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Abstract: Two-way radios are today present in almost every area of our
Providing both amafeurs  public life. They are an invaluable tool supporting professionals in a wide
and professionals with  range of industries ranging from transportation to energy, government and
the fools needed 10 others. With two-way radios, there’s no need to deploy supporting infra-
create their own “thO' structure in the field. In fact, two-way radios can offer an instant commu-
way radio.” nication (private and cost-effective) anywhere and anytime. Nevertheless,
there is a vast and growing market among non-professional users who
demand high-quality yet affordable equipment. The purpose of this article is to provide both
amateurs and professionals with the tools needed to create their own “ two-way radio” not
linked to any specific standard product present in the market. This allows greater integration
in radio systems currently in development, and in general, a considerable saving on production

costs.

Introduction

The article shows the design flow for two RF power amplifier modules working in the UHF
band with the output power being the only main difference.

The name and target specifications of each project are the following:

[SYMBOL| PARAMETER |MIN| TYP | MAX| UNIT| Pout Project's Name
VDD Supply Voltage 12.5 \'i
F Frequency Range | 400| - | 470 | MHz | N 45 W STEVAL-TDR0O31V1
Pin Input Power 5 dBm IH‘ ‘/
Nr Total Efficiency | 50 %o
2fo 2nd Harmonic -45 | dBc 70 W STEVAL-TDRO034V1
Pin Input Return Loss -3 dB

Table 1 « Target specifications.

Both designs use Laterally Diffused MOS (LDMOS) devices respectively housed in three
different packages: SOT-89, PowerFLAT, PSO-10.

In order to meet the above targets, a line-up topology with three power stages 2 has been
used.

The basic idea was to consider the two projects as being a single project (Figure 1), where
the cascade 1st and 2nd stage should have enough power to drive the final stage of the two
devices in parallel.

Depending on the output power (see Fig: 1 project’s name) the final stage has been designed
with two devices in parallel, respectively: 2xPD85035S-E or 2xPD85050S.

Based on the two devices’ datasheets (PD85035S-E and PD85050) we calculated that a 36
dBm power level is required to achieve a 45W or 70W output power.

Similarly, for the drive stage (cascade 1st and 2nd stage), using the datasheets for PD84002
and PD85006L-E, we obtained the following power level chain.
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Figure 1 « Power level chain.

PD85050S |wmp 70 W

12 dB

Power level to Antenmia
depending of final devices

12 dB

L AL

. .-"f L
PDS5006L-E

PD850355-E

Each stage was simulated using the ADS software from Agilent. The intent was to get the right output impedance
level to guarantee the desired power level all along the line-up.

Using library models available for each product employed (www.st.com/rf), several simulations were performed
cascading the 1st and the 2nd stage in order to get a power level greater than 36dBm.

Figure 2 « 1st and 2nd stage.

Following the simulations at central frequency (435 MHz), the optimum load impedance for the final stage (2nd
stage) is:
Zsource = 50 {2
Ziope = (3.818 — j + 1.189) 2
Pioimax = 38 dBm (~ 63 W)
Using this impedance value at 435MHz (Zlopt) performance was optimized along the required frequency band. In

Figure 4 we can observe that the level of the output power is higher than required. Later the level might drop due the
effects of mismatching losses and/or losses in the stabilization network between the 2nd and 3rd stage.
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Figure 3 « Gain vs Frequency. Figure 4 « Power vs Frequency.

Designing the Final Stage: Preliminary Trials Using Chip On Board
The two target projects (Table 1) were done using packaged LDMOS. Nevertheless it has been valuable to explore
all the potential capabilities offered by the technology directly using the dice (no package). In this section we will

analyze a hybrid combination between chip-on-board (COB) as final stage and two packaged products for 1st and 2nd
stages.

Thanks to the COB solution analysis we have a better understanding of all the thermal aspects which are essential
for this power stage.

To realize the module we have used the FR-4 substrate as dielectric (20 mils) bonded with a Copper metal plate
(1.6mm) which ensures a very stable thermal condition for the power amplifier.

Copper Foil

Dielectric

Metal Flage

Figure 5 « Substrate.

On the top of the substrate FR-4 (dielectric) there are two openings where the two dice have been directly bonded
on copper metal gold finished layer.

The wire bond diagram and dimensions (Figure 6) are similar to those used for the PD85035-E.

Figure 6 « Wire bond diagram.
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The structure, dice and wire-bonding (Figure 6) has been simulated with HFSS to extract the equivalent lumped
inductors on the gate and drain sides (Figure 7 and Figure 8).
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Figure 7 « Equivalent lumped inductors. Figure 8 « CIT.

Another important aspect concerned the power combination of the two dice in parallel.

We had to look for a structure to accomplish a dual intent: increase the impedance level (impedance matching)
and, at the same time, reduce the inevitable losses (power combination)

The idea was to combine the dice with the microstrip topology depicted in Figure 9. We will refer to this structure
as Combiner and Impedance Transformer (CIT). Through simulation (Momentum) the physical dimensions have been
optimized in order to get a symmetric structure and a good impedance transformation.
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Figure 9 « CIT transformer. Figure 10 « Impedance Transformation of CIT.

To prove the benefits of the CIT as impedance transformer, it was employed in a simulation using as starting point
the impedance at drain level of two LDMOS devices in parallel.

Using the Cripps’ method 1 (load-line analysis) the impedance transformation of the structure was tested. For a
single device, the power capability is:
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V2. Vdc (13 6)?

P=2RL—>RL =260

2P~ 2-35

For two LDMOS devices in parallel the value must be divided by two.

The Smith chart confirms the good impedance transformation obtained (Figure 10).

At this point the CIT has been considered part of the active devices and simulated at 435 MHz with the load-pull
(Figure 11).
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Figure 11 e Final stage simulation.

In the equation below ZLopt is the impedance to obtain Pdelmax.
Zsource = 50 02
Ziope = (3.818 — j * 1.189) 2
Paoimax = 38 dBm (~ 6.3 W)

Using the ZLopt just found, we did an optimization work to equalize the gain in band (Figure 12) and a power
sweep at central frequency (Figure 13) in order to achieve more than 60 W at P3dB.
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Figure 12 « Gain vs Frequency. Figure 13 « Power vs Frequency.

The ZLot was then synthesized using lumped elements and microstrip lines.
Similarly the 1st stage has been matched at central frequency in order to get a good input return loss (IRL) along
the band.
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Finally all the stages were assembled and the final circuit with COB is hereafter displayed:

RFin t Vg Vdd Antenna
Figure 14 « COB module.

The prototype (Figurel4) has been then measured in order to verify all the RF performances (see test-bench Figure
20).

On the RF bench the prototype has been optimized and in some part re-tuned. The measurements are hereafter
presented:
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Figure 15 « Po vs frequency of COB.
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Figure 16 ¢ Gain vs Frequency of COB.
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In conclusion, the preliminary design done with COB has delivered better than expected results. This was possible

thanks to the synergy between simulations and the RF bench re-works.

At this point, in order to verify if both parallel dice were working in a balanced way (i.e. if they carried half of the

total power present in the output) a thermo analysis was performed.

A thermal map of the dice’s surfaces could unveil hot spots and potential failures. Moreover it’s a good way to check

the solder joint between PCB and the area beneath the dice.

The thermal measurements (Figure 17) showed about 10 °C of difference between the two average temperatures,

proving that both devices are working properly.
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Figure 17 « Thermal map.

Design of the Discrete Modules

After the preliminary design made in COB we are now able to set up the cascade 1st and 2nd stage. Moreover, we
have a better understanding of the power capabilities of the two dice. Now it’s time to move on making the prototypes

stated in Table 1.

For both projects we have used the same topology of PCB shown in Figure 18. Moreover, to test the amplifiers, we

have developed a special test board and heat-sink (Figure 19). Their BOM is presented in Table 4.

=]
L=2=]

Figure 18 « PCB for modules.
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1

Figure 19 « Test board.

114

All the measures were done with test bench as shown in Figure 20.

Inpuk power meker  Reflection power meter

TEST BOARD : All the measures have been done including 500 lines input and output with IL = 0.06 dB into 380MHz - S00MHz

Figure 20 « Test bench.

STEVAL-TDRO31V1

This design moved along the same lines previously adopted for the COB version.

No big changes concerning the 1st
and the 2nd stage. All the activity was
focused on searching for the optimum
load impedance at central frequency.

The load was then used to optimize
the RF behaviors along the frequency
band.

The result of this work is presented
in the following images.
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Figure 21 « Power Gain vs Frequency.
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Figure 23 « Po, eff. Vs Frequency.
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Figure 24 « Harmonics.
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Figure 25 « Output impedance of STEVAL-TDRO31V1

In Figure 25 we see the equivalent drains’ impedances for the two PD85035S-E measured at the midpoint between
the two drains. The small circle around the mark M (Figure 25) proves the achievement of broadband impedance.
The STEVAL-TDR031V1 is visible in Figure 26 while for the schematic and BOM refer to Figure 27 and Table 2.
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Figure 27 « Schematic of STEVAL-TDR0O31V1.
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Designator Manufacturer | Quantity Walue Manufacturer Part Number | Footprint
-El-. [ hurata 2 100pF GRM1555CIHIDLIADL d02
C2 Murata 1 16 pF GIMIGEECIHIE0GRO1H 402
C2a Murata 1 10 pF GIM1555C1HI00J2014 402
C3 hMurata 1 SpF GRMI1555CIHSROGADLR d02
C4 Murata 1 1uF GRMI1BERG1EIOSKALZR 603
5, C6, CB, C10, €15, C165, C19 hMurata 7 230pF GRMISESCIHZALIADLR 402
Cr, C11,C17 hurata 3 0.1uF GRMI1SECE1EIDAKALZR J02
C12 Murata 1 1uF GRMI1BEBE31E1IOSKATSR 603
C13 Murata 2 100pF GOMIBESCIH101GBO1# 603
C22 hurata 2 100pF GOM2195CIHI0OUBD LR 205
C14 Murata 1 27pF GAMIGSSCIH27OFADLS 4032
Clda Murata 1 18pF GRM15E55CIHIBOIZ01R 4032
C18 Murata 1 10uF GRMIZERTIH10GKALZH 1210
C20, C21 Murata 2 47pF GOMI1BTSCIEA7OGEI2R 603
C24 Murata 1 15pF GOMIETSC2ELSOGBIZE 603
C253 Murata 1 2.7pF GCMIESSC2AZRTCEDLR 603
C26, C27 Murata 2 36pF GAMI1G55C1HIE0GADLE 603
C25 Murata 1 22pF GRMI1E55C1H22OFADLA 402
L1 Coilcraft 1 7.5nH 002 CS-THSXI LW 402
L2 Coilcraft 1 100 nH O603HP-R10% LU 603
L3, L4 MNA 2 NA NA 402
L5 Coilcraft 1 10.2nH 080750-10N_LC hini A
L6 Coilcraft 1 52nH NAST7E-AE
Ly Coilcraft 1 3.7nH GA3082-ALC hini A
La Coilcraft 1 G8nH 100EHO-6ENX_LC 402
L 5T 1 S0TES PODEAO0Z 50T&9
02 STM 1 PowerFlat POSS00SL PowerFlat
3, 04 5TM 2 P50-10 POASO35S5 P5O-10
R1 Vishay 1 220 0hm CRONOJ022Z20RFRED d02
R2 Vishay 1 150 Ohm CRONDA02150RFEED 402
R3, R& Vishay 2 5.6 KOhm CRONDAD25ESTFEED 402
R Vishay 1 220 Ohm CRCWI1206320RFEEA 1206
RE Vishay 1 18 Ohm CRONDA0Z12ROFKED 402
R7 Vishay 1 15 KOhm CRCWO40215K0FKED 402
RE Vishay 1 1200 Ohm CROW12061K20FKEA 1206
RA Vishay 1 4,99 Kohm CRCWO4024K99FKED 4032
R10, R11,R12, R13, R14, R15 ECA Speer b 3.9 Chm RE7IHLTTDIRSOF 603
R15 Vishay 1 4.7 Ohm CROWDS034RTOFEEA 503
Substrate FR-4 20 mils 1oz copper

Table 2 « BOM of STEVAL-TDRO31V1.

STEVAL-TDR034V1

the drain level are shown in the below figures.
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The final stage of this amplifier employs two PD85050S. Based on the latest low voltage LDMOS technology, these
devices satisfy the increasing demand for power in the context of UHF mobile radios. In applications for digital com-
munications, sometimes the linearity must be obtained with some dB of back-off from the power saturation. Using the
PD85050S device model, some load-pull simulations were performed in order to get the optimum load impedance that
allowed the max output power. The value has been then divided by 2 (parallel of two PD85050S) and considered as
the starting point during the synthesis of the output network. The RF results and the impedance level measured at
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Figure 28 « Po, Eff. Vs Frequency.
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Figure 30 « Po, Id vs gate supply.
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Figure 31 « Output impedance of STEVAL-TDR034V1.

The STEVAL-TDR034V1 is visible in Figure 32 while for the schematic and BOM refer to Figure 33 and in Table 3.

Figure 33 « Schematic of STEVAL-TDR034V1.
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Designatar Manufacturer | Quantity Value Manufacturer Part Number | Footprint C°“°'f‘s'°" X
€1, ¢4 Murata 2 100pE GRM1555CTHI0LIAGL anz This article has
[#] Murata 1 16 pF GIM1555C1H1RDGRO1Y anz described a design pro-
Cla Murata 1 10 pF GIMLSSSCIHI00IZ01H 402 cedure and some prac-
C3 Murata 1 SpE GRMLS55CIHSROGADLE 402 tical solutions to build
ca hurata 1 1uF GRMILESRGIELDSKALZN 603 a multistage power
€5, C6, £8, €10, €15, €16, £19 PMurata 7 240pF GAMI1S55CIH24 IAOLY 402 ampliﬁer. The intent
©7,011, C17 Murata E] 0.1uF GRMISSCEIELDAKALZN anz
€12 Murata 1 TUF GRMIBEBI1EIDSKATSH £03 was to show a low-cost
13 Murata 1 100pE GOMLESSCIHI01GE01H 603 and reliable way to
C22, (223 Murata 2 100pF GQM2195C1HL0LIBOLH HOS design and produce
C14 Murata 1 27pE GRM1SSSC1H2Z TOFADLY anz customizable amplifi-
Clda hurata 1 18pF GRM1555C1H18M7014 a0z ers.
C18 Murata 1 10uF GRMIZERFIH10GKAL2Y 1210 The STEVAL-
€20, C20a, C20b, C21,C21a, C21b Murata 3 47pE GOMI1B75CIEATOGR12Y 603 TDRO31V1 and
23, C24 Murata 2 10pE GOMI875C2EI00IB12Y G031 STEVAL-TDR034V1
a5 Murata 1 2pF GCMLBS5C2AZROCE0 1S 603 . .
Cab, C27 Murata 7 ETT GRML555C1HIBDGADLY E03 were designed with
C29 Murata 1 NE plastic packaged
L1 Coilcrait 1 7-50H 040205 7NSXILW a0z LDMOS devices,
L2 Coileraft 1 100 nH DBOIHP-R10X_LU 603 resulting in amplifiers
LG Conleraft 1 S2nH MAST7E-AE with a high moisture
La Coileraft 1 BEMH 1DDaur1-63mx=Lt anz sensitivity level typi-
01 5TM 1 50TES PDEADD2 50789 cally not achievable
[#¥] 5TM 1 PowerFlat POBSO0EL PowerFlat . ..
a3, 04 5TM 2 P50-10 POAES0505 PS0-10 Wth s1m11‘?1r modules
R1 Vishay 1 220 Ohm CRCWO4D2220RFKED anz using  chip-on-board
RZ Vishay 1 150 Ohm CROWDADZ150RFRED a0z technology.
R3, ARG WVishay 2 5.6 KOhm CROWO4025KEOFKED 402 STMicroelectronics
R4 Wishay 1 820 Ohm CRCOW120D6820RFKEA 1206 can provide all the
RS Vishay 1 18 Ohm CROWOA0218ROFKED anz LDMOS devices men-
R¥ Vishay 1 15 KOhm CRCWDAD215KOFKED 402 tioned in this article,
R3 Wishay 1 1200 Chm CRCWI12061K20FKEA 1206 and if necessary, can
RO Vishay 1 2.7 Kahm CRCWO4DZ2KICEED anz . > e
R10, RLL, R12, R13, R14, R1S KOA Speer 3 2.5 Ohm RE73HLITTD2RO0F €03 also provide the t.eChm'
R1G Vishay 1 3.7 Ohm CRLWOBUSAR TOFREA 603 cal support to revise the
Substrate FR-4 20 mils 102 capper layout (gerbers) for sys-
Table 3 « BOM of STEVAL-TDRO34V1. tem integration and/or
the components for cost
Designator | Manufacturer | Quantity | Value | Manufacturer Part Number Type reduction (BOM) . )
C1,C2 2 100uF Tantalum Standard  design
support includes:
C3,C4 Murata 2 10uF GRMA2-6XTR225K25052K 402 .
device models, PCB
C5, Ck Murata 2 2.2uF GRMA2-6X5R106K250530 &03 gerbers, BOM and
Substrate FR-4 &0 mils 1oz copper demo board, for further
Table 4 « BOM Test Board. information  please

visit www.st.com/rf.
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