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The article proposes a method of bandwidth extension of the analog integrated circuit of the variable-gain
amplifier (VGA) based on SiGe BiCMOS technology with the rules of 0.18 pym. The designed VGA has
a linear (in dB) control characteristic. The authors consider the VGA architecture and present its design
outputs. They describe the properties of two modifications of the VGA integrated circuit — with classical
correction of the response and with the circuit of the parasitic capacitance cancellation in the high-impedance
node. The article shows that the second circuit solution allows increasing the upper frequency limit of the

VGA by a factor of 1.8-2.
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Introduction

Variable gain amplifiers (VGAs) play an important
role in modern transceivers of communication systems
and medical equipment. They are applied in design of
various circuits with automatic gain control [1-3].

To extend bandwidth of analog integrated circuits
and their functional nodes in modern microelectroni-
cs, the method of parasitic capacitance compensation
[4-10] is used, which is developed in the articles [11-16].

In connection with wide application of SiGe transi-
stors, as well as their satisfactory operation at low
temperatures [17-19] and exposure to radiation [20,21],
i.e. in sensor interfaces [9], it is of interest to investigate
the possibilities of compensation circuits in analog SiGe
circuits of microwave range.

The aim of the article is to discuss frequency
correction features as well as comparative computer
simulation results of SiGe microwave variable gain
amplifier, in which the principle of parasitic capaci-
tance cancellation is used in the high impedance node
of one of the functional nodes — the “current/voltage”
converter based on the “folded” cascode to increase the
upper frequency limit.

1 The Schematic Structure of
SiGe BiCMOS Variable Gain
Amplifier

The designed VGA circuit (Fig. la) contains
a broadband passive attenuator (from 0 dB to
—48.16 dB) with input differential stages (R-2R
network, Fig. 1b) a fixed-gain amplifier (OA circuit),
a gain control interface (scaler), a reference current
source (src) and also resistors of feedback R1-R7.

The scheme of VGA (Fig. 1a) has the following
pins: VINP - VGA input; sd — reference current source
(RCS) on/off (when sd is connected to gnd, RCS turns
on, when sd and Vcc are shorted, it turns off); GPOS,
GNEG - gain factor control pins; VOUT - VGA output;
FDBK - feedback pin; VCC, gnd - supply voltage and
global bus pins. Half of the supply voltage is fed to the
GNEG and Vbias pins.

VGA operates in two modes:

e High - an increased gain mode (FDBK pin isn’t
connected);

e Low - a normal mode (FDBK pin is shorted to
VOUT pin).

The gain control interface (“scaler” IP-module,
Fig. 1a) is a voltage/current converter, the slope of whi-
ch depends on the resistance of local negative feedback
resistor.
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Fig. 1. The schematic structure of VGA (a) and the

general view of R-2R matrix with
differential stages (b)

“OA circuit” IP-module provides the output current
signal conversion of differential stages (Fig. 1b) into
voltage.

2 The Method of Parasitic
Capacitance Compensation in
the High Impedance Node of
Operational Amplifier

In the designed VGA, the principle of Cy;
cancellation of parasitic capacitance in the high
impedance node ¥; (Fig. 2a) is used. The idea of
the bandwidth extension involves connection of some
compensation circuit with the transfer function Sc(p)
(Fig. 2b) to the high impedance node ¥; [11-16]. This
circuit provides compensation of the Cy; effect on the
low-signal characteristics of the amplifier — the upper

frequency limit f7,,,,; (at the level of —3 dB) and the

desired transient time ¢%, ;.

VF

In.vo

Vinu(p)

ivom(p)
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Fig. 2. The flowchart of the standard amplifier output
circuit (a) and the example of the compensation circuit
design (b).

At the desired transient time, which must be small
(tiap — 0), at the given values of Cy; and the upper
frequency limit of the corrected amplifier f7,;,,, as well
as at the known frequency f.uiofy of the uncorrected
amplifier, C.; capacitance of compensation -circuit
should be chosen from the following equations:

1 tr
CC _ Co __ Ustab ,
1 ! Kngcg tstab (1)
Co1 *
Cu = m (1 - fcutoff/fcutoff)

where Kyg < 1, Kcg < 1 — transfer ratios of the
voltage followers (VF) and the current followers (CF);
tstap = 2mR1Cy1 — transient time without compensati-
on circuit.

Besides, taking into account the compensation ci-
rcuit effect, the upper frequency limit foutof of the
amplifier (Fig. 2a) is determined by the following
formula:

Fouoss = 1 @
cutof 1 21 R; [Cor — KeaKvaCa]

Fig. 3 shows the scheme of “OA-circuit” module
with the parasitic capacitance Cy; compensation in the
high-resistance node of the current mirror at transistors

Q3-Q6.

b=2l

Fig. 3. The “OA _circuit” “voltage/current” converter
scheme with parasitic capacitance compensation ci-
rcuit.
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According to Fig. 3 the compensation -circuit
includes the voltage follower based on transistor Q7,
the current follower based on transistor Q4 and the
capacitance C.; = 400fF. To increase the stability of
the amplifier the conventional correction capacitance
Ce2 = 2001 F is provided.

3 The Computer Simulation

The comparative computer simulation results of
two versions of the frequency correction of VGA in
Cadence Virtuoso environment on SiGe Bi-CMOS
models (250 nm) of transistors are given in Fig. 5.
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and cancellation (v2).

They show the increase of the upper frequency limit
by a factor of 1.8 — 2.

The regulating characteristics of VGA in the mode
of low and high gain are presented in Fig. 4a.

The regulation errors are described in the diagram
of Fig. 4b.

The accuracy of the gain control AKy is estimated
by the formula AKy max(AKy;), which can be
presented as

201log Kv/;
AKy = 22osKRvi
KVmam
201 K max cham - V‘cz
+ oghy (3)
KVmin Vrcmax - Vrcmin

where Ky ; — gain factor at the i-th value of the control
voltage V¢; (1 =1...20).

Fig. 6 shows that the proposed correction circuit
allows increasing its bandwidth by a factor of 1.8 — 2
in the whole range of control voltages up to fr =
1.85 +2.5 GHz.
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Puc. 6. The dependence of the upper frequency limit of
VGA on the control voltage (Vi) with the proposed
(version 2) and classical (version 1) correction.

Fig. 7 shows the dependences of output power of
VGA on the input power and also the output 1 dB
compression point.
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Tabu. 1 The combined parameters of VGA with two versions of correction circuits

Regulation | Upper Regulation accuracy, dB | 1dB comp-| OIP3, Current Supply
range, frequency ression dBm consumpti- | voltage,
dB/V limit, point, on, A%
GHz dBm mA
Conditions ‘/ctrl = ‘/ctrl =0 ‘/ctrl = ‘/ctrl = fcv = 140 fcv = 140 Vee= 5V
+450 mV, +400 mV | 450 mV | MHz, MHz,
fo = 140 Vetrt = | Vam =
MHz —05V —-05V
VGA with | 36.6 1.04 +0.95 +1.7 12 26 22 4.5-5.5
classical
correction
VGA with | 36.6 1.85 +0.95 +1.7 12 26 22 4.5-5.5
compensati-
on
Rload =100 Ohm, Cload =3 pF, T =27 OC.
257 Summary
20
Output referred 1 dB Compression = 12 The article shows the prospects of application of
€ 1 ——  parasitic capacitance compensation circuits in high
Q 1o impedance nodes in SiGe analog integrated circuits.
& The SiGe BiCMOS variable gain amplifier
Qg_ integrated circuit with linear (in dB) characteristic
E 0 is designed according to the rules of 0.18 pum, which
3 -5 has the following main parameters:
-10 e regulation accuracy +0.95 + 1.7 dB;
" e upper frequency limit 1.85 GHz;
-20 1
40 3 30 25 -» 45 -1 5 0 .
Pin. dBm e tuning range 36.6 dB;

Puc. 7. The dependence of the output power on the
input power for VGA of the second version, when
Ventr = —0.5 V.

Fig. 8 shows that VGA can operate at supply
voltage range of 4.5 — 5.5 V and temperature range
from —60 to 150 degrees (basic temperature range).
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Puc. 8. The current consumption at various
Vee=45-55V.

e 1 dB compression point 12 dBm;

control voltage 450 mV.

The proposed method of parasitic capacitance
compensation in VGA increases its upper frequency
limit by 1.8 — 2 times.

Taking into account high radiation hardness of
SiGe transistors [20,21] as well as their satisfactory
characteristics at low temperatures [17-19], the desi-
gned VGA should be recommended for the extended
application in communication devices and automatics,
including those ones, which operate in the demanding
environment.
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MeTtopn po3uinpeHHs Aiama3zoHy pobodumx
gacrtor SiGe BiIKMOH HBY wmikpocxe-
MH PeryJjbOBaHOTO HiJICMIIOBaYa

Casuenxo €. M., Bydaxos O. C., Bydaxos II. C.,
Ilpoxonenxo M. M.

3arnporroHOBaHO METOJ PO3IIMpPEeHHs Jiamma3oHy pobo-
9HUX YACTOT AHAJIOrOBOI MiKPOCXEMH PeryJsibOBAHOTO IIiCH-
sosava (PII) 3a SiGe BIKMOH rexnosorii 3 npoekTHuMu
Hopmamu 0,18 mMxm. Po3poGusennii PII mage miniiiny (B aB)
XapaKTePHUCTUKY yIOpaB/IiHHA. Po3riagnaeTeca apxiTekTypa
PII i maBomsiThest pedyspraTy Horo npoekryBaHs. Ouucano
BJIACTUBOCTI JIBOX Moaudikariit mikpocxemu PIT — 3 kracu-
YHOIO KOPEKII€I0 aMILITYJHO-9aCTOTHOI XapaKTePUCTHKY i
3 JIAHITIOTOM B33€MHOI KOMIIEHCAI] HMapa3uTHOI €MHOCTL y
BUCOKOIMIIeJaHCHOMY By3Ji. Iloka3zano, Mo Jpyre cxemo-
TeXHiIHe DIlIeHHsI J03BOJIs€ 30LIbIINTA BEPXHIO IDAHUTIHY
gactory PII B 1,8-2 pa3m.

Karowosi cro6a: peryiboBaHUil MMiACHITIOBAY; “TIEperny-
Tuit’ Kackom; omepamiiauit macwrioBad; SiGe BiIKMOH
TexHosoTisT; MaTpuriad R-2R; B3aemua KoMImeHcartisi; BepXHst
rpaHMYHA 9aCTOTA
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MeToa pacuimpeHnus amana3oHa pabodmx
gqactor wMmukpocxembl SiGe BuKMOII
CBY peryampyeMoro yCUJINTEb

Casuenxo E. M., Bydaxoe A. C., Bydaxos II. C.,
Ilpoxonenrxo H. H.

IIpesnaraercss merTo/ paciIupeHus AUAa30Ha PabOIUX
YaCTOT AHAJIOTOBON MHKDPOCXEMBI PETrYIMPYEMOr0 yCHUINTe-
asg (PY) mo SiGe BuKMOII TexHonorumu ¢ npoekTHBIMU
aopmamu (0,18 mxm. Pazpaborauusiit PY umeer smuneiinyio
(B n1B) XapakTEepUCTHKY YTPABICHUA. PaccMaTpUBAETCs

apxutektypa PY u mpuBoasaTcs pe3yabTaThl €ro MpOeKTH-
poBanms. OnucaHbl CBONCTBA IBYX MOAM(MWKAINI MUKDPO-
cxembl PY — ¢ kjaccudueckoil KOppekIimeil aMIIATYTHO-
JACTOTHOM XapaKTEPUCTUKHN U C IENBI0 B3aUMHOU KOMIIEH-
canMy TApa3WTHON €MKOCTH B BBICOKOMMIIETAHCHOM Y3JI€.
ITokazaro, 9TO BTOpO€ CXEMOTEXHHIECKOE DEIIeHIe II03BO-
JIfIeT yBeJIMYHUTh BEPXHIO rpanudHyio dacrory PY B 1,8-2
pa3a.

Karuesvie caosa: peryaupyeMblii yCUINTENb; “Tiepe-
THYTHI” Kacko; omepanuoHHbll ycumrenn; SiGe Bu-
KMOII rexnonorus; marpuua R-2R; B3aumuas komuenca-
IUsT; BEPXHsIS TPAHUIHAS JACTOTA,
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