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Chuong I
MUC NANG LUQNG VA DAI NANG LUQNG

Trong chuong nay chii yéu nhac lai cac kién thirc co ban vé co hoc nguyén lugng,
s phan b dién tir trong nguyén tir theo niang luong, tir 6 hinh thanh dai ning luong
trong tinh thé chat ban dan. Pé hoc chuong nay, sinh vién chi can c6 kién thic twong dbi
vé vat 1y va hoa hoc dai cuong. Muc tiéu can dat duoc 1a hiéu duoc v nghia cua dai dan
dién, dai hoa tri va dai cdm, tir d6 phan biét dugc cac chat dan dién, ban dan dién va cach
dién.

I. KHAI NIEM VE CO HOC NGUYEN LUQNG:

Ta biét rang vat chat duoc cau tao tir nhiing nguyén tir (46 la thanh phan nho nhét
clia nguyén to ma con giir nguyén tinh chat cta nguyén t6 d6). Theo mo hinh cua nha vat
1y Anh Rutherford (1871-1937), nguyén tr gdbm c6 mot 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 Am chuyén dong chung quanh nhan va chiu tac dong boi lyc hut cua nhan.
Nguyén tir luon ludn trung hoa dién tich, sd electron quay chung quanh nhin bang sb
proton chita trong nhén - dién tich cia mot proton bang dién tich mot electron nhung trai
déu). Dién tich cua mot electron 13 -1,602.10"Coulomb, diéu nay c6 nghia la dé co dugc
1 Coulomb dién tich phai c6 6,242. 10'® electron. dién tich cua dién tur co thé do duoc truc
t1ep nhung khoi luong cua dién tu khong thé do truc tiép dugc. Tuy nhién, ngudi ta cé
thé do duoc ti sd gitra dién tich va khdi lugng (e/m), tir 46 suy ra dugc khdi luong cia
dién tur la:

mye=9,1.10""'Kg

D6 1a khoi lugng cua dién tur khi no chuyén dong vai van tdc rat nhé so véi van toc
anh sang (c=3.108m/s). Khi van toc dién tur tdng 1€n, khoi lugng cua dién tor dugce tinh
theo cong thirc Lorentz-Einstein:

M3di dién tir chuyén dong trén mot du:ong tron va chiu mot gia toc xuyén tam. Theo
thuyét dién tir thi khi chuyén dong co gia toc, dién tir phai phat ra ning luong. Su mat
nang luong nay lam cho quy dao cua dién tir nho dan va sau mot thoi gian ngan, dién tur
s€ roi vao nhan. Nhung trong thuc té, cac hé thong nay la mét hé thong bén theo thoi
gian. Do d6, gia thuyét cua Rutherford khong dimg viing.

Nha vat Iy hoc Pan Mach Niels Bohr (1885- 1962) di bo tc bang cac gia thuyét
sau:
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C6 nhitng quy dao dat biét, trén d6 dién tir c6 thé di chuyén ma khong phat ra ning
lugng. Tuong trng va1 moi quy dao c6 mdt mirc nang lugng nhat dinh. Ta c6 mdt quy dao
dung.

Khi dién tir di chuyén tir mot quy dao twong tng v6i muc ning lugng W) sang quy
dao khac tuong ung véi mirc nang luong w; thi s€ ¢6 hién tugng birc xa hay hap thu ning
lugng. Tan s6 cua buc xa (hay hap thu) nay la:

f="2_"1
h

Trong d6, h=6,62.10>* J.s (hdng s Planck).

X. ~ \ ~ , A oLy A A s h
Trong moi quy dao dirng, moment dong luong cia dién tir bang bdi so cia 5 =h
T

Moment dong lugng: m.v.r = n.z— =nh

Hinh 1

Véi gia thuyét trén, nguoi ta d3 dy doan duoc cac muc ning lugng cia nguyén tu
hydro va giai thich dugc quang phé vach cta Hydro, nhung khong giai thich dugc d6i voi
nhimg nguyén tr c6 nhiéu dién tu. Nhéan thay su doi tinh gitra song va hat, Louis de
Broglie (Nha vt 1y hoc Phap) cho rang cé thé lién két mdi hat dién khoi lwong m, chuyén

A oA A A L h
dong véi1 van toc v mot budce song A = —.
mv

Tong hop tat ca gia thuyét trén 1a mén co hoc nguyén luong, kha di c6 thé giai thich
duoc cac hién tugng quan sat dugc ¢ cap nguyén tir.

Phuong trinh cdn ban cia mén co hoc nguyén luong la phuong trinh Schrodinger
duoc viét nhu sau:

2

_T Vo+(E-U)p=0
m

V 1a toan tir Laplacien

Trang 5 Bién soagn: Truong Van Tam
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Vo = 5’ (2p 5’ ¢, 8¢

5x* 8y’ 62
E: niang lugng toan phan
U: thé ning

(E-U): dong nang

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

Trong khi giai phuong trinh Schrodinger de tim nang lugng ctia nhiing dién tir trong
mot nguyen tur duy nhat, ngudi ta thdy rang mdi trang thai nang luong 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 thuéc cia quy dao n=1,2,3,...7

S6 nguyén luong phuong vi: (S6 nguyén luong phu)
Xac dinh hinh thé quy dao 1=1,2,3,...,n-1

S6 nguyén lugng tir:

Xéc dinh phuong hudng cua quy dao ml=0,%1, ..., ¥ 1
S6 nguyén luong Spin:

Xac dinh chiéu quay cua electron m, = +% va -%

Trong mot hé thong gdm nhiéu nguyen tu, cac sO nguyén lugng tuan theo nguyén ly
ngoai trr Pauli. Nguyén Iy nay cho rang: trong mot hé thng khong thé c6 2 trang thai
nguyén luong giong nhau, nghia la khong thé ¢ hai dién tir co 4 s6 nguyén luong hoan
toan giong nhau.

IL. PHAN BO DPIEN TU TRONG NGUYEN TU THEO
NANG LUQNG:

Tat ca cac nguyén tir co cung sd nguén lugng chinh hop thanh mot ting c6 tén 1a
K,L,M,N,O,P,Q tng v6i n=1,2,3,4,5,6,7.

O mbdi ting, cac dién tir co cung s6 1 tao thanh cac phu ting c6 tén s,p,d,f twong Gmg
voi1=0,1,2,3

Tang K (n=1) c6 mot phy tang s co toi da 2 dién tir.

Téng L (n=2) c6 mot phu téng s ¢6 toi da 2 dién tir va mot phu tang p co t6i da 6 dién tur.

Tang M (n=3) c6 mdt phu tang s (tb6i da 2 dién tir), mot phu tang p (t6i da 6 dién tir) va mot
phu tang d (t01 da 10 di¢n tur).

Tang N (n=4) c6 mot phu tang s (t6i da 2 dién tir), mot phu tang p (t6i da 6 dién tir), mot
phu tang d (t6i da 10 dién tir) va mot phuy tang f (tdi da 14 dién tir).

Nhu vay: Tang K c¢6 toi da 2 dién tur.
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Tang L c6 t6i da 8 dién tu.

Tang M c6 t6i da 18 dién tur.

Tang N ¢6 téi da 32 dién tir.

Céc tang O,P,Q ciing c6 4 phu ting va ciing c6 t6i da 32 dién tir.

Ung véi moi phu ting ¢6 mot mirc nang luong va cac mirc nang luong dugc xép
theo th{r tu nhu sau:

1 2 3 4 5 6 7
ls— 25 3s 4s 5s 7s
2p 3p 4p 3P / 7p
3d 4d 5d / 7d
af st / 7£
Hinh 2

Khi khong bi kich thich, cac trang thai ning lugng nho bi dién tir chiém trudce (gan
nhan hon) khi hét chd méi sang muc cao hon (xa nhan hon). Thi du: nguyén tir Na c6 s6
dién tir z=11, ¢ cac phu tang 1s,2s,2p bi cic dién tr chiém hoan toan nhung chi c6 1
dién tir chiém phu tang 3s.

Cach biéu dién:

Theo mau cua Bohr Theo muc nang lugng

NATRI Na''  1s® 2s% 2p°® 3s'

Na 2-8-1
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SILICIUM Si'*  1s* 28 2p° 3s® 3p’

Si 2-8-4

GERMANIUM Ge*  1s” 28 2p° 3s® 3p°® 4s” 3d'° 4p’

Hinh 3
L6p bao hoa: Mot phu tang bao hoa khi ¢6 du sb dién tir tdi da.

Mot tang bao hoa khi moi phu ting d bao hoa. Mot tang bao hoa rat bén, khong
nhan thém va cling kh6 mat di¢n tu.

Tang ngoai cung: Trong mot nguyén tu, tang ngoai cung khong bao gio chira qua 8
dién tir. Nguyén tir c¢6 8 dién tir & tAng ngoai ciing déu bén vig (trudng hop céc khi tro).

Céc dién tir & tAng ngoai cuing quyét dinh hau hét tinh chat hoa hoc ctia mot nguyén
t6.

III. DAI NANG LUONG: (ENERGY BANDS)

Nhitng cong trinh khao ctru & tia X chimg to rang hau hét cac chat ban dan déu &
dang két tinh.
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Ta xét mot mang tinh thé gdm N nguyén tir thudc nhém 4A, thi du C°. Ta tudng
tugng rang co thé thay d6i dugc khoang cach giira cac nguyén tir ma khong thay déi cau
tao can ban cua tinh thé. Néu cc nguyén tir cach nhau mot khoang d, sao cho tac dong
13n nhau khong dang ké thi cac muic nang luong cta chiing tring véi cac mirc ning luong
clia mot nguyén tir doc nhat. Hai phu tdng ngoai cung c6 2 dién tir s va 2 dién tir p
(C°=15*2s"2p?). Do d6, néu ta khong dé y dén cac ting trong, ta c6 2N dién tir chiém tat
ca 2N trang thai s va c6 cing mirc ning luong; Ta ciing c¢6 2N dién tir p chiém 2N trang
thai p. Vay c6 4N trang thai p chua bi chiém. Gia stir khoang cach giita cac nguyén tir
duoc thu nho hon thanh d, tac dung ciia mot nguyén tir bat ky 1én cac nguyén tir lan can
tr¢ thanh quan trong.

Nang luong E
4N trang thai y 6N trang thai p )
chua bi chiém Dai dan dién (2N trang thai bi chiém)

\

Dai cam

\

B 2N trang thai s
N Dai hoa tri bi chiém

4N trang 2s

do d4 d3 d2 dl

Hinh 4

Ta c¢6 mot hé thong gdm N nguyén tir, do d6 cac nguyén tir phai tuan theo nguyén 1y
Pauli. 2N dién tir s khong thé c¢6 cing muc ning lugng ma phai ¢6 2N muc ning luong
khac nhau; khoang cach giita hai mirc niang kuong rat nho nhung vi N rat 1én nén khoang
cach gitta mirc ning luong cao nhét va thip nhat kha 16n, ta c6 mot dai ning luong. 2N
trang thai cta dai ndng lugng nay déu bi 2N dién tir chiém. Tuong tu, bén trén dai nang
luong ndy ta c6 mot dai gdm 6N trang thai p nhung chi cé 2N trang thai p bi chiém chd.

Ta dé y rang, giita hai dai nang luong ma dién tur chiém-dugc c6 mot dai cam. Dién
tr khong thé c6 nang luong nam trong dai cam, khoang cach (dai cam) cang thu hep khi
khoang cach d cang nhé (xem hinh). Khi khoang cach d=ds, cac dai ning luong chong
Ién nhau, 6N trang thai cua dai trén hoa voi 2N trang thai cua dai dudi cho ta 8N trang
thai, nhung chi ¢6 4N trang thai bi chiém. O khoang cach ndy, mdi nguyén tir c6 4 dién tir
tang ngoai nhung ta khong thé phan biét dugc dién tir nao 1a dién tir s va dién tur nao 1a
dién tir p, & khoang cach tir d6, tic dung ctia cic nguyén tir 1én nhau rat manh. Sy phan
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bd cac dai ning luong tuy thudc vao dang tinh thé va nguyén tir s6. Ngudi ta xac dinh sy
phéan bd nay bang cach giai phuong trinh Schrodinger va c6 két qua nhu hinh v&. Ta ¢6
mot dai hoa tri (valence band) gém 4N trang thai hoan toan bi chiém va mot dai dan dién
(conduction band) gom 4N trang thai chua bi chiém. Giira hai dai nang luong nay, c6 mot
dai nang luong cdm c6 ning luong khoang 6eV. (eV: ElectronVolt)

1 volt 1a hi¢u dién thé giita hai diém ctia mdt mach dién khi ning luong cung cap la
1 Joule dé chuyén mot dién tich 1 Coloumb tir di€ém nay dén diém kia.

W —Joule
Viy, volt « V = —

— Coloumb

Vay nang lugng ma mat dién tir tiép nhan khi vuot mot hiéu dién thé 1 volt la:

v=>
Q
v V¥
1,602.10™

= W =1,602.10"" Joule
Nang luong nay duoc goi 1a leV (1eV=1,602.10"°7)

Ta da khao sat truong hop dac biét cia tinh thé Cacbon. Néu ta khao sat mot tinh thé
bat ky, nang luong cua dién tir ciing duoc chia thanh timg dai. Dai ning luong cao nhat bi
chiém goi 1a dai hoa tri, dai ning luong thap nhit chua bi chiém goi 1a dai dan dién. Ta
dic biét chu y dén hai dai ning lugng nay.

E Nang lugng

Dai dan di¢n (Dai nang lugng
thap nhat chua bi chiém)

Eg Dai cam

Dai ho4 tri (Dai nang luong

cao nhét bj chiém)

Hinh 5

* Ta co 3 truong hop:

Trang 10 Bién soagn: Truong Van Tam
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Dai cidm c6 d6 cao kha 16n (Eg>5eV). Py 1a truong hop cua cac chat cach dién. Thi
du nhu kim cuong c6 Eg=7¢V, S;0, EG=9¢V.

Dai cim c6 d6 cao nho (Eg<5eV). Pay la trudng hop chat ban dan dién.
Thi du: Germanium c6 Eg=0,75¢V

Silicium ¢c6 Eg=1,12eV

Galium Arsenic ¢6 Eg=1,4eV

Dai hoa tri va dai dan dién chong 1én nhau, day 1a trudng hop ctia chat dan dién. Thi
du nhu dong, nhom...

E (Nang lugng) N
Dai dan dién
Eg>5eV |Dai cdm | | Dai dan dién
Eg<5eV
Dai hoa tri Dai hoa tri |
| | | | — i
(@) (b) (©)
Chét cach dién Chét ban dan Chéat dan dién
Hinh 6

Gia su ta tdng nhiét do cua tinh thé, nho su cung c?ip nhiét ndng, di¢n tir trong dai
hoéa tri tang nang luong. Trong truong hop (a), vi Eg 16n, dién tir khong du nang luong
vuot dai cAm dé vao dai din dién. Néu ta cho tac dung mot dién trudng vao tinh thé, vi tat
c4 cac trang thai trong dai héa tri diéu bi chiém nén dién tir chi c6 thé di chuyén bang
cach ddi chd cho nhau. Do d6, sé dién tir di, vé mét chiéu bang véi sé dién tir di, vé theo
chiéu nguoc lai, dong dién trung binh triét ti€u. Ta co chét cach dién.

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

Trong truong hop (c) cling glong nhu trudng hop (b) nhung sb dién tir trong dai dan
dién nhiéu hon lam cho sy di chuyén manh hon, ta c6 kim loai hay chat dan dién.

Trang 11 Bién soagn: Truong Van Tam
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Chuong 11
SU DAN PIEN TRONG KIM LOAI

No61 dung chinh ctia chuong nay la 6n lai khai niém vé do linh dong cua dién tir, dan
sudt ctia kim loai, tir 46 dua ra phuwong phéap khao sat chuyén dong cua hat tir bang ning
lugng. Muc ti€u can dat dugc 1a hiéu rd thé nang cua dién tir trong kim loai, sy phan bd
dién tir theo nang lugng, cong ra ctia kim loai va tiép thé.

I. PO LINH PONG VA DAN XUAT:

Trong chuong I, hinh anh cua dai nang lugng trong kim loai da dugc trinh bay.
Theo su khao sat trén, dai nang lwong do dién tir chiém c6 thé chua ddy va khong c6 dai
cAm cho nhiing ning lugng cao. Nghia 1a dién tir c6 thé di chuyén ty do trong kim loai
dudi tac dung cua dién truong.

.00, 6
. eCe @ @
“®. 0 @ ®

® ®.0- -6

Hinh trén v& phan bd dién tich trong tinh thé Na. Nhing chd gach chéo tiéu biéu cho
nhing dién tu ¢ dai hoa tri c6 nang luong thap nhat, nhitng chd trang chtra nhimg dién tir
¢ nang lugng cao nam trong dai dan dién. Chinh nhiing dién tir nay la nhimg dién tur
khong thé noéi thudc han vao mot nguyén tir nhat dinh nao va ¢ thé di chuyen tu do tur
nguyén tir ndy sang nguyén tir khac. Vay kim loai dugc coi 1a noi cac ion két hop chat
ché& véi nhau va xép déu dan trong 3 chiéu trong mot dam may dién tir ma trong d6 dién
tir ¢6 thé di chuyén ty do.

Hinh anh nay 13 su mé ta kim loai trong chét khi dién tir. Theo thuyét chat khi dién
tr kim loai, dién tir chuyén dong lién tuc véi chiéu chuyén dong bién do6i mdi lan va
cham véi ion duwong ning, dugc xem nhu dting yén. Khoang cach trung binh gitta hai lan
va cham duogc goi 1a doan dudng tu do trung binh. Vi day la chuyén dong tan loan, nén &
moét thoi diém nao do, sé dién tir trung binh qua mot don vi dién tich theo bat cir chidu
nao sé& bang s dién tir qua don vi dién tich dy theo chiéu nguoc lai. Nhu vay , dong dién
trung binh triét tiéu.

Trang 12 Bién soagn: Truong Van Tam
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Gia su, mot di¢n truong E duogc thiét lap trong mang tinh thé kim loai, ta thtr khao
sat chuyén dong ctia mot dién tir trong tir truong nay.

Hinh 2

Hinh trén m6 ta chuyén dong cua dién tir dudi tacdung cta dién truong E. Quy dao
cua dién tor 1a mgt duong gap khic vi dién tor cham vao cac ion duong va doi huong
chuyén dong. Trong thoi gian t=n lan thoi gian tu do trung binh, dién tir di chuyén dugc

A \ \ A A X © 1N A A 1 A A \ 2 1A 7. A
mot doan duong la x. Van toc v = n goi 1a van toc trung binh. Van toc nay ti I¢ véi dién

truong E.v= nE

Hing s6 ti 18 p goi 1a d6 linh dong cua dién tir, tinh bing m*/Vsec.

Pién tich di qua mdi don vi dién tich trong mot don vi thoi gian duge goi 13 mat do dong
dién J.

Taco: J=n.e.v

Trong do, n: mat d¢ dién tir, e: dién tich cua mot electron

Bay gid, ta xét mot dién tich vi cap S dit thang goc voi chidu di chuyén cua dién ti.
Nhirng dién tr t6i mit S & thoi diém t=0 (=0 duoc chon lam thoi diém gbc) 13 nhimg
dién tir ¢ trén mat S’ cach S mdt khoang v (van tbe trung binh cua dién tu) ¢ thoi diém
t=-1. O thoi diém t=+1, nhimg dién tir di qua mit S chinh 1 nhitng dién tir chira trong
hinh tru gi¢i han boi mat S va S’. Pién tich cua sé dién tir nay 1a g=n.e.v.s, v6i n 1a mat
do dién tir di chuyén. Vay dién tich di ngang qua mot don Vl dlen tich trong mot don vi
thot gian la: J=n.e.v

Nhung v =pEnén J =n.epnE %%

Nguoi ta dit o =n.ep (doc la Sigma) v

Nén J=cE o goila dan xuét cua kim loai

\ 1 . N\ A 2 /( 9. M .

Va p=— goi la di¢n trd suat cua kim loai
c

Dién trg suat tinh bang Qm va dan suit tinh bang mho/m
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IL. PHUONG PHAP KHAO SAT CHUYEN DONG CUA
HAT TU BANG NANG LUQNG:

K A
Scm
> Vo— +
M(x)
0 Ec =2eV

l 10V

_IT_

Hinh 4

Phuong phap khéo sat ndy cin ctr trén dinh luat bao toan luong. Dé dé hiéu, ta xét

thi du sau day:

Mot diode 1y tu’(”)’ng’g(k)m hai mat phang song song bang kim loai cach nhau 5 Cm.
Anod A ¢6 ‘hiéu dién the la —10V so voi Catod K. Mot dién tr 101 Catod K voi nang
lugng ban dau E.=2eV. Tinh khodng cach t61 da ma dién tir co6 thé ro1 Catod.

Gia su, dién tir di chuyén téi diém M c6 hoanh d9 14 x. Dién thé tai diém M s& ti 1&
v6o1 hoanh d§ x vi dién truong gitra Anod va Catod déu.

Dién thé tai mot diém c6 hoanh do x 1a:

V=ox+p

Khi x=0, (tai Catod) = Y =0=>p=0

Nén V =ax

Tai x=5 Cm (tai Anod A) thi V=-10volt = a.=-2

Vay V=-2x (volt) vdi x tinh bang Cm

Suy ra thé ning tai diém M 1a:

U =QV =+2.ex (Joule) vdi e la di¢n tich cua dién tur.

Ta c6 thé viét U=2x (eV)

Ning luong toan phan tai diém M la:

T=lmV2+U
2

Trang 14

Bién soan: Truong Van Tam



Gido trinh Linh Kién Dién T

Nang luong nay khong thay doi. Trén do thi, T duoc biéu dién bang dudng thing
song song vai tryc X.
Hi¢u T-U =%mvzlé dong ning coa dién tor. Pong ning nay toi da tai diém O

(Catod) r0i giam dan va triét tiéu tai diém P c6 hoanh do x,. Nghia 12 tai diém x,, dién tir
dung lai va di chuyén tré vé catod K. Vay x, 1a khoang cach to61 da ma dién tir c6 thé roi
xa Catod.

eV (Nang lugng)

Sem  x(cm)

Tai diém M (x=x,) ta co:

T-U=0

Ma T=+E, (ning luong ban dau)
T=2.e.V

Vay, U=2.x,(eV)

=>2-2x=0 =>x,=1Cm

V& phuong dién ning lugng, ta c6 thé noéi rang véi ning luong toan phan c6 sin T,
dién tir khong thé vuot qua rao thé nang U dé€ vao phan co6 gach chéo.

Ta thiy riang néu biét ning luong toan phan cta hat dién va su phin bd thé ning
trong moi trurong hat dién, ta c6 thé xac dinh dugc duong di chuyén cua hat dién.

Phén sau ddy, ta 4p dung phuong phap trén dé khao sat sy chuyén dong cua dién tur
trong kim loai.

1. THE NANG TRONG KIM LOAI:

Néu ta c6 mot nguyén tor duy nhét o thi dién thé tai mot diém cach o mot khoang r
la:
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V=E+C
T

Néu chon dién thé tai mot diém rat xa lam dién thé Zero thi C=0. Vay mét dién ti
c6 dién tich —e & cach nhan o mdt doan r s€ c¢d thé nang la:

U:—eV:—E
r

.
.
.
“““
.
..
..

...................
0
.
.
.
.,

Hinh 6

Hinh trén 12 db thi cua thé ning U theo khoang cach r. Phan d6 thi khong lién tuc
g v6i mot dién tr & bén trai nhan o. Néu ta c6 hai nhan o va p thi trong ving giita hai
nhan nay thé ning cua dién tir 1 tong cac thé ning do o va P tao ra. Trong kim loai, cac
nhan duoc sip xép déu din theo 3 chibu. Vay, ta c6 thé khao sat sy phan bd cua thé ning
bang cach xét sy phan b doc theo dai a, B vay...
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Dién tir tu do

Eg

Vo=0 r Eg
Hinh 7

Hinh trén bicu dién su phan bo do.

Ta thay rang c6 nhiing ving dang thé rong nam xen ké véi nhimg ving dién thé
thay ddi rat nhanh. Mt ngoai ctia moi kim loai khong duoc xac dinh hoan toan va cach
nhan cudi ciing mot khoang cach nhé. Vi bén phai ctia nhan & khong con nhan nén thé
nang tién téi Zero chir khong giit tinh tudn hoan nhu bén trong kim loai. Do d6, ta ¢ mot
rao thé nang tai mat ngoai cua kim loai.

Ta xét mot dién tir ciia nhan B va c6 nang luong nho hon U, dién tir ndy chi c6 thé
di chuyén trong mot ving nho canh nhan gitta hai rao thé ning twong tmg. Do 13 dién tir
budc va khong tham gia vao sy dan dién cua kim loai. Trai lai, mot dién tir c6 ning luong
16n hon Uy ¢6 thé di chuyén tir nguyén tir ndy qua nguyén tir khac trong khoi kim loai
nhung khong thé vuot ra ngoai khéi kim loai duoc vi khi dén mat phan cach, dién tur
dung vao rao thé nang. Céac di¢n tr c6 nang lugng 16n hon U, dugc goi 1a cac dién tir tu
do. Trong cac chuong sau, ta dat biét chu ¥ dén cac dién tir nay.

Vi hau hét khéi kim loai déu c6 cung dién thé V, tuong tmg voi thé ning Us=-eV,
nén ta co the gia st khéi kim loai 1a mot khéi dang thé V. Nhung dién thé tiy thudc vao
mot hing sé cong nén ta cd thé chon V, 1am dién thé gbc (Vo=0V). Goi Eg 1a chiéu cao
cua rao the nang gilra bén trong va bén ngoai kim loai. M6t dién tir bén trong khéi kim
loai mudn vurgt ra ngoai phai ¢é it nhat mot niang lwong U=Eg, vi vdy ta can phai biét sy
phan b cta dién tir theo ning luong.
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I11. SU PHAN BO CUA PIEN TU THEO NANG LUQNG:

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

Gi6i han cua ti sb nay khi AE — 0 goi la mat d¢ dién tur c6 nang luong E.

Ang dn
Taco: p(E) = lim —E =—L (1
p(E)=lim—-=—p (D
Vay, dn, =p(E)dE )

Do d6, néu ta biét duoc ham sé p(E)ta c6 thé suy ra duogc sb dién tir c6 néng luong
trong khoang tir E dén E+dE bang biéu thirc (2). Ta thay rang p(E) chinh 1 s6 trang thai
ning luong E di bi dién tir chiém. Néu goi n(E) 13 sd trang thai ning luong c6 ning

lugng E ma dién tir c6 thé chiém duoc. Ngudi ta chimg minh duoc rang: ti sb LE; bang
n

mot ham sb f(E), c6 dang:

£(E) = p(E) 1

n E-Ep
E) l+e X7

Trong d6, K=1,381.10% J/’K (hang sé Boltzman)

-23
K =810 ¢ 6010 (vi'K)
c

Er ning luong Fermi, tiy thudc vao ban chat kim loai.
Mirc nang luong nay nam trong dai cam.
O nhiét d rat thip (T=0K)
Néu E<Ep, ta c6 f(E)=1
Néu E>Ep, ta c6 f(E)=0
Vay f(E) chinh 13 x4c suit dé tim thiy dién tir c6 niang luong E & nhiét do T.

Hinh sau ddy 1a d9 thi cta f(E) theo E khi T=0°K va khi T=2.500°K.

f(E) 11 T=0"K p(E)
___T=0K
)
@K \{=2500°K
Eg E F E

T’"ﬁ’fﬁ}{% Bién sogn: Truong Van Tam
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Ta chip nhan ring:

1

N(E)=yE? v 12 hang sb ti 1é.

Ltc do6, mat do dién tir c6 nang luong E la:
1
p(E) = f(E)N(E) = yE_£(E)

Hinh trén 1a d6 thi ciia p(E) theo E tuong tmg v&i nhiét d6 T=0K va T=2.500°K

Ta thy rang ham p(E) bién d6i rét it theo nhiét do va chi bién ddi trong ving cn
cua nang luong Eg. Do d6, ¢ nhiét do cao (T=2.500°K) c6 mot sd rat it dién tir co nang
luong 16n hon Ep, hau hét cac dién tir déu c6 nang lugng nho hon Ep. Dién tich gidi han
boi duong biéu dién cua p(E) va tryc E cho ta s6 dién tir tu do n chira trong mot don vi
thé tich.

Ey Bp 1 , 3
n=[p(E)dE = [y.E>dE = SVE
0 0
Dé y 1a f(E)=1 va T=0°K)

Tur day ta suy ra nang lugng Fermi Eg

Néu ta dung don vi thé tich 1a m’ va don vi ning luong 1a eV thiy 6 tri 6 1a:

v=6,8.10"

2

Do d6, E, =3,64.10""n?

Néu biét dugc khdi luong riéng cua kim loai va sb dién tir ty do ma mdi nguyén tur
c6 thé nhd ra, ta tinh dugc n va tir d6 suy ra Eg. Thong thuong Er < 10eV.

~ Thidy, khéi luong riéng ciia Tungsten 1a d = 18,8g/cm’, nguyén tir khéi 1a A = 184,
biét rang moi nguyén tir cho v = 2 dién tr ty do. Tinh nang luong Fermi.

Giai: Khbi luong mo1 cm’ 1a d, vay trong mdt cm’ ta c6 mot sb nguyén tir khdi 1a
d/A. Vay trong mdi cm’, ta c6 sd nguyén tir thyc la:
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%AO Vi Ay 12 56 Avogadro (A, = 6,023.10%)

Mdi nguyén tir cho v =2 dién tur tu do, do do s6 dién tir tu do trong mdi m’ 1a:

n =i.AO.V.106
A

V61 Tungsten, ta co:

n= llggf .6,203.10%.2.10° ~1,23.10” dién tir/m’

2
= E, =3,64.10"(1,23.10 )s

= E, ~895V
IV. CONG RA (HAM CONG):

Ta thdy ring ¢ nhiét do thip (T #0°K), ning luong tdi da cua dién tr 1a Eg
(E<Ep<Ep), do d6, khong co dién tir ndo c6 ning luong 16n hon rao thé ning Eg, nghia 13
khong ¢o6 dién tir nao co thé vuot ra ngoai khéi kim loai. Mudn cho dién tir c6 thé vuot ra
ngoai, ta phai cung cap cho dién tir nhanh nhat mét nang luong 1a:

EW = EB-EF

EW duogc goi 1a cong ra ctua kim loai.

E \/ZSOOOK U
AN BT
Er Er Eg
ol
0 PCE) 0
Hinh 9

Néu ta nung nong khéi kim loai t6i nhiét d6 T=2.500°K, s& c6 mot sb dién tir c6
nang lugong 16n hon Eg, céc dién tr nay cd thé vuot dugc ra ngoai kim loai. Nguoi ta
ching minh dugc rang, s6 dién tor vugt qua moi don vi dién tich trong mdt don vi thoi
gian la:
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-E,

J, =A,T?e XT Trong d6, Ao = 6,023.107 va K = 1,38.10% J/’K

Day la phuong trinh Dushman-Richardson.

Nguoi ta dung phuong trinh nay dé do Ey vi ta ¢6 thé do duoc dong dién Jy; dong
dién nay chinh 1a dong di¢n bdo hoa trong mot dén hai cuc chan khong c6 tim 1am bang
kim loai muon khao sat.

V. PIEN THE TIEP XUC (TIEP THE):

Xét mot ndi C giita hai kim loai I va II. Néu ta dung mot Volt ké nhay dé do hiéu
dién the gitra hai dau cta noi (A va B), ta thay hi¢u so dién thé ndy khong triét ti€u, theo
dinh nghia, hi¢u dién thé nay goi 1a tiép thé. Ta giai thich ti€p thé nhu sau:

N

A B I E, il
' = OO | OO
OO | OO
* 88|88 &
Ew 00 00 Eyi <Ew
OO | OO Va>Vs
OO | OO

Hinh 10

Gia su kim loai I ¢6 cong ra Ey; nho hon cong ra Ey, cua kim loai II. Khi ta ndi hai
kim loai véi nhau, dién ttr s& di chuyén tir (I) sang (II) 1am cho c6 su tu tip dién tir bén
(I) va ¢ su xuat hién cac Ton duong bén (I). Cach phan bé dién tich nhu trén tao ra mot
dién truong E; huong tur (I) sang (II) lam ngan tro sy di chuyén cua dién tir. Khi E; du
manh, cac dién tu khong di chuyén nira, ta co sy cAn bang nhiét dong hoc cua hé thong
hai kim loai ndi v&i nhau. Sy hién hitu cua dién truong E; chung té ¢6 mdt hi¢u di¢n thé
gitra hai kim loai.
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Chuwong 111
CHAT BAN DAN PIEN

(SEMICONDUCTOR)

Trong chuwong nay ndi dung chinh 13 tim hiéu k¥ cdu tric va dic diém cua chat ban
dan dién, chét ban dan loai N, chit ban dan loai P va chit ban dan téng hop. Khao sat anh
huong cua nhiét do 1én chit ban dan, tir 46 hiéu dugc co ché dan dién trong chit ban dan.
Pay 1a vat liéu co ban dung trong cong nghé ché tao linh kién dién tir, sinh vién can nim
vitng dé co thé hoc t6t cac chuong sau.

I. CHAT BAN DAN PIEN THUAN HAY NOI BAM:

(Pure semiconductor or intrinsic semiconductor)

Hau hét cac chat ban dan déu co cac nguyén tir sip xép theo cu tao tinh thé. Hai
chét ban dan duoc dung nhiéu nhét trong k¥ thuat ché tao linh kién dién tir 1a Silicium va
Germanium. Mdi nguyén tir ctia hai chat ndy déu c6 4 dién tir & ngoai cung két hop véi 4
dién tir ciia 4 nguyén tir ké can tao thanh 4 lién két hoa tri. Vi vay tinh thé Ge va Si ¢
nhiét do thép 1a cac chat cach dién.

° o o Dvi‘é:n tu’ trong
O o) o Do dai hoa tri
° ° °
. . “/
s )0 o)e Néi hoa tri
° ) [ '
° ° °
ol Jeo e e 0{7;)0
° ° °

Hinh 1: Tinh thé chit ban din & nhiét d6 thap (T = 0°K)

Néu ta tang nhiét do tinh thé, nhiét ning s¢ lam tang nang luong mot s6 dién tir va
lam g3y mot s ndi hoa tri. Cac dién tir & cac ndi bi gy roi xa nhau va co thé di chuyén
dé dang trong mang tinh thé duéi tac dung cua di¢n truong. Tai cac ndi hoa tri bi gay ta
c6 cac 16 trong (hole). Vé phuong dién ning luong, ta co thé néi rang nhiét ning lam ting
nang lugng cac dién tr trong dai hoa tri.
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° ° ° Dién tu tu do trong
o0 ) o( e o 47}) ° dai dan dién

. ol e ...................::‘.‘.‘-‘;:::.-.\,

° o (o .
° o of e of )@ .. ‘

(;' Z M%ﬁ? .............. No6i hoa tri
. . .\-O,("'""""""":::::“bl :gﬁy;
o Lo trong trong

o e o[ e o( e . Jdai hoa i

< Z S ai hoa tri

Hinh 2: Tinh thé chit ban din & nhiét d6 cao (T = 300°K)

Khi nang lugng nay 16n hon ning luong cua dai cdm (0,7eV dbi véi Ge va 1,12eV
dbi voi Si), dién tir ¢6 thé vuot dai cAm vao dai dan dién va chira lai nhimng 13 trong (trang
thai ning luong trong) trong dai héa tri). Ta nhan thiy sb dién tir trong dai dan dién bang
50 16 tréng trong dai héa tri.

Néu ta goi n 12 mat do dién tir c6 ning luong trong dai dan dién va p 1a mat do 16
trong c6 nang lugng trong dai hoa tri. Ta cd:n=p=n;

Nguoi ta chimg minh dugc rang:

ni= Ao.T’. exp(-Ec/KT)
Trong do: Ao : S Avogadr0=6,203.1023
T : Nhiét d6 tuyét d6i (Po Kelvin)
K : Hing s6 Bolzman=8,62.107 eV/’K
Eg : Chiéu cao cta dai cAm.

E
Dai dan dién |__Dién tir trong
e o 0 0 0 o — Y. X .
dai dan dién
Murc fermi
Dai hoa tri | L trong trong
(CNONONMONONO OO O OO0 O Dai hoa tri
O nhiét d6 thap (0°K) O nhiét do cao (300°K)
Hinh 3

Ta goi chat ban dan co tinh chat n=p 13 chat ban din ndi bam hay chat ban din
thuan. Thong thuong nguoi ta gdp nhiéu kho khan dé ché tao chat ban dan loai nay.
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II. CHAT BAN DAN NGOAI LAI HAY CO CHAT PHA:

(Doped/Extrinsic Semiconductor)
1. Chat ban dén loai N: (N - type semiconductor)

Gia str ta pha vao Si thudn nhitng nguyén tir thuéc nhém V cta bang phan loai tuﬁn
hoan nhu As (Arsenic), Photpho (p), Antimony (Sb). Ban kinh nguyén tir cua As gan
bang ban kinh nguyén tir cua Sinén c6 thé thay thé mot nguyén tir Si trong mang tinh the.
Bén dién tir cia As két hop v61 4 dién tir ciia Si 1an can tao thanh 4 n6i hoa tri, Con du lai
mét dién tir cua As. O nhiét do thép, tat ca cac dién tir cua cac ndi hoa tri déu co nang
luong trong dai héa tri, trir nhitng dién tir thira cuia As khong tao nbi hoa tri c6 ning
luong Ep nam trong dai cAm va cach diy dan dién mot khoang nang luong nho chimg
0,05eV.

® o o Dién tir thira cua As E
o(si)e o(si)e e(sp)e . trong dai cam Dai dan dién

° o oL 0,05V

. ol o< To 05eV | 000
o (Si)e eo(As)e e(Si)e —

d ¢ ¢ 1,12eV J M€ fermi tang

® e hd ién tr thira ctia As
o(Si)e o(Si)e e(Si)e

. ° °

Dai hoa tri
Hinh 4: Tinh thé chat ban dan ¢ nhiét do cao (T = 3000K) Grhittdo+—oK

Gia str ta ting nhiét do cua tinh thé, mot sé nbi hoa tri bi gy, ta co nhirng 15 tréng
trong dai hoa tri va nhirng dién tir trong dai dan dién giéng nhu trong truong hop cua cac
chat ban din thuan. Ngoai ra, cac dién tir cia As ¢o nang luong Ep cling nhan nhiét nang
dé tro thanh nhimg dién tir c6 nang luong trong dai dan dién. Vi thé ta c6 thé coi nhu hau
hét cac nguyén tr As déu bi Ion hoa (vi khoang nang luong gitra Ep va dai dan dién rat
nho), nghia 13 tit ca cac dién tir lac dau c6 nang luong Ep déu dugc ting ning luong dé

tré thanh dién t tu do. s 1K ain
E Daidan dién

Daihoatri O O

mh S
jus

oo

T
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Néu ta goi Np 1a mat do nhitng nguyén tir As pha vao (con goi 1 nhitng nguyén tir
cho donor atom).

Taco:n=p+Np

V6i  n: mat do dién tur trong dai dan dién.
P: mat do 16 trong trong dai hoa tri.

Ngudi ta cling chimg minh duge: n.p = n;* (n<p)
n;: mat d6 dién ttr hodc 16 tréng trong chét ban dan thuan trudce khi pha.

Chat ban dan nhu trén c¢6 s6 dién tir trong dai din dién nhiéu hon s 15 trong trong
dai hoa tri goi 1a chat ban dan loai N.

2. Chit ban din loai P:

Thay vi pha vao Si thuan mot nguyén t6 thudc nhom V, ta pha vao nhimng nguyén t6
thudéc nhém I nhu Indium (In), Galium (Ga), nhom (Al),... Ban kinh nguyén tir In gén
bang ban kinh nguyén tir Si nén nd co thé thay thé mot nguyén tir Si trong mang tinh thé.
Ba dién tir cua nguyén tur In két hop véi ba dién tir ciia ba nguyén tir Si ké can tao thanh 3
ndi hoa tri, con mot dién tir cta Si c6 nang luong trong dai hoa tri khong tao mot ndi voi
Indium. Gitra In va Si nay ta c6 mot trang thai nang luong trbng c6 ning luong E, ndm
trong dai cdm va cach dai héa tri mot khoang nang luong nho chimg 0,08eV.

o ° [
.. o(Si)e o(Si)e e(gi)e
L6 trong - + ] o ° .

_______ o [ation [ g ... N6 h6a tr]
—~ —~ khong duoc

o (Si)e o(irije e( )e thanh lap
° ° d -
° ° s

o(Si)e e(Si)e e(Si)e
° . °

Hinh 6

O nhiét d6 thap (T=0 K) tat ca cac dién tu déu co6 ning luong trong dai hoa tri. Néu
ta tang nhiét do cua tinh thé s& c6 mot sd dién tir trong dai hoa tri nhan nang lugng va
vuot dai cAm vao dai dan dién, dong thoi cling c¢6 nhiing di¢n tor vuot dai cam 1én chiém
chd nhiing 15 tréng c6 ning lugng E,.

F

Bren SOUTT. Froe png Van Tam

*?

T 1 17-a\/ | |
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Néu ta goi N 13 mat d6 nhitng nguyén tir In pha vao (con duoc goi 13 nguyén tir
nhan), ta cling co:

p=n+Nj
p: mat dg 10 trong trong dai hoa tri.
n: mat do dién tir trong dai dan dién.

Nguoi ta cling chimg minh dugec:

np= n;’ (p>n) o ) 3 .
n; 1a mat do dién tir hoac 10 trong trong chat ban dan thuan trudce khi pha.

Chat ban dan nhu trén c6 s 15 tréng trong dai hoa tri nhiéu hon sé dién tir trong dai
dan dién duoc goi la chat ban dan loai P.

Nhu vay, trong chét ban dan loai p, hat tai dién da s61a 16 tréng va hat tai dién thiéu
sO la dién tu.

3. Chit ban din hén hop:

Ta ciing c6 thé pha vao Si thuin nhitng nguyén tir cho va nhimg nguyén tir nhan dé
coO chat ban dan hon hop. Hinh sau 1a so d6 nang luong cua chat ban dan hon hop.

Dai dan dién

22 b
o0 Ep Np {!)JJ Ep
Ea Na . Ea
= 11
coe o606 Dai hoa tri 000 O
O nhi¢t do thép O nhi¢t do cao
(T = 0°K) (T = 300°K)

Hinh
T
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Trong trudng hop chat ban din hdn hop, ta c6:

nt+Nj = p+ND
n.p= n;’

Néu Np > Ny =>n>p, ta co chit ban din hdn hop loai N.
Neéu Np < Nu => n<p, ta ¢6 chat ban dan hon hop loai P.

III. DAN SUAT CUA CHAT BAN DAN:

Dudi tac dung ctia dién truong, nhitng dién tir c6 ning lugng trong dai dan dién di
chuyén tao nén dong dién In, nhung ciing c6 nhiing dién tir di chuyén tir mot néi hoa tri
bi gdy dén chiém chd tréng cia mot ndi hoa tri da bi gdy. Nhirng dién tir nay cung tao ra
mot dong dién twong dwong véi dong dién do 15 tréng mang dién tich dwong di chuyén
nguoc chiéu, ta goi dong dién nay 1a Ip. Hinh sau ddy mé ta su di chuyén cua dién tir (hay

16 tréng) trong dai hoa tri ¢ nhiét do cao.

L_6 trong bi¢n tu trong dai hoa trj di chuyén vé
: bén trai tao 16
ol e ° o| : |e ° .
°( )0 e e o( e U je00)® o0 ) e tréng méi
[ ] ° [ ] [ ] ° [ ]
) o %o o o o
o( Jeie( e o( e o ()0 o( )0 o( e
[ ) L J [ J ) L] [ J
° o [X ° ° °
ol Jei:el Je ol e o e o e o( e
° L\y Jo ° ° ° °
61 hoa'tri bi gﬁly
Hinh 9
L tréngmdi
° ° ° ° ° ° L3
o( Je o ﬁo_ﬁo ) o( e of )@ o@o )
° O4— | e ° of . trong mai
[ ] 7‘ L4 ° [} é( ............... ‘ -----
o( Jeie( 1o o( o 0(@0 of Jo o e
() [ ] [ ] [ [ ] [ ]
° ° ° ° ° °
ol e ol e 0(7})0 o e ol o 0@0
° ° ° ° ° °
N(’;i hoa tri mo1 bi gay
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Vay ta c6 thé coi nhu dong dién trong chit ban dan 1a sy hop thanh cua dong dién

do nhing dién tir trong dai dan dién (da sé di véi chit ban dan loai N va thiéu sé ddi véi
chat ban dan loai P) va nhiing 10 trong trong dai hoa tri (da s6 do1 voi chat ban dan loai P
va thi€u s0 doi vdi chat ban dan loai N).

cho:

Dong dién tir trong Dong dién tir trong
dai dan dién dai dan dién
Chat ban dan thuan

D ——————————

—

( XXINY NN YN 0000000000
trong dai hoa tri
Hinh 11

Tuong tng v&i nhitng dong dién nay, ta c6 nhitng mat d§ dong dién J, Jn, Jp sao
J=Intlp

Ta da chirng minh dugc trong kim loai:
J=n.ev=nepnE

Tuong tu, trong chit ban dan, ta cling co:

Jn=n.e.vy=n.e. u,.E (Mat do dong dién trdi cua diép t, Uy 1a o linh dong cua dién tu,
n la mat dg dién tr trong dai dan di¢n)
Jp=p.e.vp=p.e.u,.E (Mat d6 dong dién troi cua 16 trong, up 1a @6 linh dong ctia 15

trong, p 1a mat do 15 tréng trong dai hoa tri)
Nhu vay: J=e.(n.p,+p.pp).E
Theo dinh luat Ohm, ta co:

J=06.E
=> G = e.(n. .1y durge goi 1a dan sudt ctia chat ban dan.
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Trong chat ban dan loai N, ta ¢6 n>>p nén 6 = 6, = n.,.¢
Trong chat ban dan loai P, ta c6 p>>n nén o = Gp = N.lp.€

IV. CO CHE DAN PIEN TRONG CHAT BAN DAN:

Duéi tac dung cua di¢n truong, cac dién tir va 10 trong di chuyén véi van toc trung
binh v,=p,.E va v,=p,.E.

S6 dién tir va 106 tréng di chuyén thay ddi theo mdi thoi diém, vi tai mdi thoi diém c6
mét sd dién tr va 18 tréng dugc sinh ra dudi tdc dung ctuia nhiét nang. Sé dién tr sinh ra
trong moi don vi thoi gian goi 1a toc d6 sinh tao g. Nh&ng dién ttr nay c6 doi song trung
binh 7, vi trong khi di chuyen dién ttr c6 thé gdp mot 16 tréng c6 cung ning lugng va tai
hop v6i 16 tréng nay. Néu goi n 1a mat do dién tu, trong mot don vi thoi gian s6 dién tur bi
mat di vi su tai hop 1a n/t,. Ngoai ra, trong chit ban dan, su phan bd cua mat do dién tir
va 18 trong c6 thé khong déu, do d6 c6 su khuéch tan cua dién tir tir ving c6 nhiéu dién tir
sang vung co it dién tir.

Xét mot mau ban dan khong déu c6 mat do dién tir duoc phan bd nhu hinh vé&. Tai
mot diém M trén ti€t dién A, s0 dién tir di ngang qua tiét di¢n nay (do sy khuéch tan) ti 1¢
vo1 dn/dx, véi dién tich cua dién tir va voi ti€t dién A.

Hinh 12

In, =D, ed—nA<O

Dong dién khuéch tan ciia dién tir di qua A 1a: dx
D, duogc goi la héng s6 khuéch tan cua dién tu.
Suy ra mat do dong dién khuéch tan cua dién tir 1a:

dn
Jn, =eD, .—
dx
Tuong t, trong mot gidy c6 - 15 tréng bi mat di, véi p 1a mat do 18 tréng va 1, 1a la doi
T
p
song trung binh cua 15 trong.

Dong dién khuéch tan cua 18 tréng trong mau ban dan trén 1a:
d

Ip, =-D, e A>0
dx

Va mat do dong dién khuéch tan cua 15 tréng la:
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dp
Jp,, =eD .—
pkt p dX
Nguoi ta chimg minh dugc rang:
D, D, KT _, T

W, p, e ' 11600

Véi: K 1a hiang s6 Boltzman = 1,382.10-23J/0K
T 13 nhiét do tuyét dbi.

H¢ thire nay dugc goi 1a hé thirc Einstein.

O nhiét d6 binh thuong (300°K): V=0,026V=26mV

V. PHUONG TRINH LIEN TUC:

)Sét m@t hinh hop c6 tiét diénﬁ A, chiéu dai dx dat trong mot mau ban dan co dong
dién 16 trong Ip di qua. Tai mdt di€m cd hoanh do x, cuong d§ dong dién,lé Ip. Tai mat
c6 hoanh d¢ 1a x+dx, cuong do dong dién 1a Ip+dIp. Goi P 1a mat dg 10 trong trong hinh

hop, t,1a doi song trung binh cta 16 tréng. Trong mdi gidy c6 P 3 trbng bi mét di do su
p

tai hop. Vay mdi gidy, dién tich bén trong hop giam di mot luong la:

G, = e.Adx.> (do tai hop)

p
Pong thoi dién tich trong hop ciing mat di mot lugng:
G>=dIp (do khuéch tan).

dx
A
I ® | IptdIp
. gs-i-dx
N\ 3 X
—th—

Goi g 1a mat d6 1 trong dugc sinh rﬁd%tal% dung nhiét, trong mdi giy, dién tich trong hop
< A A N in
tang 1én mot lugng la:
T=e.A.dx.g
Vay dién tich trong hop da bién thién mot luong la:

T, - (G, +G,)=ecAdx.g— eAdx. P - dlp
T

p
A 1: A A SR dp
Do bién thién d6 bang: e.A.dx.a

Vay ta c6 phuong trinh:
dp_,_p _dp 1
dt T, dx e A

Néu mau ban dan & trang thai can bang nhiét va khong c6 dong dién di qua, ta co:
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dp = 0; dIp=0; P=P¢=hang s

dt
Phuong trinh (1) cho ta:
P
0=g AN g=—"
p TP

V6i Py 1a mat do 16 tréng & trang thai can bang nhiét. Thay tri s6 ciia 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:

0 — a, 1

P__P7Po T 1 )

Goi la phuong trinh lién tuc.

Tuong tu v6i dong dién tr 1, ta co:

on n-n, o, 1

= 0 Tm - (3)

TD: ta giai phuong trinh lién tuc trong truong hop p khong phy thuge vao thoi gian va
dong dién I, 1a dong dién khuéch tan cta 10 trong.

Taco: ®-ovar =D, ea
dt dx P-Py
: P(xo)-P
Dods, M- p eadP (xo)-Po
dx odx

Phuong tring (2) tré thanh:
d’p P-P, P-P
dx? D 1, L’p

Trong do,tadat L =,/D, .1,

Nghiém s6 cua phuong trinh (4) la: A0 A
N [7i} Hinh 14
P-P, = Al.eLp +A,e e
Vi mat do 10 trong khong thé tang khi x ting nén A; =0
Do dé: P-P,= Az.e[ L"J tai X = Xo. P-Po
Mat d6 16 trong 13 p(xo),
[_L] P(x0)-Po

Do do: P(x,)-P,=A,c
Suy ra, nghiém cua phuong trinh (4) 1a:

5
P(x)-P, = [P(Xo)_Pole - X

Hinh 15
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Chuong IV
NOI P-N VA DIODE

(THE P-N JUNCTION AND DIODES)

Nbi P-N 1a céu triic co ban cua linh kién dién tir va 1a cdu tric co ban cua céc loai
Diode. Phan ndy cung cap cho sinh vién kién thirc tuong d6i day du vé co ché hoat dong
ctia mot ndi P-N khi hinh thanh va khi dugc phan cuc. Khao sat viéc thiét 1ap cong thirc
lién quan gitra dong dién va hi¢u dién thé ngang qua mot n01 P-N khi dugc phan cuc. Tim
hiéu vé anh huong cua nhiét do 1én hoat dong cua mot n01 P-N ciling nhu sy hinh thanh
cac dién dung cia méi ndi. Sinh vién can hiéu thdu ddo ndi P-N trudc khi hoc cac linh
kién dién tir cu thé. Phan sau cua chuong nay trinh bay dac diém cta mot s6 Diode thong
dung, trong d6, diode chinh luu va diode zenner duoc chu trong nhiéu hon do tinh phd
bién cua chung.

I. CAU TAO CUA NOI P-N:

Hinh sau ddy mo ta mot nbi P-N phang ché tao bang k¥ thuat Epitaxi.

Si0,
/(Lc'fp cach dién)
(D )
Si-n+ S1-n+
(Than)
Si0, ESp-S16; 510
bi rira mat Anod Kim loai Si0,

3) 77, T “4)

ato Kim loai
Hinh 1

Trude tién, ngudi ta ding mot than Si-n+ (nghia 1a pha kha nhiéu nguyén tir cho).
Trén than nay, nguoi ta pht mot 16p cach dién SiO, va mot 16p verni nhay sang. Xong
nguoi ta dat 1én 16p verni mot méat na cod 16 tréng roi dung mot buc xa dé chiéu 1én mit
na, vung verni bi chiéu co thé ria duge béng mot loai axid va chira ra mot ph?m Si-n+,
phan con laivan dugc phil verni. Xuyén qua phan khong phu verni, ngudi ta cho khuéch
tan nhirg nguyén tir nhan vao than Si-n+ dé bién mot ving cia than nay thanh Si-p. Sau
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cung, nguoi ta phu kim loai 1én cac vung p va n+ va han day nbi ra ngoai. Ta dugc mot
noi P-N c6 mét noi gifra vung p va n+ thang

Khi ndi PN duoc thanh lap, cac 15 tréng trong ving P khuéch tan sang vung N va
nguoc lai, cac dién tur trong vung N khuéch tan sang ving P. Trong khi di chuyén, cac
dién tr va 10 tréng c6 thé tai hop véi nhau. Do d6, co sy xuét hién cia mot ving ¢ hai
bén méi ndi trong d6 chi c6 nhitng ion 4m cuia nhitng nguyén tir nhan trong ving P va
nhirng ion duong ctiia nguyén tir cho trong vung N. cac ion duong va dm nay tao ra mdt
dién truong E; chdng lai sy khuéch tan cua cac hat dién, nghia 1a dién truong Ei s& tao ra
mot dong dlen tréi nguoc chiéu véi dong dién khuéch tan sao cho dong dién trung binh
tong hop triét tidu. Luc do, ta c6 trang thai can bang nhiét. Trén phuong dién thong ké, ta
c6 thé coi ving ¢ nhitng ion ¢ dinh 13 ving khong c6 hat dién di chuyén (khong c6 dién
tir ty do & ving N va 13 trong & vung P). Ta goi ving ndy 1a ving khiém khuyét hay ving
hiém (Depletion region). Tuwong tmg v&i dién trudng Ei, ta c6 mot dién thé V, & hai bén
mit ndi, V, duoc goi la rao dién thé.

OOO@ @ o o o
@@ ® 5
0005 |4 o .
P N
Vo

O [ ]
o o0 [9%|e| * .
X1 i X2
=Rao dién thé
Tai moi no1
Xt ) X2
Hinh 2

Tinh Vj: ta ¢ ¥ dén dong dién khuéch tan cia 15 trong:

dp
Jue =—€D,. P i >0

va dong dién troi cua 10 trong:
Jow =€pu, .E; <0

Khi can bang, ta co:

kat+thr =0
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Hay la:e.D g—p =epp,.E
X

D
2 dp E,.dx

H, P
D
Ma Doy, KT
M, e
Va Ei:_dV
dx

Do do: dV = —VT.d—p
p

Léy tich phan 2 vé tir x; dén x, va dé y rﬁng tai x; dién thé dugc chon 1a Ovolt, mat
do 10 trong 1a mat do P, 6 vung P luc can bang. Tai x,, dién thé 1a V va mat d¢ 10 trong
la P,, & vung N luc can bang.

K P, dp
!—dV:VTJ.PPO o
2

\ ny .
Ma: P, ~——vaP, =N,
o N o

D

PP
Nén: V, =V, log P_

n,

NN
Hodc: V, = kT log( L A]
e

n’

1

Tuong tu nhu trén, ta cling co thé tim V, tir dong dién khuéch tan cua dién tir va
dong dién troi cua dién tu.
e.D, dn +en.u, E, =0
dx
V, = 0,7 volt

Thong thuong néu ndi P-N 1a Si
V, = 0,3 volt néu ndi P-N 1a Ge

Véi cac hop chit cua Gallium nhu GaAs (Gallium Arsenide), GaP (Gallium

Phospho), GaAsP (Gallium Arsenide Phospho), V, thay d6i tr 1,2 volt d&én 1.8 volt.
Thuong nguoi ta lay tri trung binh 1a 1,6 volt.

II. DONG PIEN TRONG NOI P-N KHI PUQC PHAN
CUC:

Ta c6 thé phan cuc néi P-N theo hai cach:
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- Tac dung mdt hi¢u dién thé gifra hai cuc cua ndi sao cho dién thé vung P 16n hon
vung N mot tri s6 V. Truong hop nay ta néi ndéi P-N dugc phan cyc thuan (Forward
Bias).

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

1. N6i P-N dwoc phéan cuc thuin:

Dong dién tir

=

R T
(Gidi han dong I
dién) - Vg +

VB J np J nn

Hinh 3

Khi chua dugc phan cuc, ngang mbi ndi ta c6 mot rao dién thé V,. Khi phan cuc
thuan bang hi¢u dién thé V thi rao dién thé giam mot lugng V va tré thanh Vg = V-V, do
d6 ndi P-N mit thing bang. L tréng khuéch tan tir ving P sang ving N tao ra dong dién
I,. Dién tu khuéch tan tir vang N sang ving P tao ra dong dién L,. Dong dién I qua ndi P-
Nla:I=1 +1I,

Dong dién 1 khong phu thude vao thoi gian va vi tri cua tiét dién A vi ta c6 mot
trang thai thuong xuyén nhung dong dién I, va I, phy thudc vao vi tri cua tiét dién.

Trong ving P xa ving hiém, 16 trong troi dudi tic dung ctia dién truong tao nén
dong J,,. Khi cac 10 trong nay dén gan vung hi€m, mot s6 bi tai hop véi cac dién tur tir
vung N khuéch tan sang. Vi vung hiém rat mong va khong c6 dién tir nén trong vung nay
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cac 15 tréng khuéch tan thang ngang qua ma khong bi mét va tiép tuc khuéch tan sang
vung N nhung bi mat lan vi c6 su tai hop voi cac dién tir trong vung nay.

Tuong tu, su khuéch tan cta dién tir tir ving N sang vung P cting tuan theo qui ché
trén. Ta dé ¥ 1a cac d6 thi nhan mot truc dbi xtmg vi tong sd cac dong dién 16 trong va
dong dién tir phai bang mot hang sd.

Tacod:  Jpp (X1) = Jpn(X2)
Jnp (X1) = Jnn(X2)

Dong dién J tai mot tiét dién bt ky la hé“mg $0. Vay tai x; hodc x, ta co:
J = Tpp(X1) + Jnp (X1) = Jpn(X2) + Jnn(X2)
Dong dién J,, la dong khuéch tan céc 15 tréng, nén co tri so tai tiét dién x 1a:

dP, (x)
dx
Trong d6, Py(x) 12 mat d6 1 trong trong ving N tai diém x. Ta tinh Py(x)
Ta dung phuong trinh lién tuc:
op, PP a1

J.(x)=-eD,.

ot T - Oox eA

p
Vi dong dién J,, khong phu thudc vao thoi gian nén phuong trinh tr¢ thanh:

da’r, P, -P, .
o = e Trongdo L, =,/D .t

p p
p

X=X,

Va c6 nghiém sb 1a: P,(x)— P, =|P,(x,)-P, Je "
dp.
p dX X=X

D
Suyra, J (x,)=-eD L [Pn(xz)—Pno]
p

A A c 7 \ ‘A Ae A X r A ) d
Ta chap nhén khi c6 dong dién qua moi ndi, ta van c6 biéu thirc: dv = -V, P phu trong

truong hop ndi can bang.
Lay tich phan hai vé tir x; dén x, ta duoc:

Pa(X3)

jdv_—v j

Pp(x1)*Ppg
Ta duoc:

P
Ma: V,=V,-V=V, log{Pp"]—V

Suyra: V=V, log(@}

n,
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v

Nén: P, (x,)=P, eVt

, 1
Do dé: J,(x,) = e.Dp.L—[P(xz) - Pno]
P

e
Jpn(xz)—e— e -1

Tuong tu, ta co:

1
Jop (X)) = e.Dn.L—[np(xl)—npo]

v
D, v
T (X)) = T .npoleVT—l}

Suy ra, mat d6 dong dién J trong méi ndi P-N la:
J = Jpn(xz) + an (Xl)

.-
J=e &.pm + D n, (e’ -1
LP Ln

Nhu vay, dong dién qua mbi ndi P-N La:

Y
I= A.e{%.pm + D, o } e\r —1}

L

P n

D D
bat: I, = A.e{L—P.pno + L“ .npo}

P n
v
Ta duge: 1= I{eVT —1}

Phuong trinh nay dugc goi la phuong trinh Schockley

D,
Trong do: V; = kT &

e up pn
Véi k =1,381.107J/° K 14 hing s6 Boltzman

e =—1,602.10"" coulomb, 1a dién tich cta electron
T 1a nhiét d6 tuyét di.

O nhiét d binh thuong, T=273°K, V1=0,026 volt. Khi mbi ndi chuyén van binh

A%

thudng, V thay doi tir 0,3 V dén 0,7 V tiy theo mbi 1a Ge hay Si, Vl >10= eV >>1

T

\Y%

Vay, I~I,e""

Ghi cha: Cong thire trén chi ding trong truong hop dong dién qua mdi ndi kha 16n
(vung déc tuyén V-I thang, xem phan sau); véi dong dién I twong dbi nho (vai mA tro
xubng), ngudi ta chimg minh duoc dong dién qua mbi ndi la:
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Izlo{e

Vé&in = 1 khi mbi ndi 1a Ge
n = 2 khi mbi ndi 1a Si

v

an_l}

2. Néi P-N khi dwoc phén cue nghich:

Dong electron (khac 0)

Ion am Ion duong
Y
50,5 |8 *
0% o e
oo o | .
o o |%l|el *
P - + N

Rao dién thé V=V

Hinh

4

AVA AVS

\/.

AR

Khi ndi P-N dugc phan cuc nghich, rao dién thé taing mot luong V. L tréng va dién
tir khong thé khuech tan ngang qua moi 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 15 tréng sinh ra it nén dong dién nguoc rat nho, thudng ching
vai chuc pA hay nhé hon. Pé y 1a dong dién ngugc ndy 1a mot ham sb cta nhiét do.

Nguoi ta ciing ching minh dugc trong truong hop nbi P-N phén cuc nghich vé6i hidu

dién thé V<0, dong dién qua nbi la:

|

v
Izl{e”“ -1

Iy cling ¢ tri s0:

D
I, = Ae| L.
0 |:LP pno

Thong thuong,

\Y%

Dn
+L e,

e™r <<1nénl#I

Thi du: Xem mach sau day
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+5V

_—
T D2 I
g
+ V2 - +
D1
SA
I
Hinh_5 —

D, va D5 12 2 néi P-N Si. Tim dién thé V, va V, xuyén qua ndi.

Giai: Dong dién qua 2 ndi P-N 1a nhu nhau. Cha y 1a dong dién qua D, 1a dong
thuan va dong qua D, 1a dong nghich.

v

Vay: 1= I{e““ = 1} =1, v&in =2 va Vr=0,026V

Vi
— @002 _ 9
=V, =0,693.0,052=0,036(V)

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

Iy la dong dién bao hoa ngugc. Dong dién trong ndi P-N c¢6 thé dién ta bang db thi
sau day, dugc goi 1a dic tuyén V-I ciia ndi P-N.

Khi hiéu thé phan cuc thuin con nho, dong dién I tang cham. Khi hiéu thé phan cuc
thuan du 16n, dong dién I tang nhanh trong luc hiéu dién thé hai dau méi ndi ting rét it.

Khi hiéu thé phan cuc nghich con nho, chi c6 1 dong dién ri Iy chay qua. Khi hi¢u
dién thé phan cuc nghich du 16n, nhitng hat tai di¢n sinh ra dudi tdc dung cia nhiét dugce
dién truong trong ving hiém ting van tdc va co du nang lugng rit nhiéu dién tir khac tir
céc ndi hoa tri. Co ché nay cu chéng chét, sau cung ta c6 mot dong dién nguoc rat 1on, ta
n6i ndi P-N ¢ trung ving pha huy theo hién tuong tuyét d6 (avalanche).
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I Ge Si
v
G:,JV a
...... Vai chuc pA
Si| [ Ge
Phan cuc nghich Phan cyc thuan
C T E
Y= F e
10, >0
Hinh 6

I1I. ANH HUONG CUA NHIET PO LEN NOI P-N:

1. Dong dién bao hoa nguoc I, tiy thudc vao ndng do chat pha, dién tich mdi ndi va
nhat 1a nhiét do.

Thong thudng ta thiy rang I, s& ting 1én gap d6i khi nhiét d6 mdi ndi tang 1én 10°C

=25

I,(£°C) = 1,(25°C).21° véi t 1a nhiét do (°C)

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

Io
-8 -7 -6 5 4 3 P -1
0 vV 1
Aac0 2
LD U 3
4
35% p
45°C 7
0 8
JJD U
Hinh 7

Thi du: IN914B 1a diode Si chuyén mach nhanh c6 dong bao hoa nguge [(=25nA & 25°C.
Tim Iy & 100°C.
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2t 25

Ap dung: 1 ,(t°C) =1,(25°0).
2]00—25

10
=25nA.181

= 1,(100°C) = 4,525pA

=25nA.

2. Tinh chét ctia ndi P-N khi phan cuc thuan cling thay ddi theo nhiét do.

Khi nhiét do cta ndi P-N ting, dién thé thém ctia mdi ndi giam (ndi dé din dién
hon). Ngudi ta thay rang, khi nhiét d6 ting 1én 1°C dién thé thém giam 1,8mV & diode Si
va giam 2,02mV ¢ diode Ge. Mot cach tong quat c6 thé coi nhu dién thé thém giam 2mV
khi nhiét d6 ting 1én 1°C.

A\i — omV/°C
I(mA) | 45°C
35°C
- 25°C
m— U, T3 U, 63 U 7 X/
Hinh &

3. Nhiét d6 cta nbi P-N clng quyét dinh dién the sup do. Neu nhiét do tang lén dén
mot tri nao do6 thi dién thé sup do se giam xubng rat nho va moi n6i P-N khong con sir
dung dugc nira. Nhiét do nay la 150°C d6i voi Si va 85°C dbi voi Ge.

IV. NOI TRO CUA NOI P-N.
Nguoi ta thuong chi ¥ dén hai loai ndi tré cua ndi P-N
1. N@i tré tinh: (Static resistance).

Noi trd tinh 1a dién tré ndi cua ndi P-N trong mach di¢n mot chiéu. Nguoi ta dinh
nghia dién tré mot chiéu & mgt di€m phan cyc 1a ti s6 V/I ¢ diém do.

Vs I (mA)
T Rs
| | Q
P
i ’V /
Ni | of /v V
—— Trang 41 Bremsoancvbityong Van Tam
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Noi tré cua ndi tai diem Q 1a:

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

2. Noi tré’ dong ciia n6i P-N: (Dynamic Resistance)

Gia st dong dong dién ngang qua ndi P-N 1a I, tuong tmg v61 mot dién thé phan
cuc thuén Vg,

Vs ()]
Rs

v AIl

Hinh 10

Khi V bién thién mot luong AV tir tri s6 Vg thi I cling bién thién mot lwong tuong
, N N SAY B fe oan 1A o ik Ao+ oa:i re oax A o
ung Al tur tr1 86 1. Ti s Ebang v6i1 do doc cua ti€p tuyén tai dieém Q véi dac tuyén ctua

ndi P-N.

bat: % _ L ;rg dugce goi la dién tré dong cua ndi P-N khi phan cuc thuan.
I

Vi tin hi€u u nhd, ta co:

AV _dV
rL=——=—"
Al I,
v
Véi 1= I{e”VT —~ 1]

Suy ra:
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Hay [+, =I,e""
Dods, &L -1+l
nV;
Va dién trd dong la:
dl  nV;
rd i
dv I+1,

Thong thuong, I >> 1 nén 1, =

nV:
I
O nhiét d6 binh thuong (250C), V1 =26mV, dién tr¢ dong la:
- n.26mV
" I(mA)
Vi dong dién I kha 16n, n=1, dién tr¢ dong rq co thé duoc tinh theo cong thirc:
26mV
I, =
I(mA)

O nhié¢t 6 binh thuong, néu Iy = 100mA thi ry = 0,26Q. Trong mot nbi P-N thyc, vi
c6 tiép tro gilta cac mdi ndi, dlen tr& gitta hai ving ban dan P va N nén dién tré dong
thue sy 10n hon nhiéu so véi tri s6 tinh duge, thong thudng khoang vai chuc Q.

bién tré noi

/

rp rd / rn raC:ro

T = I‘p—i_rn—i_rd
bién tro vung P bién tro vung N =r1pytryg

Hinh 11

Pay ciing chinh 1a kiéu miu cta Diode véi tin hi¢u nho. Ngudi ta ciing dinh nghia
dién tr¢ dong khi phan cuc nghich

dv
rL=—-o
dI |
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Vi d6 dbc cua tiép tuyén tai Q khi ndi P-N phan cuc nghich rit nho nén dién trd
dong r, rat 1on, hang MQ.

V. PIEN DUNG CUA NOI P-N.
1. Pién dung chuyén tiép (Pién dung noi)

Khi ndi P-N duoc phan cuc nghich, ving hiém duoc néi rong do c6 su gia tang dién
tich trong vung néy Véi mot su bién thién AV cua hiéu dién thé phan cuc nghich, dién
tich trong vung h1em tang mot lugng AQ. Vung hiém c6 tac dung nhu mét tu dién goi 1a
dién dung chuyén tiép Cr.

_|aQ _eA

T

Trong do, € 1a hang s6 di€n moi cua chat ban dan, A 1a dién tich ctia n61 P-N va Wy
1a do rong cua vung hiém.

Khi dién the phan cyc nghich thay d6i, d6 rong ciia ving hiém thay d6i nén dién
dung chuyén tiép Cr ciing thay doi. Nguoi ta ching minh duge Cr c6 tri s6:

. S
(Vo + Vi)

T=

Trgng do, K la héng sb tuy thude vao chit ban dan va ky thué:t ché tao. V, 1a rao
dién thé cua noi P-N (S1 1a 0,7V va Ge la 0,3V). Vg la dién thé phan cuc nghich.

n= %trong truong hop ndi P-N 1a déc 1ai (linearly graded juntion) va n = % trong truong

hop ndi P-N thudc loai déc dtng (brupt juntion).

Néu goi G(0) 1a tr1 s6 cta Cr do duogc khi Vg=0, ta co:

C.(0
GO
[1+V
0
o O o) @@@@ e o o
o
oo of % ‘.,
o o |%|el| * .
P - + N
Vr # Vg
Re. RN
...... - BeoE
]
_ Jsl +
N6i P-N khi phan cyc nghicly,qng 44 Doc lai Bién soan:@é&o@@%n Tam
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Trong cac ndi P-N thong thudng, Cr ¢6 tri s6 tir SpF dén 100pF
2. Pién dung khuéch tan. (Difusion capacitance)

Khi ndi P-N duoc phéan cuc thuén, 18 trong duoc khuéch tan 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 s o hai
bén vung hiém tao nén mot dién dung goi 1a dién dung khuéch tan Cp. Ngudi ta ching
minh duoc dién dung khuéch tan Cpti 16 v6i dong dién qua ndi P-N theo cong thirc:

7l
nv;

C, =

J Lz \ N A 3 5 X A A re oA B
Trong do, t=1, = D—P , 1a do1 song trung binh cua 10 trong; n = 2 do61 voi ndi P-N 1a
P

Si, n=1 dbi voi ndi P-N 1a Ge.

Thong thudng, Cp ¢ tri s6 tir 2000pF dén 15000pF.

VI. CAC LOAI DIODE THONG DUNG

Diode co ban 1a mot nbi P-N. Thé nhung, tiry theo mat do chat tap pha vao chat ban
dan thuan ban dau, tiy theo su phéan cyc cua diode va mét s6 yéu t6 khac nira ma ta c6
nhiéu loai diode khac nhau va tim tng dung cua ching ciing khac nhau.

1. Diode chinh luu:

La diode thong dyung nhat, _dung dé d6i dién xoay chiéu — thuong 1a dién thé 50Hz
dén 60Hz sang dién thé mot chiéu. Diode nay tuy loai c6 thé chiu dung duoc dong tir vai
tram mA dén loai cong suat cao co thé chiu duoc dén vai tram ampere. Diode chinh luu
chu yéu 12 loai Si. Hai dic tinh k¥ thuat co ban cua Diode chinh luu 13 dong thuan t6i da
va dién 4p nguoc téi da (Dién ap sup dd). Hai dic tinh nay do nha san xuét cho biét.

Anod Catod
A K Ky higu ™~

Hinh 13
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Trudce khi xem qua mot s6 so do chinh luu thong dung, ta xem qua mot s6 ki€u mau

thuong dung cua diode.

Kiéu miu mét chiéu cia diode. Diode 1y twéng (Ideal diode)

Trong truong hop nay, nguoi ta xem nhu dién thé ngang qua diode khi phéan cuc
thuén bang khong va ndi trd cua né khong dang ké. Khi phan cyc nghich, dong ri cling

xem nhu khong dang ké.

Nhu vay, diode 1y tuong duge xem nhu mot ngat (switch): ngat dién dong mach khi
diode dugc phan cuc thuan va ngat dién hd mach khi diode dugc phan cuc nghich.

Diode ly tuéng
™~
L1

ISW ISW

——o—
Vsw=0V

Ip
=
0 Vb
Hinh 14
ISW ﬂ: O
e
Vsw
Vsw 0 Vsw
Hinh 15
W R -
+ +4
— oV = 0 Vb

Phan cuc thuan
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_ Dic tuyén
R - ID =0 Ip ’ V—Iy
+ 3 /
= Vs — Vp=-Vs5 \ = o Vp
Phan cuc nghich
Hinh 15

Kiéu miu dién thé nguwing (Knee-Voltage model)

~ Trong kiéu mau nay, dién thé ngang qua diode khi dugc phan cyc thuén la m(f)t,héng
s0 va dugc goi 1a dién thé ngudng Vi (khoang 0,3V doi véi diode Ge va 0,7 volt doi voi
diode Si).

Nhu vay, khi phan cuc thuén, diode trong duong voi mét diode ly tuong nbi tiép
v&i ngudn dién theé Vi, khi phan cuc nghich cling twong duong voi mot ngat dién ho.

Ip
D = D= —{I[—
+V - \ —Ip +Vk-
Vp=Vk
— Vb
0
Vp<Vk Ip=0
—[_>|)—E—¥ —
+ Vk -
Hinh 16

. = Vs — VK
D
R y 1y tuong R W R
+| + i + +
= Vs — Vk — = Vs = V>V Vk=Vp
Hinh 17

Kiéu miu diode vé6i dién tré dong:

Khi dién thé phan cuc thuin vuot qua dién thé ngudng Vi, dong dién qua diode ting
nhanh trong lac dién thé qua hai dau diode Vp, ciing tang (tuy cham) chir khong phai 1a
hang s6 nhu kiéu mau trén. Dé chinh xac hon, lac ndy nguoi ta phai chi ¥ dén do giam
thé qua hai dau dién tro dong ry.
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+Vp—

Ip —+— Diode thyc Ip
~ Q . I AV,
° dodéc Al
0 VK VD 0 V() VD
- dién thé offset
Diode ly tuéng Vo: dién the offse
+ VD — \
—>— — DA —
ID - trg- t+ VO -
Ip
Vp= Votrolp
Hinh 18 - 19

Thi du:

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

Ip [ (mA)

6 Vs=15V

5 ? R=3K Ip=?
4 AN \\

3 f +
2 D=
1 1 -

0{0.2 0,4 0,6 0,8 0,9 Vp(volt)
Hinh 20

Giai:
Budc 1: dung kiéu dién thé ngudng:

V-V, 15-07

? R=3K [
I'y= =4,7TmA ANAN j
R 3KQ ’ +

Trang 48 Bién soagn: Truong Van Tam



Gido trinh Linh Kién Dién Tu

Budc 2: voi I'p =4,77mA, ta xac dinh dugc diém Q’ (V'p=0,9V)

Budc 3: vé tiép tuyén tai Q v6i dic tuyén dé tim dién thé offset V.
V=0,74V

Budce 4: Xac dinh 1y tir cong thtrc:

AV, 09-0,74 0,16

I = ~ 320
ADI,, 4,77 4,77
Buéc 5: Dung kiéu miu v6i dién trér dong ro. R TID
V.-V 15-0,74 + 10=32Q
[ =_s—" Yo _ > =0,00467A _ L
P R+1,  3000+32 V=13V = .
Ip=4,67mA —Vx=0,74V
T
Va Vp=Vt10lp=0,74+0,00467x32=0,89V Hinh 22
Chuy:

Trong truong hop diode duge dung vai tin hi€u nho, dién tré dong ry chinh 1a dién
tré dong ry ma ta da thay ¢ phan trude cong véi dién trd cua hai ving ban dan P va N.

I'0:rac:rp"—rn_i_rd:rB—'—rd
26mV
[,mA

VOl 14=n

Vi du: Xem mach dung diode 1N917 v6i tin hi€u nho Vg(t)=50 Sinwt (mV).

Tim dién thé Vp(t) ngang qua diode, biét ring dién trd rp cua hai ving ban din P-N 1a

10Q.
S50mV e Vs=15V
/-\ R=3K
Vs(t) — A
+
-50mV \/ Vi(1)?
Hinh 23 =

Giar:

Theo vi du trudce, voi kiéu mau dién thé nguong ta c6 Vp=0,7V va [p=4,77mA.
Tur d6 ta tim duoc dién trd ndi rg:

_26mV _ 26mV
1, 477mA
=10 + 0,45=10,45Q
Mach tuong dwong xoay chiéu:

=5,45Q

Iy
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I, 1545
R+r, ™ 1545+3000

Pién thé dinh Vg, ngang qua diode 1a Vin =

Vin=0,256 Sinwt (mV).
Vay dién thé tong cong ngang qua diode 1a:
Vp(t) =700mV + 0,256 Sin ot (mV).

700mV

N
@ Fac évd(t) \/ \/

Hinh 24
Kiéu mau tin hiéu rong va hiéu @ng tan so.

Hinh sau day mo ta m(f)(tt)diode duoc dung véi tin hi¢u hinh sin c6 bién dd 16m.
Vs

@ RLng(t)

Y1) V4 SR

Ban ky duong Diode dan

+30V

/ iode ngung 0

+30V Béan ky 4m

___+Diode dan

r Diode ngung

Hinh 25
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Khi diode dugc dung véi nguodn tin hiéu xoay chi€u tin hiéu bién do 16n, kiéu mau
tin hiéu nho khong thé ap dung dugc. vi vay, nguoi ta dung ki€u mau mdt chiéu tuyén
tinh.

Két qua 13 ¢ nita chu ky duong cia tin hiéu, diode din va xem nhu mot ngat dién
dong mach. ¢ nira chu ky am ké tiép, diode bi phan cuc nghich va c6 vai tro nhu mot ngat
dién hé mach. Tac dung nay cua diode dugc goi 1a chinh luu ntra séng (mach chinh luu
s€ dugc khéo sat ky ¢ gido trinh mach dién tur).

Dap tng trén chi ding khi tin s cua nguon xoay chleu V(t) thip-thi du nhu dién
50/60Hz, tac chu ky T=20ms/16,7ms-khi tan sd cua nguon tin hi€u 1én cao (chu ky ¢
hang nano gidy) thi ta phai quan tim dén thoi gian chuyén tiép tir ban ky duong sang ban
ky am cua tin hiu.

Khi tan s6 cta tin hiéu cao, dién thé ngd ra ngoai ban ky duong (khi diode duoc
phan cyc thudn), 6 ban ky dm cua tin hi¢u cing qua dugc mot phan va ¢ dang nhu hinh
v&. Ch y 13 tan s cua ngudn tin hiéu cang cao thi thanh phan ban ky 4m xuat hién & ngd
ra cang 16n.

vs(t) vs(t)

t(ms) t(ms)

VL(t) VL(t)

t(ms) t(ms)

Hinh 26

Hiéu Gmg nay do dién dung khuéch tan Cp ctia ndi P-N kha 16n khi dugc phéan cuc
thuan (Cp ¢6 tri tir 2000pF dén 15000pF). Tac dung cua dién dung nay 1am cho diode
khong thé thay d6i tirc thoi tir trang thai dan sang trang thai ngung din ma phai mét di
mot thoi gian (thuong duoc goi 14 thoi gian hoi phuc, kiéu mau diode phai ké dén tac
dung cua dién dung cua nbi.

s Iq Is Iy
A —’\/\/\—0—'\?&\/—0— K A—’\/\/\_"_’\?&\’_"_ K

Phan cuc nghich { }

Cr

Phéan cuc thuan

O

o —
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rg: Dién trd hai ving ban dan P va N

re: Dién tré dong ctia ndi P-N khi phan cuc thuan (rit nho)
Cp: DPién dung khuéch tan

1;: Bién tré dong khi phan cuc nghich (rat 16n)

Cr: Pién dung chuyén tiép

Pé thay rd hon thoi gian hdi phuc, ta xem dép tng cta diode d6i voi ham nic (dang
song chit nhat) dugc mo ta bang hinh ve sau.

vs(t)
—_— Ve
+ -
i vd 0 ¢
. v,
Vd
0,7V
t
0
-V,
1q
Ve
R,
0 Il ¢t
i
1 1 — _Vr
Hinh 28 r R,
t;

Thong thudng, gia tri cta t, c6 thé thay doi tir nhé hon 1 nano gidy dén xap xi 1ps.
Hi¢u mg cua t, trén diode chinh luu (song sin) duoc dién ta nhu hinh sau. Nguoi ta nhan

thiy rang, c6 thé bo qua thoi gian hdi phuc trén mach chinh luu khi t,<0,1T, v6i T 1a chu
ky cta song sin dugc chinh luu.
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vs(t) vs(t) T=10t
T=2t, t ' t
0 0
Tin biéu tan Tin ,hiél} tan
s0 cao s0 thap
1(t) 4(t)
t t
0 0
Hinh 29
2. Diode tach song.

Cung lam nhiém vu nhu diode chinh luu nhung thuong véi tin hi€u c¢6 bién d6 nho
va tan so cao. Diode tach song thuong dugce ché tao c6 dong thuan nhé va co thé la Ge
hay Si nhung diode Ge dugc dung nhiéu hon vi dién thé ngudng Vi nho.

3. Diode schottky:

Ta d3 thdy anh hudng cua thoi gian héi phuc (tirc thoi gian chuyén mach) 1én dang
song ngo ra cua mach chinh luu. Dé rat ngan thoi gian hoi phuc. Cac hat tai dién phai di
chuyen nhanh, ving | hiém phai hep. Ngoai ra, con phai tao dleu kién cho su tai hgp gitra
16 trong va dién tir d& dang va nhanh chéng hon. D6 1 nguyén tic cua diode schottky.

Mo hinh sau ddy cho biét cau tao can ban cua diode schottky.

Anod Catod

SiO, Tiép xac Ohm

Anod E |: Catod

Rao dién thé Schottky
Hinh 30

Ta thiy trong diode schottky, thudng nguoi ta ding nhom dé thay thé chat ban dan
loai P va chit ban dan loai N 1a Si. Do nhom 13 mot kim loai nén rao dién thé trong diode
schottky giam nho nén dién thé ngudng cua diode schottky khoang 0,2V dén 0,3V. Pé y
1a diode schottky co dién thé bao hoa nguoc 16n hon diode Si va dién thé sup do ciing
nhd hon diode Si.

Do thoi gian hdi phuc r,ét nho ( doi trang thai nhanh) nén diode schottky dugc dung
rat pho bién trong k¥ thuét s6 va diéu khién.
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Iy (mA) Diode Si
Schottky
Vp (Volt)
f 0 0,2 04 06 0,7
Diode
Si Schottky
Hinh 31

4. Diode 6n ap (diode Zener):

Nhu d3 khao sat ¢ phan trudce, khi dién thé phan cuc nghich cua diode 16n, nhimg
hat tai dién sinh ra dudi tac dung nhiét bi dién truong manh trong vung hlem tang van tdc
va pha v& cac nbi hoa tri trong chét ban dan. Co ché ndy clr chdng chat va sau cung ta co
dong dién nguogc rat 1on. Ta noéi diode dang ¢ trong ving bi pha huy theo hién tuong
tuyét d6 va gay hu hong ndi P-N.

Ta ciing c6 mot loai pha huy khac do sy phd huy truc tiép cac ndi hoa tri dudi tac
dung cua di¢n trudong. Sy pha huy nay c6 tinh hoan nghich, nghia la khi dién truong hét
tac dung thi cac noi hoa tri dugc 1ap lai, ta goi hién tuwong nay la hi¢u img Zener.

Hi¢u umg nay dugc ing dung dé ché tao cac diode Zener. Bang cach thay ddi nong
d6 chat pha, ngudi ta c6 thé ché tao duoc cac diode Zener co dién thé Zener khoang vai
volt dén vai hang tram volt. D& ¥ 1a khi phan cuc thuan, dic tuyén cta diode Zener giéng
hét diode thudong (diode chinh luu). Pic tuyén duge dung cua diode Zener 1a khi phan
cuc nghich & ving Zener, dién thé ngang qua diode gan nhu khong thay doi trong khi
dong dién qua no bién thién mot khoang rong.
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Ip (mA) + Vp -
Ip—
Vung phan cuc nghich Viing phan cuc thuan
V,=Vzener Vp (Volt)
f 0 V¢=0,7V
V:-VD:VZ
_‘[>'|__+
- I:-ID:IZ

Hinh 32

* Anh hudng cta nhiét do:
Khi nhiét do thay d6i, cac hat tai dién sinh ra cling thay d6i theo:

— Vi cac diode Zener co6 dién thé Zener Vz < 5V thi khi nhiét d6 tang, dién thé Zener
giam.

— Vo6i cac diode co di’én thé Zener V,>5V (con dugc goi la diode tuyét dd-diode
avalanche) lai c6 hé s6 nhiét duong (V7 tang khi nhiét do tang).

— Vi cac diode Zener c6 Vz nam xung quanh 5V gan nhu V; khong thay doi theo nhiét

do.

-4 -3 2 -1 |0 Vp(Volt) 40 30 20 -10 [0 Vp(Volb)
-5 -5
-10 -10
-15 -15
220 -20
-25 -25
-30 -30

0 0 0 0

25°C| 60°C 35 60°C| 25°C 35
-40 -40
-45 -45

(a) Diode c6 Vz<5V (b) Diode c6 V,>5V
Hinh 33

* Kiéu mau ly tudng cua diode Zener:

Trong kiéu mAu 1y tuong, diode Zener chi din dién khi dién thé phan cuc nghich lon
hay bang dién thé V. Pién thé ngang qua diode Zener khong thay dbi va bang dién thé
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V. Khi dién thé phan cuc nghich nho hon hay bang dién thé V, diode Zener khong dan

dién (Ip=0).

+ VZ - +VZ - ID
X = —DHi- v,
- 0 VD
Iz
Vp=-V
b Diode ly tuong
ID:'IZ

Hinh 34

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

Thi du: mach tao dién thé chuén 4,3V dung diode zener 1N749 nhu sau

R=470Q R=470Q
A% AN
Ve=6-515V | _ IN749 |1 Vs=6->15V] .
/}/ 43V /\| CX) Tai = /_z/ V=43V —| CX Tai

Hinh 35

Khi chwa mic tai vao, thi du nguén V=15V, thi dong qua zener la

Vi-V, _15-43 50 8mA
R 470 ’

* Kiéu mau cta diode zener ddi véi dién tro dong
Thuc té, trong ving zener, khi dong dién qua diode tang, dién thé qua zener ciing
tang chut it chr khong phai ¢ dinh nhu kiéu mau 1y tuong.

Nguoi ta dinh nghia di¢n tré dong cua diode 1a
VZT — Vzo
IZT

Trong d6: Vzo 1a dién thé’nghich bat dau dong dién tang
Vzrla dién thé ngang qua hai dau diode ¢ dong dién sur dung Izt

r=72,=

Bién soan: Truong Van Tam
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Iz
+ Vz - Z;+ Vg -
—}— = ==
7T
I, )
Diode ly tuong
a VZ
0 Vzo Vzr
Hinh 36

5. Diode bién dung: (Varicap — Varactor diode)

Phan trén ta da thiy, sy phan })6 dién tich dwong va am trong ving hiém thay doi
khi dién thé phan cuc nghich thay doi, tao ra gitra hai dau diode mdt dién dung:

=g —
AV| W,

T

_|£ A

Dién dung chuyén tiép Cr ti 1¢ nghich v6i do rong cia vung hiém, tac ti 16 nghich
voi1 dién thé phan cuec.

Pic tinh trén dugc ung dung dé ché tao diode bién dung ma tri sé dién dung sé thay
doi theo dién thé phan cuc nghich nén con dugc goi la VVC diode (voltage-variable
capacitance diode). Dién dung nay cé thé thay d6i tir 5pF dén 100pF khi dién thé phan
cuc nghich thay ddi tir 3 dén 25V.

C(pF)
bac tuyég cua dién dung theo
80 dién thé c6 dang nhu sau:
60
40
20
0 -2 -4 -6 -8 -10 -12 14 v(Volt)
Hinh 37

Mot ing dung cua diode 1a dung n6 nhu mdt tu dién thay d6i. Thi du nhu mudn thay
do6i tan s6 cong hudng cua mdt mach, nguoi ta thay doi di¢n thé phan cuc nghich cia mot
diode bién dung.
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W

G Die T L

bién dung

N

g

Hinh 38

6. Diode ham (Tunnel diode)

Puoc ché tao 1an dau tién vao nim 1958 bai Leo-Esaki nén con duge goi la diode
E§aki. Déy la mot loai c}iode dac biét dugc dung khéc véi phiéu ‘loai diode khécN. Diode
ham c6 nong do pha chat ngoai lai 16n hon diode thuong rat nhi€u (ca vung P lan vung
N)

Dic tuyén V-1 c6 dang nhu sau:

I(mA)
binh A
Ip I . .
1~ Diode thuong
1 \
Diode ham
Anod Catod p
,I
/
B/ / Thung lling
Iv i
e 4 ’
=" V(volt)
0 v, 025 0,5V
Hinh 39

Khi phan cyc nghich, dong di¢n ting theo di¢n thé. Khi phan cuc thuan, ¢ dién thé
thap, dong dién ting theo dién thé nhung khi lén dén dinh A (Vp Ip), dong dién lai tw
dong giam trong khi dién thé tang. Sy bién thién nghich nay dén ‘thung ling B (Vv Iy).
Sau do, dong dién tang theo dién thé nhu diode thuong co cung chat ban din ciu tao. Pic
tinh cu thé cta diode ham tuy thudc vao chit ban dan ciu tao Ge, Si, GaAs (galium
Asenic), GaSb (galium Atimonic)... Vung AB la vung dién tr6 am (thay d6i tir khoang
50 dén 500 mV). Diode dugc dung trong ving dién trd 4m ndy. Vi tap chat cao nén ving
hiém cua diode him qué hep (thuong khoang 1/100 lan d6 rong ving hiém cua diode
thuong), nén cic hat tai dién c6 thé xuyén qua mdi ndi theo hién twong chui ham nén
dugc goi 1a diode ham.

T sO Ip/Iv rat quan trong trong tmg dung. Ti s6 nay khoang 10:1 d6i v&i Ge va 20:1
do1 voi GaAs.

Mach tuong duong ciia diode ham trong ving dién tré 4m nhu sau:
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-Rd
Ls Rp
—fYYY\—u —" N
Cd
[
1l
Hinh 40

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

Thi dy, & diode hAm Ge 1N2939: Ls=6nH, Cp=5pF,R4=-152Q, Rp=1,5Q2

Diode c6 vung hiém hep nén thoi gian hdi phuc nho, dung tdt & tan sb cao. Nhuoc

diém cua diode ham la vung dién tr6 am phi tuyén, vung dién tré am lai ¢ dién thé thap
nén kho ding véi dién thé cao, nong d6 chat pha cao nén mudn giam nho phai ché tao
mong manh. Do d6, diode him déan dan bi diode schottky thay thé.

Ung dung thong dung cua diode ham 1a 1am mach dao dong & tan s6 cao.
Bai tip cudi chwong

Dung kiéu mau 1y tuong va dién thé ngudng cua diode dé tinh dong dién 1;, I, Ip, trong
mach dién sau: — L

-l Dy/si |In2

R2=350Q
D2/Ge

Tinh dong dién I; va Vg trong mla}c]h=s1al§ (dung kiéu mau 1y tuéng va dién thé ngudng cta
diOde) +12V

I,
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3. Tinh Iz, Vo trong mach dién sau khi R, = 50Q va khi R, = 200Q. Cho biét Zener sit dung
co Vz =6V.

1002

4. Tinh I, Vo trong mach sau, cho biét Zener Eé Vz=28V.

+20V
R1=1K

e

I
R2=3K
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Chuong V
TRANSISTOR LUONG CUC

(BIPOLAR JUNCTION TRANSISTOR-BJT)

I. CAU TAO CO BAN CUA BJT

Transistor ludng cuc gdm c6 hai mdi P-N ndi tiép nhau, duoc 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 day mo ta cAu trac cua hai loai transistor ludng cuc PNP va NPN.

Cuc phat Cuc thu E_C
E n+ p n- —e C
Emitter Collecter
R B
B Cyc nén (Base) Transistor PNP
Cuc phat Cuc thu E_ €
E pt n p- —o C
Emitter Collecter
R B
B Cyc nén (Base) Transistor NPN
Hinh 1

Ta nhan thdy rang, ving phat E duoc pha ddm (ndng d6 chat ngoai lai nhiéu), ving
nén B duoc pha it va vang thu C lai duoc pha it hon nita. Ving nén c6 kich thuée rat hep
(nho nhét trong 3 vung ban dan) ké den 1a vung phat va vung thu la vung rong nhat.
Transistor NPN c6 dap (mg tan s6 cao tot hon transistor PNP. Phan sau tap trung khao sat
trén transistor NPN nhung d6i véi transistor PNP, cac dic tinh ciing tuong tu.

II. TRANSISTOR O TRANG THAI CHUA PHAN CUC.

Ta biét rang khi pha chét cho (donor) vao thanh ban dan tinh khiét, ta duoc chat ban
dan loai N. Cac dién tir ty do (con thira cua chat cho) c6 muc ning lugng trung binh ¢
gan dai dan dién (mirc nang lugng Fermi dugc nang 1€n). Tuong ty, néu chét pha 1a chat
nhan (acceptor), ta co chat ban dan loai P. Cac 15 tréng ciia chat nhan c6 mic ning lugng
trung binh ndm gan dai hoa tri hon (muc ning luong Fermi giam xudng).
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Khi nbi P-N dugc xac 1ap, mot rao dién thé s& duoc tao ra tai nbi. Cac dién tir ty do
trong ving N s& khuéch tan sang ving P va ngugc lai, cac 16 tréng trong ving P khuéch
tan sang vung N. Két qua 13 tai hai bén méi ndi, bén ving N 13 cic ion duong, bén ving
P 1a cac ion &m. Chung d3 tao ra rao dién thé.

Hién tugng nay cling duoc théy tai hai ndi cua transistor. Quan sat vung hiém, ta
thay rang kich thudc ctia viung hiém la mdt ham s6 theo nong do chat pha. N6 rong &
vung chat pha nhe va hep ¢ vung chat pha dam.

Hinh sau ddy mo ta ving hiém trong transistor NPN, sy tuong quan giira mirc nang
luong Fermi, dai dan dién, dai hoa tri trong 3 viing, phat nén, thu cta transistor.

n+ p n-
Vung phat  Vung nén Vung thu

Vung hiém
E(eV)
n+ Vung phat p Ving nén n- Vung thu
| | | [_Dai dén dién |
Mutc Fermi tang cao Mutc Fermi giam Mtrc Fermi tang nhe

Dai dan dién / \\(Conductance band)

Mirc Fermi xép thing

Hinh 2
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III. CO CHE HOAT PONG CUA TRANSISTOR LUONG
CUC.

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

Vi noi phat nén dugc phan cuc thuan nén vung hi€ém hep lai. N6i thu nén dugc phan
cuc nghich nén vung hiém rdng ra.

Nhiéu dién tir tir cuc 4m cta ngudn Vg di vao ving phéat va khuéch tan sang ving
nén. Nhu ta da biét, vung nén dugc pha tap chat it va rat hep nén so6 10 trong khong nhiéu,
do d6 luong 16 trong khuéch tan sang vung phat khong dang ké.

Mach phan cuc nhu sau:

Phan cuc thuan Phan cuc nghich

Dong dién tu o nte n;
o ® S °
° ° T
lIE o e e o IC
° °
e © o ©
REé gRC
Ig
1|1} 1|1}
Ver | Ve Dong dién tur

Hinh 3

Do vung nen hep va it 15 trong nén chi c6 mot it dién tir khuéch tan tir ving phat qua
tai hop voi 16 tréng cua ving nén. Hau hét cac dién tir nay khuéch tan thiang qua ving thu
va bj hat vé cuc duong cua nguon Vee.

Cac dién tir tyr do cua vung phat nhu vay tao nén dong dién cuc phat I chay tir cuc
phat E. Cac dién tir tir ving thu chay vé cuc duong clia ngudn Vg tao ra dong dién thu I¢
chay vao vung thu.

Mat khéc, mdt s6 it dién tir 1a hat dién thi€u s6 cua vung nén chay vé cuc duong cia
nguon Vgg tao nén dong dién Iy rat nho chay vao cuc nén B.

Nhu vay, theo dinh luat Kirchoff, dong dién I la téng cua cac dong dién I va Ip.

Taco:1; =1.+1;
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Dong Iy rit nho (hang microampere) nén ta ¢ thé coi nhu: I # I¢

IV. CAC CACH RAP TRANSISTOR VA PO LOI DONG
PIEN.

Khi str dung, transistor dugc rap theo mot trong 3 cach can ban sau:

— Rap theo kiéu cuc nén chung (1)
— Rap theo kiéu cuc phat chung (2)
—  Rép theo kiéu cuc thu chung (3)

vao ra

777

Kiéu cyc phat chung

Hinh 4

Kiéu cyc thu chung

Trong 3 céch rap trén, cuc chung chinh la cyc dugc ndi mass va dung chung cho ca
hai ngd vao va ngo ra.

Trong mdi cach rap, ngudi ta dinh nghia d6 1gi dong dién mot chiéu nhu sau:

Po Igi dong dien = —2ong dién ngo ra

Dong dién ngd vao

Do lgi dong dién cua transistor thuong dugc dung 1a dd 1oi 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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I
hp =Bpe = I_C
B
Nhu vay: IC =BDC.IB

NhlIIlg [g=Ic+t1Ig= BDC-IB+IB
—— IE = (BDc+ I)IB
b0 loi dong dién trong cach rap cuc nén chung dugc cho boi:
IC

hip = oipe ==

IE
Boc ¢6 tri sb tir vai chuc dén vai tram, tham chi c6 thé 1én dén hang ngan. apc o tri
tor 0,95 dén 0,999... tuy theo loai transistor. Hai thong s0 Bpc va apc dugc nha san xuat

cho biét.

Tt phuong trinh cén ban:

IE: IC + IB
Ta co: [c=1g—-1Ip
Chia cé hai vé cho I, ta dugc:
e L1
IC IC 17(1 Iic
IE IB
Nhu vay: 1= L
aDC BDC

Giai phuong trinh nay dé tim Ppc hay apc, ta dugc:

o
Bpe = 2 va Opc = Poc
l—oupe 1+Bpe

* Ghi chii: cac cong thire trén 13 tong quat, nghia 1a van dung véi transistor PNP.

Ta cht ¥ dong dién thyc chay trong hai transistor PNP va NPN c¢6 chiéu nhu sau:
NPN PNP

l1c Mc

|1 (e

Hinh 5

Thi du:
Mot transistor NPN, Si dugc phan cuc sau cho Ic = 1mA va Iz = 10pA.
Tinh Bpc, Ig, apc.
Giai: tu phuong trinh:
I, ImA
=—,Taco: B, =——=100
Poc I, Pa 10pA

Tt phuong trinh:
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Ig=Ic+1Ig,taco: Ig=1mA + 0,0lmA = 1,0lmA

I ImA
Va tir phuong trinh: ~ a,.=-5= 220,99
I, L0ImA
Mot transistor Si PNP ¢6 Bpc = 50 khi Ig = 1,5mA. Xac dinh Ic.
Giai:
Poc _ 50

0,98

(04 = = =
"¢ 4B 1450

Ic =PBpcle =098 x 1,5 =1,47TmA
V. DONG PIEN RI TRONG TRANSISTOR.

Vi nbi thu nén thuong dugc phan cuc nghich nén ciing c6 mot dong dién ri nguoc
(bao hoa nghich) di qua méi ndi nhu trong truong hop diode duoc phan cuc nghich.
Dong dién ri nguoc nay duge ky hi¢u la Icgp, dugc nha san xudt cho biét, duoc mo ta
bang hinh v& sau:

Current (dong dién)

= WYy
VY / Base (cuc nén)
Cuc E Teso Vee—= lepo——— Openemitter (cyc phat ho)
dé ho
Collector (cuc thu)
- Hinh 6

Pay la dong dién di tir cuc thu qua cuc nén khi cuc phat dé ho. Hinh vé sau day cho
ta thay thanh phan cdc dong dién chay trong transistor bao gom ca dong dién Icpo.

Ic = apclk + Icso
—

RE§ éRC

1 I I 1 I I
Ve Vee
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Nhu vy, ta ¢6: Ic = apcle + Icso
Néu Ico x4p xi 0, xem nhu khong dang ké.
Taco: Ic=apcle
D6 1a cong thire 1y tuong ma ta dd thdy & phan trén. Ngoai ta, tir phuong trinh
dong di¢n can ban:

[E= IB+IC
Suy ra, Ic=apc(c +Is) + Icso

Ic = apclc + apc Is + Icso
Ta tim thay:

[ = Opc I+ Lego
¢ l-ope B l-ope

Nhung: BDc=1 o :1+BDC:%+1
DC DC
1+B _ocDC+1—(xDC_ 1
e -0y -0y

Thay vao phuong trinh trén, ta tim duoc:
Ic = Bocls + (Boc + Dlcro

Nguoi ta dat: Iceo = (Bpc + 1)Ico va phuong trinh trén duogc viét lai:
Ic = Bpcls + Icko

Nhu viy, ta c6 thé hiéu dong dién ri Icgo nhu la dong dién chay tr cuc C qua cuc E

ctia transistor khi cuc B dé hé. Tri sd cta Icgo cling dugc nha san xuit cho biét.
Current (dong dién)

Icro Emitter (cuc phat)

Vee — \
Ig=0 C= 11— Openbase (cuc nén hé)

\Collector (cuc thu)

Cuc nén ho

Hinh 8

Cac théng sO B[)c, opc, Icso, Iceo rat IlhE_ly vO1 nhiét do.

VL. PAC TUYEN V-1 CUA TRANSISTOR.

Ngudi ta thuong cha y dén 3 loai dic tuyén cua transistor:
—  Dic tuyén ngd viao.
—  Dic tuyén ngd ra
— Dic tuyén truyén

Mach tong quétﬂlé xac di dic tuyén trén duge biéu dlelp{zbang mo hinh sau:
4% %= \BJD Iz

7~ N\
7__2 Vi1 Ngd vao &\hj)"g b7 Q/y Ngd ﬁj@zg@ rieong Van Tam
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Diém can cha y: tu}‘/ theo loai transistor va cac céch rap ma nguén Vi1, Voo phai méc
dung cuc (sao cho ndi thu nén phéan cuc nghich va nbi phat nén phan cyc thuén). Cac
Ampe ké I;, I, cac volt ké V| va V, cling phai mac ding chiéu.

Chung ta khao sat hai cach mic cin ban:L

1. Mac theo ki€u cuc nén chung:

Mach dién nhu sau:

Rg Rc
AN/ /I_\IE N Icm AAN

4 \Y, vV 1
+|Vse Vs
Hinh 10

Pac tuyén ngo vao (input curves).

La dac tuyén biéu dién sy thay déi cua dong di¢n Ig theo di¢n thé ngd vao Vg voi
Vg duge chon lam thong so.

Pic tuyén c6 dang nhu sau: It (mA) Veg = 20V

7 / / Veg =10V

Ve =01V

VCB =00V

Vg dé ho

ol 0,2 0,4 0,6  Vee(Volt
Hinh 11

Nhan xé&t:
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— Khi nbi thu nén dé ho, dic tuyén c6 dang nhu dic tuyén cua diode khi phéan cuc
thuan.
— Dién thé ngudng (knee voltage) ctia dic tuyén giam khi Vg ting.
Pic tuyén ngd ra (output curves)

La dac tuyén biéu dién su thay ddi cua dong di¢n cuc thu I theo dién thé thu nén
Vg v6i dong dién cuc phat I 1am thong so.

Dic tuyén co dang nhu sau: Ta cha ¥ dén ba viing hoat dong cta transistor.

Ving tac dong: N&i nén phat phan cyc thuan, ndi thu nén phan cyuc nghich. Trong
ving ndy dic tuyén 1a nhitng dudng thing song song va cach déu. Trong cac Gmg dung
thong thuong, transistor dugc phan cuc trong vung tac dong.

Vung tac don
Ic (mA) ] e .

6 — 6 mA

5 mA

4 mA

3.mA

2.1mA

Vung bao hoa

4 mA

IE: OmA

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.r"-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.

Veg (V)

Vung ngung

Hinh 12

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

Vung bao hoa: néi phat nén phan cuc thuén, ndi thu nén phan cyc thuan. Trong céc
ung dung dac biét, transistor mdi dugc phan cuc trong vung nay.

2. Mic theo kiéu cue phat chung.

Day la cach méc thong dung nhat trong cac Gmg dung cua transistor. Mach dién nhu sau:
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VBE VCB

Hinh 13

Dic tuyén ngo vao:

Biéu dién su thay doi cua dong dién Iy theo dién thé ngd vao Vgg. Trong do6 hi¢u thé
thu phat Vg chon lam thong so.

I (LA
. s (uA) Vs = 0V
Dac tuyén nhu sau:

100 + Vep =1V
80 4 CE~— 10V

60 T

40 +

20 +
1 1 1 VBE (V)

0 02 04 06 08

Hinh 14

Pic tuyén ngd ra:

Biéu dién dong dién cuc thu Ic theo dién thé ngd ra Vg v6i dong dién ngd vao I
dugc chon lam thong so.

Dang dic tuyén nhu sau:
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Vung tac dong

120 pA
6 —
100 pA
5 —
80 LA

4 —
E __ 60pA
e 3
8 40 pA
an 2 —
3
> . 20 pA

Icro l Iz=0 pA
0 | 2 4 \ 6 g | Ve (V)
Vung ngung
Hinh 15

— Ta thiy ciing c¢6 3 ving hoat dong cia transistor: viing bao hoa, ving tac dong va
vung ngung.
— Khi ndi tit Vi (tirc Is=0) dong dién cuc thu x4p xi dong dién i Icgo.
Pic tuyén truyén: (Transfer characteristic curve)
Tur dic tuyén ngd vao va dac tuyen ngd ra. Ta co thé suy ra dic tuyén truyén cua
transistor. Dic tuyén truyen biéu dién sy thay (101 ctiia dong dién ngd ra Ic theo dién thé

ngd vao Vi voi dién thé ngd ra Vg 1am thong sb.

Dac tuyén c6 dang nhu sau:
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Ic(HLA)
Ve =10(V)
Ices = Icpo
Ve (V)
—t—t— 1
0 1 2 3 4 5
Vung ngung Vung Vung bao hoa
tac do .
cut- mac ong Vgg(sat)
Hinh 16

Déi voi transistor Si, ving hoat dong c6 Vgg nam trong khoang 0,5-0,8V. Trong
ving ndy, dic tuyén truyén c6 dang ham mil. O ving bio hoa, dong I¢ ting nhanh khi
Vg thay ddi. O vung ngung, khi Vgg con nhd, dong ri qua transistor I¢gs rat nhd, thuong
xép X1 Icpo.

Ngay ca trong vung hoat dong, khi Vg thay d61 mot lugng nho (tir dong I thay doi)
thi dong Ic thay d6i mot lugng kha lon. Vi thé, trong cac tmg dung, nguoi ta dung dién
thé cuc nén Vg 1am dién thé diéu khién va cuc B con goi la cuc khién.

3. Anh hwéng ciia nhiét dd 1én cac dic tuyén cia BJT.

Nhu ta da thay, céc tinh chat dién cuia chat ban din déu thay doi theo nhiét do. Do
do, cac dac tuyén cua BJT déu thay doi khi nhiét do thay doi.

— Khi nhié¢t d6 tang, cac dong dién ri ctia cuc thu (Icgo,Iceo, Icgs) déu tang.

— Khi nhi¢t d¢ tang, cac do loi dién thé apc, Bpc cling tang.

— Khi nhiét d6 tang, dién thé phéan cuc thuin (dién thé nguong) ndi nén phét Vg
giam. Thong thudng, Vi giam 2,2mV khi nhiét do ting 1°C.

— Dong dién ri Icgo ting gép doi khi nhiét do ting 8°C trong transistor Si.

t-25
Lego (toc) = Iepo (250C)-{2 ’ }
Tac dong cua nhiét 46 anh huong quan trong dén diém diéu hanh cua transistor. N6

1a nguyén nhén lam cho thong s6 cua transistor thay d6i va két qua 1a tin hiéu c6 thé bi
bién dang.
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Ig (nA)
l—— 50°C

—25°C

(2,2mV/°C)

%

VBE (rnV)

10

645 700

Ic (mA)

l—— 50°C
0

Ver =15V —25C

(2,2mV/°C)

%

Vge (mV)

645 700

250pA

200pA

150pA

Hinh 17

VCE (VOlt)

VIIL. PIEM PIEU HANH - PUONG THANG LAY PIEN

VCC

MOT CHIEU.
Ta xem mach ding transistor BJT NPN trong mé hinh cuc nén chung nhu sau:
R Rc
AAN C I AANA—
TN
\\+ +
. VBE VCB —_
Ve —
* Vao Ra
®
Hinh 18

Pé x4c dinh diém tinh diéu hanh Q va duong thang liy dién mot chidu, ngudi ta
thuong dung 3 budc:
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1. Mach ngo vao:
Ta co: VBE + REIE - VEE =0
VEE B VBE
RE
Chuyla Vg =0,7V v6i BJT 1a Si va Vg = 0,3V néu BJT 1a Ge.

=1, =

2. Tu C6ng thirc IC = aDCIE = IE
Suy ra dong dién cuc thu Ic.
3. Mach ngd ra:

Ta co: VCB - VCC + Rclc =0

bay la phuong trinh duong thang lay dién mot chiéu (duong thiang 13y dién tinh).
Trén dac tuyén ra, giao diém cua dudng thang lay dién véi I twong Gng (thong s6) cua
dic tuyén ra chinh 1a diém tinh diéu hanh Q.

Ta cht ¥ rang:

— KhiVep=0=1, =1 =

C

— Khi I¢= 0 (dong ngung), ta c6: Vcg = Vee = Voc

Ic (mA)
[r= 6mA
IE = 5mA
/ [r=4mA
L= Ve I;=3mA

SH R

C Q IE =2mA
IE = 1mA

N OmA

0 Veso \ Ves(Volt)

Veg=Vec=Voc

Hinh 19

M6t sb nhan xét:
bé thay anh huong tuong doi cuia Re,Vee, Ik 1€n diém di€u hanh, ta xem vi du sau day:
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1. Anh hudng cua dién trd cuc thu Re: Re = 1,5KQ; 2KQ; 3 KQ

Rg = 100Q Re
—AAN 90 %%
S
IE =3mA .
VEE =1V _____ _: VCC =12V
4
— Hinh 20
Vg -V
Ta c6: [[=—F P L7 ama~ I
R, 0,1
\AY
*KhiRc=2KQ, [ =——L+
1(C RC
v
3= —?+2 Vs = 6mA
IC (Il’lA)
6
5
4 Q Iz=3mA
3
2
1
0 2 4 6 8 10 12 Vep(Volt)
* Khi Rc = 1,5 KQ (Re gidm), giff;RpoVer, Ve khong doi.
Ic #1g #3mA
VCB = VCC - Rc.Ic =12 - 1,5X3 :7,5V
V,
A s 12 gma
R, L5
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Ic (mA)

Q I=3mA

»—~Nw-l>mox\107

VOC

7,5V
0 2 4 6 8 10 12 Vep(Volt)

* Khi Re = 3 KQ (Re ting) Hinh 22

IC # IE =3mA
VCB = Vcc - Rc.Ic =12-3x3=3V
V,
gy =€ =12 _4ma
R. 3
Ic (mA)

T
3
2
1
0

VCB(V01t)

Hinh 23

Nhu vay, khi gitt cac nguon phan cuc V¢e, Vig va Rg ¢ dinh, thay doi Re, diém
diéu hanh Q s& chay trén dic tuyén twong tng véi I = 3mA. Khi R ting thi Vg giam va
ngugc lai.

2. Anh hudng cua ngudn phan cuyc noi thu nén V.

Néu giit I 12 hang s6 (tirc Vi va Rg; 1a hang s0), Re 1a hing 6, thay doi ngudn Ve,
ta thay: Khi V¢ tang thi Vg tdng, khi Ve gidm thi Vg giam.
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Rc=2KQ Ic (mA) Vee = 14V

Hinh 24

3. Anh huéng cua I 1én diém diéu hanh:

Néu ta giit Rc va Ve ¢d dinh, thay doi I (tic thay d6i Rp hodc Vi) ta thay: khi I
tang thi Vg gidm (tuc I tang), khi I gidm thi Vg tang (tuc I gidm).

Ic (mA) IC(sat) =gy = h
RC
71
6 I =6 (mA)
Iz =5 (mA) Tang
Qi Iz =4 (mA)
Q Iz =3 (mA)
Qs ;=2 (mA) | Giim
Q4 I =1 (mA)
leno : ~_ Ve
0 2 4 6 8 10 12 14
Hinh 25

Khi Ig tang thi I tang theo va tién dan dén trj Igy. Transistor dan dan di vao vung
bao hoa. Dong t61 da cua I, tirc dong bao hoa goi 1a I(sat). Nhu vay:

V,
I.(sat) = I, = —<

C
Luc nay, Vg giam rat nho va xap xi bang 0V (that su 1a 0,2V).
Khi I giam thi I giam theo. Transistor di dan vao ving ngung, Vg lic d6 goi 1a Vep(off)
va IC = ICBO.

Trang 77 Bién soagn: Truong Van Tam



Gido trinh Linh Kién Dién T

Nhu vay, Veg(off) = Voc = Vec.
Ving bao hoa va ving ngung 13 viing hoat dong khong tuyén tinh cta BIT.
Pbi voi mach cuc phét chung, ta ciing c6 thé khao sat twong tu.

VIIIL. KIEU MAU MOT CHIEU CUA BJT.

Qua khao sat & phan trude, ngudi ta co thé dung kiéu mau gan ding sau diy cua
transistor trong mach dién mot chiéu:

E ¢ E N\ ¢
— —
Ig U Ic=apcle=le
~ opclg
B
Transistor NPN
|p
E 7\ C
o YA
- Ig Ie=opcle=le
~ oncle
B |
Transistor PNP 1
B

Hinh 26 ) . i .
Tuy nhién, khi tinh cac thanh phan dong dién va dién thé mot chi€u cua transistor,
nguoi ta thuong tinh tryc tiép trén mach dién vaoi chu y 1a dién thé thém Vg khi phan cuc
thuan 1a 0,3V doi véi Ge va 0,7V doi voi Si.

Thi du 1: tinh I, Ic va Vg ctia mach cuc nén chung nhu sau:

Trang 78 Bién soagn: Truong Van Tam



Gido trinh Linh Kién Dién Tu

Re
phih &9 Y Ic
0,7V \Y/
\— - —— Ve
R
0, 7V¢9J Vv
Ve T 8 _— Ve
Hinh 27
Ta dung 3 budc:
N , . Vi —0,7
Mach nén phat (ngd vao): I, = R— ;Ic# opc # Ig

E
Ap dung dinh luat kirchoff (ngd ra), ta co:
— Vi transistor NPN: Veg = Ve - Rede; Veg > 0
— Vi transistor PNP: Vcg = -Vee + Rede; Veg <0
Thi du 2: Tinh dong dién I, Ic va dién thé Vg ctia mach cuc phat chung.

RB RC
ANNN 2VAVA
[ge— + — 1
1 V 1
Ves - ) « Vee
0,7V +H -
RB - RC
AN\ V™
IB—) + — IC
I—Q Vv
Vs ——— + ) CE — Ve
0,7V -| -
v 0.7 Hinh 28
Mach nén phat (ngd vao): I, = %
B

D(‘)ng Ic = BDC .IB
Mach thu phéat (ngo ra)
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— Vi transistor NPN: Vcg = Vee -Re Ic>0
— Vi transistor PNP: Ve = -Vee + Rede <0
Pay chinh 1a phuong trinh duong thang 1ay dién tinh trong mach cuc phét chung.

IX. BJT VOI TIN HIEU XOAY CHIEU.

1. Mo hinh cua BJT:

Ta xem lai mach cuc nén chung, bay gi¢ néu ta dua vao BJT mot nguoén xoay chiéu

Vs(t) ¢6 bién do nho nhu hinh veé. ~VEE +Vee
R  Rc¢
C2
N [ o
9 + 11 - Tin hiéu ra
Tin hiéu vao Vo(t)
Vs(t) |
Hinh 29

Pay 1a mo hinh ciia mot mach khuéch dai rap theo kiéu cuc nén chung. O ngd vao
va ngo ra, ta co hai ty lién lac C, va C, c6 dién dung nhu thé nao dé dung khang Xc kha
nho & tan sb cua nguon tin hiéu dé c6 thé xem nhu nbi tat (Short circuit) dbi véi tin hiéu
xoay chiéu va c6 thé xem nhu hd mach (open circuit) ddi véi dién thé phan cuyc.

Mach tuong dwong mét chiéu nhu sau:

RE . RC
—" VW
k —1erlp
T oV,

Veg —— - —— Ve

Pay 12 mach ma chung ta di khao sat & phan trudc. Ngudn dién thé xoay chiéu Vg(t)
khi dua vao mach s€ lam cho thong sé transistor thay doi. Ngoai thanh phan mdt chiéu
con co thanh phan xoay chi€u ctia ngudn tin hi¢u tao ra chong Ién.

Nghia la: ig(t) = Ig + ip(t)
ic(t) = Ic +1(t)
ig(t) = Ig + ie(t)
ves(t) = Ves + ve(t)
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_ VBE(t) = VBE + Vie(t) ‘ ‘
Thanh phan tirc thoi = thanh phan DC + thanh phan xoay chicu.

Trong md hinh cac dong dién chay trong transistor ta thdy: diém B’ ndm trong ving
nén dugc xem nhu trung tam giao luu cua cac dong dién. Do noi nén phat phan cuc thuan
nén gitta B’ va E cling ¢6 mot dién tré dong r. giong nhu dién tré dong ry trong ndi P-N

. 1A A A 26mV
khi phan cuc thuan nén: r, = ot P n-
E Ba
E . ° C
— T T —
.
Hinh 31 B

Ngodi ra, ta ciing c6 dién trd r, ctia ving ban dan nén phat (¢ day, ta c6 thé coi nhu
day la dién tré gitta B va B’). Do gifta B’ va C phan cuc nghich nén c6 mot dién tré r, rat

16m. Tuy nhién, van cé dong dié¢n i, = a.i. = i, chay qua va dugc coi nhu mac song song
Vo1 To.

* o 14 d9 loi dong dién xoay chiéu trong cach méic nén chung:
Al dip i,
", Ta,
Thong thudng o hodc o, gin bang apc va xap xi bang don vi.
* B 1a 46 loi dong dién xoay chiéu trong cdch mic cyc phat chung.
B=p, =h, = e =Te_l
Alg  dig 1,
Thong thuong B hodc Ba. gin bang Ppc va ciing thay ddi theo dong i.
Tri s6 a, B ciing dugc nha san xuat cung cap.
Nhu vay, mo hinh cua transistor d6i véi tin hiéu xoay chiéu c6 thé duge mo ta nhu

€

Sau:
e
E o MW . C
re NI

1y thudng co tri s khoang vai chucB, r, ratliéh 82n c6 thé bo qua trong mé hinh cta
transistor.
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2. Pién din truyén (transconductance)

Ta thiy rang, dong dién cuc thu I¢ thay ddi theo dién thé nén phat Vi, Nguoi ta co
thé biéu dién sy thay doi nay bang mot dac tuyén truyén (transfer curve) cua transistor.
Dac tuyén nay giong nhu dic tuyén cua diode khi phan cuc thuan.

ID(mA) Ic(mA) = IE

ID:Io.CXp(VD/V T) IC:ICES-eXp(VBEN T)
0 Vp(volt) 0 Vge(volt)
Ic(mA)

ID:Io.eXp(VD/V T) C C

Tiép tuyén c6 do B —{) ¥ Be—_ gmVbe
Q doc :gm:Ic/V T Vbe
0 Vpr(mV) E
E
Hinh 33

Nguoi ta dinh nghia dién dan truyén cta transistor 1a:
AL ()
& AV Vi (1)
Va d6 chinh 12 do ddc cua tiép tuyén véi dic tuyén truyén tai diém diéu hanh Q.
Tuong tu nhu diode, ta cling co:

A
Io=lgge
Trong do, Ic 1a dong dién phan cuc cuc thu;
Icgs 1a dong dién 11 cyc thu khi Vg = 0V
V, = KT (T: nhi¢t 6 Kelvin)
e
O nhiét @6 binh thuong (25°C), V= 26mV
Ta c6 thé tinh g, bang cach 1dy dao ham cua I¢ theo V.
VBE
dl _ Legs e\T

Sn T Qv VT
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IC
26mV

O nhiét d6 binh thuong (25°C) ta co: g, =

3. Tong tré vao cia transistor:

Nguoi ta dinh nghia tong trd vao ciia transistor bang mé hinh sau day:

lin
——  (e) :

+ 0

Ta c6 hai loai tong tré vao: tong tréd vao nhin tir cuc phat E va tong tr¢ vao nhin tur
cuc nén B.

Tong tré vao nhin tir cwe phat E:

i = -i
E € m /—\ R C

Vbe = =Vin

F
.|‘|< - \E

V.
_ 'in be
Rin -
lin le
Hinh 35

Theo mo hinh cua transistor doi voi tin hi¢u xoay chiéu, ta c6 mach tuong duong &
ngd vao nhu sau:

E r B’ E r B’
€ €
o AN . AN
- - - —
e ie

<
®
<

Hinh 36
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Vi i.=(B+1)i, nén mach trén co thé v& lai nhu hinh phia dudi béng cach coi nhu

dong i, chay trong mach va phai thay r, bang Brb .

+1

R v I r, +(B+Dr
Vay Rin — ._be — b +re — b (B ) e
1, PB+1 B+1
bat: hie =1y H(p+1).1e
h,
Suyra: R, =—=
B+1
T, . . .
Do f>>1, rp, nho nén B_bl << r, nén nguoi ta thuong coi nhu:
+
I C
R =r +—2-=~r i =i .
in e B + 1 e Ei 1p lin ﬁ—\ g
Téng tré vao nhin tir cwe nén B: +

Xem md hinh dinh nghia sau (hinh 37): ~ Ybe ™ Vin

& E 8
\'%
Rin = — be
1y,
Hinh 37
Mach tuong duong ngd vao:
B’ B’
B Iy B Iy
. AAA . AAA
— - —
%[ i B+ 1)-re§| iy
[ ] [ ]
- E + E
Hinh 38

Do i.=(B+1)i, nén mach hinh (a) c6 thé dugc vé& lai nhu mach hinh (b).
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Vay: R, =~ =1, +(B+Dr, =h,

Ly,
Nguoi ta dat:  r=(1+p).re=Pre
Thong thuong Bre>>r1, nén: Ri=hje =r=Pr.
Ngoai ra, I, = 26my ~ 2emv__ 1 L; Vay: r, =— var, _ 1

Iy le I g, Zm Zm

26mV
1 . : .
Ta cha y thém 1a: I, AL N g, Vi =1, i, =Bi,; =g, Vv, =Bi,
16 gm

4. Hi¢u wrng Early (Early effect)

Ta xem lai ddc tuyén ngd ra cia transistor trong cach mic cuc phat chung. Nam
1952. J.Early thugc phong thi nghi¢m Bell da nghién ctru va hién tuong nay dugc mang

tén Ong. Ong nhén xét:

O nhirng gia tri cao cua dong dién cuc thu I¢, dong I ting nhanh theo Vg (dic tuyén co

dbc dung).

O nhitng gia tri thap cta I¢, dong Ic ting khong dang ké khi Vg tang (ddc tuyén gan nhur

nam ngang).

7 Néu ta kéo dai dic }uyén nay, ta théy ching hoi tu tai mot di’ém nam trél} truc Vcg.
biém nay dugc goi la diém dién the Early V. Thong thuong tri s6 nay thay doi tur 150V
dén 250V va nguoi ta thuong coi Va =200V.

Hinh 390

Vg(volt)
Early voltage 0 10 20 30
VCE = -VA = -2OOV
Ic(mA)
ICQ Q
..................................... M= 1o
................................... Vex(volo
0 Ve
AVce = Vcg-(-Va) = Vet Var Vo

T
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Nguoi ta dinh nghia tong trd ra cta transistor:
AVCE VCE — (_VA) _ VCE + VA

I, = =
IC IC -0 IC
A/ 200
Thu(‘)‘ng VA>>V g nén: r, = _A _ \
IC IC

5. Mach twong dwong xoay chiéu ciia BJT:

Vi tin hi¢u ¢6 bién d0 nho va tan s6 khong cao lam, nguoi ta thuong dung hai kiéu
mau sau day:

Kiéu hdn tap: (hybrid-m)

V&1 mo6 hinh tuong duong cua transistor va cac tong trd vao, tong trd ra, ta cd mach
tuong duong hon tap nhu sau:

Vbe

1

. 1
1

1

1

1

1

I ZmVbe To :
1

1

1

1

1

1

1

Hinh 40(a)

Kiéu miu re: (re model)

Cung voi mo hinh twong duong xoay chiéu ctia BJT, céc tong trd vao, tong trd ra, ta
c6 mach tuong duong kiéu r.. Trong kiéu twong dwong nay, ngudi 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:
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! - -
Kiéu cuc thu chung Kiéu cuc phat chung
Hinh 40(b)
Kiéu cuc nén chung
e
: Ie Le C Ig Ic
Be—— \ * L — T\ -~

Tt 1 """"""" " Hinh (o)

1
1
1
1
1
1
1
Te Olle Ty : .
1 vao ra
1
1
1
1
1

Kiéu cyc nén chung

Thuong ngudi ta c6 thé bo r, trong mach tuong duong khi Re qué 16n.

Kiéu thong so h: (h-parameter)
Néu ta coi vie va ic 1a mot ham sb cua ig va VCE, ta ¢co:
vee = f(i,VcE) va ic = f(ig,VcE)
Lay dao ham:
Vi =dvg, = S‘I,idiB + OV
B Ve

dv g

. . Ol. . oi
i, =di. =—5diy +—Sdv
lg VcE
Trong kiéu mau thong sb h, ngudi ta dit:

_ OV _ Ovgg

h.

Viy, ta co:
Vbe = hie.1p + hre.Vee
ic = hfe.ip + hoe.Vee

ie . > re H A
Oy OV Ol

Tir hai phuong trinh nay, ta ¢6 mach dién tuong duong theo kiéu théng sb h:
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- :
1 1
B e —" VW — C
! h;. + 1
| !
hgi —!
: hrche felb h :
1 ¢
1 - 1
Vbe : | : Vee
! 1
e i ______________ -
E
Hinh 41

hy thuong rit nhoé (6 hang 10), vi vay, trong mach twong dwong ngudi ta thuong bo
hre-Vce-

So sanh véi kiéu hon tap, ta thay rang:

h, =r, +(B+Dr, =1, +170
Do ry<<r; nén h;j. = 1,
Néu bo qua hy, ta théy:

\ \
: _ 'be Axye : be
1, = Vay: hpi, =h,.

ie ie

, . v,
Do dO, gmvbe :hfelb :hfeh_ea
Je

h
Ha =L
y Em h,

.. 1
Ngoai ra, I, = .

o¢c

Céc thong s6 h do nha san xuat cho biét.

Trong thuc hanh, r, hay hL méc song song voéi tai. Néu tai khong 16n 1am (khoang
vai chuc KQ tré lai), trong mach twong duwong, ngudi ta co thé bo qua ry (khoang vai trim
KQ).
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. | ! |
ib lc‘_IC B 1 ib 1C(_l
B Lo -
] ’ : ] ’ !
1 1
: Ir § ZmVbe To : : hie§ hfeib —:
| 1 h
1 ! 1 oel
1 : 1 :
Ve ! Vbe !
1 1
___________ 1 1
E E

Hinh 42

Mach tuong duong don gian: (c6 thé bo ro hoic hL)

o¢e
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Bai tap cudi chwong

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

RE=1K P18 pe=sk
Ve \
V= = Vee
2V + ® VB 12V
2. Tinh I¢, Vg trong mach dién: =
+6V +6V

R, ¢ Re l Ic

430K< 2K
) B=100/Si
3. Tinh Vg, V¢, Vg trong mach di¢n: =
+12V

Re
5K

Ve

Vs
) B=100/Si
Ry Vi
33K
. 1K§ Ry
Ve =2v

Trang 90 Bién soagn: Truong Van Tdm



Gido trinh Linh Kién Dién T

CHUONG 6
TRANSISTOR TRUONG UNG

(FIELD EFFECT TRANSISTOR)

Chung ta da khao sat qua transistor thuong, duoc goi la transistor ludng cuc vi su
dan dién cua n6 dya vao hai loai hat tai dién: hat tai dién da sO trong vung phat va hat tai
dién thiéu so trong vung nén. O transistor NPN, hat tai dién da s0 la dién tir va hat tai
dién thicu so 14 15 tréng trong khi ¢ transistor PNP, hat tai dién da s6 1a 15 tréng va hat tai
dién thiéu s6 1a dién tu.

Dién tré ngd vao cua BJT (nhin tir cuc E hodc cuc B) nhd, tir vai tram Q dén vai
KQ, trong lic dién tré ngd vao cta dén chan khong rat 16n, gan nhu vo han. Ly do 13 6
BJT, ndi nén phat luén luén dugc phan cuc thuan trong luc ¢ dén chan khong, ludi khién
ludn ludn dugce phan cuc nghich so véi Catod. Do do, ngay tu luc transistor BJT mdi ra
doi, ngudi ta d3 nghi dén viéc phat trién mot loai transistor méi. Piéu nay dan dén su ra
doi cua transistor truong ung.

Ta phan biét hai loai transistor truong ung:
— Transistor truong tng loai nbi: Junction FET- JFET

— Transistor truong Gng loai c6 cong cach dién: Isulated gate FET-IGFET hay
metal-oxyt semiconductor FET-MOSFET.

Ngoai ra, ta ciing khdo sat qua loai VMOS (MOSFET céng suat-Vertical chanel
MOSFET), CMOS va DMOS.

I. CAU TAO CAN BAN CUA JFET:
M0 hinh sau day mo ta hai loai JFET: kénh N va kénh P.

Trong JFET kénh N gdm c6 hai vung n+t la hai ving ngudn va thoat. Mot ving n-
pha it tap chat dung 1am thong 16 (kénh) nbi lién vung nguon va vung thoat. Mot vung p-
nam phia dudi thong 16 la than va mét vung p nam phia trén thong 16. Hai vung p va p-
ndi chung voi nhau tao thanh cyc cong cua JFET.
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Thong 10 RN AR
(kél’lh)N- AR 4
Ving _.;Z::'. Ving Ving
nguon/ ./ cong thoat
_.:::'. P
N+ e N+

Than p- (duoc ndi voi cong)

Hinh 1
JFET Kénh P Ky hiéu
S ' 4D
L / L 1
pt [k G
N\ ¢ S
G ‘ { Kénh p-
. Tiép xtc kim loai
JFET Kénh N
p
LS L/ LD 1
n+ [ e G
O
p_
N\ ¢ S
G ‘ { Kénh n-
. Tiép xuc kim loai S (Source): cuc nguén

D (Drain): cuc thoat

Hinh 2 G (Gate): cuc cong

Néu so sanh véi BIT, ta thay cuc thoat D twong duong voi cuc thu C, cuc ngudn S tuong
duong vé1 cuc phat E va cuc cong G tuong duong véi cuc nén B.
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— JFET kénh N tuong duong véi transistor NPN.
— JFET kénh P tuong duong véi transistor PNP.

¢D——— Thoat~ Thu — 8 —— C
G JFET B BIT
¢ > Kénh N z NPN

¢S — Ngubn~Phit ——— E

/[ D C

B
G JFET ~ ?ﬁ;
* ) Kénh P
S L E
Cong = Nén
Hinh 3

Cung giéng nhu transistor NPN duoc sir dung thong dung hon transistor PNP do
dung tot hon ¢ tan s6 cao. JFET kénh N cting thong dung hon JFET kénh P véi cing mot
1y do. Phan sau, ta khao sat & JFET kénh N, v&i JFET kénh P, céc tinh chat cling tuong
tu.

II. CO CHE HOAT PONG CUA JFET:

~ Khi chua phan cyc, do ndng do chit pha khong QGng déu trong JFET kénh N nén ta
thay vung hiém rong & thong 16 n- va than p-, vung hiém hep & vung thoat va nguon n+.

Ving hiém

Hinh 4
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Bay gio, néu ta mic cuc ngudn S va cuc cong G xuong mass, nghia 1a dién thé
Vss=0V. DPiéu chinh dién thé Vpg glu:a cuc thoat va cuc ngudn, ching ta s€¢ khao sat dong
dién qua JFET khi dién thé Vg thay d6i.

Vi vung thoat n+ ndi voi cuc duong va vung cong G ndi voi cuc am cia ngudn dién
Vps nén no1 PN ¢ vung thoat dugc phan cuc nghich, do d6 vung hiém ¢ day rong ra (xem
hinh v¢&)

Vbs
I 14
pal No6i P-N ¢ vung
E—”Y thoat dugc phan
S D mre ﬂﬂh"f‘]’\
n+ [ n+
I Hinh 5
Ving hiém ropg Ip Dbng dién tr roi khoi thong 16 va
\ YI ra khoi viung thoat
Is Dong dién tir tur
nguon S divao o /
thong 16
n+ thoat

Than P- (Gate) g

Hinh 6

Khi Vpg con nho, dong dién tir tir cyc 4m cua ngudn dién dén ving ngudn (tao ra
dong Ig), di qua thong 10 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 trd ctia né la:
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L , NP o A, N A e A AL TN Ton £
R = p'ﬁ; Trong do, p 1a dién tré suat cua thong 1§. Dién trd suat la ham so theo

ndng do chit pha.

7 Thong 16 ¢6 bé day T
Dai L
Hinh 7
Ip (mA) Vung dién tr¢ dong thay
doi khong tuyén tinh
Dong dién bao hoa thot _, Ipss |....\ Vas=0V
ngudn ’
| —
\ L Vung bdo hoa = vung dong
Ving tuyén tinh dién gan nhu 13 hiang sb
Vps (volt)

0 Vp (Pinch-off voltage)

Hinh 8

Nhiing dién tir c6 niang luong cao trong dai dan
dién xuyén qua vung hiém d€ vao vung thoat

n+ thoat
Drain

Nhing electron bi hut vé
cuc duong cua nguon dién

Than P- (Gate)

1
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Khi Vpg con nho (vai volt), dién tré R cua thong 19 gan nhu khong thay d6i nén
dong Ip tang tuyén tinh theo Vps. Khi Vpg du 16n, dac tuyén khong con tuyen tinh nira do
R bat dau tang vi thong 16 hep dan. Néu ta tiép tuc ting Vpg dén mot tri s6 ndo d6 thi hai
vung hiém cham nhau, ta n6i théng 16 bi nghén (pinched off).

Tri s0 Vps dé thong 10 bat dau bi nghén dugc goi 1a dién thé nghén Vp (pinched off
voltage). O trj sb ndy, chi c6 cac dién tir co ning lugng cao trong dai dan dién moi c6 du
strc xuyén qua ving hiém dé vao viing thoat va bi hiit vé cuc duong ciia ngudn dién Vpg
tao ra dong dién thoat Ip,.

Néu ta cur tiép tuc ting Vps, dong dién Ip gan nhu khong thay d6i va duoc goi 13
dong dién bao hoa thoat - ngudn Ipgg (chu y: ky hi€u Ipgg khi Vgg=0V).

Bay gio, néu ta phan cyc cong-ngudn bang mot ngudn dién thé am Vg (phan cuc
nghich), ta thiy ving hiém rong ra va thong 16 hep hon trong trudng hop Vgs=0V. Do d6
dién trd cua thong 10 cling 16n hon.

e
VGS — ——
n+ [P ot N&i P-N & ving

thoat dugc phan
p- cuc nghich
I
— Hinh 10
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Ip

Thong 10 hep O R CTIEI.
hon nén dién : Ves=0
trér 16m hon. C6 s thodt Ipss
nghia 1a Ip va Ig o+ o4 .
nho hon & cing D;ng Vas<0
mdt tri Vps khi ;gL e a‘;
VGsﬁth'n i OE} D

gidam

z Vp Vs
Vps tng voi tri bao

hoa giam
Thong 10 n-

n+ thoat
Thong 16 nghén
& tri Vps tha"ip
hon khi Vgg am
vi thong 16 hep
hon

Than P- (Gate) z

Hinh 11

Khi Vpg con nho, Ip cling tang tuyen tinh theo Vpg, nhung khi Vpg 16n, thong 16 bi
nghén nhanh hon, nghia 1a tri s6 Vpg dé thong 16 nghén nho hon trong trudng hop
Vgs=0V va do do, dong dién bao hoa I cling nhé hon Ipgs.

Chum dic tuyén Ip=f(Vps) vO1 Vgs la thong s6 duoc goi 13 dic tuyén ra cua JFET
mic theo kiéu cuc ngudn chung.

Ip(mA) Vs = 0V
Dic tuyén —
[Vos|= [Vp[-[Vs|
VGS =-1V
Vung bdo hoa (ving dong
dién hang s0)
VGS =2V
VGS =-3V
VGS = —4V
Vps (volt)
0 VDSZVPZSV
Ves= Vs = -8V

Hinh 12

Khi Vgs cang am, dong Ip bdo hoa cang nhd. Khi Vgg am dén mot tri nao do, vung
hiém chiém gan nhu toan bo thong 16 va cac dién tur khéng con du nang luong dé vuot
qua dugc va khi d6 Ip = 0. Tri s6 cia Vgs luc do goi 1a Vgsem. Nguoi ta ching minh
duoc tri s6 ndy bang vai dién thé nghén.
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‘VGS(off)‘ = |Vp|

ViV, chinh 1a hiéu thé phan cyc nguoc cac no1 P-N vira du dé cho cac vung hiém
cham nhau. Vi vdy, trong vung bao hoa ta co:

[Vos|+[Vas| = [ Vs
Vi nbi céng nguén duoc phan cuc nghich, dong dién Ig chinh 1a dong dién ri nguoc

nén rat nho, do do dong dién chay vao cuc thoat D dugc xem nhu bﬁng dong dién ra khoi
cuc nguon S. [p# Is.

Khéng c6 hat tai dién di chuyén qua thong 16 (Ip = Is = 0)

\ Gate

Hinh 13
So sanh voi BIT, ta thiy:
IE IC = IE IS i ID = IS
C S ;—+ - VDs + ‘—= D
VG_S
IG (I'i) ~0
G
Hinh 14

Thi du: mot JFET kénh N ¢6 Ipgs=20mA va VGs(off):-lOV.

Tinh Is khi VGSZOV? Tinh VDS bao hoa khi VGS =-2V.

Gidi:

Khi Vgs=0V = Ip=Ipgs=20mA va Ip=Ig=20mA

Ta c6: [Vy| = [Vegiom| =10V va [Vy| = [V, |~ [Vs| =10-2 =8V
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III. PAC TUYEN TRUYEN CUA JFET.

~ Cing giéng nhu BJT, nguoi ta cling c6 3 cach rap cua FET (JFET va MOSFET):
mac kiéu cuc cong chung (common-gate), cuc nguon chung (common-source) va cuc

thoat chung (common-drain).

*D S
Se *D G G
. . —_—] . .
Tin hiéu Tin hi¢u Tin hiéu Tin hi¢u Tin hiéu Tin hiéu
vao ra 0 ra o ra
) G ! Vaf) S ! Va? D !
)} = ) - = ) - — )
Cong chung Ngudn chung Thoat chung
Hinh 15

So sanh v6i BIT NPN, ta thay co su tuong duong nhu sau:

Céc cuc Céch mic
FET BJT FET BJT
Cuc thoat D Cuc thu C Cuc céng chung Cuc nén chung
Cuc ngudn S Cuc phat E Cuc ngudn chung Cuc phat chung
Cuc céng G Cuc nén B Cuc thoat chung Cuc thu chung

Nguoi ta ching minh dugc khi Vpg ¢ tri s6 lam nghén thong 16 (JFET hoat dong
trong vung bao hoa), Ip va Vg thod man hé thic:

2 2
V, V
[, =1l 1-—2 hay I, = IDSS[I +ﬁ}
VGS(off) Vi

Phuong trinh ndy duoc goi 1a phuong trinh truyén cua JFET. Cac thong so Ip va
Vasotry dugc nha san xuat cho biét.

Dé ¥ 1a: Vgs va Vst am trong JFET thong 16 n va duong trong thong 10 p.

Nguoi ta cling c6 thé biéu thi su thay ddi cua dong dién thoat Ip theo dién thé céng
nguon Vs trong vung bao hoa bang mdt dic tuyén goi la dac tuyén truyén bang cach vé
duong biéu dién cia phuong trinh truyén ¢ trén.

- /DJr
b \_/
G + I
T Vbs P
Vs S
i +

VDD

i A 1 1 £
IImr 10
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bac tuyén
In(mA . ngo ra
12 p(mA) ; Vgs =0V
VGS =-1V
bac tqyén

truyén VGS =2V
VGS =-3V
VGS =-4V
VGS = -6V

- , Vps (volt)

8 -6 4 -2

T Vas= Vason = -8V

Vasofn)

Hinh 17

IV. ANH HUONG CUA NHIET PO TREN JFET.

Nhu ta d3 thiy trong JFET, ngudi ta ding dién truong két hop véi sy phan cuc
nghich ctua ndi P-N dé 1am thay ddi dién tro (trc @6 dan dién) cta thong 10 cua cht ban
dan. ciling nhu BJT, cac thong s6 cta JFET cling rat nhay ddi vé6i nhiét 30, ta s& khao sat
qua hai tdc dong chinh cua nhiét do:

Khi nhiét d¢ tang, vung hiém giam, do d6 dd rong cta thong 10 tang 1én, do do6 di¢n
tr¢ cua thong 16 gidam. (Ip tang)

Khi nhiét d¢ tang, 6 linh dong cua céc hat tai dién gidm (Ip giam)

Do thong 10 ting rong theo nhi€t dd nén Vgge cling ting theo nhiét d). Thuc
nghiém cho thay ‘VGS(Off)‘ hay|V,| ting theo nhiét do véi hé s6 2,2mV/1°C.

2
V.
Tur cong thire: I ) =1 1 - GS
VGS(off)

Cho th?iy tac dung nay lam cho dong di¢n Ip tang Ién. Ngoai ra, do do linh dong cua
hat tai dién gidm khi nhiét do tdng lam cho dién tr¢ cua thong 10 tang 1én nén dong dién
Ipss giam khi nhiét 40 tang, hi¢u tng nay lam cho Ip gidm khi nhiét d¢ tang.

Téng hop c§1 hai hi¢u tng nay, ngu:c‘ri ta théy néu chon tri s6 Vgs thjch hop thi dong
thoat Ip khong doi khi nhiét do thay doi. Nguoi ta chirng minh dugc tri s6 cua Vgg do la:
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[Vgs| = Ve = 0,63V v6i Vp 1a dién thé nghén ¢ nhiét do binh thuong.

Céc hinh v& sau ddy mo ta anh hudng ciia nhiét do trén cac dic tuyén ra, dic tuyén
truyén va dic tuyén cua dong Ip theo nhiét do khi Vg lam thong so.

25° 45°

Ip

VGSZO

Ip giam

VGS =-1V

[Vas| = [Vel-0,63V

Ip tang

Vs

Hinh 18

ID ID

255"C.25°C +150°C T~ YoV
W

[Vgs| = |Vp|-0,63V

X (VDs ) dinh) /—\

Ipss

0 Voson  Vgs -100] -0 0 50 100 C

[Vas| =[Vel-0,63V
Hinh 19

Ngoai ra, mot tac dung thir ba cua nhiét d 1én JFET 1a 1am phéat sinh cac hat tai dién
trong vung hiém giita thong 19-cong va tao ra mot dong dién ri cyuc cong Igss (gate
leakage current). Dong Igss duoc nha san xuét cho blet dong ri Igss chinh 1a dong dién
phéan cuc nghich néi P-N gitra cuc cong va cuc ngudn. Dong dién nay la dong dién ri
cong- r(l)guon khi ndi tat cuc nguon v6i cuc thodt. Dong Iggss tang gap doi khi nhiét do tang
1én 10°C.
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(t=25)

I, (°C)=1,4(25°C)2 1

|
GSS

VDS =0V

Hinh 20

V. MOSFET LOAI HIEM (DEPLETION MOSFET: DE
MOSFET)

Ta thiy rang khi ap mot dién thé 4m vao JFET kénh N thi viing hiém rong ra. Sy gia
tang cua vung hiém lam cho thong 16 hep lai va dién tr¢d cua thong 16 tang 1én. Két qua
sau cung la tao ra dong dién Ip nho hon Ipgs.

Bay gio, néu ta ap dién thé duong Vs vao JFET kénh N thi ving hiém sé& hep lai
(do phan cuc thuan coéng ngudn), thong 16 rong ra va dién tré thong 10 giam xudng, két
qua la dong dién I s€ 16n hon Ipgs.

Trong cac ung dung thong thuong, nguoi ta déu phan cuc nghich ndi céng ngudn
(Vgs 4m ddi véi JFET kénh N va dwong d6i v6i JFET kénh P) va dugc goi 1a diéu hanh
theo kiéu hiém.

JFET ciing c6 thé diéu hanh theo kiéu ting (Vs duong ddi véi JFET kénh N va am
d6i voi JFET kénh P) nhung it khi dugc ung dung, vi muyc dich cua JFET la tong tré vao
16n, nghia 14 dong dién I & cuc cong - nguodn trong JFET s€ lam giam téng 6 vao, do
do thong thuong nguoi ta gioi han tri s6 phan cyc thuan cua ndi cong - ngudn ti da 1a
0,2V (tr1 s6 danh dinh 14 0,5V).
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Phéan cuc kiéu Phéan cuc kiéu

B tang hiém Toss . D+
(T6i da 0,2V) " }/DS
Vas S
Lf -1 ) —
) + | Vaa Vbp
JFET kénh N
Diéu hanh Ip Vs = 02V
kicu tang I ’
DSS Vgs = 0V
Diéu hanh _
kiéu hiém Vos =-1V
VGS =2V
VGS =-3V
Vs Vbs
-4V 00,2V
Hinh 21
Ip
Phan cuc kiéu Phén cyc kiéu
tang hiem D
£- G -
(T6ida 0,2V) * -YDS
Vas S
-1 -]—_ 7 - -
[ Voo - TVeo Voo
Hinh 22

Tuy JFET ¢ tong trd vao kha 1on nhung ciing con kha nhé so véi dén chan khong.
Pé ting tong tro vao, nguoi ta da tao mot loai transistor truong khac sao cho cuc cong
cach dién han cuc ngudn. Lop cach dién 1a Oxyt ban dan SiO, nén transistor dugc goi 13
MOSFET.

Ta phan biét hai loai MOSFET: MOSFET loai hiém va MOSFET loai tang.
Hinh sau ¢y mé ta cdu tao cin ban MOSFET loai hiém (DE - MOSFET) kénh N va kénh
P.
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D
Ngudn Cong Thoat Tiép xtic
kim loai
Tha
Si0, G \ anl
A S

Ky hiéu

D

Than ndi voi
Than p- G \ ngudn
‘ DE-MOSFET kénh N
S

Hinh 23

D
Nguédn Cong Thoat Tiép xuc
kim loai
Tha
Si0, G \ anU
A S

Ky hiéu

D

Than ndi véi
Than n- \ 5
an n G nguon
‘ DE-MOSFET kénh P
S

Hinh 24
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Chu ¥ rang DE - MOSFET c¢6 4 cuc: cuc thoat D, cuc nguon S, cuc cong G va than
U (subtrate). Trong cac ting dung thong thuong, than U dugc ndi v6i ngudn S.

Pé DE-MOSFET hoat .dong, nguoi ta ap mot ngudn dién Vpp vao cyc thoat va cuc
ngudn (cuc duong ctia ngudn dién ndi véi cuc thoat D va cuc am ndi véi cuc ngudn S
trong DE-MOSFET kénh N va nguoc lai trong DE-MOSFET kénh P). Dién thé Vs gilia
cuc cong va cuc ngudn ¢ thé am (DE-MOSFET kénh N diéu hanh theo kiéu hiém) hoic
duong (DE-MOSFET kénh N diéu hanh theo kiéu ting)

- Vpp +
)
+ Vag -
I | F
J_ Si0, \
hanh
n+ theo
kiéu
hiém
Than p-
Tié_p xuc ljim Vung hiém do cdng am day cac dién tir
loai cyc cong va thoat duong hit cac dién tir vé nd

' Vung hiém giita

{‘"""" . phan cuc nghich p-
- va vung thoat n+

.......

Hinh 25
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- Vpp +
)
- Voo +
I |1
[}
S
biéu S Dién tir tap trung
hanh — dudi strc hit nguon
theo n+ duong cta cuc cong
kiéu lam cho dién tr&
ting thong 10 gidm
Than p-
Hinh 26

Khi Vgs = 0V (cuc céng ndi théng vO1 cuc nguén), dién tr di chuyén gilta cyc am
ctia nguodn dién Vpp qua kénh n- dén ving thoat (cuc duwong cta ngudn dién Vpp) tao ra
dong dién thoat Ip. Khi dién thé Vps cang 16n thi dién tich 4m & cong G cang nhicu (do
cong G cung dién thé v6i ngudn S) cang day cac dién tur trong kénh n- ra xa lam cho
ving hiém rong thém. Khi ving hiém vira chan ngang kénh thi kénh bi nghén va dong
dién thoat I, dat dén trj s& bao hoa Ipss.

Khi Vg cang am, su nghén xay ra cang sém va dong dién bao hoa I cang nho.

Khi Vgs duong (diéu hanh theo kiéu tang), dién tich duong cua cuc cong hut cac
dién tir vé mit tlep xuc cang nhiéu, ving hiém hep lai tirc thong 16 rong ra, dién tro thong
16 giam nhé. Diéu nay lam cho dong thoét I, 16n hon trong trudng hop Vgs = 0V.

Vi cuc céng cach dién han khoi cuc ngudn nén téng tro vao cua DE-MOSFET lon
hon JFET nhiéu. Cling vi the khi diéu hanh theo kiéu tang, nguon VGs co the 16n hon
0, 2V Thé nhung ta phai c6 gidi han cua dong Ip goi 1a Ipyax. Péc tuyen truyen va dac
tuyén ngd ra nhu sau:
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DE-MOSFET kénh N

Ip(mA)  Ip(mA)

bac tuyén . Dic tuyén
truyén Ibmax ngd ra Voo = 49V
g GS —
Diéu hanh Ve = +1V
kicu tang I
Ipss Vgs =0V
Diéu hanh _
kiéu hiém Vas =-1V
VGS =2V
VGS =-3V
. Vs Vps (volt)
Vs <0 0] 2v
Hinh 27
DE-MOSFET kénh P
Dic tuyén ) Dic tuyén
truyén Ipmax ngd ra Ve = 2V
H GS — -~
Diéu hanh Vos = -1V
kiéu tang ]
IDSS VGS =0V
Pidu hanh l
h . =+
kiéu hiém Vas =+1V
VGS =+2V
VGS =+3V
. VGS VDS (VOlt)
Vs> 0 0]-2v

Hinh 28

Nhu vay, khi hoat dong, DE-MOSFET gidng hét JFET chi c6 tong trd vao 1én hon
va dong ri Igss nhé hon nhiéu so voi JFET.

VI. MOSFET LOAI TANG (ENHANCEMENT MOSFET:
E-MOSFET)

MOSFET loai tang cling c¢6 hai loai: E-MOSFET kénh N va E-MOSFET kénh P.

Vé mat qéu tao ciing giéng nhu DE-MOSFET, chi khac 1a bing thuong khong co
thong 10 ndi lién gitra hai vung thoat D va vung nguodn S.

M0 hinh céu tao va ky hiéu duoc dién ta béng hinh v€ sau day:
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D
Ngudn Cong Thoat Tiép xtic J
kim loai
Si0, G je—= Than U
Ky hi¢u

n+ n+

nguon

Than p- G \
‘ E-MOSFET kénh N

S
D

F—] Than ndi voi
S

Than U
Hinh 29
D
Ngudn Cong Thoat Tiép xuc J
kim loai
Si0, G \ f>———=o Than U

Ky hiéu

pt pt

Théan noi vi
ngudn

Than n-
G \
‘ E-MOSFET kénh P

Than U

S I B BN SO |

Hinh 30
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Khi Vs < 0V, (& E-MOSFET kénh N), do khong c6 thong 16 ndi lién gitra hai ving
thoat ngudén nén mic du c6 ngudn dién thé Vpp ap vao hai cuc thoat va ngudn, dién tir
cling khong thé di chuyén nén khong c6 dong thoat I (Ip # OV). Lic ndy, chi c6 mot
dong dién ri rat nho chay qua.

Thén p-

\
‘ Mach tuong duong

Hinh 31

Khi Vgs>0, mot dién truong duge tao ra ¢ vang cong. Do céng mang dién tich
duong nén hit cac dién tur trong nén p- (14 hat tai dién thiéu sd) dén tap trung & mat ddi
dién cta ving cong. Khi Vgs du lon, lyc hut manh, cac dién tur dén tap trung nhiéu va tao
thanh mot thong 10 tam thoi ndi 1ién hai ving ngudn S va thoat D. Bién thé Vgs ma tir d6
dong dién thoat Ip bt dau tang duoc goi 1a dién thé thém cong nguon (gate-to-source
threshold voltage) Vgsm). Khi Vg ting 16n hon Vg, dong dién thoat Ip tiép tuc ting
nhanh.

Nguoi ta chimg minh duoc rang:

D~ K[VGS - VGS(th) ]2
Trong do: Ip 1a dong di¢n thoat cuia E-MOSFET

K 1a hing s6 véi don vi iz
\

Vs la dién thé phan cuc cong ngudn.
Vs la dién thé thém céng nguén.

Hing s6 K thuong dugce tim mot cach gian tiép tir cac thong sb do nha san xuét cung
cap.

Thi du: Mot E-MOSFET kénh N ¢6 Vggan =3,8V va dong dién thoat I = 10mA khi
VGS =8V. Tim df)ng dlén thoat ID khi VGS =6V.

Giai: trudc tién ta tim hang so K tir cac thong so:
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I 107
D 10.10 : :5,67.10_4%

K = =
[VGS - VGS(th) ]2 [8 - 398]

Vay dong thoat Ip va Vg la:
I = K[VGS - VGS(th)]2 =5,67.10[6 3,8
= Ip=2,74 mA

- Vpp +

-Vge +
i

Si0,

"

| __Thong 16 tam thoi

Thén p-
Ip (mA) Ip (mA) ’
bic tuyén

o ngo ra
bo Vs =TV
Pac tu‘yé’n Vs = 6V

truyén
VGS =5V
VGS = 4V
VGS =3V
VGS = 2V
: Vs Vbs (VOIt)
0 VGS(th) VGSmax 0
Hinh 32
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VII. XAC PINH PIEM PIEU HANH:

Ta xem md hinh ciia mot mach khuéch dai tin hiéu nho dung JFET kénh N méc theo
ki€u cyc nguon chung +Vpp = 20V

|l [— vo(t)
| | -
vas(t) -
CND RG§100KQ
== Vee=-1V = —
Hinh 33

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

b
Rp=820Q
I
GSS | +
+ |_ Vbs
VGS = =
RS 100KQ
J- V])]) =20V
—_ VGG =-1V _
Hinh 34

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

Ap dung dinh ludt Krichoff & mach ngd vao dé tim Vgs.
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GS(off)

2
Dung dic tuyén truyén hay cong thirc: I, =1 |:1 - } trong truong hop DE-

MOSFET hodc cong thuce I, = K[VGS ~ Vs ]2 trong trudng hop E-MOSFET dé xac dinh
dong dién thoat Ip.

Ap dung dinh luat Krichoff & mach ngd ra dé tim hiéu dién thé Vps.
Bay gio, ta thtr tng dung vao mach di¢n hinh trén:
Mach ngo vao, ta co:
Vo =Rglgss + Vs =0
Suyra, Vi =-Vs; + Rl
Vi dong dién Iggss rat nho nén ta c6 thé bo qua.
Nhu vay, Vs ® = Vo
Trong truong hop trén, Vgs = -1

bay la phuong trinh bleu dién /duong phan cuc (bias line) va giao diém cua duong
thang ndy véi dic tuyén truyén 13 diém diéu hanh Q.

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

Ip
1 (satiy Puong thing liy dién
D
Ipss Ipss \ NP
Gs =
Pudng phan cuc
Vs =-Voe =-1V In Q Voo = -1V
Gs =-
Q i
\ VGS =2V
\ VGS =-3V
Vs = -4V
Vas \ © Vbs
Vasofn -1 Vbs Vbsof) =VbD
Hinh 35

- Bé xé4c dinh dién thé Vps, ta ap dung dinh luat Kirchoff cho mach ngo ra:
Vpp = Rplp + Vpg
= Vbps = Vpp — Rplp

Day la phuong trinh cua duong thang 1ay dién tinh. Giao diém cta dudng thang nay
voi1 dac tuyen ngod ra voi Vgs = -Vgg = -1V chinh la diém tinh diéu hanh Q.
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VIIL FET VOI TIN HIEU XOAY CHIEU VA MACH
TUONG PUONG VOI TiN HIEU NHO

Gia st ta 4p mot tin hiéu xoay chiéu hinh sin vy(t) ¢6 bién do dién thé dinh 1a 10mV
vao ngod vao cua mgt mach khuéch dai cuc nguon chung dung JFET kénh N

+V[)[) =20V

Rp= 82OQ§
vs() c _| |_.

|| =+ {
+10mV | | il Vos(0) o
/\ vs(t) vas(t) -
RV
-10mV

- 'VGG =-1V = -

Ci va G, la 2 tu lién lac, dugce chon sao cho c6 dung khang rat nho & tan s cua tin
hiéu va c6 thé duge xem nhu ndi tit ¢ tan s tin hiéu.

Ngudn tin hiéu vy(t) s& chong 1én dién thé phan cuc Vs nén dién thé cong ngudn
VGs(t) 0 thoi diem t la:

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

b))
[£4

-0,99v

-1V

-1,01vV

vas(t) Hinh 37

Nguon tin hiéu c6 dién thé dinh nho nén dién thé cong ngudn van ludn luén am.
Nho dac tuyén truyén, ching ta thay rang diém di€u hanh s€ di chuyén khi Vg thay dol
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theo tin hiéu. O thoi diém khi Vg it 4m hon, dong thoat ip(t) ting va khi Vg 4m nhiéu
hon, dong thoat ip(t) giam. Vay dong dién thoat ip(t) thay d6i cung chidu véi vgs(t) va cd
tri s6 quanh dong phan cuc I tinh (dugc gia sir 1a 12,25mA). Do gia ting cia 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 d6i dong dién thoat ip(t) s& lam thay doi hiéu sb dién thé giita cuc thoat va
cuc nguon.

Ta ¢6 vps(t) = Vpp — ip(t).Rp. Khi ip(t) co tri s tdi da, thi Vps(t) o tri sO toi thiéu va
nguoc lai. Pidu nay co nghia la sy thay d6i cia vps(t) nguoc chiéu véi su thay doi cuia
dong ip(t) tirc nguoc chiéu véi sy thay ddi ciia hiéu thé ngd vao vgs(t), ngudi ta bao dién
thé ngd ra nguoc pha - 1éch pha 180° so vé6i dién thé tin hiéu ngd vao.

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

_Y%.(®
T
Trong truong hop cuia thi du trén:
v () 00574V, ,(~180°
vt 0,02V, ,

Av=2,87 Z-180°
Nguoi ta ding dau - dé biéu dién d6 l1éch pha 180°

\Y%
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Ip(mA)

12,285mA

/
AWA
W\

12,215mA

Vs V6sofn)

-1,01V

V])]) = +20V

Rp=820Q2 l ip(t)

-
—':vDs(t) Cz

<
<

Hinh 38

-0.99v

Vo(t) = vas(t)

l

vs(t)
0,01V
0

-0,01vV

N
(

-0,99vV

-1,01vV

vas(t)

ip(t) (mA)

12,285

12,250
12,215

b))
C

vps(t) (V)

9,9837

9,9550
9,9263

b))
C

vo(t)

0,0287V
0 t

-0,0287V
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* Mach tuong duong cua FET vdi tin hiéu nho:

Nguoi ta co thé coi FET nhu mot tir cuc c6 dong dién va dién thé ngd vao 1a v, va
1,. DOng di€n va dién thé ngd ra 1a vy va 1y

Vds

Hinh 39

Do dong ;, rat nho nén FET c6 tong trd ngd vao 1a:

Ve
r, =—= rat1én
lg

Dong thoat 13 1a mgt ham s6 theo Vgs VA Vg V1 tin hiéu nho (dong dién va dién thé
chi bién thién quanh diém di€u hanh), ta s€ co:

_ 810 Vgs 81D VDS
i, = +
Vs 0 Ovps |o
Nguoi ta dat:
g = Ol v 1 Ol
m
Vs |a I, OVps|o
Taco: i, =g,V +—Vy (cOthédit—=g)
r() rO
Vgs = I'n.dg

Céc phuong trinh nay duoc dién ta bang gian do sau day goi la mach tuong duong

xoay chiéu ctia FET. G 14 D
——:
Vgs I'n g ngg5<l> §r0 Vds
S
Hinh 40

Riéng dbi v6i E-MOSFET, do tong tré vao r rat 16n, nén trong mach twong duong
nguoi ta co the bo r,
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G X b
>
Vgs nggs<l> § To
S
Hinh 41

Vds

IX. PIEN DAN TRUYEN (TRANSCONDUCTANCE) CUA

JFET VA DEMOSFET.

Ciing twong tu nhu & BIT, mot cach tong quat ngudi ta dinh nghia dién dan truyén

i, (1)
Ve (1)

cia FET latisb: g, =

Dién din truyén c6 thé dugc suy ra tir dic tuyén truyén, d6 chinh 1a d6 dbc cua tiép

tuyén voi dic tuyén truyén tai diém diéu hanh Q

ID(mA)
Do doc tai diém Ip = Ipss 13 gmo
Do dc tai diém Q la: Ipss
di, Al g

gm: = =
dVgs AV Vs

2
v
ID = IDSS|:1_ Vv = :I
GS(off)
Q r'y AID

A

Vas (volt)  Vaseofn

—_— e
AVgs

Hinh 42

V& mit toan hoc, tir phuong trinh truyén:

2
v
ID = IDSS|:1_ vV = }
GS(off)
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2
dl Vv
Tasuyra: g =—2-= IDss|:1_ i :I

dVGS VGS(off)
21 V,
g =- DS _|q]_ GS
VGS(off) VGS(off)
Tri sb cua gm khi Vg = Ovolt (tirc khi Ip=Ipss) dugc goi 1a gme.
21

Viy: o ="

VGS(off)

. \Y
T do tathay: g =g, [1-—=—
VGS(off)
Trong d6: gn: 1a dién dan truyén cua JFET hay DE-MOSFET vdi tin hiéu nho
mo: 12 gy khi Vgg= 0V
Vgs: Dién thé phan cyuc cong - ngudn
Vasofn: Dién thé phan cuc cong - ngudn lam JFET hay DE-MOSFET ngung.

2
: A . V, I V,
Ngoai ra tir cong thie: 1, =1 {1 —— } Tasuyra: |—2>— = {1 — i}

GS(off) DSS VGS(off)

Ip

Vay:  gn =8
IDSS
Phuong trinh trén cho ta thdy su lién hé giita dién dan truyén g, voi dong dién thoat
Ip tai diém diéu hanh Q. g, dugc xac dinh tr cac thong s6 Ipgs va Vg do nha san
xuat cung cap.

X. PIEN DAN TRUYEN CUA E-MOSFET.

Do cong thirc tinh dong dién thoat Ip theo Vs cia E-MOSFET khac vo1 JFET va
DE-MOSFET nén dién dan truyén cua no cling khac.

Tir cong thirc truyén ciia E-MOSFET
>
I, = K[Vcs - VGS(th)]
dl, d

Tacod: g, = v = v [K[Vc,s _VGS(th)]z]

Em — ZKlVGS - VGS(th)J

) I
Ngoaira: V4 = 1/% + Vs

Thay vao trén ta dugce: g, =2,KI,

Trong do:
gm: 12 dién dan truyén ctia E-MOSFET cho tin hiéu nho
K: 14 hing sé v6i don vi Amp/volt®
Ip: Dong dién phan cuc cuc thoat D
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Ta thiy g, tuy thudc vao dong dién thodt Ip, néu goi gy 1a dién dan truyén cua E-
MOSFET Ung véi dong thoat Ip; va g, 1a dién dan truyén cia E-MOSFET Ung véi dong
thoat ID2

I
Taco: g, =2JKl, va g,=2KI,, nén: g, :gmq/%
D1

In(mA)
IDmax [ ZETTTTTTTTT I PP PP
I, = K[VGS - VGS(th)]z
I 9 Do dbc tai Q 1a i
0 Vsiin Vs (volt)

Hinh 43

XI. TONG TRO VAO VA TONG TRO RA CUA FET.

- Gibng nhu ¢ BJT, nguoi ta cling dung hiéu ung Early dé dinh nghia tong tré ra cua
FET (6 vung bao hoa, khi Vpg tang, dong dién Ip cting hoi tang va chum dac tuyén ra
cling hoi tu tai mot di€ém goi la dién thé Early).

Néu goi V4 12 dién thé Early ta co:

- =T : TOng trd ra ctia FET
D
— 1, nhu vay thAy d6i theo dong thoat Ip va c6 tri s khoang vai MQ dén hon
10MQ

VGS

E";“ .......

Vps(volt)

Early voltage Hinh 44 0[

- Do JFET thuong duoc ding theo kiéu hiém (phan cuc nghich ndi cong - ngudn)
nén tong tré vao 16n (hang trim MQ). Riéng E-MOSFET va DE-MOSFET do cuc cong
cach dién han khoi cyc ngudn nén tong trd vao rat 16n (hang trim MQ). Két qua 13 nguoi
ta c6 thé xem gan dung tong trd vao cua FET 1a vo han.

VO1FET : 1y~ 0 Q)
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Trong cac mach su dung voi tin hiéu nho ngudi ta co thé dung mach twong duong
cho FET nhu hinh (a) hodc hinh (b). Néu tai khong l6n lam, trong mach tuong duong
nguoi ta co theé bod car,

id id

G — D G —
-—_— -— D
Vs I'x é nggS<‘1/> é I Vds Vgs nggs<l> é Io Vds
S S
Hinh 45 (a) Hinh 45 (b)
G a
-— D
| Yol
Hinh 45 . : l "
S
Hinh 45 (¢)

XII. CMOS TUYEN TiNH (LINEAR CMOS).

Néu ta c6 mot E-MOSFET kénh P va mdt E-MOSFET kénh N méc nhu hinh sau
day ta dugc mot linh kién t6 hop va duoc goi la CMOS (Complementary MOSFET)).

1 EEMOSFET
Q1 Sl kénh P
» E-EMOSFET

G, kénh N
D,
—+¢
vi(t) Q Dy vyt
G,
S,
Hinh 46

That ra n6 dugc cau truc nhu sau:
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n+

n+

pt+

p*

Than n-

Hinh 47

Cau trac CMOS dugc diung rat nhiéu trong IC tuyén tinh va IC sd

+ Bay gi0 ta xét mach can ban nhu trén, ta thir xem dap tmg cuia CMOS khi tin hi¢u
vao c6 dang xung vudng nhu hinh v&. Mach nay dugc tmg dung lam cong dao va la tang
cuoi cua OP-AMP (IC thuat toan).

- Khi v;=5V (0 <t <t;); EEMOSFET kénh P ngung vi vgs(t)=0V, trong luc do6 E-

MOSFET kénh N dan manh vi vgs(t)=5V nén dién thé ngd ra v,(t)=0V.

- Khi vi(t)=0V (t > t;), 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 v,(t)=Vpp=5V.

vi(t)

5V

Q
G, \

Q:
Gy \

VDD =15V

I[SI
D,
D
| Sa

Hinh 48

i

2 V()(t)

|

Vo(t)

5V

t t
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Nhu vay, tac dung cia CMOS 1a mdt mach dao (inverter)

Ta xem mot mach khuéch dai don gian duing CMOS tuyén tinh:
Vpp = +15V

vi(t)
iy |
—| %
vi(H) W g
| i ﬁ o t
= Vi, =—22 Voo 75y = =

Hinh 49

.
Vo =22 =75V

- Khi vi(t) duong, E-MOSFET kénh N dan dién manh hon va E-MOSFET kénh P
bat dau dan di¢n yéu hon. Do doé v,(t) giam.

- Khi vi(t) duong, E-MOSFET kénh P dan dién manh hon va E-MOSFET kénh N
bat dau dan dién yéu hon, nén v,(t) ting.

Nhu vy ta thdy tin hiéu ngd vao va ngd ra ngugc pha nhau (1énh pha 180°)

XIII. MOSFET CONG SUAT: V-MOS VA D-MOS.

Céc transistor truong ing (JFET va MOSFET) ma ta da khdo sat & trén chi thich
hop cho cac mach cé bién do tin hiéu nho nhu tién khuéch dai, tron song, khuéch dai cao
tan, trung tan, dao dong... ndm 1976, ngudi ta phat minh ra loai transistor truong cd cong
suit vira, dén 16n véi kha ning dong thoat dén vai chuc ampere va cong suit ¢ thé 1én
dén vai chuc Watt.

1. V-MOS:

That ra day la mét loai E-MOSFET cai tién, cling 1a khong c6 san thong 16 va diéu
hanh theo ki€u tang. sy khac nhau vé cau traic E-MOSFET va V-MOS dugc trinh bay
bang hinh vé& sau:
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Nguédn Cong Thoat

n+ n+

Thong 16 s€
hinh thanh

p- than //
| / ‘ Thoat
Ao 16 <& D

Thong 16 s€
E-MOSFET kénh N hinh thanh V-MOS kénh N
Hinh 50

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

2. D-MOS:

’Cﬁng la mot loai E-MOSFET hoat dong theo kiéu ta‘m’g, ung dung hién tuong
khuéch tan déi (double-diffused) nén dugc goi la D-MOS. C6 cau triic nhu sau:

Nguén  Coéng  Ngudn
S G S

Thong
10 s€
Thén n+ hinh
thanh
DMOS kénh N I Thoat D
Hinh 51

Cac ddc tinh hoat dong cua V-MOS va D-MOS ciing gidng nhu E-MOSFET. Ngoai
ra, cac dac diém riéng cia V-MOS va D-MOS la:
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- Pién tro dong rg, khi hoat dong rat nho (thuong nhé hon 1Q)
- C6 thé khuéch dai cong suat & tan sd rat cao
- Dai thong ciia mach khuéch dai cong suit c6 thé 1én dén vai chuc MHz
- V-MOS va D-MOS ciing c6 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

FET
[ |
JFET MOSFET
JFET JFET DE-MOSFET E-MOSFET
kénh N Kénh P Kiéu hiém + tang Kiéu tang
|
DE-MOSFET DE-MOSFET E-MOSFET E-MOSFET
Kénh N Kénh P Kénh N Kénh P
V-MOS V-MOS
Kénh N Kénh P
CMOS
D-MOS D-MOS
Kénh N Kénh P
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Bai tip cudi chwong

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

+12V
Rp
5K
Vb
IDSS =4mA
Vasefn = -4V
R¢
1M 1KS Rg

2. Trong mach dién sau, tinh dién thé phan cuc Vp va dién dan truyén g,
+12V

Vp Ipss =4mA
Vasemm = -4V

3. Trong mach dién sau, tinh dién thé phan CE Vb, Vi. Cho biét E-MOSFET c6 hé sb
mA ) .
k= 1( v j va VGS(th) =3V.

2

24V 24V
Rp
10M sK
Vg — Vp
—
}_
2M
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CHUONG VII

LINH KIEN CO BON LOP BAN DAN PNPN VA
NHUNG LINH KIEN KHAC

I. SCR (THYRISTOR - SILICON CONTROLLED
RECTIFIER).

1. Cau tao va dic tinh:

SCR dugc cau tao boi 4 16p ban dan PNPN (co 3 nbi PN). Nhu tén goi ta thdy SCR
la mdt diode chinh luu dugc klem so4t boi cong silicium. Céc tiép xtc kim loai dugc tao
ra cac cuc Anod A, Catot K va cong G.

Anod Anod
A A
P P
ERRRIRRE NS “N{B

"

~
2

Q

o
w

w

@

COIlg DD B Céng
(Gate) N (Gate)
I K
Catod
Céu tao M0 hinh tuong duong

M0 hinh tuong duong Ky hi¢u
Hinh 1
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Néu ta méc mot nguén dién mot chiéu V4 vao SCR nhu hinh sau. mot dong dién
nho Ig kich vao cuc cong G s& lam ndi PN giita cuc cong G va catot K dan phat khoi
dong dién anod I, qua SCR 16n hon nhiéu. Néu ta d6i chiéu ngudn Vax (cuc duong ndi
v6i catod, cuc am ndi véi anod) s& khong c6 dong dién qua SCR cho du c6 dong dién
kich Ig. Nhu vay ta c6 thé hiéu SCR nhu mét diode nhung c6 thém cuc cong G va dé
SCR dan dién phai c6 dong dién kich I vao cuc céng.

G | P14 '
Céng [=oiNwi] d
Is (Gate) Jrrmmnnnn EVAK
P
e e T
Re R,
K 3
- VGG - VAA
Hinh 2

Ta thay SCR ¢6 thé coi nhu twong duwong véi hai transistor PNP va NPN lién két
nhau qua ngd nén va thu

Khi c6 mot dong dién nho I kich vao cuc nén cua Transistor NPN T tac céng G
cua SCR. Dong dién I s€ tao ra dong cuc thu I¢; 16n hon, ma I¢; lai chinh 14 dong nén
Ig, cua transistor PNP T, nén tao ra dong thu I¢, lai 16n hon trude... Hién tuong nay cir
tiép tuc nén ca hai transistor nhanh chéng 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 cua SCR cho thdy dong I khong can 16n va chi can ton
tai trong thoi gian ngén. Khi SCR da dan dién, néu ta nga"lt bo I thi SCR van tiép tuc dan
dién, nghia 1 ta khong thé ngit SCR bang cuc cong, diy ciing 1a mot nhuge diém cia
SCR so vdi transistor.

Nguoi ta chi ¢6 thé ngit SCR l}ﬁng cach cit ngudn Vua hodc gidm Vua sao cho
dong dién qua SCR nho hon mot tr1 s6 nao do (tuy thudc vao tung SCR) goi 1a dong dién
duy tri I (hodding current).
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2. Pic tuyén Volt-Ampere ciia SCR:

Dic tuyén ndy trinh bay su bién thién cua dong dién anod I, theo dién thé anod-
catod Vs voi dong cong I coi nhu thong so.

- Khi SC’R dugc phan cuc nghich (dién thé anod 4m hon dién thé catod), chi c6 mot
dong dién ri rat nho chay qua SCR.

- Khi SCR duogc phan cuc thuan (dién thé anod duong hon dién thé catod), néu ta
ndi tit (hoic dé ha) ngudn Vaa (I6=0), khi Vg con nho, chi c6 mot dong dién rat nho
chay qua SCR (trong thuc té nguoi ta xem nhu SCR khéng dan dién), nhung khi Vg dat
dén mot tri s6 nao do (tuy thudc vao timg SCR) goi la dién thé quay vé Vo thi dién thé
Vak tu dong sut xubéng khoang 0,7V nhu diode thuong. Dong dién tuong ng bay gio
chinh la dong dién duy tri I;. Ttr bay gio, SCR chuyén sang trang thai dan dién va co dic
tuyén gan gidng nhu diode thudng.

Néu ta ting ngudn Vg dé tao dong kich Ig, ta thiy dién thé quay vé nhé hon va khi
dong kich I cang 16n, dién thé quay vé Vo cang nho.

Ia
I2>161>0
IH /IG =0
YBR Vak
( 0 0,7V Vio
Hinh 3
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3. Cac thong s6 ciia SCR:
Sau déy 1a cac thong sb k¥ thuat chinh cia SCR
- Dong thuan t6i da:

La dong dién anod I, trung binh lon nhat ma SCR cc’3 thé chiju dung duqcrlién tuc.
Trong truong hop dong lon, SCR phai duoc giai nhiét day du. Dong thuan t61 da tuy
thudc vao moi SCR, c6 thé tir vai tram mA dén hang tram Ampere.

- Dién thé nguoc tdi da:

bay 12‘1, dién thé phan cuc nghich tdi da ma chua xay ra sy huy thac (breakdowq).
Day 1a tri s6 Vg ¢ hinh trén. SCR dugc ché tao vdi dién thé nghich tir vai chuc volt dén
hang ngan volt.

- Dong chot (latching current):

La dong thuén téi thiéu dé gitt SCR & trang thai din dién sau khi SCR tir trang thai
ngung sang trang thai dan. Dong chot thuong lon hon dong duy tri chut it 6 SCR cong
suat nho va 16n hon dong duy tri kha nhiéu & SCR ¢6 cong suat 16n.

- Dong cong tbi thiéu (Minimun gate current):

Nhu d3 thdy, khi dién thé Vg 10n hon Vio thi SCR s& chuyén sang trang thai dan
dién ma khong can dong kich I. Tuy nhién trong tng dung, thudng ngudi ta phai tao ra
mot dong cong dé SCR dan dién ngay. Tuy theo mdi SCR, dong cong téi thiéu tir dudi
ImA dén vai chuc mA. Noi chung, SCR c6 cong suét cang 16n thi can dong kich 16n. Tuy
nhién, nén cha ¥ 1a dong céng khong dugce qua 16n, c6 thé 1am hong ndi céng-catod cua
SCR.

- Thoi gian mé (turn — on time):

La thoi gian tir lac bat dau c¢6 xung kich dén lac SCR dan gan bao hoa (thudng 1a
0,9 1an dong dinh muc). Théi gian mé khoang vai uS. Nhu vay, thoi gian hién dién cua
xung kich phai lau hon thoi gian mé.

- Thoi gian tat (turn — off time):

Pé tat SCR, nguoi ta giam dién thé V,k xudng 0Volt, tirc dong anod ciing bang 0.
Thé nhung néu ta ha dién thé anod xubng 0 rdi ting 1én ngay thi SCR van dan dién mic
du khong c6 dong kich. Thoi gian tat SCR 14 thoi gian tir lac dién thé Vx xudng 0 dén
lac 1én cao trd lai ma SCR khong dan dién trg lai. Thoi gian nay 16n hon thoi gian mo,
thuong khoang vai chuc uS. Nhu vay, SCR 1a linh kién cham, hoat dong & tan s6 thap, t6i
da khoang vai chuc KHz.

- Téc d6 tang dién thé dv/dt:
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Ta c6 thé 1am SCR dan dién bang cach ting dién thé anod 1én dén dién thé quay vé
Vio hodc bang cach dung dong kich cuc cong. Mot cach khac 1a ting dién thé anod
nhanh tirc dv/dt 16n ma ban than dién thé V anod khong can 16n. Thong sd dv/dt 1a toc do
tang thé 1én nhat ma SCR chua dan, vuot trén vi tri nay SCR sé& dan dién. Ly do 1a c6 mot
dién dung ndi Cy gitra hai cuc nén cua transistor trong mé hinh twong dwong ctia SCR.

dong dién qua tu la: i, =C, C:i_\t/ Dong dién nay chay vao cuc nén cua T,. Khi dV/dt da

16m thi i, 16n da stc kich SCR. Nguoi ta thuong tranh hién tuong nay b?mg cach méc
mot tu C va dién tr¢ R song song v1 SCR dé chia bot dong iy,

[ ]

- Toc d6 tang dong thuan t6i da di/dt:

Pay 1a tri s6 tdi da cia toc d6 ting dong anod. Trén tri s6 nay SCR co 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 10n trong luc dong dién anod tang nhanh khién cong suat tiéu tan tirc thoi co
thé qua lon. Khi SCR bét dau dan, cong suit tiéu tan tap trung & gan ving cong nén ving
nay dé bi hu hong. Kha ning chiu dung ctia di/dt tiry thudc vao mdi SCR.

4. SCR hoat dong & dién thé xoay chiéu

Khi SCR hoat dong ¢ dién thé xoay chiéu tan s thap (thi du 50Hz hoic 60Hz) thi
Van dé tat SCR duoc giai quyét dé dang. Khi khong c6 xung kich thi mang dién xudng
gan 0V, SCR sé& ngung. D nhién & ban ky 4m SCR khéng hoat dong mic du c6 xung
kich.
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SCR ngung  SCR dan

V Tai
—
o Vv
- Goc din! |
<~> 220V/50Hz
(——— E
Io 4
Hinh 5

Ig

D¢ tang cong suat cho tai, ngudi ta cho SCR hoat dong & ngudn chinh luu toan ky.

AV Tai

TBL

220V/50Hz

2§ Goc dan

H

_I_\j_
Hinh 6

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

Mach dén khan cap khi mat dién:

D1 R1 Puogc chon tuy theo dong nap accu
ANN

SCR

D2

T1

220V/
50Hz

6,3V

6,3V D3
P

IACCU 6V

Hinh 7
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_ Binh thuong dén 6V chay sang nho ngudn dién qua mach chinh luu. Luc nay SCR ngung
dan do bi phan cyc nghich, accu dugc nap qua Dj, R;. Khi mat di¢n, nguon dién accu s& lam

thong SCR va thap sang dén.

Mach nap accu ty dong (trang sau)

D1 R 47Q2W  R,47Q2w SCR2
P * ANAA }‘}\
220V %‘ §6’3V SCR1 D3
6,38V
> R, 47Q 2W

D2

Hinh &

- Khi accu nap chua day, SCR; din, SCR; ngung

- Khi accu da nap day, dién thé cuc duong 1én cao, kich SCR; lam SCR; dén, chia bét
dong nap bao v¢ accu.

- VR dung dé chinh mirc bao vé (giam nho dong nap)
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II. TRIAC (TRIOD AC SEMICONDUCTOR SWITCH).

Hinh 9 T] l

Thudng duge coi nhu mot SCR ludng hudng vi ¢6 thé din dién theo hai chiéu. Hinh
sau day cho thay cau tao, mo6 hinh tuong duong va cau tao ctua Triac.
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~ Nhu vy, ta thiy Triac nhu gdm boi mot SCR PNPN din dién theo chiéu tir trén
xudng dudi, kich boi dong cong duong va mot SCR NPNP dan dién theo chiéu tir dudi
1én kich boi1 dong cong am. Hai cuc con lai goi 1a hai dau cudi chinh (main terminal).

- Do dau T, duong hon gﬁu 11, dé Triac dan dién ta c6 thé kich dong céng duong va
khi dau T, 4m hon T;ta c6 thé kich dong cong am.

Ia

Hinh 10

- Nhu vay dic tuyén V-I cta Triac ¢6 dang sau:

- That ra, do su twong tac cua vung ban dan, Triac duoc nay theo 4 cach khac nhau,
duoc trinh bay bang hinh vé sau day:

© © ©) ©)

T2 T2 Tz TZ

A
Ic<0

e
Cach 1 Cach 2 Céach 3 Cach 4

Hinh 11
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Céch (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 thiy tmg dung cua Triac trong mang dién xoay chiéu.

O o dA
Tas \'S Triac dan
N
z
o - D1 R VR ¢
N I .
“ b2 Goc din

Hinh 12

II1. SCS (SILICON — CONTROLLED SWITCH).

SCS con duge goi la Tetrode thyristor (thyristor co 4 cuc). Ve mit ciu tao, SCS
giong nhu SCR nhung c6 thém mdt cong goi la cong anod nén cong kia (6 SCR) dugc
goi 14 cong catod.

Anod A
A I‘A: [ ] A
P Ga —l
B e G
........ P (:IA . (_}A
'—I Cong — s
gK . ...-] Anod .j G _I |_ G
COl’lg :.:.:.:.N:.:.:.:.: GK £<_ .K_
Catod
. o JL
Catod K
Cau tao Ky hiéu M0 hinh twong duong

Hinh 13

Nhu vay, khi ta ap mot xung duong vao cong catod thi SCS dan dién. Khi SCS dang
hoat dong, néu ta ap mot xung duong vao cong anod thi SCS s& ngung dan. Nhu vay, d6i
v6i SCS, cong catod dung dé mo SCS, va cong anod ding dé tat SCS. Tuy c¢6 kha ning
nhu SCR, nhung thuong ngudi ta chi ché tao SCS cong suat nho (phan 16n dudi vai traim
miniwatt) va do cong catod rat nhay (chi can kich cong catod khoang vai chuc pA) nén
SCS duogc tng dung lam mot switch dié¢n tir nhay.

Vi du sau 1a mgt mach bdo dong dung SCS nhu mdt cam bién dién thé:
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+12V

o

1K 1K

Relais dong /)
mach bao /4 Relay

dong

s

LED

w»

INPUT 1 INPUT 2 INPUT 3

Hinh 15 =

O ngd vao thuong ngudi ta mac mot miéng kim loai, khi so tay vao, SCS dan dién
Led tuwong ung chay sang, Relais hoat dong dong mach bao dong hoat dong.

IV. DIAC

Vé céu tao, DIAC giébng nhu mdt SCR khéng co cuc cong hay dung hon 1a mot
transistor khong c6 cuc nén. Hinh sau day mo ta cau tao, ky hi€u va mach tuong duong
cua DIAC.

Anod 1 Anod 1 Anod 1 Anod 1

Anod 2 Anod 2 Anod 2
Céu tao Ky hi¢u Tuong duong

<

Hinh 16

Khi 4p mot hiéu dién thé mot chiéu theo mot chidu nhat dinh thi khi dén dién thé
Vio, DIAC dan dién va khi ap hiéu thé theo chiéu nguoc lai thi dén tri s6 -Vgo, DIAC
cling dan dién, DIAC thé hién mot dién tré am (dién thé hai dau DIAC giam khi dong
dién qua DIAC ting). Tl cic tinh chét trén, DIAC tuong duong voi hai Diode Zener mac
dbi dau. Thuc té, khi khéng co6 DIAC, ngudi ta ¢ thé dung hai Diode Zener c6 dién thé
Zener thich hop dé thay thé. (Hinh 17)

Trong tmg dung, DIAC thudng dung dé md Triac. Thi du nhu mach diéu chinh do
sadng cua bong den (Hinh 18)
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ﬂ Bong Dén

VR
"Veo 0 v 220V/50Hz
+Vio

T

Hinh 18

Hinh 17

O ban ky duong thi dién thé ting, tu nap dién cho dén dién thé Vg thi DIAC dan,
tao dong kich cho Triac din dién. Hét ban ky duong, Triac tam ngung. Dén ban ky am tu
C nap dién theo chiéu nguoc lai dén dién thé -V, DIAC lai dan dién kich Triac dan
dién. Ta thay d6i VR dé thay doi thoi hang nap dién cta tu C, do d6 thay doi goc dan cia
Triac dua dén lam thay d6i do sang cua bong dén.

V. DIOD SHOCKLEY.

Diod shockley gam c6 4 16p ban dfm PNPN (diod 4 16p) nhung chi c6 hai cuc. Cau
tao co ban va ky hi¢u cung véi dac tuyén Volt-Ampere khi phan cuc thuan dugc mo ta &
hinh v€ sau day:

Anod
A + A
®

P
TN

P .
TN ho

IK ¢ 0 Vio

Catod -K

Hinh 19
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Ta thay dic tuyén gidng nhu SCR lac dong coéng I5=0V, nhung dién thé quay vé
Vpo cua Diod shockley nho hon nhiéu. Khi ta ting dién thé phan cuc thuén, khi dién thé
anod-catod to1 tri ) Vo thi Diod shockley bét dau dan, dién thé hai dau giam nhd va sau
d6 hoat dong nhu Diod binh thuong.

Ap dung thoéng thuong cia Diod shockley la dung dé kich SCR. Khi phan cuc
nghich, Diod shockley cling khong dan di¢n.

*»—9 Tai

220V/50Hz VAN

TC

Hinh 20

- Ban ky dwong, tu C nap dién d&én dién thé Vg, thi Diod shockley dan dién, kich
SCR dan.

Bén ky am, Diod shockley ngung, SCR cling ngung.
VI. GTO (GATE TURN - OFF SWITCH).

GTO la mot linh kién c6 4 16p ban dan PNPN nhu SCR. cAu tao va ky hi¢u dugc mod
ta nhu sau:

AZOd Anod
A
P
N G
I P Cong
G T
Cong ::::::::N::::::::

T «

Ky hiéu  Catod

Hinh 21
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Tuy c6 ky hi¢u khac vé1 SCR va SCS nhung céc tinh chét thi tuong tu. Su khac biét
co ban cling 1a sy tién bo cua GTO so voi SCR hodc SCS 1a ¢ thé md hodc tit GTO chi
bang mot cong (mé GTO bang cach dwa xung duong vao cuc cong va tit GTO bang cach
dua xung 4m vao cuc cong).

- So voi SCR, GTO can dong dién kich 16n hon (thudng hang trim mA)

- Mot tinh chat quan trong nita cia GTO 1a tinh chuyén mach. Théi gian mé cua
GTO ciing giébng nhu SCR (khoang 1ps), nhung thoi gian tit (thoi gian chuyén tir trang
thai dan dién sang trang thai ngung dan) thi nhé hon SCR rat nhiéu (khoang lus & GTO
va tir Sps dén 30ps & SCR). Do d6 GTO dung nhu mét linh kiéncé chuyén mach nhanh.
GTO thuong dugc dung rat pho bién trong cac mach dém, mach tao xung, mach diéu hoa
dién thé... mach sau day 1a mét ing dung cua GTO dé tao tin hiéu rang cua két hop voi
Diod Zener.

VAA=+200V
Q o
A
G
R1
+Vo
K VR
T R,
Hinh 22

Khi cép dién, GTO dan, anod va catod xem nhu ndi tit. C, nap dién dén dién thé
nguén Vaa, Iuc @6 V<0 lam GTO ngung dan. Tu C, xa dién qua R;=Vr+R,. Thoi gian
xa dién tuy thudc vao thoi héng 1=R;C;. Khi V,<Vz, GTO lai dan dién va chu ky méi lai
dugc lap lai.

\&
VAA

MVAVAVAN

0

Hinh 23
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VII. UJT (UNIJUNCTION TRANSISTOR - TRANSISTOR

POC NOI).
Transistor thuong (BJT) goi 1a Transistor ludng cuc vi c6 hai nbi PN trong lac UJT
chi c6 mot doc nhat n61 P-N. Tuy khong thong dung nhu BJT, nhung UJT c¢6 mot s6 dac
tinh dac biét nén madt thoi da gilt vai trd quan trong trong cac mach tao dang song va dinh

gio.
1. Cau tao va dic tinh ciia UJT:
Hinh sau ddy mo ta cdu tao don gian hoa va ky hiéu cia UJIT

B,

B, B

Hinh 24

B;
Mot thoi ban dan pha nhe loai n” véi hai 16p tiép xitic kim loai ¢ hai dau tao thanh
hai cuc nén B, va B,. N6i PN dugc hinh thanh thuong la hop chat cua ddy nhom nho
dong vai tro chat ban dan loai P. Vung P ndy nam cach vung B, khoang 70% so voi chiéu

dai cta hai cuc nén By, B,. Day nhom dong vai tro cuc phat E.
Hinh sau day trinh bay cach ap dung di¢n thé mot chiéu vao cac cuc cua UJT dé

khao sat cac dac tinh cua no.
Mach tuong duong cta UJT Iy
e | B2 R
E E L
; ¢ A T VBB
Rg B1 ol
— VBB R RBI

‘_Ez E

VE V + IIBI

1 e

Hinh 25 =
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- Khi chwa 4p Vg vao cuc phat E (cuc phat E dé ho) thoi ban dan 1a mot dién tro
vo1 ngudn dién thé Vg, dugc ky hi€u Rgg va goi la dién trd lién nén (thuong co tri so tur
4 KQ dén 10 KQ). Tir m6 hinh tuong dwong ta thay Diod duge dung dé dién ta ndi P-N
gilta vung P va vung n". Di¢n tr¢ Rg; va Rp; dién ta di¢n trd ctia thdi ban dan n'. Nhu vay:
Rps =Ry + Ry, |IE:0

Vay dién thé tai diém A 1a:

RBI

————— Vi = NV >0
Ry +Rp,

A =

RBl — RBI
RBI + RBZ RBB
Rpg va n dugc cho boi nha san xuat.

Trong d6: n= duoc goi 1a ti s6 noi tai (intrinsic stand — off)

- Bay gio, ta cAp ngudn Ve vao cuc phat va nén B, (cuc duong nbi vé cuc phat).
Khi Vege=0V (ndi cuc phat E xudng mass), vi V4 c6 dién thé duong nén Diod dugc phan
cuc nghich va ta chi co mot dong dién ri nho chay ra tur cyc phat. tang Vg 1on dan, dong
dién I bat dau tang theo chleu duong (dong ri nguoc Ig giam dan, va triét tiéu, sau do
duong dan) Khi Vg ¢6 tri s6

VE=VptVa

Vi=0,5V + N Vgop (6 ddy Vgop = Vgg) thi Diod phan cyc thaun va bt dau dan
dién manh.

Pién thé Vg=0,5V + N Vgop1=Vp dugc goi la dién thé dinh (peak-point voltage) cua
UJT.

VE VE
Dinh
Vp /
0
Thung
Iiin
VV / g
J Ip IV IE IE
0
Ving
dién tro Hinh 26
am
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Khi Vg=Vp, ndi P-N phan cuc thuan, 16 tréng tor vung phat khuéch tan vao vung n’
va di chuyén dén ving nén B,, liic d6 16 tréng ciing hut cac dién tir tir mass 1én. Vi do dan
dién cta chit ban dan 1a mot ham sd cia mat do dién tir di dong nén di¢n tré Rp; giam.
Két qua 1a lac d6 dong Iy ting va dién thé Vi giam. Ta c6 mot vung dién tré am.

AV,

Dién tré dong nhin tr cuc phat E trong vung dién tré am la: r, = -
E

Khi I tang, Rg; gidm trong luc Rg; it bi danh huong nén dién trd lién nén Ry giam.
Khi I d 16n, dién tré lién nén Ry chi yéu 12 Rg,. Két thuc vang dién tré 4m 13 ving
thung lling, luc d6 dong Iz du 16n va Rg; qué nho khong gidm nira (chu y 1a dong ra cuc
nén B;) gdm c6 dong dién lién nén Iy cong v6i dong phat I ) nén Vi khong giam ma bat
dau tang khi I ting. Ving nay duoc goi 1 ving bao hoa.

Nhu véy ta nhan thiy:

- Dong dinh Ip 1a dong tdi thiéu cua cuc phét’ E dé dit UJT hoat dong trong vung
dién tré am. Dong dién thung Iling Iy 1a dong di¢n t61 da cua Ig trong vung dién tré am.

- Tuong tu, dién thé dinh Vp 1a dién thé thung liing Vv 1a dién thé t6i da va t6i thiéu
cua Vgg; dat UJT trong vung dién tré am.

Trong cac ung dung cua UJT, nguoi ta cho UJT hoat dong trong vung dié¢n tré am,
muon vay, ta phai xac dinh dién tré Rg g [p<lg<ly

Thi du trong mach sau ddy, ta xac dinh tri s6 t6i da va tdi thiéu cua Ry

VEBl
+V Var >V
(0] BB VEBl BB a REmax
REmin
? )
R
B2 Q
+ l:
Ves1  |Bl \%
- Ig v \ N\ Ig
_ 0 0 Ip Iy
Hinh 27
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Taco: R, — AV _ Ve =Ve Vi -V,

B AT 0-1, I,
ViR, - AV _ Ve -Vy Vg -Vy
AL 0-1V I,
Nhu Vay: MSRE SM
. IV IP

2. Céc thong s6 k§ thuit ciia UJT va van dé 6n dinh nhiét cho dinh:
Sau day la cac thong sé cia UJT:

- Pién trd lién nén Rgp: 1a dién tr& gilta hai cuc nén khi cuc phat dé ho. Rpp tang khi
nhiét do tang theo hé s6 0,8%/1°C

v A ae R R . A~ . . . ,
- Ti sO ndi tai: n= Bl = —BL Ti s0 nay cling dugc dinh nghia khi cuc phat E

RBI +RBZ I{BB

dé ho.

- Pién thé dinh Vp va dong dién dinh Ip. Vp giam khi nhiét do ting vi dién thé
ngudng cua noi PN gidm khi nhiét do tang. Dong Ip giam khi Vg tang.

- bién thé thung liing Vy va dong di¢n thung lling I. Ca Vy va Iy déu tang khi Vg
tang.

- Pién thé cuc phat bao hoa Vg, 1a hi€u di@n thé gifta cuyc phat E va cuc nén B,
duogc do ¢ [g=10mA hay hon va Vg & 10V. Tri s6 thong thuong clia Vgg, 12 4 volt (16n
hon nhiéu so véi diod thuong).

Qn dinh nhiég cho dinh: Di,én thé dinh Vp lf‘l thong ) quan trong nhét cta ’UJT. Nhu
da thay, su thay doi cua di¢n thé dinh Vp chu y€u la do dién thé ngudng cua ndi PN vi ti
s0 n thay doi khong dang ke.

Nguoi ta 6n dinh nhiét cho Vp bang cach thém mot dién tré nhod R, (thuong khoang
vai trim ohm) gitra nén B, va ngudn Vip. Ngoai ra nguoi ta cling mac mot dién tré nho
R, ciing khoang vai trim ohm & cuc nén B, dé l4y tin hiéu ra.
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Hinh 28

Khi nhiét do tang, dién trd lién nén Rpp tang nén dién thé 1ién nén Vg, tang. Chon
R, sao cho su tdng cia Vyp bu trir sy gidm cia dién thé ngudng cua ndi PN. Tri cia R,
A 4 A , 0,4 — 0,8)R
duogc chon gan dung theo cong thiric: R, ~ ( v )R oo
N Ves

Ngoai ra R, con phu thudc vao cAu tao cua UJT. Tri chon theo thuc nghi¢m khoang
vai tram ohm.
3. Ung dung don giin cia 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 sO cac linh kién dién hinh nhu sau:

VE VBZ
.| Cinap  C,xa(rét nhanh)
>
[
> ) / Vi
Ve
t Ve
0 Vo

= Hinh 29
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Khi cip dién, tu C; bat dau nap dién qua dién trd Rg. (Diod phat-nén 1 bi phan cuc
nghich, dong dién phat I x4p xi bang khong). Dién thé hai dau tu ting dan, khi dén dién
thé dinh Vp, UJT bét déu dan dién. Tu C, phong nhanh qua UJT va dién tré R;. Dién thé
hai dau ty (tirc Vi) giam nhanh dén dién thé thung liing Vy. Dén day UJT bat dau ngung
va chu ky moi lap lai.

* Dung UJT tao xung kich cho SCR

Tai

FUSE

SCR ,
- 220V/50Hz

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 ctia SCR bang cach thay ddi tan s6 dao dong cua UJT.
VIIIL. PUT (Programmable Unijunction Transistor).

Nhu tén goi, PUT giong nhu mot UJT c6 dic tinh thay doi dugc. Tuy vay vé cau
tao, PUT khac han UJT

Anod
| A
Anod
P A 1
.......... G A
NG G Cong R
......... Céng
P Vik
::::::::N:::::::: K VAA;_
_T_ Catod
K
Catod
Céu tao Ky higu Phan cuc
Hinh 31
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Pé y 14 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 cong mot dién thé
ngudng cua ndi PN.

RBI

Tacd: Voyy =———
RB] +RB2

Vig =NMVgs

Trong do: n = _Re nhu dugc dinh nghia trong UJT
RB] + RB2

Tuy nhién, nén nhé 1a UJT, Rg;va Rg; 1a dién tréd ndi cua UJT, Trong luc & PUT,
Rg; va Ry, 14 cac dién trd phan cuc bén ngoai.

Dic tuyén cta dong I theo dién thé cong Vak cling gidng nhu & UIT

Pién thé dinh Vp duoc tinh boi: Vp= Vp+nVes Vi | Va Vung dién tré am
ma Vp = 0,7V (thi du Si)
VG = nVBB = VP = VG + O,7V

0 IP I-V IA

Hinh 32

Tuy PUT va UJT c6 dic tinh gidng nhau nhung dong dién dinh va thung liing cta
PUT nhé hon UJT

+ Mach dao dong thu gian dung PUT

Va Nap

Ve

Vv

Hinh 33
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Chﬁ, y trong mach dl‘mg PUT, ngd x4 cua tu dién la anod. Tin hi¢u ra dugc st dung
thuong lay ¢ catod (va co6 thé dung kich SCR nhu ¢ UJT)

Vg
R A
t
Vk
Vi = Vp-Vy
t

Hinh 34
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CHUONG VIII
LINH KIEN QUANG PIEN TU

Trong chuong nay, ching ta chi dé cap dén mot sb cac linh kién quang dién tir thong
dung nhu quang dién tr6, quang diod, quang transistor, led... cac linh kién quang dién tur
qua dic biét khong dugc dé cap dén.

I. ANH SANG.

Séng vo tuyén trong hé thong truyén thanh, truyén hinh, anh sanh phat & dén tia X
trong y khoa... Tuy c6 cac cong dung khac nhau nhung lai c6 chung mot ban chat va
duoc goi 1a song dién tir hay birc xa dién tir. Diém khac nhau co ban cua song dién tu la

A £ , , s~ A A N . . A A1 A 1 Y
tan s6 hay budc song. Giira tan s6 va budc song lién hé bang hé thic A = R

Trong d6 ¢ 1a van tdc anh sang = 3.108m/s

f1a tin s6 tinh bang Hz
Budc song A tinh bang m. Ngoai ra ngudi ta thudng dung céc ude so:
pum=10°m ; nm=10"m va Amstron = A =10"m

Su khac biét vé tan s6 dan dén mot sy khac biét quan trong khac 1a ta co thé théy
dugc song dién tir hay khong. Mit ngudi chi thiy dugc song dién tur trong mot dai tan s6
rat hep goi 13 anh sang thdy dugc hay thudng goi tat la anh sang. V& phia tan sb thap hon
goi 1a buc xa hdng ngoai (infrared) va phia tdn sd cao hon goi 1a blc xa tr ngoai
(ultraviolet).

~ Tachico thé thay duoc birc xa co tin sb khoang 4.10"*Hz (tc budc séng 750nm)
dén tan s6 khoang 7,8.10"*Hz (tirc bude séng khoang 380nm)

- N

Hong ngoai Tr ngoai
(A=750nm)4.10"*Hz (A=380nm)7,8.10"*Hz

Trong vung anh sang thay duoc, néu chi c6 mot khoang ngan cua dai tan so noi trén
thi cdm giac ciia mat ghi nhan dugc 7 mau:

Tim Lo Lam Xanh 14 Vang Cam bo
Violet Blue Cyan Green Yellow Orange Red A
380nm 430 470 500 560 590 650 750nm g
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Chu ¥ 14 giéi han trén chi c6 tinh cach twong d6i. Sy khac nhau vé tan s lai dan dén
mot sy khac bi€t quan trong nira do 1a nang luong birc xa. Nang lugng buc xa ti 1€ véi tan
s6 theo cong thirc: E=h.f véi h: hang s6 planck = 6,624.107I.sec

Nhu ta thy, bién do trung binh cua phd duoc goi 1 cudng do sang va duoc do bang
don vi footcandles. Thi du nguon sang la mot bong dén tron, thi ¢ mot diém cang xa
ngudn, cudng do sang cang yéu nhung sd luong anh sang toa ra trong mot goc khdi (hinh
n6n) 1a khong ddi va duge goi 1a quang thong. Pon vi ciia quang thong 13 Lumens (Lm)
hay Watt.

1 Lm=1,496.10"" watt
Pon vi ciia cudng do anh sang 1a foot-candles (fc), Ln/ft> hay W/m®. Trong dé:
1 Ln/ft* = 1 fc = 1,609.10"% W/m’

II. QUANG DPIEN TRO (PHOTORESISTANCE).

La dién trd co tri sb cang giam khi dugc chiéu sang cang manh. Pién trd tbi (khi
khong dugc chi€u sang - ¢ trong bong t61) thuong trén 1ML, tri s6 ndy giam rat nho co
thé dudi 10002 khi dugce chi€éu sang manh

8

Hinh dang Ky hiéu
Hinh 1

Nguyén 1y lam viéc ciia quang dién trd 12 khi 4nh sang chiéu vao chat ban dan (c6
thé 1a Cadmium sulfide — CdS, Cadmium selenide — CdSe) lam phat sinh cac dién tu tu
do, tirc su dan dién tdng lIén va lam giam dién trd cua chit ban dan. Cac dic tinh dién va
do nhay cua quang dién tr¢ di nhién tuy thudc vao vat liéu dung trong ché tao.

bién tré Q
10°
10000
1000
0 0,1 10 100 1000 f,

Hinh 2

Vé phuong dién ning lugng, ta noi anh sang da cung cap mot nang luong E=h.f dé
cac dién tu nhay tur dai hoa tri 1én déi dan dién. Nhu vay nang luong can thiét h.f phai 1on
hon nang luong cua dai cam.
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Vai ing dung ctua quang dién trd:
Quang dién trd dugc dung rat phd bién trong cac mach diéu khién

1. Mach bao dong:

Bong dén hodc chudng tai

R, SCR

Ngudn sang hong ngoai

Hinh 3 £

Khi quang dién tr¢ dugc chiéu sang (trang thai thuong truc) cd dién trd nho, dién
thé cong ciia SCR giam nho khong du dong kich nén SCR ngung. Khi ngudn sang bi
chin, R ting nhanh, dién thé cong SCR ting lam SCR din dién, dong dién qua tai lam
cho mach bao dong hoat dong.

Nguoi ta cting c6 thé dung mach nhu trén, voi tai 1a mot bong den dé co thé chay
sang vé dém va tat vao ban ngay. Hodc co thé tai 1a mot relais dé diéu khién mot mach
bao dong co cong sudt 16n hon.

2. Mach mé dién ty dong vé dém dung dién AC:

q

Boéng dén %

15K DIAC

A TRIAC

% 220V/50Hz

Hinh 4
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Ban ngay, tri s6 ctia quang dién tré nho. Pién thé ¢ diém A khong du dé mo Diac
nén Triac khong hoat dong, den tat. vé dém, quang tré tang tri so, lam tdng dién thé &
diém A, thong Diac va kich Triac dan di¢n, bong dén sang 1én.

I1I. QUANG DIOD (PHOTODIODE).

Ta biét ré“mg khi mét ndi P-N duoc phan cuc thuan thi viung hiém hep va dong thuan
16m vi do hat tai dién da s6 (dién tr 6 chat ban dan loai N va 13 tréng & chit ban dan loai
P) di chuyén tao nén. Khi phin cuc nghich, ving hiém rong va chi c¢6 dong dién ri nho
(dong bao hoa nghich Ij) chay qua.

Ky hiéu Phan cuc
Hinh 5

Bay gio ta xem mot ndi P-N duoc phan cuc nghich. Thi nghi¢m cho théy khi chiéu
sang anh sang vao mdi ndi (gia st diod duoc ché tao trong sudt), ta thay dong dién
nghich ting 1én gan nhu ti 1& v6i quang thong trong lic dong dién thuan khong ting. Hién
tuong nay duoc dung dé ché tao quang diod.

Khi 4nh sang chleu vao ndi P-N ¢6 di nang luong 1am phat sinh cac cap dién tu - 16
trong ¢ sat hai bén modi ndi lam mat do hat tai dién thiéu s ‘tang 1én. Cac hat tai dién
thiéu s6 nay khuéch tan qua méi ndi tao nén dong dién dang ké cong thém vao dong dién
bao hoa nghich I ty nhién cua diod, thuong la dudi vai tram nA vdi1 quang diod Si va
dudi vai chuc pA véi quang diod Ge.

D6 nhay cta quang diod tiy thudc vao chit ban dan 1a Si, Ge hay Selenium... Hinh
ve€ sau day cho thay do nhay do theo tan so ctuia anh sang chi€u vao cac chat ban dan nay:
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Do nhay (%)
100

Sl Ge
75

so | i i\y /i AT

25 j._.;f:'f'.:-- -
ol / e

2000 4000 6000 &00 10000 12000 14000

Tt ngoai Anh sang thdy dugc  Hong ngoai

Dong dién nghich mA
0,5
’ 40001,
0,4
3000f,
0,3
2000f,
2
0, 1000f,
0,1 Dong tbi L=0
| 0 Pién thé phan cuc nghich

Hinh 7

Pic tuyén V-I cua quang diod voi quang thong 1a thong sé cho thdy ¢ quang thong
nho khi dién thé phan cuc nghich nho, dong dién tang theo dién thé phan cuc, nhung khi
dién thé phan cuc 16n hon vai volt, dong dién gin nhu bao hoa (khong ddi khi dién thé
phan cuc nghich ting). khi quang thong 16n, dong dién thay ddi theo dién thé phan cuc
nghich. Tan sb hoat dong cua quang diod c6 thé 1én dén hanh MHz. Quang diod ciing
nhu quang dién tré thudng dugc dung trong cac mach diéu khién dé dong - md mach
dién (dan dién khi c6 anh sang chiéu vao va ngung khi tdi).

IV. QUANG TRANSISTOR (PHOTO TRANSISTOR).

Quang transistor 1a néi rong duong nhién ctia quang diod. V& mat cu tao, quang
transistor cting giong nhu transistor thuong nhung cuc nén dé hé. Quang transistor co
mot thau kinh trong sudt dé tap trung anh sang vao noéi P-N gitra thu va nén.

Khi cuc nén dé ho, ndi nén-phat duge phan cuc thuanchut it do cac dong dién ri
(dién thé Vgg lac d6 khoang vai chuc mV ¢ transistor Si) va noi thu-nén dugc phan cuc
nghich nén transistor & vung tac dong.

Vi ndi thu-nén duoc phan cyc nghich nén c6 dong ri I, chay gifta cuc thu va cuc
nén. Vi cuc nén bo trong, ndi nén-phat dugce phan cyc thuan chut it nén dong dién cuc thu
1a I,(1+pB). bay la dong t61 ciia quang transistor.
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IC (mA)
_L_ Quang thong
5 %)
N I R §
=y © R Z
4
=, ._I P ;
B - s
-V
N — cc 2 2,
T 1
@ volt
o n " 0 < A Vv
Ky hiéu Phan cuc Pic tuyén V-1 CE
Hinh 8

Khi c6 anh sang chiéu vao mdi nbi thu nén thi su Xuét hién cua cac cap dién tir va 16
trong nhu trong quang diod lam phat sinh mot dong di¢n I, do anh sang nén dong dién
thu tré thanh: Ic=(B+1)(Iot])

Nhu viy, trong quang transistor, ca dong t6i 1an dong chiéu sang déu dugc nhan 1én
(B+1) 1an so v6i quang diod nén dé dang sir dung hon. Hinh trén trinh bay déc tinh V-I
cuia quang transistor voi quang thong 1a mot thong sO. Ta thdy dic tuyén nay gidng nhu
dic tuyén cua transistor thudng mic theo kiéu cuc phat chung.

C6 nhiéu loai quang transistor nhu loai mdt transistor dung dé chuyén mach dung

trong cac mach diéu khién, mach dém... loai quang transistor Darlington c6 d6 nhay rat
cao. Ngoai ra nguoi ta con ché tao cac quang SCR, quang triac...

A T
‘@F = \ \
G
K T,

Quang transistor Quang Darlington Quang SCR Quang TRIAC
Hinh 9
Vai ing dung ctia quang transistor:
1. Quang ké:
bay la mach don gian dé do cuong do anh sang, bién tr& 5K dung dé chuin may
nho mot quang ké mau. Khi anh sdng chi€u vao cang mach, quang transistor cang dan

manh, kim dién ké léch cang nhiéu. Di nhién ¢ mach trén ta ciing c6 thé dung quang dién
tré hay quang diod nhung kém nhay hon.
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Hinh 10

2. Bong hay tit Relais:

+12V +12V

d

Ny KTz

T1 T1

Hinh 11

Trong mach déng relais, khi quang transistor dugc chiéu sang né dan dién lam 1
thong, Relais hoat dong. Ngugc lai trong mach tat relais, O trang thai thuong tryc quang
transistor khong duoc chiéu sang nén quang transistor ngung va T, ludn thong, Relais ¢
trang thai dong. Khi duoc chiéu sang, quang transistor din manh lam T, ngung, Relais
khong hoat dong (6 trang thai tit).

V. DIOD PHAT QUANG (LED-LIGHT EMITTING
DIODE).

O quang trg, quang diod va quang transistor, nang luong cuaq anh sang chiéu vao
chét ban dan va cip nang luong cho cac dién tir vuot dai cam. Nguoce lai khi mot dién tur
ttr dai dan dién rdt xudng dai hoa tri thi s& phat ra mot nang luong E=h.f

Khi phan cyc thuén mot nbi P-N, dién tir tu do tir ving N xuyén qua vung P va tai
hop v6i 16 tréng (vé phuong dién néng lugng ta ndi cac dién tu trong dai dan dién — c6
nang luong cao — roi xudng dii hoa tri - c6 ning lugng thap — va két hop véi 15 trong),
khi tai hop thi sinh ra ndng lugng.

¢ | ¢ |
(\Relay (\Relay
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| Daj dan dién |
Dai
By cm
| Daihoatri |
Hinh 12

Dbi v6i diod Ge, Si thi ning luong phat ra dudi dang nhéit. Nhung dbi véi diod cau
tao bang GaAs (Gallium Arsenide) ning lugng phat ra la anh sang hong ngoai (khong
thiy duoc) dung trong cac mach bao dong, diéu khién tir xa...). V&i GaAsP (Gallium
Arsenide phosphor) ndng lugng phat ra la anh sang vang hay do. Vi1 GaP (Gallium
phosphor), ndng lugng anh sdng phat ra mau vang hoac xanh 1a cdy. Cac Led phat ra &nh
sang thay dugc dung dé 1am dén béo, trang tri... Phian ngoai cia LED c6 mét thau kinh
dé tap trung anh sang phat ra ngoai.

Ip (mA) GaAsPdé6 GaAsP vang

Si GaAs

10
R 2 GaP luc

6

+ | Vee I !'
— V 4
LED - D

\\: 2 - Ip § )

0 71 15 2 3Vp
Ky hiéu Phan cuc bac tuyén

Hinh 13

Dé c()‘ anh sang lién tuc, pgu’()i ta,phén cuc thuan LED. Tuy theo yét liéu céu tao,
dién thé thém cua LED thay do6i tir 1 dén 2.5V va dong dién qua LED t61 da khoang vai
mA.

VI. NOI QUANG.
(OPTO COUPLER-PHOTOCOUPLER-OPTOISOLATOR)
Mot dén LED va mdt linh kién quang dién tir nhu quang transistor, quang SCR,

quang Triac, quang transistor Darlington co thé tao nén su truyen tin hi€éu ma khong can
duong mach chung.

~ Cac nbi quang thuong duoc ché tao duoi dang IC cho phép cach ly phan dién cong
suat ma thuong la cao thé khdi mach dic€u khién tinh vi & phia LED. Day 1a mét vu diém

rat lon ctuia no1 quang.

Hinh sau day gidi thi¢u mdt s6 noi1 quang dién hinh:
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II:& 16 15 6

2o =2, =5 ZESZZ) =K
A A

3 =4 3 =4

4N25 (Transistor output) 4N29 (Darlington output)
15 =13 = =1
2 :EZZ) =R 2 :EZ 7% =5
A
3 — 4 39 =14
HC11C2 (SCR output) MOC3021 (Triac output)
Hinh 14

Hinh sau day gidi thiéu mot 4p dung cta ndi quang

270

150 L

9 ’ Tai
VYA Y |
Q1 MOC3021 g )

. &Y

51 S
o 220VAC

Hinh 15

tn 3V —>30\%

- Q1: Béo vé ndi quang khi dién thé ngudn 16n (chia bét dong dién qua LED).

- Khi LED sang, ndi quang hoat dong kich hai SCR hoat dong (mdi SCR hoat dong
o mQt ban ky khi c6 xung kich tir n61 quang) cap dong cho tai.

- Khi LED tit, ndi quang ngung, 2 SCR ngung, ngit dong qua tai.

- Mach nay 1a mét vi du vé mach SSR (Solid — State — Relay).
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CHUONG IX

SO LUQC VE IC

I. KHAI NIEM VE IC - SU KET TU TRONG HE THONG
PIEN TU.

IC (Intergated-Circuit) la mot mach dién tr ma cac thanh phan tac dong va thu dong
déu duoc ché tao két tu trong hodc trén mot dé (subtrate) hay than hodc khong thé tach
rdi nhau dugc. Dé nay, co thé 13 mot phién ban din (hau hét 1a Si) hodc mot phién cach
dién.

Mot IC thuong co kich thudc dai rong c& vai traim dén vai ngan micron, day c& vai
tram micron dugc dyng trong mot vo béng kim loai hoac béng plastic. Nhitng IC nhu vay
thuong 12 mot b phan chirc nang (function device) tirc 14 mot bo phan c6 kha ning thé
hién mot chirc nang di¢n tr nao do. Sy két tu (integration) cac thanh phén cua mach dién
tr cling nhu cac bo phéan cAu thanh ciia mot hé théng dién tir van 1a huéng tim toi va theo
dudi tir lau trong nganh dién tir. Nhu cau cua su két tu phat minh tur su két tu tAt nhién cua
cac mach va h¢ théng dién tir theo chiéu hudng tir don gian dén phtre tap, tir nho dén 16,
tu tan sb thap (toc d6 cham) dén tan s6 cao (tbc dd nhanh). Sy tién trién nay 1a hau qua tat
yeu ctiia nhu cau ngay cang tang trong viéc xu ly luong tin tirc (information) ngay cang
nhiéu cta x4 hoi phat trién.

Nhiing h¢ thong dién tir cong phu va phurc tap gbm rat nhiéu thanh phan, bo phén.
Do d6 nay ra nhiéu van dé can giai quyét:

1. Khoang khong gian ma s6 luong 16n cac thanh phan chiém doat (thé tich). Mot
may tinh dién tir cAn dung dén hang triéu, hang vai chyc triéu bd phén roi. Néu khong
thuc hién bang mach IC, thi khéng nhing thé tich cua no s€ lon mot cach bat tién ma
dién ning cung cap cho nd ciing s& v6 cing phtic tap. Ma néu c6 théa mén ching nira, thi
may cling khong thuc dung.

2. Do kha tin (reliability) ciia hé théng dién tu: 1a do dang tin cdy trong hoat dong
dung theo tiéu chuan thiét ké D9 kha tin cua mot hé théng tat nhién phu thudc vao do
kha tin cua cac thanh phan ciu thanh va cac bo phén noi tiép giita chung. H¢ thdng cang
phtrc tap, s6 bo phan cang ting va chd ndi tiép cang nhiéu. Vi vay, néu dung bo phan roi
cho cac hé théng phirc tap, do kha tin cta no s& giam thap. Mot hé thong nhu vay sé& truc
tric rat nhanh.

3. Tudi tho trung binh t cia mot hé thong dién tir gdm n thanh phan sé la:

A \ t.
Néu t;=t,=...=t, thi t=-"
n
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Vay néu mot transistor co tudi tho 1a 108h, thi mot may tinh gém 500000 ngan
8
transistor s€ chi co6 tuoi tho 51 ?0 ;

=200 gid

Céc thanh phan trong IC dugc ché tao dong thoi va ciing cung phuong phéap, nén
tuoi tho IC xap xi mdt tuodi tho mot transistor Planar.

4. Mot hé théng (hay mot may) dién tir c6 cau tao nhu hinh vé:

Vat lidu B phén Mach dién | B0 phén cau | Hé théng
T linh kién tir co ban | thanh hé thong | diéntu
— /)

~

B0 phan chtric nang

Su két ty 4p dung vao IC thuong thyc hién ¢ giai doan bo phén chuc nang. Song
khai niém két tu khong nhat thlet dung lai ¢ giai doan nay. Nguoi ta van nd luc dé két tu
v6i mat d6 cuc cao trong IC, naim hudng t&i viée két tu toan thé hé thdng dién tir trén mot
phiém (chip)

Nam 1947 1950 | 1961 1966 1971 1980 1985 1990
Con 11:11111?; Linh
& | kién SSI MSI | LSI | VLSI | ULSI GSI
nghé Transi N\
roi
-stor
So
Transistor
trén 1
chip trong 100~ | 1000— | 20000
cac san 1 1 10 1000 20000 o >500000 | >1000000
pham 500000
thuong
mai
L}r}h Mach ., Vi quly
(o kién X Vixu . chuyén
Cac san dém,da | ,, . Vi xtr \
2 en BIT planar, ly 8 bit, | ., . | dung, xur
pham tiéu . 2 hop, ly 16 va .
i Diode Cong ROM, . 1y anh,
biéu ) mach 32 bit .
logic, on RAM thol gian
Flip Flop e thuc

SSI: Small scale integration: Tich hop qui m6 nho
MSI: Medium scale intergration: Tich hgp qui mo trung binh
LSI: Large scale integration: Tich hop theo qui mé 16n
GSI: Ultra large scale integration: Tich hop qui mé khéng 15
Toém lai, cong nhé IC dua dén nhitng diém loi so véi k¥ thuat linh kién roi nhu sau:
- Gia thanh san pham ha
- Kich ¢& nhd
- D6 kha tin cao (tat ca cac thanh phan duoc ché tao cung lac va khéng cé nhimg
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diém han, nbi).

- Tang chét luong (do gia thanh ha, cdc mat phuc tap hon co6 thé duoc chon dé hé théng
dat dén nhirng tinh nang t6t nhét)

- Céc linh kién duogc phdi hop tot (matched). Vi tat ca c4c transistor dugc ché tao dong
thot va cung mét qui trinh nén cac thong s6 twong tng cta chung vé co ban c6 cing do
16n ddi voi su bién thién cta nhiét do.

- Tubi tho cao.
II. CAC LOAI IC.
Dua trén qui trinh san xuét, c6 thé chia IC ra 1am 3 loai:
1. IC mang (film IC):

Trén mot dé bang chat cach dién, dung cac 16p mang tao nén cac thanh phan khéc.
Loai nay chi gom céc thanh phan thu dong nhu dién trd, tu dién, va cudn cdm ma thoi.

Day ndi gifra cac b phan: Dung mang kim loai c6 dién trd stidt nhé nhu Au, Al,Cu...

— Dién tro: Dung mang kim loai hoac hop kim c¢6 dién tro suit 16n nhu Ni-Cr; Ni-Cr-Al;
Cr-Si; Cr c6 thé tao nén dién trd o tri s6 rat 1om.

— Tu dién: Dung mang kim loai dé dong vai tro ban cuc va dung mang dién moi SiO;
Si0,, Al,0O3; Ta,0s. Tuy nhién kho tao dugc tu cd dién dung 16n hon 0,02 ;,tF/Cm2 .

— Cudn cam: dung mot mang kim loai hinh X04n. Tuy nhién kho tao dugc cudn cam lén
qua 5pH vei kich thude hoply. Trong so d6 IC, ngudi ta tranh dung cudn cam dé khong
chiém the tich.

— Cach dién gitra cac bd phan: Dung SiO; SiO;; AlOs.

C6 mdt thoi, Transistor mang moéng dugc nghién ctru rat nhiéu dé tmg dung vao IC
mang. Nhung tiéc la transistor mang chua dat dén giai doan thuc dung, néu khong phai la
it c6 trién vong thuc dung.

2. IC don tinh thé (Monolithic IC):

Con goi 1 IC ban dan (Semiconductor IC) —1a IC dung mdt dé (Subtrate) bang chét
ban dan (thuong la Si). Trén (hay trong) dé d6, ngudi ta ché tao transistor, diode, dién
trd, tu dién. ROi dung chat cach dién SiO, dé phui 1én che chd cho cac b phan dé trén 16p
Si0,, dung mang kim loai dé ndi cac bd phan vo1 nhau.

— Transistor, diode déu 1a céc bd phén ban dan.

— Dién tro: duoc ché tao bang cach loi dung dién tré cia 16p ban din c6 khuéch tan tap
chét.

—  Tu dién: Puoc ché tao b?mg cach loi dung dién dung cua vung hiém tai mot ndi P-N bj
phan cuc nghich.

D6i khi ngudi ta ¢6 thé thém nhimg thanh phan khac hon cta cac thanh phan ké trén
dé dung cho cac muc dich dic thu
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Cac thanh phén trén duoc ché tao thanh mot sb rat nhiéu trén cung mot chip. Co rat
nhiéu moéi n61 gitra chung va ching dugc cach ly nhd nhiing né1 P-N bi phan cuc nghich
(dién tré c6 hang tram MQ)

3. IC lai (hibrid IC).
La loai IC lai gitra hai loai trén

Tt vi mach mang mong (chi chira cac thanh phan thy dong), ngudi ta gin ngay trén
dé ciia n6 nhiing thanh phan tich cuc (transistor, diode) tai nhimg noi da danh san. Cac
transistor va diode gin trong mach lai khong can c6 vo hay dé riéng, ma chi can dugc bao
vé bang mot 16p men trang.

Uu diém cua mach lai 1a:

- C6 thé tao nhiéu IC (Digital hay Analog)

- C6 kha nang tao ra cac phan tir thu dong co cac gié tri khac nhau véi sai s6 nho.

- Co kha nang dat trén mot dé, cac phan tir mang mong, cac transistor, diode va ngay ca
cac loai IC ban dan.

Thuc ra khi ché tao, nguoi ta co thé dung qui trinh phéi hop. Cac thanh phén tac
dong duoc ché tao theo cac thanh phan k¥ thuét planar, con cac thanh phan thu dong thi
theo k§ thuat mang. Nhung vi qué trinh ché tao cac thanh phan tac dong va thu dong
dugc thyc hién khong déng tho1 nén cac dic tinh va thong s6 cua cac thanh phﬁn thu
dong khong phu thudc vao cac dic tinh va thong sb cua cic thanh phan tac dong ma chi
phu thudc vao viéc lua chon vt liéu, bé dy va hinh dang. Ngoai ra, vi cac transistor clia
IC loai nay nam trong dé, nén kich thudc IC dugc thu nhé nhiéu so voi IC chira transistor
roi.

IC ché tao bang qui trinh phéi hop ciia nhiéu wu diém. Vi k¥ thuat mang, trén mot

dién tich nho c6 thé tao ra mot di¢n tré co gia tri 16n, hé s6 nhiét nhé. Biéu khién tdéc do
ngung dong ciia mang, cd thé tao ra mot mang dién tré véi do chinh xac rat cao.

I11. SO LUQC VE QUI TRINH CHE TAO MOQT IC PON
TINH THE.

Céc giai doan ché tao mot IC don tinh thé c6 thanh phan tac dong 1a BIT, duoc don
gian hoa gom cac budc sau:

Budc 1:

Sio,
25 —75mm O.Suml /
0.025mm | i | m

0.15mm Nén P-Si Nén P-Si

0.15mm

Hinh 1
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a. Ttr mot nén P-Si (hodc n-Si) don tinh thé
b. Tao mot 16p epitaxy mong loai N-Si
¢. Phu mot 16p cach dién SiO;

Budc 2:

Dung phuong phap quang khic dé khtr 1op Si0, 0 g _>|£MJJ_—|

mot s6 chd nhét dmh tao ra cac cua s6 & bé mat tinh Chat cam__ e

thé. Tir cac cira so, c6 thé khuéch tan tap chét vao. quang_~

si0, =~ PSP

Pau tién, vé so dd nhitng noi can md cua so, ™SI
chup hinh so d6 rdi ldy phim am ban, thu nho lai.

Nhiing noi cin mo cia so 1a vung tdi trén phim Hoatan Rén lai

a. B61 mot 16p can quang trén bé mit. bit phim ¢ trén roi
tia cyc tim vao nhimg noi cAn mé cira s6 duoc 16p den trén
phim bao v¢. Nhung tinh thé 'vao dung dich tricloetylen.
Chi nhung noi can mo cua s0 16p can quang mdi bi hoa tan,
cac noi khéc ran lai.

b.Lai dem tinh thé nhiing vao dung dich fluorhydric. Chi
nhimng noi can mo cira s6 16p SiO, bi hoa tan, nhitng noi Si0,
khéc nho 16p can quang che cho.

c. Pem tay 16p can quang

d. Khuéch tan chat ban dan P sau dén than, tao ra cac dao
N.

e. Lai m& cira s6, khuéch tan chat ban dan P vao cac ddo N
(khuéch tan Base) Si0,——
f. Lai m& cira s6, khuéch tan chét ban dan N vao (khuéch
tan Emitter)

g. Phu kim loai. Thyuc hién céc chd ndi

Hoa tan

P-Si

n-Si

Khuéch tan p

Pao

Khuéch tan Base
Thi du:
8102

MGt mach diét} don gidn nhu sau, dugc ché tao dudi dang
IC don tinh thé. I I Nén I I

Khuéch tan Emitter

SiO,—
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bién tré Kim loai Al Diode Diode ndi Transistor
2 1m foal 1 3 5 4
I —— Tl T P ——— - grr—
n+ n+ n+ n+ n
SiO, /
p p Base
n n I Collector
Than p /
V4 , \
Emitter Tiep xtic kim loai
Hinh 4

IV. IC SO (IC DIGITAL) VA IC TUONG TU (IC
ANALOG).

Dua trén chic ndng xu 1y tin hi¢u, nguoi ta chia IC 1a hai loai: IC Digital va IC
Analog (con goi 1a IC tuyén tinh)

1. IC Digital:

La loai IC xir Iy tin hiéu sb. Tin hiéu s6 (Digital signal) 1a tin hiéu c6 tri gi4 nhi phan
(0 va 1). Hai mtrc dién thé tuong tng v6i hai tri gia (hai logic) do la:

- Mtic High (cao): 5V dbi voi IC CMOS va 3,6V d6i véi IC TTL
- Mtic Low (thap): 0V ddi v6i IC CMOS va 0,3V dbi voi IC TTL
Thong thuong logic 1 twong g vd1 mtrc H, logic 0 twong trng véi mic L

Logic 1 va logic 0 dé chi hai trang thai d6i nghich nhau: Péng va mo, dang va sai,
cao va thap...

Chung loai IC digital khong nhiéu. Chiing chi gom mét sb cac loai mach logic cin
ban, goi la cong logic.

Vé cong nghé ché tao, IC digital gom céc loai:
- RTL: Resistor — Transistor logic
- DTL: Diode — Transistor logic

- TTL: Transistor — Transistor logic
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- MOS: metal — oxide Semiconductor
- CMOS: Complementary MOS

2. IC analog:

La loai IC xtr Iy tin hiéu Analog, d6 1a loai tin hi€u bién d6i lién tuc so véi IC Digital, loai
IC Analog phat trién chdm hon. M6t 1y do 13 vi IC Analog phan 16n déu 1a mach chuyén dung
(special use), trir mot vai truong hop déc biét nhu OP-AMP (IC khuéch dai thuat toan), khuéch
dai Video va nhirg mach phd dung (universal use). Do d6 dé thoa man nhu cau sir dung, nguoi
ta phai thiét ké, ché tao rat nhiéu loai khac nhau.

Tai li€u tham khao
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