@Dyukuyionanvna eaekmponika. Mikpo- ma nanoeieKmpoHna mexHika

UDC 621.382

THE MAIN CHARACTERISTICS OF SIGE HBTS AT LOW
TEMPERATURES!

Dvornikov 0. V., Tchekhovski V. 4.2, Dziatlau V. L.%, Prokopenko N. N.2
Y0JSC “Minsk Research Instrument Making Institute”, Minsk, Belarus
oleg_dvornikov@tut.by
2“Research Institute for Nuclear Problems of Belarusian State University”
Minsk, Belarus
3Don State Technical University, Rostov-on-Don, Russia, prokop-
nik1949@gmail.com

OCHOBHI XAPAKTEPUCTHUKU SIGE TETEPOIIEPEXIJTHUX BIITOJIAPHUX
TPAH3UCTOPIB IIPU HU3bKHUX TEMIIEPATYPAX

HMeopnixoe O. B.,, Yexoscvkuit B. 0.2, [amnos B. JI., IIpokonenxo M. M.*
 BAT "Mincoxuii nayxoso-docnionuii npunadoobyodienuii incmumym", Mincox, Binopyce
2" uemumym s0eprux npobiem" Binopycvkozo depaicagrnozo ynigepcumenty,
Mincok, binopyco
3 Toncvruti depacasnuti mexniunuii ynisepcumem, Pocmoe-na-Iomny, Pocis

Introduction

The analog integrated circuits (IC), operating at low temperatures up to the
temperature of liquid nitrogen, are widely used in different areas: research tool
engineering, cryogenic instrumentation and medical devices, scientific instru-
ments for the Arctic and Antarctic Regions. In case, when the low-temperature
analog ICs are designed to detect the extreme small signals of various sensors of
particles, ionizing and optical radiation, the silicon JFET is more often used as a
head low-noise transistor, in others the silicon MOS transistors or SiGe BiCMOS
are mostly used [1-3].

It should be noted, that BICMOS SiGe technology is in high demand as it
allows creating complex systems-on-a-chip, including either microwave SiGe bi-
polar functional blocks or CMOS processors and other digital devices [4]. Be-
sides, the hardware components, created on the BICMOS SiGe technologies, are
highly resistant to the effects of penetrating radiation [5].

These factors explain why the low-temperature research of characteristics of
SiGe transistors is of great interest and why there are a lot of publications about
them. Let’s emphasize the most important among them [6-8].

Unfortunately, in the carried out investigations [9-13] the studies of the main
CVCs of SiGe HBTs within the temperature range up to minus -195°C, which
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determine the static parameters and the performance of the analog ICs, are down-
played.

The aim of this article is to discuss the results, obtained in the experimental
studies, which are especially important for the analog 1C low temperature features
of SiGe BTs, including

- the dependences of static base current gain ¢ on the collector current Ic and
the collector-to-base voltage Uch;

- the dependences of Ic and the base current Iz on the base-to-emitter voltage
Ube (Gummel’s plots);

- the output CVVC in the CEC, i.e. the dependences of Ic on the collector-to-
emitter voltage Uce at the preset Ib.

The Study Samples and the Measurement Technique

The test chip SGB25V_019P, which consists of four n-p-n transistors of n-p-
nH type, connected in parallel, and two polysilicon resistors with the resistance
close to 3 kiloohm is studied. Each transistor has 16 emitters with the size of
0.42x3.36 um?, located in the form of the matrix 8x2. The test chip is produced
on the technology of 0.25 um SiGe BiCMOS of SGB25V type and assembled into
the package 5140.8-AH3 with the capacity of the current-carrying elements not
higher than 3 pF. The sample structure of the transistor is shown in Fig. 1 [5], and
the main parameters of the n-p-nH type transistor are presented in Table 1 [14].
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Fig. 1. The sample structure of the transistor of n-p-nH type produced on the SGB25V
technology of IHP [14].

The low-temperature measurements are carried out on the experimental setup,
given in Fig. 2. The measured transistors are located in a metal glass, placed in
the liquid nitrogen with the help of a rod (Fig. 3) with a wire harness of twisted
pairs inside for connection to the semiconductor item tester SCIT-1 IPPP-1. The
measured data are delivered to the personal computer (PC) through the RS-232

interface.
Table 1: The main parameter of the transistor of n-p-nH type [14]

Name of the parameter Value

Size of the emitter, Ae 0.42x0.84 pum 2
Peak cut-off frequency, fr 25 GHz
Collector-to-emitter breakdown voltage, BUceo 7.0V
Collector-to-base breakdown voltage, BUcgo >20 V

Early’s voltage, Ua >100 V
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Fig. 3. The fixture for the low-temperature measurements.

The thermocouple of M type, defined in the Standard-P 8.585—2001 (Co-
per/Copel), is used to control the temperature. It is located close to the measured
transistors. The temperature is registered by the “cold junction compensation”
technique, at which an exposed end of the thermocouple is placed in the glass with
water and floating ice (in Fig. 2 it is marked as a “glass of ice water”). The thermal
emf of the thermocouple is fixed by the voltmeter B7-65 and is delivered to the
PC through the RS-232 interface. The measurements are carried out in the auto-
matic mode under the control of the program in “VEE Pro” environment.

To eliminate the effect of the self-excitation of transistors the preparations are
carried out with the help of the transistor curve tracer L2-56 before the beginning
of the low-temperature measurements.

Thus, Fig. 4a gives a photo of the output CVC in the CEC of the n-p-n tran-
sistor SGB25V_019P, directly connected with L2-56, and Fig. 4b presents a photo
of the same transistor, where the inductance coil with the resistance of 0.1 Ohm
and the inductance of 50 puHY is connected to the collector circuit.
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a) b)

Fig. 4. The photo of the output CVC in the CEC of the n-p-n transistor SGB25V_019P,
registered by the transistor curve tracer L2-56: a — a direct connection of the transistor with
L2-56; b — an inductance coil with the resistance of 0.1 Ohm and the inductance of 50 uHY is
connected to the collector circuit.

The final circuit of connection of the measured transistors to the IPPP-1 is
shown in Fig. 5, by the way, the values of the resistance Rb, the capacitance C1
and the parameters of the inductance coils L1-L3 are chosen to eliminate the self-
excitation of transistors, connected with the tester by a long twisted pair. Besides:

- one electrical conductor of the screened twisted pair is connected to each
output: N1, N2, N3, and the second electrical conductor and the screen are
grounded,

- the capacitor C1 without pins, located as close as possible to the package of
the studied sample, is used,

- the resistor Rb of CP-25 type and the filter CB6A-830263 with a ferrite core
are applied.

Let’s note that R1, R2 are polysilicon resistors, located on the test chip. They
are a resistance divider entered between the pins of the positive VCC and negative
VEE voltage supplies. This divider is designed for setting the base potential of the
SiGe transistor.

N1

L1
CB6A-830263

L2
CB6A-830263 Ry,

(o)
SGB25V_019P
N2

L3
CB6A-830263
N3

Fig. 5. The connection circuit of the n-p-n transistor SGB25V_019P at the remote
measurements of CMC within the temperature range from 27°C up to minus -195°C.
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The low-temperature measurements are carried out in the following way:
- to carry out the low-temperature measurements (Fig. 3) the samples of the
measured transistors are placed in the metal glass of the fixture, which is

completely embedded in the liquid nitrogen;

- the temperature in the glass is measured with the help of the thermocouple,
and when the temperature reaches the value minus -195+5°C, the measurements
of the transistors are carried out;

- the glass of the fixture is lifted to be partially covered by the liquid nitrogen,
and next measurements of transistors are carried out, when the temperature level
is higher than the temperature of the liquid nitrogen.

Measurement Data

Fig. 6-9 give typical temperature dependences, which are the most important
for designing the analog ICs.
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Fig. 6. The dependence of Ic on Uce, when
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Fig. 10. The dependence of the Early’s voltage ~ Fig. 11. The dependence of Br on Ueb, when
(Ua) on le, when T = 25°C. Ucb=1; 3V (T =25°C).

The analysis of the obtained results allows determining the following features
of CVCs of SiGe n-p-n- transistors of the SGB25V technology:

1. As it is seen from the Gummel’s plots, the average value of the thermal
coefficient of the forward voltage drop on the emitter junction within the temper-
ature range from minus -195°C up to 25°C is minus -1.75 mV/°C.

2. The weak dependence Be=f(le) is determined, when T =25°C, and at low
temperatures the increase of Bg at small le and the fall of Br at large le are fixed
(Fig. 9). Such temperature change of Br coincides with the results, given in [10].

3. In the output CVC in the CEC in the region of large currents (Fig. 7) at the
temperature 25°C there is a region of negative differential collector resistance
rcour=dlc/dUce<0. There is no such effect at other studied temperatures. It should
be noted, that this effect is observed in various SiGe n-p-n transistors, but in dif-
ferent regions of the collector currents and temperatures [10, 12]. In a quality
manner rcout <0 can be described by the negative value of the Early’s voltage
(Ua), i.e. [15]:

Uax rCOUT-|Ic|. (1)

4. When T = 25°C, we observe the increase of Pr at the enlargement of Ucb in

the region of small emitter currents, and we can determine the decrease of [ at

the growth of Ucb in the region of large emitter currents (Fig. 8). This effect can
also be described by the negative value of Early’s voltage [15]:

Uch, —Uchb, Ber, @)

BFZ - BFl
where Br1, B2 are values of the parameters at the voltage Ucb;, Uchb, correspond-
ingly.
The calculation results of the dependence of Ua=f(le) at T =25°C are given
in Fig. 10, where there is a large region of almost constant Ua, and then the fast
growth of Ua and the change of its polarity.

Ua=

Bicnuxk Hayionanvnozo mexniunozo ynieepcumemy Yxpainu «KIID»
92 Cepis — Padiomexnixa. Padioanapamobyodysanns. — 2016. — Ne66



@Dyukuyionanvna eaekmponika. Mikpo- ma nanoeieKmpoHna mexHika

For validation of the measurement results, presented in Fig. 8, from the Gum-
mel’s plots we obtain the dependence Br=f(Ucb, Ube) (Fig.11), which occurs very
close to the diagrams of Fig. 8, considering, that the extreme values of Ube in
Fig. 11 correspond to the collector current, equal to 10 uA and 30 mA.

When designing the low-temperature analog ICs it is important to know the
effect of the temperature on the capacitances of p-n-junctions and the temperature
resistance coefficient of the resistors TR:

Rr 4

TR = Rn , 3)

where Rt, Ry are resistances of the resistor at the current T and nominal Ty tem-
perature.

I As it follows from Fig. 12, 13, the pol-
SRS TUU DU DU TR N ysilicon resistors of the test chip
1 isemrse 74 SGB25V_019P are characterized by high
b N A linearity of CVVC and low negative temper-
ature coefficient, the absolute value of
which increases with the decrease of the
temperature.

Let’s note that the capacitance of the
emitter junction (Fig.14) decreases by a
factor of 3.44 when the temperature de-
creases from 25°C to minus -195°C.
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Fig. 12. Sample CVC of polysilicon resistor
at T =25°C, minus -195°C.
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Conclusion

When carrying out the low-temperature measurements of the high-frequency
SiGe HBTs, connected with the measuring systems by a long cable, a special at-
tention should be paid to the elimination of the transistor self-excitation. For this
purpose it is recommended to connect the low-pass filters, the capacitor, shunting
the emitter junction, and the resistor with a small resistance in a base circuit as
close as possible to the pins of the base, emitter and collector.

For the test transistor SGB25V_019P, produced by IHP, we determined a
weak dependence Be=f(le) at T = 25°C, the increase of B¢ at small le and the fall
of Br at large le at low temperatures, the presence of the region of negative differ-
ential collector resistance.

The carried out studies allowed drawing conclusion that the most widespread
model of HBT of Gummel-Poon describes the characteristics of SiGe HBTs im-
properly in a wide temperature range. It is expedient to use the obtained experi-
mental data for identification of the parameters of the HBT model MEXTRAM.

However, despite the mentioned features, SiGe HBTSs, produced on the
SGB25V technology of IHP, can be used for design of the high-quality and low-
temperature analog ICs.
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Ileopuixoe O. B., Yexoscokuu B. O., /[amnos B. JI., IIpoxonenxko M. M. Ocnoeni xapax-
mepucmuxu SiGe 6inonapuux zemepompan3zucmopis 3a HU3bKuUx memnepamyp. Pozenanymi
sonvm-amnephi xapaxkmepucmuku (BAX) n-p-n SiGe 6inonapuux mpanzucmopis (bT) 6 diana-
30ui memnepamyp 6io minyc 195 °C 0o 25 °C, wo éucomosieni no mexHoni02iuHoMy Mapupymy
SGB25V ¢hipmu IHP. Onucana ekcnepumenmanbHa YyCMaHo8KA, MemoouKa UMIPIO8AHb i 0CO-
O1UB0CMI 86IMKHEHHS MPAH3UCMOPIE 015 YCYHeHHs eghekmy camo30y0xcenns. Ocobaugy yeazy
NpUOieHO0 MeMnepamypHuM 3a1eHCHOCMAM CMAMU4YHo20 KoeqhiyicHmy niOCUNeHH CIMPYMY
bazu 6 cxemi 3 cninoHUM emimepom Pr i 8uxionoi BAX mpanzucmopa 6 cxemi 3 CniibHUM eMi-
Mepom.
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Knrouosi cnosa: SiGe binonsapHi mpauzucmopu, HU3bKi memnepamypu, memnepamypa pio-
K020 azomy.

Jeopnukos O. B., Yexosckuii B. A., /[amnoe B. JI., [Ipokonenxo H. H. Ocnosensie xapax-
mepucmuku SiGe cemeponepexoonvix OUNONAPHBIX MPAHZUCMOPOS NPU HUZKUX meMnepa-
mypax. Paccmompenvt sonomamnepnvie xapaxmepucmuxu (BAX) n-p-n SiGe 6unonspmvix
mpanzucmopos (bT) 6 ouanazone memnepamyp om munyc 195 °C 0o 25 °C, uzeomosiennwlx no
mexHnonocuueckomy mapuipymy SGB25V ¢upmor IHP. Onucana 3xcnepumeHmanbHas ycma-
HOBKA, MemoOUKa usmepeHuti U 0CoOeHHOCMU BKIIOYEHUS MPAH3UCMOPO8 O YCIMPAHeHUs I¢h-
gexma camososdyaucoenus. Ocoboe GHUMAHUE YOeNeHO MeMNePaAmypHbIM 3A8UCUMOCTIAM
cmamuyueckoeo Kodghuyuenma ycunenus moka 6asvi 6 cxeme ¢ 0owum smummepom (03) Pr
u 8b1x00HoU BAX mpanzucmopa 6 cxeme OD.

Knroueswvie cnosa: SiGe 6unonsphvie mpausucmopsl, HU3Kue memnepamypul, memnepa-
mypa JHcuoko20 azoma
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