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Binnuyvxuu nayionanbrhuu mexuivHuu ynigepcumem

JOCJIITZKEHHSA Y3AT'AVIBHEHOTI'O IIEPETBOPIOBAYA
IMMITAHCY HA TIOJIBOBOMY TPAH3UCTOPI IIPU 3MIHI
HOJAPHOCTI HAIIPYT'U HA 3ATBOPI

Pesztome. [ocniodceno yszazanbHenutl nepemeoplosay iMmimaucy Ha HOIbOBOMY MPAH3UCMOPI npu
NO3UMUBHITI MA He2AMUBHIU NOJIAPHOCMI HANPY2U HA 3AME0PI 8i0 IHOYKIMUBHO2O IMMIMAHCY HABAHMANCEHHS.

Kniouosi cnosa: ysacanvmenuil nepemeoproéay IMMIMAaHCy, HOJIbOGUN MPAHZUCMOD, KOHEEPMOP
iMmMimancy, iHgepmop IMMIMancy.

L. Lischynska, M. Baraban, N. Filinyuk.

RESEARCH OF GENERALIZED IMMITTANCE CONVERTER ON
THE FIELD-EFFECT TRANSISTOR WITH POLARITY REVERSAL
OF VOLTAGE ON THE GATE

The summary. Generalized immittance converter (GIC) on field-effect transistor with a p-n-junction
(JFET) and with positive and negative polarity voltage on the gate of inductive immittance load was studied.
JFET is included in the scheme with common source. Physical equivalent circuit JFET at different voltage
polarity on the gate was interpritated. Dependences of the input resistance of the load resistance at various gate
voltage polarity was investigated. The diagrams of Volpert-Smit were built. The conditions under which JFET
can be used as a converter and inverter of immittance without changing the connection circuit were specified.
With the negative polarity of voltage on the gate JFET possesses properties of immittance inverter, with a
positive polarity of voltage on the gate JFET possesses properties of immittance converter. In general, the
structures of JFET with p-n junction is similar to the structures of UJT and IST, which allows in certain modes
to describe it by the similar physical small-signal equivalent circuits. The main difference is in the length and
resistance of the channel (base), which significantly affects the nature of the physical processes in it. Using the
JFET in direct displacement of p-n junction it is necessary to describe the T-shaped equivalent circuit which is
used for the bipolar transistor, the realized GIC possessing properties of immittance converter. Application of
JFET as a converter or inverter of immittance without changing of the connection circuit is limited by the
quantity of the immittance transformation and relative frequency Q.

Key words: generalized immittance converter, field-effect transistor, transformer of immittance,
immittance inverter.

Beryn. ITonpogi tpansucropu (I1T) 3HaxoaaTh 3aCTOCYBaHHS B SIKOCTI y3araJbHEHUX
neperBoproBauiB iMmitancy (YIII) B pexumi 3anmparodoi Hampyrm Ha 3artBopi [1],
peaizyroud, 3aJ€KHO BiJl CXeMH BBIMKHEHHS, (yHKLIi KoHBepropa abo iHBepTopa
immitancy. Crtpykrypa IIT 3 p-n mepexomom momiOHa 1O CTPYKTYypH OJHOMEPEXiIHOTO
tpanzuctopa (OT), skuit mpaitoe B peKuMi BIIKPUTOTO pP-n MEPEXOy, a TAKOXK 3aJIE€KHO BiJl
CXeMH BBIMKHEHHS BOJIOJI€ BIACTHBOCTAMHU iHBepTOpa ab0 KOHBepTOopa iMMmiTaHCcy [2].
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Buxonsun 3 nporo, 3 MpakTHYHOI TOYKU 30pYy € LiKaBUM 00’€THATH B OJHOMY TPaH3UCTOPI
BJIACTHBOCTI KOHBEPTOpPA Ta IHBEPTOPA IMMITAHCY 0€3 3MIHH CXEMH HOTO BBIMKHEHHS.

Line Ta 3aBaannsa gocaixkeHHsi. Iluutto poGorm € mocmimkenHs IIT 3 p-n
nepexoyioM y pexkumi YIII mpu pi3Hiil moiasipHOCTI noTeHiany 3atBopa. i qocsirueHHs i€l
LTI IIOCTABJIEH] TaKl 3aBIaHHA:

— o0rpyHTYBaHHA (Pi3nyHUX ekBiBadeHTHUX cxeM [IT mpu pi3Hii MOISIPHOCTI HANIPYTH
Ha 3aTBOPI;

— OCTI/DKEHHST  3QJIE)KHOCTI TIEPETBOPEHOTO OMNOPY BiJl TEPETBOPIOBAHOTO IPH
pi3HOMaHITHI# moysipHOCTI Hanpyru Ha 3aTBopi 11T;

— BU3HAUEHHs YMOB, 3a akux IIT moxe OyTu BUKOPUCTAaHUII B SKOCTI KOHBEpTOpa Ta
iHBepTOpa iIMMiTaHCY 0€3 3MiHH CXeMHU BBIMKHEHHS.

OorpynryBanns ¢iznuHoi exkBiBajieHTHOI cxemu I[IT npu pi3Hii moasipHocTi
Hanpyru Ha 3arBopi. [Ipu 3anuparouiii nonsipHocti Hanpyru Ha 3aTBopi IIT y mupokomy
Jiama3oHi 4acTOT 3aCTOCOBYEThCS oro T-moaiOHa ¢i3nuHa exkBiBasieHTHaA cxeMa [3] (puc. 1a).
Ha cxemi Cs., C;; — €MHICTB 3aTBOP-CTIK Ta 3aTBOP-BUTIK Bianosiano; Ri — mudepenuiinmii
OIip MiX 3aTBOPOM Ta BUTOKOM; G — mpoBiIHICTh KaHany. Bona BukopucroByerbes mist 11T 3
p-n mepexomom i mepexomoMm Lortkm. 3i 3pOCTaHHAM YaCTOTH 30UIBIIYETHCS BILTUB
napa3suTHUX €JIeMEHTIB Kopmyca Ta BuBoniB IIT, fKi 3 METOIO CIpOIIeHHS PO3paxyHKIiB Ha
BiTHOCHO HU3bKHX YaCTOTax Ha (Pi3WUHIN CKBIBaJCHTHINM CXEMi HE BPAaXOBYIOThCSI.
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Pucynox 1. @isuuni ekBiBaneHtHi cxemu [1T 3 p-n mepexomom Ipu 3amuparodii Hanpysi Ha 3aTBopi () i [1T mpu
npsAMOMY 3MillleHHi Ha emitepi (0)
Figure 1. Physical equivalent circuits of JFET at locking voltage on the gate (a) and JFET in direct bias on
emitter (b)

Axne ug cxema onucye I1T Tinbku npu 3anuparodiii Hampy3i Ha 3aTBopi. BpaxoByroun,
mo crpykrypa OT mnoni6Ha no crpykrypu IIT 3 p-n mepexoloM, y NEBHOMY pEXHUMI
mosxuBui onuc [1T npu mo3uTuBHIN Hampy3i Ha 3aTBOPI (PI3UYHOIO EKBIBAJICHTHOIO CXEMOIO
OT [4]. Ane ui cxemH, SIK IPABHIIO, MMPU3HAYEHI ISl JOCTIHKEHHS KitouoBoro pexxumy OT,

T

B(b1)

BPaxOBYIOTh BUCOKHH OITip KaHAy 1 BUKOPUCTOBYIOThCS Ha HU3BKUX yacToTax (MeHmre 100
k[ s OT tumy KT117). BkaziBku 3po6neno B [5], mo OT y cxemi BBIMKHEHHS 3
3arajibHOI0 TEPIIOI0 0a30i0 BOJIOAIE BIACTHBOCTSAMH, AHAIOTIYHUMHU [0 BIACTHBOCTEH
OIMOJIAPHOTO TPAH3UCTOPA, BBIMKHEHOTO 32 CXEMOIO 3 3arajlbkHUM KOJIEKTOpoM. Bonu msarim B
OCHOBY pO3IJIAJaHHS OJTHOTIEPEX1IHOT TPAH3UCTOPHOI CTPYKTYPH, MoAi0HOT 10 cTpyKTyp IIT 1
OT sk cTpykTypH iHXKeKuiiHO-poniTHOro Tpansucropa (II1T) [6], mo npaitoe npu npsiMomy
3MillIeHHI Ha 3aTBOPI1, AKHI Mae HU3bKOOMHHUI OIlip KaHay (He Oiiblie JecsATKiB/coreHb OM)
ak y IIT, axuil onucyerbes (i3MYHOIO0 €KBIBAJIEHTHOI CXEMOIO OIMOJSIPHOTO TPaH3UCTOpa
(puc. 16). Ha cxemi C,, R, — eMHicTb Ta omip emitepa; Zs; — EMHICHUHN omip niepoi 6a3u; R,
— orip apyroi 6asu.
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3 mpoBeneHoro aHanizy BuIuiuBae, mo IIT 3anmexxH BiJ MONAPHOCTI HANpPYrd Ha
3aTBOpi MOBHHEH OyTW ONUCAaHWWA PI3HUMU (I3UYHUMHU EKBIBAJCHTHUMH CXEMaMH: IIpH
3aMMparyuoMy 3MIIIEHHI — CXEMOK Ha pHC. la; Mpu BIAMMPAIOUYOMY 3MIIICHHI — CXEMOIO
puc. 16.

Bimomo, 1m0 YOTHPHUITONIOCHHUK, YBIMKHEHHH 332 CXEMOKO 3 3arajlbHUM BHTOKOM 1
3aMMparoyor0 HAIPYTOI Ha 3aTBOPIi, BOJOJII€ MPH BUKOHAHHI MEBHUX YMOB BJIACTHBOCTSMU
inBepTopa iMMmitancy [1]. Yorupumnomocuuk ctBopenuir OT, yBIMKHEHHI 3a CXeMOIO 3
3arajibHOI0 TepIIor 0a3010, 10 ekBiBalieHTHO BBiMKHeHHIO IIT Ta IIIT 3a cxemor 3
3aralbHUM BHUTOKOM, TIpU BIAMHMpAIOYildl Halpy3l Ha eMiTepi BOJOJIIE BIACTHBOCTIMU
KoHBepTopa immitancy [2]. lle mo3Boisie 3poOWTH BHCHOBOK, IO IS JOCSTHEHHS
MIOCTABJICHOI I JAOCIHIPKEHHSI HEeOOXiqHO BUKOpUCTOBYBaTH BBIMKHEHHs IIT i3 3arampHuM
BUTOKOM (pHC. 2a).

Hocairzkennst YIII Ha ocHosi IIT, yBiMkHeHoro 3a cxemo10 3 3arajbHUM
BUTOKOM. Ha ocHoBi ¢ismunux exBiBaneHTHHX cxeMm IIT (puc. 1) mpencraBumo ¢izuuni
exBiBasieHTH1 cxemu YIII Ha ocuoBi 1T 13 3aranbHUM BUTOKOM Y BUTIISII puc. 2.
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Pucynok 2. BucokoyactoTHa (a) Ta MaocurHaibHi (i3ndHi ekBiBaneHTHI cxemu YIII Ha ocHoBi 1T
YBIMKHEHOTO 32 CXEMOIO 3 3arallbkHUM BHTOKOM IIpH 3amuparodiii (0) Ta Biamuparodiii (B) Hanpy3i Ha 3aTBOPI
Figure 2. High frequency (a) and small-signal physical equivalent circuits of GIC based on JFET turned on the
circuit with common source with locking (b) and opening (b) voltage at the gate

Martpwuiii TpOBITHOCTEH ITUX CXEM MAFOTh BUTIISA [2]

@, 0 o
[Y(_)]: 1(1_) YI(Z_) _ Ri Ri Ri (1)
VAR A Q&

1

e =£, W, = ! ; R, — nudepeHuiiiHuii onip MiX 3aTBOPOM Ta BUTOKOM; & =—%,
Wy Ricse 3¢
C,,, C,. — €EMHICTb 3aTBOP-BUTIK Ta 3aTBOP-CTIK BIANOBIAHO; S, — HU3bKOYACTOTHE 3HAYECHHS
KPYTH3HU;
e Yl(1+) Yl(2+) Az Rs2 +26D1 Za1 L @),
AR E ~Z5(1-f) Z,+Z5(1-f

ne AZ=Z72,R,, +7Z, [Ze +R;, (1 i )], S — KOMILIEKCHHUIT Koe(illieHT TIepeIaBaHHs TI0 CTPYMY
IIT.
[IeperBopenns onopy YIII qist npsiMoro nepeTBOPEeHHs: BU3HAYAEMO BUPA30M [7]
Zy =1/Y, =1/ (N, - 1,5 (Yo +1/ Z,)), 3),

ne Z, = joL — IHIyKTUBHUH OIp HAaBaHTAXKECHHS.
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[TincraBuBmm (1) Ta (2) B (3), OTpUMaEMO aHANITHYHI BUPA3H LIS MIEPETBOPEHOTO

onopy YIII npu 3anuparouiii ( Z, é; )) Ta BiAnuparoyii ( Z é;r ) ) Hanipy3i Ha 3aTBopi [1T

2 o
R R (GR+jQ&)joL+ R
. -1
70 _ Zuy+Rs Zalzy(l_ﬂ) (5)
" A (Zy(=P+Z)Z AN |

ne L — nepeTBoproBaHa IHIYKTHBHICTb; Z, = joL .

Ha ocHOBi (4-5) oTpuMaHO pO3paxyHKOBI 3aJIeXKHOCTI AaKTHUBHOI Ta pPEaKTHBHOI
ckIafoBux nepersopenoro omnopy IIT Bix Hasepenux wacror (Q=f/f, Q=f/f;) Ta
noJisipHOCTI Hanpyru Ha 3atBopi [T npu iHAYKTUBHOMY XapakTepi MepeTBOPEHOr0 IMMITaHCY
(puc. 3).
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Pucynox 3. Po3paxyHkoBi 3anexHocTi neperBoperoro immirancy YIII na ocxoBi 1T yBiMKHEHOTO 32 CXeMO¥O 3i
CHIJIBHAM BUTOKOM IIPH IHAYKTHBHOMY XapakTepi NepeTBOPIOBAHOTO IMMITAHCY 1 Pi3HIH MOJISIPHOCTI HANIPYTH HA
3aTBOPI
Figure 3. Calculated dependences of converted immittance GIC based on JFET turned on the scheme with a
common source in the inductive nature of the converted immittance and different polarity of the voltage at the
gate

3 po3paxyHkoBux rpadikiB (puc. 3a, 0) BUIUIMBaE, MO NMPH BiA €MHIN Hampy3i Ha
3arBopi IIT 'y piama3oHi 4YacTOT BOJIOJIE€ BIIACTUBOCTSMH IHBEPTOpa IMMITaHCY,

MEPETBOPIOIOYN 1HIAYKTUBHUN OIip B €MHICHUU (ImZSxH <0) 3 BiI’€MHOI0 IIHCHOIO
CKJIaJIOBOIO (ReZSxH <0). Ilpu Bignuparouiii monsipHocTi Hampyru Ha 3arBopi (U;>0) y

posrisiryTomy YIII B miama3zoni wactot 2<0.6 BinOyBaeThCs MepeTBOPEHHS 1HIYKTHBHOTO
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onopy Z, = jwL B iugyxrusauii onip ImZ, ) >0 3 Bix’eMHO0 aKTHBHOI CKITam0BOIO

Re ng“) < 0, mo xapakTepHO /Ui KOHBEPTOPA IMMITaHCY.

TakuM 4MHOM, TEOPETUYHUN PO3paxyHOK IOKa3aB, IO LUIAXOM 3MIHU HOJSPHOCTI
HAIpYTy Ha 3aTBOpPi MokHa 3MiHIoBaTH BiacTuBOCTI YIII Ha ocHoBi 1T 3 pexxumy KoHBepcii
B peXHM iHBepcii iMmiTancy 0e3 3Minu cxemu BBiMKHEHHs [1T.

ExcnepumMenTtaibhi 1ociaigxenns. OTpuMaHni pe3yiabTaTi 0a3ylOThCsl Ha CIIPOIIEHUX
¢iznyanx exBiBasieHTHHX cxemax IIT, siki BpaxoBYIOTh MPOIIECH TUTBKM B aKTHUBHIM 00iacTi
ix kpucrama. ToMy HaBeneHi Ha puc. 3 pe3yibTaTH MOTPIOHO PO3TIAAATH SK SIKICHI, IO
IIOKa3yITh MOXIIUBICTh KEPYBAaHHS XapaKTepoM IepeTBoproBaHoro iMMmitancy YIII nuisaxom
3MiHM NOJISIpHOCTI Hanpyru Ha 3atBopi [1T.

JUisi eKCepuMEeHTaIbHOI0 MIATBEPAKEHHST OTPUMAHMUX pe3yibTaTiB Ta iX KiJIbKICHOI
OLIIHKK TIPOBEJCHI eKCHnepuMeHTanbHI gocmipkeHHs YIII  pexumi nepeTBOpeHHS
iHAyKTHBHOTO Oomopy Ha ocHoBi IIT 3 p-n nepexoxom Tumy 311330 y niama3oHi iHAYKTHUBHOTO
onopy Zy = jwL. BumipioBaHHS BUXIJHOTO OINOpPY HPOBOAMUIOCS 3 BUKOPHCTaHHSAM

dazoBoro BonpTMeTpa @K2-12 npu mOTYKHOCTI CUTHAITY, SIKa HE TIEPEBUIILYE 10 Br.

[lopiBHsIBHUN aHali3 PO3paxyHKOBUX (pUC. 3) Ta eKcmepuMeHTalbHUX (puc. 4)
pe3ynabTaTiB TMOKa3aB iX SKICHE CHiBHAJaHHS, IO IIe pa3 MiATBEPIKYE MOXKIUBICT
KepyBaHHS xapaktepoM reperBopeHHst Y11l nuisixoM 3MiHM MOJSIPHOCTI HANIPYTH Ha 3aTBOPI
IIT.
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Pucynox 4. ExcriepumeHTanbHa 3aiexHicTs neperBopeHoro onopy YIII Ha ocnosi I1T npu iHAyKTHBHOMY
XapakTepi MepeTBOPIOBAHOTO IMMITaHCY
Figure 4. Experimental dependence of converted resistance GIC based on JFET at inductive character of the
converted immittance

PesynpraTn, HaBeneHi Ha puc. 4, OTPUMAaHO JJISl BUIIAJIKY 3BOPOTHOTO MEPETBOPEHHS
IHAYKTUBHOTO IMMITaHCy, SIKMH 3MIHIOETBCS B OOMeXeHOMY niamas3oHi. lle He mo3Bosse
BU3HAYHUTHU TPAHUYHI YMOBH, 32 skux [1T mMoke OyTr BUKOpUCTaHUI B SIKOCTI KOHBEpTOpa abo
iHBepTOpa iMMiTaHCY 0€3 3MiHM CXeMH WOTO BBIMKHEHHs. Jlyisi po3B’si3aHHS 1i€i 3amadi
IPOBENCHO JOCIHIDKEHHS BXITHOTO Zgzx ONOPY NPH OYyIb-IKHX 3HAYCHHSX IEPETBOPEHOTO
onopy Zp ¥ noOynoBaHo iMMiTaHCHI okpyxxHocTi YIII B pexumax, xomu U,>0, U,<0 y
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BUMIAJIKY TIPSMOTO TEPETBOPEHHS iMmiTaHCy Zpy (puc. 5). B iMMiTaHCHI OKpYXHOCTI, 3a
METOJIMKOI0, OITMCaHO0 B [8], BucaHi miarpamu Bombrepra-CmitTa, siKi BiToOpakarOTh BECh
Jiarma3oH HOPMOBAHMX 3HAYCHD MTEPETBOPEHHUX IMMITAHCIB Zy

VY Oynp-skiii Toumi Ha Kparo maiarpamu Bombnepra-Cmitra ReZpy =0. Yes giarpama
Bonbrnepra-CmiTTa IiIUTBCA HA ABI YaCTHHM MEIIAaHOK — JIHIEIO, SKa JIIUTh 00JacTh, JIie

ImZy >0, mo BianoBigae iHAYKTUBHUM 3HAYEHHSM IEPETBOPEHHUX OIOPIB Ta 001acTi, Ae
ImZy <0, mo BiAMOBiZa€ €MHICHAM 3HAYCHHSIM TEPETBOPEHHMX omopiB. Ha imMmiTaHCHIM

OKpYXHOCTI Meztiana 3’eHye Touku Z; 1a InZ,; =0, ne ImZ,, =ImZ,, /Re Z,, .

-6,3 : Us=>0

) ' F=15 M1
2 .
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Pucynok 5. ImmitarcHi okpyxHOcTi YIII B pexxumi iHBepTOpa Ta KOHBEPTOPa IMMITAHCY Y BUITAAKY 3BOPOTHOTO

ReZsx, MOM

nepeTBopeHHs onopy Zy (M — meniana)
Figure 5. Immitance circle GCI using the inverter and converter of immittance in the case of reverse
transformation of resistance Zy (M — median)

AHaJi3 OTpUMaHuX IMMITaHCHUX OKPYKHOCTeH mokasas, mo npu U,<0 VIII Ha ocHOBi
I1T BonOAie BIacTUBOCTSIMU IHBEpTOpa iMMiTaHcy npu ReZ,, =ReZ, =0, xonu npusencHa

peaKTUBHA CKJIQJ0Ba NPUBEIEHOr0 IMMITaHCY 3MIHIOETbCA B JiamasoHi Big ImW, no
ImW, =0. Ilpu U,>0 VIII na ocuoBi IIT Bomomie BIacTUBOCTSIMH KOHBEpTOpa Ta

1HBEpTOpa IMMITaHCy Ipu 3MiHi Im Z,; y mianaszoni (0,15-10) ImW,, .

BucHoBku. VY 3aranpHoMy BHmanky crpykrypu IIT 3 p-n mepexomom moziOHa 10
ctpyktyp OT Ta IIIT, mo m03BOJSE B TEBHUX PEKHUMAax OIMUCYBAaTH I1X MMOMIOHUMU
MQJIOCUTHAILHUMHU (I3MYHUMHU CKBIBaJICHTHUMH cxemMamu. OCHOBHA pPI3HHIS TOJSITaE B
JIOBXXMHI Ta omopi kaHamy (0a3u), IO 3HAYHOIO MIpOIO0 BIUIMBAE HA XapakTep (i3WIHUX
npoueciB y HuX. [Ipu Bukopuctansi [1T y pexumax mpsMoro 3MilieHHsI p-h MEepexoay Horo
HeoOXiHO omucyBaTH T-moaiOHOIO E€KBIBaJIEHTHOIO CXEMOIO, SIKa BHUKOPHCTOBYETHCS IS
OIMONSPHOTO TpaH3UCTOpa, a peanizoBaHuil mnpu upomy YIII Bojoaie BIaCTUBOCTIMU
KOHBepTOopa iMMmiTaHcy. Bukopucranus IIT B skocTi koHBepTOpa abo iHBEpTOpa IMMITaHCY
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0e3 3MiHU CXeMH BBIMKHEHHSI 0OMEXEeHE BEJIMYMHOIO MEPETBOPEHHS IMMITaHCY Ta BiJHOCHOIO
4acToToo Q2.

Conclusions. In general, the structures of JFET with p-n junction is similar to the
structures of UJT and IST, which allows in certain modes to describe it by the similar
physical small-signal equivalent circuits. The main difference is in the length and resistance
of the channel (base), which significantly affects the nature of physical processes in it. Using
the JFET in direct displacement of p-n junction it is necessary to describe the T-shaped
equivalent circuit which is used for the bipolar transistor, and realized GIC possesses
properties of immittance converter. Using the JFET as a converter or inverter of immittance
without changing the connection circuit is limited by the quantity of the transformation of
immittance and relative frequency Q.
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