
Visnyk NTUU KPI Seriia – Radiotekhnika Radioaparatobuduvannia, 2019, Iss. 79, pp. 71–77

УДК 621.382.32

CJFET Differential Pairs Constructions and

Characteristics for Design of CBiCJFet

Differential Amplifiers and Differential

Difference Amplifiers

Savchenko E. M.1,2,3, Drozdov D. G.1,3, Rodin V.G.1,3,

Grushin А. I.1, Dukanov P. А.1, Prokopenko N. N.4,5

1JSC “SPE “Pulsar”, 2JSC “GZ “Pulsar”, Moscow, Russian Federation
3MIREA - Russian Technological University, Russian Federation

4Don State Technical University; 5Institute for Design Problems in Microelectronics of RAS, Russian Federation

E-mail: prokopnik1949@gmail.com

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 Δ𝑉𝐺𝑆 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 Δ𝑉𝐺𝑆 decreases, and with increasing drain-source voltage
Δ𝑉𝐺𝑆 at high currents increases for DP based on p-channel JFet with the first type of design. The maximum
difference Δ𝑉𝐺𝑆 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 Δ𝑉𝐺𝑆 was shown:
for example, for the drain current 𝐼𝐷 = 50 𝜇𝐴 the voltage spread Δ𝑉𝐺𝑆 did not exceed 10 mV. In this case
the voltage spread Δ𝑉𝐺𝑆 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: Δ𝑉𝐺𝑆 reached values of 5-20 mV. Moreover, for the design of the
second type, a significantly weaker effect of the drain-source voltage on Δ𝑉𝐺𝑆 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 OPA827 operate at temperatures of -400С
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 𝜇m;

– 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 ∆𝑉𝐺𝑆 from drain current is defined for the above
contruction of p-channel JFets (Fig. 3). The Fig. 3
shows that ∆𝑉𝐺𝑆 reduces when current increases, and
∆𝑉𝐺𝑆 increases at high currents, when drain-source
voltage increases. A spread of voltages ∆𝑉𝐺𝑆 does not
go below 80 mV in a drain current rage up to 50 𝜇A.
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(a)

(b)

Fig. 2. Dependence 𝐼𝐷 = 𝑓(𝑈𝐺𝑆) at 𝑈𝐷𝑆 = 5 V (а)
and 𝑈𝐷𝑆 = 10 V (b) for p-Channel JFet Differential

Pair (Type 1)

The parameters of p-channel JFET second
construction (Type 2) 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 6.6 𝜇m;

– 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.

Fig. 3. Dependence ∆𝑉𝐺𝑆 = 𝑓(𝐼𝐷) at 𝑈𝐷𝑆 = 5 and 10
V for p-Channel JFET Differential Pair (Type 1)

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

(a)

(b)

Fig. 4. Dependence 𝐼𝐷 = 𝑓(𝑈𝐺𝑆) at 𝑈𝐷𝑆 = 5 V (а)
and 𝑈𝐷𝑆 = 10 V (b) for p-Channel JFet Differential

Pair

There is a dependence of drain-source ∆𝑉𝐺𝑆

voltage spread on drain current for this pair of transi-
stors.

Fig. 5. Dependence ∆𝑉𝐺𝑆 = 𝑓(𝐼𝐷) at 𝑈𝐷𝑆 = 5 V and
10 V for p-Channel JFET Differenctial Pair (Type 2)

The Fig. 5 shows that the second type JFet
differential pair has significantly smaller spread of
voltages ∆𝑉𝐺𝑆 . For example, a voltage spread ∆𝑉𝐺𝑆

does not exceed 10 𝜇V for drain current 𝐼𝐷 = 50
𝜇A. In this case the voltage spread ∆𝑉𝐺𝑆 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.

(a)

(b)

Fig. 7. Dependence 𝐼𝐷 = 𝑓(𝑈𝐺𝑆) at 𝑈𝐷𝑆 = 5 V (а)
and 10 V (b) for n-Channel JFET Differential Pair

(Type 1)

(a)

(b)

Fig. 8. Dependence 𝐼𝐷 = 𝑓(𝑈𝐺𝑆) at 𝑈𝐷𝑆 = 5 V (а)
and 10 V (b) for n-Channel JFET Differential Pair

(Type 2)

A cut-off voltage is 𝑈𝑇0 3̃.2-1.7 V for n-channel
transistors in comparison with 𝑈𝑇0 5̃.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 𝜇A, but not at 50 𝜇A (as was done
for p-channel transistors).

Dependence ∆𝑉𝐺𝑆 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. ∆𝑉𝐺𝑆 for
drain current 𝐼𝐷 = 10 mA does not exceed 30 mV.

Fig. 9. Dependence ∆𝑉𝐺𝑆 = 𝑓(𝐼𝐷) at 𝑈𝐷𝑆 = 5 V and
10 V n-Channel JFET Differential Pair (Type 1)
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The values of voltage spread ∆𝑉𝐺𝑆 are significanly
lower: from 5 to 21 mV for the second type n-channel
transistors (Fig. 10). ∆𝑉𝐺𝑆 is not higher than 8 mV at
𝐼𝐷 = 10 𝜇A. Similar to p-channel transistors (Type 2)
there is an optimum value of drain current at whi-
ch there is a minimum of ∆𝑉𝐺𝑆 . When the drain
current increases any further, ∆𝑉𝐺𝑆 weakly depends
on drain current value similarly to all considered types
of differential pairs.

Fig. 10. Dependence ∆𝑉𝐺𝑆 = 𝑓(𝐼𝐷) at 𝑈𝐷𝑆 = 5 V and
10 V for n-Channel JFET Differential Pair (Type 2)

So it is defined, that to provide minimum values
of spread ∆𝑉𝐺𝑆 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 (𝑈𝑜𝑠 ≤ 5÷10 mV) and possibility to
develop CBiCFet integral circuits.
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K., Nienhaus H. and Möller R. (2019) Temperature
dependent electrical characteristics of a junction field effect
transistor for cryogenic sub-attoampere charge detecti-
on. AIP Advances, Vol. 9, Iss. 2, pp. 025104. DOI:
10.1063/1.5077039

[8] Coyne E. J. Low gate current junction field effect transi-
stor device architecture. U.S. Patent Application No.
15/798,182.

[9] Dixit V.K., Gupta R., Purwar V., and Dubey S. (2019)
Effect of Substrate Induced Surface Potential (SISP)
on Threshold Voltage of SOI Junction-Less Field Effect
Transistor (JLFET). Silicon. DOI: 10.1007/s12633-019-
00185-7

[10] Snoeij M. (2018) A 36V 48MHz JFET-Input Bipolar
Operational Amplifier with 150𝜇V Maximum Offset and
Overload Supply Current Control. ESSCIRC 2018 - IEEE
44th European Solid State Circuits Conference (ESSCI-
RC). DOI: 10.1109/esscirc.2018.8494262

[11] LF351 Wide bandwidth single JFET operational ampli-
fiers, Available at: https://www.st.com/resource/en/

datasheet/lf351.pdf

[12] Semig P. and Claycomb T. (2018) Op amps with
complementary-pair input stages: What are the design
trade-offs?, Analog Design Journal 4Q, pp.1-7

[13] Yang T., Lu J. and Holleman J. (2013) A high
input impedance low-noise instrumentaion amplifier wi-
th JFET input. 2013 IEEE 56th International Midwest
Symposium on Circuits and Systems (MWSCAS). DOI:
10.1109/mwscas.2013.6674613

[14] Scandurra G., Cannata G., Giusi G. and Ciofi C. (2017) A
differential-input, differential-output preamplifier topology
for the design of ultra-low noise voltage amplifiers.
2017 International Conference on Noise and Fluctuations
(ICNF). DOI: 10.1109/icnf.2017.7985947

[15] Giacomini G., Bosisio L., Betta G.D., Mendicino R. and
Ratti L. (2015) Integrated Source Follower for the Read-
Out of Silicon Sensor Arrays. IEEE Transactions on
Nuclear Science, Vol. 62, Iss. 5, pp. 2187-2193. DOI:
10.1109/tns.2015.2475402

[16] Manfredi P., Re V. and Speziali V. (1998) Monolithic
JFET preamplifier with nonresistive charge reset. IEEE
Transactions on Nuclear Science, Vol. 45, Iss. 4, pp. 2257-
2260. DOI: 10.1109/23.709654

[17] urdaut P., Penner V., Kirchhof C., Quandt E., Knochel R.
and Hoft M. (2017) Noise of a JFET Charge Amplifier for
Piezoelectric Sensors. IEEE Sensors Journal , Vol. 17, Iss.
22, pp. 7364-7371. DOI: 10.1109/jsen.2017.2759000

[18] Capra S., Mengoni D., Aliaga R.J., Gadea A., Gonzalez
V. and Pullia A. (2014) Design of an integrated low-noise,
low-power charge sensitive preamplifier for 𝛾 and particle
spectroscopy with solid state detectors. 2014 IEEE Nuclear
Science Symposium and Medical Imaging Conference
(NSS/MIC), . DOI: 10.1109/nssmic.2014.7431043

https://einstein.stanford.edu/content/sci_papers/papers/GoldbergRT_1999_96.pdf
https://einstein.stanford.edu/content/sci_papers/papers/GoldbergRT_1999_96.pdf
https://einstein.stanford.edu/content/sci_papers/papers/GoldbergRT_1999_96.pdf
http://www.ipme.ru/e-journals/MPM/no_13918/MPM139_15_lovshenko.pdf
https://dx.doi.org/10.1007/978-3-030-15085-3
https://dx.doi.org/10.1007/978-3-030-15085-3
https://dx.doi.org/10.1007/s11051-015-2974-9
https://dx.doi.org/10.1007/978-3-030-15085-3_5
https://dx.doi.org/10.1063/1.5077039
https://dx.doi.org/10.1007/s12633-019-00185-7
https://dx.doi.org/10.1109/esscirc.2018.8494262
https://dx.doi.org/10.1109/esscirc.2018.8494262
https://dx.doi.org/10.1109/esscirc.2018.8494262
https://www.st.com/resource/en/datasheet/lf351.pdf
https://www.st.com/resource/en/datasheet/lf351.pdf
https://dx.doi.org/10.1109/mwscas.2013.6674613
https://dx.doi.org/10.1109/mwscas.2013.6674613
https://dx.doi.org/10.1109/icnf.2017.7985947
https://dx.doi.org/10.1109/icnf.2017.7985947
https://dx.doi.org/10.1109/tns.2015.2475402
https://dx.doi.org/10.1109/tns.2015.2475402
https://dx.doi.org/10.1109/23.709654
https://dx.doi.org/10.1109/23.709654
https://dx.doi.org/10.1109/jsen.2017.2759000
https://dx.doi.org/10.1109/nssmic.2014.7431043
https://dx.doi.org/10.1109/nssmic.2014.7431043
https://dx.doi.org/10.1109/nssmic.2014.7431043


76 Savchenko E. M., Drozdov D. G., Rodin V.G., Grushin А. I., Dukanov P. А., Prokopenko N. N.

[19] Zhou H., Wang W., Chen C. and Zheng Y. (2015) A Low-
Noise, Large-Dynamic-Range-Enhanced Amplifier Based
on JFET Buffering Input and JFET Bootstrap Structure.
IEEE Sensors Journal , Vol. 15, Iss. 4, pp. 2101-2105. DOI:
10.1109/jsen.2014.2371893

[20] Harrison L.T. (2005) Current Sources & Voltage
References. Newnes, 604 p.

[21] Drozdov D.G. (2017) SVCh komplementarnyi bipolyarnyi
tekhnologicheskii protsess s vysokoi stepen’yu simmetrii
dinamicheskikh parametrov tranzistorov [Microwave
Complementary Bipolar Technological Process with a
High Degree of Symmetry of the Dynamic Parameters
of Transistors]. Dissertation Cand. Sci (Techn), 05.27.01
– Solid State Electronics, Radioelectronic components,
Micro- and Nanoelectronics, Quantum-Effect Devices,
Moscow, 165 p. (in Russian).

[22] Schwartz W., Yasuda H., Steinmann P., Boyd W., Meinel
W., Hannaman D. and Parsons S. (2007) BiCom3HV - A
36V Complementary SiGe Bipolar- and JFET-Technology.
2007 IEEE Bipolar/BiCMOS Circuits and Technology
Meeting. DOI: 10.1109/bipol.2007.4351835

[23] Coyne E.J., Whiston S., McAuliffe D.P. and Lane B. (2017)
The 36 V Bipolar: 𝛽 × 𝑉𝑎 × fT × BV × JfT× Linearity
Tradeoff. IEEE Transactions on Electron Devices, Vol. 64,
Iss. 1, pp. 8-14. DOI: 10.1109/ted.2016.2628519

Конструкцiї i характеристики дифе-
ренцiальних пар CJFet транзисторiв
для проектування CBiCJFet дифе-
ренцiальних i мультидиференцiальних
операцiйних пiдсилювачiв

Савченко Є. М., Дроздов Д. Г., Родiн В. Г.,

Грушин А. И., Дюканов П. О., Прокопенко М. М.

Розроблено систему технологiчних i конструктив-
них рiшень, що забезпечує пiдвищення iдентичностi
диференцiальних пар (DP) польових транзисторiв з ке-
руючим p-n переходом (JFet) з p- i n-каналами, що
вбудованих в кремнiєвий комплементарний бiполярний
технологiчний процес “НВП “Пульсар”. Показано, що в
рамках даного технологiчного процесу можливе ство-
рення декiлькох типiв DP JFet. В роботi представленi
результати експериментальних дослiджень двох типiв
конструкцiй DP JFet з p- i n- каналами з розкидом
напруги затвор-витiк Δ𝑉𝐺𝑆 в залежностi вiд струму
стоку i напруги стiк-витiк. До основних особливостей
першої конструкцiї p-канального Jfet ставилися: фор-
мування областей стоку / витоку за рахунок пасивної
бази npn-транзистора i областей глибокого колектора
pnp-транзистора; формування каналу на основi p-шару
колектора pnp-транзистора; формування нижнього за-
твору з застосуванням 𝑝+ прихованого шару; форму-
вання верхнього затвору за рахунок активної бази i
полiкремнiєвогох емiтера npn-транзистора. Особливiстю
другої конструкцiї Jfet було формування верхнього за-
твору внаслiдок пасивної бази. Конструкцiї першого i
другого типiв n-канальних Jfet формувалися аналогiчно
з урахуванням замiни застосовуваних областей бiполяр-
них транзисторiв на протилежнi за типом провiдностi.
Для DP на основi p-канальних JFet з конструкцiєю пер-
шого типу встановлено, що зi зростанням струму стоку
величина Δ𝑉𝐺𝑆 знижується, а зi збiльшенням напруги

стiк-витiк Δ𝑉𝐺𝑆 за великих струмах зростає. Для даної
диференцiальної пари JFet з p-каналом максимальна
рiзниця Δ𝑉𝐺𝑆 лежить в межах 5 - 80 мВ. Для DP p-
канальних JFet з конструкцiєю другого типу наведено
графiки, що показують iстотно менше значення розкиду
напругΔ𝑉𝐺𝑆 : наприклад, для значення струму стоку 𝐼𝐷
= 50 мкА розкид напруг Δ𝑉𝐺𝑆 не перевищує 10 мВ.
При цьому, на вiдмiну вiд першого типу DP, розкид
напруги Δ𝑉𝐺𝑆 практично не залежить вiд напруги стiк-
витiк. Як i для DP p-канальних JFet диференцiальнi
пари n-канальних JFet другого типу забезпечили меншi
значення розкиду в порiвняннi з конструкцiєю першо-
го типу: Δ𝑉𝐺𝑆 досягає значень 5 - 20 мВ. Також для
конструкцiї другого типу спостерiгалося значно слаб-
ший вплив напруги стiк-витiк на Δ𝑉𝐺𝑆 у разi високої
щiльностi струму. Розробленi конструкцiї диференцiаль-
них пар на основi p- i n-канальних JFet рекомендується
використовувати при органiзацiї виробництва CBiCJFet
аналогових мiкросхем, в тому числi для експлуатацiї в
умовах низьких температур.

Ключовi слова: польовi транзистори з керованим p-n
переходом; диференцiальнi пари; характеристика стiк-
затвор; кремнiєва комплементарна бiполярна технологiя

Конструкции и характеристики диф-
ференциальных пар CJFet транзи-
сторов для проектирования CBiCJFet
дифференциальных и мультидиффе-
ренциальных операционных усилите-
лей

Савченко Е. М., Дроздов Д. Г., Родин В. Г.,

Грушин А. И., Дюканов П. А., Прокопенко Н. Н.

Разработана система технологических и констру-
ктивных решений, обеспечивающая повышение иден-
тичности дифференциальных пар (DP) полевых тран-
зисторов с управляющим p-n переходом (JFet) с p- и
n-каналами, встроенных в кремниевый комплементар-
ный биполярный технологический процесс АО “НПП
“Пульсар” (г. Москва). Показано, что в рамках данного
технологического процесса возможно создание несколь-
ких типов DP JFet. В работе представлены результаты
экспериментальных исследований двух типов констру-
кций DP JFet с p- и n- каналами по разбросу напряжения
затвор-истокΔ𝑉𝐺𝑆 в зависимости от тока стока и напря-
жения сток-исток.

К основным особенностям первой конструкции p-
канального Jfet относились: формирование областей
стока/истока за счёт пассивной базы npn-транзистора и
областей глубокого коллектора pnp-транзистора; фор-
мирование канала на основе p–слоя коллектора pnp-
транзистора; формирование нижнего затвора с приме-
нением 𝑝+ скрытого слоя; формирование верхнего за-
твора за счёт активной базы и поликремниевого эмитте-
ра npn-транзистора. Особенностью второй конструкции
Jfet являлось формирование верхнего затвора за счёт
пассивной базы. Конструкции первого и второго типов
n-канальных Jfet формировались аналогично с учетом
замены применяемых областей биполярных транзисто-
ров на противоположные по типу проводимости.

Для DP на основе p-канальных JFet с конструкцией
первого типа установлено, что с ростом тока стока ве-
личина Δ𝑉𝐺𝑆 снижается, а с увеличением напряжения
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сток-исток Δ𝑉𝐺𝑆 при высоких токах возрастает. Для
данной дифференциальной пары JFet с p-каналом ма-
ксимальная разница DVGS лежит в пределах 5 – 80
мВ. Для DP p-канальных JFet с конструкцией второго
типа приведены графики, показывающие существенно
меньшее значение разброса напряжений Δ𝑉𝐺𝑆 : напри-
мер, для значения тока стока 𝐼𝐷 = 50 мкА разброс
напряжений Δ𝑉𝐺𝑆 не превышает 10 мВ. При этом, в
отличие от первого типа DP, разброс напряжения Δ𝑉𝐺𝑆

практически не зависит от напряжения сток-исток. Как
и для DP p-канальных JFet дифференциальные пары
n-канальных JFet второго типа обеспечили меньшие
значения разброса в сравненни с конструкцией первого

типа: Δ𝑉𝐺𝑆 достигает значений 5 – 20 мВ. Также для
конструкции второго типа наблюдалось значительно бо-
лее слабое влияние напряжения сток-исток наΔ𝑉𝐺𝑆 при
высоких плотностях тока.

Разработанные конструкции дифференциальных
пар на основе p- и n-канальных JFet рекомендуется
использовать при организации производства CBiCJFet
аналоговых микросхем, в том числе для эксплуатации в
условиях низких температур.

Ключевые слова: полевые транзисторы с управля-
ющим p-n переходом; дифференциальные пары; стоко-
затворная характеристика; кремниевая комплементар-
ная биполярная технология
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