
|
|_
20d
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SCR (thyristor — silicon controlled rectifier)

Cau tao va dac tinh:

SCR dugc cau tao boi 4 16p ban din PNPN (c6 3 n6i PN). Nhu tén goi ta thdy SCR la
mot diode chinh luu dugc ki€ém soat bdi cong silicium. Céc ti€p xuc kim loai dugce tao
ra cac cuc Anod A, Catot K va cong G.

Anod Anod
A A
F j= E
Fep N B
.......... N S
G P G C
Cong Cing
(Gate) [ (Gate)

Catod
MG hinh twong duong

M& hinh trong duong K5 higu
Hinh 1

Néu ta mac mot nguén dién mot chiéu Vaa vao SCR nhu hinh sau. mot dong dién nho
IG kich vao cuc cong G s& 1am ndi PN giita cuc cong G va catot K dan phat khai dong
dién anod I qua SCR 16n hon nhiéu. Néu ta d6i chiéu ngudn Vaa (cuc dwong ni véi
catod, cuc Am ndi v6i anod) s& khong c6 dong dién qua SCR cho du c6 dong dién kich
Ig. Nhu vay ta co thé hiéu SCR nhu mot diode nhung cé thém cuc céng G va dé SCR
dan dién phai c6 dong dién kich Ig vao cuc cong.
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G P .
Cong |o-ppini] G
......... :.V
I (Gate) J- LK
3
e s
Eg Ea
c
— Voo — Vaa
Hinh 2

Ta thdy SCR c6 thé coi nhu twong duong véi hai transistor PNP va NPN lién két nhau
qua ngd nén va thu

Khi ¢6 mgt dong dién nho I kich vao cuc nén cua Transistor NPN T; tirc céng G cua
SCR. Dong dién IG s€ tao ra dong cuc thu Ic1 16n hon, ma Ic1 lai chinh 1a dong nén I
clia transistor PNP T2 nén tao ra dong thu I¢2 lai 16n hon trude. .. Hién tugng nay cir tiép
tuc nén ca hai transistor nhanh chong tré nén bao hoa. Dong bao hoa qua hai transistor
chinh la dong anod ctia SCR. Dong dién nay tuy thudc vao VAA va dién trd tai RA.

Co ché hoat dong nhu trén ctia SCR cho thdy dong Ig khéng can 16n va chi can ton tai
trong thoi gian ngan. Khi SCR da dan dién, néu ta ngat bo Ig thi SCR van tiép tuc dan
dién, nghia 13 ta khong thé ngit SCR bang cuc cong, day ciing 13 mot nhuoc diém cia
SCR so véi transistor.

Nguoi ta chi c¢6 thé ngat SCR bang cach cat ngudn Vaa hodc giam Vaa sao cho dong
dién qua SCR nho hon mot tri sb nao d6 (tuy thude vao timg SCR) goi 1a dong dién duy
tri Ig (hodding current).

Dic tuyén Volt-Ampere ctia SCR:

Dic tuyén nay trinh bay su bién thién ciia dong dién anod 1A theo dién thé anod-catod
VAK véi dong cong IG coi nhu thong so.

- Khi SCR dugc phan cyc nghich (dién thé anod 4m hon dién thé catod), chi c6 mdt
dong dién ri rat nho chay qua SCR.
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- Khi SCR dugc phan cyc thuan (dién thé anod duong hon dién thé catod), néu ta ndi tit
(hodc dé ho) ngudn Vg (Ig=0), khi VAK con nhd, chi c6 mot dong dién rat nho chay
qua SCR (trong thyc té ngudi ta xem nhu SCR khong dan dién), nhung khi VA dat dén
mot tri s6 ndo dé (tuy thude vao timg SCR) goi 1a dién thé quay vé VBo thi dién thé
VAK tu dong sut xudng khoang 0,7V nhu diode thudng. Dong dién twong tng bay gid
chinh 1a dong dién duy tri Ir. Tir bay gio, SCR chuyén sang trang thai dan dién va co
dic tuyén gan gidng nhu diode thuong.

Néu ta ting ngudn VGG dé tao dong kich Ig, ta thay dién thé quay vé nho hon va khi
dong kich IG cang 16n, dién thé quay vé VBo cang nho.

La
Duode —r — SCR
thurérng '
lga? I > 0
IH /L} =0
Ver : Vg
( 0 0. Vg
Hinh 3
Cac thong sb ciia SCR:

Sau day la cac thong s6 k¥ thuat chinh ctia SCR

- Dong thuan téi da:

La dong dién anod I trung binh 16n nhat ma SCR ¢6 thé chiu dung duogc lién tyc. Trong
truong hop dong 16n, SCR phai dugc giai nhiét ddy du. Dong thuan téi da tiy thudc vao
mdi SCR, c6 thé tir vai trim mA dén hang trim Ampere.

- bién thé nguoc ti da:

Day la dién thé phan cuc nghich t6i da ma chua xay ra sy hiy thac (breakdown). Pay 1a

trj s6 VBR ¢ hinh trén. SCR dugc ché tao véi dién thé nghich tir vai chuc volt dén hang
ngan volt.
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- Dong chdt (latching current):

La dong thuan ti thiéu dé gitt SCR & trang thai dan dién sau khi SCR tir trang thai
ngung sang trang thai dan. Dong chdt thu()’ng 16n hon dong duy tri chut it & SCR cong
sudt nho va 16n hon dong duy tri kha nhiéu & SCR c6 cong suat 1on.

- Dong cong t6i thiéu (Minimun gate current):

Nhu da thay, khi dién thé Vak 16n hon Vo thi SCR sé& chuyén sang trang thai dan dién
ma khong can dong kich IG. Tuy nhién trong tmg dung, thuong ngudi ta phai tao ra mot
dong cong dé SCR dén dién ngay. Tuy theo mdi SCR, dong cong téi thiéu tir dudi ImA
dén vai chuc mA. No6i chung, SCR c¢6 cong suat cang 16n thi can dong kich 1én. Tuy
nhién, nén chu y 1a dong cong khong duoc qua 16n, c6 thé 1am hong ndi cong-catod cia
SCR.

- Thoi gian mé (turn — on time):

La thoi gian tir luc bat dau co xung kich dén luc SCR dan gan bao hoa (thudng 12 0,9 1an
dong dinh mtrc). Thoi gian mé khoang vai puS. Nhu vay, thoi gian hién dién cua xung
kich phai lau hon thoi gian mo.

- Thoi gian tat (turn — off time):

Dé tit SCR, ngudi ta giam dién thé Vak xudng 0Volt, tirc dong anod ciing bang 0. Thé
nhung néu ta ha dién thé anod xudng 0 rdi ting 1én ngay thi SCR véan dan dién mic du
khong c6 dong kich. Thoi gian tat SCR 1a thoi gian tir lic dién thé Vak xudng 0 dén
lac 1én cao tré lai ma SCR khéong dan dién trd lai. Thoi gian ndy 16n hon thoi gian md,
thuong khoang vai chuc pS. Nhu vy, SCR 14 linh kién cham, hoat dong & tan sd thap,
t6i da khoang vai chuc KHz.

- Téc @6 tang dién thé dv/dt:

Ta c6 thé 1am SCR dén dién bang cach ting dién thé anod 1én dén dién thé quay vé VBo
hoic bang cach dung dong kich cuc cong. Mot cach khéc 1a tang dién thé anod nhanh
tire dv/dt 16n ma ban than dién thé V anod khong can 16n. Thong s6 dv/dt 1a toc do tang
thé 10n nhat ma SCR chua dan, vuot trén vi tri ndy SCR s& din dién. Ly do 13 c6 mot
dién dung nd1 Cp gitia hai cu:c nén cua transistor trong mé hinh tuong duong cua SCR.
dong dién qua tu la: i, = Cy d, Dong dién nay chay vao cuc nén ctia T1. Khi dV/dt du
16n thi ich 16n du sire kich SCR. Nguoi ta thudng tranh hién trong nay bang cach miac
mot tu C va dién tré R song song véi SCR dé chia b6t dong icb.
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- Téc @6 tang dong thun tdi da di/dt:

Pay 14 tri s6 ti da cua toc d6 ting dong anod. Trén tri s6 nay SCR c6 thé bi hu. Ly do
1a khi SCR chuyén tir trang thai ngung sang trang thai dan, hi¢u thé giira anod va catod
con lon trong lic dong dién anod tang nhanh khién cong suat tiéu tan tire thoi co thé qua
16n. Khi SCR bat dau din, cong suat tiéu tan tip trung & gan ving céng nén ving niy
dé bi hu hong. Kha ning chiu dung cua di/dt tuy thudc vao modi SCR.

SCR hoat dong ¢ dién thé xoay chiéu

Khi SCR hoat déng ¢ dién thé xoay chiéu tan sé thap (thi du 50Hz hodc 60Hz) thi vén
dé tat SCR duoc giai quyét d& dang. Khi khong c6 xung kich thi mang dién xubng gan
0V, SCR s€ ngung. Di nhién ¢ ban ky am SCR khdong hoat dong mac du c6 xung kich.

SCRngwng  SCR din

W Ta

Goc dan
G) 220%/50Hz

I Hinh 5

Pé tang cong suat cho tai, ngudi ta cho SCR hoat dong & ngudn chinh lru toan ky.

167/222



>
IS

@ 2200 750H= ﬂ
\ / G) ) 2 % Is
—I_Ij B
Is Hinh 6

Vi dién 50Hz c6 chu ky T=1/50=20nS nén thoi gian dién thé xap xi OV du lam ngung
SCR.

Vai ing dung don gian:
Mach dén khan cap khi mat dién:

D1 R1 Burcre chon tiy theo dong nap accu

—Pp

22007
S0Hz

* |ﬂCCU G

Hinh 7

Binh thuong dén 6V chay sang nhd ngudn dién qua mach chinh lwu. Luc nay SCR
ngung dan do bi phan cuc nghich, accu duoc nap qua D1, R1. Khi mat dién, nguon dién
accu s& 1am thong SCR va thip sang dén.

Mach nap accu ty dong (trang sau)
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D1 R, 470 2W Ry 470 2w SCR2

g 3 1 e P H\
~220W ! !scm D3
6,0V 1
p— Ry 4702 2W
D2 P e
5 Ve Ve=11V
+ S 7500 o i v
| 3 ww o E
O o 0
Hinh =

- Khi accu nap chua day, SCR1 dan, SCR2 ngung

- Khi accu da nap d?ly, dién thé cuc duong lén cao, kich SCR2 lam SCR2 dan, chia bt
dong nap bao vé accu.

- VR dung dé chinh mtc bao vé (giam nho dong nap)
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TRIAC (triod ac semiconductor switch)

Thudng dugc coi nhu mot SCR ludng hudng vi c6 thé dan dién theo hai chiéu. Hinh sau
day cho thay cau tao, mé hinh twvong duong va cau tao cua Triac.

Hinh & T J

Nhu vdy, ta thdy Trlac nhu gdm bai mot SCR PNPN dan dién theo chiéu tir trén xudng
dudi, kich b(n dong cong duong va mot SCR NPNP dan dién theo chiéu tir dui 1én kich
bai dong céng am. Hai cuc con lai goi 1a hai dau cudi chinh (main terminal).

- Do dau T2 dwong hon dau 11, dé Triac dan dién ta co thé kich dong cong duwong va khi
dau T2 4m hon Tita co thé kich dong cong am.

- Nhu vay dic tuyén V-I cta Triac c6 dang sau:
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Lo

-Veo

Hinh 10

- That ra, do sy tuong tac cua vung ban dan, Triac dugc nay theo 4 cach khac nhau, dugc
trinh bay bang hinh v& sau day:

@ @ © ©

T, T T; T;

ale <0 T <0 T
Cach 1 Cach 2 Cach 3 Cach 4

Hinh 11
Cach (1) va cach (3) nhay nhat, ké dén 1a cach (2) va cach (4). Do tinh chat dan dién ca

hai chiéu, Triac dung trong mang dién xoay chiéu thuan lgi hon SCR. Thi du sau day
cho thdy tng dung cua Triac trong mang dién xoay chiéu.
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220%f50He

{0
NS

Triac din

Ta Vi
401 VR 7 t
K
D2 (I
Hinh 12
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SCS (silicon — controlled switch)

SCS con duoc goi 1a Tetrode thyrlstor (thyrlstor co 4 cuc) Vé mit ciu tao, SCS giéng
nhu SCR nhung c6 thém mot cong goi 1a cong anod nén cong kia (& SCR) dugc goi 1a
cong catod.

Cr |
Chng [1iiNii] A% = Cx Cx |
Catod ‘T
K K ........................ l
Catod K K
Céu tao K7 lnéu 146 hinh twong duwong
Hinh 13

Nhu vay, khi ta 4p mot xung duong vao cong catod thi SCS dan dién. Khi SCS dang
hoat dong, néu ta 4p mot xung duwong vao cong anod thi SCS s& ngung dan. Nhu vay,
dbi v6i SCS, cong catod dung dé md SCS, va cong anod dung dé tit SCS. Tuy c6 kha
ning nhu SCR, nhung thuong ngudi ta chi ché tao SCS cong sut nho (phan 16n dudi
vai tram miniwatt) va do cong catod rat nhay (chi can kich cong catod khoang vai chuc
pA) nén SCS dugc ing dung lam mot switch dién tir nhay.

Vi du sau 1a mdt mach bao dong dung SCS nhu mot cam bién dién thé:
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|
Felais dong
1K 1K 1K
tmach han o‘ ‘ EFelay
ding
LED LED LED
b 3 3
10K 10K 10K
-—n\/\/\——; — A —
INPUT 1 INPUT 2 INPUT 3
Hinh 15 —

O ngd vao thudong ngudi ta mac mot miéng kim loai, khi so tay vao, SCS dan dién Led
tuong tng chay sang, Relais hoat dong dong mach bao dong hoat dong.
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DIAC

Vé ciu tao, DIAC giong nhu mot SCR khong ¢6 cyc cong hay dung hon 1a mot transistor
khong c6 cuc nén. Hinh sau ddy mé ta ciu tao, ky hiéu va mach trong duong ctia DIAC.

Anod | Anod 1 Anod | Anod 1

1

[
_l_

Anod 2 Anod 2 Anod 2 Anod 2
Cu tao K+ hiéu Tuorng duong

Hinh 16

Khi ap mot hiéu dién thé mot chiéu theo mot chiéu nhat dinh thi khi dén dién thé Vo,
DIAC dan dién va khi 4p hiéu thé theo chiéu nguoc lai thi dén trj s6 -VBo, DIAC cling
dan dién, DIAC thé hién mot dién tré am (dién thé hai dau DIAC giam khi dong dien
qua DIAC tang). Tir cac tinh chat trén, DIAC twong duong véi hai Diode Zener mac
d6i dau. Thyc té, khi khong ¢6 DIAC, ngudi ta c6 thé dung hai Diode Zener c6 dién thé
Zener thich hop dé thay thé. (Hinh 17)

Trong tmg dung, DIAC thuong dung dé mé Triac. Thi du nhu mach diéu chinh d6 sang
cua bong dén (Hinh 18)

I

ﬁ Bing Pén

| VR J

Vao 0 : v @ DD0V/S0Hz .
+Weg

| L
t

VA

Hinh 18

Hinh 17
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O ban ky duong thi dién thé tang, tu nap di¢n cho dén dién thé Vo thi DIAC dan, tao
dong kich cho Triac dan dién. Hét ban ky duong, Triac tam ngung. Dén ban ky am tu
C nap dién theo chiéu nguoc lai dén dién thé -Veo, DIAC lai dan dién kich Triac dan
dién. Ta thay doi VR dé thay doi thoi hang nap dién cua tu C, do d6 thay doi goc dan
ctia Triac dua dén lam thay d6i do sang cia bong dén.
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[ LX) [ (] o A
Ujt (unijunction transistor — transistor doc
Ao
noi
Transistor thuong (BJT) goi 1a Transistor ludng cuc vi ¢6 hai ndi PN trong lac UJT chi
c6 mot doc nhat néi P-N. Tuy khdong thong dung nhu BJT, nhung UJT c6 mot s6 dac
tinh ddc bi€t nén mot thoi da gilt vai tro quan trong trong cac mach tao dang séng va
dinh gio.

Ciu tao va dic tinh cia UJT:

Hinh sau ddy mo ta cau tao don gian hoa va ky hiéu cua UJT

B, Ba

FPhat f1-

E B, B

B Hirh 24

Mot thoi ban dan pha nhe loai n” véi hai 16p tiép xuc kim loai & hai ddu tao thanh hai
cuc nén B1 va By. N6i PN dugc hinh thanh thuong 13 hop chét ciia ddy nhom nhé dong
vai tro chit ban dan loai P. Viing P ndy nam cach ving B1 khoang 70% so v&i chiéu dai
ctia hai cuc nén B1, B2. Dy nhém dong vai tro cuc phat E.

Hinh sau day trinh bay cach ap dung dién thé mot chi€u vao cac cuc cua UJT dé khao
sat cac dac tinh cua no.
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Mach trong ducrng cla UIT B2

ETN 0 ¢ Fm2
S e 14

L
Rg Bl L R
= VBB é R

Re
- E
= v % [B1
1

EE

= Hirth 25 -

- Khi chua ap VEE vao cuc phét E (cuc phat E dé ho) thoi ban dan 13 mot dién tré véi
ngudn dién thé Vg, duoc ky hiéu R va goi 1a dién trd lién nén (thudng co tri sb tur
4 K? dén 10 K?). Tir m6 hinh tuong duong ta thiy Diod dugc dung dé dién ta ndi P-N
giita ving P va viung n". Dién tré RB1 va Rp2 dién ta dién trd cua théi ban dan n”. Nhu
vay:

RBB = RBI +RBz

|IE-D

Viy dién thé tai difm A 14

E
-li.,r :$v = .V }[:]
A R, +F,, BE — ' ¥gp
E it . C e
Trong dd: 1= BB duge got latl 55 ndi tal (intrinsic stand —

RptRp By

off) Rgg va n duoc cho béi nha san XUAL.
- Bay gi0, ta cap ngudn VEE vao cuc phat va nén B (cuc duong ndi vé cuc phat). Khi
VEE=0V (ndi cuc phat E xudng mass), vi VA c6 dién thé duong nén Diod dugc phan
cuc nghich va ta chi c6 mot dong dién ri nho chay ra tir cuc phat. ting VEE 16n dan,
dong dién Ig bit dau ting theo chibu duong (dong ri nguoc Ig giam dan, va triét tiéu,
sau d6 duong dan). Khi VE ¢6 tri sd

VE=VD+VA

VE=0,5V + ? VB2B1 (6 diy VB2B1 = VBB) thi Diod phén cuc thaun va bat dau dan dién
manh.
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Pién thé VE=0,5V + ? VBaB1=Vp duoc goi la dién thé dinh (peak-point voltage) ciia
UJT.

VE VE
Brinh
Vo “""Hfﬂ
1
Thung
liin
V‘i.i" (/—/—/ g
r.'l In Iy Ig Ig
1]
Wng
chién trg Hinh 26
&tn

Khi VE=Vp, nbi P-N phén cyc thuan, 15 tréng tir viing phat khuéch tan vao ving n” va
di chuyén dén ving nén By, lic d6 1 tréng ciing hit cac dién tir tir mass 1én. Vi do dan
dién cua chét ban dan 1a mot ham sb cua mat do dién tir di dong nén dién tré R giam.
Két qua 1a lic d6 dong IE ting va dién thé Vg giam. Ta c6 mot vung dién tré am.

AL an s , \ A A 1s AVg
Dién tr¢ dong nhin tr cyc phat E trong vung dién tré am la: r, = — s

Khi Ig ting, Rp] giam trong luc Rp2 itbi anh huong nén dién trd lién nén Rpp giam.
Khi Ig du 16n, dién tré lién nén RBR chu yéu 1a Rpo. Két thuc vung dién tré am la ving
thung liing, lac d6 dong Ig du 16n va RB1 qué nho khong giam nira (cha y 1a dong ra cuc
nén B1) gém c6 dong dién lién nén Ip cong voi dong phét Ig ) nén VE khong giam ma
bit dau ting khi I ting. Ving nay duoc goi 1a ving bao hoa.

Nhu vay ta nhan thay:

- Dong dinh Ip 1a dong tbi thiéu cua cuc phat E dé dat UJT hoat dong trong vung dién
tr& 4m. Dong dién thung ling Iv 1a dong dién tbi da cua I trong ving dién trd am.

- Twong tu, dién thé dinh Vp 1a dién thé thung liing Vv 1a dién thé t6i da va tdi thiéu cua
VEB1 dat UJT trong vung dién tré dm.

Trong cac Gmg dung ctia UJT, nguoi ta cho UJT hoat dong trong ving dién tré 4m, mudn
vay, ta phai x4c dinh dién tr¢ RE ¢é [p<Ig<Ilv

Thi du trong mach sau day, ta xac dinh tri s6 tbi da va toi thiéu cua RE
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WVEE1

+¥ VEr =WV
o BB VEEL TR FEnax
Fwin
Vp
R
B2 0
R
b
EBI_ Bl IE Vv \\ :\\ IE
= 0 0 Ip Iy

V.o —
Nhu véy: BBI—

Cic thong s6 ky thuit cia UJT va van dé on dinh nhiét cho dinh:
Sau déy 1a cac thong s6 ctiia UJT:

- bién tro lién nén Rpg: 1a dién tro gitra hai cuc nén khi cuc phat dé hé. RBp tang khi
nhiét d6 tang theo hé sb 0,8%/1°C

- Ti s0 nd1 tai:

_ Eg _ Ep
kg +E,, R

n

EE

Ti s6 ndy ciing duoc dinh nghia khi cuc phat E dé ho.

- Pién thé dinh Vp va dong dién dinh Ip. Vp giam khi nhiét do ting vi dién thé ngudng
ctia ndi PN giam khi nhiét do ting. Dong Ip giam khi VBB ting.

- Pién thé thung liing Vv va dong dién thung ling Iy. Ca Vv va Iv déu tang khi VBB
tang.
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- Pién thé cuc phat bao hoa VEsat: 1a hi¢u dién thé gitra cuc phat E va cuc nén B duoc
do ¢ Ig=10mA hay hon va VBB & 10V. Tri sb thong thudng ctia VEsat 12 4 volt (16n hon
nhiéu so véi diod thuong).

On dinh nhiét cho dinh: Pién thé dinh Vp la thong ) quan trong nhét cia UJT. Nhu da
thay, sy thay ddi cua dién thé dinh Vp chu yéu 1a do dién thé ngudng ctia ndi PN vi ti s6
? thay ddi khong dang ké.

Nguoi ta 6n dinh nhiét cho Vp béng cach thém mot di¢n tré nhéd Rz (thuong khoang vai
tram ohm) gitra nén B2 va nguén VBB. Ngoai ra nguoi ta cling mac mot dién tré nhd R

cling khoang vai tram ohm ¢ cuc nén B dé€ lay tin hi¢u ra.

—
R2

B2

Bl Vap

Rl

Hinh 28
Khi nhi¢t do tang, dién tr¢ lién nén RBB tang nén dién thé lién nén VRB2B1 tang. Chon
R2 sao cho su tang ciia VB2B1 bu trir s giam cua dién thé ngudng cua noi PN. Tri cua

(0,4 — 0,8)Rpp

R2 dugc chon gan ding theo cong thirc: R, = ap

Ngoai ra R2 con phu thudc vao cAu tao cua UJT. Tri chon theo thuc nghiém khoang vai
tram ohm.

Ung dung don gian ctia UJT:
Mach dao dong thu gian (relaxation oscillator)

Nguoi ta thuong dung UJT lam thanh mdt mach dao dong tao xung. Dang mach va tri
s0 cac linh kién dién hinh nhu sau:
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Vg

T Vi
| E2 330 L Crnap Oy =8 (rét nhanh) r/ / /
Rp2 10K - t
VBB 112v | Ve,
* \ﬁ T AN N (NI
VE1
=11 - Vg
R1 % 22 - t
Vy
- :

Hirth 29

Khi cép dién, tu C1 bat dau nap dién qua dién tr& Rg. (Diod phét-nén 1 bi phan cuc
nghich, dong dién phat Ig xap xi bang khong). Dién thé hai dau ty ting dan, khi dén dién
thé dinh Vp, UJT bat déu dan dién. Ty C1 phong nhanh qua UJT va dién trd R1. Pién
thé hai dau tu (trc VE) giam nhanh dén dién thé thung ling Vv. Dén day UJT bét dau
ngung va chu ky mai 1ap lai.

* Dung UJT tao xung kich cho SCR

- %
|

56K H
330
B2
NN
Bl ¥ scRr

Ty 220W/S0Hz

47

Hinh 30
- Ban ky duong néu c6 xung dua vao cuc cong thi SCR dan dién. Ban ky am SCR ngung.

- Piéu chinh goc dan ciia SCR bang cach thay ddi tan sé dao dong cta UJT.
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Diod shockley

Diod shockley gam c6 4 16p ban dan PNPN (diod 4 16p) nhung chi c6 hai cyc. Cau tao
co ban va ky hi€u cung vdi dac tuyén Volt-Ampere khi phan cuc thuan dugc mo ta &
hinh v€ sau day:

Anod
Fiy + &
[ ]
F
SO AR
P __ j
SO S _ Iz
K * L Vo
Catod - K
Hinh 19

Ta thay dic tuyén gidng nhu SCR lic dong cong IG=0V, nhung dién thé quay vé VBo
ctia Diod shockley nho hon nhiéu. Khi ta ting dién thé phan cyc thuan, khi dién thé
anod-catod t6i tri s6 VBo thi Diod shockley bat ddu dan, dién thé hai dau giam nho va
sau d6 hoat dong nhu Diod binh thudong.

Ap dung thong thuong ctia Diod shockley 14 dung dé kich SCR. Khi phan cuc nghich,
Diod shockley ciing khong dan dién.

+—4 Tai

L K

220V 50Hz AN
—p
T C

Hinh 20

- Ban ky duong, tu C nap dién dén dién thé Vo thi Diod shockley dan dién, kich SCR
dan.

Ban ky am, Diod shockley ngung, SCR ciing ngung.
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GTO (gate turn — off switch)

GTO la mat linh kién c6 4 16p ban dan PNPN nhu SCR. céu tao va ky hi¢u dugc mo ta
nhu sau:

Anod
&
;; A
F
LN G
I P Cihng
G e
Cing [0nHo

Ky higu  Catod

Hinh 21

Tuy c6 ky hiéu khac véi SCR va SCS nhung cac tinh chét thi tuong tu. Su khac biét
co ban cling 1a sy tién bod ctia GTO so véi SCR hodc SCS 1a ¢6 thé md hodc tit GTO
chi bang mot cong (md GTO bang cach dua xung duong vao cuc cong va tit GTO bang
cach dua xung 4m vao cuc cong).

- So vdi SCR, GTO can dong dién kich 16n hon (thuong hang trim mA)

- Mot tinh chat quan trong nita cia GTO 1a tinh chuyén mach. Théi gian mé cia GTO
cling giébng nhu SCR (khoang 1us), nhung thoi gian tat (thoi gian chuyén tir trang thai
dan dién sang trang thai ngung dan) thi nhé hon SCR rat nhiéu (khoang 1pus & GTO va
tir 5pus dén 30us & SCR). Do d6 GTO dung nhu mot linh kiéncd chuyén mach nhanh.
GTO thuong dugc dung rit phd bién trong cac mach dém, mach tao xung, mach diéu
hoa dién thé... mach sau day 1a mot tng dung caa GTO dé tao tin hiéu ring cua két hop
v6i Diod Zener.
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VAA=H200V

Q i
A
o
Ry ¢
+¥Vo
K VR
T e R,
Hinh 22

Khi cép dién, GTO dan, anod va catod xem nhu ndi tit. Ci nap dién dén dién thé nguén
VA, luc @6 Vgk<0 lam GTO ngung dan. Tu C x4 dién qua R3=VR+R2. Thoi gian xa
dién tuy thudc vao thoi hang t=R3C1. Khi Vo<Vz, GTO lai din dién va chu ky méi lai
duogc 1ap lai.

MVAVAVAN

Hinh 23
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PUT (Programmable Unijunction
Transistor)

Nhu tén goi, PUT giéng nhu mot UJT c6 dac tinh thay ddi duoc. Tuy vay vé cAu tao,

PUT khéc hin UJT
Anod
A Anod
r Iy
o A
...... c C
eea M . gRﬂz
__________________ l—‘cﬁng Cing R . i L
P i Py é —
N K Voo v R
......... - GK
‘T* Catod K 1 El
" :
Catod
' tao Ky hiéu Phan oy

Hinh 31
Pé y 1a cong G nam & ving N gan anod nén dé PUT dan dién, ngoai viéc dién thé

anod 16n hon dién thé catod, dién thé anod con phai 16n hon dién thé céng mot dién thé
ngudng cua noi PN.

. E
Tacdh Ve =———Vop =1V

E:']31 +RBE
E :
Trong dd: 1= ﬁ nhw duoe dinh nghia trong TIT

El E2

Tuy nhién, nén nhéd 1a UJT, Riva RB2 1a dién tré ndi cua UJT, Trong luc & PUT, RB1
va RB3 1a cac dién trd phan cuc bén ngoai.

Dic tuyén cua dong Ia theo dién thé cdng VK ciing gidng nhu & UJT
Dién thé dinh Ve duoc tinh béi: Vo= Vp+n Vs
ma Vo =07V (thi du 21}

Veo=nVeg=Vp=Vs+07V
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WVing dién trd dtn

7

Ip Iy I
Hinh 32

Tuy PUT va UJT c6 dic tinh gidng nhau nhung dong dién dinh va thung liing ciia PUT
nho hon UJT

+ Mach dao dong thu gian dung PUT

+Vip

Ih(:l

Map . Bl

Vi A
— K
L R El
K
W

Hinh 33

=
SVave
=]
=
e
=]

Chu y trong mach dung PUT, ngd x4 cua tu dién l1a anod. Tin hi¢u ra dugc st dung
thuong lay ¢ catod (va co6 thé dung kich SCR nhu ¢ UJT)
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A A

Vi

Vg="Vp-Vy

Hinh 34
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Anh sang

Song vo tuyén trong hé thong truyén thanh, truyén hinh, anh sang phat & dén tia X trong
y khoa... Tuy c6 cac cong dung khac nhau nhung lai ¢6 chung mét ban chit va duoc goi
la song dién tur hay buc xa dién tur. Piém khac nhau co ban cua song dién tu la tan s6
hay budc song. Giira tan sb va budc song lién hé bang hé thirc

=
£

Trong d6 ¢ 14 van toc anh sang = 3.108m/s

f1a tan s6 tinh bang Hz

Budc song A tinh bang m. Ngoai ra ngudi ta thuong ding cac udc sb:

um = 10%m ; nm = 10°m va Amstron = A = 10"'%m

Su khéc biét vé tan s6 dan dén mot su khac biét quan trong khac 1a ta co thé théy duoc
song dién tu hay khong. Mat ngudi chi thady duoc song di¢n tir trong mot dai tan so
rat hep goi la anh sang thay duoc hay thuong goi tat 1a anh sang. V€ phia tan so thap

hon goi 1a birc xa hdong ngoai (infrared) va phia tan s6 cao hon goi 1a btrc xa tir ngoai
(ultraviolet).

Ta chi c6 thé thay duoc birc xa co tan sd khoang 4101z (tirc bude song 750nm) dén
tan s6 khoang 7,8. 10'*Hz (tirc bude song khoang 380nm)

|
N

Héng ngoai T ngoat
(A=750nm)4. 10 Hz (*=380nm)7.2 10 He

Trong vung anh sang thay duoc, néu chi c6 mdt khoang ngan ctia dai tan so noi trén thi
cam giac cua mat ghi nhan dugc 7 mau:
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Tim Lo Lam Kanhla |Vang Carm B ‘
| Violet |Blue  |Cyan | Green | Vellow |Orange |Red ,i"»
380nm 430 470 500 560 550 650 150nm

Chu ¥ 1a gidi han trén chi c6 tinh cach twong dbi. Sy khac nhau vé tan sd lai din dén
mot sy khac bi¢t quan trong nira d6 1a nang lugng buc xa. Nang luong biic xa ti I¢ voi
tan sb theo cong thirc: E=h.f voi h: hing sb planck = 6,624.10’3 4] sec

Nhu ta thay, bién do trung blnh ctia phd duge goi 1a cuong do sang va dugc do bang don
vi footcandles. Thi du nguon sang 1a mot bong dén tron, thi & mot diém cang xa ngudn,
cudng do sang cang yéu nhung s6 luong anh sang toa ra trong mot goc khdi (hinh nén)

1a khong d6i va duoc goi 1a quang thong. Pon vi ctia quang thong 1a Lumens (Lm) hay
Watt.

1 Lm = 1,496.10"17 watt
Pon vi cia cuong d anh sang la foot-candles (fc), Lm/ftzhay W/m?, Trong do:

1 L/ft? = 1 fe = 1,609.10™1% W/m?
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Quang dién tro (photoresistance)

La dién tro c6 tri s6 cang giam khi dugc chiéu sang cang manh. Dién trd tdi (khi khong
dugc chiu sang - ¢ trong bong t61) thuong trén 1M?, tri s6 nay gidm rat nho co thé duoi
100? khi dugc chi€u sang manh

o =

Hinh dang Ky hiéy
Hinh 1

Nguyén 1y lam viéc cta quang dién tré 13 khi anh sang chiéu vao chét ban din (c6 thé
la Cadmium sulfide — CdS, Cadmium selenide — CdSe) 1am phat sinh cac di¢n tu tu do,
tirc sy dan dién tang l1én va 1am giam dién tré cla chét ban dan. Cac dic tinh dién va do
nhay ctia quang dién tré di nhién tuy thudc vao vét liéu dung trong ché tao.

Bién trér £
1’
10000
1000
0 01 10 100 1000 £

Hinh 2
Vé phuong dién ning luong, ta néi anh sang da cung cip mot nang luong E=h.f dé cac
dién tir nhdy tir di hoa tri 1én dai din dién. Nhu vay ning lugng can thiét h.f phai 16n
hon ning luong cta dai cAm.

Vai ing dung cua quang dién trd:

Quang dién tr&d dugce dung rat pho bién trong cac mach di¢u khién
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Mach bao dong:

Bing dén hodc chudng tal

Ry SR

Mouin séng hing ngoai

Hinh 3 4

Khi quang dién tré dugc chiéu sang (trang thai thuong truc) ¢ dién trd nho, dién thé
cong ciia SCR giam nho khong du dong kich nén SCR ngung. Khi ngudn séng bi chan,
R tang nhanh, dién thé cong SCR ting lam SCR dan dién, dong dién qua tai lam cho
mach bao dong hoat dong.

Nguoi ta cling c6 thé dung mach nhu trén, vai tai 1a mot bong dén dé co thé chay sang
vé dém va tat vao ban ngay. Hodc c6 thé tai 1a mdt relais dé di€éu khién mdt mach bao

dong co6 cong suat 16n hon.

Mach mé dién ty dong vé dém dung dién AC:

ﬂ

Bing dén

15K DIAC

H VAN
= 1 K TRIAC
2e0VIS0H
% z 1K
1 A
Hinh 4
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Ban ngdy, tri s6 ctia quang dién tré nhé. Dién thé ¢ diém A khong di ¢é md Diac nén
Triac khong hoat dong, den tat. vé dém, quang trd tdng tri sO, lam tang dién thé & diém
A, thong Diac va kich Triac dan dién, bong deén sang 1én.
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Quang diod (photodiode)

Ta biét ré‘mg khi mot ndi P-N duoc phan cyc thuan thi vung hiém hep va dong thuan 16n
vi do hat tai dién da s (dién tir & chat ban dan loai N va 15 trong & chit ban dan loai
P) di chuyén tao nén. Khi phan cuc nghich, ving hiém rong va chi c6 dong dién ri nho
(dong bao hoa nghich Ip) chay qua.

2 2. il

K7 hiéu Phén ozc
Hinh %

Bay gio ta xem mot n01 P-N duogc phén cuc nghlch Thi nghlem cho thay khi chiéu sang
anh sang vao mdi ndi (gia str diod dugc ché tao trong sudt), ta thay dong dién nghich
tang 1én gan nhu ti 1¢ voi quang thong trong lic dong dién thuan khong tang. Hién tuong
nay duoc ding dé ché tao quang diod.

Khi anh sang chiéu vao ndi P-N ¢ du ning lugng lam phét sinh cac cap dién tir - 15
tréng & sat hai bén mdi ndi lam mat do hat tai dién thiéu sd tang 1én. Cac hat tai dién
thiéu s6 nay khuéch tan qua mdi ndi tao nén dong dién dang ké cong thém vao dong
dién bao hoa nghich Ip tu nhién cua diod, thuong la dudi vai tram nA véi quang diod Si
va dudi vai chuc pA véi quang diod Ge.

Do nhay ciia quang diod tity thudc vao chat ban dan 14 Si, Ge hay Selenium... Hinh v&
sau day cho thay d¢ nhay doé theo tan s6 cua anh sdng chiéu vao cac chat ban dan nay:
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Bd nhay (%a)

100
Se S T
75 N -~
SD -I..:'. ".I_.- ”-I-.I-.- I___.-.-'
I f / ~ AAT)
2000 4000 6000 8000 10000 12000 14000

Tirngoa  Anh sdng thiv dwrd Hing nooai

Ding dién nghich mé
0%
! 4000f;
0.4
3000f;
0,3
2000£;
0,2
’ 1000£;
0,1 Dong th1 L=0
| ] Bnén thée phan cwe nghich

Hinh 7

Pic tuyén V-1 cia quang diod voi quang thong 1a thong sb cho thay & quang thong nho
khi dién thé phan cuc nghich nho, dong di¢n tang theo dién thé phan cuc, nhung khi
dién thé phan cyc 16n hon vai volt, dong dién gan nhu bao hoa (khong d6i khi dién thé
phan cyuc nghich tang). khi quang thong 16n, dong dién thay doi theo dién thé phan cuc
nghich. Tan sb hoat dong ctia quang diod c6 thé 1én dén hanh MHz. Quang diod ciing
nhu quang dién tré thuong duge dung trong cac mach diéu khién dé dong - md mach
dién (dan dién khi c¢6 4nh sang chiéu vao va ngung khi t61).
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Quang transistor (photo transistor)

Quang transistor la no1 rong duong nhién cua quang d10d Vé mit ciu tao, quang
transistor cling giéng nhu transistor thuong nhung cyc nén dé ho. Quang transistor co
mot thau kinh trong subt dé tap trung anh sang vao ndi P-N giita thu va nén.

Khi cuc nén dé ho, ndi nén-phét duoc phan cyc thuanchut it do cac dong dién ri (di¢n thé
VBE luc d6 khoang vai chuc mV ¢ transistor Si) va noi thu-nén dugc phan cuc nghich
nén transistor & vung tac dong.

Vi ndi thu-nén duge phan cuc nghich nén c¢6 dong ri I¢o chay gitta cuc thu va cuc nén.
Vi cuc nén bo trong, ndi nén-phat dugce phan cuc thuan chut it nén dong dién cuyc thu la
Ico(1+B). Pay la dong t6i cua quang transistor.

I|; I(IIL":"..:I
AL; s Quang thing

) I R s

"hfa 4 34

5 1 &5

N — 2 &

1
= volt
. . | 0 . B WV
K7 luéu Phén ouc Béc tuyén V-1 CE
Hinh &

Khi c6 anh sang chiéu vao moi ndi thu nén thi sy xuét hién cua cac cap dién tir va 1o
trong nhu trong quang diod lam phat sinh mot dong dién Ix do &nh séng nén dong di¢n
thu tr¢ thanh: Ic=(B+1)(Icot+1))

Nhu vay, trong quang transistor, ca dong t6i 1an dong chiéu sang déu duoc nhan 1én
(B+1) 1an so véi quang diod nén dé dang str dung hon. Hinh trén trinh bay dic tinh V-1
clia quang transistor véi quang thong 1a mot thong sd. Ta thay dic tuyén nay gidng nhu
dic tuyén cua transistor thudng mac theo kiéu cuc phét chung.

C6 nhiéu loai quang transistor nhu loai mét transistor dung dé chuyén mach dung trong

cac mach diéu khién, mach dém... loai quang transistor Darlington c6 do nhay rit cao.
Ngoai ra nguoi ta con ché tao cac quang SCR, quang triac...
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Juang transistor Cuang Datlington Quanhg SCR Cuang TRIAC
Hinh 9
Vai irng dung cia quang transistor:
Quang ké:
bay la mach, dorp gian dé do cudng ,d(f) anh sang, bién tré 5K dung dé chuin Inéy nho
mot quang ké mau. Khi anh sadng chiéu vao cang mach, quang transistor cang dan manh,

kim dién ké 1éch cang nhiéu. Di nhién ¢ mach trén ta ciing c6 thé dung quang dién trd
hay quang diod nhung kém nhay hon.

S5KLQ

/N
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Pong hay tit Relais:

+12V 2V

L , T :

- Relay T (\R'ﬂﬂ}’
1 R 1
iy . 0 !

Vg ae g
\has T1 " T

Hinh 11

Trong mach déng relais, khi quang transistor duoc chiéu sang né dan dién lam T
thong, Relais hoat dong. Nguoc lai trong mach tit relais, ¢ trang thai thuong truc quang
transistor khong duoc chiéu sang nén quang transistor ngung va T1 ludn thong, Relais &
trang thai dong. Khi dugc chiéu sang, quang transistor din manh 1am T} ngung, Relais
khong hoat dong (6 trang thai tit).
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Diod phat quang (led-light emitting diode)

O quang trd, quang diod va quang transistor, nang luong ctiaq anh sang chiéu vao chit
ban dan va cap nang lugng cho cac dién tir vuot dai cam. Nguoc lai khi mdt dién tir tur
dai dan dién r6t xuodng dai hoa tri thi s€ phat ra mot nang lugng E=h.f

Khi phan cuc thuan mét ndi P-N, dién tir tu do tir vung N xuyén qua vung P va tai hop
v6i 16 tréng (vé phuong dién nang luong ta nodi cac dién tir trong dai din dién — c6 ning
luong cao — roi xudng dai hoa tri - co ning lugng thap — va két hop vai 16 tréng), khi tai
hop thi sinh ra nang lugng.

| Daidindién |

D&
by cdm

| Dahoatd |
Hinh 12

Dbi véi diod Ge, Si thi ning luong phat ra dudi dang nhéit. Nhung ddi véi diod cau
tao bang GaAs (Gallium Arsenide) ning luong phat ra 1a anh sang hong ngoai (khong
thiy duogc) dung trong cac mach bao dong, diéu khién tir xa...). Véi GaAsP (Gallium
Arsenide phosphor) nang lugng phat ra 1a anh sang vang hay do. Véi GaP (Gallium
phosphor), nang luong anh sang phat ra mau vang hoac xanh 14 cay. Cac Led phat ra
anh sang thiy dugc dung dé lam dén bdo, trang tri... Phan ngoai cia LED c6 mdt thau
kinh dé tap trung 4nh sang phat ra ngoai.

Ip (ma) GassPdd  CassPvang

0 5 Gahs
R 2 GaP luc
wee | ;
* CcC
= 4
LED = an
4 2. { o Y
[l [l [l
L T 115 2 3V (volt)
K3 higu Phan e Bric tuyén

Hinh 13

Dé ¢6 anh sang lién tuc, ngudi ta phan cyc thuan LED. Tuy theo vat li¢u ciu tao, dién
thé thém ctia LED thay doi tir 1 dén 2.5V va dong dién qua LED t6i da khoang vai mA.
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Néi quang

Mot dén LED va mdt linh kién quang di¢n tir nhu quang transistor, quang SCR quang
Triac, quang transistor Darlington c6 thé tao nén su truyén tin hiéu ma khong can duong

mach chung.

Céc ndi quang thuong duge ché tao dudi dang IC cho phép cach ly phan dién cong suat
ma thuong 1a cao thé khoi mach di€u khién tinh vi & phia LED. Bay 1a m¢t vu diém rat

16m cua noi quang.

Hinh sau day gioi thiéu mdt s6 ndi quang dién hinh:

1 B

20 =, =5
h

i =4

AN 25 (Transistor output)

1 B

24 =, =5
h

3 =4

HC11C2 (SCR output)

Hinh 14

1 = m= ]}

2 :E“‘;L i
A

g =4

4N29 (Datlington output)

=l

EEEZ 11_%:5

I —d

MOC3021 (Triac output)

Hinh sau day gidi thiéu mot 4p dung ctia ndi quang

270
o YA
1% 1 _ I
=  Zhvradii] ! ‘ -
T Q1 MOC3021| 2 ﬂ_%
ﬁ F Y 51 o #_‘4 o /—\'\_/'
8 | | f 10 220VAC |

Hinh 15

- Q1: Bao vé ndi quang khi dién thé ngudn 16n (chia bot dong dién qua LED).
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- Khi LED sang, ndi quang hoat dong kich hai SCR hoat dong (mdi SCR hoat dong &
mot ban ky khi c6 xung kich tir ndi quang) cap dong cho tai.

- Khi LED tit, ndi quang ngung, 2 SCR ngung, ngit dong qua tai.

- Mach nay 1a mot vi du vé mach SSR (Solid — State — Relay).
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Khai niém vé IC - sw két tu trong hé thong
dién tur

IC (Intergated-Circuit) 12 mdt mach di¢n tir ma céc thanh phén tac dong va thu dong déu
dugc ché tao két tu trong hodc trén mot d€ (subtrate) hay than hodc khong thé tach roi
nhau dugc. Pé nay, co thé 1a mdt phién ban dan (hau hét 1a Si) hodc mot phién cach
dién.

Mot IC thuong c6 kich thude dai rong c& vai tram dén vai ngan micron, day ¢ vai trim
micron dugc dung trong mot vo béng kim loai hoac béng plastic. Nhitng IC nhu vay
thudng 1a mot bo phan chirc nang (function device) tirc 1 mot bo phan c6 kha nang thé
hién mdt chirc nang dién tr nao do. Sy két tu (integration) cac thanh phén cua mach dién
tur cling nhu cac bd phan cAu thanh ctia mot hé théng dién tr van 12 hudng tim toi va theo
dudi tir 1au trong nganh dién tr. Nhu cu cua sy két tu phat minh tir sy két tu tat nhién
clia cac mach va hé thong dién tir theo chiéu hudng tir don gian dén phirc tap, tir nho
dén 16m, tir tan sb thap (toc d6 cham) dén tan s cao (tdc d6 nhanh). Su tién trién nay 13
hau qua tat yéu ctia nhu cau ngdy cang tang trong viéc xu 1y luong tin tirc (information)
ngay cang nhiéu cia xa hoi phat trién.

Nhitng hé thong dlen to cong phu Va phtc tap gdm rat nhiéu thanh phan, b phan. Do
d6 nay ra nhiéu van dé can giai quyét:

1. Khoang khong gian ma sé lugng 16n cac thanh phan chiém doat (thé tich). Mot may
tinh dién tir can dung dén hang tri€u, hang vai chyc tri¢u by phan roi. Néu khong thuc
hién bang mach IC, thi khong nhiing thé tich ctia né s& 1on mot cach bat tién ma dién
ning cung cap cho no ciing s& v6 cung phirc tap. Ma néu c6 théa man ching nira, thi
may cling khong thuc dung.

2. B6 kha tin (reliability) ciia hé thong dién tir: 1a d6 dang tin cdy trong hoat dong ding
theo tiéu chuan thiét ké. Do kha tin ciia mot hé théng tat nhién phu thudc vao do kha tin
cua cac thanh phan ciu thanh va cac by phan n6i tiép gitra chung. He thong cang phirc
tap, s bo phan cang ting va chd ndi tiép cang nhiéu. Vi vay, néu ding bd phan rdi cho
cac hé thong phire tap, d6 kha tin ctia né sé giam thap. Mot hé thong nhu vay sé truc tric
rt nhanh.

3. Tudi tho trung binh t cia mot hé thdng dién tir gdm n thanh phan sé 1a:
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Néuty=t,=. =t thi t= %
1l
Viy néu mét transistor cé tudi tho 1a 10°h, thi mdt may tinh gf:‘:m 500000

a
I 00gia

T - - ? T " j
ngan transistor s& chi ¢é tudi the 210
Céc thanh phan trong IC dugc ché tao dong thoi va cling cing phuong phép, nén tudi
tho IC xap xi mdt tuoi tho mot transistor Planar.

4. Mot hé théng (hay mot may) dién tir c6 cau tao nhu hinh vé:

- B phin Mach dién B phin céu He théng
Vit ligy o o, \ o > o
linh kign fir cor ban thanh hé thing dlﬁﬂm
b —
_\'\-\"_J"_

E& phan chirc nang

Su két tu ap dung vao IC thuong thuc hién & giai doan bo phan chirc nang. Song khai
niém ket tu khong nhat thiét dung lai ¢ giai doan nay. Nguoi ta van no luc dé két tu voi
mat do cuc cao trong IC, nam hudng td1 viée két tu toan thé hé thong dién tir trén mot

phiém (chip)
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MWam 1947 | 1950 | 1961 1966 | 1971 | 1980 1985 1990
Cén ﬁfﬁ Linh
- h:? Toon | Kién 551 MSI L3l | VLSI | TLSI GSI
Zhe ransi I’&)‘l
-stor
3%
Transistor 100—> | 1000—> | 20000
trén 1 1 1 10 1000 | 20000 | 500000 | =1000000
'jéfctzgzg 500000
phim
thur ong
tmal
L-Th Idach .. Vi mAIF
Cac sin e I T e
i tiEy EIT pla_,nar, " i 7 & bit, 1% 16 va dung, =y
P oo Diode | Céng Q’F‘L ROM, -‘;2 b | 13 b,
e logic, | ™M&C RAM | thal gian
Flip Flop | ~°"8 thipe

SSI: Small scale integration: Tich hop qui m6 nho

MSI: Medium scale intergration: Tich hgp qui m6 trung binh

LSI: Large scale integration: Tich hop theo qui md 16n

GSI: Ultra large scale integration: Tich hop qui m6 khong 16

Tom lai, cong nhé IC dua dén nhiing diém loi so vai ky thuat linh kién ro1 nhu sau:
- Gia thanh san pham ha

- Kich c& nho

- B0 kha tin cao (tét ca cac thanh phén duoc ché tao cung lac va khong c6 nhitng diém
han, nbi).

- Tang chat luong (do gia thanh ha, cac mat phic tap hon c6 thé dugc chon dé hé théng
dat dén nhiing tinh nang tot nhat).

- Cac linh kién dugc phdi hop tdt (matched). Vi tt ca cac transistor dugc ché tao dong

thot va cung mot qui trinh nén cac thong s6 tuong tng cua ching vé co ban c6 cung do
16n do61 véi su bién thién cuia nhiét do.
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- Tuoi tho cao.
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Cac loai IC
Dua trén qui trinh san xuét, c6 thé chia IC ra 1am 3 loai:
IC mang (film IC):

Trén mot dé bang chat cach dién, dung cac 16p mang tao nén cac thanh phan khac. Loai
nay chi gdm cac thanh phan thu dong nhu dién trd, tu di€n, va cudén cadm ma thoi.

« Day nbi giita cac bd phan: Dung mang kim loai c6 dién tré stat nho nhu Au,
Al Cu...

« Pién tro: Dung mang kim loai hodc hop kim c6 dién tro suat 16n nhu Ni-Cr;
Ni-Cr-Al; Cr-Si; Cr ¢6 thé tao nén dién trg ¢ tri sb rat 16m.

« Tu dién: Dung mang kim loai dé dong vai tro ban cuc va dung mang dién moi
Si0; S102, Al203; Ta20s. Tuy nhién kho tao dugc tu c6 dién dung 16n hon
0,02uF/cm?.

* Cudn cam: dung mot mang kim loai hinh X04n. Tuy nhién khoé tao dugc cudn
cam 16n qua 5pH véi kich thude hoply. Trong so dd IC, nguoi ta tranh ding
cudn cam dé khong chiém thé tich.

» Céach dién gitra cac bo phan: Dung SiO; Si02; Al20s3.

C6 mot thoi, Transistor mang mong duoc nghién ctu rat nhiéu dé ung dung vao IC
mang. Nhung tiéc 1a transistor mang chua dat dén giai doan thuc dung, néu khong phai
1a it co trién vong thuc dung.

IC don tinh thé (Monolithic IC):

Con goi 13 IC ban dan (Semiconductor IC) — 14 IC dung mot dé (Subtrate) bang chat ban
dan (thuong 13 Si). Trén (hay trong) dé d6, ngudi ta ché tao transistor, diode, dién trg,
tu dién. Ri dung chét cach dién SiO; dé phu 1&€n che chd cho cac by phan doé trén 16p
Si02, dung mang kim loai dé néi cac bo phan vai nhau.

« Transistor, diode déu 1a cac bd phan ban dan.

« Pién tro: dugc ché tao bang cach loi dung dién trd ciia 16p ban dan co khuéch
tan tap chat.

« Tu dién: Puoc ché tao béng cach loi dung dién dung cia vung hiém tai mot ndi
P-N bi phan cuc nghich.

Doi khi ngudi ta ¢6 thé thém nhimng thanh phan khac hon cta cac thanh phan ké trén dé
dung cho cac muc dich dac thu
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Céc thanh phan trén dugc ché tao thanh mot sd rat nhidu trén cing mot chip. Co rat
nhiéu moi noi gitra chiing va chung dugc cach ly nho nhitng néi P-N bi phan cuc nghich
(dién tré c6 hang tram M?)

IC lai (hibrid IC).
La loai IC lai gitra hai loai trén

Tir vi mach mang mong (chi chita cac thanh phan thy dong), nguoi ta gan ngay trén
dé cta nd nhitng thanh phén tich cyc (transistor, diode) tai nhitng noi da danh san. Céc
transistor va diode gan trong mach lai khong can c6 vo hay dé riéng, ma chi can duoc
bao vé bang mot 16p men trang.

Uu diém cua mach lai la:

« C6 thé tao nhiéu IC (Digital hay Analog)

« (C6 kha ning tao ra cac phan tir thu dong c6 cac gia tri khac nhau véi sai sé nho.

* (0 kha nang dat trén mot dé, cac phﬁn tr mang méng, cac transistor, diode va
ngay ca cac loai IC ban dan.

Thuc ra khi ché tao, nguoi ta ¢6 thé dung qui trinh phdi hgp. Céc thanh phan tic dong
dugc ché tao theo cac thanh phan k¥ thuat planar, con cac thanh phan thy dong thi theo
k¥ thuat mang. Nhung vi qua trinh ché tao cic thanh phan tac dong va thy dong duoc
thuc hién khong dong thoi nén cac dic tinh va thong sb cua cac thanh phan thy dong
khong phu thudc vao cac dic tinh va thong sb cua cac thanh phan tac dong ma chi phu
thudc vao viéc lya chon vat liéu, bé déy va hinh dang. Ngoai ra, vi cac transistor cua IC
loai ndy nam trong dé, nén kich thudc IC dugc thu nho nhiéu so véi IC chira transistor
101l

IC ché tao bang qui trinh phdi hop ciia nhiéu wu diém. Véi k¥ thuat mang, trén mot dién

tich nhé c6 thé tao ra mdt dién trd co gid tri 16n, hé s6 nhiét nho. Piéu khién toc do
ngung dong ciia mang, c¢6 thé tao ra mot mang dién tré vdi dd chinh xac rat cao.
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So lwgce vé qui trinh ché tao mét IC don tinh
thé

Cac giai doan ché tao mét IC don tinh thé co6 thanh phén tac dong 1a BJT, dugc don gian
hoa gom cac budce sau:

Bude 1:

5100,
23— Thmm |:|_5|,Lml "/
025mm | 0 W\

0.15mm Nén P-5i Mén P-5i

0.15min

Hinh 1
a. Ttr mot nén P-Si (hodc n-Si) don tinh thé
b. Tao mot 16p epitaxy mong loai N-Si
c. Phu mdt 16p céach di¢n Si02
Budce 2:

Dung phuong phap quang khic dé khir 16p SiO2 ¢ mot sé chd nhét dinh, tao ra cac cira
s6 & bé mit tinh thé. Tir cac cira sd, co thé khuéch tan tap chét vao.

Dau tién, vé so do nhiing noi can mé cira s6, chup hinh so do6 rdi lay phim am ban, thu
nho lai. Nhitng noi can mé cia s6 1a vung toi trén phim

a. Boi mét 16p can quang trén bé mat. Dat phim ¢ trén roi tia cyc tim vao nhirng noi can

mo cua s6 dugce 10’p den tren phim bao vé. Nhung tinh thé vao dung dich trlcloetylen
Chi nhirng noi can mé cira s 16p can quang méi bi hoa tan, cac noi khéc ran lai.
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b.Lai dem tinh thé nhiing vao dung dich fluorhydric. Chi nhiing noi can mé cira so 16p
Si02 bi hoa tan, nhitng noi khac nho 16p can quang che ché.

c. Pem tay 16p can quang

d. Khuéch tan chat ban dan P sau dén than, tao ra cac dao N.

e. Lai mo cira s6, khuéch tan chit ban dan P vao cac dao N (khuéch tan Base)
f. Lai mo ctra s6, khuéch tan chat ban dan N vao (khuéch tan Emitter)

g. Phu kim loai. Thue hién cac chd ndi

Thi du:

Mot mach di¢n don gian nhu sau, dugc ché tao dudi dang IC don tinh thé.

1

Pién tri Kim loai 41 Diode Drode ndi Transistor

2 1 3 ] 4
EEEEEEEEER BHE lilelelelelelaielele Telilrlelelelelelelelelelelelel Celeieleiels

nt n+ nt nt fr
%0, /
p p Base \
n n 0 Collector
Ty /
[ ] ",.
Ernitter Tiép m:ic kim loai
Hinh 4
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IC s6 (IC digital) va IC twong tu (ic analog)

Dua trén chirc nang xu ly tin hi€u, nguoi ta chia IC 1a hai loai: IC Digital va IC Analog
(con goi 1a IC tuyén tinh)

IC Digital:

La loai IC xir Iy tin hiéu sd. Tin hiéu sd (Digital signal) 1a tin hiéu c6 tri gia nhi phan (0
va 1). Hai muc dién thé twong g voi hai tri gia (hai logic) do la:

- Mtic High (cao): 5V d6i voi IC CMOS va 3,6V ddi v6i IC TTL
- Mtic Low (thap): 0V ddi véi IC CMOS va 0,3V dbi véi IC TTL
Thong thuong logic 1 twong trng vdi mic H, logic 0 tuong img véi muc L

Logic 1 va logic 0 dé chi hai trang thai d6i nghich nhau: Dong va mé, dung va sai, cao
va thép. ..

Chung loai IC digital khong nhiéu. Chiing chi gdm mot s cac loai mach logic cin ban,
goi la cong logic.

Vé cong nghé ché tao, IC digital gdm cac loai:

- RTL: Resistor — Transistor logic

- DTL: Diode — Transistor logic

- TTL: Transistor — Transistor logic

- MOS: metal — oxide Semiconductor

- CMOS: Complementary MOS

IC analog:

La loai IC xtr Iy tin higu Analog, d6 1a loai tin hiéu bién doi lién tuc so vdi IC Digital,
loai IC Analog phat trién cham hon. Mot 1y do 1a vi IC Analog phan 16n déu lé} mach
chuyén dung (special use), tror mot vai truong hop dac biét nhu OP-AMP (IC khuéch dai

thuat toan), khuéch dai Video va nhirng mach phd dung (universal use). Do d6 dé thoa
man nhu cau st dung, nguoi ta phai thiét ké, ché tao rat nhi€u loai khac nhau.
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Tai liéu: Gido trinh linh kién dién tir

Bién tap boi: Truong Van Tam

URL: http://voer.edu.vn/c/749¢7bb6

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Thong tin gido trinh dién tir

Céc tac gia: Truong Van Tam
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Gidy phép: http://creativecommons.org/licenses/by/3.0/
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Module: Dai nang lugng

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/dd09bdd4
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Module: Dan xut ctia chat ban dan

Céc tac gid: Truong Van Tam

URL: http://www.voer.edu.vn/m/ca649bf3

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Co ché din dién trong chét ban dan

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/0f3e4377

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Phuong trinh lién tuc

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/d7b0e890

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: CAu tao ctia ndi P-N

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/c704de92

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Dong dién trong nbi P-N khi duge phéan cuc
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/b6¢c5ebbf

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Anh hudng ctia nhiét d6 1én nbi P-N

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/103908fc

Gidy phép: http://creativecommons.org/licenses/by/3.0/
Module: Néi tré ciia ndi P-N

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/d07ced2c

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Dién dung ciia ndi P-N
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Céc tac gia: Truong Van Tam
URL: http://www.voer.edu.vn/m/c76bde67
Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Céc loai DIODE thong dung

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/71b81ca6

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: CAu tao cin ban cua BJT

Céc tac gid: Truong Van Tam

URL: http://www.voer.edu.vn/m/e5c0bd23

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Co ché hoat ddong cua transistor ludng cuc
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/35d45277

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Transistor ¢ trang thai chua phan cuc

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/bde52d21

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Céc cach rép transistor va do lgi dong dién
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/e023b1la2

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Dong dién ri trong transistor

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/ada8cc05

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Pic tuyén V-I ciia transistor

Céc tac gia: Truong Van Tam
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URL: http://www.voer.edu.vn/m/d8al6abc
Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Piém diéu hanh — dudng thang 1y dién mot chiéu
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/3282¢e224

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Kiéu mau mot chiéu cua BJT

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/25b36cc3

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: BIT véi tin hiéu xoay chiéu

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/03aaf03f

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: CAu tao cin ban cua JFET

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/6466ecle

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Co ché hoat dong ctia JFET

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/2ced11c8

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Dic tuyén truyén cioa JFET

Céc tac gid: Truong Van Tam

URL: http://www.voer.edu.vn/m/bfab72ab

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Anh hudng cta nhiét d6 trén JFET
Céc tac gia: Truong Van Tam
URL: http://www.voer.edu.vn/m/b606ea26
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Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Mosfet loai hiém (depletion mosfet de mosfet)
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/28f0ed40

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Mosfet loai taing (enhancement mosfet e-mosfet)
Céc tac gid: Truong Van Tam

URL: http://www.voer.edu.vn/m/c3295ffb

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: X4c dinh diém diéu hanh

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/ac416843

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Fet véi tin hiéu xoay chiéu va mach twong duong véi tin hi¢u nho

Céc tac gia: Truong Van Tam
URL: http://www.voer.edu.vin/m/b296fe9c
Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Pién dan truyén (transconductance) cia jfet va demosfet

Céc tac gia: Truong Van Tam
URL: http://www.voer.edu.vn/m/06bae48f
Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Pién dan truyén cta e-mosfet

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/54682d02

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Tong trd vao va tong trd ra cia fet

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/0d2f3646

Gidy phép: http://creativecommons.org/licenses/by/3.0/
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Module: CMOS tuyén tinh (linear cmos)

Céc tac gid: Truong Van Tam

URL: http://www.voer.edu.vn/m/1610cda3

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Mosfet cong suat v-mos va d-mos

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vin/m/f7016169

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: SCR (thyristor — silicon controlled rectifier)
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/dfd03229

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: TRIAC (triod ac semiconductor switch)

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/6e1c60ac

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: SCS (silicon — controlled switch)

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/3cf3a21d

Gidy phép: http://creativecommons.org/licenses/by/3.0/
Module: DIAC

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/2bbe38el

Gidy phép: http://creativecommons.org/licenses/by/3.0/
Module: Ujt (unijunction transistor — transistor doc ni)
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/90911720

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Diod shockley
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Céc tac gia: Truong Van Tam
URL: http://www.voer.edu.vn/m/ff31c907
Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: GTO (gate turn — off switch)

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/1b8dca07

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: PUT (Programmable Unijunction Transistor)
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/2bc6f2df

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Anh sang

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/424£1901

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Quang di¢n tré (photoresistance)

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/9{f13943

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Quang diod (photodiode)

Céc tac gid: Truong Van Tam

URL: http://www.voer.edu.vn/m/ece54935

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Quang transistor (photo transistor)

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/c0112629

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Diod phat quang (led-light emitting diode)

Céc tac gia: Truong Van Tam
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URL: http://www.voer.edu.vn/m/al93e3ac
Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Néi quang

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/2ae0967c

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Khai niém vé IC - sy két ty trong hé théng dién tur
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/0a04185f

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: Cac loai IC

Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vin/m/f4b66566

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: So lugc vé qui trinh ché tao mét IC don tinh thé
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/ccd63alb

Gidy phép: http://creativecommons.org/licenses/by/3.0/

Module: IC s6 (IC digital) va IC tuong tu (ic analog)
Céc tac gia: Truong Van Tam

URL: http://www.voer.edu.vn/m/9a3eee7f

Gidy phép: http://creativecommons.org/licenses/by/3.0/
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Chwong trinh Thu vién Hoc liéu Mé Viét Nam

Chuong trinh Thu vién Hoc liéu M¢ Viét Nam (Vietnam Open Educational Resources
— VOER) duogc hd tro boi Quy Vi¢t Nam. Muc tiéu cua chuong trinh 1a xay dung kho
Tai nguyén gido duc Mo mién phi ctia nguoi Viét va cho nguoi Viét, ¢ ndi dung phong
phu. Céc ndi dung déu tuan thu Gidy phép Creative Commons Attribution (CC-by) 4.0
do d6 cac nodi dung déu co thé duoc str dung, tai st dung va truy nhap mién phi trudc
hét trong trong méi trudng giang day, hoc tip va nghién ctru sau d6 cho toan xi hoi.

Vi su hd tro cia Quy Viét Nam, Thu vién Hoc liéu Mé Viét Nam (VOER) da tr¢ thanh
mot cong thong tin chinh cho céc sinh vién va giang vién trong va ngoai Viét Nam. Mdi
ngay c6 hang chuc nghin luot truy cidp VOER (www.voer.edu.vn) dé nghién ciru, hoc
tap va tai tai liéu giang day vé. V6i hang chuc nghin module kién thuc tir hang nghin
tac gia khac nhau dong gop, Thu Vién Hoc liéu Mé Viét Nam 1a mdt kho tang tai li€u
khong 16, ndi dung phong pht phuc vu cho tit ca cac nhu cau hoc tap, nghién ctru cia
doc gia.

Ngudn tai liéu md phong phii c6 trén VOER c¢6 dugce 1a do sy chia sé ty nguyén cta cac
tac gia trong va ngoai nudc. Qua trinh chia sé tai licu trén VOER tr¢ 1€n dé dang nhu
dém 1, 2, 3 nho vao stc manh ctia nén tdng Hanoi Spring.

Hanoi Spring 1 mot nén tang cong nghé tién tién duoc thiét ké cho phép cong chung dé
dang chia sé tai lidu giang day, hoc tap ciing nhu chu dong phat trién chuong trinh giang
day duya trén khai niém vé hoc liéu mé (OCW) va tai nguyén gido duc mé (OER) . Khai
niém chia sé tri thirc c6 tinh cach mang da duoc khoi xuéng va phat trién tién phong
bai Pai hoc MIT va Pai hoc Rice Hoa Ky trong vong mot thap ky qua. Ké tir d6, phong
trao Tai nguyén Gido duc M¢ da phat trién nhanh chong, dugc UNESCO hd tro va duoc
chap nhan nhu mét chuong trinh chinh thirc & nhiéu nudc trén thé gisi.
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