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ITPOEKTUPAHE HA IBY®A3EH [IPEBKJIIOUYBAILL IPEOGPA3YBATEJI
HA HATIPEXKEHHUE 3A KOMYHUKALIMOHHU NPUJIOXKEHUS C
CADENCE HA CMOS 0.35 pm TEXHOJIOT' UL

Tuxomup Bpyces

Pestome: Passumuemo na enemponnume mexmono2ui npe3 nocieoHume 200UHu 0o-
gede 00 Hapacmeano nompebnenue Ha Ge3NCUNHU NPEHOCUMU KOMYHUKAYUOHHU YC-
mpocmea 3axpanean om bamepusi, MaKUea Kamo: MobUIHU meneponu, mabremu u
opyeu. Egexmusnomo usnonzeane Ha enepeusima, OOCMAGAHA OM 3aXPAHEAUAMA
bamepus, e cebp3ano ¢ npeobpaszyeanemo i om noOXo0sUU MOKO3AXPAHEAUU CXEMIU.
B masu cmamus e npedcmasena cxema Ha 08yghazen npeexnoyeawy npeobpazysamenn
Ha HanpediceHue, NPOeKMuUPana ¢ NOMOWMAa Ha coPmyepHuUs. NPOOYKM 3 NPOEKMU-
pane Ha unmezpannu cxemu (HC) Cadence. Hscnedsanu ca 06a memoda na ynpaene-
Hue Ha cucmemama Ha npeobpaszyeamels, CbOMEEMHO C WUPOUUHHO-UMNYICHA MOOY-
nayus u ¢ xucmepesucHo ynpasnerue. Ilonysenume pe3yimamu nomewvprcoasam npu-
JIOACUMOCIMA HA 08YPA3HUS NPEGKIIOUBALY NPeobpasyeamel Ha HaNPedICeHuUe 3a Ko-
MYHUKAYUOHHU NPUTLONCEHUSL.

Knrouosu oymu: osyghasen npesknousawy npeobpasysamen na nanpescernue, CMOS
mexnonozusi, Cadence.

DESIGN OF TWO-PHASE SWITCHING-MODE CONVERTER FOR COM-
MUNICATION APPLICATIONS WITH CADENCE ON CMOS 0.35 uM
TECHNOLOGY

Tihomir Brusev

Abstract: The electronic and communication technologies have developed rapidly in
the last years. This leads to the fast growing market of the battery powered portable
wireless communication devices, such like mobile phones, tablets and others. Design
and implementation of proper power supply circuits can help to increase the system
run-time using more effectively battery’s energy. In this is presented two-phase
switching-mode interleaved dc-dc converter designed on CMOS 0.35 um technology
with Cadence. Two different types of control respectively pulse-width modulation
(PWM) and hysteresis control method have been investigated. The received results
prove the applicability of two-phase switching-mode dc-dc converter for wireless
communication applications. '
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I. INTRODUCTION

Nowadays portable wireless communications devices, like smart phones and tablets,
can transfer large data packages in a real time. The peoples have easy access to inter-
net; TV programs; distance controlled home air conditioning systems; and other wire-
less systems, only with their pocket electronic devices. The increased functionality of
the mobile devices is due to the new wireless communication standard called fourth
generation Long-Term Evolution (4G LTE). In this standard is used OFDM
(Orthogonal Frequency-Division Multiplexing) modulation. The signal is transferred
by several sub-carrier frequencies, which are summed at the output of modulator, and
thus the spectrum is more effectively used.

The disadvantage of the wireless devices using 4G LTE standard is that battery must
be recharged more often. The efficiency improving of the power amplifier (PA),
which is the most energy consuming stage in the transmitter, will leads to increasing
of the time between two consecutive battery recharges. One of the important charac-
teristics of PAs for LTE applications is that those circuits have to be linear to avoid
interference with nearby users [1]. The LTE signals have big peak to average power
ratio (PAPR). Therefore in order to improve efficiency of non-efficient linear PAs, the
supply voltage of the RF output transistor has to be changed as function of LTE en-
velope signal. The stage which provides the desire energy to transmitter’s PA is called
envelope amplifier. Fast and high efficient power supply circuit, which can ensure
dynamically changeable voltage to PA, could increase his efficiency. The most prom-
ising method reported in the literature is envelope tracking method [2], [3]. Envelope
tracking power amplifier (ETPA) system is consisted by envelope amplifier and PA.
The efficiency of ETPA system is calculated by formula [4]:

Ner pa =MEgaTlpas (1)

where 74 is the efficiency of the envelope amplifier; #p, is respectively the efficiency
of the PA. As can be seen from the formula above the overall efficiency of the ETPA
system depends strongly not only from #p,.

This paper is focused over the design of two-phase switching-mode interleaved ampli-
fier and possibilities to be used as envelope amplifier for LTE mobile wireless appli-
cations. The investigations are performed on CMOS 0.35 um technology of Austria-
Microsystems (AMS), which is available in ECAD laboratory.

II. ENVELOPE AMPLIFIERS

The envelope amplifiers, which are used to deliver changeable voltage to RF transis-
tor of the PA, have to have fast tracking speed because the envelope frequency of the
LTE signal is increasing. In order to satisfy those requirements in most of the cases
power supply circuits for battery powered portable wireless communication devices
are hybrid combination between switching-mode dc-dc converter and linear amplifi-
ers [5]. The parallel combined switching and linear regulator topology of envelope
amplifier is shown in Fig.1. The load resistor R, represents the current load of RF PA.
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Fig.1. Parallel combined switching and linear regulator topology of envelope ampli-
fier.

This architectures use low efficient linear amplifiers only when high frequency LTE
signal is transferred. The standard PWM controlled dc-dc converters are used when
low frequency and dc voltages have to be delivered to PAs. Those converters cannot
be used as envelope amplifiers separately because they are low bandwidth circuits.
The operating switching frequency f; of PWM controlled dc-dc converters should be 5
to 10 times higher than the bandwidth of the LTE signal [6]. The results will be unac-
ceptable increasing of power losses in the dc-dc converter, because they are propor-
tional to f;, decreasing overall efficiency in the system.

III. TWO-PHASE SWITCHING-MODE INTERLEAVED DC-DC CON-
VERTER

The power stage of single phase dc-dc converter is shown in Fig.2. The single phase
dc-de converters indicate high power losses in the inductor at big values of the in-
ductor current ripple 4i;. Multiphase converter structure helps to reduce this negative
effect. The power stage of two-phase interleaved dc-dc converter is illustrated in Fig.
3. The equation of output current Aiyu nophase Of the of two-phase interleaved de-de
converter as ratio of its single phase Aiyy singe-phase cOUnterpart is [7]:

| 1228 B3
Al two-phase__ | 1~ D
Aiout .sin gle— phase E 5 D>0.5
D

()

where D is duty cycle of the converter. The two-phase interleaved dc-dc converter ar-
chitecture helps for reducing of the output current ripple 4i,,, of the circuit. The rea-
son is that the phase sifted inductor current ripples respectively of the first and second
sub-converter stage 4i;; and 4i;, are summed at the output. Also the current stress in
the switching devices and passive components is reduced [8].
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Fig.2. Power stage of single phase dc-dc converter.

The output current ripple 4i,,, of the two-phase interleaved buck converter with non-
coupled inductors can be expressed by formula [8]:

Ai =%(1—2D)Tx, 3)

out

where T} is switching period of converter, L is the value of filter inductors (if L/=L2,
which is the case of the investigated dc-dc converter architecture).
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Fig.3. Power stage of two-phase interleaved de-dc converter.
According to the formula minimum values of the output current ripple 4i,,, can be re-
ceived if duty cycle of the converter D is close to 0.5. The inductor current ripples Ai;

of the single phase buck dc-dc converter and two-phase interleaved buck converter
with non-coupled inductors have equal values, and can be expressed by formula [8]:

N = YZ—“’(l -D)T,, 4
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In two-phase interleaved dc-de converters architectures the equal output current rip-
ples those of single-phase de-dc converters could be established with smaller values
of output filter inductors respectively L/=L2. These phenomena could be very useful
for LTE applications power supply circuit, when envelope amplifier have to be fast in
order to track high frequency envelope signal. The multiphase dc-dc converter can re-
place the single phase switching-mode regulator in parallel hybrid envelope amplifier
structure. Thus most of the energy delivered to power amplifier can be ensured from
fast and high efficient switching-mode multiphase dc-dc converter. The portion dis-
tributed from low efficient linear amplifier will be smaller, compare to the case when
switching-mode amplifier is single phase dc-de converter, improving the overall effi-
ciency of envelope tracking power amplifier system.

A. PWM Controlled two-phase interleaved dc-dc converter

Two-phase interleaved dc-dc converter PWM controlled system is designed on

CMOS 0.35 um technology. The block circuit diagram is presented in Fig.4.
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Fig.4. Block diagram of PWM controlled two-phase interleaved dc-dc converter de-
signed on CMOS 0.35 pm technology.

Designed PWM controlled two-phase interleaved dc-dc converter include error ampli-
fier, ramp generator, comparator, buffer and power stage. The both main transistors
M1 and M3 of power stage are regulated from control signals, which are phase shifted
on 180°. The buffer stage ensures short time when NMOS and PMOS transistors, re-
spectively of the first and second buck power stages, are both switched-off. Thus the
outputs stages are prevented from short-circuit losses, which can occur when the both
power MOS transistors are switched-on simultaneously. Also this helps to decreasing
of power losses in the main transistors of dc-dc converter. The circuit’s architecture of
the buffer used in the PWM controlled system is shown in Fig.5 [9].
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Fig.5. Buffer stage of the PWM controlled two-phase interleaved dc-dc converter.

The supply voltage V), is equal to the output voltage of the standard lithium-ion bat-
teries, which is 3.6 V. The switching frequency f; of the designed PWM controlled

two-phase interleaved dc-dc converter determined by ramp generator is equal to 76
MHz.

The capacitance value of output filter capacitor C is equal to 5 pF. This value is cho-
sen in order to be investigated behavior of the circuit when two-phase dc-dc converter
perform the functions of switching-mode amplifier in parallel combined hybrid ar-
chitecture of envelope amplifier for LTE applications.

This is the real value of equivalent capacitance of parallel combination of the power
transistor of linear amplifier [10].

The values of output filter inductors L/ and L2 of investigated interleaved dc-dc con-
verter are equal to 125 nH.

The simulation results, which show the waveforms of inductor current ripples (4i;;

and 4i;,) and output current ripple 4i,,, of two-phase buck dc-dc converter, are pre-
sented in Fig.6.

As can be seen from the picture the output current ripples of the two-phase interleaved
dc-dc converter Ai,, is decreased around 10 times compare to inductor current ripples
of the separate sub-converter stages.

This confirms the statement expressed above, that multiphase dc-de converter archi-
tecture can replace the single phase de-dc converter in the parallel hybrid envelope
amplifiers for LTE applications.
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Fig.6. The waveforms of inductor current ripples (4i;; and 4i;,) and output current
ripple 4i,,, of two-phase buck dc-dc converter designed on CMOS 0.35 um technol-

ogy.

To emulate the fast changing LTE envelope signal for the investigation of the de-
signed dc-dc converter system sinusoidal signal with frequency equal to 20 MHz is
used. The designed PWM controlled system can deliver to the load energy from 20
mW to 1W. The simulation results presented in the picture above are received when
output power of two-phase dc-dc converter is equal to 160 mW.

B. Hpysteresis Controlled two-phase interleaved dc-dc converter
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Fig.7. Block diagram of hysteresis controlled two-phase interleaved dc-dc converter
designed on CMOS 0.35 pm technology.
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Two-phase interleaved dc-dc converter hysteresis controlled system is designed on
CMOS 0.35 um technology. This control method allows increasing the bandwidth of
the converter up to switching frequency f£; [6]. Thus using lower f;, compare to the
PWM control technique, the LTE bandwidths could be covered and power losses in
the de-de converter will be smaller. The block circuit diagram is presented in Fig. 7.
The supply voltage V), is equal to 3.6 V. The values of output filter inductors L/ and
L2 of are equal to 125 nH. The value of output filter capacitor C is equal to 5 pF. The
circuit of the hysteresis comparator used in the system is shown in Fig.8.
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Fig.8. The schematic of the hysteresis comparator.

The designed hysteresis controlled two-phase interleaved dc-dc converter is investi-
gated when the envelope input signal of comparator with hysteresis has a sinusoidal
waveform with frequency equal to 20 MHz.
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Fig.9. The waveform of the control signal VCP and VCN, when envelope sinusoidal
signal has dc voltage equal to 1.2 V and amplitude equal to 500 mV.

The waveform of the control signal VCP and VCN, which regulate respectively the
modes of operation of the power transistor M1 and M2 of the first sub-converter are
presented in Fig.9. In this particular case the sinusoidal signal, which emulates LTE
envelope signal, has dc voltage equal to 1.2 V and amplitude equal to 500 mV.
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Fig.10. The waveform of the control signal VCP and VCN, when sinusoidal signal
has dc voltage equal to 1.8 V and amplitude equal to 500 mV.

The waveform of the control signal VCP and VCN when sinusoidal signal applied to
hysteresis comparator has dc voltage equal to 1.8 V and amplitude equal to 500 mV.

IV. CONCLUSION

In this paper is presented two-phase switching-mode interleaved dc-dc converter de-
signed on CMOS 0.35 pm technology with Cadence. Two different controls respec-
tively PWM and hysteresis method have been investigated. The possibilities the de-
signed circuit to be used in parallel hybrid envelope amplifier for LTE applications, as
a switching-mode amplifier, is considered. The investigation results show, that output
current ripples of the two-phase interleaved dc-dc converter 4i,,, is decreased around
10 times compare to inductor current ripples of the separate sub-converter stages in
PWM controlled system. The reaction of hysteresis control system, when envelope
signals with different voltage level are applied, is illustrated. The received results

prove the applicability of two-phase switching-mode dc-dc converter for wireless
communication applications.
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