Chuiong 2 - Cdc linh kié¢n bdn dén

Chuong 2 _
CAC LINH KIEN BAN DAN

Thiét bi dién tif bao gdm nhiéu loai linh kién. Péng vai trd cd bdn nhit, quyé&t dinh nhit
trong hoat dong va chi't lugng clia may méc dién tl néi chung 1a cédc linh kién ché€ tao tir chat
ban din, vi du nhu diode, transistor, transistor trudng (JFET, MOSFET,...), cdc vi mach (I.C) v.v
... ching da va dang thay th€ mot cach hiéu qua cho cdc phan tif clia th€ hé trudc (dén hai cuc
chan khong, den ba cyc, v.v...) Vi vdy, trudc khi nghién cttu cdc ¢ng dung k¥ thudt nhu mach
khuéch dai, mach tao dao dong hinh sin, tao va bi€n ddi dang xung v.v..., trong chuong nay
chiing ta tim hi€u vé& cAu tao, nguyén tic hoat dong clia cdc linh kién nay.

2.1. CHAT BAN DAN VA CG CHE DAN DIEN:
2.1.1.Mang tinh thé va lién két hod tri:

Céc chit ban din dién hinh nhu Gecmanium (Ge), Silicium (Si), ... thudc nhém 4 bing tudn
hoan céc nguyén t&. Ching ciu tao tif nhitng tinh th€ c6 hinh dang xdc dinh, trong d6 cdc nguyén
tlr dugc sip x&p theo mdt trat tu chit ché, tuan hoan, tao nén mot mang 1udi, goi 12 mang tinh
thé. Ching han mang tinh thé ctia Ge (hoic Si) c6 hinh tit dién.

D€ don gian, ta c6 thé hinh dung ciu tric cac tinh thé ban din bing mé hinh phdng nhu h.2-
1-1a. Xung quanh mdi nguyén t& ban din. (vi du Si) luén ludn c6 4 nguyén t khic k& can, lién
két chiit ché v6i nguyén tir 6. M&i lién két dude bi€u thi bing hai gach song song. Mdi nguyén
th nay déu c6 4 dién tir hod tri & 16p v ngoai cling. Do khodng cich giita cdc nguyén tif rd't gan,
cac dién t& nay chiu anh hudng clia ca cdc nguyén tf xung quanh. Vi vay dién t& hoa tri cia hai
nguyén tif canh nhau cling c6 nhitng quy dao chung nhu bi€u thi trén h.2-1-1b. Quy dao chung d6
rang budc nguyén t ndy vSi nguyén t khac, tao nén mdi lién két hod tri (con goi lién két doi
dién tik).

Hinh 2-1-1. CAlu tric tinh thé (a) va lién k&t hod tri (b)

Nhu thdy 16 tir hinh v&, do lién k&t véi bon nguyén tif xung quanh, 16p vé ngoai cling clia
mdi nguyén tr Si nhu dugc b sung thém 4 dién t, nghia 13 di s6 dién t t6i da ctia 16p v (8
dién tr) va do dé, 16p nay trd thanh bén vitng (it c6 kha ning nhin thém hoic mit bt dién tir).
Trong trang thdi nhu vay, chi't ban din khdng cé dién tich tu do va khong dén dién.
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Chuiong 2 - Cdc linh kié¢n bdn dén

2.1.2. Dién tit tu do va 16 trong - ban dan loai i:

Tinh trang trén day x4y ra trong mdt chit ban din thuan khi€t (khdng 1dn tap chit) c6 ciu
tric tinh thé hoan chinh va c6 nhiét do rat thap (T = 0°K). Khi chdt ban din c6 nhiét do cao hon
(hodc dudc cung cap ning lugng dudi cdc dang khdc: chi€u 4nh sdng, bi bin phé bdi cdc chum
tia v.v...), mot s6 dién tif hod tri nhan thém ning lugng s& thodt khdi mdi lién két vdi céc
nguyén t, trd thanh ty do, ching mang dién 4m (q = 1,6.10" C) va sin sang chuyén dong c6
huéng khi c6 tdc dung cia dién truong. Ta goi d6 12 dién tit do. Khi mot dién tlir do xuat hién, tai
mdi lién k&€t ma dién tf vira thodt khdi sé thi€u mat mot dién tich Am —q, nghia 13 du ra mot dién
tich duong +q. Ta goi d6 1a mot 16 trong (hoic: 10).

Nhu vay, trong chat bdn dAn thudn khiét vira xét (goi la bdn ddn i) c6 hai loai dién tich tu do
cting xuit hién khi dudc cung cAp ning lugng: dién t& va 16 trdng. Mat dd clia chiing (ndng dd
trong mot don vi thé tich) 1a bing nhau va thudng ky hiéu n;, p;.

nj = p; (2-1-1)

Dién ti va 15 trong 14 hai loai hat mang dién, khi chuyén ddng c6 hudng sé tao nén dong
dién, vi vdy thudng dudc goi chung 12 hat ddn.

2.1.3. Bdn dédn loai N va bdn ddn logi P

Chat bdn din thuin khiét trén day

(Si hodc Ge) n€u dugc pha thém tap chit \\ //// \\ 4/ \Q\ ////

thuoc nhém 5 (vi du Asenic doi véi Ge @ @ @
hodc Phosphore d6i v6i Si) v6i ham \\ // \ / \ / \
lugng thich ddng sao cho cdc nguyén t / \\ / \ / \\
tap chdt nay chi€m chd mot trong nhitng @ @

niit cia mang tinh thé thi co thé din dién / \s\ // \\ /;// \\\ //.//
sé thay d8i. That vy khic v6i chat co @ . @\

ban (vi du Si trén h. 2-1-2), nguyén t tap \ ////@D\Q\ // \&v
“Pién tir

chit (ching han Phosphore) vé ngoai @

cung ¢6 5 dién td, trong d6 4 dién td \\ / \ /@\ ;
tham gia lién k&t héa tri v6i cdc nguyén / \ / \ / \\ thi 5
tir 1an cin (twong ty nhu lién két trong
mang Si thuan khi€t). Pién ti thit 5 lién
k&t y&u hon vé6i hat nhin va nguyén t
xung quanh, cho nén chi can dugc cung cAp mot ning lugng nhd (nhd nhiét dd, 4nh sdng v.v...),
dién tlf nay sé thoat khéi trang thii rang budc, tré thanh hat din tu do. Nguyén tit tap chat khi d6
bi ion hod da tr§ thinh mot ion duong. N€u c6 dién trudng dit vao, cdc hat din ty do ndi trén sé&
chuyén dong c6 huéng, tao nén dong dién.

Hinh 2-1-2. Mang tinh thé ctia ban din N

Nhu vy, tap chit nhém 5 cung cAp dién tif cho chit bin din ban diu nén dugc goi I tap
chat cho (hoic tap donor). Chit ban din c6 pha tap donor goi 12 bdn din loai N (hoic b4n din
dién tr).

N&u goi Ny 1a ndng dd tap donor (chita trong mot don vi thé tich ciia chi't co ban) thi khi
dudc cung cip ning lugng ddy di (ching han dit chat bdn din trong moi trudng c6 nhiét dd kha
cao hon 0°K vi du & —30°C), toan bo cdc nguyén tf tap chdt déu déu da bi ion hod. Nong do dién
t tv do do tap chi't cung cAp tuong tng s€ 1a:

ng = Nd (2—1—2)
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Chuiong 2 - Cdc linh kié¢n bdn dén

Ngoai hién tugng giai phong dién tr ty

do nhd tap donor vira néu, riéng chit co \% /7 \\ /7 \s\ //

bdn vin c6 qud trinh sdn sinh ra ting cdp @ @ @
dién it - 16 tréng do tdc dong cha nhiét do \ / \ // \ // \
(hodc 4nh sdng,...), gioéng nhu trong bdn / / \ / \
din thuan. Vi viy tdng ndng do dién ti tu

(si)
;1; ];;lngg:chéft bén din loai N (ky hi¢u n) " \\@ ' s\{{ \\@//
o= Ng + pn (2-1-3) \\@/f// . //// \\\////LZE

pn 12 ndng dd 16 trdng trong ban din N.

) / \ \ /@\\tré’ng
Nhu vidy G ban dan nay: / \ / \ / \
fln >> Pa 14 15nh2-1-3. Mang tinh thé ctia ban din P
Ta goi dién t& 1a hat dén da s6, 15
trong 12 hat dan thiéu sé.
Thong thudng, ngudi ta bd qua vai trd clia hat din thi€u s6, 14y gin ding d6i vdi ban din N:

n, ~ Ny (2-1-5)

Trudng hdp tap chit pha vao thudc nhdém 3 clia bing tudn hoan cic nguyén td (ching han
Bore ddi v6i Si, hodc Indium d6i v6i Ge), do 16p v ngoai cing clia nguyén tif tap chdt chi ¢6 3
dién ti, khi tham gia vao mang tinh thé clia chit co ban (vi du Si trén h.2-1-3) chi tao nén 3 m&i
lién k&t hoan chinh, con mdi lién k&t thit tuw bi bd hd. Chi cAn mdt kich thich nhd (nhd nhiét do,
4nh sdng,...) 12 mdt trong nhitng dién t cia cdc mdi lién k&t hoan chinh bén canh s& dén thé
vao lién k&€t bd hd néi trén. Nguyén tit tap chit lic d6 sé trd thanh mot ion 4m. Tai moi lién két
ma dién tir vira di khéi sé du ra mot dién tich duong, nghia 1a xuit hién mot I trong. N&u c6
dién trudng dit vao, cdc 16 trong nady sé tham gia din dién.

Nhu vay, tap chi't nhém 3 tiép nhdn dién t tit chi't co ban dé 1am sin sinh cdc 16 tréng nén
dudgc goi 1a tap chdt nhdn (hodc tap acceptor). Chat ban dan c¢6 pha tap nhém nhu trén goi 12 ban
din loai P (hodc bdn din 16 tréng).

Ciing nhu trudng hdp trén, néu goi N, 12 ndng d6 tap acceptor, trong di€u kién ion hod toan
b (vi du chdt ban din & nhiét do tir —30°C trd 1én), ndng do 16 tréng do tap chit gy ra la:

Pa=Ny (2-1-6)

Ngoai s 18 trong k€& trén, trong chi't cd ban van tdn tai mot it dién ti va 16 trong (s6 luong
bing nhau) do tdc dong clia nhiét dd hoic 4nh sdng gy nén, gidng nhu trong ban din thuin. Vi
vy, n€u ky hiéu néng do tong cla 18 trong va dién ti trong chi't bin din loai P dang xét 1a p,
va ny, thi:

pp=Na+n, (2-1-7)
rd rang pp>>1p (2-1-8)

L3 trong 13 hat dén da s6, dién t 12 hat dan thiéu so.

Thong thudng, ndng dd hat din thi€u s 12 khong dang k€, do dé ddi véi ban din P, ngudi ta
14y gin ding:

p, ~N, (2-1-9)

Bai gidng Ky thudt dién tit 13



Chuiong 2 - Cdc linh kié¢n bdn dén

Tém lai, tiy theo tap chit pha vao thuoc nhém 3 hay nhém 5 ma chit bdn ddn thudn (bdn
dén i) tré thanh bdn dén P hay bdn dén N. Hat dan da sé twong ing la 16 trong hodc dién tit. Cac
nguyén t tap chat khi dugc kich thich (nhdi nhiét do 4nh sdng...) tré thanh ion dm acceptor
hodc ion duong donor.

Pinh nghia nhu trén mang tinh Iy tuwéng hod. Trén thuc t&, nhiéu khi trong mot chi't ban din
c6 chia ca hai loai tap acceptor. Khi Ny > N, chit ban din sé& thé hién nhu mdt ban din loai N.
Tuong tu khi N, > Ng: bdn din loai P. Con khi Ny = N,: coi nhu ban dan i.

Ciing can luu y thém ring & trang thdi cdn bdng, mdi chat ban din déu trung hoa dién,
nghia I tng moi dién tich duong diing bing tri sd clia tdng cac dién tich Am trong thé tich.

2.1.4. Gidi thich co ché din dién theo ly thuyét viing ndng lugng

Trén day 12 gidi thich mdt cdch dinh tinh sy dAn dién cda ba loai ban din dua trén cAu tao nguyén tif. D€ c6
thé tinh todn dinh lugng dd din dién clia cdc chit rin néi chung, ciing nhu sy phil thudc clia dién trd xudt vat liéu
vao cdc tham s khdc, ngudi ta phai ding Iy thuyét viing ndng ligng ma dudi day chi dé cap so lugc.

1 - Gidn dé ndang lugng ciia dién tit trong chdt rdn

Nhu d3 bi€t, mdt nguyén tif bao gdm hat nhidn mang dién duong va cic 16p vé dién tif mang dién Am (goi 12
16p K, L, M ... ddnh s6 biing s6 lugng tf n = 1, 2, 3...). Mdi 16p nay lai phan thanh mot s& 16p nhé (ky hiéu 1s, 2s,
2p, 3s, 3p, 3d...) va s6 lugng dién tif t8i da trén mdi 16p 12 mdi s& xdc dinh. Vi du cdc 16p s (1s, 2s hoic 3s,...) mbi
16p c6 t6i da 2 dién tir, cac 16p p (2p, 3p, hodc 4p,...) mdi 16p c6 tdi da 6 dién tif.

Dién tif trén mot 16p nhd ¢6 mdt ning lugng W nhat dinh. Cdc gid tri ning lugng nay 1a rdi rac, x€p thanh
nhiéu mic khac nhau. P4 thi bidu dién cdc mifc ning lugng cé thé clia dién tif trong mot dién ti c6 1ap (cach xa cdc
nguyén tf khdc) nhu h.2-1-4. (con s& ghi trén mdi mifc chi s dién tk t6i da cda mic do)

Ta thi'y 16p vé gin hat nhin c6 ning lugng bé nhit. Cang xa W 4
hat nhin, ning lugng cang ting, ddng thdi khodng cich giita cic
mifc k€ ti€p cang gidm dan. Cic mdc phia trén rdt sit nhau, gin 44 | ¢—0—0—-0—0—0—0—6—6—8— 10
nhu lién tuc. Pién tif ¢6 xu hudng “chi€m” cdc mic ning lugng bé
trudce, tifc 1a x&p trén mot 16p vo phia trong trude. Sau dé, khi cdc
16p bén trong da diy méi “chi€m” din ra ngoai. Vi vay cic 16p
phia trong c6 dd s dién ti t6i da (goi 1a 16p day hoic mic day),
16p phia ngoai thudng chua ddy hodc con trong. Chi cdc dién tf 3P —&—¢—6—0—6—0—6
trong 16p vd chua ddy mdi c6 kha niing thodt khdi trang thdi rang
budc trd thanh tu do. 3s ® * 2

3d e—e—e—0—0—0—0—0—90—0-10
hp —e——e——0—0— 6
4s ® ® 2

Trong mang tinh thé chat rin, cdc nguyén ti khong ding don
ddc ma sip x&p rat gin nhau. Vi vay trang thdi ning luong cia 2P
dién ti bi thay ddi. M3i mic ning lugng, dic trung cho tirng 16p
nhé trong nguyén tr ¢d 1ap trudc day, bay gid bi phan ly thanh rat
nhiéu mic khic nhau, k€ cin nhau, tao thinh mot viung ndng 2s Py ® 2
lugng. SO lugng mitc trong mdi viing 14 rdt 16n (bing sO lugng
nguyén tif tao nén mang tinh thé), khodng cich giita cdc mic chi
rat bé, vi viy coi mdi viing niing lugng nhu lién tuc. Tuy theo cu ly
giifa cdc nguyén ti, tic 1a tuy theo “hiing s6 mang tinh thé” clia
mdi nguyén t&, ma db thi vé& cdc viing ning lugng clia mdt nguyén
t0 mdt khdc nhau: cdc ving ning lugng cho phép (tuong dng vdi
tirng mic rdi rac trudc ddy) sé hodc gdi nhau, hoic tdch rdi nhau,
cdch nhau bdi nhitng viing khéng c¢6 mifc cho phép (viing cim).

1s ® ® 2

Hinh 2.1.4. Cic mic nang lugng
cta dién tr trong nguyén tir cO 1ap

Hinh 2-1-5a minh hoa qud trinh phén ly cdc mdc ning lugng thanh viing ning lugng khi khodng cdch giira cdc
nguyén tif d gidm dan ddi voi trudng hgp Berium. Tudng tng véi cu ly dy cia mang tinh thé Berium (Be), gidn db
viing ning lugng (con goi 1a cau tric ving ning lugng ) ¢6 dang nhu h.2-1-5b.
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Chuiong 2 - Cdc linh kié¢n bdn dén

Ta thdy miic ddy 2s va mifc trong
2p phan ly thanh hai viing g&i 1&én nhau,
tao thanh mot vung chung chua day.
Khi dugc kich thich, cdc dién t& trong
ving ndy dé dang nhin thém niing
lugng @€ nhdy 1én chi€m nhitng mitc
con trong phia trude, nghia 13 trd thanh
dién ti ty do va chiing sin sang chuyén
dong c6 huéng tao nén dong di€n khi
c6 dién trudng tic dung.

Viung ndng lugng tuong tng vdi cic
mic d3 c6 di so dién ti t6i da chi€m
gitt dugc goi 12 ving ddy. Viing ning
lugng Gng véi cdc mifc con trong goi 1a
ving trong. Pham vi giita hai ving,
khong chira nhitng mifc ndng lugng cho
phép cia dién t&, dugc goi 1a ving
cim.

Thong thudng, ngudi ta chi quan tim
dé&n cdc dién tir c6 kh3 niing din dién,
tic 1a cdc dién t & 16p v ngoai cung.
Vung ndng lugng tng véi ching goi 1a
viing hod tri. Vung trong phia trén (ké
st hodc cdch ly bdi viing cdm) dugc
goi 12 viing din dién (hoic ving din).

Ving trong
(viing din)
Ving day
(vung hoa tri)

b w

1s

b)

0 a)

Hinh 2.1.5. Phén ly cdc mdc thanh ving ndng lugng

Ngudi ta chi chid y d&n cdc viing nay, con cdc viing cAm va ving ddy tuong dng v6i cdc 16p dién tif phia trong, it

dugc dé y.

2- Su dan dién cua kim loai, dién moi va bdn din

Gidn d6 viing ning lugng & 0°K 1a co s§ d€ phan tich ba loai ba loai vat rin dién hinh: kim

loai, di€én mdbi va ban dan.

Poi véi kim loai, gidn dd ving ning luong c¢6 dang nhu hinh 2-1-6a. o) day, tuong ty nhu
trudng hgp Berium vira gidi thiéu & trén, viing din va viing hod tri géi lén nhau, khdong c6 ving
cAm xen vao giita. Vi vay, ngay & nhiét do xap xi 0°K, dién t& da c6 thé nhdy 1én chi€m nhiing
mifc con trdng clia viing din, tr§ thanh ty do va tham gia din dién.

Déi vdi chdt dién moi (chat
cich dién), ving din cdch ving
hod tri mdt bé rong clia ving
cim W, tuong déi lon (H.2-1-
6b). O 0°K ving din hoan toan
trong, khong cé dién t¥, do d6
chat dién moi khong din dién.
Trong vung hod tri khong cé
mic tréng cho nén dién ti
khong thé thay ddi ning lugng.
Mu6n trd thanh tv do d€ tham

A
_ Ving din
Vung dan e
i W W,
' g (
5 = W
Viing hoa tri
Viung hoa tri
a) b) c)

Hinh 2.1.6. Gidn d6 viing nang lugng clia kim loai (a),
dién moi (b) va ban dan (c)

Bai gidng Ky thudt dién tiv
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Chuiong 2 - Cdc linh kié¢n bdn dén

gia din dién, dién tif cda ving hod tri phdi dugc cung cidp dudc ning lugng rat 16n, di sic vudt
qud bé rong ving rong d€ chi€m cdc mic con trong ctia vang din. Nhung do W, 16n, kha ning
nay khé xdy ra. Vi vy trong diéu kién binh thudng, dii c6 dién 4p dit vao, chit dién moi van Ia
chi't cich dién .

Trudng hgp chat ban din thuan (H.2-1-6¢) bé rong viing cAm hep hon nhiéu so vé6i chi't dién
moi (vidu Sico Wy=1,1¢eV,Ge co Wy=0,7¢V).

Vi viy, khi dugc cung cip ning lugng, mot sd dién ti¥ trong viing hod tri ¢ thé vudt qua
viing cAm, nhdy 1én chi€m cdc mifc phia dudi clia viing din d€ tham gia din dién. Qu4 trinh nay
tudng ng v6i hién tugng xdy ra trong ciu tric nguyén tir da néi t6i & 2-1-2: dién tlit hod thodt
khoéi trang thai rang budc, trd thanh ty do. Miic ning lugng trong viing hod tri ma dién t& vira rdi
di khdi, trugc day da dudc dic trung bing 16 trong.

Kha ning din dién cla chit ban din tot hay xau tuy thudc vio s6 lugng dién ti ty do trong viing din va s6
lugng 16 trong trong viing hod tri. Con s6 nay lai phu thudc hai yé&u t6 :
- S& lugng mifc ning lugng trong viing din va trong ving hod tri (hoic néi cdch khdc: mat do phin bd mifc
niang lugng trong hai ving d6)
- Tinh trang c6 hay khong cé dién tit trén mdi mitc clia viing din, c6 hay khdng c6 16 tréng trén mdi mifc clia
viing ho4 tri. (N6i cdch khéc: xdc sudt chi€ém mifc ning lugng cla dién ti trong viing din va 18 tréng trong
vung hod tri).

Vat Iy thong ké va cd hoc lugng t& dd x4c dinh dugc cdc ham phan bd va xdc sudt néi rén. Tt d6 tinh dugc
ndng d6 hat din trong chit ban din:

n=N, exp(— %} (2-1-10)
p=N, exp(— _ka—Tij Q-1-11)

trong d6: W, 1a mifc ning lugng thap nhat (ddy) clia viing din; W, 12 mic ning Iugng cao nhat (dinh) cda viing hod
tri. (xem h.2-1-6¢); k 14 hiing s6 Bolzman; T : nhiét d tuyét ddi clia chdt ban din; W 14 ning lugng Fecmi (con goi:
mitc fecmi) dai dién cho ning lugng 16n nhat ma dién ti c6 & 0°K (hodc ning lugng ma xdc sut dién tif c6 gia tri
d6 chi 12 50% khi & nhiét d 16n hon 0°K). Vi tri ctia mic Fecmi trén gidn d6 nang lugng tuy thudc vao loai tap chat
va ndng do clia ching .

N., N, 1an lugt 12 mat do trang thdi hiéu dung ciia viing dAn va viing hod tri. Gi4 tri ca chiing ting theo nhiét do (ty
1& v6i T*?)

L&y tich s6 cla (2-1-10) va (2-1-11), luu ¥ riing: W, - W, = W, (b€ rong viing ciAm)

Ta di dén :

np=N_N exp( WQJ (2-1-12)
=N.N, T 1-

nhu vay, tich s6 ndng do hat din da s6 va thi€u sd trong chi't ban din chi phu thudc nhiét dd va bé rong viing cim,
khdng phu thudc vi tri mitc Fecmi, nghia 13 khong phu thudc vio ndng do tap pha vao .

D&i v6i chit ban din thuan :
-w
n,=p, =4/N.N, exp( 2k‘|’gj (2-1-13)

ta thdy ndéng do hat din (vd do d6 cd d6 din dién) cla bdn din ting rdt nhanh theo nhiét do i 1&

-W
véi| T¥ 2 exp g

2kT
Do tich np khdng phu thudc ndng do tap chat, hé thic (2-1-12) thudng dudc viét lai dusi dang:

np=n; (2-1-14)
Biéu thifc nay dic trung cho moi chi't bin din & trang thai cAn biing.
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Chuiong 2 - Cdc linh kié¢n bdn dén

3. Bdn dén logi N va bdn ddn logi P

Trén hinh 2-1-7 12 gidn d6 ning ludng cla dién tif trong bdn

ddn N. Tap chat donor c6 mic ning lugng Wy nim trong ving 7
cAm, gan sdt ddy W, ciia viing ddn. Vi viy chi can nhian dudc mot Wy fwo e We
niang lugng bé 1a dién ti hod tri cia tap nay nhdy tr mdic Wy 1€n & W

viing din, trd thanh tu do, con nguyén t donor tr§ thanh ion
duong. (Qud trinh “nhdy mdc” nay tuong ing v6i hién tugng da mo
td trong ciu tric nguyén t trudc day: dién tir thi 5 lién k&t yéu
v6i hat nhan va cdc nguyén t xung quanh, d& dang trd thanh dién ~ Hinh2.1.7. Gian do vung
t tu do). nang luogng clia ban dan N

o} nhiét do binh thudng, ning lugng nhiét ma cdc dién tir nhian dugc da vugt xa gid tri ning
lugng can thi€t ndi trén, vi vay trong viing din ludn ludén cé dién ti¥ ty do va toan bd tap donor
déu bi ion hod. Trong diéu kién dé, n6ng do dién tir tv do cda ban din N xdc dinh theo (2-1-3):
n, = Ng + P, # Ng

Con ndong dd 16 trong suy ra tir (2-1-14):
n’> n
— i 2-1-15
Pn =" N, ( )

n
ta thdy, do nong do n; ting nhicu theo nhiét d6 [xem (2-1-13)] nén ndéng dé hat din thiéu sé cang
tang nhanh theo nhiét do.

Trén hinh 2-1-8 13 gidn dd ning lugng cla dién ti¥ trong bdn
din loai P. Tap acceptor c6 mifc ning lugng W, nim trong viing

cAm, gan véi dinh W, clia viing hod tri. Khi dugc cung cip mot W
ning lugng twong d6i bé (nhd nhiét do, dnh sdng v.v...), dién t¥ W _::Wg,g o C
tlf cdc mic phia trén cdc viing ho4 tri s&€ nhdy 1én chi€m mic W, a C C W,
dé lai nhitng mifc trong tic 1a nhitng 156. Con nguyén tit tap chat 0

trd thanh ion 4m.

Qud trinh nay tuong &ng véi hién tugng mot trong cic mdi  Hiph2.1.8. Gian do ving
lién k&t ciia tap chdt nhém 3 bi bd hd, dién ti¥ tit nguyén tif bén  pang lugng cha ban dan P
cach dén th& chd va lam xuit hién cic 1 trong .
Trong diéu kién toan bo tap chit bi ion hod (diéu nay thudng x4y ra) ndong do 16 trong trong ban
din P xdc dinh theo (2-1-7): p, =N, +n,~ N,

Con nong dd hat din thi€u s6 thi xdc dinh dya vao (2-1-14):

2 2
n ==l (2-1-16)

p, N

a

Ciing nhu trudng hop trén rd rang 12 ndng do nay ting nhanh theo nhiét do.

2.2. CHUYEN PONG TROI VA KHUECH TAN CUA HAT DAN
2-2-1. Chuyén djng troi

Nhu da bi€t, n€u dit dién tif hodc 16 trdng vao mdi truong chdn khéng thi khi cé dién truong
tdc dung, cdc hat dAn ndy sé chuyén déng cé gia téc (nhanh dan hoic chim din déu). O trong
mang tinh thé ciia chdt rdn, tinh hinh xdy ra khong hoan toan nhu vidy. Mang tinh thé chifa rat
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nhiéu nguyén t& (k€ ra cic tap chat), ching luén luén dao dong vi nhiét. Vi vay khi chiu tic
dung clia dién trudng, cdc hat din trén dudng chuyén dong c6 gia tdc s& va cham vdi cdc nguyén
t cia mang tinh thé. Mdi 14n va cham s& 1am thay ddi tri s& va chiéu clia van tdc nghia 13 lam
tdn xa ching. Chuyén dong cia hat din trong mang tinh thé chit rin duéi tic dung clia dién
trudng nhu vay dugc goi 1a chuyén dong troi (hoic chuyén dong cudn).

Trong chuyén dong troi, vdn tdc trung binh cla dién t& va 16 trong sé& ty 1& v6i cudng do dién
trudng (hoic gradien dién the) va di giy ra chuyén dong dé:

v, :_unE :und_q) (2_2_1)
dx
do

Vp = l.,l,pE = —Mp & (2—2-2)

Hé s0 ty 1€ trong hai hé thic trén goi 1a do linh dong cla dién t& (u,) hodc clia 16 trong (uy).
V& ¥ nghia, chiing 12 van t&c troi trung binh clia hat din trong dién trudng bing don vi (1 V/cm).
Tri s6 clia u phu thudc vao nhiét do, vao ndng do tap chat. Ngoai ra, khi dién trudng qud 16n, n6
con phu thudc cd vao cudng do6 dién trudng. G nhiét do thudng (300°K), gi4 tri di€n hinh cda
ching nhu sau:

Trong Ge : W, = 3800cm*/V.S, u, = 1800cm*/V.S \%
Trong Si : i, = 1300cm*/V.S, p, = 500cm*/V.S + I, -
Dong dién do chuyén dong troi clia hat din gay
nén dudc goi 1a dong dién troi. _E
Pé€ xac dinh dong nay, ta gia thi€t dit chi't ban din ®_>Vp
(c6 ndng dd dién tif va 18 tréng 1a n, p) vao trong dién I v
trudng cudng do E nhu h. 2-2-1 (E duong vi tring véi <—0)
chiéu duong ciia truc x).
S6 lugng dién tich di qua mot don vi ti€t dién, trong I< I >I X
mot don vi thdi gian (tirc mat d§ dong trbi) s€ la:
()¢ = (-q)nvy = qnpE (2-2-3) Hinh 2-2-1. Chuyén dong troi clia
(ip)e = qnv, = qny,E (2-2-4)  hatdan do téc dung clia dién trudng

(Vo ¢6 ddu Am Vi dién ti chay ngugc truc x). Hai dong nay cliing chiéu. Vi viy mat d9 trdi tong
hdp s& bing.
Joe = (p)e + (Gn)ee = q(PHa + PUp)E 2-2-5)

Mit khdc n€u goi p 1a dién trd xudt (hodc ¢ = 1/p 1a dién din suit) cia chit ban din dang
xét thi dién trd cla khoi bdn din vé trén H.2-2-1 x4c dinh bdi:

(2-2-6)
trong d6 11a chiéu dai, S 12 ti€t dién clia khdi ban din.

Khi c6 dién 4p V dit vao, mat do dong dién troi qua chat ban din xdc dinh dugc theo dinh
luat Ohm:
IV

jtr =

__v 2-2-7
s SR ( )

Thay R theo (2-2-6), dong thdi gid thi€t dién trudng trong khoi bdn din 1a déu: E = V/I ta di
dén :
je=oE (2-2--8)
So sanh (2-2-8) vdi (2-2-5), ta x4c dinh dudc dién din cla suat ban dan:
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o = q(pup + npy) (2-2-9)

R6 rang ndng dd hat din cang 16n, d linh dong cla hat din cang cao thi dién din sudt clia
chat bdn din cang 16n (hoic dién trd sud't cang nhd)

Trudng hgp ban din thuin (n; = py):

Gi = qni(Myp + Hn) (2-2-9a)
Bdn din loai N (n, >> p,):

Gn = qNnlln (2-2-9b)
con ban dan loai P (p, >> n,)

Op ~ qPphlp (2-2-9¢)

2.2.2. Chuyén dong khuéch tin

Trong cha't rin, ngoai hinh thitc chuyén dong tréi dudi tic dung cla dién trudng, cic hat din
con chuyén dong khuéch tdn. Dang chuyén dong nay x3y ra cho moi phin ti vat chat khi c6 su
phén bd khong dong déu trong thé tich (N6i cdch khic: khi gradien nong dé khdc khong).

D6i v6i chd't ban din, khi ndng do dién ti¥ hoidc pan dN O
16 trong phan bd khong dong déu, Chiing sé khuéch P
tdn tif noi ndng d6 cao vé ndi nong do thap. Dong n(x)

dién do chuyén dong cé huéng nay giy ra goi la
dong dién khuéch tdn.

D€ don gidn, gid thi€t ndng do dién ti hoic 16

trong phan bd khong déng déu theo mdt phuong x p(x) X
nao dé (h2.2.2). S6 lugng hat din khuéch tin qua o) ' >
mdot don vi ti€t dién trong thdi gian dt sé ty 1& véi (pke
mic chénh l&éch nong do (g—p;g—n,cbn goi: gradien Une
X 0OX
ndng dd) va ty 1& vdi thdi gian dt: Hinh 2-2-2. Phan b6 khong déu ciia hat
dp dan gay nén chuyén dong khuéch tan
dP =-D, ——dt (2-2-10)
dx
dN :—Dnd—ndt (2-2-11)
dx

(d&'u trir vi khué&ch tin va phia ndng dd gidm).
Hé s0 ty 1& D,, D, dugc goi 1a hé so khu€ch tdn clia 16 trong va cla dién tir.

Mat do dong dién khuéch tin do chuyén dong trén giy ra (chiéu duong quy udc 1 chiéu
truc x) s€ la:

. . . dP dN
Jie = Updie + Un e =qa+(—q)a

dp dn dn dp
qpdx qndx q(”dx pdxj ( )
Trong vi du néu trén H.2-2-2, theo chiéu truc x, ndng d6 p gidm din, con ndng d6 n ting
dan, nghia 12 g—pﬁm, con j—ndu’dng. Vi vay hai s6 hang trong (2-2-12) 12 cling diu, néi cdch
X X
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khdc: dong dién khuéch tin clia dién ti va 16 trong 1a cting chiéu. PAy chinh 13 trudng hop clia
chuyén ti€p P-N (hoic diode bdn din) ma ta sé d& cip & phin sau.
Hé s6 khuéch tdn D), D, phu thudc vao nhiét dd va do linh dong clia hat din. Ngudi ta ¢6 hé

thitc Einstein sau day:

(2-2-13a)
(2-2-13b)

Trong d6 ¢t 1a mdt hiing s&, phu thudc nhiét dd va cé thit nguyén cla dién thé, goi 1a dién

Dy =¢tu,
Dn =QT1MUn
thé nhiét:
oKt
T

k: hiing s6 bolzman
q: dién tich dién t&
T: nhiét do tuyét doi cia chat ban dan

(2-2-14)

O nhiét do thudng (T = 300°K), thay gia tri k va q vao sé€ co:
o1 = 0,025V =25mV (2-2-15)

2-3. CHUYEN TIEP P-N VA PA C TINH CHINH LUU

Sau khi di c6 khdi niém vé co ché€ din dién cia
titng loai ban din cling cdc phuong thitc chuyén dong
cia hat din trong ching, ching ta hday khdo sit cdc
hién tugng x4y ra khi ti€p xitic hai bdn din khac loai.
2.3.1. Chuyén tiép P-N & trang thdi cdn bang

Gia sit ¢6 hai khdi ban din loai P va loai N ti€p
xtic nhau theo mdt ti€t dién phang nhu h.2-3-1a.

Trude khi ti€p xtc, mdi khoi bdn din nim &
trang thdi cAn biing (tdng dién tich cAn bing vdi tdng
dién tich Am trong thé tich) ddng thdi gid thi€t ring
ndng do hat din cling nhu ndng do tap chat (acceptor,
donor) phdn bé déu, khi ti€p xtic nhau, do chénh l1éch
néng dd (p, >> pa; N >>n,) sé& xdy ra hién tugng
khué€ch tdn cta cdc hat din da sd: 16 trdng khuéch
tdn tr P sang N, con dién t&f khu&ch tin theo chiéu
ngudc lai. Ching tao nén dong dién khuéch tdn
(chiéu tir P sang N) ma mat do dong tdng hdp di xdc
dinh G (2-2-12):

Trén dudng khuéch tdn, cic dién tich khdc dau
s€ tdi hgp vdi nhau, lam cho trong mot ving hep &
hai bén mit ranh gidi, ndng do hat din gidm xudng
rat thap (hinh 2-3-1b). Tai viing d6 (viing c6 bé day ly
trén hinh 2-3-1a), Bén bdn din P hau nhu chi con lai
cdc ion dm acceptor, con bén ban din N hau nhu chi
con lai cdc ion donor, nghia la hinh thanh hai 16p
dién tich khong gian khdc ddu ddi dién nhau (h.2-3-
Ic). Gitra hai I6p dién tich nay s€ c6 mot chénh 1€ch

© ©0|%

© ©9©
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Hinh 2-3-1. Sy hinh thanh chuyén ti€p P-N;
(a) phan bd néng do hat din; (b) mat do dién
tich; (c) phan bd dién thé; (d) theo phuong x
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dién th€ (bén N dudng hon bén P) goi 1a hiéu thé tiép xiic Vi (h.2-3-1,d). N6i cdch khdc: trong
viing 1n ciAn mit ranh gidi da xuat hién mot dién trudng (huéng tit N sang P) goi la dién truong
tiép xiic By

Ving hep néi trén 1a vitng nghéo hoic chuyén ti€p P-N. Nong d6 hat din trong viing nay chi
con rat thap, cho nén dién trd suat cia né rat 16n so vdi cdc viing con lai.
Do ton tai dién trudng ti€p xiic, cac hat dan thiéu s clia hai mién s& bi cudn vé phia ddi dién: 16
trong clia ban din N chay vé phia cuc 4m cida dién trudng, dién ti cia ban din P chay vé phia
cyc duong cla dién trudng. Chiing tao nén dong dién tréi, nguoc chiéu véi dong khuéch tin clia
hat din da s6. Mat do dong dién troi x4c dinh theo (2-2-8) va (2-2-9):

jtr =oEw = Q(pn Up + 1Ny Hn)Etx (2-3-2)

Nong d6 hat din da so trong hai khdi bdn din cang chénh 1énh thi hién tugng cang khuéch tdn

cang manh liét vd qud trinh t4i hgp cang nhiu, do dé dién trudng ti€p xdc cang ting va dong

dién troi cda hat din thi€u so ciing cang ting. Vi vay, chi sau mot khodng thdi gian rit ngin,

dong trdi va dong khuéch tdn trd nén cin bing nhau, triét tiéu nhau va dong tdng hdp qua mit
ranh giGi s& bing khong

J=jk=]ju=0 (2-3-3)

Ta néi: chuyén ti€p P-N dit t6i trang thdi cAn bing. Ung véi trang thdi d6, hiéu thé ti€p xic
(hodic dién trudng ti€p xtc) gitta bin din N va bdn din P ¢c6 mdt gid tri nhat dinh.
Ngudi ta chiing minh dudc gid tri nay ty 1& véi lugng chénh 1éch nong d6 hat din trong hai khdi
hat dan:

Vy =22 e (2-3-4)
n

n p

or la dién thé nhiét [xem (2-2-14)]

Thong thudng, hiéu th€ ti€p xic vao ¢d 0,35V (d6i véi Ge) hodc 0,7V (ddi vé6i Si). Hiéu th€
ndy ngin can, khong cho hat din ti€p tuc chuyén dong qua mit ranh gidi, duy tri trang thai can
bing , nén dudc goi la “hang rao dién thé” .

Ngudi ta cling x4c dinh bé day Iy clia viing nghéo & trang thdi cAn bing 1y [é nghich v6i nong
tap chat trong hai khdi ban ddn. Ching han d6i v6i chuyén ti€p P-N kiéu “dét bién” (ch€ tao
theo phuong phap “hgp kim”)thi:

2g,€ 1 1
=L+, = |—V, (—+— 2-3-5
0 p n \/ q tx ( Na Nd ) ( )
I,, I, 12 phan bé day viing nghéo niim trong ban din P va bdn din N (xem h.2-3-1 b)
€o: hiing s& dién moi cia chin khong, gy=9.10"* F/cm
&: hiing s& dién moi twong doi clia chat ban din
thong thudng lo rit bé, ¢ 10” + 10™cm.
Né&u ndng do tap chit trong hai bin din ra't chénh 1&ch, vi dy N, >> Ng thi 1, << 1, va

l, ~1 = /% (2-3-6)

nghia 12 mién nghéo niim léch vé mién bdn din nao c6 ndng do tap chi't thap hon (tifc dién trd
suat cao hon).

2.3.2. Chuyén tiép P-N khi cé dién dp ngoai - Ddc tinh chinh luu
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Hay khdo sdt cdac hién tugng x4y ra trong Vo
chuyén ti€p P-N khi c6 tdc dung clia dién 4p J}
ngoai. 1

Gia ,sﬁ’ ngudn dién dp V dugc ndi nhu H. 2-3- i@ @i ;
2a (P noi cuc am, N noi cuc duong, goi la phdn a) P O@® N <£
cuc nghich). Gia thiét dién trd clia chdt ban dn & : :
ngoai viing nghéo (thudng goi: mién trung hoa) 1a ! ®:
khong déng ké. Lic d6 hinh nhu toan bo dién dp 04 RN
V sé& dit vao viing ngheo, x€p chdng 1&én hiéu thé | A =
ti€p xtic V. Tinh trang cin bing trudc day khong : : vV, +V
con nita. bién dudng E (do dién 4p V giy ra) b) : : x
cung chi€u vdi By s& 1am hat din da sd cda hai j/ :
ban din r3i xa khéi mdt ranh gidi, di vé hai phia. E

] I

Do d6 ving nghéo bi md rong (1 > 1y), dién trd
cla né ting. Hang rao dién thé€ tr§ thanh: Vi + V  Hinh 2.3.2. Chuyén ti€p P-N phén cuc nghich
(h.2-3-2,b) khi€n dong khu&ch tin ctia hat din da  (a) va phan bd di¢n the theo phuong x (b)

s6 gidm xudng rat nhd, con dong troi clia hat din

thi€u s6 thi ting theo V. Nhung ndng d6 hat din thi€u s& von rat bé, cho nén tri s6 dong nay chi
rat nhd. N6 nhanh chéng dat t6i gid tri bao hoa I ngay khi V con rat thap.

Ngudi ta chitng minh dugc: dong tdng hop qua chuyén ti€p P-N (vé6i chiéu duong quy udc 1a
chiéu tir P sang N) & trang thdi nay c6 dang:

_ —aV |- “Vi1|~e 3
I_I{exp( ij 1} I{exp(qﬂ_j 1} I (2-3-7)

nghia 13 khi bi phan cuc nghich, ddong qua chuyén ti€p P-N chay theo chiéu dm va tri s6 rdt bé.
Ta goi la dong di€n ngudgc. I con c6 tén la dong nguoc bao hoa.

Khi ngudn dién 4p V dugc mic nhu hinh 2-3-3a (P ndi cuc dudng, N ndi cuc Am, thudng goi
phin cyc thuin) thi tinh hinh sé& trdi ngugc lai. Hing rao dién th& gidm do cao, chi con V-V cho
nén hat din da s ciia hai ban din sé& “tran qua hang rao” sang mién ddi dién (goi 12 hién tudng

“phun hat din” hodc “chich hat din”, tir chi Vv
injection ). Tinh trang thi€u hat din trong ving I
ngheo sé& dugc gidm bdt, khi€n bé day viing nghéo {
thu hep (1 < lp) va dién tr@ clia ving ndy gidm. —
Dong hat din da s6 (do hién tugng “phun hat din” 1, DO
gay nén) téngNnhan}ql the’o dién dp V, con dong troi a) L= P O@ N
cla cua hat~dﬁn tl}iéu §6 thi gif’im t’heo V. Tuy Véy; o
dong hat dan thi€u sd nay von rat bé nén cé thé ]
: 2. | |
coi nhu khong doi . [0y [
| p—
Nhu viy dong téng hdp qua chuyén ti€p P-N L v v
s€ la: b) t /| x
|
|

YA T P YA TN |
| = Is[exp( ij 1}~ Isexp[qﬂ_j (2-3-8) J_l___y__
| |

Ta goi 12 dong dién thuin. Tri sd clia nd rat 16n
hdnA dong di€n ngudc va tang nhanh theo di€n ap Hinh 2.3.2. Chuyé&n ti&p P - N phan cyc thuéin
thudn V (a) va phan b dién thé theo phuong x (b)

22 Bai gigng Ky thudt dién tit



Chuiong 2 - Cdc linh kié¢n bdn dén

Ciing can lvu y thém ring: dién 4p thuidn cang ting, bé day viing nghéo cang gidm va do
cao hang rao th& Vi - V cang gidm. Khi V = V., hing rao th€ bi€n mat, dong qua chuyén ti€p
P-N theo chiéu thuin sé& vo cling 16n, ph4 hdng mién ti€p xic. PAy 1a trang thdi khi si¥ dung cin
phdi tranh chuyén ti€p P-N phin cuc thuin sau nay.

Tém lai, chuyén ti€p P-N (con goi: mdi ndi P-N hay viing ngheéo) 13 bo phan quan trong nhat
clia ti€p xic clia hai bdn din khdc loai. Tuy theo dién 4p dit vao theo chiéu thuin hay nghich
ma né cé dic tinh khdac nhau. Khi phan cuc thuin, viing ngh¢o hep, dién trd nho, dong dién 16n
va ting nhanh theo dién dp; khi phan cuc nghich, ving nghéo m§ rong, dién trd rat 16n, dong
chay qua rit nhd va it thay ddi theo dién 4p. Nhu vay, chuyén ti€p P-N din dién theo hai chiéu
khong giong nhau. N&u c6 dién dp xoay chiéu dit vao thi né chi din dién chi y&u theo mot
chiéu.

: , 41, (mA)
Ta goi d6 1a tinh chdt van hodc ddc tinh

chinh luu. 30
Biéu thitc dong dién qua chuyén ti€p P-N, 20 |
tdng quat héa cho ca hai trudng hop trén diy, c6
dang: 10 1
V..(V)
1= I{exp[ﬂj—l}z I, exp(l]—l 50 100 50 Vi(V)
kT o i i : i >
(2-3-9) 201
trong d6 V 1a dién dp ddt vao, 14y dau
duong khi phan cuc thudn, 1dy ddu 4m, khi phan 60 |
cuc nghich.
I, 12 dong ngugc bdo hoa, gia tri phu [ (LA)
thudc vao nong 4o hat dan thiéu 56" trong hai  ppon 2 34 pye tuy&én Von-Ampe ctia chuyén
chat ban din: ‘ ti&p P-N
D D
=9 —F%p,+—2n
S q [Lp pn I—n pJ
(2-3-10)
trong do:

q: dién tich dién t.

S: dién tich mit ti€p xic

Dy, Dy, : h¢ s6 khuéch tdn ctia 16 trong va dién tl

Ly, L, : dé dai khuéch tdn cla ching (vé€ y nghia d6 12 quiang dudng trung binh ma hat
din khuéch tin qua dé ndng d6 gidm di e 1an).

Thong thudng, gia tri Is rit nhd, nhung nhu da thdy & (2-1-15), (2-1-16), ndng dd hat din
thi€u s6 ting nhanh theo nhiét dd, cho nén dong Is ciing tang nhanh theo nhiét do. B&i ly do nay
Is con c6 tén “Dong dién nhiét”.

D6 thi néu quan hé giita dong dién va dién 4p ciia chuyén ti€p P-N, xiy dung theo (2-3-4)
c6 dang nhu H.2-3-4: vé phia thuin, dong dién ting nhanh theo dién 4p, con vé phia ngudc, dong
dién rat nhd, gin nhu it thay d6i.

That ra dic tuyén Von-Ampe clia cdc chuyén ti€p P-N trong thuc t& hoi khic véi dic tuyén
ly thuy€&t & hinh 2-3-4. D€ diéu chinh cho phii hdp nhau, ngudi ta thay (2-3-9) bdi hé s6 thic:
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I= Is[esmeLJ —1} (2-3-11)

Trong d6 m 12 hé s6 hiéu chinh, va thudng c6 gia tri:

m=1+2 (2-3-11)
Pé dic trung cho su ting nhanh dong dién ngugc theo nhiét d6, ngudi ta goi AT" 1a khodng nhiét
dd di 1am ting gdp doi gia tri dong dién nguoc:

D6i v6i Ge : AT ~ 8°C (2-3-13a)
P6i v6i Si: AT =~ 5°C (2-3-13b)

Tuong tu, dé dac trung cho su thay ddi theo nhiét d6 cda dién ap thudn (¢ng v61 mot dong di€n
khong d6i), ngudi ta ding hé s6 nhiét cia dién 4p thuin:

d
£ = ﬁvth (2-3-14a)
thong thudng :
er = -(2+2,5) mV/°C (2-3-14b)

Nghia 12 khi nhiét d6 ting 1°C, dién 4p thudn (Gng v6i dong dién khong ddi) trén chuyén ti€p P-
N gidm di vai mV.
2-3-3. Hién tugng danh thing chuyén tiép P-N

Khi chuyén ti€p P-N bi phan cuc nghich, néu s (mA)

dién 4p ngudc ting d€n mot gid tri khd 16n
nao d6 thi dong dién ngugc trd nén ting vot,
nghia 13 chuyén ti€p P-N din dién manh c3
theo chiéu nghich, phd hdng dic tinh van von
c6 cta né. Hién tugng nay dugc goi la hién
tuong ddnh thing. Gié tri di€én dp ngudc khi
Xxdy ra qua trinh nay thudng ky hiéu la Vp \ 100 50 | | Vt};(V)

(dién dp ddnh thiing) Vie 0 05 1

301

20 |

10 |

Nguyén nhian din d&€n dinh thing c6 thé do
dién hodc do nhiét, vi vdy ngudi ta thudng ’
phan biét hai dang: ddnh thiing vé dién va
ddnh thiing vé nhiét. C6 khi c3 hai nguyén
nhian dé k&t hgp lai véi nhau va ting cudng
14n nhau, gdy ra mdt dang d4dnh thing thit ba Ing

1a ddnh thiing fiién - nhiét. Hinh 2.3.5

Panh thung vé dién phan lam hai loai: ddnh

thiing thdc lii (avalanche) va ddnh thiing xuyén ham (tunnel)

Pianh thing thic li thudng xdy ra mot trong cdc chuyén tiép P-N c6 bé day 16n, dién trudng
trong vliing nghéo c6 tri s& kha 16n. Pién trudng nay gia toc cho cdc hat din, giy ra gdy ra hién
twong ion héa vi va cham 1am san sinh nhitng doi dién tf - 16 trong. C4c hat dan vira sinh ra nay
lai ti€p tuc dudc gia tdc va idn héa cdc nguyén tif khic ..., ¢ nhu thé s§ lugng hat dan ting 1én
gip bdi, khi€n dong dién ting vot.

DPanh thiing xuyén him x4y ra § nhitng viing nghéo tuong ddi hep, tic 1a chuyén ti€p clia nhitng
ban din c6 ndng do tap N, Ng rat I6n. Pién trudng trong viing nghéo rit 16n, c6 kha ning giy ra
hiéu ng “xuyén him”, tifc 12 dién t trong viing ho4 tri cia bdn din P ¢6 kha ning “chui qua”
hang rao th& dé chay sang viing din N, 1am cho dong dién ting vot .

20 |
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Pic tuyén Von-Ampe cla hai dang d4nh thiing néi trén gin nhu song song véi truc tung (h.2-3-5,
nhdnh s6 1). Khi nhiét do mdi trudng ting, gid tri dién 4p ddnh thing theo co thé xuyén ham bj
gidm (tic hé sd nhiét clia Vg Am), con dién dp danh thiing theo co ché thdc I, lai ting (hé s§
nhiét cia Vg duong).
Panh thiing vé nhiét x4y ra do su tich lify nhiét trong viing ngheo. Khi c6 dién 4p ngudc 16n,
dong dién ngugc ting 1am néng chi't ban din, khi€n ndng d6 hat din thi€u sd ting va do d6 lai
lam dong dién ngugc ting nhanh. Qud trinh cif th€ ti€n tri€n khi€n cho nhiét dd viing nghéo va
dong dién ngudc lién tuc ting nhanh, din t6i danh thing. Tri s6 clia dién 4p ddnh thing vé nhiét
phu thudc vao dong dién ngudc ban diu, vao nhiét @6 moi trudng va diéu kién tda nhiét clia
chuyén ti€p P-N. Pic tuyén von-ampe c6 doan dién tré dm, nghia 1a dong dién ngudc ting vot
trong khi dién 4p trén hai ddu chuyén ti€p P-N gidm xudng (nhdnh 2 trén H.2-3-5). Pdnh thing
vé nhiét thudng giy ra nhitng hdu qua tai hai, pha hdng vinh vién dic tinh chinh lvu ciia chuyén
ti€p P-N. Con ddnh thliing vé dién, n€u c6 bién phap han ch& dong dién ngugc sao cho cong suit
tiéu tdn chua vugt qud gid tri cuc dai cho phép thi chuyén ti€p P-N vin c6 thé hdi phuc lai dic
tinh chinh luu cia minh.

2-4. Diode ban din
Diode bdn din 13 tén goi chung clia mot ho linh kién hai cuc, cAu tao cd ban dva trén chuyén
ti€p P-N. Pién cuc ndi v6i ban dan P goi 1a andt , ndi v6i ban din N goi 12 katét. Nguyén ly hoat
dong va dic tinh Von-Ampe ctia chuyén ti€p P-N di gidi thiéu & 2-3, qua d6é thé hién mot tinh
chd't quan trong va tinh chit din dién theo mot chiéu. St dung tinh chit nay, ngudi ta ché tao ra
diode tdch séng v.v... Bén canh d6, ngudi ta 1di dung cd nhitng dic tinh khdc va ché tao ra
nhirng loai diode chuyén dung. Dudi day dudi thiéu vai loai diode thudng gdp cung nhirng thong
s6 dic trung clia ching.

2-4-1. diode chinh luu
Trén hinh 2-4-1a 13 k&t cau dién hinh cda loai diode chinh luu, ch€ tao theo phuwong phdp hop
kim.

Trén mit pl}ié'n don tinh thé Ge loai N c6 Inyjinode sir |2 sio

diat mot chat thudéc nhém 3, vi du hat indi 2

(In). Khi nung hé théng d6 trong mdi trudng S— ) Ge-N E Si-N
thong khi hydro, In s€ bi néng chdy, mdt bo

phin clia Ge sé& hoa tan vao ddy. Sau d6 khi ‘ Katot K

nhiét do gidm dan, ndng do hoa tan clia Ge

trong In s& gidm, dudi ddy giot In s& xuat a) b)

hién mot 16p Ge tdi ket tinh trong d6 chda  ppup 24,1, Ciu tao cia diode chinh luu

nhitng nguyén t In, nghia 1a tao thanh mdt

16p Ge loai P. Con phia trén hdu nhu chi c6 In thuan tiy, déng vai trd nhu mot 16p kim loai. Nhu
vay 13 da hinh thanh ti€p xic cia Ge loai P va Ge loai N, nghia la di tao ra chuyén ti€p P-N c6
tinh chinh luu.

Ngudi ta gian hai sdi kim loai (thudng bing Ni) v6i hat In va v6i phi€n Ge ban diu, dung 1am day
din, todn bd hé thong dé dudc dit trong mdt vé kim loai (hodc nhuwa) gin kin, hai diy din ndi
true ti€p véi hai cuc (andt,katdt) § bén ngoai.

Diode chinh lvu ciing ¢ thé ché tao theo phuong phap khuéch tan (H.2-4-1b)

Ching han phi€n don tinh thé Si loai N, dugc dit trong 10 nhiét dd cao, bén canh ngudn tap chit
thudc nhém 3, vi du Bore (B). Do tdc dung ctia nhiét do, cdc nguyén ti B s& khuéch tdn xuyén
qua “clra s6” dd khoét sin trén mang bio vé Si0,, thim sau vao thé tich clia phi€n Si loai N, tao
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ra mot 16p ban din loai P va tir @6 hinh thanh chuyén ti€p P-N. Sau d6 13 qué trinh gin dién cuc
va dong vo.

Nhu vy bd phin cd ban clia diode 14 chuyén tiép P-N, c6 dic tinh chi din dién chd y&u theo mot
chiéu va thudng dugc tng dung dé bi€n dién xoay chiéu thanh dién mot chiéu (do d6 c6 tén
diode chinh luu).

Hinh ddng bé ngoai clia vai loai diode chinh luu va ky

hiéu quy udc cta ching gidi thiéu trén h. 2-4-2. Pic Anode ' Katot

tuyén trén Von-Ampe Iy thuyét , xay dung theo biéu -

thitc (2-3-9) da trinh bay & H.2-3-4. Pic tuyén cia chi€u thuin

diode chinh luu trong thyc t€, (loai ch€ tao bang Silic, Hinh 2.4.2. Ky hi¢u ciia diode ban dan

nhém dong dién nhd) nhu hinh 2-4-3. Ta thay: khi dién
ap thuin nhd hon gid tri V, = 0,6"(dd1 v6i diode 1am biing Ge thi dong dién thuin con bé, chua
dang k€. Chi khi Vy, vugt qua “dién 4p md” V, thi V,~ 0,6") dong dién mdi ting nhanh theo dién
ap, hon nita doan dic tuyén niay gan nhu mot dudng thing véi @6 doc khong d6i. Vi vay c6 thé
bi€u thi diode phan cuc thuin bing so dd twong duong trén H.2-4-4.

) 41, (mA)

Dong dién ngudgc c6 gid tri rit nhd (c3 pA hay
bé hon). Khi dién 4p ngudc ting, dong dién
ngudc thuc t&€ ting din va khi dat d&€n dién 4p
ddnh thing Vg (vi du Vg = 60V trén H. 2-4-3) thi
dong ngugc ting vot. N&éu khong c6é bién phip
han ch&€ dong dién d€ ngin nglra sy vudt qua

120 +

cong sudt cho phép thi qué trinh ddnh thing nay Vﬂ;(V)
sé lam hdng diode.
Céc tham gia so clia diode chinh luu bao gdbm

1- Pién tré mot chiéu (dién tré ddi voi dong

mét chiéu)
Theo chi€u thuin, R, = Vi g gid tri it bé

th
(méy Q2 dén may chuc Q) y WA)
Con theo chiéu nghich, R, =—"c6 gid tri rdt L o .
I ng Hinh 2.4.3. Déc tuyén V-A cua diode Si

16n (hang traim KQ) trong thyc t&

2-DPién trd xoay chiéu (con goi dién trd vi phan)

dv

r, = i (2-4-1)
Tham s6 nay chinh 12 nghich ddo d6 doc dic tuyén Von-Ampe ctia diode.
V& phia thuan, dic tuyé&n diode c6 dang doc dl’{’ng, Tq tudng doi A Yo K
nhé. Con vé phia ngudc, trong mi€n dic tuyén gan nhu nim '—“_—’VV\,—H—-
ngang, dong dién ngudc ra't nhd, gia tri ry twong ng sé rat 16n. —
Dua vao biéu thiic tdng quat (2-3-9), ta d& dang suy ra: Ly

I+ Hinh 2.4.4. SO @ tuong duong
V=9, In( ) j (2-4-2) clia diode phan cuc thuin

Do d6 khi diode phan cuc thuén:
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=V o or (2-4-3a)
di,  1+lg |
6] nhiét do thudng (T =3OOOK), @1~ 25mV, vi vay c6 thé xdc dinh:
(mv)
Iy 5 (9) (2-4-3b)

|(mA)

Nghia la rq gidm khi dong dién thudn tdng.
Con khi rg phan cuc ngugc, dong dién nguge xap xi bing khong nén:
Fyng = oL (2-4-4)
IS
c6 gid tri rd't 16n va it thay d6i theo vi tri di€m 1am viéc.
3 - Di¢n dung tuong dvuong (dién dung chuyén tiép P-N)
Khi c6 tin hiéu xoay chiéu dit vio, ngoai dién trd vi phan, diode con dugc dic trung bdi dién
tuong duong cla né. Trén thyc t&€, ddy chinh 12 di€m dung ciia chuyén ti€p 1a C,. dién dung nay
bao gdm hai thanh phin:
Co = Chrao+ Cruan (2-4-5)
a) Dién dung hang rao (Cppo ) lién quan véi sy hinh thanh hai mién dién tinh khdc nim doi
dién nhau trong viing nghéo (xem h. 2-3-1b). hai mién dién tich ndy tuong ng nhu hai 16p
dién tich tu trén hai bdn cuc clia mot tu dién. Khi ting din dién 4p phin cuc nghich cho
diode , bé trong viing nghéo ting, nghia 12 khodng cdch giita hai 16p dién tich khdc diu
cta tu dién cang ting, cho nén C 3, giam.
Ngudi ta di xdc dinh: d6i véi chuyén ti€p P-N ki€u dot bi€n (ndng dd tap chi't & hai bén mit ti€p
xtc thay d8i dot ngot). Pdng thdi ndng dd hat ddn da sd trong hai chit ban din rit khic nhau
(ttc 1 dién trd sudt kém nhau ra't nhiéu 1an) thi Cy, 110 gidm theo dién 4p ngudc vé6i quy luat:
g‘i—gs Vo (2-4-6)
0 Vtx -V
Trong d6 S: dién tich mit ti€p xtic P-N, goe: hiing s6 dién moi clia chat bdn din,V,: hiéu thé
ti€p xiic; V: dién 4p ngudc (1dy ddu 4m), 1,: b€ day viing ngheéo & trang thdi cAn bing (chita phan
cuc).
Con d6i v6i chuyén ti€p P-N — ki€u bi€n ddi chAm (ndng d6 tap chdt thay ddi tir qua mit tiép
xuc) thi:

Ch.réo =

€8S | Vi (2-4-7)
l, \V,—-V

bién dung hang rao thudng phat huy dnh hudng khi diode phan cyc nghich. Trong trang thai do,
dién tr@ vi phan cla diode (mic song song vSi Chno) c6 gid tri rat 16n, vi vay vai trdo cla dién
dung nay cang thé hién ro.

b) Pién dung khuéch tan(Cy4,) tuong ng vSi hién thuc “phun” hat din qua lai gitta mién P

va mién N khi phan cyc thuin.

Lic d6 do hang rao th€ gidm thap, trong mdi chit bdn din dudc “bom” vao modt sd ludng hat
din (tir mién ddi dién), tao nén mot ndng dd dién tich khdng cin bing. Nong d6 nay thay doi
theo su ting gidm cla dién 4p thuin, nghia 12 c¢6 sy bién thién mat do dién tich theo dién 4p.
Tinh chat ndy dic trung cho mot dién 4p. Tinh chit nay dic tring cho mot tu dién. Ngudi ta goi
dé 1a dién dung khué&ch tidn bdi vi chinh sy tich lu§ cdc dién tich khdng cin bing nay lam cd s
cho chuyén dong khué&ch tan clia hat din vao siu hai mién.
Phan chia 1am hai loai dién dung nhu trén chi ¢ tinh chat quy udc, nhung rat thuin tién cho st
dung. V4 lai, vai trd cla hai dién dung d6 khong gidng nhau khi chuyén ti€p P-N dudc phan cuc

Ch.réo =
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khac nhau: Khi c6 dién 4p thudn, sy phan bd dién tich khdng cin bing trong hai chat bin din
(bén ngoai viing ngheéo) déng vai trd chinh, do d6 Cy 4, chi€m vi tri quan trong. Trdi lai khi c6
dién 4p nghich, dién tich & bén ngoai viing ngheéo thay d6i it va do d6 Cy 4, d6ng vai trd quan
trong.

Nhu vay, mach twong duong ciia mét diode doi vdi tin hiéu xoay chiéu s& nhu h.2-4-5.
r; 1a dién trd cla hai chit bin din (bén ngoai ving
nghe&o), thong thudng cé th€ bd qua. rq 13 dién trd vi phin,
C, la dién dung tuong duong clia diode. Tri so clia chiing
thay ddi tiy theo ddu va tri s6 clia dién dp dit vao.
Véi tin hiéu tn s§ thdp, 4nh hudng clia C, c6 thé bd qua.
Nhung khi tdn sd tin hiéu ting, c6 thé bd qua. Nhung khi
tan s6 tin hiéu ting, vai trd ca C, ngay cang ding ké.
Chinh dién dung nay l1dAm gidm trd khing theo chiéu
nghich & tin s cao, 1am xau dic tinh chinh luu cla diode va 1dm chim toc dd déng md cla
diode khi st dung ching nhu mot khéa dién tr sau diode

4 — Mot vai tham sé gidi han khdc

Ngoai cdc tham s§ dic trung cho trang thdi lam viéc thong thudng trén day, khi st dung, dé
tranh hu hdng, ta con phai chd y d€n cdc gidi han khong dudc vugt qua. D6 1a:

- Dié¢n dp ngugc ciia dai cho phép Vg max (d€ khong c6 ddnh thiing)

- Dong dién thudn cua cuc dai cho phép L.

- Céng sudt tiéu hao cuc dai cho phép P

- Tan s6 cuc dai cho phép ciia tin hiéu xoay chiéu fy

Bédng 2-1 gidi thi€u tham s6 cla vai loai diode chinh luu trong thuc t&

Hinh 2.4.5. Mach tuong duong
clia diode véi tin hiéu xoay chiéu

Bing 2-1
Tén goi Dong chinh luu bién dp ngugc
Trung binh cyc dai
IN 4001 1 (Ampe) 50 (volt)
1N4936 1 400
IN5406 3 600
IN1206B | 12 600

Bai tap 2-1. Cho mach dién nhu hinh 2-4-6a. Diode D ché€ tao tir vat liéu Ge c6 dién 4p mS Vv, =
0,2V, ndi trd rg khong dang k€. TAi Ry = 9Q, ngudn tin hiéu vio cé ndi trd r;= 2Q.
a) Bi€tdién dp vao v; c6 dang xung vudng hoic hinh sin, bién do 10V. Hay vé dang séng va
xdc dinh dp trén tai vi(t).
b) Van ciu hdi trén nhung khi vi(t) 12 hinh sin, bién dd 1V. X4c dinh gid tri dién 4p trén tai
tai thoi gian ot = /2
Giai
a) Trong khodng thdi gian ma v; >V, , diode D dan dién, c6:
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D
Vi = (v-V) sy )L =09 v (1 >
" r 4R, U +R, ’ T
(coi V, = 0). RS |V,
Trong khodng thdi gian ma v; <V, , diode D khéa , i = V.
0, vp.(t) = 0. Dang séng cta vi(t) xem hinh 2-4-6b,c.
b) Khi v; nhd, khong thé bd qua V, . Diode chi din dién a)
trong khodng thdi gian ma v; > V, (h.2-4-6d), vi du V..
trong khoang (t; ,t; ) co: 10 —
v (0 = [OR.= (vi V)R, _(sinot-0.2) 9 ((s)
TR 10 ol 1| 2| 3| 4] °
thdi gian diém ot = /2
1-0,2
L ZTB:O,?ZV \N
Bai tap 2-2. Ngudn mot chiéu V; , mot trd R; va ngudn xoay 18 T M r-
chiéu v; , ndi trd r; cling dit vao diode D va tdi Ry nhu h.2-4- I K(s)
7a. Coi ndi trd cia diode 1a khong dang ké. ol 1, 21 31 41
a) Hay dung phép tuong duong Thévenin don gidn hod :___JI :___JI
mach dién da cho. b)
b) Biét V; =5V, R; = 1KQ, v; = 10sinot, 1; = 1,5 KQ, Ry
= L4 KQ Vig
Hay vé dang séng cua dong dién chay qua tdi cling nhu dién 10
4p trén tai, bi€t ring diode c6 dong ngugc Is = 10° mA (Bai /\ /t(§)
tap nay gidp lam quen véi phuong phap do thi) 0 \] U !
Giai
a) Hay thi€t 14p mach tuong duong Thévenin cho phin
mach ngoai diode (phan mach giita hai diém A-K, Via
hinh 2-4-7b) 10 1= /AN s
Ap dung nguyén ly x&p chdng ddi v6i hai ngudn dién 4p /N /\ /t(f)
Vi va Vi 0 \\ /’ ‘\ /’ .
Khi chi ¢6 Vi, con v; = 0 thi dién 4p giita hai diém A-K \_/ \_/
la: c)
Vak =V L
Ri +1 Vi“
Khi chi co ‘é’_ con V;-0thi di€n dp gifta hai dieém A-K la: \1[ AN VAN /t(
Vak =V, ' Y $)
o IRV
Vay khi tdc dong ddng thdi cd V; va v; thi stic dién dong
tuong dudng thévenin dit giita hai di€ém A-K 1a: Va
r; R, i
Vo=V, ——+V, '
R, +r, R, +r1
bién trd tudng duong thévenin chinh 1a dién trd tuong duong (s)
cia phin mach xét trén (diode D hd mach): >
Rt oft, t, t t  t
RT=(Ri//ri)+RL=Ri+ri+RL T
d)
Hinh 2.4.6 29
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Nhu vy mach h.2-4-7a c6 thé don gidn hod thanh mach & h. 2-4-7¢ hodc h.2-4-7d.
b) Véi cic s6 liéu di cho: v, = 5%+1052'—g“)t =3+ 4sin ot

Ry =12 114=2kQ
2,5

Tai cdc thdi diém ot = o;%;g,...,vT c6 gid tri tuong tng 13 3V; 6,46 V; 7V.

Goi v 1a dién 4p ha trén diode theo chiéu thuin, i 12 dong dién qua diode va tdi R.. Theo dinh
ludt Ohm cho toan mach (h.2-4-7¢):

i= VoV =_iv+V_T
RT RT RT
i = _%V+W(l) (don vi: mA)

Quan hé gifta i va v & (1) c6 dang hAm y = ax + b, biéu dién bing mot dudng thang, cit truc tung

tai tung do g—T, cit truc hoanh & hoanh dd v, do doc 1a —Ri. Pudng thing nay goi 1a dudng
T T

tai.

Vi du tai ot = 0, gid tri twong Gng cta vy la 3V, dudng tai sé 1a dudng AB trén hinh 2-4-8 (tung

do diém A = 2—:2 =15mA, hoanh d6 di€m B: 3V). Tudng ty suy ra vi tri dudng tai tai thdi di€m

ot =%va ot =%lé CD va EF.

Ngoai quan hé (1), hai bi€n i va v con phu thudc vao nhau theo dic tuyén clia diode:

= I{exp(l] —1} :10{exp(lj —1}(2) (G T =300°K)
¢ 25

thé hién bing dudng (2) trén h.2-4-8, v4i dic tuyén tinh s& xdc dinh cdc gia tri i, v tifc thdi trong
mach, (ing véi gid tri twong ng ctia vr (vi du tai ot = 0, vy = 3V, dudng tdi nim & vi tri AB, giao

4 , A ) . Tc N 92 . S 9, . ,
diém Q, c6 toa dd 1a i, = 1,40mA, v, = 0,2v. Tuong tu tai ot = E vr =7V dudng taindm G vi tri

EF, giao di€ém Q, x4c dinh gid tri twong ng clia i va v 12 i, = 3,35mA, v> = 0,3V)
Trén h.2-4-8 ciing minh hoa cd dang séng i(t) khi vt thay ddi theo ham vy = 3 + 4 sinot. Pién 4p
trén tdi vr(t) = i()Ry c6 dang gidng nhu i(t).
Trén diy 1a qué trinh tim dong dién, dién dp tifc thdi trén diode theo phuong phap db thi. Trong
thuc t&, dé€ don gidn, v6i k&t qua gan ding cho phép, ngudi ta thudng gid thi€t ha dp thuan trén
diode 12 khong d6i (0,3V d6i diode Ge, 0,7V ddi vdi diode Silic, do d6 d& dang xdc dinh ra dong
V=V,

Ry
2-4-2. Diode cao tan
Thuc chat loai nay vin 1a chuyén ti€p P-N nhung c6 kich thu6c bé, hinh thanh nhd ti€p xic cda
mdt miii kim loai véi mot phi€n ban din loai N dit trong vd thlly tinh hoidc v nhya. Do kich
thudc mili ti€p xtic rat bé, dién dung tuong duong clia diode rat bé, diode loai nay lam viéc dugc
dé&n tan s6 hang trim MHz. Chiing thudng diing 1am phan t tich séng cao tin, xén hoic ghim
dién 4p, han ch& dién do v.v... Dong dién cho phép chi ¢d mdy mA, dién 4p ngudc chi cho phép
khoang vai chuc volt.

dien @i (0) =
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Loai dung cho tin s& siéu cao, ngoai viéc dién tich ti€p xiic rat bé, con phai cé hinh dang thich
hdp sao cho dién dung va dién cdm ky sinh bé, dé€ ding mic truc ti€p vao cdc dng din sdng hoic
hdc cdng hudng cia cic thiét bi siéu cao tan.

Béing 2-4-2. Tham sd clia vai loai diode cao tin

Tén goi | Vatli€u Cong bién ap Dong dién Dong dién
Ché€ tao | Suattiéu | ngudc cuc | Ngudc (uA) do | Thuin (mA)tai
Tan (w) dai (v) Taidiéndp ...V V=1V
IN461 Si 0,2 30 0,50/25" 15
IN461A Si 0,2 30 0,50/25" 100
IN462 Si 0,2 70 0,5/25" 5
1N463 Si 0,2 1,75 0,5/175" 5
IN463A Si 0,2 175 0,5/175" 100
IN914 Si 0,25 100 25/20" 10
2-4-3. Diode Zener
V& cau tao van 12 chuyén ti€p P-N, nhung ch& L
tao bing vat liéu chiu nhiét va tda nhiét tdt, do do
khi dién dp ngugc du 16n s€ xay ra qua trinh danh
thing vé dién (danh thiing thdc 1ii hoic dinh
thing tunen) ma it khi d4anh thiing vé nhiét, nghia V.6 4 2 "
1a khong phd héng diode. Pic tuyén vdn-ampe | : : ) >
trong qud trinh ddnh thiing gan nhu song song v&i A '/
trl\.lc dong dién, ngl?ﬁa la dién dp gitta katdt va andt QF--=-=--==--- L
hau nhu khong doi (h.2-4-9, doan AB). Ngu¥i ta p
1gi dung wu di€m nay d€ dung diode Zenner lam [ = —mn
A 2, R . ALz s 4t N ) =L \%
phan tu 6n dinh dién 4p. Gi6i han trén cua pham B> ng
vi 1am viéc chinh va tri s6 dong dién ngudc t6i da AN
cho phép, xdc dinh bdi cdng suit tiéu hao cuc dai N\

ctia diode Py (di€m B trén hinh). Ky hiéu quy
udc clia diode Zener va manh &n dinh tuong tng
gidi thi€u trén hinh 2-4-10 (Ivu y: diode Zener lam viéc & trang thdi phdn cuu ngudgc).

Hinh 2.4.9. Pic tuyén V-A clia diode Zener

V,: dién 4p mdt chiéu chua 8n dinh
V,: dién 4p 14y ra trén tdi (dd 6n dinh)
R, : dién trd han ch& dong dién qua diode, sao
cho diém lam viéc nim trong pham vi AB cho
phép.
Khi V; bi€n dong, dong qua R, va Dz thay d6i,
nhung dién 4p V, trén hai ddu Dz vin gan nhu  Hinh 2.4.10. Mach dn 4p dung diode Zener
khong d6i (xem bai tip 2-3 sau nay)
D& dic trung cho diode Zener, ngudi ta diing cdc tham s§ sau day

a) Dién dp on dinh Vz

b) Pién tré tuwong duong (con goi dién trd dong) tai di€m lam viéc (nim trong mién danh

thing)

dv,

r:
T

(2-4-8)
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tri sO rq cang bé chitng té dic tuyén ddnh thing cang doc ding, nghia la chit lugng 6n dinh dién

ap cang cao.

¢) Dién tré tinh x4c dinh bing ty 1& s6 giita di€ém 4p trén diode va dong dién qua né

(2-4-9)

d) Hé¢ s6 én dinh phin dnh ty s§ giita lugng bi€n thién twong ddi cia dong dién va lugng
bié&n thién twong d6i clia dién dp phat sinh trong qud trinh do:

di, V, R

o Al /1, _
av,/V,

dv, 1,

(2-4-10)

R6 rang 13 dién trd dong ry cing nhd so vdi dién trd tinh R, thi dd dn dinh dat dudc cang cao.
Do6i khi ngudi ta dinh nghia hé s6 6n dinh biing ty 1& s giita lugng bién thién clia dién 4p vao va
lugng bién thién twong ng clia dién 4p ra.
e) H¢ s6 nhiét ciia dién dp 6n dinh: Hé s6 nay bi€u thi lugng bién thién tuong d6i cla dién
4p 6n dinh theo nhiét do:

_1av
TV, dT

|, =const

(2-4-11)

Tuy theo cd thé ddnh thiing thudc loai thdc lii hay loai tunen ma 01 c6 gid tri duong hodc am,
thong thudng tri s6 01 vao c¢d (2 +4) 10°/°C.
Trén thyc t&, cdc diode Zener c6 Vz dudi 4V (ch€ tao bing vat liéu Si
c6 dién trd sudt nhd) thudng x3y ra ddnh thing kiéu tunen va c6 Or
am. Con cédc diode Zener c6 Vz trén 6V (ché tao bing vat liéu Si ¢
dién trd suat 16n) thudng ddnh thing kiéu thac li, véi O duong. Con
khi Vz niim trong khodng tir 4V d€n 6V thi c6 thé xay ra ca hai dang.

D& c6 hé s6 nhiét bé, ngudi ta thudng mic ndi ti€p diode Zener (phin

cuc ngugc)vGi mot diode chinh Iuu (phin cuc thuin) thanh mot t& hgp
nhu H.2-4-11. Hé sd nhiét dudng ctia diode Zener bi bu trir b3i hé s&
nhiét Am clia diode chinh lvu, nhd vay t6 hop s& c6 hé sé nhiét Am cl

dién 4p Vi + V2 rat bé, vao ¢ 5.10°/°C.

Bdng 2-4-3 néu tham s6 vai loai diode Zener

+

AY/ +VZ

Hinh 2.4.11. TS hop
gdm diode Zener va
diode chinh luu

Tén goi | Vatliéu | Congsudttiéu | Piép dp dn | Dong dién ngudc bién trd
ch€ tao | tdn cuc dai (W) | dinh V7 (V) danh dinh (mA) dong (QY)
IN702 Si 0,25 2,6 5 60
IN703 Si 0,25 3.4 5 55
IN706 Si 0,25 5,8 5 20
IN707A Si 0,25 8 5 10
IN708 Si 0,25 5,6 25 3,6
IN711A Si 0,25 7,5 25 5,3
IN714 Si 0,25 10 12 8
IN758 Si 0,40 10 20 12
IN1525 Si 1 15 13 5,4
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Bai tap 2-3. Mach dién nhu hinh 2-4-12, R = 300Q, R, =
1200Q. Hay xdc dinh pham vi thay d8i cho phép clia v; dé
c6 dién 4p trén tii on dinh & mitc 10V.

Giai

Chon loai diode Zener c¢c6 Vz = 10V, vi du loai I1N758
(Pmax = 0,4W). CAm nang cho dic tuyén clia diode nay
(h.2-4-13). Pham vi lam viéc cho phép tuong tng vd&i Hinh 2.4.12
doan dic tuy&€n gin nhu song song véi truc tung. Chon:
Imin = 10mA (n€u nhd qud, dién dp Vz khong hoan toan
on dinh).

Imax = 30 mA (dé khong vugt qua cong suit tiéu tan cho
phép)

Dong qua tai:

15

\Y
L= L — 10 — 8’3mA
R, 12K
Ap dung luat Ohm:

Vimin = IkminR + Vz= (Imin + IL)R + Vz = (10 + 8,3)0,3
+10=15,5V
Vimax =IrkmaxR +Vz =(Imax + IR + Vz = (30 + 8,3) 0,3
+10=21,5V Hinh 2.4.13
Vay pham vi cho phép clia V; 1a tit 15,5V dén 21,5V
Bai tap 2-4: Vin dung mach h.2-4-12. Bi&t V; =12V + AV;, R = 300Q, Ry = 1200Q.

Diode Zener IN708 ¢6 Vz = 5,6V, noi trG 3,6 Q + —
a) Hiy x4c dinh pham vi thay d8i di€m 1am viéc ciia Dz khi AV, R, I K
=+ 10% v D,
b) Tinh hé s& on dinh va tinh lugng bi€n thién clia dién dp trén T A
tai.
Gigi Hinh 2.4.14

a) Lap so dd tuong duong thévenin cho gin mach ngoai cia diode Zener giita hai diém K-A
s€ c¢6 H. 2-4-14, trong do6:
10,56V V=56V
RR, 300.1200
R; = = =2
R+R, 300+1200
V. =V, R, _12 1200 _
R+R, 300 +1200
D6 thi néu quan hé gitta I va Vi thda min hé thic
ndy 12 dudng tdi MN trén hinh 2-4-15 (cit truc hoanh
tai di€ém M c6 hoanh dd Vr = 9,6V, cit truc tung tai
di€m N ¢6 tung do Vi _96 40mA)
R, 240
Mit khdc dong di€n I va dién ap V7 (cling chinh la
Vo) lién quan vdi nhau theo dic tuyén clia diode
Zener 1IN708 (nét (2) trén h.2-4-15)
Giao diém Q ctia 2 @b thi n6i trén x4c dinh diém lam viéc cla diode khi V; = 12V:
Vz=5,6V,I=18 mA

40Q

Hinh 2.4.15
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N&u dién 4p vao thay ddi + 10% (nghia 12 V; dao dong trong khodng tir 10,8V dé&n 13,2V) thi Vr
thay ddi tir 8,64V dén 10,56V. Pudng t3i sé di chuyén tir vi tri AB dén vi tri CD trén hinh vé&, do
d6 diém hoat dong cia diode di chuyén trong pham vi tir Q; d€n Q, (tung d6 clia Q;, Q, xdc dinh
tir @6 thi).
b) Hé s6 6n dinh ctia mach dugc xdc dinh bing ty so giita lugng bién thién clia dién 4p vao
va lugng bién thién twong @ng clia dién 4p trén tdi:
S AV,
AV,
Duya vao mach tudng dudng d6i vSi thanh phan bi€n thién (thanh phian xoay chiéu) cia so dd h.2-
4-12 ta suy ra:

AV, R+R'
AV, R
trong d6 R’ 12 dién trd tuong duong (ddi v6i thanh phan xoay chiéu) clia nhdnh gdm D, mic
song song v4i tai R
R =rq4//RL =14

& hai bai tap nay, = 300438 g, 4
R’ 36
nhu vy : AV, = A—V' = £% ~ 0,1%
S 843

Bai tap 2-5: Vin mach dién nhu H. 2-4-12, nhung V; = 30V = const, con dién trd tii Ry thay doi.
Biét Vz = 15V, I = 65mA (vi du loai 1N1525), R = 200 Q. Hay xac dinh pham vi thay d6i cho
phép clia Ry sao cho dién dp trén tdi ludn 6n dinh & mic 15V.

Giai

Pién dp vao V; giit khong d6i cho nén khi cho nén khi Ry con nhd, dién dp do V; gy ra trén Ry
s€ nhd, chua di giy ra hién tugng ddanh thing cia diode Zener. Dién trd ngugc cia Dz lic d6
kh4 16n, vi vay c6 thé tinh gan diing:

V. =V, R, (1)
R+R,
hay R, =R Vi
V, -V,

Ting Ry thi Vi ting theo , dén lic Vi = V7 thi x3y ra qua trinh ddnh thiing va diode c6 tic dung
on ap. Gid tri Ry tuong Gng s& 1a:

Rimn=R . —YZ 22001

-V, 30-15
Trong trang thdi d6, dong qua dién trd R ¢6 gia tri:
I = V, -V, :30v—15v:75mA 2)

R 0,2K

(that ra & cong thifc (1) va (2) ta dd coi dong qua diode, & trang thai bit ddu d4nh thiing 13 I, =
0. N€&u tinh chinh xdc hon phdi 18y I = I+ Lyin > 75 mA)
Tiép tuc ting Ry thi dong I cang gidm, con dong qua diode I cang ting (coi Ir ~ const). Gid tri
Ry s& nhd nha't khi I dat L.
ILmin = IR - Iax = 75 — 65 = 10mA
Gid tri Ry tuong ting sé€ 1a :
vV, 15

— =15KQ
10

—200Q2

RLmaX -

Lmin
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Tém lai pham vi thay d6i cho phép ctia tdi 13 tir 200 Q dén 1,5 KQ
2-4-4. Diode bi&n dung (varicap)
Diode bién dung 13 loai linh kién b4dn din hai cuc, trong dé

chuyén ti€p P-N dudc ché tao mdt cach dic biét sao cho dién A K
dung clia né thay ddi nhiéu theo dién 4p ngugc dit vao. Chiing
thudng dudc dung trong cdc mach tao séng diéu tan, mach ty
dong diéu chinh tan sd cong hudng, trong cdc bd khuéch dai tham
s6 hodc nhin tan. Ky hiéu quy udc nhu hinh 2-4-16.
Nhu da trinh bay & 2-4-1-3, b6 phin cd ban cla diode 1a viing
nghéo nim & hai b&én mit ranh gidi. Viing nay bao gdm hai 16p dién tich khac ddu nim ddi dién
nhau: c4c ion Am acceptor bén bdn din P va cédc ion dudng donor bén bian din N. Sy phan bd
dién tich nhu vy tuong tu nhu tinh trang trong mot tu dién phing, vi vay chuyén ti€p P-N dudgc
dic trung bing mot dién dung, goi 12 dién dung hang rao. Khi chuyén ti€p P-N bi phan cuc
nghich, viing ngh¢o md§ rdng ra, nghia la khodang cdach gitra hai 16p dién tich néi trén ting 1én,
Ch.rao gidm. Pién 4p ngudc cang ting, Cpo cang gidm. Quy luit thay d6i cia dién dung hang rao
theo dién 4p ngugc tuy thudc vao tinh trang phan b tap chit § hai bén mit tiép xic. Trén H. 2-
4-17c¢ gi6i thieu ham C (V) clda hai trudng hgp: tap chit phan bd dot bién (nét a) va tap chi't bi€n
d6i cham (nétb).
b€ dic trung cho diode bi€n dung, ngudi ta diing cdc tham s6 sau:

a) Gid tri danh dinh ciia dié¢n dung
Thong thudng gi4 tri ndy dugc do trong mdt didu kién xdc dinh (gid tri dién 4p ngudc, tan so do,
nhiét do moi trudng v.v...)

b) He¢ so thay doi ciia dién dung
DPay la ty s6 giita hai gid tri dién dung do dugc & hai dién 4p ngudc khic nhau:

Cl

Ke=—2
C C2

Hinh 2.4.16. Ky hi¢u
ctia diode bi€n dung

(2-4-12)

Doi khi, d€ tdng quit hon, ngudi ta dung do doc cia dic tuyén C (V) 3—3 bi€u thi tdc d6 bi€n

thién cta dién dung C theo dién dp ngugc V.

c) He¢ sé' phdm chét Q
Hé s6 phadm chat Q dic trung cho ty s6 giita cong suit tin hiéu hitu ich 14y ra tir varicap va cong
suit tiéu hao trén no.
Ngudi ta da chitng minh ring hé s& Q phu thudc vao tin sd, dién dung hang rdo, dién tr§ ngugc
clia viing nghéo va ca dién trd ban thin clia hai mién bdn din (mic ndi ti€p clia viing ngheo).
Tan s6 tuong Gng v6i Q = 1, dudc goi 12 tin sd giGi han. Bang 2-4-4 néu mot s§ Varicap thudng
gap.

Bang 2-4-4. mot so varicap thudng gip

Tén goi bién dp bién dung ctia Varicap (p.F) do § V., =4V,
dénh thiing f=1MHz , T, =25°C
KhiIs =10A | Gi4 tri toi thiéu | Gia tri danh dinh | Gi4 tri t&i da
IN5139 60V 6,1pF 6,8pF 7,5pF
INSI39A 60 6,5 6,8 7,1
IN51441A 60 11,4 12 12,6
IN5144 60 19,8 22 24,2

Bai gidng Ky thudt dién ti
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IN5148 60 42,3 47 51,7
MV1866D 60 9 10 11
MV1878 60 42,3 47 51,7
MV2115 30 90 100 110
MV1666 15 297 330 362

Céc Varicap c6 dién dung bé (ch€ tao tir GaAS hoic Ge), thudng dung cho cdc mach tan sd cao,
con lai dién dung 16n (phdn nhiéu ché tao tir Si) diing cho tan s6 thip. Mot dic di€m quan trong
la dién dung ctia Varicap gan nhu thay d6i mot cach tic thdi theo dién dp ngugc dit vao. Chinh
nhd viy ngudi ta thudng dung varicap lam tu dién trong mach céng hudng ctia bd tao séng cao
tan. Trén 2 cuc cla Varicap luc dé, ngoai dién 4p mot chiéu d€ x4c dinh di€m viéc lam viéc
tinh, con c6 tin hiéu xoay chiéu giy diéu bi€n dién dung va k&t qui 13 séng cao tan tao ra bi
bi€n diéu tan s& (séng di€u tan).

2-4-5. Diode tunen (tunnel)

Diode tunen (con goi diode xuyén ham) ciing 1 loai dung cu hai cuc c6 chuyén ti€p P-N nhung
khdc véi cdc loai diode trudc ddy, ndng dd tap acceptor trong ban din P va ndng dd tap donor
trong ban din N § diode tunen c6 gid tri rat 16n (c§ 10"’ nguyén ti trong mot cm’); do d6 ving
ngheo rit hep (¢d 10° cm) va dién trudng ti€p xic trong viing nay dat dugc khd 16n (gin 10°
V/cm).

Ky hiéu quy udc va dic tuyén von-ampe néu trén h. 2-4-18 trong doan diic tuyén AB, tuong ting
véi dién trd vi phan Am (dong dién gidm trong khi dién 4p trén diode ting) d6ng vai trd rt quan
trong.

Gidi thich sy hinh thanh dang dic tuyén cia diode tunen dya trén ciu triic viing ning luong clia
chi't ban din suy bi€n (bdn din c6 ndng do tap rat cao ky hiéu P + hodc N + ). O day chi t6m tit
sd lugc.

Do pha tap v6i ndng dd 16n, viing ngheo ctia chuyén ti€p P + - N + trd nén rat hep, hiéu thé ti€p
xtic gifta hai ban din suy bi€n lai rdt cao, cho nén dién trudng ti€p xtc gifta hai ban din suy bi€n
lai ri't cao, cho nén dién trudng ti€p xiic c6 cudng dd rat 16n. N6i cach khdc tdn tai modt hang rio
dién th€ cao trong mdt viing rat méng. Gidn dd ning lugng clia hai bdn din bi uén cong mot
cach trim trong tai vung ti€p xic (h.2-4-19). Hiu qua 12 mdt s& mic ning luong cla dién th
trong ving din N tr8 nén ngang hang vdi cdc mic ning lugng cla dién ti trong mot ving hod
tri cia ban din P (mién gach chéo trén h. 2-4-19b). Do d6 sé& c6 nhitng dién ti di tir viing nay
sang ving kia theo ki€u “xuyén hAm” ma khdng phii “leo qua” hang rao dién th€ cda chuyén
ti€p P-N. Ta goi d6 12 hiéu t¢ng tunen. Dong dién do dién tir va 18 trong “chui vao” tao nén goi 1a
dong di€n tunen.

o) trang thdi cAn biing (chua phin cyc), dong tunen tir hai phia ngudc chiéu nhau va triét tiéu
nhau nén dong tong biing khong.

Khi diode tunen bi phan cuc nghich, gidn d4 ning lugng bi udn cong tram trong hon (h.2-4-20),
s6 mifc ning lugng bén P nim ngang hing véi mifc con tréng bén N sé& ciang nhiéu thém (mién
gach dim trén h. 2-4-20b), nghia 12 dong tunen cang ting. (Thit ra ngoai dong tunen vin c6
dong din do hat din thi€u s6 tao nén nhu & cic diode thong thudng, nhung tri s dong nay chi rat
bé). Pién dp phan cuc nghich cang ting thi dong tunen ndi trén s€ cang manh. Chinh vi vdy
diode tunen c6 dong ngugc 16n va ting nhanh theo dién 4p ngugc (doan OR trén hinh 2-4-18).
Khi phin cyc thuin, gidm d6 ning lugng bi udn cong it hon. BE dé hinh dung ta coi nhu cdc mic
ning lugng cla ban din P vin giif nguyén, con cdc mifc cia ban din N ning cao din theo gi4 tri
dién 4p thuan.
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& doan OA cla dic tuyén von ampe, dong tunen ting dan theo dién dp vi sd lugng clia dién ti
bdn din N c6 kha ning “chui rao” sang ban din P (tuong ng véi dién tich mién gach dim trén
H. 2-4-21b) tdng vi V tdng. Khi di€én dp thudn dat t&i gid tri sao cho mic Fecmi Wg, dang 1é€n
ngang hang vdi mitc Wy clia ban din P, dién tich mién gach dAm néi trén cuc dai, nghia 1a dong
tunen dat cuc dai (di€m A trén dic tuyén).
Sau d6, néu tiép tuc ting dién 4p thuin, cdc mifc ning lugng clia ban din N ti€p tuc ding cao
(H.2-4-21c). Mot s& mic clia bdn din N trd nén nim doi dién véi viing cAm cia ban din P (tic
la ving khong thé ti€p nhan dién tf chay ti), vi vay dién tich mién gach ddm gidm dan, nghia
12 dong tunen gidm dan (doan AB trén dic tuyén).
Khi dién 4p thudn ting tdi gid tri sao cho miic We clia bdn din N ding 1én ngang hang véi Wy
cia bdn din P (h. 2-4-21d), toan bd cdc mifc trong ving din clia ban din N khong con “chui rdo”
sang ban din P dugc nita, dong tunen gidm xudng bing khong (di€m B trén dic tuyén).
K& tir gia tri d6 trd di, n€u ti€p tuc ting V chay qua diode chi con lai thinh phin dong khuéch
tdn (do hat din vudt qua hang rao ché tao nén) nhu & cdc diode thong thudng.
Dong nay ting theo V véi quy ludt ham mii (biéu thidc 2-3-8), th€ hién & doan BC trén dic
tuyé&n. Thit ra, ngay cd pham vi dién 4p V bé, dong nay van tdn tai, nhung lic d6 tri s6 dong nay
nhé va bi dong tunen 14n 4t.
Ciing cin luu y thém riing: tuy dic tuyén thuin cé dang hinh chita N nhu hinh 2-4-18 nhung khi
do hoic hién dic tuyén trén lao dong ky, thudng doan AB rat kh6 nhin thay.
Cic tham sd dic trung cho diode tunen bao gdm:

a) Toa dd cua dinh A : Ip, Vp (cOn goi la dong dién dinh va dién dp dinh)

b) Toa d6 clia diém triing B:Iy, Vy (Dong dién triing, dién 4p triing).
Céc diode tunen thudng co:
I,=1+100mA, I, =0,1 +5mA
V, =50+ 100mA, V, =300 + 400mA

¢) Pién tr§ Am tuong duong

Rp = (:j_\ll (trong doan AB)

DAy ciing chinh 12 nghich ddo do doc doan AB trén dic tuyén. Do dic tuyén khong phdi 1a
dudng thing cho nén gia tri Rp = - (5Q + 150Q). Thuc nghiém cho thdy khi chiing ta phan cyc V
~ 1,8V, thi tri s6 Rp nhd nhdt. L&ch khdi gid tri dién 4p phan cyc d6 vé hai phia thi Rp ting dan.
d) Pién 4p thuin tng vdi gia tri dong khuéch tdn bing dong tunen cuc dai (hoanh dd diém
C trén hinh 2-4-18).
Thong thudng Vi = (400 + 500) mV

Tén goi Vp I, Vv Iy bién dung tuong
(mV) | (mA) (mV) (mA) duong (PF)
IN3712 65 1 335 0,18 10
IN3713 65 1 330 0,14 5
1N3720 70 22 350 4.8 150

Sd s6 tuong duong clia diode tunen khi 1am viéc & viing dién trd Am nhu H. 2-4-22. Rp dic trung
cho dién trd 4m; Cy 12 dién dung hang rao ctia chuyén ti€p P-N (cd 10 + 50 pF); rs 1a dién tr
cda phi€n ban din va diy ndi (cd 1Q); Ls: dién cdm ky sinh cda cdc ddy ndi, thudng rat nhd (cd
0,5 nH). Do d6 Ls va Co nén manh sé& cong hudng & mot tin sd nao dé goi 1a tan s& cong hudng
riéng fo. Thong thudng fo vao ¢& hang trim MHz cho dé€n mot vai GHz.
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Diode tunen thudng dudc ¥ng dung d€ khuéch dai va tao dao dong siéu cao tan. Ngoai ra con
dugc dung trong cdc mach d6ng md véi hai trang thdi 6n dinh phan biét. Téc do chuyén ddi
trang thdi c6 thé dat rit cao. Nhd dudc ché tao tir ban din suy bién, dic tuyén va tham sd cla
diode tunen chiu dnh hudng rit it cda nhiét d6, pham vi IAm viéc clia nhiét do cho phép clia
diode tunen thudng rit rong (loai ché tao tit Ge c6 thé 1am viéc d&€n 200°C, loai ché tao tir GaAs:
dé&n 400°C)

Trén h.2-4-23 minh hoa modt mach khuéch dai dong dung diode tunen. Ngudn mot chiéu E dé
xdc dinh di€m lam viéc tinh (thudng chon Q & trung di€m clia doan dién trd Am AB). Ngudn tin

cA A A ~ . ~ A A N A . N e N N
hi€u cao tan can khuéch dai es s€ gy ra mot dong cao tan qua diode 1a i, :R—S, va dong qua
D

5. 18 € ~ e g s eaA LR . . . e e n ~ A
taila i, =R_S nghia 1a dong tin hi€u tong ig =i, +i, =—=>+—=>. Vi Rp 4m, cho nén ky hiéu Rp
L D L
= - |Rp|. Tir d6 suy ra h¢ s& khuéch dai dong dién ctia mach béng:
i R
K, :__L:—| D|
is |Ro|-R.

ro rang 12 khi Ry, nhd hon |RD| nhung xap xi |RD| thi K; rat 16n.

Trén diy la trinh bay mot s6 loai diode thudng gip. K§ thuat dién tf ngay nay con st dung
nhiéu loai diode khdc, vi du nhu diode nghich d3o (dic tuy&én von-ampe trii ngudc véi dic tuyén
cia diode thong thudng, dong dién thudn bé, con dong ngugc 16n va ting nhanh theo dién dp
ngugc) thudng diing d€ tach séng hoic tron séng & gidi siéu cao tan; diode Schottky (thuc chat 1a
ti€p xtc cta kim loai va ban din, trong d6 khong c6 hién tudng tich lu§ hat din khong cin bing,
ddng thdi dién dung ban than ra't bé, vi vy 1am viéc dudc vdi tAn s6 rit cao) thudng ding cho
cdc mach déng md t6c dd nhanh. Giao trinh nay khong di sdu vao cdc loai dé.

2-5. TRANSISTOR HAI CUC TINH (BIPOLAR JUNCTION TRANSISTOR - BJT)
Transistor cuc tinh, thudng goi tit BJT, 1a mot loai
linh kién b4dn din ba cuc c6 kha ning khu€ch dai
tinh hiéu hodc hoat dong nhu mot khod déngms, E | N+ |||P||| N | ¢ E C
rat thong dung trong nganh dién t. N6 st dung
cd hai loai hat din: dién trd va 16 trdng, vi vy

. S B
x€p vao loai hai cuc tinh. ; BJ
2-5-1. Cautao E Jc

BIT dudc tao thanh bdi hai chuyén ti€p P-N nim E | P*||IN P| c E C
rit gin nhau trong viing mdt phié€n ban din
don tinh thé. V& mit ciu tao, ¢6 thé xem nhu BJT
cho ba 16p ban din ti€p xiic nhau tao nén, trong

d6 16p & gitta c6 bé day rit bé (cd 10™cm) va a) b)
khic ki€u dan dién v6i hai 16p bén canh. Ching  Hinh 2.5.1. Cu tao (a) va k¢ hiéu (b) clia BIT
han 16p G gitra 1a ban dan loai P thi hai 16p bén

canh 13 loai N, tao nén transistor ki€u N-P-N. con néu 16p & giita thudc loai N thi hai 16p bén
canh thudc loai P, tao nén ki€u P-N-P (hinh 2-5-1a).

Nong dd tap chat trong ba 16p ban din ciing khdng giong nhau. Lép c6 ndng d6 tap chi't cao nhit
(ky hiéu N* hodc P* trén hinh vé&), nghia 12 ndng do hat din da so clia né 16n nhat, goi 1a mién
phdt (hay mién emitter) 16p ddi dién (ky hiéu N hodc P) c6 ndng @6 tap chi't hon, goi 13 mién thu
(hay mién collector). Lp & giita, c6 ndng do tap chit rat thap (do d6 ndng dd hat din da s clia

B B
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16p nay tuong ddi nhd) goi 12 mién nén (con goi: mién base, hoic mién goc). Ba sgi kim loai
dugc gdn v6i ba 16p néi trén, dung 1am dién cuc cla transistor. Ngudi ta goi ching 1a cyc emitter
(ky hiéu biing chit E) cuc base (ky hiéu bing chit B) cuc collector (ky hiéu bing chir C)
Céc 16p ban din dugc dit trong mot v4 kin (biing nhya hodc biing kim loai) chi ¢6 ba dién cuc
tho ra ngoai. Ky hi€u quy udc cta hai loai transistor N-P-N, P-N-P néu trén h.2-5-1b. Miii tén vé
trén cuc E ciing tring vdi chiéu dong dién chay qua cuc dé.
Do ciu tao nhu trén vé& hinh thanh 2 chuyén ti€p P-N ri't gin nhau. Chuyén ti€p thi nhi't § ranh
gi6i mién phdt va mién nén, goi 12 chuyén ti€p emitter, ky hiéu 1a Jg . Chuyén ti€p thit hai, &
ranh gi6i mién nén va mién thu, goi 1a chuyén ti€p collector, ky hiéu 1 Jc. Hoat dong cia BJT
chli y&u dua trén sy tuong tdc giita hai chuyén ti€p rat gin nhau nay.
2-5-2. Nguyén tic hoat dong va kha niing khué&ch dai cia BJT
Hiy xét nguyén tic hoat dong ctia loai N-P-N 1am vi du (loai P-N-P ciing tuong tu). Sd dd mach
dién nhu hinh 2-5-2. Ngudn E; (c6 stic dién dong moat vai Volt) 1am cho chuyén ti€p Emitter Jg
phan cuc thuan. Ngudn E, (thudng ¢ 5 d€n 20V) lam cho chuyén ti€p collector Jc phan cuc
nghich. E;, E; dugc goi 1a ngudn dién 4p phan cuc. Rg, Re 12 cdc dién trd phan cuc (Re con cb
tén 12 dién trd tai doi véi dong mot chiéu collector).
D€ don gidn, gid thi€t ban dau ndng do J
tap chat phan bd déu trong cic 16p ban C I C,
din, ddng thi ta chi chi y dén dién 3 _{ <& N ||P]l] N € }_
cta cdc viung ngheo Jg , Jc .
Thét ra, ciu tric BJT~tr0ng thu’c.t/é' c6 tiét R, B R.
dién cida ba 16p ban dan kl\léng gidong nha\u; es@ I
dién trd ban thian cﬁ/a mién base va miél} . IT CBO
collector trong mot s trudng hgp khong thé T El B
bd qua; tap chit phin b6 trong cic 16p T
khong déu ma tuin theo mot quy luit nio e
dé, thy cong nghé ché tao.
Khi chua c6 ngudn E;, E, tic dung, cling C, I,
gi6ng nhu qué trinh x4y ra & diode, trong Lo <« E C o
mdi ving nghéo Jg, Jc sé& tdn tai mot A
?Llrin trtrdng tfl‘ep )A(uc F{ludn% tl.I'A/N saing l\’), . @ B §R
ng ng v6i mot hiéu thé ti€p xic nio IBT L
dé6. Hiéu th€ nay déng vai trd nhu mot T 2T
hang rdo dién thé, duy tri trang thii cin ¢ ¢
bing ctia chuyén ti€p (cin bing giita
dong trdi clia hat din thi€u s6 va dong . (b . -
khuéch tén clia hat din da s6, khi&n cho Hinh 2.5.2. Mach khufch dai dung BJT loai N-P-N
\ AR x. 2 x (So do base chung)
dong dién tong hgp qua modi chuyén ti€p
bing khong).
Khi c¢6 ngudn E,, chuyén ti€p Jc bi phian cuc nghich, hang rao dién th& va dién trudng ti€p xic
trong ving ngheo nay ting. Tuong ty nhu diode phin cuc nghich, qua ving ngheo Jc s€ c6 mot
dong dién rat nhd (do hat din thi€u s& clia mién base va mién collector tao nén), ky hiéu 1a Icgo.
Ta goi d6 1a dong dién ngudc collector.
Né&u c6 thém ngudn E;, chuyén ti€p Jg s& phan cyc thuin. Hang rao dién thé trong Jg ha thap (so
vGi trang thdi cAn bing) khi€n dién ti tif mién N* tran qua mién P, 16 trdng tir mién P tran qua
mién N* (hién tugng “phun hat din”). Sau d6 cdc hat din khong cin biing nay ti€p tuc khuéch
tdn. Trén dudng khuéch tdn, ching s& tdi hop v6i nhau. Nhung do ndng dd da sd trong hai mién
chénh 1€ch nhau xa (n, >> p,) cho nén trong cac s6 dién t phun tif mién N* vio mién P, chi mot
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bd phan rat nhd tai hgp, con tuyét dai da sd van cé thé khuéch tin qua mién base t6i viing ngheéo
Jc (kh3 ning bi tdi hop trén dudng di chi rat it vi mién base rdt méng, ndgn do 18 trong § mién
nay ciing khong cao lim). Khi téi viing nghéo J¢ cdc dién t ndi trén 14p tic bi dién trudng trong
Jc hit vé phia collector tao nén dong dién trong mach collector.

Néu goi Ig 1a dong dién chay qua cuc emitter (tuong ¥ng v6i chuyén dong ciia dién ti tir mién
N* sang mién P thi dong dién tao nén bdi sd dién ti chay tdi collector vira néi § trén sé& 1a alg,
trong d6 o dai dién cho ty s6 gifta s6 lugng dién tif t6i dugc collector (khdng bi hao hut doc
dudng di vi tdi hdp) va tdng sd dién ti¥ tdi phat di tir emitter:

() Ngoai hinh thifc khuéch tdn, trong nhiéu loai BJT hién nay, hat din con vugt qua
mién base nhd chuyén dong trdi dudi tic dung cla dién trudng. Pién nay tu hinh
thanh trong mién base do hiu qua clia sy phan bd tap chit ban dau la khong déu.

(2)  Luuy ring chiéu dong dién uy udc la chiéu chuyén ddng cia dién tich dudng, ngudc
v6i chiéu chuyén dong thuc cia dién ti.
s0 luong dién ti¥ t6i dugc cuc C

%= 8ng s6 dién ti phat di tir cuc E
Thong thudng o = 0,95 + 0.99 (nghia 1a ty 1€ hao hut din doc dudng di tr cuc E t6i cuc C chi rat
nhd). o ¢ tén 12 hé s6 truyén dat dong dién phat. Nhu vy dong dién tdng trong mach collector
bao gom hai thanh phan:

Ic = olg + Icgo (2—5-2)
Icgo 12 dong dién ngugc von cé clia chuyén ti€p Jc (phan cuc nghich bdi E,), con oI dai dién
cho dong hat dan chay tir cuc E tdi (do Jg phan cuc thuan bdi E;)
Trong mién base, mot s 16 trong phun sang mién N* va tdi hop véi dién tir , gdy nén sy thi€u
hut dién tich duong. P& bu lai, cdc dién tich s& tir ngudn E; chay vio mién base thong qua cuc B,
tao nén dong dién trong mach base Iz. Dua vao dinh luat dong dién di€m niit (hoic dya vao qud
trinh vat 1y vira néu trén day) ta dé dang suy ra ring:

=1 +1c (2-5-3)
Tri s6 I thudng rat nhd so véile va Ig .
Trén day 1a hoat dong cida BJT cung cdc dong dién I, I, Ic khi ¢6 cdc ngudn dién 4p E;, B,
khi€n chuyén ti€p Jg phan cuc thuin va Jc phan cuc nghich. Ta thdy r&: néu Ig bi€n ddi thi dong
Ic cling bi€n ddi theo. Biy gid né€u c¢6 thém dong tin hiéu xoay chiéu e (bién d6 rit nhd) thong
qua tu C; dit vao gifta cuc E va cuc B, nghia 12 x&p chong 1én dién 4p phan cuc von ¢ cia
chuyén ti€p Jg, thi mitc @6 phan cuc clia Jg sé& thay d6i moat cdch tudn hoan theo chu ky tin hiéu.
Do d6 dong dién t& tr cuc E di t6i cuc C s€ ting giam theo quy ludt cia es, nghia 1a dong
collector I¢ thay ddi theo es. Dong nay tao ra trén Rc mot dién 4p, bi€n thién cling quy luit véi
es nhung bi€n do 16n hon es nhiéu (nhd Rc¢ khéd 16n). Ta néi ring transistor di khué&ch dai tin
hi¢u.
R6 rang 1a c6 thé coi dong collector nhu bao gdm hai thanh phan: thanh phin khong d6i (ing véi
trang thai tinh, khi chi c¢é cdc dién 4p phin cuc E,, E,, thudng goi 12 thanh phan mot chiéu) va
thanh phan bi€n thién theo sy diéu khién cda dién dp tin hiéu es (ing vdi trang thdi dong, thudng
goi 12 thanh phan xopay chiéu).

ic=Ic+icxe (2-5-4)
Tuong tng, dién 4p trén Rc ciing 13 tdng cha 2 thanh phin: dién 4p mdt chiéu IcRc (ing véi
trang thdi tinh) va dién dp xoay chiéu ic Rc (&ng véi trang thdi dong). Trén h. 2-5-2, tu C; chi cho
phép riéng thanh phan xoay chiéu truyén qua tai. Nhu vay, dién dp xoay chiéu 13y ra trén Ry
chinh 13 hinh 4nh da khuéch dai cda tin hiéu vio es.
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Nguyén tic hoat dong va kh3 ning
khuéch dai ctia BIT, loai P-N-P hoan
toan tuong tu, chi khic 1a dé€ cho Jg
phan cuc thuin, Jc phidn cuc nghich,
cyc tinh cda cdc nguén mot chiéu Ej,
E, phdi d6i ngugc lai (h.2-5-3). Chiéu
clia cdc dong dién ciing thay ddi. Tao
nén dong collector trong trudng hogp
nay 13 cdc 16 trong phun tif mién P*
qua mién N va khuéch tin tdi mién

P |||N p | <
——
oclE C
B Re

IBi ICBo RL§

—E

collector loai P. C, I @) I C,
Ghi chu: Lo —>E CS, |
1) Ché& do lam viéc nhu trén ciia A R @ R A
BJT (Jg phan cuc thuin, Jc E ¢
phan cuc nghich) goi 1a ché& do Q) IBi B §RL
khué&ch dai. Ngoai ra, BIT con ‘l—T E, Ezl—l’
c6 thé 1am viéc & ch€ dod khod . —4— .

(hay ch& do déng md). O ché =
dd d6, hoic cd hai chuyén ti€p (b)
Je, Jo déu phén cuc nghich  Hinh 2.5.3. Mach khuéch dai ding BJT loai P-N-P
(trang thai khod hay trang thdi
tat), hoic cd hai chuyén ti€p Jg, Jc déu phin cuc thuin (trang thii dAn bido hoa, con goi
trang thai m&), BJT lién tuc giao hodn giira hai trang thdi nay.
2) Phan tich trén ddy chua dé€ y dén hién tugng bé day mién base bi déu bi€n bdi dién dp
dat vao collector (hi¢u ng Early).
That vay do viing nghéo Jg, Jc (nhit 12 Jc) c6 mot bé day nhit dinh, 141 vao thé tich mién base
cho nén bé day thuc t€ clia mién nay thu hep. O trang thdi dong, dién d4p Vg (hodc Veg) ludn
thay ddi theo tin hié¢u, khi€n bé day viing nghéo thay ddi va do dé bé day thuc t& clia mién base
thay ddi theo. Chinh hiéu tng nay gdy ra mot sd hau qua, vi du nhu vai trdo dién dung khuéch tin
ctia chuyén ti€p J¢, 4nh hudng clia ngd ra transistor d6i v6i ngd vao (hién tugng hdi ti€p nodi bd
trong ban thin transistor) v.v...
2-5-3. Ba s¢ do co ban cia BJT
Nhu d3 biét, BIT c6 3 dién cuc: emitter, base, collector (con goi: cuc phat, cyc nén, cuc thu).
Tuy theo viéc chon dién cuc 1am nh4anh chung cho mach vio vi mach ra ma ¢6 3 sd dd cd ban
sau day:
1) Mach base chung (nén chung) (viét tit B.C)
Mach vira kh3o sdt trén day thuoc loai nay. Tin hiéu can khuéch dai dua vao giita cuc E va cuc
B, tin hiéu sau khi d4 khuéch dai 14y ra gift cyc C va cuc B. Cuc B 1a cuc chung clia mach vao va

mach ra (h.2-5-2 hodc 2-5-3). Nhu vay dong I I
N N NN . N N o s <£ E C(£
dién vao la dong emitter, dong di€n ra la dong
collector, dién dp vao la Vgg, con di€n dp ra la T ('g; 5 T
Vs.
@ s Vis B Vg §R1
, Lf
Né€u khong v€ mach phin cuc (mach tao dién
4p mot chiéu cho cic chuyén ti€p Jg va Jc) thi -

so dd base chung c6 dang don gidn héa nhu h.
Hinh 2.5.4. Mach base chung don gian hoa
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2-5-4 (vé& cho loai N-P-N). Trén hinh nay ciing ghi 4 tham s& vé dong va 4p thudng dung. C4c hé
thic (2-5-2), (2-5-3) chinh 1a cdc hé thdc co ban ciia mach B.C.

2) Mach emiter chung (phdt chung, viét tit E.C)
Cuc E la cuc chung giita mach vao va mach ra. Dong di€n vao: Iz, dong di€n ra Ic, di€n 4p vao
VBE, dlén flp ra VCE~
C,

Hinh 2.5.5. Mach emiter chung
Mach day di va mach don gidn héa: h. 2-5-5a va b (transistor NPN).
Pé€ thi€t 1ap hé thic giita dong ra va dong vao cia mach E.C, ta vin xuit phat tif nguyén ly hoat
dong ctia BJT, thé hién & cong thic (2-5-2).
That vay, thay Ig theo (2-5-3) vao cong thic nay ta cé:
Ic = a(p + Ic) + Icso
Sau vai phép bién ddi don gidn, s& di d&n:

IC = BIB + (B+1)ICBO = BIB + ICEO (2—5-5)
trong d6: p=—— (2-5-6)
l-a
goi 12 hé s& khué&ch dai dong dién ctia mach E.C
Hoic suy ngudc lai o = i (2-5-6a)
B+1
Icgo = 1 Iego = (B+Dlcso (2-5-7)

dong vai tro tuong tu dong Icpo trong cong thitc (2-5-2) ciia mach B-C, nén dugc goi la dong dién
ngugc collector ciia mach E.C
thong thuong, BJT c6 o = 0,95 + 0,99. Tuong tng = 19 + 99.
ICBO = (0,01 = 0,1) |J.A, ICEO = (1 = 10) |J.A .
Hé thdc (2-5-5) 1a hé thdc ¢d ban cia mach EC.
Luu ¥ ring & mach BC, hé s6 o xap xi bing 1, dong Icpo rat nhd. Con § mach E.C, hé s6 P rat
16n hon 1, dong Icpo tuy 16n hon Icpo nhiéu, nhung so vé§i gid tri Bl thi van khong dang Ké.

3) Mach collector chung (thu chung, viét tdt: C.C)
Mach nhu h. 2-6-6a (transistor loai NPN). Ngudn E; ¢ noi trd rat bé, mic giita cuc C va dat, vi
vay d6i véi tin hiéu xoay chiéu thi cuc C coi nhu ddng thé véi di't (di€m G trén hinh). Chinh vi
vay, & mach nay, tin hiéu cAn khué&ch dai dua vao giita cuc B vd G, tudng duong nhu dua vao
gitta B va C. Tin hiéu sau khi da khuéch dai, 1dy ra giita E va G, tuong duong nhu 14y ra giita E
va C. Ro rang cuc C la nhanh chung cia mach vao va mach ra, do d6 cé tén goi mach collector
chung.

42 Bai gigng Ky thudt dién tit



Chuiong 2 - Cdc linh kié¢n bdn dén

Hinh 2.5.6. Mach collector chung
Mach tuong duong con gidn héa (khong v€ cdc mach phin cuc) nhu h. 2-5-6b. Do cic dic diém
clia né (dién 4p ra déng pha va x4p xi dién dp vao, dién trd vao rat 16n, dién trd ra rit nhd)
mach C.C con dugc goi 1a mach theo dién dp (voltage follower) hodc mach tai emitter.
2-5-4 Pic tuyé&n von-ampe cia BJT
D6 thi dién td cdc mdi tuong quan gitta dong dién va dién 4p trén BIT dudc goi 1a dic tuyén
von-ampe (hay dic tuyén tinh). Ngudi ta thudng phan biét thanh 4 loai dic tuyén: dic tuyén vao
(néu quan hé giita dong dién va dién 4p & ngd vao), dic tuyén ra (néu quan hé giita dong dién
va dién 4p & ngd ra), dic tuyén truyén dat dong dién (néu sy phu thudc clia dong dién ra theo
dong dién vao) va dic tuyén hdi ti€p dién dp (néu su bi€n d6i cla dién 4p giita hai ngd vao khi
dién 4p ra thay ddi). Dugi ddy chi gidi thiéu 3 loai dic tuyén thudng ding nhit cho tirng kiéu
mach cd ban.
1 - Mach base chung (B.C)

a) Ho dic tuyén vao 4 I, (mA)
mA mA 61
X B C X V= 10v
Veg=35v
B
Z O © = 37 V=0V
El VEB VCB E2
. . Ves(V)
Hinh 2.5.7. Mach lay dac tuyén 0 05 i >

cua BJT mic B-C
Hinh 2.5.8. Ho dic tuyén vao tinh
cta BIT mic B-C

Mic BIT theo so d6 B.C & trang th4i tinh (tifc 12 chi c¢6 dién 4p mot chiéu phan cyc, xem h. 2-5-
7). E1, E; 12 cdc ngudn dién 4p mot chiéu c6 thé thay ddi gid tri. Cac ddng hd mA k& (hoic pA
k&) diing d€ do dong dién, con cic volt k& do dién 4p giita hai cuc. Giif dién 4p Vcp = const, 1an
lugt thay d6i gid tri E; rdi doc cdc cip gi tri tuong tng cla Ig va Vig, két qui sé dugc dd thi I =
f (Ves) nhu h. 2-5-8.
Vs = const

Ta goi d6 1a dic tuyén vao ctia BJT mic B.C. Tap hop nhiéu dic tuyén vio (mdi dudng tng véi
mot gia tri khong ddi clia Veg) tao nén ho dic tuyén vao.
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Dé dang nhan ra ring dang dic tuyén nay tuong tu nhu dic tuyén thuin cla diode, b&i vi giira
cuc E va cuc B ciia BJT c6 chuyén ti€p Jg phin cuc thuin. Cic dic tuyén vao nim rit sit nhau
thé hién dién 4p ngd ra Vg dnh hudng rat it d€n dong dién & ngd vio.

b) Ho dic tuyénra
Né€u 1an lugt giita dong Ig bing cdc gid tri nhat dinh, thay ddi ngudn E, rdi x4c dinh cdc cip gid
tri twong ng cta Ic va Ve, ta sé& ¢ ho dic tuyén ra cda mach B.C

Ie =1(Vcen) $1.(mA)
I =const
nhu h. 2-5-9. Ho dic tuyén ndy c6 miy dic ,‘
diém: ; /i;yfff% __________

- Pic tuyén gin nhu song song vdi truc \
hoanh, cit truc tung & céc tung do khic o B =
nhau. Piéu nay chifng té ngay cad khi ' \

. 4y © I I=1lv
Vs =0, dong Ic van c6 mot gid tri khac l:h-//g//

khong nao d6 va viéc ting Vcp énh I

I X
i %/JgﬂL//
hudng rat it dén gid tri sO cua Ic. Dua h - >

T >

of 3 6 19 12 VoV

CBO

vao nguyén ly hoat dong ctia BJT, ta dé
dang giai thich dugc diéu nay.

- Pudng thip nhit trén hinh vé (tng v6i Iz Hinh 2.5.9. Ho dac tuyén ra tinh ctia BJT mic B-C
= 0) chi cach truc hoanh mot khodng rat
hep. Tung d6 nay chinh 1a gia tri dong dién ngugc collector, bdi vi, theo (2-5-2), khi I =0
(ttc E hd mach) thi Ic = Icgo. DOng nay von c6 gid tri rat nhd.

Pham vi rit hep, phia dugi dic tuyén nay goi 12 mién tit (hoic mién khéa). N6 tuong tng vdi
trang th4i khéa ctia BJT (c4 hai chuyén ti€p Jg, Jc déu phin cuc nghich).

- Tri s6 Igcang ting, dic tuyén cang dich 1én phia trén, nghia 1a I¢ cang ting theo. D6 1a vi
s6 hat din da s& clia mién emitter phun vao mién base cang 16n thi s6 hat din téi dugc
cuc collector ciing s& cang nhiéu. 4 I.(mA)

- Cfﬁ thé coi mdi dic tuyén bao gdm 3 doan. Poan V = 10v
gan nhu song song vdi truc hoanh (vira nhin xét § 1
trén) Gng vdi trang thdi khuéch dai thong thudng
cta BJT (Jg phin cuc thuin, Jc phan cuc nghich).
Poan chéch xién § bén trai truc tung (v& nét dir)
tuong ing véi trang thdi dan bdo hoa cta BIT (ca
hai chuyén ti€p Jg, Jc déu phan cuc thuin). Con
doan thit ba bén phdi (vé chdm chim) chinh 1a
qud trinh d4nh thing chuyén ti€p Jc, x3y ra khi
Vcg qud 16n 1am dong Ic ting vot. Pay 1a mién
cm sif d/ung dé\ khoi phd hong BIT. Hinh 2.5.10. Ho dic tuyén truyén

¢) Ddc tuyén truyén dat dong dién dat dong dién ctia BJT mic B-C

I,(mA)

0 2 A

l[e=1(I h.2-5-10
c =1(Ig) V., = const ( )

N6 ¢6 dang gan tuyé&n tinh, phit hgp vdi hé thitc 1y thuyét (2-5-2) (coi o 12 khdng ddi). Trén thuc
thé, hé s6 o chi 12 hiing s6 khi dong dién Ig tuong d&i nhd. Con khi Ig khi 16n, nghia 13 dong hat
din khué&ch tdn qua mién base c6 mat dd 16n thi ty 1é phan trim s& hat din bi tdi hdp trén dudng
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di s& ting 1én, khi€n o gidm. Piéu nay lam cho dic tuy&€n & ving dong dién 16n ngay cang 1éch
khoéi quy luat tuyén tinh.
2. Mach emitter chung (E.C)
Tuong ty nhu mach B.C, mach nay ciing ¢ 3 ho dic tuyén thong dung.
a) Dictuyén vao

A
ls = H(Vee) V. = const o
CE — . 300 +
phdn 4nh quan hé giita dong va 4dp ctia chuyén ti€p Jg 8 ngd V= 10v
vao (h. 2-5-11). Thyc chit diy vin 12 nhanh thuin cia dic V=3V
tuyén diode. 2007
b) DPic tuyénra
Ic = f(Ver) (h. 2-5-12) 100y
l = const
. . V..(V
So véGi ddc tuyén ra cia mach B.C, ho dic tuyén nay cua 5 0:5 1 BE>( )

mach E.C c6 mdt vai khac biét:
- Dudng thdp nhat (tng v6i Iy = 0) phdn dnh gid tri  f{0p2.5.11 Ho diic tuyén vao
dong dién ngudc collector cia mach E.C (Icgo). Dong tinh ctia BJT mic E-C
nay I6n hon dong Icgo ctia mach B.C (hé thdc 2-5-7),
vi vay khodng cdch gifta dic tuyén nay va truc hoanh ciing 16n hon. Pham vi phia duéi
dic tuy&n ndy van goi 12 mién tit (hoic mién khéa), ng vdi trang thdi cd Jg va Jc déu
phén cuc nghich.
- Céc dic tuyé&n phia trén (fng v6i Ig # 0) vAn bao gdm ba doan. Poan ché&ch xién (ing vdi
trang thdi din bdo hoa ctia BJT) liic ndy nim & bén phdi truc tung (trong pham vi Vg tir
OV dé&n c& 1,2V). Khi Vg = 0, dong I¢ s& gidm vé khdng, moi dic tuyén déu di qua goc
toa do — Poan nim ngang (&ng véi trang th4i khuéch dai cia BJT) c6 dd doc 16n hon so
v6i dic tuyén mach B.C — Con doan dbc ding (v& chdm chdm bén phdi) tng v6i qua
trinh danh thing.
Gidi thich cdc diu trén cAn dwa vao dic diém ctia mach E.C. G day ngudn E, (va do d6 dién dp
Vi) khdng chi gdy ra sy phan cuc nghich clia chuyén ti€p Jc ma con c6 mot phian lugng nhd ha
trén chuyén ti€p Jg, khi€n Jg phan cuc thuin. Vi vay khi Vg ting (bing cich ting ngudn E,) thi
tinh trang phan cyc thuin cda Jg cling ting, khi€n dong I¢ ting nhanh. Ngoai ra con do hiéu tng
Early: khi Vg ting, chiéu day thyc t&€ cia mién base thu hep, s6 hat din hao hut trén dudng di
gidm bt va s6 tdi dudc collector s& nhiéu 1&én. Hai 1y do trén 1am cho dic tuyén c6 do ddc 16n
hon.
Mait khac: Vcg = Vee - VBE
Jg phan cyc thuin nén Vg hdu nhu it thay ddi, do d6 Vcp gidm din theo qud trinh ctia Veg. Khi
Ve gidm dén mot gid tri kha bé nao d6 (twong ng v6i di€m udn trén dic tuyén — ranh gidi giita
doan ché&ch xién va doan nim ngang) thi Vcp tré nén bing khong. Sau dé, trong khi Vg ti€p tuc
giam thi Vcp ddi da, nghia 1a Jc trd nén phan cuc thudn. Lic nay, qua mién base s& c6 thém
dong dién thuin cda Jc (chay ngudc chiéu dong I¢) 1am dong tdng hdp gidm. Qud trinh nay tuong
tng v4i trang th4i din bio hoa clia BIT (doan dic tuyén chéch xién canh truc tung).
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A

Khi ting Vcg 1€n khd 16n s€ danh thiing
chuyén ti&€p Jc - Qud trinh nay tuong tu Mién\
nhu & mach B.C nhung gid tri Vg tuong  dan
tng thuong nhd hon dién dp ddnh thing bao? |
Vg & mach B.C. Piéu nay bit ngudn tr  hoa
hién tugng mot bd phan nhd cia Vg ha

trén Jg va 1am phan cuc thudn chuyén ti€p 3
nay nhu da nhian xét § trén. Khi Vg 16n,
dong hat din tir emiter phun vio mién

>
>

base sé& rit 16n, tao tién dé qu4 trinh ddnh O| 3 6 T ? 120 VW)
” ? Iero
thung (thdc 1 hodc tunen) xdy ra sém
hon. Hinh 2.5.12. Ho dic tuyén ra tinh ctia BJT mic E-C

O cdc transistor tin s cao, b& day mién

base it mdng, con c6 thé d4nh thing dudi dang khdc: khi Vcg 16n, viing nghéo Jc mé rong t6i
mitc chodn hét ca thé tich mién base, gy ra ndi tit giita

hai mién C-E. $I(mA)

¢) Pic tuyén truyén dat dong dién 151 V= 10v
Ic= f(IB) (xem h. 2-5-13)
Ve =const _ 5y

10 1 CE

Quan hé nay, mot cdch 1y thuyét, c6 thé suy ra tir hé thitc
(2-5-5). P9 doc cia dic tuyén chinh 1a hé s6 khuéch dai
dong dién B. Trong pham vi dong dién 16n, gid tri B gidm, 5+
cho nén dic tuy&én khong con tuyén tinh nita.
b€ vé dic tuyén nay (cling nhu § mach B.C) khong nhat
thi€t phdi ti€n hanh do tirng cip tri gid twong Wng cla Ic,
Is (hOflC/ Ic , Ig 6 mach B.C) ma c6 thé ngoai suy tf ho  ppp 2.5.13. Ho dic tuyén truyén
dac tuyénra. dat dong dién ctia BJT mic E-C
3. Mach collector chung (C.C)
- Ho dic tuyén vao va tinh chat Iy thuy€&t ctia mach C.C

L(nA)

0 100 200 300

I =1f(V
B =1(Vee) V¢ = const

trén thyc t€ it dung
Con diic tuyénra

Ig = f(Vec)
|, = const
va dic tuyén truyén dat dong dién
Ig =f(I
5=Hp) V.. =const

Thi gin giéng dic tuyé€n tuong dng clia mach E.C, bdi vi Ig = Ic.
2-5-5. Tham s6 xoay chiéu va mach tuong duong cia BJT
1. Tham sb xoay chiéu
Cdc ho dic tuyén tinh gi6i thiéu trén day bi€u thi quan hé giit dong va d4p mot chiéu trén cic
dién cuc. Ching gitp ta hinh dung rd rang su hoat dong cia BJT khi mét trong nhitng dong dién
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(hoic dién dp) clia né thay d6i. Piéu nay dic biét tién 1gi khi lwa chon vi tri di€m lam viéc ban
dau (di€ém 1am viéc tinh) cia BJT hoic khi BJT lam viéc vdi tin hiéu 16n (dién ap vao va di€n ap
ra ting gidm trong mdt pham vi rong va do dé di€m lam viéc tic thdi cda BIT di chuyén trén
mdt khodng dai cla dic tuyé&n). Trén thuc t&, nhiéu khi BJT lam viéc véi tin hiéu nhd, c6 nghia
12 trén cd s& cdc diém 4ap mdt chiéu phan cuc cho hai chuyén ti€p Jg, Jc (xdc dinh trén di€m lam
viéc tinh cda BJT) nay c6 thém dién 4p xoay chiéu es bién dd nhd dwa dén ngé vao dé€ BIT
khu&ch dai thanh tin hiéu xoay chiéu ding ké trén t3i ngd ra. Trong trang thdi d6, (goi la trang
thai dong tin hiéu nhd), mot cach gan ding, cé thé coi BJT nhu mot phin tif tuyé&n tinh, tic 1a
phan tf ma quan hé giita dong va 4p trén né thé hién bing nhitng haim bac nhit. Piéu nay la
hoan toan cho phép bdi vi, nhu thi'y rd tif cdc d6 thi & phin trén trong pham vi hep clia dién 4p
hoic dong dién, dic tuy&€n von-ampe ctia BJT coi nhu nhitng doan thing v6i do ddc khong ddi.

Vi quan niém nhu viy, c6 thé thay thé BJT § trang thdi dong tin hiéu nhé bing mot mang
bSn cuc tuyén tinh nhu h.2-5-14. G dy, mot
cich téng quat, ky hiéu dién 4p va dong dién
G ngd vao la Vi, I; (hodc Vi, I}) G ngd rala V,,
L, (hodc V, , I,) v6i chi€u quy uéc nhu hinh vé&. V| BIT v,
Sau nay, khi 4p dung cho titng sd dd cu thé
(B.C, E.C hay C.C) thi cdc dai lugng k€ trén sé&
la nhitng di€én dp hay dong di€n trén cdc cuc
twong ng cla transistor, dong thdi tuy theo
loai BJT (N-P-N hay P-N-P) ma chiing ¢6 diu
(hoic chiéu) thich hgp.

Khi dién ta quan hé giita Vi, I}, Va, I, c6 thé c6 sdu cdch chon bién s& nhu ghi trén bang sau:

Hinh 2.5.14. Mang bon cuc thay th€ cho BIT

Biénss | I, L Vi, Vs I, Vs Vi, L | Vo, I \t
Hamss | Vi, Vs I, L Vi, L I,V | VLI Vo, Ib

Trén thyc t& chi thong dung 3 cdch dau va tuong Gng vdi ching c6 3 hé tham s6 dic trung cho
BJT: hé tham s8 z, y va h. Dudi diy chi trinh bay loai thong dung nhit: hé tham s& h.

That vay, néu chon I;, V, 1am hai bién doc 1ap, con Vy, I, 1a ham cta ching thi hoat dong va tinh
ning ctia BJT (cling 13 clia mang 4 cuc tudng duong) c6 thé dién td bdi hai quan hé ham sau diy:

vV, =1,V
1 1( 1 2)} (2—5—8)
I, =1,(1,V,)
Ap dung cdch tinh vi phan toan phan ctia mot ham hai bién ta c6:
dv, = %dll + %dvz (2-5-8)
ol, oV,
dIZ:%dINL&dV2 (2-5-10)
ol; oV,
Goi M _ h,, (hodchy) (2-5-11)
ol,
oV,
—L=h hoac h;, 2-5-12
v, e (hoac hy) ( )
al, <
A =h,, (hodc hy) (2-5-13)
1
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al, )
—2 =h hoic h, 2-5-14
v, (hodc ho) ( )

df)ng thoi ky hi€u cdc lugng bi€n thién dV,, dV,, dI;, dI, bing cdc chit thudng vy, vy, iy, i (ching
ciing dai dién cho cdc dién 4p va dong dién xoay chiéu do ngudn tin hiéu es gy ra trén cic cuc
cta BJT & trang thdi dong), hé phuong trinh trén trd thanh:

{_Vl =Nl DV, (2-5-15) , (2-5-16)

I, =hyi +hy,V,

Ta goi day 12 hé phuong trinh c¢d bdn ding tham s& h. N6 dién td quan hé giita dong va 4p trén
ngd vao va ngd ra clia mang 4 cuc (dai dién cho transistor) néi cdch khéc: né gidn ti€p phin dnh
moi quan hé tiém &n bén trong transistor khi lam viéc & trang thdi dong tin hiéu nhd.
Tir hé phuong trinh c¢d bidn diing tham s& h, ta it ra ¥ nghia cda tirng tham s&:

Il
la dién trd vao (tdng quat hon: trd khang vio) cia BIT khi dién 4p xoay chiéu & ngd ra bi ngin
mach.

i
hy = 2

- hOflC hf
Il

V, =

12 hé s6 khué&ch dai dong dién (hoic: do 1gi dong) ctia BJT khi ngd ra bi ngin mach ddi véi tin
hiéu xoay chiéu.
[
h,, =—2| hoidc h,
v, |i;=0
12 dién din ra (t6ng quat hon: din nap ra) cia BJT khi dong xoay chiéu & ngd vao bi hd mach.
v
h, =—1| hodc h,
v, |i,=0

12 hé s6 truyén ngucc vé dién 4p (con goi: hé sd hoi ti€p dién dp) ciia BJT khi hd mach ngd vao
ddi véi tin hiéu xoay chiéu.

Nhu vay, pham chat, tinh nidng cda transistor s& thé hién qua gid tri cdc tham s6 h; cla ching.
Cac h;; duge goi la cac tham s6 xoay chiéu (hodc tham s& vi phan) clia BJT. Vé mit don vi do,
hy; (hodc h;) c6 thit nguyén dién trd (Q, KQ), hy, (hoic h,) c6 thit nguyén dién din (mho hoic
siement), con h;, (hodc h,) va hy; (hoic hy) chi 1a hé s6, khong thit nguyén. Vi 1y do nay, h dugc
goi 12 tham s& hdn hop (hybrid).

Sau nay khi 4p dung cho titng so d6 cu thé, tiy theo BIT mic ki€u nao (B.C, E.C hay C.C) ma
cdc tham sO c6 thém chi s6 tuwong ng. Vi du hyip (hodc hi) 1a dién tré vao cia mach E.C,
V.V...).

Bén canh tham s& hy; (hoic hy) nhiéu khi ngudi ta con diing tham s& “hd din™:

o i
" ov v, =0
gm néu dnh hudng ciia dién 4p vao ddi véi dong dién ra. D& dang chitng minh dugc:
I BEL hay g, M (2-5-21)
hy h;
Ap dung cho mach E.C thi g, = :i hay hgg = gnhig (2-5-22)

iE
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Ngoai hé tham s6 h, ngudi ta con duing c tham s6 khdc: tham s6 z (hay tham s6 tr§ khdang), tham
s6 y (hay tham s& din nap).

Qué trinh hé phuong 1ap hé phudng trinh co bdn d6i v6i cdc tham s6 ndy van tudng tw nhu trén
(chi khdc & cdch chon bi€n va ham). Y nghia clia titng thim s6 z;; y;; vAn dugc suy ludn mot cich
tuong tu.

la dién trd vao cta BJT khi hd mach xoay chiéu & ngd ra

) v
Chang han z,, =—%
T Y

Y, =2 Olé dién din ra cia BJT khi ngd vao bi ngdn mach dién dp xoay chiéu v.v...
Vo Vi =

Giita tham s6 z, y, va h ¢6 lién hé chin ché v6i nhau. Bi€t mot hé tham s&, ¢6 thé tinh ra gid tri
ctia hé tham so khdc. ‘
Ciing cin luu y ring vé mit todn hoc, cdc tham s6 xoay
chiéu giGi thiéu trén diy thuc chit 13 nhitng dao ham
riéng. Ching bi€u thi cho cdac dd ddc (hoic nghich déo
dd doc) cla nhitng dic tuyén tinh tuong tng. Vi vay tri
s§ clia tirng tham s8 hyj (hodc 7, y) thay ddi theo di€ém
l1am viéc ctia BJT. Mit khdc, cdc tham s6 xoay chiéu chi
c6 ¥ nghia khi BJT lam viéc v4i tin hi€u nhd.
2. Mach tuong duong cua BJT

Dua vao hé phuong trinh ¢ ban (2-5-15), (2-5-16), ta vé
dudc mach twong duong diing tham s6 h ctia BJT (ddi véi
tin hiéu xoay chiéu bién do nhd, tin sd thap) nhu h. 2-5-
15a. Trong mach vao, ngoai dién trd vao hy; (hodc hy)
con c6 ngudn dién dp hy,vs (hoic hyv,). N6 thé hién dnh
hudng clia ngd ra ddi v6i ngd vao, titc 1a thé hién su
truyén dién 4p theo chiéu ngugc (hién tugng hoi ti€p ndi
bd ctia BJT). Trén thuc t&€, cdc BIT thudng c6 hj, (hay
hy) rit bé (¢ 10 + 10™), vi vay ngudn dién dp hdi tiép
hjovy (hay hyve) c6 thé bd qua. G mach ra, ngu6n dong
dién hyii; (hoidc he;) phdn 4nh khd ning khuéch dai dong
ctia BJT (hé ngd vao c6 dong i; thi & ngd ra c6 dong
tuwong @ng 12 hyyij; ngudn dong nay cé ndi trd vo cling
16n). Dién dan ra hy (hoic h,) cling chinh 1a d6 doc dic
tuyén ra clia BJT. Thong thudng h,, rat bé (tirc 1a dién

trd ra L rat 16n) nén c6 thé bd qua nhanh niy. Nhu Hinh 2.5.15. Mach tuong ducng dung

) z D ... _ thamso hcta BJT (a) dang don gidn
vay so do tuong dudng don gian hda (dung tham sO h) s€ hod (b) va dang don gidn hod 4p dung

nhu h.2-5-15b. Khi 4p dung cho BJT mic E.C s& c¢6 so cho BIT méc E.C (c)
dd h. 2-5-15c¢, rat thong dung vé sau. 0 day ngudn dong
h¢e ig cOn c6 thé viét dusi dang khac khi 16i dung quan hé (2-5-22):

] V,
heig =he —25 =0, Vae (2-5-15b)

iE
bén cach so d6 tuong duong trén diy (goi 1a sd db todn hoc), ngudi ta con ding so do vat 1y goi
nhu vay vi sd d6 nay phdn 4nh ciu tric vat Iy thyc nhu transistor).
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aiE
i
e _C>
AN
—>
ICBO
[ B L ] B
(a) (b)

Hinh 2.5.16. Sd @6 tuwong duong vat 1y duing ngudn dong (a) dung ngudn 4p
(b) ctia BJIT médc B.C
Ching han khi BJT mic B.C (nén chung), md phdng theo ciu triic thyc clia transistor ta cé so dd
twong dudng nhu h. 2-5-16a. G day rg 12 dién trd twong duong clia viing ngheo

(= Ve Ves (2-5-24b)
dl, dlg
rg cling chinh 12 nghic ddo dd doc clia dic tuyén vao (h.2-5-8) va, theo (2-4-3b), & nhiét do
thudng c6 thé tinh r, :M (2-5-24b)
I.[mA]

rg 12 dién trd badn thian clia mién base d6i v6i dong dién Ig. Thong thudng cidc BJT cong suit nhd

c6 rg = 100 + 300Q2.

rc 1a dién tr§ tuong duong cia ving ngheo collector

= dVeg . dVeg
dl. |l =const dl.

Do Jc phan cuc nghich cho nén rc thudng ri't 16n (hang MQ). N6 ciing chinh 12 nghich ddo do doc

dic tuyén ra (h.2-5-9). Do rc 16n nén cdc dic tuyén nay gin nhu song song véi truc hoanh (dd

ddc rat nhd). Trén thuc t€ do hiéu tng Early cho nén dic tuyé&n ra vin c6 mdt dd doc nao dé.

N6i cach khac gia tri re khong phai la vo cuing 16n.

Ngudn dong aig phidn dnh kh3 ning khuéch dai dong dién (chinh x4dc hén kha ning truyén dat

dong dién) cia BJT mic B.C (khi ngd vao c¢6 dong ig thi & ngd ra c6 dong tudng tng 12 alig).

Ngudn dién dp hdi ti€p nodi bd & trong mach vio di bd qua khong vé.

I = const

Pig
g Tp B’ i B ic C B i C
oW e [ C° .—ﬂ JI— o« o ﬁ, ——
. YW B CEO B
. lElg Iy Icgo lig= § OB, ngE Tig § DB,
rp+(B+Dry
. B * . E ° . E *
(a) (b) (©)

Hinh 2.5.17. So d6 twong duong vat Iy cda BJT mic E.C
Ciing c6 thé bién ddi thanh dang sd dd tuong duong ding ngudn 4p nhu h. 2-5-16b, véi:
I'm = OUIC (2-5-26)
Hé s6 o chita trong ngudn dong hodc ngudn 4p trén h. 2-5-16 13 hé s& truyén dat dong dién xoay chiéu clia mach
B.C, tuong tng v6i tham s6 hg. N6 khdng dong nhit vdi khdi niém “hé so truyén dat dong dién tinh” (dong mot
chiéu) da dinh nghia & (2-5-1). Tuy vy, do gi4 tri hai tham s6 nay thudng xap xi nhau, cho nén ngudi ta vin ding
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chung mot ky hiéu o. Ciing vé6i ly do tuong tw, & mach E.C (h.2-5-17) ngudn dong dién 1a hg ip nhung ngudi ta van
quen ky hiéu 1a Big.

Khi BJT mic EC (phdt chung), s d6 tuong dudng vat 1y c6 dang nhu h.2-5-17a. 0 day:
— dVCB' ~ dVCE

“ " dl, [l;=const dI, |l =const

N6 chinh 1a nghich ddo d6 doc dic tuyén ra cia BJT mic E.C (h. 2-5-12)

Nhu d3 néi & phan truée, dic tuyén cé dd doc 16n hén so v6i dic tuyén ra clia mach B.C vi vay

tri sO rcg tuy kha 16n nhung van nhd hon re.

& mach vao clia h. 2-5-17a, ta nhin thay:

VBE = VBB’ + Vp'E = ipIs + Igrg = i[rg + (B + 1)rg] = iprie (2-5-28)

trong do: rig =18 + (B+1)rg (2-5-29)

12 dién trd vao cla transistor mdc E.C (cling chinh 12 hyg hodc hig)

Mit khac, 3 mach ra cé: rcg >> 1

Do dé c6 thé bi€n ddi h.2-5-17a thanh mach tuong duong don gidn hon nhu h.2-5-17b, hodc 2-5-

17c (khi coi rcg rat 16n)

Tém lai, khi 1am viéc & ch& dd tin hiéu nhd, c6 thé thay th€ BJT biing mot trong hai so d6 tuong

duong clia né: sd do todan hoc (diing mot trong cdc hé tham s6 h, y, z) va sd dd vat 1y (diing cdc

tham s& rg, 1B, Ic, IcE, O, B, ...). Viéc thay th€ nhu vay gitp c6 sy phan tich todn céc loai lugng

dudc don gidn va tién 1gi. Ta s& ng dung cdc so d6 tuong duong nay, két hgp vdi ngudn tin hiéu

& ngd vao, dién trd tii & ngd ra, cling cdc dién trd phan cuc d€ khdo sit cidc tham s§ co ban cia

tang khuéch dai ding BJT & phan 4-5 sau nay.

Ciing cin luu y ring nhitng sd dd tuong duong trén day chua ké d&n dién dung clia cic chuyén

ti€p P-N, ciing nhu quan hé phu thudc tan s& cla cdc than s6 o, B, ... vi vy ching chi diing cho

BIT lam viéc & tan s& thap hoic trung binh. Khi lam viéc & tAn s6 cao mach tudng duong clia

BJT sé& dugc tap hon.

2-5-5. Cac tham so gidi han ctia BJT

Ngoai cdc tham s& mot chiéu va xoay chiéu (dic trung cho ch& d6 lam viéc thong thudng cla

BIT) gi6i thiéu & trén, khi sit dung, d€ tranh hu hdng ta cAn luu y cdc tham s6 gidi han sau day:
1. Dong cuc dai cho phép

Tuy theo dién tich mit ti€p xiic, vat liéu va cdng nghé ché tao, diéu kién tda nhiét v.v... mdi

BJT chi c6 phép mdt dong dién t6i da trén mdi dién cuc. Ta thudng ky hiéu cdc gi6i han nay la

(2-5-27)

IEmaxs IBmaxs> Icmax

2. Dién dp cuc dai cho phép Vcmax, VCEmax> VBEmax
D6 1a cic dién ap khong dugc vuot qua d€ khong gdy danh thiing cdc chuyén ti€p P-N tudng
ung.

3. Cong sudt tié¢u tan cuc dai cho phép
Ty theo k&t cAu va cong nghé ché tao, dic biét 1a tiy theo diéu kién tda nhiét ciia chuyén tip
collector ma mdi transistor c6 modt cong suat tiéu tdn cuc dai cho phép, ky hiéu 12 Pemay. Gid tri
ndy thudng cho trong cic cim nang, kém theo diéu kién cu thé€ vé nhiét do moi trudng va ché do
tda nhiét. Khi lam viéc trong mot ting khuéch dai nao d6, d€ khong pha hdng BIT, cong sut tifc
thdi tiéu tdn trén transistor nhat thi€t khong dudc vugt qud gid tri Pcmax. Pi€u nay thudng dugc
thé hién trén ho dic tuyén ra (vi du ctia BJT mic E.C) bdi dudng gidi han (dang hyperbol, xem
h. 2-5-18):

| o = M2 (2-5-30)
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Nhu vy pham vi lam viéc cho phép cta

BJT bi han ché bdi ci 3 tham s& vira néu ‘

trén (Icmaxs VCEmax, Pomax). Ngodi ra mién I b

“dong dién nhd” nim sdt truc hodnh Ic < e
p 4 L. 2 Cmax

Iceo (Ung v6i trang khdi khéa ctia BJT) . o Ve

ciing 1a hai mién khong ding cho ch& dp  Mién_{ Mién cho phép

khuéch dai. Tém lai, loai trit moi han °*"™™ lam vige

ch&, mién lIam viéc cho phép dugc minh

hoa trén h.2-5-18. Sau nay, khi khdo sat I, Vg

vi trf di€m 1am tinh, vi trf dudng tdi cho | V.

phép, cong suit tdi da ma tang khuéch VEmin  Mién dong nhé Chmax

dai c6 thé dua ra trén tdi v.v... ta s& gip Hinh 2.5.18. Minh hoa mién lam viéc

lai cdc gi6i han vé hai phia ca dong dién cho phép trén ho dic tuyén ra ctia BJT

va di€n 4p vura néu.

4. Tan s6 giéi han
Thong thudng BIT chi 1am viéc mot cdch hiéu qua d&€n mdt tan s§ nhit dinh. Khi tin s6 tin hiéu
ting cao, vai trd dién dung clia chuyén ti€p P-N din dan trd nén diang ké. Mit khic, chuyén
dong cia hat din qua chiéu day mién base khong thé coi 1a tifc thdi va chi€ém mot thdi gian ddng
ké so vé6i chu ky tin hiéu. Vi vay, cdc hé s6 truyén dat dong dién B sé bi gidm theo tin s§; dong

Nocc

dién ra va dong di€n vao (hodc di€n dp vao) s€ bi 1éch pha nhau v.v..., gdy nén céi goi la “méo
tan s6”, “méo pha” v.v...

Gia st  tan s§ thap, BJT c6 hé so truyén dat dong dién 1a o (mach base chung) hoic By (mach
emitter chung)

Ngudi ta chiing minh dudc ring, khi 1Am viéc & tan s6 cao, cdc hé s6 o, B trd thanh nhitng s6
phifc va phu thudc vao tan sd dudi dang:

o=—"2" (2-5-31)
f
1+]—
f(l

B= B°f (2-5-32)
1+ jf—

trong d6 f,, fy 12 nhitng hiing s&, phu thudc vao dién dung clia cac chuyén ti&€p (Cgs, Cac), vao bé
day mién base va hé sd khuéch tin ciia hat din qua mién d6.
D& dang thdy ring tai tan s6 f = f, thi modul clia o bi gidm J2 1in (hodc 3 dB) so v4i gid tri o.
Ciing tuong ty doi véi B tai £ = f,
Theo th@t ty f,, f5 dugc goila tin s gidi han (hodc tan s§ cit) cia mach B.C va mach E.C.
Ngoai ra, tAn s6 ma tai d6 modul clia B gidm xudng bing 1, dudc goi 1a tin sd dao dong cuc dai
cta BJT, ky hiéu 1a fr.
Ngudi ta chitng minh dugc quan hé gitta 3 tin s6 néi trén nhu sau:
£, = (B+1)fs hay f5 = (1-a)f, (2-5-33)

fr = Bfy (2-5-34)
Nhu vay cting mot loai BJT, khi mic theo sd @6 B.C sé& c6 khd ning 1am viéc dén tan sd cao hon
s0 vdi so dd E.C (Mach C.C ciing c6 tan sd cit xap xi mach E.C)
Bing giGi thiéu tham s di€n hinh cda vailoai BJT.
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Bing 2-5: Tham s6 dién hinh cda vai loai BJT

Tén gOI Loal B f(x ICBO VCEOmaX VCBOmaX 1Cmax PCmaX
(T=25°C)

2N930 NPN | 60-350 | >50MHz | 10Na 45V 45V 100A | 0,3W

2N3053 | NPN | 50-250 | 100MHz | 0,25uA | 40V 60V 0,7A | 4W

2N3055 | NPN | 15-120 | 0,8MHz 90V 100V 15A 115W

2-6. TRANSISTOR TRUONG (F.E.T- field effect transitor)

Khéc v6i BIT vira nghién cttu & phan trén (ciu tao bdi 2 chuyén ti€p P-N, st dung c3 hai loai hat
din da s6 va thi€u s6 nén thudc loai ludng cuc tinh hay ludng hat), transistor trudng (thudng goi
tit 12 F.E.T) hoat dong dua trén sy diéu khién d6 din dién cta phién ban din bdi mot dién
trudng ngoai, dong thdi chi ding mot loai hat din (hat da s6), do dé thudc loai don cyc tinh
(unipolar). Tuy n6 ra d61 mudn hon BJT, nhung tinh ning c6 nhiéu vu viét hon (dién trd vao 16n ,
hé s khuéch dai cao, tiéu thu ning lugng bé, thuin tién phat trién theo xu hudng vi dién ti héa
v.v...) vi vy ngay cang dudc trng dung rong rai.

Transistor trudng bao gdm 2 nhém: transistor thudng dung chuyén ti€p P-N, goi tit JF.E.T
(junction field effect transistor) va transistor trudng c6 cuc ctta cach ly, goi tdt 12 IGFET (isolated
gate field effect transistor)

Hodac MOSFET (metal - oxide - semiconductor field

effect transistor). S G D Sio,
Nhém IGFET lai chia thanh 2 loai: loai kénh ¢6 sin va
loai kénh cdm tng. Dudi day ta 1an lugt khdo st cdu N Pt N | vang
tao va hoat dong ctia tirng nhém. Si-N ngheo
2-6-1 Transistor truong dung chuyén ti€p P-N E5iD
(J.F.E.T)
1. Céutao Hinh 2.6.2. Cilu tréic JFET ché tao
Cau tao don gidn hod cia JFET clng theo cong nghé planar
mach hoat Ekf)ng nhu h. 2-6-1a. I 5
Théi ban dan Si loai N hinh try c6 dién trd Viing nghto 1]
suat khd 16n (tdc la ndong do tap donor D
twdng doi thap), dude gidn véi hai sgi kim C

loai & ddy trén vi ddy duéi (ti€p xdc 0 ] [P SR,
khong chinh luu). Pdy trén goi la cuc A é ) \Y

P A R R s SR,
mang ky hi€u 1a D (tr chit drain) va day G
dudi goi 12 cuc ngudén ky hiéu 1a S \V
(source) - vong theo chu vi clia thdi ban e EG?—
din loai N ngudi ta tao ra mot 16p loai P,
va do d6 tai ranh gii giita hai ban din sé&
hinh thainh mot chuyén ti€p P-N (viing
ngh&o) cé dién trd sud't khd 16n. Phan thé
tich con lai cta théi Si (khdong bi ving
ngh¢o chodn chd) dudc goi l1a kénh dan.
L6p ban dan loai P cling dugc tao ti€p xtic
khong chinh luu véi mot sgi kim loai, dung
lam cuyc cta, ky hiéu 1a G (gate), con goi
12 cuc diéu khién. Toan bd hé thong trén

©

(a)
D D
A B
) O © >

Hinh 2.6.1. Mach khuéch dai dung JFET kénh N (a)
ky hiéu ctia n6 (b) va ky hiéu loai JFET kénh P (c)
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dugc dit trong mot vé bing kim loai hodc bing nhya gin kin, chi ¢6 3 dién cuc D, S, G tho ra
ngoai. Ta goi d6 1a JFET kénh N véi ky hi€éu quy udc nhu h. 2-6-1b.
Mbt ciu triic tuong tu nhung diing thdi bidn din ban diu loai P va 16p bao quang chu vi 13 loai N
thi s€ c6 JFET kénh P - ky hi€u quy u6c nhu h.2-6-1c.
That ra cdu tric thuc t€ cda JFET phitc tap hon ching han véi cong nghé planar - epitaxy, cAu
triic ciia JFET kénh N nhu h. 2-6-2. Céc dién cuc S, G, D déu 14y ra tir trén bé mit ctia phi€n bin
din, ciac ving N* diing d€ tao ti€p xiic khong chinh lvu giita cyc ngudn, cuc mang vdi kénh din
loai N. Mién P* déng vai trd cuc ctfa. L6p cdch dién SiO, bdo vé bé mit.

2. Nguyén tic hoat dong
Hiy xét trudng hdp JFET kénh N 1am vi du. N6&i JFET véi cdc ngudn dién dp phan cuc Eg, Ep
nhu h. 2-6-1a. Ngudn Ep, thong qua dién trd Rp, dit dién dp Vps gifta cuc mdng va cuc ngudn,
gdy ra dong chuyén dong qua kénh din clia dién ti¥ (hat da s& cda théi ban din N), tao nén dong
dién mang Ip.
Mit khic, ngudn Eg tao dién 4p giita cuc ctta va cuc ngudn, 1am cho chuyén ti€p P-N (hinh
thanh giita clra va kénh din) bi phian cuc nghich, nghia 1a 1am cho bé diy ciing nghéo ting 1én
va do d6 thu hep ti€t dién clia kénh din.
Thit ra do dién tr§ suit clia kénh din kh4 16n nén khi chay qua kénh din, dong I, sé gy ra mot
s phan bo dién th€ doc theo chiéu dai ciia kénh. Cdc diém trong kénh c6 vi tri cang gan cuc D
(ttic 12 cang xa cyc S) sé& c6 dién thé€ cang cao, do d6 tinh trang phan cyc nghich cla chuyén ti€p
P-N ting dan theo huéng tir cuc S d€n cyc D. N6i cach khic: kénh din c6 ti€én dién gidm din: &
gan cuc mang, kénh din 13 hep nhat.
Né&u giit Ep khong d6i ting din gid tri Eg, tinh trang phan cuc nghich cda chuyén ti€p P-N sé&
cang ting: ving nghéo cang md rong, kénh din cang thu hep. Do dé dién trd kénh din cing
ting va dong mang Ip cang gidm. Con dong giita cuc G va cuc S chi 1a dong ngude ciia chuyén
ti€p P-N, thudng rat nhd, khdng ddng ké.

IG ~0

Né&u bay gid ngoai dién 4p phan cuc Eg c6 thém tin hiéu xoay chiéu es dit vao giita cuc G va
cuc S (h. 2-6-1a) thi rd rang 13 tly tri s6 va diu clia es ma tinh trang phan cuc nghich cda chuyén
ti€p P-N sé& thay ddi. Tir d6, dién trd kénh din bi bi€n ddi va dong médng ciing bi bi€n ddi theo.
Néu es ting gidm theo quy luit hinh sin thi Ip s& ting gidm theo hinh sin. Dong nay ha trén Rp
thanh mot dién 4p, bi€n thién cling dang vdi es nhung bién dd 16n hon, nghia 1a JFET da khuéch
dai tin hiéu.
Nguyén 1y hoat dong ctia JFET kénh P hoan toan tuong tu, chi luu y ring c¢6 dién 4p Eg, Ep ¢
cuc tinh ngudc lai (h. 2-6-3). Tao nén dong mang & diy 1a do cdc 16 trong, hat din da s6 cla
kénh P.

3. Ddc tuyén von-ampe (xét loai JFET kénh N)

a) DPdc tuyénra (con goi: dic tuy€n mang) Ip = f(Vps) V. = const
- Trudc hét xét trudng hgp Vgs = 0 (ngdn mach G-S). Ting din Vps tir gid tri khong trd di,
quan hé Ip theo Vps ¢6 dang nhu h. 2-6-4 (dudng cao nhat). Pic tuyén ndy bao gdm 3
doan.

Poan bén trdi gin nhu tuyén tinh, véi dd doc khd 16n (doan OA)
0 pham vi nay, khi dién 4p Vps con nhd, phan bd dién thé do Vps gy ra trén dién trd kénh din
4nh hudng chua ddng ké dén chiéu day viing nghéo va dén ti€t dién cda kénh, vi vay kénh din
déng vai trd nhu mot dién trd thong thudng véi gid tri hAu nhu khong d6i: dién 4p ting khién
dong dién ting theo. Nhung khi Vps 16n dan, 4nh hudng néi trén ngay cang thé hién 16. Ving
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nghéo ngay cang md rong, 14n sdu vao kénh din, thu hep ti€t dién clia kénh lam cho dién tré
kénh ting va dong Ip tdng chdm lai.

Khi dat t6i gid tri Vps = Vp (diém A trén h. 2-6-4), ving nghéo md rong t6i mic chodn két tiét
dién clia kénh tai viing gin cyc mdng, nghia 13 kénh din bi thit lai & phia cuc mang (h.2-6-5a).
Ngudi ta goi Vp 12 dién dp thit. Pi€m A 13 di€m bit ddu thit kénh hay di€m bit ddu bio hoa.
Ving dic tuy&€n nim & bén trdi di€m A goi 1a viing dién trd (ham y: kénh din th€ hién nhu mot
dién trd)

N&u ti€p tuc ting Vps 16n hon Vp, dic tuyén chuyén sang doan thtt hai, gin nhu nim ngang
(doan AB trén hinh 2-6-4). Lic nay viing nghéo ti€p tuc md rong, mién kénh bi thit trdi dai vé
phia cyc ngudn, 1am cho dién trd kénh din cang ting (h. 2-6-5b). Vi vy tuy Vps ting nhitng
dong Ip hdu nhu it thay d8i. Viing dic tuy&n nay goi la viing thit kénh (hodc viing bio hoda)

Sau nay khi JFET dudc st dung nhu mot phan tif khué&ch dai, s& 1am viéc trong viing nay.

Poan dic tuyé&n thi ba (phia bén phai h.2-6-4) tuong ng v6i hién tugng danh thiing chuyén ti€p
P-N, x4y ra khi Vps qué 16n. Viing dic tuy&én nay goi 12 viing ddnh thiing.

- Trudng hop Vgs # 0, vi du Vgs 1an lugt 14y cdc gid tri Am ting din nhu biéu thi trén h. 2-
6-4 (cho JFET kénh N). Mdi dic tuyén vin bao gdm 3 doan nhu trén, chi khic 1a do cé
thém tdc dung ctia Vgs chuyén ti€p P-N bi phan cuc nghich nhiéu hon, dién trd kénh din
ting hon va do d6 gid tri dong Ip nhé hon. Tri s6 tuyét d6i clia Vgs cang ting, dong Ip
cang gidm, dic tuyén cang dich vé phia dudi. Mit khac, di€m bit diu thit kénh clia mbi
dic tuyén (diém A, A}, A, ... trén h.2-6-4) xé& dich vé phia trai

Diéu nay ciing d& hiéu khi chii y ring trong trudng hgp nay chuyén ti€p P-N bi phan cuc nghich
bdi tdng hai dién dp: Vps + Vsg = Vps + Vsl ... Diém bit dau thit kénh (diém A, A}, A, ...)
tuong &ng vdi trang thdi tdng hai dién 4p néi trén bing gia tri Vp. Vi vay khi s§ hang IVgsl cang
16n thi gid tri cia s6 lugng thit hai Vpgs s& cang nhd. Piém bit dau x4y ra ddnh thiing cla tirng
dic tuyén (di€m B, By, By, v.v...) ciing dich din vé bén trai véi ly do tuong tu.

b) Dic tuyén truyén dat

Ip = 1(Vgs)

(h.2-6-6)
Vps = const
Pic tuyén nay c6 thé xdy dung bing thuc nghiém hoic ngoai suy tir ho dic tuyén ra. Dang clia
né phan danh qud trinh dién trudng diéu khién dong dién mang: tri sd tuyét d6i cda Vgs cang
tdng, ving nghéo cang mé rong, dién trd kénh din cang ting va do d6 dong mang gidm. Khi Vgs
dat t6i gi4 tri dién 4p thidt Vp thi dong mang gidm xudng biing khong.
C6 thé mo phdng dic tuyén truyén dat bing hé thitc gan ding:

VGS 2 A
ID(VGS) - IDSS[ _Tj (2 6 1)

b
Trong d6 cic dién 4p Vgs va Vp 13y gid tri tuy&t ddi (khong k€ dau)
Ipss 1a gid tri dong mang khi Vgs = 0, thudng goi la dong mdng bao hoa.
4. Tham sé ddc trung cho JFET
a) Dién trd vi phan ngd ra (con goi: dién trd kénh din)
— aVDS
D — I
Day ciing 12 nghich ddo dd doc dic tuyén ra. Khi lam viéc trong ving bao hoa (ving thit kénh),
gid tri rp thudng kha 16n (cd 500 k)
b) Hb din (hay dd ddc dic tuyén truyén dat)

(2-6-2)

V = const
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— alD
0Vgs [Vps = const

I (2-6-3)

Tri s6 gm phdn 4nh mdc do dnh hudng cla dién dp diéu khién Vs tdi dong ming. Cac JFET
thudng c¢6 gm = (7 + 10) mA/V.

Duya vao dic tuyén truyén dat (h. 2-6-6), ta nhin thay: tai Vs ~ 0, do doc dic tuyé&n 13 16n nhat
va thudng 13y:

|
nmax = 225 2-6-4
g v (2-6-4)
Con tai cdc gid tri Vgs khac, c6 thé xdc dinh:
V
m = £m max- 1- —5 2-6-5
gn=g ( v j (2-6-5)

¢) Dién trd vi phdn ngd vao (con goi: dién tr§ vao)

Ve
A,
Ngd vao clia JFET 1a chuyén ti€p P-N phan cuc nghich, dong Ig chi rit bé (thudng c¢d 0,1 pA §
25°C) vi vay dién trd r; thudng rat 16n (¢ 10 + 100 MQ & 25°C)
d) Hé sd khué&ch dai tinh
o Ve
OVps

Hé s6 nay so sanh mifc d6 4nh hudng ddi véi dong mang clia dién 4p Vs va Vps. | cang 16n thé
hién tdc dung diéu khi€n clia Vgs d6i v6i dong Ip cang nhay (so v6i Vps)
Dé dang suy ra quan hé:
1 = gmlD (2-6-8)
e) Dién dung lién cuc Cgs, Cps va Cop
bay la cdc dién dung ky sinh, hinh thanh gitta cdc di€n cuc v§i nhau. Thudng ¢ (3 + 10)pF. Khi
JFET lam viéc & s6 thap, cdc dién dung nay c6 thé bd qua.
Ngoai cdc tham s trén, ngudi ta con quan tAim d€n mdt sd tham s6 gidi han nhu: dong mdng cuc
dai cho phép Ipmax, di€n dp cuc dai cho phép Vpsmax, VGsmax, cONg suit tiéu tdn cuc dai Ppmax,
dién 4p thit kénh Vp, dong mdng bio hod Ipss v.v...
5. Sodo tuong duong
Dua vao nguyén tic hoat dong va cdc tham s6 dic trung cho JFET vira xét, ta ¢6 so dd tuong
duong (ddi véi tin hiéu xoay chiéu bién dd nhd, tan s§ thap) clia JFET nhu h. 2-6-7a. Giita hai
cuc vao G-S ¢6 dién trd rao 1, gitta hai cuc ra D-S c¢6 dién trd kénh dinry va ngu6n dong gm vas
(dai dién cho kha ning diéu khién dong dién mang bsi dién 4p vao vgs).
Nhu vay néu c6 ti mic vao giita hai cuc ra D-S thi dong dién tdi (ciing 1a dong dién mdng) sé&
la:

(2-6-6)

Vs = const

(2-6-7)

I, = const

. \Y
— DS
Ip =0mnVes +

D
Thay g, theo (2-6-8) s& di dén:
Vps = - UVps + ipr'p (2-6-10)
Hé thifc nay tuong tng v6i so db twong duong h. 2-6-7b, trong d6 uvps 12 ngudn dién 4p, tuong
duong cho kh3 ning khué&ch dai tin hiéu ctia JFET.
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Tém lai, khi 1am viéc véi tin hiéu xoay chiéu tin s6 thap c6 thé thay thé JFET bing mdt trong
hai sd @6 tuong duong gidi thiéu trén h. 2-6-7.
2-6-2. Transistor truong cé6 cuc cita cach ly (MOSFET hoic IGFET)

1. Cautao va hoat dong cia MOSFET kénh cé sin (h.2-6-8)
Tw phi€n Si loai P, ngudi ta tao ra trén bé mit mot 16p loai N ding lam kénh din. G hai diu
khu&ch tin hai mién N* diing 1am cyc ngudn (S) va cuc mang (D). Trén mit phié€n Si dugc phi
mang SiO, bdo vé. Phia trén mang nay, d6i dién v6i kénh din, gdn mot bing kim loai, dung l1am
cuc ctta (G). Thong qua “clra s&” khoat xuyén qua mang SiO, & viing thich hgp, ngudi ta phun
kim loai, tao ti€p xdc tuyén tinh v6i hai viing N*, diing 1am d4u din ra cho cuc S va cuc D. Pdy
clia phi€n Si do6i khi cling dudc gin véi sgi kim loai, ding 1am cyc d&€ SUB (substrate). Thong
thudng cyc d& dude ndi véi cuc ngudn.
Nhu vdy 1a da hinh thanh cdu tric MOSFET kénh c6 sin loai N. Ky hiéu quy u6c nhu h. 2-6-8b.
Tuong ty, n€u phi€n Si ban dau thudc loai N, kénh din loai P thi ¢c6 MOSFET kénh P, ky hiéu
quy udc nhu h. 2-6-8c.

Hay xét hoat dong ctia MOSFET kénh N trong mach dién h. 2-6-9. Ban diu, dudi tdc dung clia
dién 4p Vps (do ngudn Ep tao ra), qua kénh din va cuc mang c6 dong dién Ip, tao bdi hat din da
s6 clia kénh (dién t). N&u c6 thém dién d4p Vgs (do Eg tao nén) véi cuc tinh nhu hinh vé thi
ciing gidng nhu qud trinh xdy ra & mot tu dién, cdc dién tich Am sé& tich tu trén cuc G, cdc dién
tich duong s€& tich tu & cuc d6i dién, tic 1a trong kénh din (16p SiO, déng vai trd dién moi clia
tu). Céc dién tich duong nay sé tii hdp véi dién ti, lam gidm ndng dd hat din von cé trong kénh,
khi€n dién trd clia kénh ting vad dong mang Ip gidm. Cang ting tri s§ Vgs, dong Ip cang gidm.
Ch€ do lam viéc nhu vay goi 1a ch€ do lam ngheo hat din (goi tit ch€ do ngheéo - depletion).
N&u ddi cuc tinh ngudn Eg (Vs trd thanh dién d4p duong) thi tinh hinh dién ra trdi lai: cang ting
tri s0 Vgs, ndng do hat din trong kénh cang ting thém, dién trd kénh cang gidm va dong Ip cang
ting. Ch& do 1am viéc véi cuc tinh Vgs nhu thé goi 1a ch€ do giau (enhancement)

Nhu vay 12 ngay khi Vgs = 0, MOSFET kénh c6 sdn di c6 dong mdng ban dau Ip # 0. Tuy cuc
tinh clia Vgs ma MOSFET nay hoat dong & ché do giau hay ch€ do ngheo, dung gia tri cia Vs
dé diéu khién dong Ip ting hay gidm. Trén cd s§ d6, n€u cé tin hiéu xoay chiéu es dua d&€n ngd
vao thi hié€n nhién dong Ip sé& bién d6i theo eg va trén tai & ngd ra s€ nhan dugc tin hiéu da
khué&ch dai.

Dic tuyén truyén dat va dic tuyén ra cia MOSFET kénh ¢6 sin loai N (h. 2-6-10) hoan toan
phdn 4nh qué trinh trén day. Mdi dic tuyén ra (h. 2-6-10b) vin bao gdm 3 doan, tuong tu nhu
JFET: doan Ip tdng gﬁn tuyé’n tinh theo Vps, doan Ip bdo hoa (trang thai thdt kénh) va doan ddnh
thing. G day, chuyén ti€p P-N hinh thanh giita kénh din va phi€n Si ban ddu. Do Vpg gy ra
phan bd dién thé doc chiéu dai kénh din, tinh trang phan cuc nghich clia chuyén ti€p P-N khong
ddng déu, din téi hau qua ti€t dién kénh din gidm dan vé phia cuc mang. Pi€m udn A trén dic
tuy&n ra tuong ng v46i trang thdi bit dau thit kénh. Pham vi AB (viing thit kénh) 12 mién lam
viéc chli y&u ctia MOSFET khi khué&ch dai tin hiéu.

Mach hoat dong va dic tuy&én cia MOSFET kénh c6 sdn loai P gidi thiéu trén H.2-6-11.

2. Cdutao va hoat dopng ciia MOSFET kénh cam ving
CAu tao clia MOSFET kénh cdm tng loai N ciing tuong ty nhu h. 2-6-8a, nhung chuwa c6 kénh
din ban diu (xem h. 2-6-12a). Giita mién mang (loai N*) va phié€n Si loai P hinh thanh chuyén
ti€p P-N (cuc d€ thudng ndi v6i cuc ngudn nén chuyén tiép giita ngudn va d€ bi ndi tit). Vi vay
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khi c6 dién dp Vps dit vao, trong mach mang chi c6 mot dong dién rat nhé chay qua chuyén tiép
P-N phin cuc ngudc. Pién trd tuong duong gitta S va D coi nhu vo cung 16n.

Khi ¢6 thém dién dp duong Vgs (h. 2-6-12b), di€n tich dudng s€ tich tu trén cuc G, con di€n tich
am tich tu & viing d6i dién, phia bén kia cila mang SiO; (viing nim giita hai mién N¥). Tuy vay,
khi Vgs con nhd, lugng dién tich cdm tng nay khong 16n, chiing bi 10 trong clia phi€n loai P tai
hdp mat. Chi khi Vgs vugt qua mot diém 4p ngudng Vr ndo d6, lugng dién tich Am cdm tng néi
trén mdi trd nén dang ké. Ching tao thanh mot I6p ban din N § trén bé mit bi€n Si loai P (do
d6 c6 tén 12 16p ddo), déng vai trd nhu mot kénh din ndi lién hai mién N* clia cuc ngudn va cuc
mdng. Do xuat hién kénh dan, dién trd tuwong duong giita S vad D gidm xudng va do dé dong
méng Ip ting 1én. Tri s6 Vgs cang ting, ndng d6 dién tich Am trong kénh din cang nhiéu, dong Ip
s& cang 16n. Ch& d6 1am viéc khi Vgs > V nhu vy goi 1a ché do 1am gidu dién tich (goi tit: ch&
do giau). Ky hiéu quy u6c cling v6i s6 dd khuéch dai cia MOSFET kénh cdm itng loai N gigi
thiéu trén h.2-6-13. Ta thdy ro: dién 4p tin hiéu xoay chiéu es (x€p chong 1&én dién 4p mdt chiéu
Vs do ngudn Eg tao ra) diéu khién ndng d6 dién tich Am cdm Gng trong kénh din va do dé diéu
khién dong Ip ting gidm. Trén dién trd Rp va trén tdi Ry sé& c6 dién 4p da khuéch dai cla es.
Dic tuyén truyén dat va dic tuyén ra cia MOSFET kénh cdm ng loai N gidi thiéu trén hinh 2-
6-14. Ta thay rd chi khi Vgs > Vr méi c6 dong mang Ip. MOSFET kénh cdm tng chi 1am viéc &
ché& do giau.

Né&u phién Si ban dau thudc loai N, cdc mién ngudn va mang thudc loai P* thi s& c6 MOSFET
kénh cdm t@ng loai P. Ky hi€u nhu h. 2-6-15. Nguyén 1y lam viéc tuong tu, & diy dién dp Vgs va
Vps ¢6 cuc tinh ngugc lai.

Tham s& dic trung cho MOSFET ciing gan gidng nhu clia JFET: dién trd vi phan ngd ra rp, dién
trd vi phan ngd vao r;, hd din gy, cdc dién dung lién cuc, cdc tham s& gidi han v.v... ddng chd y
12 do c6 16p céch dién SiO,, dién trd ngd vao cia MOSFET vo cung 16n. Lép SiO; rdt méng nén
g rat 16n, nhung dién 4p ddnh thiing giita G-S hoic giita G-D thudng tuong doi thap.

2-6-3 Nhan xét chung vé JFET va MOSFET

1) JFET va MOSFET hoat dong dua trén sy diéu khi€n dién trd kénh din bdi dién trudng
(dién trudng nay do dién 4p trén hai ngd vao sinh ra, con dong dién vao ludn ludn xap xi
bing khong). Tir d6 khong ché dong dién ra. Do dic di€m ndy, ngudi ta x&p transistor
trudng vao loai linh kién di€u khién bing dién dp (tuong tu nhu dén dién t), trong khi
BIT thudc loai diéu khié€n biing dong dién (BJT c6 ngd vao 1a chuyén ti€p P-N phan cuc
thuan, dong dién vio bi€n ddi nhiéu theo tin hiéu, con dién 4p vao thay ddi rat it).

2) Dong dién médng Ip tao nén bdi mot loai hat din (hat da s6 clia kénh), do d6 transistor
trudng thudc loai don cuc tinh. Do khdng cé vai trd ctia hat din thi€u so, khong c6 qud
trinh sdn sinh va tdi hdp clia hai loai hat dAn cho nén tham s6 ctia FET it chiu 4nh huéng
ctia nhiét d6. Tap 4m ndi bd ciing bé hon & BJT.

3) Ngo vao ctia FET c6 dién trd ri't 16n, dong dién vao gan nhu bing khong nén mach vao
hiu nhu khong tiéu thu ning lugng. Piéu nay dic biét thich hop cho viéc khuéch dai cic
ngudn tin hiéu y&u, hoic ngudn c6 ndi trd 16n.

4) Vai trd cuc ngudn va cyc mang cé thé d6i 14n cho nhau va tham s& ciia FET khong thay
d6i ddng k&.

5) Kich thudc céc dién cuc S, G, D c6 thé gidm xudng rat bé (dva trén cong nghé MOS), thu
nhd thé tich clia transistor mot cach ddng k€ va nhd d6 transistor trudng ri't thong dung
trong cdc vi mach c6 mat dd thich hgp cao.
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6) Cudi cung, ciing nhu BIJT, FET. C6 thé mic theo ba sd d5 cd ban: mach ngudn chung
(vi€t tit: S.C), mang chung (D.C) va ctta chung (G.C). C4c mach gi6i thiéu trén day thudc
loai S.C. Mach mang chung (c6 so @6 va dic di€m tuong ty nhw mach collector chung ctia
BJT: dién trd vao rat I6n, dién trd ra ri't nhd, dién 4p ra dong pha va xap xi tri s6 v6i dién
4p vao). Con mach ctra chung trén thyc t€ it dung.
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