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ILlnan kypca (Hacrs 1)-AHaI0roBeie 1 UMIYJIbCHBIC
yCTPOUCTBA:

YCWINTEIIBHBIE YCTPONCTBA HA TPAH3UCTOPAX;
Onepannonssie ycuaurenu (OY);
YcunurenbHble yeTpoucTBa HA OY;
OnepanroHHbIe cXeMbl ¥ puiIbTphl Ha OY.
MKP Nel
['eHepaTopbl CUTHAIOB HA TpaH3ucTopax u OY;
MMnyJibCHBIE CXEMBI HAa TpaH3ucTopax u OY;
IMITyIbCHBIE UICTOYHUKY ITUTAHUS;

AHaJIOro-nu@poBbIE U APPO-AHATIOTOBBIC
mpeoOpa3oBaTeIIy;

MKP Ne2
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IIpn nepemMelnieHnur 3JEKTpOHA OT OJHOIO0 aroMa K JAPYroMy CO3Jar0TCsA
MTOJIOKUTEJILHBIC 3aPsbl, HA3bIBAEMBIE «JIBIPKAMW», KOTOPBIE MIEPEMEITAIOTCS
B IPOTUBOIIOJIO)KHOM HAIPABJICHUM.

J:[I),IpKa (hole) — kBaszuyacThIla, HOCUTEIb MOJOKUTEIBHOTO 3apsja,
PABHOIO AJIEMEHTAPHOMY 3apsiay , B IMOJYIPOBOAHMKaAX. HeszamonmHeHHas
BaJICHTHAsl CBS3b, KOTOpas MPOSBISIET ce0d Kak ITOJ0XKHUTEIbHBIM 3aps,

YHCJICHHO PaBHbIM 3apsily 3JIEKTPOHA. :
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Ecnu B moynpoBOJHUKE UMEIOTCSI TPUMECH JPYTUX BEILIECTB, MOSIBIISIETCS
«IPUMECHAS» MIPOBOJIMMOCTD, KOTOPAsi B 3aBUCUMOCTH OT pOJia MPUMECH, OHA
MOXET OBITh 3JTEKTPOHHOM WJIH ABIPOYHOM.

[IpuMecH, aTOMbI KOTOPBIX OTAAOT 3JIEKTPOHBI, HA3bIBAIOTCS IOHOPAMMHU.

BemiectBa, oTOMpAaroIne 31EKTPOHBI U CO3JAIOIINE ABIPOUYHYIO
POBOAUMOCTD Ha3. aKHeNTOPaMu (aKIENTOP- MPUHUMAIOIIUN )

[TomynpoBOAHUKHU € TIpeo0IalaHieM JbIPOYHONM NPOBOAMMOCTH HA3bIBAIOTCS
MOJYIPOBOJIHUKAMH P - THIIA, & C MPEO0IaJaHUEM JICKTPOHHOU
ITIPOBOAMMOCTH N — THIIA.




I1o1ynmpoBOHUKOBBIE IPUOOPHI.

IoHsaTHe n-p nepexoaa. Jluoabl

Ob0sacTh HA rpaHULe ABYX NMOJYNPOBOAHHUKOB € Pa3jIMYHbIMH THIIAMH
NMPOBOAUMOCTH HA3bIBAECTCHA IEKTPOHHO-AbIPOYHBIM NEePEeX0a0M WM N-p
(p-n) nepexoaom
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B pesynsrare quddy3un HocuTesnei mo ooe
CTOPOHBI I'PAHUIIBI TTEPEX0a CO3AAI0TCS
00BEMHBIE 3apsIbl PA3TMYHBIX 3HAKOB.

Mex 1y 00beMHBIMHU 3apsilaMi BOSHUKACT
KOHTaKTHas pPa3HOCTh  IOTEHIIMAJIOB
(cocTaBisieT JeCsThIE JIOJIM BOJIBTA) U
ANIEKTpUYECKoe nosie (BekTop Ex).




DJIEKTPOHHO-ABIPOYHBINA MEPexXo/l MPU NPIMOM BKJIOYECHUH
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[Ipu npsiMOM HaNPsHKEHUU MOTEHIIMAIBHBIA Oapbhep MOHMKAETCH,
YMEHBINAETCS TONIIMHA 3alUPAIOIIErO CIIOA U €r0 COPOTUBIICHUE

B IIPSIMOM HaNpaBJICHUM CTAHOBUTCS MaiabIM (€aMHUIEI OM)




JJIEKTPOHHO-ABIPOYHbIN MEPexo/l NPY 00PATHOM BKJIIOYEHUH
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DJIEKTPOHBI OTPUIATEIBHOTO MOJIOCA UCTOYHUKA MPUTAHYT JBIPKU OOCTHEHHOMN
obnactu Pp OnIMKE K KOHIY KpHUCTaJUla, a K JAPYroMy KOHIly KpucTaia
MOJIOKUTEIBHBIN MOTEHIIMA UCTOYHUKA MPUTAHET CBOOOAHBIE 3JIEKTPOHBI. [Ipu
TOM DJIEKTPOHBI W JBIPKH MPAKTUYECKH HE OyayT mepecekarb Nepexoi, a
NOTEHIIMAJIbHBIN Oapbhep YBEIWUYUTCSA. byner nporekaTb HEOOIbIIONW O0OpaTHBIN
TOK — i06p (MKA)

[TporCXOIUT «MHKEKIHS» HOCUTEIECH U3 N 00JIaCTH B P 00J1acTb.




Jlmon (OT rped. — 1Ba U -0l — OT OKOHYAHHMS -00 TEPMHHA 271eKmpoo; OYKB.
«JIBYXAJICKTPOJIHBIN» ) — 3JIEKTPOHHBIN 2JIEMEHT, 001aJal0NUi pa3IunyHON
MMPOBOJAMMOCTHIO B 3aBUCUMOCTH OT HAIPABJIEHUS SJICKTPUYECKOTO TOKA.
DIIEKTPOJ INO0AA, MOJKITFOYAEMBIN K TTOJIOKUTEIIBHOMY MOJIOCY UCTOYHUKA
TOKa, KOTAa AUO0]T OTKPHIT (TO €CTh UMEET MaJICHLKOE COMPOTUBJICHHUE),
HA3bIBAIOT AHOAOM, TTOJIKJIIOYAEMBbIN K OTPUIIATEIILHOMY MOJIOCY — KATO0M.
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Teopernueckas BoJIbTaMIIEpHAs XapaKTEPUCTHUKA
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I =Iylexp(U /@) —1]

1o - obparneIii TOK, 0ueHb May (MKA);

{/ - nanpsokenue Ha p-n Mepexoje

oy =kT /e - TemneparypHbIi norenman (k-mocrosuuas
bonbiiMaHa, € — 3apsj1 3JEKTPOHA)
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KpemMuuepbie NHOABI MMEIOT CYLIECTBEHHO MEHBILEE 3HAYCHHE
obpaTHOro TOKA 1O CpPaBHEHHIO C IepMaHUEBLIMU BCIEnCTBUE OO-
Jiee HU3KOM KOHIEHTpAI HEOCHOBHBIX HOCHTeENEH 3apgna. Obpar-
Has BeTBh BAX y kpeMuHeBBIX AHOAOB HpHl JAHHOM Maclltade
NpakTUYEeCKH cluBaeTci C ocklo abcuumce. Ilpsmas BeTBp BAX
y KPEMHHUEBEIX OUOJIOB PAacniOJIOKEHA 3HAYMUTEILHO IpaBee, 4YeM
Yy T€pMaHHEBHIX.
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Jlnon mpoBOJIUT TOK B TIPSIMOM
HaIlpaBJICHUM €CIIH
BEJIMYMHA TTPUI0KEHHOTO
HaIpsHKEHUS 00JIbIIIE
MOTEeHIIMAIBLHOTO Oaphepa.
I'epmanueBbIi THO
TpeOyeT MPsMOE CMEIIECHHE
0,2-0,3 B, a KpeMHUEeBBbIN-
0,5-0,7B. CoOTBETCTBEHHO U
naJieHUe HAMIPSHKCHUS

Ha JUO/C PaBHO 3TUM
BEJIMYUHAM.
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30ma NpSsaoin

P n NDOROANNOCTH
’[‘ 30 I:_'*cnnccc«.'« Apoboi )
. e s
OBPATHOE BXxmouenne 20 ML ¢

) = i
max = i

Obpamnoe Uosp ~ B0 -100 "”lo

Hanpaeenne 8

MpoSoi oCparueie
HANPREeHNEe

Upp Npaseoe

-

1oma obparHoh
NPOBOSHMOCTH Ma A ‘o@

Ha yuactke ot 0-A nporekaet HeOONIbIION 00paTHbIN TOK (MKA). [anee mpoucxoaut
JJABUHHOE Pa3MHOXKEHHE HOCUTEJIEH 13-3a yIapHOW MOHU3AIUM U BhIPbIBAHUE
AJICKTPOHOB U3 aTOMOB. YuacTok ABB — sniekTpudeckuii oOparumelii mpoOoi n-p
nepexojia Mpu KOTOPOM OOpaTHBIM TOK PE3KO BO3PACTAET U CONMPOTUBIICHUE

TTHPAIOIIETO CJI0S PE3KO YMEHbIaeTcs. Y4uacTok BI' — HeoOpaTuMblil TemioBoM
..p000i1 Iepexoa.




Binsinue TeMneparypbl Ha MPOBOAUMOCTD JIH0/1A

Ai!np

] =1 . Nt —20)/10
loﬁp(!) o loﬁp(20 C) 20-20/19,

IIpu yBeImueHUN TEMITEPATYPhI
Cpepbl, TOK IIPOTECKAOIINN YEPE3
JIMOJT BO3PAaCTacT

dUJT % —2,5 MB/°C.

Eciu wepe3 auop n3 repMaHust MPOTEKAET IMMOCTOSHHBIN TOK, TO MPU N3MEHECHUH
TeMIIepaTypbl, NaJICHUE HANIPsLHKEHUST n3MeHsieTcs Ha 2,5 MB/C
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3. BoinpsiMuteau. OTHONMONYIIEPHOTHBIH
OTHO(A3HBIN BBINPSIMUTECIb
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IlocTossHHAs n IICPCMCHHAs COCTABJIAIOIITNC
BBIIIPAMIICHHOI'O HAITPAXKCHUA

a) lll.p Umax

U
“* Uep = Upyx /1=0,318Upg 1 =
1 = 0,3Upyx
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Voitage (Voils)
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JIByXIOJTyIEPUOAHBINA BBIIPAMUTEIIL C BBIBOJIOM CPEAHEN
TOUYKH
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JIByXIIOJIYTIEPUOTHBIA MOCTOBOU BBHIIPSIMUTEN b
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Vin

50
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OnHo(a3HbINA BBIIPSIMUTED C EMKOCTHOM HArpy3KOH
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OnHoda3HbIi ABYXTOJTYTEPUOIHBIN BHIIPSIMUTEIb C
EMKOCTHOUW HArpy3Kou
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Cradouautponsl (Zener diode)

DTO NOJYIPOBOJHUKOBBIE JUObI, IIPEIHA3HAYCHHBIC JJI CTaOMIN3alu1
HaIpsKeHUs Ha yYacTKe IEMH IIPU PE3KUX KOJICOAHUAX TOKa
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Bonsramnepnas xapakrtepuctuka — Cxema BKJIIOUYEHUS CTAOMIIUTPOHA
CTAOMIUTPOHA ITPU OOPATHOM BKJIIOYEHUU

CTa0uIMTPOH BCEraa BKJIKYACTCH B llellb B 00PaTHOM HaIPaBJICHUH,
NP NPSIMOM BKJIIOYEHUHU OH Pad0TaeT KaK 00bIYHbIN U0/
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TpaH3ucTopsl.

TpaH3p'1(:T0p (aHI1. transistor), IMOJyIIPOBOJHUKOBBINM TPHOI
— PaJAMOIEKTPOHHBIM KOMIIOHEHT U3 MOJIYIIPOBOIHUKOBOTO
Marepuaia, OObLIYHO C TPEMs BBIBOJIAMM, ITO3BOJISIOIIUM
BXOJIHBIM CUTHAJIOM YIIPABJIATH TOKOM B 3JIEKTPUUYECKOM LIETIH.

PaboTa OMIOJISIPHOTO TPAH3MCTOPA, OCHOBAaHA Ha IIEPEHOCE
3aps10B OJJTHOBPEMEHHO JIByX TUIIOB, HOCUTEIISIMU KOTOPBIX
SIBJISFOTCS DJIEKTPOHBI U ABIPKHU (OT CIIOBA «OM» — «JBa).

bunonspusie Tpan3uctopsl (bT) (MexayHapoIHBIM TEPMUH —
BJT, bipolar junction transistor).




bunoasipabie TPAH3UCTOPHI

np +pn =npn pn+np=pnp

£ C

A('":I

B B .—E B ‘—i
r 5 E . E
(a) npn transistor (D) prp transistor
C
¢ '
A 4
A - N L
\\‘Bﬂse-(’.‘oﬁecro; junction \B(?-S'G'CO]ffffOf'.i”?'f'ffm”
B B
Base-Emitter junction Base-Emitter junction
A




IIponeccel, NpoTeKkamIlye B TPAH3UCTOPE B AKTUBHOM pPesKHUMe

gy = Uy T Uy Ups Kls Uy X ligs,

2) J-Lf:_t" 5 U
1] o) L
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in =i tip; Ixg =03 mx. ip <iy; o<1

o<l - KOYpuuMeHT nepeaayu (yCHJICHHA) TOKA IMUTTEPA

ix =o(ix +ip);

P — =B >>1
— P> 1 -« B

B
1-p

B == >> 1 - xo3ppuuuent nepegaun (yeuienus) Toka 6a3nl

—
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CxeMbl BKJIIOYEHUS OUMOJISAPHOIO0 TPAH3UCTOPA

03 OK Ob




Crarndeckue XapaKTEpUCTUKU TPAH3UCTOPA

58
lg.g
200 400 wh
Puc.1. Bxognas .
XapaKTepUCTHKA Puc.2. CeMeHCTBO Py 3. [epegarounas x-ka

BBIXOJIHBIX
XAPaAKTCPUCTHUK
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Saturation Brealkdown




OCHOBHBIE COOTHOLICHUS TOKOB U HANPSIZKEHUH B cXeMe ¢
00LIIMM SMHUTTEPOM (PesKUM MOKOSA)

+Ey Uis =Ups +Ups [,=1,+1,

Lj/' llx [, =B-1; [3:B[5+]5:(1+B)15

A B = —& _ Kosdpdumment nepenaun (ycunenus) Toka 6a3pl
_IE_,B K 1,

KI Vo B>>1, I, =Pl
3

S A p _ — ~
Uss l K 1+B 3 m—agl ]]{ (XIQ IK ]3

L - Koaddunuent nepenayu (yCUICHUS) TOKA SMUTTEPA

B ~100, o. ~ 0,97 — 0,99




I'pado-ananmuTnyeckud MeToa BbIOOpa padouyeil TOYKH

—
17,
F \fm

Uﬁ'-9ﬂ JB U/I'.?

& —t——

£y

U =Ef —IRy
1. I, =0, Uy, =E, — pearcum "omceuxu"

2. U, =0, I, =E./Ry,~— pexcum "nacviyenus"

Tok KoJIeKTOpa 3a1a€TCsl BEIMUMHON COMPOTUBIICHUS HArPY3KH (KOJIJIEKTOPa).
[TonoxxeHnue padboyeld TOYKU OMPEALTACTCS TOKOM 0a3bl, KOTOPBIM MOKHO 3a71aTh

31 mojadeld CMeIeHHs Ha 0asy .




CxeMbl BKJIIOYECHUA OMIOJISIPHBIX TPAH3UCTOPOB.

Cxema ¢ 00IIMM YMUTTEPOM

+Ex
Bx O BxomHO€E CONPOTHUBIIEHME TPAH3UCTOPA
Lf' ’ B cxeme ¢ OD(IIPUBOIUTCS B IACIIOPTE)
Ry |k
fm KoappuumenT ycujieHus mo TOKy (BbICOKUM)
Vi I/
L. : _Ippix Ik _
B ¢ A Ky = r; =7 B>>1
T BX 5
5 Koy duuuent ycuaeHust mo HanpsiKeHHIo
Ui (BBICOKHI)
U I R R
Uss l% K, =2 =—A—-% =—B £ >>1
! Upy I xRy Ty oo
= BxoaHoe conporuBiieHHe (BBICOKOE)
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U l.r
~Upy ATy on
Ry, = ] = I =Ty 0 >>1
BY 5

BbixogHoe conpoTuB/IeHHE (BBICOKOE)

Ry ® Ry
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CxeMa ¢ 001IUM KOJLJIEKTOPOM

+Ex

Koy puuuent nepenaun no Toxky (BHICOKHUI)

I/
K, =7==B+1  L=pl+L=(+p),
b

KoadppuuueHT ycnjieHUs 0 HANPSAKEHUIO (HU3KUIT)

UBX

BxoaHoe conporuBiieHHe (BBICOKOE)

U [.r
Uy ATy os
Ry, = I = ' =Tpx 09 >>1
BY 5

BbixogHoe conpoTuB/IeHHE (HU3KO0E)

Ry ® R,
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Cxema ¢ o01ei 6a3zoun

Koy punuenT nepenaun no Toky (HU3KHH)

K, =—=a<l

: —_— Usszx . UBb]X
\_ > K, = —U > 1
BX
IA -
l ’ BxoaHoe conporuBiieHUe (HU3KOE)
[ =]
R - Upy _Ioproo 1x"v.05  Tay.0
o A
BY B B

BbixogHoe conpoTuB/ieHHE (BLICOKOE)

Ry ® Ry

KosdpuuueHT yCuiieHus 1Mo HANPSIZKEHU IO (BBICOKMI)
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CpaBH UTEIbHbIE XaPaKTEPUNCTUKN CXEM

Cxema Koad. Koad. BxogHoe | BbixogHoe
YCUSIEHUA NO | YCUNEeHUsA conp. conp.
Hanps>XKeHUo NO TOKY

03 Bbic. Bbic. Bbic.
0B Bbic.
OK Huaxd Bbic. Bbic. Hu3k.




[IpyHIMIT YCHIIEHUS HANIpsKEHUST B cxeme ¢ 0D B
OTUHAMUYECKOM PEKUME

+Ex
Ry |k UK9 — EK IKRH
LV’BM’L’
»
I K o T
BX
U
LBS
Y
=
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Pabora TpaH3ucTopa ¢ Harpy3Koi Ha3bIBa€TCSl AUHAMUYECKAM PEKUMOM
Kackazg ¢ OO nHBEpTUPYET BXOAHOM CUTHAI




PexXyuM JTMHENHOTO YCUIICHUS
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HennHenHoe ycuneHue

=

Clipped By Vpgfon)
signal

Active
region

W

W




Cxema cMelIeHns PUKCUPOBAHHBIM TOKOM 0Oa3bl

C NOMOIIBI0 JOTIOJIHUTEIIBHOTO PE3UCTOPA B LIENU 0a3bl 3a4a€TCS TOK
cMeleHus 0a3bl U (PUKCUPYETCS pabodast TOUKa

+Ex E _U
KO
Ik } Ry ===
: b
156 Ry Ry |k E, —0,7
1 > 5
N 164
% ,_’fﬁ;" ¥ 157 Cr \;’5 A E
L N\ = H Iy~ —
ol g y A R
?.- & ﬁi - . b
L £ Upa, Jﬁ s U
LFBS ]9

D
Taxkum oOpazom, TOk 0a3bl onpeaenasaeTcs GUKCUPOBAHHBIMU BEJIMYMHAMU
, HANPSDKCHHS MCTOYHHMKA TUTAHKS ¥ CONPOTUBIICHUS Pe3UCTOpa Ry




Cxema cmernieHnst hMKCUDOBAHHBIM HAIPSKEHUEM 0a3a-dMUTTEP

+Ex
Ry Ry K
LI, :
:BLZX
Uae: ||| | =
. 2
| \
Lk

IJl R, >
l 13 Uhm l"’-‘
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Cradowimzanus padbodei Touku B cxeme ¢ OO
+Ex

IE
—
-+ Ui
e e s
= v

411‘0 (EHNT -1, T»1, T>+U RaT—) U, v— mpansucmop sanupaemes — 1, 4

[, ~1,
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Cradouauszanusa padodyed Touku B cxeme ¢ OI

3a1ar0TCd TOKU MTOKOS i, 1
1112(2_5)15 I, ~1,
LTBALX
R. = EK_(U59+19R9)
> I +1
A b A
Yo RH:U53+19R3
4 a
U, (0,12...0,2)E,
’o=7= I
v 3 2
> 1 RK — EK _UI{Q
D
27—cfHRBX03 Iy




[TapameTpsl Kackaaa

BxoxHoe conporuB/ieHUE

+Ex p UBX Ly o +13R Lty on T + 1R,
BXS ~
Lyy Ly L
I [ Tueon +(B+DR,
o [ ] * Ty on t PR,
B
By *BRy, v P 5>> 4y
R.R
Ry = —- PR,
Ry + R,
Ko3¢gpuuuenr ycunenus
K = Upse _ 1Ry _ PR o Ry
=

Upy IRy Tyront (B+DR, R,

BbixoaHoe cOonmpoTHBIEHHE RBMX ~ RK
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JKBHUBAJIEHTHbIC CXeMbI M NapaMeTPbl TPAH3UCTOPA.
h-mapamerpsbl

1. Bxomnoe CONPOTHUBJICHUE —
CONPOTUBJICHUE TPAH3UCTOPA MEPEMEHHOMY
BXOJIHOMY TOKY TPH OTCYTCTBHM Ha BBIXOJE
EPEMEHHOTO HaIPSHKEHUS

AU
v — v h, = A[l npu AU, =const

1

2. Koo puuueHT 00paTHOM CBSA3M N0 HANPSAKeHU 0. [[loka3piBacT Kakas g0
BBIXOJHOTO TIEPEMEHHOTO HAMPSKEHUS MEPEIACTCSA HA BXOJl TPAH3UCTOPA
BCIICICTBHE OOpATHOM CBSI3M B HEM

A
h,= Y, npu Al, =const
44 AUZ




3. Koa¢ppuumenTt ycuieHus mo Toky (Ko3pguuueHT nepeaavu mo ToxKy) —
IMOKA3bIBAECT BEJIIMUYNHY YCUJICHUS IEPEMEHHOIO TOKA TPAH3UCTOPA B PEKUME
paboThI O€3 HArPYy3KHU

Al
h, = A12 npu AU, =const

1

4. BbIX0@HASI MPOBOAMMOCTDb — BHYTPEHHSS NPOBOAUMOCTH JJI1 HIEPEMEHHOTO
TOKa MEXy BBIXOJHBIMM 3aKHMaMH TPAH3UCTOPA

Al
h,, =—2 npu Al =const
22 AU, p 1
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DKBUBAJICHTHAs cxema TpaH3ucropa ¢ O3




[ToneBble (YHUNoONsApHbIE) TPAH3UCTOPbI
JFET (junction field-effect transistor)

ITosieBbIM TPAH3MCTOPOM HAa3bIBACTCA TOJYNPOBOIHUKOBBIM TPUOOD,
pabora KOTOPOTO OCHOBaHa  Ha MOIYJISIAN COMPOTHUBJICHUS
MOJIYTIPOBOJHUKOBOTO Marepuajia MONEPEUYHBbIM 3JICKTPUUYECKUM IMojeM. T.e.
yIPaBJICHUE B TAKOM TPAH3UCTOPE OCYILECTBIIACTCS MOJIEM.

[ToneBbie TPAH3UCTOPHI YACTO HA3BIBAIOT YHUIOSAPHBIMU. T.K. B KaHaje
POTEKAIOT HOCUTEM OJTHOTO THUIIA.

ITosieBbIE TPAH3UCTOPHI OBIBAIOT JBYX BU/I0B;

C YHpaBJIAIONIMM P-n mepexoaoM (ObIBalOT ¢ KaHAJIOM N-THMA WU C

KaHAJIOM P-THIIA)

CO CTPYKTYpOH  MeETAJI-AUIICKTPUK-TIOJTYIPOBOIHUK (MII-

TpaH3ucTop). Yacto B KauecTBE JUAJICKTPUKA TMPUMEHSIIOT OKHCEN

KpeMHHUs, Mo3ToMy uX 4YacTto HazeiBaloT MOII-Tpan3ucrop (MeTaswi-

OKMCEJI-NIOJIYNIPOBOAHUK,  metal-oxide-semiconductor  field  effect

transistor, coxpawernno MOSFET).

MOII-TpaH3ucTOpPBI MOT'YT OBITH IBYX THIIOB:
TPAH3UCTOPHI C BCTPOEHHBIM KaHAJIOM;

TPAH3UCTOPHI C UHAYIIUPOBAHHBIM KaHAJIOM.




IloseBbie TPAaH3UCTOPHI C YIPABJIAIOIINM P-N-IIEPEXOIOM

[ToneBoil TpaH3UCTOP MPEACTABISAET COOOM MOHOKPHUCTAILI MOJYIIPOBOIHUKA
(HampuMEp N — THIA) 110 TOPIIaM KOTOPOro c(hOpMUPOBAHBI AJICKTPO/IbI, A
MOCEpPEIMHE CO37aHa 00JIACTh MPOTUBOIIOI0KHOTO TUIIA MIPOBOJUMOCTH

( COOTB. p-THIIA) U BBIBOJIBI OT 3TOM oOnacTu. Torma Ha rpaHulie pa3jena

o0JacTell ¢ pa3IuyHbIM THUIIOM IMPOBOJIMMOCTH BOSHUKHET P-H-TIEPEXO/I.
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DIJIEKTPOH, OT KOTOPOTO JIBUKYTCS OCHOBHBIE HOCUTEIIH
3aps/ia B KaHAJIE, HA3bIBAKOT UCTOKOM, a JIEKTPOJI, K
KOTOPOMY JIBUKYTCS, - CTOKOM. YIPABJIAIOIINU 3JE€KTPO/
HA3bIBAIOT 3aTBOPOM.

J11s1 53 hEeKTUBHOTO yIIpaBJICHUS BBIXOIHBIM TOKOM
MaTepuajl OCHOBHOTO MOJIYIIPOBOAHUKA JOJKEH OBIThH
BBICOKOOMHBIM. KpoMe Toro, HayajabHasi IIMpUHA KaHala
JOJI’KHA OBITH JJOCTATOYHO MAJIOW — MOPSIKAa HECKOJIbKHUX
MHUKPOH.




[ToneBbI€ TPAH3UCTOPHI C YIIPABISIOIINUM P-N-
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IloseBbie TPAH3UCTOPHI C YIPABIAIOIINUM P-N-
[IEPEXOIOM

[Ipy U3MEHEHUU BXOAHOTO

! HaIMpsHKCHUS U3MEHSAETCs 00paTHOE

mepexo - HaIMpsDKCHUE HA MEPEXO0AC U OT 3TOTO

l R: m3MeHseTCs ero MUpHHA.

¥ COOTBETCTBEHHO U3MEHSIETCS

IJIOIIA/Ib IIOIIEPEYHOI0 CEYEHUS

\ '~ KaHAaa, yepe3 KOTOPBIHA MPOXOIHT
IIOTOK OCHOBHBIX HOCHUTEJIEH 3apsia.




TUMNA

Yrpasnsroniee 1eMCTBUE 3aTBOPA HATTIIHO ULTHOCTPUPYET CTOKO-3aTBOPHAS
xapakrepuctuka 1= f(U ) mpu U_= const.

Hpun U =0 ceyeHMe KaHaia HauOOJIbIIIEE, €r0 COMNPOTUBICHUE MUHUMAJIBHO, U,
CJIE/IOBATENIbHO, TOK MakcumaieH. Eciu U~ CTaHOBHUTCS OTPHLATEIIBHBIM,
TUIONIA/Ib TOTIEPEYHOTO CEUCHUS KaHalla YMEHBIIIAETCS, TOK CHIbKaeTcs. [Tpu
HEKOTOPOM 3aIMPAIOIIEM HAIIPSI)KEHUH, HA3bIBAEMOM HAIIPSI)KEHUEM OTCEUYKHU,
IJI0IA/Ib ITOMEPEYHOI0 CEUYCHHUS CTAHET PAaBHOM HYIIIO U TOK CTOKa Oy/IeT OY€Hb
MaJl.

+ I

N-KaHan pP-KaHan




BbpIXoaHas XapakTepuCTHKA KaHAJI N-TUIIA

Croko-3aTBOpHAs

BrixonHas xapakrepucTtuka

XapaKTEPUCTHKA
MA § !E
|
c 3 b
S= Suar{c " B. COB
. i
n-kaHan p-kaHan 2 o -05B
; -1B
'U:m 0 an U3H= -158B
UCITC UDTC A ~ é = — e = = {0 UE v
4 D 8 12 16 E B

+

* AKTUBHBIN PEXKUM
»Pe)X1M HaCBIICHUA
*PeXxM OTCEUKH




OcHoBHbIE TTapaMeTpsbl 11T

1) HanpsixeHnne oTceukm.

2) KpyTHn3Ha CTOKO-3aTBOPHOM XapaKTEpUCTUKU. (OHa MOKA3bIBAET,
Ha CKOJIbKO MUJIJIHAMIIEP U3MEHHUTCSI TOK CTOKA IMPU N3MECHEHUN
HaNPsKEHUS Ha 3aTBOpE Ha 1B.

a) Ic
It ax S = Alc/AU3n , MA/B

npu Ucu= const




3) BayTpenHee conpoTuBieHUE (MIH BBIXOJHOE) IIOJIEBOIO
TPaH3UCTOPA.

le |Uapq}=0
lc2 8 Uy d 2] Ul AU
| - > . oM ,
- B I - Ri= npu Uzn = Const
: _i | Uk ysad > ) sared Alc
|
! i |
| | L e d > U s
I
1 1 s
“’C s U-:n: l(u
4) BXOogHOE COIIPOTUBIICHUE
AU3n
9
RBx=—<10"OmM

Al3




DKBUBAJICHTHAs CXeMa IOJIEBOTO
TPAH3UCTOPA C YIPABISIOIIMM P-N-IIEPEXOAOM

3 Rac C
O L 2 L 2 L 2 O
Csc ‘
+—| gl
Rsu R B 1 69 Sl
(IDI 33U H
> L O

R3¢, R3u u C3c¢, C3u — CONPOTUBICHUE U EMKOCTH P-N-MIEPEXO0JI0B, BKIFOYEHHBIX

B 00paTHOM HaIpaBIICHUH,

Ccu — eMKOCTh MCXKAY CTOKOM N UCTOKOM TPAH3HUCTOPaA,

S*U3M — reHepaTop TOKa, XapaKTePU3YIOIINN YCUIUTEIIbHbIE CBOMCTBA
TPaH3UCTOPA.
YcunutenbHble CBOMCTBA M0 HAIPSDKEHUIO XapaKTepusyeT KO3 PUIneHT

YCUJICHUS: i
Kd=dUcn/dU3u =( dUcn/dI¢ )*(dIc/dU3n )= Ri*S.
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[IpeumyiiecTBa MoaeBLIX TPAH3UCTOPOB IO
CPABHEHHIO C OMITOJIIPHBIMA TPAH3UCTOPAMMU:

BBICOKOC BXOIHOC COIIPOTHUBIICHHUC,
MaJIbIC IITYMBI,
BbBICOKasi TepMOCTa6I/IJ'H>HOCTB;

IIPOCTOTA U3I'OTOBJICHHUA.




CXeEMBbI BKJITOYCHUS
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Cxema ¢ 00IIMM UCTOKOM

NmeeT 00ab110M KO3(POUIIUEHT

YCHUJICHHS IO TOKY M 1O
HaNpPsLKECHUIO.

H3meHnsieT a3y BXOJIHOIO
curHajia Ha 180 rpaaycos.
OTHOCHUTEIILHO OOIBIINE
BXOJHOE U BBIXOJHOE
COIIPOTHUBJICHHUSI.
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Cxema ¢ 00IIIMM CTOKOM

[IomoOHa SMUTTEpHOMY
ITOBTOPUTEIIIO U HA3BIBACTCS
UCTOKOBBI [TIOBTOPUTEb.
BBIX0/IHOE HANIPAKEHUE 110
(pa3e MOBTOPSIET BXOTHOE.
KoadduiuenT ycunenus mno
HAIPSI)KEHUIO MEHBIIIE
CIAUHULIBI.

Bricokoe BXozHOE
COIIPOTUBJICHUE U HU3KOE
BBIXOTHOE CONIPOTHUBIICHHUE.
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CxeMma ¢ 00IIMM 3aTBOPOM

AHaJIOTHYHA CXeMe C O0IIei
0a3oii.

He naet ycuiieHus 110 TOKY 1
OATOMY KOA(PUIIHEHT
YCUJICHHUS 110 MOIITHOCTH
HE3HAYUTEIICH.

daza HaNpsHKEHUS TIPU
YCUJICHUM HE U3MECHSIETCS.
BxogHoe COpOTUBIICHUE
MaJio, TaK KaK BXOJIHBIM TOKOM T

l/’r
SIBIISIETCS TOK UCTOKA. M

g

I'T1

I1o3TOMY OT/AEJIBHO
NPAKTHYECKHU He
UCII0JIb3YeTC s




YCTPOMCTBO TMOJIEBOr0 TPAH3UCTOPA C YIIPABIISIOLIUM P-N-

IePEX0a0M 5 Uy,

UCTOK CTOK
a) | | SiO,

n* n-KaHar n:

Si p-Tuna

3aTBop Al

- U3M
0 — Uz +Ucy
uctok | 3arsop 1 CTOK
Al
b) SiO,

P

n-KaHari

Si p-Tnna

Al

3aTBop 2

- U3M2
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(metal-oxide-semiconductor field effect transistor, Depletion- MOSFET,
D-MOSFET)

JlanpHENIIUM  pa3BUTUEM MOJIEBBIX TPAH3UCTOPOB SBJISIOTCSA TPAH3UCTOPHI C
V30JIUPOBAHHBIM 3aTBOPOM. Y HHUX METAJUIMYECKUN 3arBOP OTAECIEH OT
MOJTYITPOBOJAHMUKOBOTO KaHaja TOHKUM CJIO€M AudjieKTpuka. MHaye 3t npudopel
Ha3piBatoT MJIII-Tpan3ucTtopamu (OT CJIOB «METANT — JAUAJICKTPUK —
noynpoBoAHUK») win MOII-Tpan3uctopaMu (OT CIOB «METAJT — OKCHUJT —
MOJYIPOBOAHUK»), TaK KaK JUDJICKTPUKOM OOBIYHO CIYKUT CJIOM JIMOKCH]IA
KPEMHUS.

Hemox Jameop Cmox
o

SiO,
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OcCHOBaHHUEM CITYXKUT KPEMHUEBAS IJIACTUHKA C
AJIIEKTPOIIPOBOAHOCTBIO THUNA p. B HE# co3maHbl 1BE 00JIaCTH C
SIEKTPOIIPOBOIHOCTHIO nt+t - Tuma C ITIOBBIIICHHOM
IIPOBOJIMMOCTBI0. DTH OOJIACTHU SIBJISIFOTCS. MUCTOKOM M CTOKOM.
OT HUX clenanbl BEIBOABI. MeXAy UCTOKOM U CTOKOM HMEETCS
TOHKHAM IMPUITOBEPXHOCTHBIN KaHAJ C 3JIEKTPONPOBOIHOCTHIO N-
THIIA.

Hemox 3ameop Cmox

.;_o
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~
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|\J

“a
P-n-nepexod P-n-nepexod

P-110070HCKA




JlnMHa KaHaia OT MCTOKA JO CTOKa OOBIYHO E€AMHMIIBI MUKPOMETPOB, a €ro
IIMPUHA — COTHU MHUKPOMETPOB U 0OJIee, B 3aBUCUMOCTH OT pabO4yero Toka
TpaH3ucTopa. TonluHa JUAIEKTPUIYECKOTO CJIOS JUOKCHIa KpeMHHUS (MTOKa3aH
mTpuxoBkoi) 0,1—0,2 MxkMm. CBepxy AMIIEKTPUUYECKOIO CJIOA PACIOI0KEH
3aTBOP B BHUJE TOHKOM MeTamandeckon tieHku. Kpucramn M/III-Tpan3ucropa
OOBIYHO COEJMHEH C MCTOKOM, M €ro MOTEHUMAJ IPUHUMAETCS 3a HYJIEBOM —
TaK ’k€, KaKk W IoTeHuHan uctoka. [Ipubop ¢ Takoll CTpyKTypol Ha3bIBaIOT
TPAH3UCTOPOM C COOCTBEHHBIM (MJIM BCTPOCHHBIM ) KaHAJIOM.

Hemox 3ameop Cmox

“a
P-n-nepexod P-n-nepexod

P-110070HCKA




Ecau npu HyneBoM HampspKCHUH 3aTBOpPA MPUIIOKHTH MEXKIY CTOKOM M MCTOKOM
HalpsOKEHUE, TO Yepe3 KaHajl MOTEYEeT TOK, MPEACTABISIONIUNA COOOH IOTOK
ANIEKTPOHOB. YUepe3 KpucTall TOK HE IMOMJET, TaK KakK OJWH U3 P-N-TIEPEXOIOB
HaXOJUTCS MOJ OOpaTHBIM HampspkeHuem. Ilpm momaue Ha 3aTBOP HaAIMPSHKCHUS,
OTPUIIATEILHOTO OTHOCHUTEIIBHO MCTOKA, a CJIEIOBATEIbHO, W OTHOCHTEILHO
KpUCTasla, B KaHaJle CO3/IaeTCs MOMEPEYHOE IESKTPUICCKOE T0JI€, MO BIUSHUEM
KOTOPOTO 3JICKTPOHBI MPOBOIMMOCTH BBHITATKMBAIOTCS M3 KaHaida B 00JaCTH MCTOKA
M CTOKa M B kpucTtami. Kanam oOemHsSeTCs 3JIEKTPOHAMH, COMPOTHBIICHUE €T0
YBEIIMYMBACTCSI, W TOK CTOKa yMeEHbIIaeTcsd. YeMm Oonblle OTpHUIIATEIBHOE
HalpsOKEHUE 3aTBOpa, TEM MEHBIIE OSTOT TOK. TakoW peXuM TpaH3HCTOpa
Ha3bIBAIOT PEKUMOM 0bOeOHenus (30ionernHs, Depletion).
= (0) +

HHemox 3ameop Cmox

v N
P-n-nepexod P-n-nepexod
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Ecnu ke Ha 3arBop IoAaTh IMOJOKHUTEIBHOE HaNpsbKeHHe, TO TOJ
ACHUCTBHUEM MOJISI, CO3/IaHHOTO ATUM HaIpsHKEHUEM, U3 00JacTeil UCTOKa U
CTOKa, a TaK)Ke M3 KpHUCTaJlla B KaHald OyayT IPUXOJUTH AJICKTPOHBI;
MPOBOAMMOCTb KaHaJia IIPU ATOM yBEJIMYMBAECTCA M TOK CTOKA BO3pPACTaET.
DTOT PEKUM HA3bIBAIOT pedcuMom obocauieHus (3bazauertsi).
PaccMOTpeHHBIN TpPaH3UCTOP C COOCTBEHHBIM KaHAJIOM, TaKMM 00Opa3oM,
MOXET pabOTaTh KaK B peKUME OOCTHEHHUS, TaK U B PEKUME 00OTaIlICHUS.

0 + +

Hemox 3ameop Cmox
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4 1.4 Oé6racmv :
le ¢ f Ugy >0B | )

HACHIWECHUA ‘{‘

1
Axmuenan'
obaacme |

! Ugi=0B]

Pesicum
obocawenus

I  — cONnC Peocum
Uy = const >

0beoHeHuA

Uy <0B

)
Obaacmo

—— C———

npobos
— Uy I‘('—’ + Uy Uen
" 3H OTC
Cmoxko-3ameopHan Beixoonan
Xapaxkmepucmuxa xXapaxkmepucmuxd

Beixonaeie  xapaktepuctuku  MJIII-TpaH3ucropa MNOJOOHBI  BBIXOJHBIM
XapaKTEPUCTUKAM IIOJIEBOTO TPAH3UCTOPA C YIPABIAIOIIUM P-N IEPEXOAOM. ITO
OOBSICHSETCSI T€M, YTO IpPHU Bo3pacTaHuu HamnpsbkeHus Uc.M OT HyJsd cHadaja
nerlcTByeT 3akoH OMa M TOK pacTeT NPUOIM3UTENIBbHO IPONOPLHHOHATBHO
HANPSDKEHUIO, a 3aTeM, MPU HEKOTOPOM HarpspkeHuu Uc.u, KaHajl HauuHAEeT
CyXarbCi. Tak Kak Ha M-p-NEPEXOAE MEXKTY KaHAJIOM U KPUCTAJLUIOM BO3PaCTacT
20paTHOE HampsKeHWe, o0JacTh 3TOro Mepexojia, OOeTHEHHasT HOCHUTEIISMH,
L ACIIUPSETCA U CONPOTUBIICHUE KaHAJIAa YBEIUUYUBACTCH.




Xapaktepuctmkm MIAlN-TpaH3ucTopa ¢
BCTPOEHHbLIM KaHanom

& I.%Y Oé6racmv :
Ie ¢ F U > 0B J

HAcCbIWeHUA |

1
Axmuenasn
obnacms |

U =0B,

> Pescum
obocawyerusn

o
1
|
= S Peowcum
Uy <0B | obeoHeHus
I /
|
| Qbracme
| npoobos
I
— Uy U + Uy Uen
/3H 0TC
Cmoxko-3ameopHasn Beixoonas
xapaxmepucmuxd xapaxkmepucmuxda

Ri=dUcu/dIc npu Usu=const - tuddepennuanbHoe (BHyTpEeHHE)
COIIPOTHUBIICHUE KaHaJla TpaH3ucTopa (cotHu KOM);

S=dlc/dU3u npu Ucu=const - kpyTU3Ha XapaKTEePUCTUKH, ONIpEACIIAIONIas
yIpAaBIISIOIIEE ISWCTBUE 3aTBOPA;




JkBuBaneHTHas cxema MOl-TpaH3ncTopa ¢
BCTPOEHHbIM KaHaNom

3 Racur .
o—e—{ ] " o " o

Cac
0—| i e X
Ri — Ccu GQS*US“ Rnc e

RSH'JT —

G on
I . o . o]

R3c yT, R3u yT 1 C3¢, C3M — COMPOTUBIICHUE YTEYKH U EMKOCTH MEXKY 3aTBOPOM
1 00JIACTAMU CTOKA U UCTOKA COOTBETCTBEHHO;

C,, — EMKOCTb MEX/ly CTOKOM M HCTOKOM TPaH3UCTOPA;

S"‘U?’H — IeHEPaATOP TOKA, XaPaAKTEPU3YIOIINK YCUIIUTEIbHBIE CBOMCTBA
TPAH3UCTOPA;

Rnc, le uC_,C_ - CONPOTUBIICHUE H EMKOCTH EPEXO/IOB TOJTOKKA-CTOK U
MOJI0’KKa-UCTOK, BKIIFOYEHHBIX B 0OpaTHOM HampaBJICHHUH.




M 1-TpaH3ucTOop C MHAYLUMPOBAHHLIM KaHasioM
(oborawieHHoro Tuna, Enhancement MOSFET , E-MOSFET)

Modnoxka HUcmok | 3ameop | Cmok
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Modnoxka HUcmok | 3ameop | Cmok
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LAYA

Ecnu nonath HanpsukeHUe IMTaHAA B IIETIH CTOKA, a Ha 3aTBope Uy, = 0, T0 TOK B
KaHai1e OyeT OTCYTCTBOBATH (32 HCKIHUECHHEM TOKA HEOCHOBHBIX HOCHTENEH 00pat-
HOCMEITEHHEIX TIEPEX0/I0B ).
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Modnoxka HUcmok | 3ameop Cmok
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P-n-71epexod‘—”' i P-n-ne;:exod

P-noanoxka

Ecnu na 3aTBOp MOJATh MOJIOKUTENBHOE HANPSKEHHUE, TO MO ISHCTBUEM YCKO-
PSIOIIETO II0JIS 3aTBOPA B IIPUNIOBEPXHOCTHBIH CJI0M HAUHYT MOJTATUBATHCS HOCHTEIN
n-TUIA. Y POBEHb HAPSIKEHUS Ha 3aTBOPE, IIPH KOTOPOM B KaHAIIE TOSABIISIETCA IIPOBO-
JIAMOCTb, Ha3bIBACTCA HOPO206biM Hanpaxcenuem. Odo3HaunM ero uepes Uy. lpu Uy,
X 2U, o0pasyeTcsd TOKOMPOBOJAMIMA KaHAT (MHIYIHPOBAHHBIN), KOTOPBIH COSTUHHUT
00JacTH CTOKA M MCTOKA, X TOK CTOKA JOCTMTHET CBOETO HOMHHAIBHOTO 3HAUCHHUS.
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[Tlpenmyuwiectsa MII-TpaH3nucTopos

[Ipenmytuectsa M/II1 — TpaH3UCTOPOB 11O CPABHEHUIO C
[IOJIEBBIMU TPAH3UCTOPAMHU C YIIPABIAIOIIUM P-N-TIEPEXOA0M:

JYUIIAE TEMIIEPATYPHBIE XapAKTEPUCTUKMU,
JYYIIHAE IIYMOBBIE XapaKTEPUCTUKHU;

GoublIoe BXxogHOE conpoTupiaenue (1o 10°Om) mpu moboii
MOJISIPHOCTH BXOJIHOTO HAIPSDKCHUS;

MEHbIIIEE 3HAYCHUE BXOJHOM €MKOCTH, CIICI0BATCIILHO,
IPEEIbHAs YaCTOTAa MOXKET JOCTUraTh COTeH MI 11;

MPOCTOTa KOHCTPYKTUBHOM peain3aliii, 0COOCHHO
TPaH3UCTOPOB C MHAYIIUPOBAHHBIM KaHAJIOM.




BkntodyeHune [T B cxemax




[fonesble TpaH3IKWCTOPL

Cynpasangwuum p-n nepexonom C W30MTKUPO M 3aTBOPOM

POE€HHDbIW KdHan

00€ AHEHHL

i< )




IIpeacraBienue (pU3MIECKUX BEJIUYUH B OTHOCUTEIbHBIX
eIMHHUIAX

BeqununHa, BbIpakeHHas B Jienu0e/1ax, YMCJIEHHO PABHA TeCATHYHOMY
Jorapudmy 0e3pazMepHOro OTHOIEHUS PU3NIECKON BeJIHUYNHBI K OAHOMMEHHOMN

(pu3nyecKou BeJIMYUHE, IPUHUMAEMOHM 32 UCXOAHYI0, YMHOKCHHOMY HA 1eCHATh:

A

:LjB = 101g —_—

Ao

rne 4 , — BenuvMHA B Aenubenax, 4 — u3MepeHHast Gu3nyYecKas BenuinHa, 4, —

BEJIMUMHA, IPUHATAs 32 0a3UC

i P, =101 b
JI71s1 OLIEHKY OTHOIIEHWSI MOIITHOCTEN dB — g—
0

U
. _ 1
JU1s1 OLIEHKH OTHOLLIEHUS HAPSIKECHUN Ugp =20 Ig
0

COOTBETCTBEHHO, ITEPEX0/T OT Ab K OTHOIIEHUIO MOITHOCTEN

OCymlIeCTBISIETCs 110 hopmysie P /P = 101 - Bemwauna s 1B)

83




Ilycmo 3nauenue mownocmu P, cmano 6 2 pasa 6onvuie ucxo0no2o snavenus mowpocmu P,
TOT/Ia

10 Ig(P /P ) =10 1g(2) =3,0103 a1b = 3 nb,
TO €CTh POCT MOIIHOCTHU HA 3 Ab 03Ha4aeT €€ yBeandeHue B 2 pasa.
Ilycmo 3nauenue mowpocmu P, cmano 6 2 pasa menbuie ucxooHo2o sHavenus mownocmu P, 10
€CTh P1 =0,5 P0° Torma

10 1g(P /P ) =10 1g(0,5) = -3 b,
TO €CTh CHH)KEHHE MOIITHOCTHU Ha 3 1b o3HadaeT €€ cHrkeHue B 2 pasa. [1o ananorum:
*poct momHocTH B 10 pa3s: 10 Ig(P,/P ) = 10 Ig(10) = 10 nb, camxenune B 10 pa3: 10 Ig(P,/P ) =
10 1g(0,1)=—10 nb;
spoct B 1 muH. pa3: 10 Ig(P,/P ) = 10 lg(1 000 000) = 60 nb, camxenue B 1 M pas: 10 1g(P /P )
=10 Ig(0,000001) = —60 nb

Pl
E 1000 100 10 0,79 0,5 0,25 0,1 | 0,01 | 0,001
P 5 30 20 10 -1 -3 -6 210 | 20 | -30
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[lone3Ho 3anoMHUTb COOTHOLLUEHUS:
1 0b — B =1,26 pasa,
3 Ab — B =2 pasa,

10 ob — B 10 pas.

1306=100b +3 b — B=10-2 = B 20 pas,
20p06=100b + 10 gb — B 10-10 = B 100 pas,

30 o6 = 3 - (10 aB) — B 10° = B 1000 pa3




0 nb Huuero He CABIIIHO (MOPOT CIBIIITUMOCTH)

30 Twuxo menort, THKaHbE HACTCHHBIX YaCOB.

60 Illymno (ynuna)

80 OueHb LIYMHO KPUK, MOTOIHKJI C TIIYIITUTEIEM

100 KpaiiHe mryMHO OpKECTP, BaroH METPO (IPEPHIBUCTO), TPOM
110 KpaitHe mrymHO, BEPTOJIET

130 bosieBoii mopor, CaMOJIET HA CTapTe

160 - BO3MOXEH pa3pbiB OapabaHHBIX MTEPETOHOK
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| VOLTAGE GAIN (A,) DECIBEL VALUE’
1 20 log(32) = 30 dB
16 20 log(16) = 24 dB
8 20 log(8) = 18 dB
4 20 log(4) = 12dB
2 20 log(2) = 6 4B
l 20 log(1) = 0 dB
0.707 20 log(0.707) = -3 dB
05 2010g(0.5) = —6 dB
0.25 20 log(0.25) = —12dB
0.125 20 logi{0.125) = —18dB
0.0625 20 log(0.0625) = —24 4B
0.03125 20 10g(0.03125) = —30dB
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POWER o B

32 mW 15 dBm
16 mW 12 dBm
8 mW 9 dBm
4 m'W & dBm
2 mW 3 dBm
I mW 0 dBm
0.5 mW —3 dBm
0,25 mW —6 dBm
125 mW —9 dBm
DG 2S5 mW — 12 dBm
003125 mW — 15 dBm

dBm (pycckoe 1bm) — OMOPHBIM YPOBHEM SIBJISIETCSI MOIIHOCTH B 1 MBT

Hanpumep, «BbIXOAHAS MOIITHOCTh YCHJIMTEIBHOTO KaCKaga COCTAaBIISIET
12 nbm» (TO €CTh MOIITHOCTD, BBIJCISIONIASACS HAa HOMUHAJIBHOM J1J1s
ATOT0 YCUJIMWTEIBLHOIO KacKaja Harpys3ke, coctaniseT 16 MBT).




