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The Optimization using PCB EM interpretation of GEO satellite’s L Band Converter
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ABSTRACT

This study is the analysis and verification process of the L-band satellite communications repeater thought PCB & circuit EM
analysis. System performance can be vulnerable to various spurious inside the L-band satellite transponder, power conversion board,
digital signal board, TM/TC board, such as control panels and blocks that are linked signal components when the winch is
increased due to the noise component. So the whole system can cause performance degradation. PCB resonance analysis and EM

simulation can be easily analyzed for a variety of optimal. Also, by setting the ports on the PCB, H/W designer wants to can
easily analyze system.
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| . Introduction banded high frequency signals. Another is rapid

digital system that operates the system using base

Digital transponder of the Satellite divided into  band digital signals. Satellite Digital transponder
two sections by frequency domain. One is RF  coverts high frequency to L-band signal by rapid
system that operate the system using narrow  digital channel processing. It has advantages for
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frequency re-usage. It is also intelligence
transponder  system that using sub-channel
switching.

AT

{
‘ \
KT AL RN
converter | | | corveter
e

9 r 11 1

Fig. 1 X-band digital satellite transponder

Dpawr —+ F s » T — O -0

In Fig 1, The X-band transponder’s structure is
shown. It is made up with Duplexer, IFA(Input

Filter Assembly), LNA(lLow Noise Amplifier),
Up/down  converter, DCAMP(Digital  Channel
AMPIlifier) and TWTA(Traveling Wave Tube

Amplifiers). DCAMP is the most important part of
the digital transponder. It performs digital signal
digital
multicasting by coverting the L-band signal to
baseband signal. L-band converters of DCAMP
change frequency between digital and X-Band.
Digital Channel Processing board and L band
converters share common power supply board. It

processing  like channel  switching,

probably causes many interference signal. In
addition, Non-ideal power supplied to the system
and interference comes from signal delivery also
can boost this problem. So to reduce the problem
from the interference, we should consider both of
them [1]. Pre-inspection and assurance processed
by EM simulation is important for EM development
stage. At the past time we repeated same process
for building the new board. We designed board by
thumb of rules and have a time to tune for the
interference using real board. And re-design it. It
require lots of development times and one of reason
for growing development cost. Before making the
PCB, Assurance process for the design using 3D
EM very

developing transponder is necessary to use this

simulation s essential.  Especially

process. Because, there are variety of long delivery
and high price component. In the high reliable
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satellite system, it needs to be analyzed thoroughly
about signal interference. From Up/Down Link
signal and L band converter which transfers into L
band in the satellite communication system, to
digital signal process board, signal band which is
used
interference between each block. In order to do
that, by EM analysis of PCB level, we have to
consider

is very wide, so we have to minimize

signal interference analyzation at the
In this study,
unwanted signal of L-band converter in the GEO

design  step. we will analyze
satellite system through PCB resonance analysis.
And, by extracting S-parameter over the LNA
block, we will draw a conclusion from the exact

simulation signal wave form.

[1. Body

2.1 L-band converter’s multi-layer PCB structure
and resonance analysis
L-band converter's PCB
4-layer. Generally, metal layer is consist of copper,

is made up with

and the spaces between each layer are filled with
FRA4.(dielectric material, FR4 permittivity 4.8)

Name: |Typa ‘ Film ‘Qh I aterial ‘ =+ Thickness [mm) ‘E\eval\an[mm]

MW Top METAL POSITIVE COpper 003429 086487
Dielectic_1 DIELECTRIC FR4_epary 0254 0.F1087
O InnerLayer2 METAL POSITIVE copper 0.03423 057658
Dielectic_2 DIELECTRIC FR4_epory 0.254 032253
[ InnerLaperd METAL POSITVE COPPE! 0.03429 028829
Diglectic_3 DIELECTRIC FR4_epoky 0.254 0.03429
[0 Bottom METAL POSITIVE copper 003423 ]

Fig. 2 L-band converter's PCB stacking structure

We conduct resonance analysis using EM
Simulation tool, on circuit that is consisted of PCB
structure shown in Fig 2. In the analysis result, if
the part has a lot resonance wave form, it means
that specific signal energy is concentrated on it,
and it is also vulnerable to power noise and other

forms of unwanted signal.
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Resonant Mode Results =
Mode | Re Fieq[GHz] | Im Freq(GHz) | k | [a
1 000026144 0.000000188 002150638 292154503056 2723503572500
2 0001045414 0.00000D0G 002191026 28679137190 G4B0121565600
3 0001140770 0.000000208 002330878 262 7SCB00B4 272671 7NEI0D
4 0001IBEI  0.00000011 002491948 521396335 5362897467000
5 0001386213 0.000000Z53 002905287 21867276745 2735 228755000
5 00074352 0000004 007700872 9150569417 3B2679541100

Flol volage diference belween planes on
[-HuLL— | and

[-nuLL--

=]

| Reterence Layer |
Top Innedayer2
Top InnerLaye2
Top InnerLayer2
Innedayer2
Top InnerLayer2
o Innerl aye2

Fig. 3 PCB's resonance frequency

Fig 3. is the resonance analysis result of the
PCB between 10KHz and
10GHz frequency range. The result is expressed by

L-band converter's

resonance sharpness(Q value) value and resonance
frequency. If Q value is high, it means that sharp
resonance exists, and if Q value is low, it means
that relevant resonance frequency is spread wide
apart. The result of the resonance analysis shows
that Q value is relatively high at the low frequency
range. That is, we can expect that low frequency
range is vulnerable to power noise, and resonance
will be occurred on power feeder line [2]. In this
analyzed the
through the resonance signal form. It takes much

study, we resonance frequency
time to simulate for finding resonance frequencies
of all layer, at least it need to study about the
each characteristic roughly. This thesis has dealt

with the resonance frequency for each layers.

Fig. 4 +5V supply point's resonance simulation plot

Fig 4. shows sharp frequency resonance of
1IMHz ~ 3MHz at the +5V supplying point. This
resonance frequency can be vulnerable to the power
switching noise, but if we apply decoupling

capacitor, it can be minimized [3].

60.00.

A\
fediee

mag(z11) [Ohm]

20.00.

0.00
0.do 200 400 6.00 8.00

F [GHz]
XY: 6.05GHz -12.360hm

Fig. 5 Impedance character between +5V’s line and
AGND

Fig 5. shows impedance characteristic curve bet-
ween +5V and AGND before inserting decoupling
capacitor, that is, under the initially designed PCB
condition.

Fig 6.
connecting to the decoupling capacitor 10uF in

shows S-parameter characteristic after

order to reduce the impedance between +5V line
and AGND.

0.0

450.00-

Y1

-100.00-| \ o

-150.00.
0.00

2.00 4.00 6.00 8.00 1060
Freq [MHz]

Y: 10.37MHz -162.48

Fig. 6 Character between +5V and AGND after
connecting to the decoupling capacitor(S11)
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It shows that impedance is lower by connecting
to the only one decoupling capacitor. However, if
we can tickle with the position, number, and value
of the decoupling capacitors, the whole frequency
band’s impedance can be even lower. That is, by
point
capacitor’'s ESR(Effective Series Resistance) and

the resonance produced by decoupling

ESL(Effective Series Inductance), we can adjust the
whole impedance [4].

i el
Fig. 7 Resonance simulation plot about the +15V
power line

Fig 7. shows the resonance signal form +15V
power line. Mainly, resonance over 1MHz band
becomes the resonance over the whole +15V line,
impact on the around GND. This
resonance signal form showed continual resonance

and has

phenomenon if we connect it to the decoupling
capacitor. So, when we made the +15V line’s
thickness thinner, and had resonance analysis, not
only +15V line's but also around GND had no
resonance.

When some circuit works in the system board, it
may cause power noise. In order to prevent those
power noise have an effect on the other blocks,
decoupling capacitor is generally inserted. When
decoupling capacitor is used, it stores the power to
help suppling the power stably by shorten the path
from power line to component that consume power

[51.
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Fig. 8 Impedance analysis according to the decoupling
capacitor

Capacitor’s ESL is connected to the C in series,
so the frequency which makes series resonance
exists, and about the frequency which is over to
the resonance frequency, impedance caused from L
increase gets higher, so it can no longer work as a
decoupling capacitor. This phenomenon is called
Self Resonation Frequency. Fig 9. shows YUDEN's
capacitor impedance characteristic of 1nF. In here
60MHz, and as
capacitance

self resonance frequency is

frequency increases, changes into

inductance.

1000000.00-,

100000.00

10000.00.

1000.00-
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mag(Z(port1,port1))

10.00.

0.10-) \(
001
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Fig. 9 Impedance characteristic of the YUDEN
company's 1nF capacitor (1608 size EMK)

(Power Supply Voltge) X (Allowed Ripple) (1)

A
T Current
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Equation (1)
impedance

shows how to calculate target
on the system board For example,
under the
3.3V, and
15%, and
system board’s target impedance will be calculated
to 82.5m& [21.

In this paper, the supply voltage of L-band
converter is 15V and it regulated to 5V from 15V
and provided MMICs. The consumed current is

condition (when a board’s voltage is
system’s allowing permitted ripple is
maximum power consumption is 2A),

about 4A in L-band converter. It requires 5%
ripple.  To calculate target impedance using
Equation (1), it is resulted to less than 62.5mQ.
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Fig. 10 Target impedance on the system board

Board's target impedance needs to be adjusted
from GHz under the low frequency, so system’s
unwanted signal and noise can be diminished. In
oder to do that,
capacitor and according to the type of decoupling

we have to use decoupling

capacitor, influential frequency range on the
impedance profile is designated, and according to
the type of capacitor, influential frequency range on
the power net’s impedance is different, so when
capacitor's figure and number are appropriately
chosen and arranged, optimization of the target
impedance can be produced [7].

By using EM Simulation verification method
mentioned so far, We designed L-band converters,

and did system’s EMI test as a final step. And

EMI test configuration is shown below.

Fig. 11 EMI Test Block Diagram(DCAMP)

in EMI test
system'’s interference characteristic was satisfied

As  shown result graph, the

for requirement in the X band EMI requirement
standard (7 ~ 8GHz).
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Fig. 12 EMI test result graph(1~18GHz)

2.2 EM Analysis on L-band converter’'s LNA
and Filter Block

Practically, in a circuit simulation, PCB board’s
condition and analysis on the power line can not be
done correctly. In this chapter, simulation was
EM from L-band
converter's LNA to low pass filter. Power supply
is made from outside, +15V, and then rectified to
+5V in the L-band converter, and through 3rd
layer board’s lane, supplies power to LNA. At that

made by simulation  tool,

time, we extract S-parameter and watch signal

form with connecting appropriate  decoupling

capacitor.
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Fig. 13 LNA and filter block

Fig 13. shows L-band converter's LNA and
filter block. LNA's power supply is made through
the 3rd layer’s inside board’s circuit line.

Fig. 14 +5V power line inside the 3rd layer which is
supplied to LNA

Fig 14. shows PCB inside the 3rd layer board
and
amplification and other different active circuit use

it shows longer power line because it's

+5V commonly. So, we extracted S-parameter on
the +5V’s line and studied.

As it’s seen in Fig 15, Power circuit gets longer,
when we watch only pure +5V power lane’s
s—-parameter, resonance is made from many
different frequency band. So, decoupling capacitor
has to be used appropriately in order to adjust the
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Fig. 15 S-parameter(S21, S11) of the +5V power
line(EM analysis)

target impedance on the system board. In addition,
about the decoupling capacitor’s frequency, if we
msert the ESL, ESR component, we can make the
result of the practical simulation [8].

Fig. 16 LNA and filter block

20.00.

/ y EEERR
-20.00- \/W ~

|
o ! \\AUHV#\VAVW ,MVA

60.00.
0.00 0.50 1.00 1.50 2.00 250 3.00

F [GHz]
[X3= 2.45GHz
Y3=-32.96

Y1

7GHz 75.70 E

X1=1.00GHz  |X2= 1.00GHz
Y1=9.83 1Y2=-14.72

Fig. 17 EM analysis of LNA and filter block(S21, S11)
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Fig 17. is three plots of the LNA’s signal with
connecting decoupling capacitors derived by EM
analysis to extract S-parameter of the each line of
the LNA block [9] [10]. When EM analysis about
the power line which supplies power to LNA is
done, we can have the result into block form and
make correct simulation, and practical tuning.

Ill. Conclusion

This thesis dealt with PCB EM analysis on the
satellite communicate transponder’'s L-band con-
verter, and analysed about effect of the resonance
frequency and drew optimization.

In the satellite communicate transponder, not
only L-band converter, but also power block, digital
signal handling block, TM/TC control block, other
functions and blocks can cause noise when they
are combine with and can make the whole
system’s efficient decline [11] [12].

EM simulation tool can make easy analysis about
the vulnerable part for the resonance frequency on
the board. Through various simulation, the best
design can be made. Also, this tool give the function
for setting port to simulate PCB, ant this tool’s
function provide analysis more easier to the block.

We can prevent the L band frequency and X Band
interference used in the system by EM simulation
before build boards. So, After buildng PCB and
assemble it, We can check the wvalidity of the
simulation by EMI test. If we use EM simulation, we
are expected that reducing the development time.

And, as introduced in the chapter 2.2, PCB EM
simulation is also work to assurance for the analysis
of RF amplifier and filter functional blocks [13].
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