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1 Document purpose

This application notes reminds basics design ratektheirs applications around Sagemcom Hilo modedene
calculations and length effects can understand Agilent Appcad tools:

3 AppCAD - [AppCAD Main Menu] =[]
File Options Help

Agilent
Circuit Design
Active Circuits

Paszsive Circuits

-- Agilent Technologies

AppCAD

«: vour Pereondl Deslgn Asslstant
o e R g Lo e

Parallel Line

Stripline

Signals-5pstems
Fieliability
Engr Tools

We remind some basics RF principles.

We describe also a method to implement Hilo modaie®CB.

We describe the main issue that designer of eleicsystem must solved during the design procébshilo
modules.

2 RF basis

2.1 Wavelength

If we suppose a perfect wire in DC condition: afteg first turn on, the current is establisheahl$ wire is not
resistive, we don't have any voltage drift resgtiaf ohm low: Everywhere on this line, and refertedthe
ground, the voltage is the same.

If we applied an RF signal, instead of DC, the inpnitage is continuously changing. This potentiah not be

instantly the same everywhere on this line: weliarited to the celerity of the signal, which is stoto the celerity
light. Where you are on this line, it is necesdaryait a few times that the potential arrives tayThe potential

over the line can't be the same everywhere. ThigHrtonditions, any length of wire will introducense voltage

change and not only due to ohms low. This effedtenwit is wanted, is responsible of antenna raudjati
properties.

Any length will introduce phase effects. That's whis necessary to minimize the connection to grbfor all the
components connected to 0 V signal. Otherwise, HiM physically connected to ground, won't be efeatly at
0V. Depending of amplitude of this issue, it camduce unwanted effects: degradations of transmittind
receiving performances, reset..

We must compared frequencies used and usual eketgrigth. Consider the Hilo modules frequency band

band Frequencies for RX and Wavelength in
TX in Mhz the air (cm)
EGSM 890-960 32
DCS1800 1710-1880 17
Note d’étude Technical document : Radio Application Note for Hilo Hilo® modules
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and PCS1900
UMTS band 1 1922-2167 16

At 1900 Mhz, the wavelength is about 16 cm in tineTehese wave lengths will be reduced in the FRBP
Let's consider a micro strip line on FR4 PCB witB éhm space between ground and track:

Calculate Z0° [F4]

Elect Length = | 0.246 3
Elect Length = | 85.4 egrees -
Dielecttic: Sr= |4,B | | P |_|
1.0 avelength = i)
’:R-4 B Wp = fraction of
Frequency:  [1300 He - Seff -

Thus, the quarter wave equal only 22mm for an inogrsignal at 1900 Mhz. We recall that in a quartere
section, when one side is at 0V, the other sigg fhe maximum voltage. Thus, few millimeters ofidoctors can
have electrical drift effect.

Minimize conductor’s length in RF design
Minimize connections length to ground layer
Classics ohm law doesn’t applied to RF design

2.2 Matched load at 50 ohms

In first linear approach, and for best reliabiliaygenerator must be loaded by its conjugate comglenpedance.
In case of internal real impedance, the generatet tne loaded by the same impedance value. In Rigrdeve
used the 50ohms value. Hilo modules are designedbte on 50 ohms load. Thus, filters, transmissitines,
coaxial connectors and antenna must be designetigoralue.

For antenna, coaxial connectors and transmission
line, used only 50 ohms impedance

2.3 50 ohms line principle

We have seen that any length of conductor willodtice some voltage phase shift. The module musa s
ohms load. But we can not put the antenna diremtlythe output PIN module. The solution is the madch
transmission line. If this line is loaded with 58nas load, the module will see also 50 ohms loaHeainput line

50 ohms a0 ohms

S0 ohms transmission line —|
A0 ohms

0 ohms Inad

RF
generator /77}77

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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This is an other example to explain that 50 ohnigevan transmission line doesn’t refer to ohms Idwt to the
characteristic impedance of line : We look at ratidJ/I and distributions of currents and voltageonductors.

A perfect transmission line mustn’t radiate: eliectields and current are locked into the transioisdine if
source, load and transmission line are the samedance. The coaxial cable offers the best results:

Electric field is totally locked into the cylindelf. the line is matched: the input generator impexa the output
load and the characteristic impedance are equals,T¢urrents on inner and outer conductors, hageséme
amplitude, but are opposite in sign: they cancahemnselves.

For antenna output track respect 50 ohms
impedance line design rules

2.4 Microstrip line

Coaxial connector is not the best choice for SMimpgonents assembly. It is not possible to add comptsnin
series or in parallel on this line. The PCB degigocess is not compatible with this circular sttwet For radio
frequency design on PCB, we prefer planar strustufiéhe microstrip line is well designed for PCBide:

A0 ohms impedance track

FCE substrat

Ground layer

As it is mentioned, a ground plan is absolutely neled below all the radio microstrip tracks! This ground
plan will be on the first board layer below the imathyer (top or bottom), excepted in case of &bpad (ook
spring contact pad, see §3.4.1).

Respect carefully micro strip design rules and dimesions
Be sure that resulting dimensions are compatible th PCB
manufacturer tolerance

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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Calculation example:
You must choose your own thickness, and substraterial ( FR4 here). Adjust W to target Z0=50 ohms.

Microstrip =
w
H
d L
I Er A
T T 0,035 o

E‘
[l
[}
n
=

Elect Length = | 0.082 }\

Elect Length = | 22.2 Eegrees vI
Dielectric; 1= |4,E
1.0 avelength = | 162,398 mm

FR_4 B Vo= | 0542 fraction of ¢

Frequency; |1 Hz - Seff =
Length Urits: H WH =

2.5 Stripline design

If the 50 ohms output line doesn’t need any comptseg/ou can use the stripline structure:

3 AppCAD - [Stripline] - [0l x|

File Calculate Select Parameters  Options  Help
td ain ke [FE] |

Stripline

-
[
fn
o
=1
o
o
[
=
=
=

I‘ID
| (il &r I 1= = T - ;
L —s|[0325 p— W [oo7E
Elect Length = H
Diclectic: IT Elect Length = e
ielectic: Sr= |4,
1.0 avelength = ]
':R_4 B Wp= fracti
Frequency: |19 Hz - Zeff -
Length Units: H WH =

Warmal | Click for ‘Web: APPLICATION MOTES - MODELS - DESIGM TIPS - DATA SHEETS - S-PARAMETERS

Anyway the, module antenna port is on the top diobe side. You need to use via hole to go fromrewilayer
to the internal 50 ohms track.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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2.6 Coplanar grounded design

A ground plan should be placed on each side ofdde micro strip, on same layer. The distance betwthe
ground plan and the microstrip (this distance lledaG) is important, and we recommend to havepic) value
that can be used is G= 0.8*W.

CO p | anar Waveg U |d e ® With Groundplane Q) Mo Groundplane

Calculate Z0 [F4]

pe

|1D
Jf\( /A/T
[02  |&r ‘ | | |D1T— 20~ &
T | e
—> W 145
H Elect Length = n
B <G [ Elect Length = | 213 | }:iegree& |LI
Dislecticc 51 IT 1.0% avelenath = mm
. J V= fraction of ¢
e ]
Frequency: |'I Hz i Shape factar =

Length Urits: EE

If G is too low, there will be important power lessin the microstrip due to high coupling betweénsiynal and
ground. Be sure that width and space dimensionsampatible with your PCB manufacturer.

2.7 Space around PCB line

Resulting from planar geometry, the electric figld strip line is not perfectly closed into théstrate.
No signals or power supplies should be placed @wgttound plan, just below radio microstrip track.

,,,,,

r"+. "

--------

To avoid any coupling effect and transmission mistmaDon’t place components case, shield or trackired
transmission line.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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‘ Keep some space around micro strip line ‘

2.8 U.FL coaxial connector

If you are not using the HiloNC version, you camect a micro-coaxial cable to the module, throtghU.FL
connector on Hilo module.

Be careful !! U.FL connector is not designed fdotof matting-demating operation. You have to takeount of

this, during radiated qualification test. A bad weation on “U.FL” type connector can have bad itssoh
radiated emission during certification process.

For more information about U.FL connectors, loakhdtp://www.hirose.com/

B) " |
w’@ﬂ‘ i, |

| Limm} |

LUFL-LP-040 L FL-LP-0&& UFL-LP{V}-34 0 LLAL-LP(V}-088
R L o L=

126 1, pett sy ety Ry 5
¥ T DIMENSIONS : mm. SIEER= RIpEWD EIIEJE ﬂ{ﬁ]

For the layout, read carefully U.FL the recommenédtern (here is an example: don't use valuesydor
design):

@ Recommended PCB
Mounting Pattern

Mo conductive traces in this area

(]

ND

1£0.05

1.0540.05

Don't use any conductive trace under the central pi

Follow carefully recommendation for SMT layout
Limits mounting and dismounting operation with U.FL connector
Use new connectors for certification process

3 PCB layout

In RF design, the PCB layout is a part of the desizue to high integration level, Hilo Module minira layout
issues and RF knowledge required. But minimal rolast be respected.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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3.1 Power supply and via to ground

The layout of supply can contributes to final conmication behavior. The layout of supply tracks nfoow
next rules:
» For VBAT Hilo PIN, it is mandatory to use a trackdih compatible with burst current in EGSM mode:
1,7A. Remember than any resistive track will introe a voltage drift.
» Decoupling capacitor positive side must be closetthé¢ VBAT pin. The negative side must be
connected to the ground layer with many via holes.
» Itis recommended to use a plain copper under neochde connected to ground.
* Via holes must be used for connection between gtibmind pin and ground layer.

3.2 Hilo case PIN connection

When using Hilo version, you have some pin conpestion package. Like demoboard example, it is manga
to connect theses pin directly to ground.

Use many via hole to connect this pad to the iateground layer.

3.3 Decoupling capacitors
A perfect decoupling capacitor must be seen a# sircuit for RF signal. To minimize length oftks, and

inductive effects, they must be closed to the pgekand connector. Lower is the capacitor valueserido the
PIN module it must be.

3.4 Hilo springs connector

On Hilo modules, connectorized versions, you cam $fings contacts for antenna connection : “Araehot
point” and “ground pad “on next figure:

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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oy
b

RF connector

Antenna Hot Point
Ground Pad

Pin 40

Board to Board connector

Pin 21

3.4.11f springs are used

The pad should be 50, as the RF line connected to it. But since thetwaf the pad is higher than the width of
the RF line, it means that the distance from thet fpathe ground plan below should be higher thandistance
from the RF line to the ground plan below in orttekeep the 5@ impedance on both.

If we consider the example of RF line givenin § 2.

Dielectric material = FR-4

Microstrip thickness: T = 0.035 mm

Microstrip width: W = 1,44 mm

Distance from the microstrip to the ground plar= B.8mm
Then, when calculating the RF line impedance wittsé values we obtain 80 Now, if we consider that the RF
pad has a width of 2.5mm, if we keep H=0.8mm thenimpedance of the pad is 88 To have a 5@ pad, H
should become 1.4mm approximately. This explaing wh have to remove the ground plan below RF padalo
layers, until we reach the new H value calculatedtie pad only. An example can be seen here:

"v:nln,ul[ ad

(L
Layer 1 Lavyer | Layer 2
(top) +Layer 2

It is recommended to solder the spring contachenwthole surface instead of only 2 points

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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Good solution Bad solution

3.4.21f springs are unused

You can use the U.FL coaxial connector for anteaoraection. In this case you need to keep springsed. It is
mandatory to keep isolation space under springs:@aaid any component in proximity of RF pads.

3.5 Ground connection

Many pin are connected to ground. Uses many via ttotonnect ground pins to the ground layer. apied
for all Hilo modules.

3.6 Hilo NC antenna port

On the HiloNC module, we don't have spring contactU.FL coaxial connector. The track width will be
calculated following microstrip structure desighisl mandatory to use via holes for ground PIN @mmée They
need to be directly connected to internal grougdra

}. IAHOLES

/

HiloNC

3.7 Hilo NC prohibited area

The HiloNC module is directly soldered on the PGBme pin test and tracks are used under the modsé& We
recommend using a plain copper layer under any &ficd. But to prevent short circuit with ground, define
prohibited area for copper layer under the modudek at HiloNC and Hilo NC V2 applications note fdetails.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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3.8 50 ohms micro strip output line example

* RF signal lines should be kept as short as possible

We remind that even if it is well design, a micrgstine radiated a few part of electrical fieltlis not perfectly
closed on the line.
» Do not use components or cover close to this strip.
* RF signal line should not be routed over or unagr@her components or other signal paths.
* RF signal line should not be routed near noisecasusuch as digital signals, oscillators, switchiogrer
supplies, or any other RF transmitters.
* RF lines bends should be avoided. If it's absojuteteded, it's better to use 45° bend or radiusipen
instead of 90° bend.
* Ground vias are recommended to be placed on théewhdio path, as it's designed on the following
example:

50Q line

/
\

R1
o o

A

Ground plan Ground vias

If you need to change the direction of the traaq'tduse a right angle:

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
URD1 - OTL 5635.1— 118 / 72618 EDO1 04 jan 2012 - Page 14 /36



SaGcemMmcom

S

¢ NOK ¢ OK

If you need to pass from one layer to an other,vigeholes. Use diameter compatible with PCB traddth.
Don't use a small diameter via holes: it is likeesies inductor which introduces some mismatch.

It is recommended to use a width compatible with gomponents size. See some examples.

-L-:J- . B

NOK OK OK

Remember that first criteria for track width in tliee impedance (500hms). See § 2.4. Higher willthe
thickness between track and ground plane, highebwithe width of the track. Thus, in multilaye€B, you have
to select carefully your layer for 50 track output.

§ i

3.9 Matching network

The Hilo module is design for 50 ohms system. & #mtenna is not matched to 50 ohms, it is recordeteto
add a matching network. This matching network caralrlassidl-type network. The best placed is close to the
antenna.

Hilo / HiloNC R1

module l J_

ClI —:|— C2

* The 3 components R1, C1 and C2 can be 0402 or 0603.
« When no matching is needed, the following valuestrbe used: R1%£®; C1=C2=unused.
* When matching is needed, the values depend of R and antenna impedances.

A layout example of this matching network is giverprevious 8.

Here is short view:
|3 NOK g

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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On the left view, the shunt components will letagren track if they are not soldered. This stub halle some un-
matching effect. We recommend the center layowtvie

Any via, hole or other mismatching effect must “imefi the matching network, seen from Hilo moduléeTaim
is to show 50 ohms to the Hilo module output.

Hilo

Hilo

NOK

3.10 Coaxial output connector

The 50 ohms line can be ending by the feeding pdiah internal antenna, or a coaxial connectoretdee some
connectors type often used in RF design:

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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name advantage disadvantage
U.FL Low cost Not designed for a lot of
(Hirose) matting unmatting operation

W.FL Very small Not designed for a lot of
(Hirose) matting unmatting operatior
15 ﬁﬂ“ i
| | - *-.;i\\\ -t
Very use in Cost and size. L.
SMA RF It can be loosen in vibrating
laboratories system

For U.FL connector: Respect the manufacturer recommendation for fodtand input line. Check dimension
value of your connector manufacturer! See prev®@s8 on U.FL connector. Don't use conductive trander
center pin. It is recommended to use via hole atdba connector for ground connection to the grdagdr.

For SMA connector: Keep some space between 50 ohms lines and gr@at$s The design rule is about 4
times, or more the thickness of substrate. Thickngghe value between 50 ohms track and grounet.l&8ee

82.7. Here is the layout view, opposite to the Stbanector.

O O
O
OK NOK

© O

SMA footprint

The 4 external ground PIN must be connected tinteenals and external ground layers. You needtals@ep
some space around the center PIN. The ground raustuted to the Hilo ground output antenna.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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3.11 Antenna and module on the same PCB

This chapter takes account of basics RF requiresmfamt antenna and module integration on the sam@. PC
Previous HF layout requirements suggest having$ratiorter as possible between module output atehaa
feeding port. But: Most of printed antenna needgaund plane. This ground area must be defined avitenna
designer. In every case, it is recommended to keepe space between Hilo modules and input antexathng
point. A short 50 ohms line is used to connecttioglule antenna port to the 50 ohms antenna fegudiimg.

Ground plane must be routed in every layer. Thegtrha connected with many via holes.

“ hterpal groupd | *‘_E]%f-:frICﬂ'Eid‘.
Viag holes e, gg

o

Antenna
Feeding point

T A IOl -

Top side: ground layer with many via holes

ik

L RAELRS

It is not necessary to have a straight line fronduhe to the antenna feeding point, if transmissiioa is designed
for 50 ohm impedance.

A space must used between the antenna and theriddale. It permits the well establishment of thec#ic field
between the radiative part of the antenna andritengl.

Any electronics part placed close to the antenaa,degrade harmonics certification results.

Used Integrated antenna implied some knowledge abbradiated effect
Antenna designer must provide some layout and grouh plane
recommendations

Keep some space between antenna, Hilo module anéatonics parts

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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3.12 Hilo layout overview

Decoupling capacitor must be close to de decoupldd minimize track length.
You need to provide some space around the 50 alamsnission line.
It is better to use via hole for ground connectmthe internal ground layer.

Connected to
ground with a

Area for 50

ohms output via hole
track
i Connected to
If springs contact : ground with a
used : both spring: via hole
must be connected

All "GND” pin\/\—-- o
connectedto ,” i 5
ground with g
very short line/ g
! £
! :
! 2
‘ -

\ N\

\\ /
\\\ /,/
Area for Connected to
decoupling ground with a
capacitors via hole
Note d'étude Technical document : Radio Application Note for Hilo Hilo® modules
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3.13 HiloNC layout overview

This section must follow RF
design rules : See 50 ohms
outpu} line chapter

. \
o the antenna
N \ 8 q
Track width for /I 5 : S0|T
VBATT 1,7A peak current 8 \_ o Q| § o
J_ Condensator must be | - 3 | &’ § e 3
= . < O
47yF  close to the Module l o Viaholg to 2 3le g
100pF | | E] ground lpyer FHS
Via hole to . o . O Q
ground laye \ 3 | X
21

\ / |
‘\This area can be a plain’
‘\copper : respect of /

mandatory area for.vérnish
iSolation

Due to the 1,7 A peak current, it is no recommertdease a VBAT line, just under the module. Thi rshould
be also follow by any signal. It is better to bdriaternal track between two ground layers.

Note d'étude Technical document : Radio Application Note for Hilo Hilo™* modules
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sSimplified
PCB profile view around internal supnlv track “vYCC”

Hilo module

Other signals

Intermnal supphytrack

Internal supply track must be locked into ground layer and via holes

Only VCC, GND and antenna output are represented in
this simplified layout view

to antenna
L

trea must be filled

Internal supply
with ground layer

track

Internal GHD / Irternal GMD

Yia to internal
supply track

Yig to internal GHD

Hilo solder layer Internal supply sighal layer

VIA HOLES : 0,8 mm is recommended for via diametdany via holes can be used in parallel insteadnby

one small via hole diameter. Supply via holes nagstchoosed to be able to provide 1,7 A during 1BeTX
burst.

Note d’étude Mechnical document :

Radio Application Note for Hilo Hilo™“ modules
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4 Hilo module Integration

4.1 Keep the receiver sensitivity

In parallel with PCB design rules, the designer tntake account of Hilo receiver sensitivity. Sed.5.for the

level of demodulated signals. A recurrent issueoising from the harmonics signal of other elecitersystems
falling down the GSM receiver band.

Relation between communication channel and thaweddrequency can be calculated with § 7. The neéfiect

is a loss of sensitivity on some communicationncieds.

We have many major sources of harmonics:
»  Power supply with switching regulators (DC-DC or &C converter)
* Any logical signal with high data rate : bus merasril2C , SPI...
e Any external data connection on your board
* Any telecommunication system ( Wifi, Zigbee, RF)lose to your design

During the design:
» Respect PCB design rules.
»  With switching regulators :
Choose the frequency of switching
Respect layout and design recommendation from kimjaregulator manufacturer.
Keep space between switching regulators and ma@hdeantenna.
Keep the possibility to shutdown some regulatocsise and telecommunication subsystem.
o Use shielding inductors for switching regulators.
» Respect of high data rate bus design rules :
0 Adjust the IC internal impedance
0 Use buried tracks for the BUS.
0 Choose a small slope for logical signals ( few Y rae)
o Lower the operation frequency.
» Don't place inductors close to the module and titerana input.
» Choose the best behavior of your product: minindiata rate activities during a telecommunication or
registering process on 2G or 3G network.

O O oo

For investigation:
»  First, sensitivity must be performed in conductgee §85.2
» Shut down all the data rates activities.
* Use external DC power supply instead of on boaiitthimg regulators.
* When the source is found, confirm the solutionadiated condition. See 85.3.2

Any design improvement to keep Hilo performancdl, aso improve the EMC effects in conducted andiated
conditions.

Let's see a common example of integration issue:

25 MHz quartz oscillator is commonly used on Etleériransceiver: the frequency of "8&armonics is:
25*38=950 Mhz. And 950 Mhz is the receive channehber 75 in GSM band (see 8§7) . It explains howryou
design can be susceptible to the high harmonicerariga clock oscillator or any signal, even ifgtfar from
frequency used in the receiver.

Pay attention to switching regulator, high data rae
bus, sub system activities, layout and placement.
Design improvement will also improve EMC results

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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4.2 Transmission issue

Hilo power supply must be “clean” in any casegawf the supply current is high. Let's see thesbigsue in 2G
mode: This effect is not a purely RF issue. It leamu during a communication in 2G mode, when module
transmitting to the network. In GSM and DCS commation principle, the transmission is done durirghart
time: about 300uS. During this burst transmissi@nmax output power, consumption is a bout 1,7 Ammpe
depending also of DCS or GSM bands. Thus, poweplgumust be able to provide this peak current. See
application notes for design help. If supply desesaduring the burst, the communication can failde layout
must also take account of this peak current. Thithanof supply track must be choosing to minimize toltage
drift between supply and Hilo input. And high cunteean cause some magnetic effect on sensitiveceldikie
high gain audio amplifier and microphone input.

Take account of burst peak current that occurs
in 2G mode for your layout and power supply
choice and layout

5 Final product Investigations

5.1 Initial test

This part supposes that you have solved all theessabout software and classical electronics isRespect of
Specification:

» Power supply range.

e Compatibility current between power supply and Htiiodule.

* Level, threshold values and push pull or open ctdleoutput configuration for microcontroller.

» Respect of application notes.

During this initial test you can send some AT comchto check the behavior of Hilo module. You caeah
GPIO value and other static electrical value.

Basics electrical behavior must be check before ariyF test
Any electrical issue must be solved before RF tes

—

If Hilo Module is not started, check:

» Schematic application note : GND pin , supply pin
e Supply current capabilities

» POK_IN value change before and after start up

» VGPIO output before and after start-up

If Hilo module is started (VGPIO high level), usetAT command to check level of TX and RX signals.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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Start Hilo <

Check Power
supply, application
note and GPIO
configuration

AT command OK
GPIO active ?
Current OK?

We can now perform radio test

5.2 Conducted RF test

5.2.1Aim

During design process, before any measurementsantnna it is recommended to check the desigaonducted
conditions:

* Antenna is not used: RF link is done through a @davable directly connected to the module antenna
output.

» Communication must be established with a commupicatester, like the CMU200 from Rohde
Schwartz instead of real network.

* You will be able to check both transmit and reagjvproperties of the Hilo module when it is integch
in your design.

e This take account the integration issues: condusfdious generated by supply, microcontroller or
logical circuits effect.

» Itis recommended to performed many test on maaymél and many bands.

Any RF issue in conducted condition must be solvef
before investigations in radiated conditions

5.2.2 Setup

Use a communication tester like CMU200 from R&S.ytfu configure the Hilo module in auto answering

(“ASTO=1" follow by “* AT&W") you do not need the ATink for hang up the call. The sim card is a spedtest
sim card.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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AT link if not
auto answering mode

Product under test

@ A\

1 7

CMU200
5‘1 ;2215 Radio CommunicationfTester
: Losses =
Hilo 0,608
50 ohms
coaxial cable

Losses = 1dB

L
\ Test SIMCARD /

Conducted RF test

Communication tester can report RF parameters digménvith your design integration:
» Conducted transmitted power
* Receiver sensitivity
* Consumption and behavior on a controlled 2G or 8Gvork

The coaxial cable makes a link between the DUTthaccommunication tester.

To follow the rules of conductive RF measurement:
e The antenna must not be connected to the moduilegdilnis measurement.
» All connectors, tracks, and cable must be 50 olmpgdance.
e Take car of connection between coaxial cable andymt track.
* The losses (in dB) must be know and used in comration tester configuration.
e Theses losses are frequency dependent and mudjustea for every communication band.

5.2.3 Transmit power investigation

During the communication, the DUT must be able ramgmit at max output power. On 2G network, power
requirement is transmitted to the mobile, throuBICL” parameter. It can be changed on communicaéster.
Following 3GPP norma:

EGSM, GSM850 : Max power, PCL =5 ; output powe33dBm +-2,5 at 25°C

DCS1800, PCS1900 : Max power, PCL = 0 ; output pow@0dBm +-2,5 at 25°C

You must subtract the losses of your transmissian(Imicrostrip or coaxial) between antenna feeghioigt and
Hilo module antenna port. If your design is noteafal transmit at max output power check:

* Supply voltage on VBAT Hilo pads during the transsimn.

e Losses of your transmission line: should be lowant0.5dB

» Ground connection : via hole to the ground layeralbground connections

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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5.2.4 Receiver sensitivity investigations

If your design is not able to received with levehplaints with Hilo module specification, check :
*  Supply voltage and noise on Vbat Hilo pads
» Level on logical signals
* Losses of your transmission line: should be loweant0.5dB
e Ground connection: via hole to the ground layer.

Blocked channel:
Embedded clock signal and theirs harmonics cankbbbaeceiving channel. See § 5.4.1 to understand th
weakness of received signals. If the channel useddeived the network signal is totally blockedthy on board
harmonic signal, you have many ways of improvements

» Lowering harmonics clocks: lowering rising andifadl time or lowering voltage of clock signal.

e Choose a fundamental frequency which can pushahednics outside the receiving band.

* Improve the layout.
For investigation you must be able to know theti@abetween channel number (ARFCN ) and the fraguef
the signals used for communication. See § 7

5.3 Radiated RF test

Many tests can be performed in radiated conditmnthe final product.

» ltis very difficult to repeat radiated test outsispecific radio anechoide chamber.
* A design not able to work in conducted conditiomsnt be able to work in radiated conditions.
« Adesign able to work in conducted conditions carubable to work in radiated conditions.

5.3.1Real network operator
It is the easiest way to see if the final prodsdilile to communicate in radiated condition.

Advantage:
* We don't need any specific RF tools
* We can test the product in its final environment

Disadvantage:
» Diagnosis is very subjective. We are not able tdgpmed investigations.
» Repetitive test are not reproducible.
* We are dependent of operator coverage
» We are depend of operator network management gyratbannel and band.

Connection on real network gives some
subjective and un-reproductible criteria for RF
radiated diagnosis

5.3.2 Anechoide chamber

The disadvantages of test on operator networks bearoverpassed with radiated measurements in a radio
anechoide chamber. This kind of chamber will makéh isolation between environment and producteurest.
We can add a network simulator for behavior ingggton under radiated conditions.

Anechoide chamber can be used for investigation dransmit
and receive mode and for radiative certifications ppcess

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
URD1 - OTL 5635.1— 118 / 72618 EDO1 04 jan 2012 - Page 26 / 36



SaGeMcoMm

5.3.3TIS and TRP

Total Isotropic Sensitivity (TIS) is industry staaxd methods for sensitivity measurement.
Total Radiated Power (TRP) used the same prinéiplpower transmit measurement.

Measurement is done all around the product, owphare, determining the RF performance of wireliessces.
They take account of both product and antenna ibaiiton on final transmit and receiving charactiics

TIS and TRP measurement are very representative dinal
products performances under radiated conditions

5.4 Unity explanation
In Hilo specification, certification reports andrn@, we use unity used only in RF environment.

5.4.1dBm
It is a power measurement unity, referred to ImWusTconversion from Watt to dBm is done by thisrfola:
Power(dBm) = 10*log ( power (mW) )

Example: For 2 watts, which equal to 2000 mW. Bmd 10*log (2000) = 33dBm.
It is the maximum output power for a mobile phomé¢ransmit mode in GSM and EGSM bands.

For the reverse conversion, used : P(mW) = 104BRY) / 10 )
Thus for 30dBm, we have, in watts: 10" (30 / 1A023 = 1000 mW = 1 Watt.

We can used this formula to illustrate the weakaigised in a receiver: the standard use in GSMog®m that
receiver must be able to demodulate signal at -B62dvith a bit error rate of 2,44%.

-102 dBm = 10" (-102 / 10) = 10" (-10,2)= 63 pWicdPwatts is a 107-12 factor of multiplication.ist easy to
understand that a receiver must be sensitive tryaweak signal.

The signal received by a Hilo module receiver seatis is very weak
It can be overpass by on board clock signal harmoos

5.4.2dBc

During harmonic measurements of output spectruntameuse the “dBc” unity. It is a dB measuremelattinge to
a reference. Often the reference is the powerettrrier: “c”. Let's consider a RF generator émel spectrum

analyzer view:

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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* RBW 30 kHz

Att 45 dB * VBW 30 kHz M3[1] -32.73 dBm
Ref 25.0 dBm SWT 5.65 5.905189621 GHz
s M1[1] 20.55 dBm
44D 20 dBm 1.780000000 GHz
Clrw l M2[1] -33.26 dBm
10 dBm 3.560000000 GHz

0 dBm|

-10 dE-r[n

=20 dBm
30 dBT 12 M3

-40 dBm

; " | .
: TN (Y WO TR P | 1 11 4 1I"JJ'I..|-|LII:I.. lhl“l.iﬂ“lil.ﬂ. .
Start 1.0 GHz Stop 6.0 GHZ|

We see than fundamental (1780 MHz) signal powearevad: 20,6 dBm , the second harmonics is at -8BJ8. It
is easy to calculate the dBc value : 20,6 dBn83,86dBm) = 53,9 dBc. The third harmonic level tis a
20,6dBm - (-32,7dBm)= 53,3 dBc.

5.4.3EIRP and dBm

During the final qualification process, productused with his antenna. The power radiated by tbeymt is a
combination of conducted output power at the modulput (on 50 ohms load), and the radiated praedf the
antenna in the product environment.

To be able to make some power radiated measuresgeititroduce the EIRP unit: Effective Isotropic Radd
Power. EIRP (dBm) = Forward transmit power (dBnAnrtenna Gain (dB).

Lets consider 2 transmitters :

A high power transmitter of 10 watts on conducteatl, with a bad antenna of -10dB gain.

First, power must be translated in dBm: 10 watt®)dBm. Thus EIRP(dBm) = 40dBm — 10dB = 30 dBm EIRP
Lets see a second transmitter with 1 watt (30dBofput, connect to a better antenna of 0dB gain.sThu
EIRP(dBm) = 30dBm + 0dB = 30 dBm EIRP

Seen from a receiver, theses both transmitters hawesame effect over the air. We have take accofint
transmitter and associated antenna. We also tat@uat of all the radiated effect that can changadsmitter
behavior. We are in the same conditions than ial fise. We can compare two different systems froadated
power point of view.

The EIRP take account of antenna gain which chamagesnd the antenna. The EIRP is related to a given
position. To take account of all the position arbtime DUT, we use the TRP measurements.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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5.4.4 Return loss, SWR and S11

When the transmission line, power source and lgadmell matched, there is no power reflected: A# power
outgoing from transmitter is going to the loadthé load is a perfect antenna (50 ohms impedantte atorking
frequency), all the power will be radiated. See3 2

When the impedance differs, there is some refleggeder “Pr”. Even if Hilo module is respecting the
specification (33 dBm max output power in GSM baih@pn not transmit all these power on a mismatdbad.
Return loss measurement is relative to transmidsiertheory. There are many formulas to definerttarn loss.

“Pin” in watt, is the output power from the transtei. “Pr” in watts, is the output reflected by thematched
load. Thus: RL(dB)=10*og (Pr/Pin).
If your transmitter in sending 2watts, and if thewer reflected by the antenna, equal 250 mW, THus FBdB

Return loss in dB is also named: S11, referredparameters.
Range of S11: 0dB to -XXdB. At 0dB we have a tgtalhmatched load (all the power is reflected).adh de a
short circuit or an open circuit. Only the phad#ediand we don't see this in the dB calculation.

In the telecommunication range S11 of -20dB is gy \gwod matching value. Commonly, we target -10dB o
better. S11=-3dB is a poor quality load. In thésticular case, half of the power in not transmitto the load: It
return to the power source an can have some unavaffects.

VSWR:
An other unit for return loss is the VSWR: Volta§é&anding Wave Ratio. With the reflected power dfféc
appears some voltage standing wave. We express W8ktRnaximum and minimum amplitude value.
VSWR = Vmax / Vmin. VSWR range is 1 (no reflectidn)infinite (total reflection).
Relation between RL and VSWR:

| RL | dB = 20log((VSWR+1) / (VSWR-1))

VSWR = (1+(10~(JRLdBJ/20)) )/( ((10~(|RLdB|/20))-1) )

If, RL = -9 dB, thus VSWR = 2,099
Return loss and SWR are defined over a band ofdsit® A part designed to work at a given frequerasy not
have a good return loss over all the RF range, fB@no 250 Ghz. The return loss must be optimizedafband
of interest.
Transmission line: if a transmission line is well designed for comnmation band, we can consider that response
ripple is negligible: Return loss is “flat " andan be considered as the same value over all tkheatipg
communication band.
Antenna: The return loss of an antenna is very dependainéqfiency.
Lets see some real measurements: S11 and SWR séduthe antenna. You can see that return loss ianhatver

the 500 Mhz to 2 Ghz band. The best frequencyasirat marker Mkr’"1”: the S11 is low and SWR alsor Fo
frequencies higher or lower, we don’t have so gasdlilts: the return loss is growing.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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Trcl SWR 2U/ ReflU CalOff 1

Trcl dBMag 1dB/ Ref0dB Cal Off 1

I s11

19

—17

—13

— 11

—1
Chl Start 500 MHz Pwr -10 dBm Stop 2 GHz Chl Start 500 MHz Pwr -10 dBm Stop 2 GHz

Date: 25.MAY. 2011 10:48:50 Date: 25. MAY. 2011 10:50:21

Return loss is used to quantify the ability of a RFpart to
work at a given frequency

Return loss can change over the band of interest
Return loss must be optimized over the band of intest

55 Antenna

Hilo modules are designed to be used on real conwamion networks. Antenna is the radiating elensrd must
be well designed. You can keep all the design am gale (printed PCB), you can use intermediataetisi with
other manufacturer or you can use totally exteanénnas.

Antenna can be shortly summarized with next paramedrs:
e Frequency band of used
» Radiation pattern with direction and polarization
« Efficiency
* Return loss or VSWR
» Integration rules: Some volume must be free of@ponents and ground layers around the antenna.
»  Minimum PCB dimension: It is also influenced by #ied of antenna: monopole or dipole.

You can use an external antenna connected to thedtims coaxial Hilo output
» Antenna behavior is less influenced by your design.
* Only one disadvantage: more space used for yoal firoduct.

Stubby antenna with 50 ohm coaxial connector:

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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External antenna with a coaxial cable:

You can design you product with on board antenna
e You can totally design antenna with printed antemmshe same PCB
* You can use ceramic SMD and stamped ceramic antararglastic carrier.
 Most important difficulties: Antenna radiation patt, efficiency and tuning will be influenced by al
your design: components, shield and copper layer.

Antenna trace on the same PCB:

Ceramic antenna with PCB guard for ground :

COMPONENTS
AREA

FR4 PCB with short coaxial cable and connector: Metal stamped on plastic carrier:

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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Influence from
Number | no radiated part
Price per Connector Time to . of of the design on
Type of antenna Cost study . on the Risk . ;
unit market Iteration the final
product . L
design radiation
pattern
Printed track on . . .
the same PCB High and long Very low no long high many high
Flex antenna High and long low Yes/ng long hig ynan high
Medium : take
account of
) product
Components : . . . . .
; .| environment and medium no medium| medium few medium
ceramic or plastig
antenna
manufacturer
requirements
Qonnectorlzeq Null : reported to
with short coaxial .
the antenna High yes short low low low
near the PCB
manufacturer
product
Co_nnector!zed Null : reported to
with coaxial .
the antenna High yes short low low null
cable far from the manufacturer
PCB product

Some basics antenna principles:

* Better is the matching (low return loss), narrowdl be the usable band. Outside it, the returrs loan
be high.
e Like any transmitter, the Hilo module can suffearfr antenna with high return loss: sensitivity dasee
and some issue appears in transmit mode.
* To keep the full performances of the GSM modulerdkie air, it is strongly recommended to choice an
antenna which offers a VSWR parameters value Idkaaar 2.
e The VSWR is used to evaluate the ability of an mméeto receive the conductive power from the hilo
module.
» Don't make confusion between antenna efficiency ¥B#VR. Even if the VSWR is equal to 1 (perfect
50 ohm matched), you can have a bad efficiencys ®hexactly what happened with a perfect 50 ohms
resistor used as a load.
» Efficiency is an intrinsic parameter of the antenii&d only depends of the topology or mechanical
drawing of the radiated parts.

5.6

Used an antenna matched for 50 ohms and your freqoey band of interest
Don'’t confuse efficiency and return loss
Antenna can be un-tuned by environment: componentgase and PCB

Take account of antenna designer recommendation fanounting antenna on your product
An un-matched antenna decrease Hilo modules perforamces in real network
An un-matched antenna and reflected RF power can ha& some unpredictable effect on

your product and certification process

Certification test

5.6.1Aim

The Hilo module is pre-certified for communicatinatwork. Thus, the final product, witch used Hiledunle is
compliant with 3GPP standards. You don't need sl the tests used for mobile qualification GG range.

Note d’étude MTechnical document :
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The Hilo module uses a 50 ohms output connecti@ntexternal antenna. Your final product is theeisgion of
Hilo module, an antenna, and your PCB. The resultadiated conditions, is influenced by this asstian. The
aim of certification process is to check that yquoduct is following the regulation limitation iradiated
condition. We look the spurious and harmonics tadidy your product.

5.6.2 Description

Environment:
e Test are performed in anechoide chamber
» Product is connected to a communication tester
e Communication is done trough the product antenna.
» Calibrated receiving antenna and receiver are tesatkasure the absolute radiated
spurious and harmonics power

Polarization:
* Measurements are done over many frequencies, ingmdarizations: Horizontal and
Vertical. Product must not overpass the limits dgthbpolarization
Paosition:
» The measurement is done over 360°. Usually theymtdd placed on a rotating table.
e The measurement is repeated for all the produdtipos’stand” * flat” “side”..

5.6.3Investigation after certification

To improve the result, we must be able to repeatnieasurements before product modifications. Inated
conditions every detailed has some effect on absaladiated value seen by the certification reaeiv@r
investigation process and measurement repeatabiltynust know all the next parameters:

» Package: use the same. Influence of any matedathé case: metal and plastic.

» PCB layout and components values: result can chaiteor without unmounted components and with
few change in layout.

e Angular position: Test is performed over 360 °. T$mie can occur only at a defined angle.

» Polarization of receiving antenna : test is perfedrver two polarizations

» If product use external antennas : relative pasitibantenna and coaxial cable must be considered

» Position of supply line if no battery in producupply wire can radiating

e Supply value: can change on board product withlegegubehavior.

» Take account of battery technology and case.

e Configuration of module output power: defined bg tommunication tester.

» Channel and band used for the test: defined bgdhemunication tester.

» Absolute value (in dBm) and frequency reportedheydertification receiver

6 RF exposure limitation

In some application we must be able to declaremimmal distance of operation with respect of powensity
limitation. Two steps:

» Define the limit

e Calculation of minimal distance to respect thisifim

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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Following EN62311:2008 we must respect the nexitditions seen in table 2 of Official Journal of tBeropean
Communities 30.7.1999:

(0 Hz to 300 GHz, unperturbed rms values)
|| | TR

{V[m) {AJmy} Wid 5, Wim?)
0-1 Hz — 3.2 x 10¢ 4 x 10¢ —
1-8 Hz L0 000 3,2 = 104P 4 = 104F —
8-25 Hz L0 000 4 000/ f 5 000/f —
0,025-0,8 kHz 250(f 4/f 5/ —
0,8-3 kHz 250/f 3 6,25 —
3-150 kHz 87 5 6,25 =
0,151 MHz &7 0,73f 0,92/f —
1-10 MHz a7|pP 0,73(f 0,92(f —
10-400 MHz 28 0,073 0,092 Z
400-2 000 MHz 1,375 f1 00037 pR 00046 12
2-300 GHz 61 0,16 0,20 10

Power density:

The power is divided by the surface of the equivalgphere. We use the W/mz2 value. The relation detw
distance, power in watt and watt power densityiverg by: Power density=P/(4*pi*d2) with P in wathd d in
meter. Thus d=( P/ 4*pi*Powerdensity/?

Limit:
For hilo3G module we must consider 400 to 2000 Mhklage: Limitation = F/200 in average watt. Limitati
change with exact operating frequency.

Average value:we must take account of the module transmit mode:

In 2G mode (GSM,GPRS or EDGE data ) Transmissidnisted and must be averaging. If one time slasex
the ratio between peak power and average powe8.isriidB = 10log(1/8)= -9dB

In 3G mode we don't have any average effect: aeerageak power. Thus, 0dB ratio for average effect.

Peak power:
In 2G mode: 33dBm = 2W for EGSM900 and GSM850 3ddBm = 1W for for DCS1800 / PCS1900.
In 3G mode (UMTS, WCDMA) : Classe 3, 24dBm = Q\25

Other gain and losses
We add the antenna gain in dBi. We subtract théedabses.

Example:
2G mode band GSM850, channel 128, with antennaB®Bf gain and a coaxial cable of 1dB losses.

The frequency of transmission (UL channel 128)24 81Hz. Thus limit = 824 / 200 = 4,12W/m? averagé6s1
dBm/m? average limit.

Note d’étude MTechnical document :

Radio Application Note for Hilo Hilo® modules
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Power average must take account of cable lossesging factor, antenna gain, and module.
Pavg=Ppeak module + average factor — |cable lossgggnna gain= 33 -9 -1 + 2 = 25dBm = 0,316 W

Relation between power density limit, Pavg andatisé:
d = (Pav/(4PI. Plimit)}*=(0,316/(4*PI*4,12 Y*= 7,8 cm.

Thus, to not exceed the exposure recommendatidts lime must be far more that 7,8 cm of the antenna

7 Frequencies for 2G and 3G band

For investigation on a specific channel you musalble to know the frequency used by the module.

ARFCN: See 3GPP TS45005

Module transmit frequenc Module receive Frequency receivin
Band ARFCN range (MHz) calculatign g frequency (Mhz) qrangey(MHz) )
GSM 850 128 <n <251 Fl(n) = 824.2 + 0.2*(n-128) Fu(n) = FI(n) + 45 869,2 to 893,8
E-GSM 900 0< n< 124 Fl(n) =890 + 0.2*n Fu(n) = FI(n) + 45 935 to0 959,8
975< n< 1023 Fl(n) = 890 + 0.2*(n-1024) 925,2 t0 934,8
DCS 1 800 512< n< 885 Fl(n) = 1710.2 + 0.2*(n-512) Fu(n) = FI(n) + 95 1805,2 to 1879,8
PCS 1 900 512< n< 810 FI(n) = 1850.2 + 0.2*(n-512) Fu(n) = FI(n) + 80 1930,2 to 1989,8

UARFCN: See 5.4.4 and annexe E in 3GPP TS 25.101

LTS BARD Tranzmit frequency Feceived frequency
UrAaRn';gN calculation Frmin Tx Fimax Tx calculation Frmin T Frna T
B 9512 sMs | 9333 Ftu= M5 1922 4 |Mhz 1977 5 Wbz | Frx= M/S+190 2112 Mhz 2167 6 |Mhz
BaMD2 9262 sMs | 9533 Ftu= M5 1852 4 |Mhz 1907 & Wbz Frx= M/S+80 1932 Mhz 1987 6 |Mhz
BaMDS 4132 =M= | 4233 Ftz=Mi5 526 4 |Mhz 8466 Mhz  Frz= Mig+45 8714 Mhz 891 6 Mhz
BaMDE nz2 =M= | 2863 Flx= MiS+340 552 4 |Mhz 126 Mhz | Frz= Mi+385 927 4 Mhz 957 5 Mhz

8 References

|Il i 'I-. . 0
-4+ Agilent Technologies
seehttp://www.hp.woodshot.com/
Note d'étude Technical document : Radio Application Note for Hilo Hilo® modules
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http://www.3gpp.org/

Spurious emission tesBGPP TS 51.010-% 12.2 Radiated spurious emission.
Frequencies and channel number :

2G: 3GPP TS45005

3G: 3GPP TS25.101 85.4 channel arrangement

Hilo module applications notegmww.sagemcom.com /support/module

9 Glossary

ARFCN: Absolute Radio Frequency Channel Number. Charumaber used in 2G mode.
DUT: design under test

dBm: unity power , referred to 1ImW See § 5.4.4

Hilo: name of Sagemcom product line dedicated to M2Mmanication

Harmonics : Particular case of spurious signal. It is an integeltiple frequency of main radiated signal usgd b
the module during communication on the network.

S11: Scattering parameter for reflected power evabmattee § 5.4.4
Spurious : Any unwanted radiated signal by the product
SWR: standing wave ratio see § 5.4.4

UARFCN: Absolute Radio Frequency Channel Number: Chanmaber used in 3G mode.

Note d'étude Technical document : Radio Application Note for Hilo Hilo" modules
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