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We have developed technology and construction solutions system to increase differential pairs (DP) of JFet
with p- and n-channels identity, which are included into silicon complementary bipolar process of SPE
“Pulsar” (Moscow). The possibility of creating several types of JFet DPs within the process is shown. The
paper presents the results of experimental studies of two types of DP JFet designs with p- and n-channels
for the spread of gate-source voltage AVgs depending on the drain current and drain-source voltage.

The main features of the first design of p-channel JFets were the following: formation of drain/source area
due to passive base of npn-transistor and deep collector areas for pnp-transistor; channel formation based
on p-layer collector of pnp-transistor; formation of bottom gate using p™ buried layer; top gate formation
due to active base and polysilicon emitter of npn-transistor. A feature of the second JFet design was top
gate formation due to passive base. The designs of the first and second types of n-channel Jfet were formed
similarly, taking into account the replacement of the applied areas of bipolar transistors with opposite ones
in the type of conductivity.

It was found that with increasing drain current AVgs decreases, and with increasing drain-source voltage
AVgs at high currents increases for DP based on p-channel JFet with the first type of design. The maximum
difference AVgs was in the range of 5-80 mV for a given differential pair JFet with a p-channel. On plots
for DP p-channel JFet with the second type design a significantly lower voltage spread AVgs was shown:
for example, for the drain current Ip = 50 pA the voltage spread AVgs did not exceed 10 mV. In this case
the voltage spread AVgs practially did not depend on drain-source voltage in contrast to differenctial pair
of the first type.

The second type JFet n-channel differential pairs like for the DP p-channel JFet provided lower spread values
in comparison with the first type design: AVgs reached values of 5-20 mV. Moreover, for the design of the
second type, a significantly weaker effect of the drain-source voltage on AVgs was observed at high current
densities. The developed designs of differential pairs based on p- and n-channel JFet are recommended for
use in organizing the production of CBiCJFet analog circuits, including operations at low temperatures.
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Introduction

An identity of JFet differential pair (DP) at simi-
lar source currents is an important parameter, whi-
ch characterizes a quality of JFet construction and
corresponding JFet process [1-9]. This DP’s property
significantly influences zero-level of analog ICs, includi-
ng operational [10-12] and instrumental [13] amplifiers,
as well as errors of input low-noise [14-16], charge-
sensitive [17, 18] and transimpedance [19] amplifiers,

sources of reference current and voltage [20] and so on
is a priority in the design of AM.

A process, developed by SPE “Pulsar” [21], allows
to design analog ICs, containing JFets and HF
complementary bipolar transistors. But bipolar active
elements (especially p-n-p) have extremely low values
of base current gain in cryogenic temperatures range.
So to build low-temperature and low noise sensor
interfaces and input stage of corresponding special
analog ICs it is appropriate to implement only on
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Fig. 1. p-Channel JFets Differential Pair Topology

CJFet components. This limitation causes development,
problem for analog ICs’ functional unit base CJFet, on
base of which it is possible to develop different OA,
continuously operating voltage stabilizers, current and
voltage comparators, active ARC etc. Todays’ level
of CJFet’s circuitry is very low and not developed.
It causes a problem of CJFet analog OM circuitry,
it is more compliacated than the one for CMOS and
BJ processes. Its reason is different static voltage
polarity between source and gate of JFet in active
mode (comparing with drain-source polarity). As a
consequence the following is required firstly to desi-
gn CJFet analog OM: special CJFet current mirrors
(CM), which are not implemented per circuits tradi-
tional for CMOS and BJT, CJFet input differential
stages, buffer amplifiers (BA) with source output, rail-
to-rail CJFet BA, input stages of fast CJFet AM,
intermediate folded cascode, static mode stabilizer ci-
rcuit (reference current sources and potential offset
circuit), operational amplifiers with increased gain,
fast CJFet OA, micropower CJFet OA, differential
difference amplifier, OTA amplifiers with controled
slope etc. Conceptually we need updated concept for
developing wide class of analog CJFet ICs, which
practically were not developed because of dominant
impact of cheap techology for CMOS and BJ and small
production of low temperature microelectronic devices.
However modern necessities of space instrumentation,
high energy physics, medicine, quantum computing
systems, high speed railway transport etc. stimulate
development of this scientific direction. The above
circuitry tasks are of high priority.

The methods to increase identity of JFet DP are
connected with JFet rational construction and its
implementation technology [21]. It is known that CBi-
pCJFet process in BiCom3HV modification of Texas
Instruments company [22, 23] allows developing new
precision operational amplifiers OPA211 and OPA827
wth JFet and BJT, which combine ultralow level of
noise coefficient and low power consumtion. The said
amplifiers are characterized by enabling parameters.
BiCom3HV process makes possible to provide next
generation of analog electronic component base, it
includes all best microelectronic achievements. But

OPA211 and OPAS827 operate at temperatures of -40°C
and higher according to BiCom3HV process, which is
provided by bipolar transistors application. It is not
enough for several tasks.

The purpose of this article is to develop and descri-
be process and construction solutions, which provide
identity improvement for CJFet DP with p- and n-
channels, integrated into silicon complementary bipolar
technological process of SPE “Puslar” (Moscow).

1 p-Channel JFet Differential
Pairs mady by SPE “Pulsar”
and their Basic Characteristics

It is possible to develop several types of p-n-
junction field-effect transistors (JFet) within silicon-
based bipolar process. There is a topology of differenti-
al pair of n-channel JFets on Fig. 1. It includes the
following sections: S-area — source, G-area — top gate,
D-area — drain.

The parameters of the first construction of p-
channel JFets (Type 1) are the following:

— development of drain/source area due to passi-
ve base of npn-transistor and deep collector
areas for pnp-transistor, when a distance between
drain/souce areas are 4.2 ym;

— channel development based on p-layer collector
of pnp-transistor;

— development of bottom gate using p+ buried
layer;

— top gate development due to active base and
polysilicon emitter of npn-transistor.

There are drain-gate characteristics of p-channel
JFets differential pair at 5 V and 10 V of drain voltage.

A dependence of drain-source voltage nonidenti-
ty AVggs from drain current is defined for the above
contruction of p-channel JFets (Fig. 3). The Fig. 3
shows that AVgg reduces when current increases, and
AVgg increases at high currents, when drain-source
voltage increases. A spread of voltages AVgzg does not
go below 80 mV in a drain current rage up to 50 pA.
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Fig. 2. Dependence Ip = f(Ugs) at Ups = 5 V (a)
and Ups = 10 V (b) for p-Channel JFet Differential
Pair (Type 1)
The parameters of p-channel JFET
construction (Type 2) are the following;:

second

— development of drain/source area due to passi-
ve base of npn-transistor and deep collector
areas for pnp-transistor, when a distance between
drain/souce areas are 6.6 pym;

— channel development based on p-layer collector
of pnp-transistor;

— development of bottom gate using p+ buried
layer;

— top gate development due to passive base.
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Fig. 3. Dependence AVgs = f(Ip) at Ups = 5 and 10
V for p-Channel JFET Differential Pair (Type 1)
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There are drain-gate characteristics of second type
p-channel JFets differential pair at 5 V and 10 V on
drain.
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Fig. 4. Dependence Ip = f(Ugs) at Ups = 5 V (a)
and Upgs = 10 V (b) for p-Channel JFet Differential
Pair

There is a dependence of drain-source AVgg
voltage spread on drain current for this pair of transi-
stors.
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Fig. 5. Dependence AVgs = f(Ip) at Ups = 5 V and
10 V for p-Channel JFET Differenctial Pair (Type 2)
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The Fig. 5 shows that the second type JFet
differential pair has significantly smaller spread of
voltages AVggs. For example, a voltage spread AVgg
does not exceed 10 pV for drain current Ip = 50
#A. In this case the voltage spread AVgg practially
does not depend on drain-source voltage in contrast to
differenctial pair of the first type.
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2 n-Channel JFet Differential
Pairs made by SPE “Pulsar”
and Their Basic Characteristi-
CS

There is a topology of n-channel Fets differential

pair on Fig. 6. It includes the following sections: S-area
- source, G-area — top gate, D-area — drain.

Fig. 6. n-Channel JFets Differential Pair Topology

We investigated two types of n-channel JFets si-
milarly to p-channel JFets: Tyep 1 — top gate area
based on active base of npn-transistors, Type 2 —
top gate area is developed based on passive base of
npn-transistors.

There are drain-gate charactrisitics of n-channel
JFets at 5 V and 10 V on drain for differential pai-
rs of the first and second types on Fig. 7 and 8
correspondently.
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Fig. 8. Dependence Ip = f(Ugs) at Ups = 5 V (a)
and 10 V (b) for n-Channel JFET Differential Pair
(Type 2)

A cut-off voltage is Urg 3.2-1.7 V for n-channel
transistors in comparison with Ugpg 5.5-4 V for p-
channel transistors. As a result there are smaller
current of drain for n-channel JFet at similar area.
Thus it is reasonable to compare these transistors at
drain current of 10 pA, but not at 50 pA (as was done
for p-channel transistors).

Dependence AVgg on drain current (Fig. 9) for
the first type n-channel transistors differential pair
substantially similar to the difference of the first type
p-channel JFet differential pair (Fig. 3). But there is
significantly weaker influence of drain-source voltage
for n-channel JFet at higher current density. AVgg for
drain current Ip — 10 mA does not exceed 30 mV.
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Fig. 9. Dependence AVgs = f(Ip) at Ups = 5V and
10 V n-Channel JFET Differential Pair (Type1)
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The values of voltage spread AVgg are significanly
lower: from 5 to 21 mV for the second type n-channel
transistors (Fig. 10). AVgg is not higher than 8 mV at
Ip = 10 pA. Similar to p-channel transistors (Type 2)
there is an optimum value of drain current at whi-
ch there is a minimum of AVgg. When the drain
current increases any further, AVgg weakly depends
on drain current value similarly to all considered types
of differential pairs.
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Fig. 10. Dependence AVgs = f(Ip) at Ups — 5 V and
10 V for n-Channel JFET Differential Pair (Type 2)

So it is defined, that to provide minimum values
of spread AVgg for JFet differential pair, including
considerting low temperature influence, it is reasonalbe
to use the second type of p-n junction complementary
field-effect transistors construction.

Conclusion

We have developed constructions of p- and n-
channel JFets, included into silicon complementary
bipolar process of SPE “Pulsar”, which provide relati-
vely high identity of drain-gate characteristics at their
differential input (U,s < 5+10 mV) and possibility to
develop CBiCFet integral circuits.
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Koncrpykiiii i xapakrepuctuku aude-
peunianbaux nap CJFet tpansucropis
anag upoexktyBaHHa CBiCJFet nude-
PEHIIAIBHUX i MyJAbTUAN(EPEHITIATBHIX
onepaniifiHuX IIiACUJII0OBaYiB

Casuenxo €. M., /Iposdos /1. I'., Podin B. I,
Ipywun A. ., Troxanos I1. O., Ipoxonenxo M. M.

Po3pobaeno cucremy TeXHOJIOTIYHUX I KOHCTPYKTHB-
HUX pillieHb, 10 3a0e3mevye MiABUIEeHHS 1JeHTUIHOCTI
mudepenmianpanx map (DP) mompoBux TpaH3WCTOPIB 3 Ke-
pyounm p-n nepexomom (JFet) 3 p- i n-xamamamm, mo
BOYIOBAHMUX B KPEMHIEBUI KOMILIEMEHTAPHUI OirOJIsIpHI
texuosioriunamit nporec “HBII “ITyascap”. Iloka3amo, mo B
PaMKaxX JAHOTO TEXHOJIOTIYHOIO IIPOIECY MOXKJIUBE CTBO-
peuns npeximbpkox Tumis DP JFet. B poboti mpencrasieni
Pe3yJIbTaTh eKCIIEPUMEHTAJIbHUX JOCJLIKEeHb JIBOX THIIB
kouctpykmit DP JFet 3 p- i n- kamajmamm 3 po3kmmoMm
Hampyru 3arBop-BuTiK AVgs B 3amekHOCTI BiI CTpymy
cToKy 1 Hampyrm crik-BuTik. /o ocHOBHEHX ocobsimBocTeit
nepuiol KOHCTPYKIGl p-kaHajubuoro Jfet crasuiucs: dop-
MyBaHHsI 00J1acTeill CTOKYy / BUTOKY 3a PaXyHOK IACHBHOI
6a3u npn-rpaH3ucTOpa i obsacTeil rIMOOKOrO KOJIEKTOpa
pup-Tpan3ucTopa; GopMyBaHHS KaHATIY HA OCHOBI P-IIapy
KOJIEKTODA PNP-TPAH3UCTOPA; (POPMYBAHHS HUKHLOTO 3a-
TBODY 3 3aCTOCYBAHHSAM P IIPEXOBAHOrO mapy; (GOpMy-
BAHHS BEPXHHOIO 3aTBOPY 32 PAaXyHOK aKTWBHOI 6a3m i
MOJTIKPEMHIEBOTOX eMiTepa npn-rpausucropa. OcobsmsicTio
apyroi koucrpykiil Jfet 6yso dopmyBaHHS BEPXHBOTO 3a-
TBOPY BHACHZOK macmuBHOI 6a3u. KoucTpyknii mepmoro i
Apyroro TumiB n-kanaasHux Jfet popmysasucs anagoriaHo
3 ypaxyBaHHSM 3aMiHHM 3aCTOCOBYBAHUX ObJ1acTel Girmoasp-
HUX TPAH3UCTOPIB HA IPOTHJIEXKHI 38 TUIIOM IPOBIIHOCTI.
Hna DP na ocuoBi p-kanaiabaux JFet 3 komcTpyKIiieo mep-
IIIOTO THUITY BCTAHOBJIEHO, IO 31 3POCTAHHSIM CTPYMY CTOKY
BesmunHa AVgs 3HUKYETHCs, a 31 30L/IbIIEHHAM HALPYIU

crik-BuTik AVgg 3a Bemukux crpymax 3pocrae. s ganol
mudepennianapaoi mapn JFet 3 p-kamamom makcmmasibHa
pisanng AVgs nexurs B Mexax b - 80 mB. s DP p-
xananpHuX JFet 3 koHCTpyKIi€lo apyroro Tuily HaBemgeHO
rpadiku, M0 MOKA3YIOTh ICTOTHO MEHIITE 3HAYEHHS PO3KUILY
Hanpyr AVgs: HAIPUKIIAT, 1Jisi 3HAYEHHS CTPYMY CTOKY Ip
= 50 mkA poskun manpyr AVgs ne nepesuirye 10 mB.
IIpn mpomy, wa BimMminy Bix mepmoro tumy DP, poskmm
nanpyru AVgs IPpaKTUYIHO HE 3aJI€KUTh BiJ| HAIIPYTH CTiK-
BuTik. YAk i mma DP p-kamampamx JFet mudepenmiampai
mapu n-kauaasrHux JFet apyroro tumy 3a6e3mneuniin MeHmri
3HaYeHHA PO3KHUIY B HOPIBHAHHI 3 KOHCTDPYKIIEIO IEPIIO-
ro tuny: AVgs mocarae 3madennb 5 - 20 mB. Takox mis
KOHCTPYKINI JPYyroro THITYy CIOCTEPIrajocs 3HAYHO CJ1ab-
mwii BIUIMB HaIpyT# CTiK-BuTiK Ha AVgg y pasi BUCOKOL
misbHOCTI cTpyMy. Po3pobaeni koucTpykril qudepeniiaib-
HHUX Iap Ha OCHOBI p- i n-kanampHuxX JFet pekomennyerncsa
BUKOPHUCTOBYBaTH Ipu opranizarii supobuurirsa CBiCJFet
AHAJIOTOBUX MIKPOCXEM, B TOMY YHCJI I €KCILTyaTarii B
YMOBAX HU3bKHUX TEMIEPATYP.

K 104061 cA06a: IOJIbOBI TPAH3UCTOPHU 3 KEPOBAHUM P-11
nepexonoM; audepeHIiaabHi MapHu; XapaKTePUCTUKA CTiK-
3aTBOP; KPEMHIEBA KOMILIEMEHTAPHA OIMOJITPHA TeXHOJIOTis

KonCcTpykniuun m xapakKTepuUCTUKU Aud-
dbepennuanbapix map CJFet Tpau3m-
cropoB aas unpoektupoBanusa CBiCJFet

auddepeHIuanbabix U MyJabTuaundge-
PEeHINAJIbHBIX OMEPANNOHHBIX YCUJIUTE-

Jeii

Casuenrxo E. M., Jlposdos /. I., Podun B. I,
I'pywun A. U., /wkanos I1. A., Ipokonenxo H. H.

Pazpaborana cucremMa TEXHOJOTUIECKUX M KOHCTDPY-
KTUBHBIX DeNIeHM, 00eCIIeInBAIONasl MIOBLIIIEHNE W/IEH-
tranoctu guddepennmanpabix nap (DP) mosesbix Tpan-
3WCTOPOB C ympasagiomuM p-n nepexogom (JFet) ¢ p- m
n-KaHAJAMM, BCTPOEHHBIX B KPEMHUEBBIHl KOMIIIEMEHTap-
HBIHA OunONApHBIA TexHosiorudeckuii nporecc AQ “HIITT
“Ilymscap” (r. Mocksa). IToka3aHo, 9TO B paMKaxX JAHHOTO
TEXHOJIOTUIECKOT0 IIPOIeCCa BO3MOXKHO CO3JAHNE HECKOJIb-
kux tunos DP JFet. B pabore npencrasieHsl pe3yabTaTh
9KCIIEPIMEHTAJIBHBIX MCCIEJOBAHMI BYX THUIIOB KOHCTPY-
knuit DP JFet ¢ p- u n- kamajgaMu o pa3bpocy HaIPsSKEHUsT
3arBOpP-UCTOK AV B 3aBUCUMOCTH OT TOKA CTOKA U HAIIPsi-
JKEHUST CTOK-MCTOK.

K ocHOBHBIM 0COOEHHOCTSM TI€PBOI KOHCTPYKIIMH P-
kanasbHOro Jfet ormocunmch: dopmupoBanue obsacreit
CTOKa/MCTOKA 33 CYST MACCUBHOM (6a3bl NPN-TPAH3UCTOPA U
obstacteil TIyGOKOr0 KOJTEKTOPA PHP-TPAH3UCTOPaA; BHOop-
MHUPOBAaHUE KaHAJIA HAa OCHOBE DP—CJIOf KOJUIEKTOPa pnp-
TPAH3UCTOPA; (POPMUPOBAHNE HUKHETO 3aTBOPA C IIpHMe-
HermeM p' CKPHITOrO cmosi; (pOPMUPOBAHEE BEPXHEIO 3a-
TBOPA 3a CYET AKTUBHOI 6a3bl U [IOJIMKPEMHUEBOTO IMUTTE-
pa npn-rpau3uctopa. Oco6eHHOCTHIO BTOPOil KOHCTPYKITHI
Jfet aBmsnocs dbopMupoBaHue BEPXHEr0 3aTBOpPA 33 CUET
naccuBHON 06a3pl. KoHCTpyKIny 1mepBoro m BTOPOro THIIOB
n-xkaHaJabHBIX Jfet dhopMupoBaIMCh aHAJIOTWYHO C yI€TOM
3aMEeHbI [IPUMEHAEMBIX 00J1acTell OUIOIAPHBIX TPAH3UCTO-
POB Ha [IPOTUBOILIOJIOXKHbBIE 110 THUILY IIPOBOAUMOCTH.

g DP ma ocnoBe p-xanasbHBX JFet ¢ KoHCTpyKIHeit
IIEPBOTO THUIIA YCTAHOBJIEHO, YTO C POCTOM TOKA CTOKA Be-
suunaa AVgg CHUXKaeTCs, a C yBeJIMYEHUEM HAIIPIKEHUs
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crok-ucrok AVgs 1pu BbICOKMX TOKax Bo3pacraer. s
mauaoli mud depennmaaruoit maper JFet ¢ p-kamagom ma-
kcuMmasibHasg pasumna DVGS gexwur B mpememax 5 — 80
MB. s DP p-kamampabeix JFet ¢ komcTpyxkimeit BToporo
THUIa TPUBEIAEHBI IPadUKY, MOKA3BIBAIOIINE CYIIECTBEHHO
MeHbIllee 3HadeHne pas3bpoca Hanpsixkenuit AVggs: Hanpu-
Mep, Jid 3HadeHus Toka croka Ip = 50 MkA pasbpoc
nanpsikeanit AVgs we mpessrmaer 10 mB. Ilpm stom, B
ommume ot nepsoro Tura DP, paz6poc mampsixkenus AVgg
NPAKTUYIECKN He 3aBHCUT OT HAIIPs2KEHHs CTOK-UCTOK. Kak
n mist DP p-xkamamnsasix JFet muddepennmansubie maps
n-xanasbHbIX JFet BrOporo Tmma obecnewmsin MeHbIIze
3HaveHns pa3bpoca B CPaBHEHHU C KOHCTPYKIHEH [1epBOro

tuna: AVgs mocruraer 3madennii 5 — 20 mB. Taxxke mis
KOHCTPYKIH BTOPOTO THUTA HAOIIOIAI0CH 3HAYNTEIHLHO 60~
Jiee c1aboe BIIMsTHUE HAIIPSIKEeHUs CTOK-UCTOK Ha AV mpu
BBICOKUX IJIOTHOCTSAX TOKA.

Paspaboranubie koHCTpyKImu auddepeHnnaasbHbIX
map Ha OCHOBe D- U n-KaHajabHBIX JFet pexomenmyercsa
uCIob30BaTh pu opranmsaruu npoussoncrtsa CBiCJFet
AHAJIOrOBBIX MHKPOCXEM, B TOM YHC/IE JJIs IKCILIyaTalluu B
YCIOBUSIX HU3KUX TEMIIEPATYD.

Katoueswie €a06a: TOEBbIE TPAH3UCTOPHL C YIIPABJIS-
OIUM P-N mepexooM; auddepeHnuabHble Iapbl; CTOKO-
3aTBOpHAs XapPaKTEPUCTHKA; KPEMHHUEBAas KOMILJIEMEHTap-
Hag OUIONAPHAA TEXHOJIOTHS



	Introduction
	p-Channel JFet Differential Pairs mady by SPE ``Pulsar'' and their Basic Characteristics
	n-Channel JFet Differential Pairs made by SPE ``Pulsar'' and Their Basic Characteristics
	Conclusion
	Acknowledgments
	References

