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Part | Antenna Principle

1 What’s electromagnetic wave?
2 What’san antenna?

3 How doesan antenna work?
4 Therelated parameters
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Part I1: Practical Design

« 1 Examplesof the handset
antennas « 1 Dimension of Internal Antenna

« 2 Howtodesign antenna 2 Requirementsfor PCB
In RF perspective? 3 Feed Point and Ground Touch Pad

2.1 RF d@Slgn Procedure e 4 Antennaand Battery
2.2 Antenna Structure

2.3 Influence of handset
design on stubby antenna
« 3 Conclusions
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Part I11: EqQuipments Part IV: Summary

1 Anechoic Chamber
2 SAR Equipment: DASY4
3 Network Analyzers

« 4 CMU200
5 LPKF Circuit Board
Plotter
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Part |. Antenna Principles
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1 What’s electromagnetic wave?

The Electromagnetic Spectrum
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« Often referred to as radio waves, electromagnetic waves are
waves of energy that are similar to light waves. They travel at the
speed of light.
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Definition:
A radio wave can be visualized as a sine wave.

 The distance a wave travels to complete one cycle is known as the

wavelength of the signal.
A GSM signal (900 MHz) : 33 cm as it travels through the air.

Visible light : less than 5 pm.

* A=cl/f
A: wavelength, c: the speed,
f: the frequency (cycles per second).
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2 \What' s an antenna?

Definition:
*The part of a transmitting or receiving system which is designed
to radiate or to receive electromagnetic waves.

*The structure associated with the region of transition between a
and a , OI VICE versa
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3 How does an antenna wor k?--Radiation

Omnidirectional
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| sotropic Antenna
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Technical Training 4 The Related Parameters

The parameterswe providefor the Customers:

Return L oss
VSWR
Gain

Antenna Design Criteria

Firstly: Return Lossand VSWR areaslow aspossible.
Gain isas high aspossible.
Wider bandwidth

Secondly: To meet the requirements of the customers.
(maybe conflict with thefirst step.)
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WCDMA: 1920 1980MHz; 2110 2170MHz
3G: TD-SCDMA:1900 1920MHz; 2010 2025MHz
2.5G: GPRS CDMA2000(1X):825 835MHz 870 880MHz
PCS
CDMA Gsmaoo Dcsl PHS I
| L | I L1
824 880894 960 1710 1850 1880 1895 1918 1990 (MH2)

-
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4.1 Frequency(2)

GSM 915 925 960
MHz
DCS 1785 1805
Definition: For a periodic function, the number of cycles or events per unit time. A m p h en OI
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4. 2 Bandwidth
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4.3 Antenna Matching
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4.4 Return Loss

The ratio, at the junction of a transmission line
and a terminating impedance or other discontinuity,
of the amplitude of the reflected wave to the amplitude

of the incident wave.




Technical Training

4.5 Standing Wave
e

DDA
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4.6 VSWR
(Voltage Standing Wave Ratio)

It variesfrom 1to + oo .
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4.6 VSWR(2)
(voltage Standing Wave Ratio)

VSWR = 1:1 = >100% transmitted
VSWR = 2:1 => 89% transmitted

It variesfrom 1to + oo .
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4.7 VSWR and BW (bandwidth)

'y
VSWR fu i f|_

BW X 100%

fo= Center frequency
fi= Lower frequency
f,= Upper frequency

1 >
f.; Frequency
f, BW f,
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Technical Training 4.8 VSWR and Return L oss

30 : ! : !
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4.9 Input Impedance

Transmission Line
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4.10 Smith Chart

The Smith chart is simply a representation of all
possible complex impedances with respect to

4 tm(T) coordinates defined by the reflection coefficient.
1
/ tm[l"l
1/ The diameter of the circle with the centre (0,0)
represent the absolute reflection coefficient.

0=<The diameter of the circle with the centre (0,0)<=1

absolute reflection coefficient
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4.10 Smith Chart(2)

The Normalized Impedance z = Input Impedance/characteristic impedance Z,

=Re(z) +j Im(2) =r+j x
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4.10 Smith Chart(3)
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4.11 Radiation Pattern

OO

< R
M easurement:
Anechoic Chamber

(2D or 3D)
\_ Y

V4
O
.3

Definition: The variation of the field intensity of an antenna

Amphenol

as an angular function with respect to the axis.
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4.12 Gain

The ratio of the power required at
the input of a loss-free reference antenna
to the power supplied to the input
of the given antenna to produce,
in a given direction,
the same field strength

at the same distance.

M easur ement:
Anechoic Chamber
(2D or 3D)
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Transmission Line

Pe=| R [Pg

4.13 Radiation Effigiency

=(1| R |PPg

aptenna

N
S~
\\\
' N

Requirement
(Internal antenna)

>=30%

R : Thereflection coefficient
P., : The power input the antenna
P, ,4: theradiated power

P : The output power from the gener ator
Pr : Thereflected power caused by the mismatch
between antenna and transmission line.

Definition:
At a given frequency, the ratio of
The power radiated to the total power

supplied to the radiator.
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4.14 Directivity

Example 1. I sotropic: Directivity=1
Thisisthe smallest directivity an antenna can have.

Example 2: D=103=20dBi (dB above isotropic)

The antenna radiates a power in the direction of the
main-lobe maximum which is about 100times as much
aswould be radiated by a nondirectional (isotropic)
antenna for the same power input.
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4.15 Polarization

Fropagation
Direction

z
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4.16 Polarization (2)
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4.17 SAR(Specific Absorption Rate)

The SAR is an indication of the amount of radiation

that is absorbed into the body (usually the head) when using a cell phone.

the higher the SAR rating the more radiation that is emitted by
the cell phone in a manner that can be absorbed by the head.

4 N

M easur ement:
DASY4
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Part |1: Practical Design
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1.1 Stubby Antenna

i

| Stubbies Retractable
(Fixed antennas) Antennas

N
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1 Examples of the handset antennas
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2 How to design antenna in RF per spective?

* Network Analyzer
Input impedance
S-parameters
Transmission measurements

« Antenna Range
Radiation pattern
Gain
Polarization

« Simulation Tools
IE3D
HFSS
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2.1 RF Design Procedure of Stubby Antenna

Project Leader(PL) Mechanical Engineer(ME) A m p h en OI
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2.3 Antenna Structure
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Retractable Antenna
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Wire Diameter Coall
External
Diameter
Pitch 1|
N2 Turns N1 Turns
D Total Length .
Amphenol
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2.3 Influence of Handset design On Stubby Antenna

Best Way:

| No big components

/ALY
1.5 x1.5mm /

>=)mm
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Pad and the ground
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Technical Training Ground (1)

P 511 Log Mag 5.000dE/ Ref 0.000dE [F1 D&M]
25,00

1 S550.0000000 MHz -§.91&82 d
¢ 2e0,0000000 MHz -3.3155 d
3 1.710000000 GHz -4.99392 d

20.00
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10.00

L.0oa
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Technical Training Ground (2)

I 511 Log Mag G.000dE/ Ref 0.000dE [F1 D&M]
25,00

§50.0000000 MHz -8.4152 dB
2e0,0000000 MHz -2.6307 dB
1.710000000 SHz -S.7215 dEB
1. 880000000 GHz =3, 3263 dB

Fara B

20,00 |
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10.00
5. 000
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P 511 Log Mag 5.000dES Ref 0.000dE [FL1 DémM]
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——— } E 511 Log Mag 5.000dE/ Ref 0.000dE [FL D&M] ——

25.00

2 9e0.0000000 MHz -24.8126
3 1.710000000 GHz -d8.938
20.00 - 24907
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Technical Training Flip Open and Close

PG 511 Log Mag 5.000d4E Ref 0.000dE [FL1 D&M] I
25.00

=1 S88.4420000 MHz -7.
2 2e0.0000000 MHz -1&.
LALO000000 GHz -1E5.
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IO 511 Log Mag 5.000dE/ Ref 0.000d4E [F1 D&M]

25.00
1 &&0.0000000 MHz -5.371% dE
2 960.0000000 MHz -33.755 4B
3 1.710000000 GHz -10.012 dB
20.00  Fed— 10880000000 GHz -14.013 dE
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Contact with ground

Frequency(GHz) Ga&(dB) Gain(dB)
(PHS) (add two contact (One contact pad
pads with ground) with ground)
1.895 252 _044
1.906 2 8 -O. 1 6
1.918 2 5 2 B O 5
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3 Conclusions

Conclusions For ME

Conclusions For PL

Conclusions For Customers
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Technical Training 3 Conclusions

Conclusions For ME

When mechanical engineers get the first mechanical drawings from the
customers, MEs must discuss with RF engineers about the coil dimensions.
Reason: The coil dimension greatly influence the RF performance.

Pls inform RF engineers any change of mechanical design, including:
materials, structures and dimensions.

When making samples, MEs should participate in it to find the possible
problems.

Keep the length of cap as short as possible.

Keep the size of bush as small as possible, like diameter, length etc..
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Technical Training 3 Conclusions(2)

Conclusions For PM

When PLs get a project, please ask the customers for the information of frequency
band and matching circuits. And try your best to get the right to change the matching
circuits.

* The change of handset usually will possibly influence the RF performance.
Accordingly the antenna design will be changed. Hence PLs should positively grasp
the information of handset change.

* To push the customers to feed back as soon as possible.
» Before mass production, the coils for mass production must be confirmed by the test.

* To give more time for RF engineers.
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Technical Training 3 Conclusions(3)

Conclusions For Customers

« To provide a complete handset as possible.

* To inform antenna engineers when any change.

« To inform antenna engineers with the customers’ test results as soon as
possible.

» The performance of antenna 1s closely related with the handset itself. So the
cooperation between the handset manufacturer and antenna manufacturer 1s
important. The communication between them should be frequent.
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1.2 Internal Antenna
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1 Dimension of Internal Antenna

Min.
Z0mm

GND

Radiator
+Cu/Ni plating
+Cu alloy plate

30mm

in.
6. bmm

Feed Point

Resin
(normally SPS)

Ground
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Technical Training 2 Requirementsfor PCB

D
(2)
(3)
(4)

()

The small components such asinductor, capacitor or RF-test connector can be
put underneath the antenna.

Everything connected to the baseband usually need to be shielded.
The heights of the components must lessthan 1.5mm.

If theimportant circuitsor unitsunder the antenna cause EMC, ESD and etc.,
please protect them with the shields.

It isbest to design the ground under the antenna as a whole part instead of some small blocks. .
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/Aﬂ‘t

f ) Shelding case
65~?5mm /
"

\PCB

(1) Becausetheshield under the antennaistreated asthe extended ground, the height between
the shield and the antenna still need to be 6.5—7.5mm.
(2) If thereare small holeson the shield, their diametersmust belessthan A 50.
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3 Feed Point and Ground Touch Pad

al

bl

Ant

a2

b2

(1) Al and A2 arethe best positions of the feed point and the ground
touch pad. The secondary choicesare B1 and B2. Please don’t put
them on the middle part of each boundary of the antenna.

PCB

(2) Thedistance between the feed point and ground touch pad
can not be so long. It will influencethe VSWR and the bandwidth
defined in terms of VSWR.
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Technical Training 4 Antenna and Battery

5mm

Battery ANt
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Part I11: Equipments
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1 Thestructure of Anechoic Chamber




Technical Training




Technical Training 2 SAR Equipment: DASY4




Technical Training 3 Network Analyzers
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Agilent E5070B: 300kHz-3GHz: 2

Agilent ES071B: 300kHz-8.5GHz: 1

HP 8753ET: 300kHz-3GHz: 1
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Technical Training 5 LPKF Circuit Board Plotter
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Part |V: Summary
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a )
Capability to design PHS,CDMA single band antenna,

GSM/DCS dual band antenna,
GSM/DCS/PCStri-band antenna,
WLAN antenna
Bluetooth antenna

N
AN

Capability to design stubby antenna, retractable antenna, internal antenna

= )
4 N

Capability to design antennas for mobile handset, PDA, smart phone, Pocket PC,
L aptop and other small mobile terminals.

= )
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L et the customers know: Always consider the antenna early in the implementation process.

[ N

Well-equipped measurement systems:
2D,3D Chamber
Network Analyzers
L PKF ProtoMat C100/HF Circuit Board Plotter (for internal antennas)
SAR Test Centree DASY 4
CMU system (to simulate basestation)

L )
(- Good quality and high RF performance: A
VSWR
Gain
L ow-cost and durable
S | SO9001 D
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Application

Wire networks

‘5 b v
\ 3 —>Gl ,
) ! ITS S \
‘ ," — M obile networks
Q—-_ = K \&

I nter nal antenna
Ultra-wide Band antenna
Diversity antenna
Adaptive antenna
I ntegrated antenna system

Maobile phone

7

Antennas

Mobile phone

ntegrated antenna syste
Adaptive antenna
Software Antenna

Monopole Monopole

Dipole Dipole Multi-antenna systems Intelligence
Helix Helix Furction Function:
PIFA '”tir.na' SILENE Interferencerejection | w=—Po! |nterference rejection
Chl%:?ér?nna Cﬁmenna Adaptive contrgl Adaptive control
e i e ane Wideband Wideband
LEhband Multiband Multiband
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Thank you!
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