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OCOBEHHOCTU ®OPMOOBPA3OBAHNA BAX MOT-TPAH3NCTOPOB
B CXEME C ObWL MM CTOKOM
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TalKEHTCKWIA YHUBEPCUTET MHOPMALMOHHBIX TEXHONOMMIA, TallKeHT, Y36eKncTaH
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AHHOTauua. [puBoaaTca pe3yibTaTbl TEOPETUYECKUX U IKCNepUMeHTa/bHbIX
1CCNefoBaHUA 3aKOHOMEPHOCTEN (DOPMO0Opa3oBaHMA BOMbT-aMMNEPHbIX XapakTeEPUCTUK
MeTa/N-0KNCEeN-NoNynpoBOAHUK TPaH3UCTOPOB B CXeme C 06WMM CTOKOM. [lokasaHo
MPUHUMNNANBHOE OT/IMUME BXOAHBIX U BbIXOAHbIX XapaK TEPUCTUK B CXEME C OOLLUMM CTOKOM
OT aHa/OrMYHbIX XapakTEPUCTUK B CXemMe C OOWMM WCTOKOM. [puBOAATCS MCTOKO-
3aTBOpPHbIE M UCTOKOBbIE XapaK TepUCTUKN MeTa1-0KACEN-NONYNPOBOAHNK TpaH3ucTOopa B
CXeMe C 06WuM CTOKOM. [1onyyeHbl COBMELLEHHbIE CEMENCTBA WCTOKO-3aTBOPHbIX M
NCTOKOBbIX XapakTepUCTUK MeTaN-OKMCeN-NonynpoBOAHMK TpaH3nCcTopa B CxeMax C
O6LLWIM NCTOKOM M CTOKOM.

Kntouesble cnosa: MWKPOCXeMOTEXHMKA, MHTerpasibHble MWKPOCXEMB,
onepauuoHHbIi  ycunuTens, MOI-TpaH3UCTOp, Ccxema ycunuTens Ha ocHose MOIT-
TPaH3MCTOPOB, CEMENCTBA CTOK-3aTBOPHbIX M CTOKOBbIX Xapak TepucTUK.

FEATURES THE GENERALITIES OF I-V CURVE FORMATION
IN MOSFET WITH A COMMON DRAIN
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Abstract. The results of theoretical and experimental studies of the generalities of
current-voltage characteristics curve formation of metal-oxide-semiconductor transistors of
the common drain are presented. The principal difference between input and output
characteristics of the common drain from the analogical characteristics in the common
source is shown. The source-gate and source characteristics ofa metal-oxide-semiconductor
transistor in the common drain are given. Combined families of source-gate and source
characteristics ofa metal-oxide-semiconductor transistor in the common source and drain are
obtained.

Key words: microelectronic circuitry, integrated circuits, operational amplifier, MOS
transistor, amplifier circuit used on MOSFETSs, family ofdrain-gate and drain characteristics.

MMOBTOPUTENM  HAMPSHKEHWS|  ABNSKOTCA  YCUAUTENSMM  TOKA C  €AMHUYHBIM
KO3(h(PMLIMEHTOM Mepedaynm Mo HamnpsHKEHWIO W LUMPOKO UCMOMb3YKOTCH B BbIXOAHbIX
Kackaflax YCunuTeneil MOLIHOCTW. BbIXOfAHble Kackafbl NMPUMEHSIOTCS, B OCHOBHOM, A
bonee MOMHOTO WCMO/b30BaHMA HAMpsKeHWs NUTaHus. B CBA3M C YeM, YCUNUTENbHblE
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3eMeHTbl B HUX BK/IKOYEHbI MO CXeMe C OOWMM BbIXOAHbIM 3M1EKTPOLOM (CTOKOM,
KON/IeKTOpOM, aHogom) [1,2].

Llenbto nccnefoBaHuniA ABNAETCH yCTaHOB/eHVe 3aKOHOMepPHOCTeA
(hopmoobpaszoBaHms BAX YHUMONAPHLIX YCUNNUTENbHbIX 3/IEMEHTOB - MOYNPOBOAHUKOBbIX
NoNeBbIX TPAH3UCTOPOB €O CTPYKTYpori MOI B cxeme ¢ 06wwmm ctokom (OC).

Ha nepBoi cTaguyM 3TOr0 MNOMCKa pPacCMOTPEH pPeXum HacblweHns B MOIT-
TpaH3UCTOpax, MOCKO/IbKY WMEHHO 3TOT PeXWM CBOWCTBEHEH YCUIUTENSM MOLLHOCTM
Knaccos A, A+, AB, Bu G [1,2].

Ha BTOpor cTagun wuccnefosaHnss BAX YHUNONAPHbIX YCUNUTENbHbIX 3/IEMEHTOB
NPOV3BOAMNACL CUMYSIALUUA 3MEKTPOHHbIX CXeM MpY MOMOLLM MOZEMPYIOLWUX NporpamMm
Labview, Signal Express, MultiSim 10.1, Ultibroand komnaHumn National Instruments.

Ha puc.1, a npvBeaeHbl rpamKkm 3aBUCUMOCTY TOKOB UCTOKA U CTOKA OT HanpsXeHus
3aTBOP-CTOK B cxeMe ¢ OC npu (OMKCUPOBaHHbIX 3HAYEHUAX HaMPSXKEHUA UCTOK-CTOK. TOKM
anektpogos MOIT-TpaH3ncTopa lk, Ic ¢ pocToOM BXOAHOr0 HanpsXXeHus Umc YMeHbLUAOTCH
Mo 3aKOHY napabobl 1 CABUIarTCs BNPaBo C YBeNMYeHNEeM BXOAHOro HanpsxeHus U3C

a) 0)

Puc.1. BonbT-amnepHble xapakTepucTukn MOIM-TpaH3ncTopa ¢
VHAYUMPOBaHHBIM p -KaHanom IRF9640 B cxeme € 06LWM CTOKOM: (h0pMO06pa3oBaHus
BO/IbT-amnepHbIx xapakTepncTuk M=1C=n3C) (a) n W=1C=/(uAC) (6) npu
(PMKCMPOBAHHbIX3HAUYEHUAX Hanps>KeHuid n3C n UAC,

Ha puc.l, 6 npuBefeHbl TakKXe rpamKu 3aBUCUMOCTU TOKOB WMCTOKA M CTOKa OT
HanpskeHUs UCToK-CTOK MOTIT-TpaH3ncTopa IRF9640 B cxeme ¢ OC npu PUKCUPOBaHHBIX
3HAYeHUAX HanpsXXeHNs 3aTBOP-CTOK. Toku anektpogos MOTI-TpaHsucTopa Ik, Ic ¢ pocTom
BbIXO4HOr0 HanpsikeHus Ukc yBeIMYMBAIOTCS MO 3aKOHY napabosibl U CABUratoTCS Brpaso C
yBENNYEHNEM BXOLHOI0 HanpsXeHnsa 3aTBop-cTok UsC

Ha puc.2 npuBefeHbl COBMELLEHHbIE CEMENCTBA WMCTOKO-3aTBOPHbIX U MCTOKOBbIX
xapakTtepuctnk MOTI-TpaHsucTopa IRF9640 B cxeme ¢ OC.

CoBMeLLeHHble CemMeincTBa MCTOKO-3aTBOPHbIX U MCTOKOBbIX XapakTepuctuk MOIT-
TpaH3ucTopa B cxemax ¢ OW 006pasytoT CUMMETPUYHbIE (DYHKLUUW  OTHOCUTESIbHO
BepTMKa/sIbHOM ocn ¢ KoopauHaTtaMun Ukc=Usc. CTeneHb CUMMETPUYHOCTM  UCTOKO-
3aTBOPHbIX W WUCTOKOBbIX XapaKTepUCTUK OMNpeaenseTca  Be/IMYMHOM  CTaTUYecKoro
KoahdpuumeHTa yeuneHnsa MOT-TpaH3ucTopa Lie B cxemax ¢ OC. Ana MOTI-TpaH3ucTopa
IRF9640 B cxeme ¢ OC cMMMETPUYHOCTL HacTynaet npu Lloc=0,9975 n toke 1c=0,5 A.
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CosmelLeHre BAX MOIT-TpaHsucTopa B cxemax ¢ O/ 1 ¢ OC no3sBonseT yCcTaHOBUTb
06LLe 3aKOHOMePHOCTM (hopMoobpazoBaHus BAX yCunutenein MOLLHOCTW.

Puc.2. CoBMeLLEHHbIE CEMECTBA UCTOKO-3aTBOPHbIX (MYHKTUPHbIE TMHUN) U UCTOKOBbIX
(cnnoLuHbIe NHUK) XapakTepucTUKMOT-TpaH3ucTopa ¢ MHAYLMPOBaHHbIM p-
KaHanom IRF9640 B cxeme C 06LLYM CTOKOM.

Ha puc.3 npuBOAATCA COBMELLEHHbIE CEMENCTBA CTOKO-3aTBOPHbIX XapaKTepUCTUK
MOTIl-TpaH3ncTopa IRF9640 B cxemax ¢ OC (cnfiowHble nvHMM) 1 OWN (MYHKTUPHbIE
nvHun). Monaras U”~=const, BUAMM, YTO 3aBUCMMOCTW CTOKOBOIO M MCTOKOBOIrO TOKOB OT
HanpsbKeHWs 3aTBopa M3M  NpeAcTaBnatoTcs napabonamu (puc.3, Kpusblel'r5') ¢ manoi
PacxoAMMoCTbio. HEeCKONbKO M3MEHAETCS /ILLb HAK/IOH XapaKTepUCTUK.

Puc. 3. CoBMeLLEHHbIE CEMeNCTBA CTOK-3aTBOPHbIXXaPaK TePUCTUK
MOIT-TpaH3ncTOopa ¢ MHAYLMPOBaHHbIM p -KaHanoMm IRF9640 B cxemax ¢ 06LMM
CTOKOM (CMNOLLUHbIE NMHWK) 1 C OBLLMM UCTOKOM (MYHKTUPHbBIE IUHUK).

AHanornyHo, nonaras U”=const, BUAXM, YTO 3aBMCUMOCTM CTOKOBOTO 1 CTOKOBOIO
TOKOB OT  HanpsbkeHUs 3aTBOP-CTOK M3C  TOXEe MPeACTaBMsAloTCs  napabonamu,
CMELLIAIOLLMMCS NapanneNibHO caMuM cebe Mpu U3MEHEHUN HaNPSHXKEHUS MUC Ha BEMNUUHY
U3C P WMUC- U3V TR
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CpaBauB ctokoBeie B cxeme ¢ OU u ucrokoseie BAX B cxeme ¢ OC B ogHOM
Macmrabe, TIONYyYMM COBMELIEHHbIE CeMeHCTBa CTOKOBBIX xapakrepuctuk MOII-
TPaH3UCTOPA.

CoBMelleHHbIE CeMeNCTBa MCTOKO-3aTBOPHBIX M MCTOKOBBIX xapaktepuctuk MOII-
Tpansuctopa B cxemax ¢ OHM o00pasyroT cuMMeTpudHble (YHKIHMH OTHOCHTENIBHO
BepTUKanbHOM ocu ¢ koopauHatamMu Upc=Uszc. CreneHp CHUMMETPUYHOCTH HCTOKO-
3aTBOPHBIX W MCTOKOBBIX XapaKTEPUCTHK OMNPEAENAeTCs BEJIUYMHON CTaTHYECKOro
ko3 purmenra ycunernnst MOII-Tpansuctopa B cxemax ¢ OC.

CoBMelieHHble ceMelicTBa CTOKOBBIX xapakTepuctuk MOII-TpansucTopa B cxeme ¢
OMU u ucroxosbIx xapakrepucTuk B cxeme ¢ OC nokasany, 4To:

-nipu Usp=const 3aBUCUMOCTH CTOKOBOTO M MCTOKOBOI'O TOKOB OT HAaIpsDKEHUs CTOK-
uctok Ucy SIBISIOTCS JIMHEWHOW (PyHKIHMEH C OYeHb MajbiM YIJIOBBIM KO3((UIIHEHTOM,
BO3PACTAIOLIUM C POCTOM HAIPsDKEHUS 3aTBOP-UCTOK;

-nipu Usp=const 3aBUCUMOCTH CTOKOBOTO U MCTOKOBOI'O TOKOB OT HAIPSDKEHUS UCTOK-
crok Upc mpencrasisitoTcs mapadonamu, CMEIIAINMUCSA MapajjIesbHO caMuM cede mpu
n3MeHeHnn HanpspkeHus: Use Ha BemuanHY Unc nop=U3H nopTUsc;

-Habmonaercss 3pQPEeKT YMEHBbIIEHUS] AMHAMHUYECKOr0 BHYTPEHHErO CONPOTUBIICHUS
MOII-tpan3ucropa B cxeme ¢ OC OTHOCUTENBHO TUHAMUYECKOTO COMPOTHUBJICHUS TOTO JKE
MOII-Tpan3ucropa B cxeMe ¢ OU B [ow/[Loc pas.

Pe3ynbTaThl TEOPETUUECKUX U SKCIEPUMEHTAIbHBIX UCCIECNOBAHUIN 3aKOHOMEPHOCTEN
(1)0pMOO6paSOBaHI/I$I BOJIbT-aMIIEPHBIX XAPAKTEPUCTUK YCUJIIMTECIBHBIX 3JICMCHTOB B CXCME C
OOIIUM BBIXOIHBIM 3JEKTPOAOM (CTOKOM, KOJUIEKTOPOM, aHOJAOM) IMO3BOJIHJIO aBTOPaM
CO371aTh YCUJTUTEIH, O0NaAatoIue MUHUMAIBHO BO3MOXHBIM KO3((UIIUEHTOM HEJIMHEHHBIX
UCKAKESHUI TTPH MPEIeTbHO HU3KOM 3Hepronotpednennu [3-5].
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Voltage followers are current amplifiers with a unit voltage transfer coefficient and are
widely used in the output stages of power amplifiers. The output stages are used mainly for a
more complete use of the supply voltage. In this connection, the amplifying elements in them
are included according to the scheme with a common output electrode (drain, collector, anode)
[1,2].

The aim of the research is to establish the laws of the formation of the | - V
characteristics of unipolar amplifying elements - semiconductor field effect transistors with a
MOS structure in a circuit with a common drain (CD).

At the first stage of this search, the saturation mode in MOS transistors was considered,
since this mode is typical for power amplifiers of classes A, A+, AB, B, and G [1,2].

At the second stage of the study of the | - V characteristics of unipolar amplifying
elements, electronic circuits were simulated using simulation programs Labview, Signal
Express, MultiSim 10.1, and Ultibroand from National Instruments.

Figure l1a shows the graphs of the dependence of the source and drain currents on the
gate-drain voltage in the circuit with the operating system for fixed source-drain voltage values.
The currents of the electrodes of the MOSFET Is, Ia with an increase in the input voltage Usd
decrease according to the parabola law and shift to the right with an increase in the input voltage
Ugd.

a) b)

Fig. 1. Current-voltage characteristics ofa MOSFET with an inducedp-channel
IRF9640 in a circuit with a common drain: shaping ofthe current-voltage
characteristics Is=1d =f (Ugd) (@) andls =lda =f (Ugd) (b) atfixed values voltage Ugd
and Usd.

Figure 1, b also shows the plots of the dependence of the source and drain currents on
the source-drain voltage of the IRF9640 MOS transistor in a circuit with an operating system
for fixed gate-drain voltage values. The currents of the electrodes of the MOS transistor Is, ld
with an increase in the output voltage Uis increase according to the parabola law and shift to
the right with an increase in the input gate-drain voltage Ugad.

Figure 2 shows the combined families of source-gate and source characteristics of the

IRF9640 MOS transistor in the circuit with the CD.
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Combined families of source-gate and source characteristics of the MOS transistor in
circuits with Ol form symmetric functions with respect to the vertical axis with coordinates Usd
= Ugd. The degree of symmetry of the source-gate and source characteristics is determined by
the value of the static gain of the MOS transistor |ios in circuits with CD. For the IRF9640
MOS transistor in the circuit with CD, symmetry occurs at ica = 0.9975 and current la = 0.5
A

The combination ofthe | - V characteristics of a MOS transistor in circuits with an CS
and with an CD makes it possible to establish the general laws of the formation ofthe | - V
characteristics of a power amplifier.

Fig. 2. Combinedfamilies ofsource-gate (dashed lines) and source (solid lines)
characteristics ofa MOS transistor with an inducedp-channel IRF9640 in a common drain
circuit.

Figure 3 shows the combined families of the gate-gate characteristics of the IRF9640
MOS transistor in circuits with CD (solid lines) and CS (dashed lines). Assuming Uds = const,
we see that the dependences of the drain and source currents on the gate voltage of the Uads are
represented by parabolas (Fig. 3, curves 1' A 5') with a small divergence. Only the slope ofthe
characteristics changes somewhat.

Fig. 3. Combined Drain-Gate Characteristic Families



MOSFET with induced p-channel IRF9640 in circuits with a common drain (solid lines) and
with a common source (dashed lines).
Similarly, assuming that Usp = const, we see that the dependences of the drain and

source currents on the gate-drain voltage Ucp are also represented by parabolas that shift
parallel to themselves when the voltage Usp is changed by the value of Ucbtreshold = Usp-
UcDbtreshold.

Comparing the stock in the circuit with the CS and the source I — V characteristics in
the circuit with the CD on the same scale, we get the combined family of the drain
characteristics of the MOS transistor.

Combined families of source-gate and source characteristics of the MOS transistor in
circuits with CS form symmetric functions with respect to the vertical axis with coordinates
Usp = Ucp. The degree of symmetry of the source-gate and source characteristics is determined
by the value of the static gain of the MOS transistor in circuits with CD.

Combined families of drain characteristics of a MOS transistor in a circuit with an CS
and source characteristics in a circuit with an CD showed that:

-with Ugs = const, the dependences of the drain and source currents on the drain-source
voltage, Usp are a linear function with a very small angular coefficient that increases with
increasing gate-source voltage;

-with Ugs = const, the dependences of the drain and source currents on the source-drain
voltage Usp are represented by parabolas that shift parallel to themselves when the voltage Usp
changes by the value of Usptreshold = Ucstreshold + UcD;

- the effect of decreasing the dynamic internal resistance of the MOS transistor in the
circuit with the CD relative to the dynamic resistance of the same MOS transistor in the circuit
with the CS is observed in pes/ ped times.

The results of theoretical and experimental studies of the formation patterns of the
current-voltage characteristics of amplifier elements in a circuit with a common output
electrode (drain, collector, anode) allowed the authors to create amplifiers that have the lowest
possible non-linear distortion coefficient at extremely low power consumption [3-5].



