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i w2
7/J/ N_‘x_ac&t
Frequenc M & imm wm Maxwell
q ¥ dimension D (m) || =428 ({m)
10MHZ 1 477
3
30MH= 1 1.59
3
100MH= 0.3 0477
3
J00MHz= 0.3 0.159
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Bluetooth L. i 4

e FHSS

« GFSK, 7/4 DQPSK, 8 DPSK
o 2402MHz ~ 2480MHz

e 79 channels

« EDR (enhance data rate)

€3 Bluetooth

By JT Chen
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Wi-Fi & 5348 4

« DSSS, OFDM

. DBPSK, DQPSK, CCK, BPSK,
QPSK, 16QAM, 64QAM

By JT Chen @



@ Interocean EMC Technology Corp.

802.11b/g/n i * 4z ¥

802.11b Freq.(MHz) Channel No.
CE 2412~2472 Ch1~Ch13
Japan 2412~2472, 2484~2497 Ch1~Ch13, Ch14
FCC/IC/NCC 2412~2462 Ch1~Ch11
802.11g/ 11n(20MHz) Freq.(MHz) Channel No.
CE / Japan 2412~2472 Ch1~Ch13
FCC/IC/NCC 2412~2462 Ch1~Ch1i1
802.11n(40MHz) Freq.(MHz) Channel No.
CE /Japan 2422~2462 Ch3~Ch11
FCC/IC/NCC 2422~2452 Ch3~Ch9

By JT Chen
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802.11a i# * 4z

Freq. (MHz) | 5150~5250 | 5250~5350 | 5470-5725 | 5725~5825
CE O O O X
Japan O O O X
FCCI/IC O O O O
NCC X O O O

By JT Chen
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What is MIMQO ?

receivers

receiver

receivers

10

MIMO: MuItipl%yiprpcldgnmuItipIe-output
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Test Mode #*1

« 802.11b
« 802.11g e Single Tx
e 802.11a e Dual Tx

802.11n 20MHz BW
802.11n 40MHz BW

h e Triple Tx

By JT Chen
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Test case for conducted item

Example: 802.11a/b/g/n 2Tx MIMO WLAN device (FCC)

T t |t Mod Single Tx Dual Tx
- ode
est Item. Chain A Chain B Chain AB
+ Power R v v
* Power density AT v v N/A
* Frequency 802.11g v v N/A
CH01,06,11
Range 802.11n (20MH2)
_ @2.4GHz band Y Y ®
e Bandwidth CHO1,06,11
802.11n (20MHz)
@5.8GHz band Y Y o
« Conducted CH149,157,165
Spurious 802.11n (40MHz)
@5.8GHz band Y Y )
CH151,159
@ : Fover, Power density need Y :all test needed

By JT Chen 12
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Test case for Radiated Spurious

Example: 802.11a/b/g/n 2Tx MIMO WLAN device (FCC)

Single Tx Dual Tx
Chain A Chain B Chain AB

Mode

802.11a
CH149,157,165

802.11b ®
CHO01,06,11

802.11g
CHO01,06,11

802.11n (20MHz)
@2.4GHz band Y @ Y @ Y @
CHO01,06,11

802.11n (20MHz)
@5.8GHz band Y Y Y
CH149,157,165

802.11n (40MHz)
@5.8GHz band Y Y Y
CH151,159

Y Y N/A

Y @ N/A

Y @ Y @ N/A

Y : Spurious needed
@® : Band Edge needed By JT Chen
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Test Standard

802.11 b/g/n and Bluetooth
(2.4GHz)
« CE
ETSI EN 300 328
e FCC
FCC Part 15.247
« NCC
LP0002 3.10.1/ RTTEO1
e Japan
ARIB STD-T66 (CH1~13)
RCR STD-33 (CH14)

802.11a/n
(5GH2z)
« CE
ETSI EN 301 893
e FCC
FCC Part 15 subpart E
« NCC
LP0002 4.7
e Japan
ARIB STD-T71

By JT Chen 14
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Types for FCC Certify

= FCC 2.902 Verification
» FCC 2.906 Declaration of Conformity

= FCC 2.907 Certification

http://wireless.fcc.gov/index.htm?job=rules and regulations

By JT Chen
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Type of device

Equipment authorization required

TV Droadcast FacBIVET ... ccris s s s s s sneraas
FM broadcast MeCeIVET ...t cr s sser s aerans
CB receiver . -

Euperre-genarahw rece-we-r

Scanning receiver .

Radar detactor .. .

All other receivers sutuecl 1J:| |:|arl 15

TV interface device ..

Cable systam le-rmlnal I:Iﬂ'.rb.':e- et
stand-alone cable input seleclnr Smlm

(lass B personal computars and pﬂnpherals

Varfication.

Varification.

Declaration of Conformity or Certification.
Declaration of Conformity or Certification.
Cartification.

Certification.

Declaration of Conformity or Certification.
Declaration of Conformity or Certification.
Declaration of Conformity.

Vanfication.

Declaration of Conformity or Cerification.?

CPU boards and internal power supplies usel:l mth Class E
| parsonal computers

Declaration of Conformity or Certification.?

(lass B personal computers assembled using authonzed | Declaration of Conformity.
CPU boards or power supplies.

Class B external switching power supplies ..... cirenmennneene | Varification,

Other Class B digital devicas & DElllphEllE“S Varfication.

Class A digital devices, penpherals & exiemnal sunt-:hlng Varification.
power supplies.

Access Broadband over Power Line [Access BPL) ................. | Cerdification.

All othar deviCas ... s | WEMTTICELION,

By JT Chen
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Building FCC ID

FCC ID: AAAXXXXXXXXXXXXXX

= Grantee Code (AAA): 3 characters only,
unigue code, assigned permanently by
FCC

= Equipment product code
(XXXXXXXXXXXXXX): 14 char max.,
Arabic numerals, capital letters or a
combination thereof. May include the Dash
or hyphen (-)

By JT Chen
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Permissive %mhange of FCC

2.1043 @ '
e Class | §

No filing with the Commission is required&ﬂ

for a Class | permissive change \——
e Class Il

Class Il permissive change shall be accepted by FCC
e Class Il

Class Il changes are permitted only for equipment in which
no Class Il changes have been made from the originally
approved device

By JT Chen 19
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Organization of Part 15 Rules
* Rules Subpart A

All general rules including measurement procedures,
label requirements, etc. are located in 15.xx

 Rules Subpart B
Specify all Unintentional Radiators

e All Intentional Radiators are located in the
Subpart C (15.2xxsections ) ;15D (unlicensed
PCS), 15E (UNII) and 15F (UWB)

e 15G Access Broadband Over Power Line
(Access BPL)

By JT Chen
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Intentional Radiator Requirements

= 15.203 Antenna Reqguirements

= 15.204 Amplifiers

= 15.205 Restricted Bands

» 15.207 Conducted Requirements
» 15.209 Radiated Requirements

By JT Chen
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Part 15C Intentional Radiators

= All Part 15 Intentional radiators must show
compliance with Class B limits whenever
out-of-band unless specifically excluded in
the rules

FCC 15.207
FCC 15.209

By JT Chen 22
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15.203 Antenna Requirements

* An intentional radiator shall be designed

to ensure that no antenna other than
that furnished by the responsible party
shall be used with the device.

e For Part 15E device, 802.11a, “integral
antenna” requirement has been
removed, but “unigue connector”
requirement remain

By JT Chen
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FCC module approval

* The device must be a complete RF transmitter
= Construction of Transmitter must meet
conditions:

*

*

*

t must be RF shielded
t must have individual power regulator

Data lines must be buffered

* Bullt-in antenna
* The only connectors should be power

supply and modulated data inputs.

By JT Chen
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FCC module approval

Must be tested independent

* RF module must be tested in host
iIndependent (outside of any host ) or,

* Must be tested in stand-alone
configuration (the module must not be
Inside another device during testing ).

= Antenna must either be permanently
attached or employ a “unique” antenna
coupler

By JT Chen
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Limited Modular Approval

* Limited Modular Approval (LMA) transmitters
have been defined by FCC Public Notice DA
00-1407.

F:\My Documents\FCC\Modular Approval Requirements DA-00-1407A1.pdf

By JT Chen 26
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ERAE A IR E S
Y PR R ; "H: &4 f‘E‘l 33
CEE PR | wrmgge | O ETFEE
= 1MHz 1 Middle
1~10MHz 2 Low , High
> 10MHz 3 Low , Middle , High

By JT Chen
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FCC 15.33(a) (LP0002 5.14)

»Frequency range of radiated spurious measurement

Radiator operates Frequency range of radiated
frequency measurement

OkHz to 10" harmonic or 40GHz ,

Below 10GHz o
which is lower

OkHz to 5" harmonic or 100GHz ,

10GHz ~ 30GHz o
which is lower

OkHz to 5" harmonic or 200GHz ,

above 30GHz o
which is lower

By JT Chen
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FCC 15.227 (LP0002 3.3)

e 1 {FH#E % 26.29% 27.28 MHz

e Test Item:
1. Fundamental field strength @ 3m = 80 dBuV/m
(average)
2. Radiated spurious

By JT Chen
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FCC 15.231 (LP0002 3.4)

o BH AN L A % H 1(periodic) s b2 B
e 1 {3 5! 40.66 - 40.70 MHz and above 70 MHz

o MR P AT 18 X f- 43 B (ex:alarm systems, door openers,
remote switches), e 7 F' EARRE 3 ) e ﬁiﬂ

e Test Item:
1. Fundamental field strength@ 3m (dependent on
fundamental freq.)
2. Radiated spurious
BEABFEHENRF - FM T REMBISOSHPN p o ie kg5
4.5 p Bdrd) 58 @ F 0 spE R 0 54 2 iR 1 6

By JT Chen 30



@ Interocean EMC Technology Corp.

FCC 15.239 (LP0002 3.7)

e 1 1¥#F 5. 881 108 MHz

e Test Item:
1. Fundamental field strength @ 3m = 48 dBuV/m
(average)
2. Radiated spurious
3. Bandwidth < 200kHz

4. The 200 kHz band shall lie wholly within the
frequency

range of 88-108 MHz.

By JT Chen
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FCC 15.247 (LP0002 3.10.1)

FHSS DSSS / OFDM
« Conduction « Conduction
« Radiated spurious » Radiated spurious

e No. of hopping channel
e 20dB Bandwidth

o Carrier frequencies
separation

e Dwell time (DH1, DH3, DH5)
e Maximum peak output

power
 Band-edge °
* Antenna requirement .

 MPE/SAR By JT Chen

6dB Bandwidth

Maximum peak output
power

* Peak power spectral

density

Band-edge

Antenna requirement
MPE/SAR

32
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FCC 15.249 (LPO0002 3.10.2)

o 1 THE I
FCC: 902 - 928 MHz, 2400 - 2483.5 MHz, 5725 - 5875
MHz, and 24.0 - 24.25 GHz.
NCC: 2400 - 2483.5 MHz, 5725 - 5875 MHz and 24.0 —
24.25 GHz.
E4 a5
analog modulated
digital modulated (-] # & & %-)
Test ltem:
1. Fundamental field strength @ 3m

2. Radiated spurious
By JT Chen 33
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FCC 15.407 (LPO002- 4.7)

1 i®¥4g F: (802.11a device)
5150-5250; 5250 — 5350; 5470-5725; and 5725-5825MHz.
26dB Bandwidth
» Peak output power
* Power Spectrum Density
» Peak excursion to average ratio
» Radiated emission (FCC 15.209)
» Band edge test
» Radiated spurious emission
* RF antenna conducted spurious emission
= AC Power Line Conducted Emission
* Dynamic Frequency Selection (DFS)
» MPE / SAR

By JT Chen 34
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FCC 15.205 Restricted band

only spurious emissions are permitted in any of the frequency bands listed below:

MHz

MHz

MHz

0090 - 0.1 10
'0.495 - 0.505
217352 2.1905
4.125- 4128
417725 - 417775
4.20725 - 4.20775
0.215- 06218
O.20775 - 6.26R25
fr, ~~ll 5o 031225
8291 - 8.294
®.A62 - BR300
BATOHZS - RIARGTS
H—I-I'Jr-j:'- ‘*4—1]4""

the field strength of emissions appearing within these frequency bands shall not exceed
the limits shown in Section 15.209

1642 - 16,423
1669475 - 16.69525
1680425 - 16.80475

108 - 121.94
[23 - 138
1499 - 150.05
15652475 - 156.52525
1567 - 1569
620125 - 167.17
167.72 - 173.2

20 - Qx:w

3099 - 410
Gls - 6ld
OG0 - 1240
1300 - 1427
[435 - 1626.5
16455 - 1646.5
1660 - 1710
1718817222

By JT Chen

535-5.
S025 -85
Q0 -9.2
9.3 -9.5
[0 - 127
1325 -134
14.47 - 14.5
1535 - 16.2
[7.7-21.4
201 -2312
23.6-24.0
31.2-31.8
10,43 - 36.5
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LP0002 2.7 Restricted band

IR

g === JE R

._'__.-
:l; =

HeELS )

0.090)
0.4490
2.172
3013
4115
5.670
6. 2000
8.230
| 2.2635
| 5.340
| 4.9635
1 6.700
| 9.965

25.500

L1110
(.510
2198
3.033
4.198
5.690
6.5300
s8.400
12.600
15,450
15.020
16.755
20.020

25,700

37.475
73.500)
108.00
[ 49.90
156.70
162.01
167.72
240.00)
322.00
399 .90
HOR.00
825.00)
935.00

200.0

A8.275
75,400
158,00
150,05
156.90
167.17
173.20
285.00
235,40
410,00
(14,00
G415.00
1240.0
1427.0

1435.0
1660.0
1805.0
220000

1626.5

17550
1850.0
2300.0
2390.0
2500.0
20900.0
32670
33390
33580

4400.0

5460.0

e B
j

500

8025.0
S000.0
9300.0
10600
13250
14470
15350
17700
22010
23600
31200
36430

8500.0
Q200.0
Q5000
12700
13400
143500
16200
21400
23120
24000
S 1800
6500

A8600 L -

By JT Chen
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SAR / MPE

e Mobile device — MPE evaluation
e Portable device — MPE evaluation

or SAR testing
(SAR test threshold: 60/f(GHz) mW

SAR: Specific Absorption Rate

MPE: Maximum Permissible Exposure

S =PG/ (47 R"2) Where

S = Maximum power density (mW/cm”"2)

P = Power input to the antenna (mW).

G = Numeric power gain of the antenna

R = Distance to the center of the radiation of the A
antenna (20cm = limit for MPE) B v ne

P .
i

By JT Chen 37
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P R&TTE

o Article 3.1.a. LVD & RF Explosive
o Article 3.1.b. EMC
o Article 3.2 Radio Spectrum

http://ec.europa.eu/enterprise/rtte/faq.htm

By JT Chen 38
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R&TTE

* For wired and wireless
telecommunications equipment

= Covers the following aspects:
- Efficient use of spectrum
- EMC
- Safety

* Includes EMC and Low Voltage
Requirements

By JT Chen
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Harmonized or Non-harmonized

» Harmonized standard + Harmonized frequency
CE mark

or CE mark + Notified body number (if obtain NB’s opinion)

C € xxxx

= Harmonized standard + X2, . .w..noNized frequency
CE mark + “alert” sign

or CE mark + Notified body cueuv@ “alert” sign

(€ xxxx@

by J1 cnen
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Harmonized or Non-harmonized (cont.)

= Non-harmonized standard + Harmonized frequency
CE mark + Notified body number

C € xxxx

* Non-Harmonized standard + Non-harmonized frequency
CE mark + Notified body number + “alert” sign

(€ xxxx@

By JT Chen 41
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Notified Body Opinion

= For new technologies WITHOUT
harmonized standards

* Notified Body Opinion
C € xxxx

(€ xxxx@

By JT Chen 42
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Notification

Applies to radio equipment using a non-harmonized
frequency

If non-harmonized frequency band, the manufacturer
must determine if the frequency is available for use in a
particular member state

Notify each member state where the equipment is to be
sold

One-Stop-Notification (OSN)

http://ec.europa.eu/enterprise/rtte/osn.htm
http://webgate.ec.europa.eu/enterprise-portal

Must be made 4 weeks prior to the equipment being
offered to sale.

By JT Chen
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R&TTE EMC Requirement

» ETSI EN 301 489 series

Part 1. Common technical requirement on EMC)

Part 2 ~ Part 32: Harmonized standard for
different type of radio equipment

Part 3: 9kHz - 40GHz Short Range Device (SRD)

Part 17: 2.4GHz & 5GHz Wideband transmission
systems

Part 24: IMT-2000 CDMA Direct Spread (UTRA) for
Mobile and portable (UE) radio equipment

By JT Chen 44
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ETSI EN 300 328
For 2.4GHz Device : Bluetooth, WLAN

» Maximum transmit Power

» Maximum e.lL.r.p spectral density
* Frequency Range

* Transmitter spurious emissions
» Recelver spurious emissions

By JT Chen
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EN 301 893: 5GHz Radio LAN

o Carrier frequencies

 Nominal Channel Bandwidth and Occupied
Channel Bandwidth

* RF output power, Transmit Power Control (TPC)
* Power density
* Transmitter unwanted emissions
- outside the 5GHz RLAN bands
- within the 5GHz RLAN bands
e Recelver spurious emissions
 Dynamic Frequency Selection (DFS)

By JT Chen

46



@ Interocean EMC Technology Corp.

ETSI EN 300 220

Short Range devices (SRD) used in the
range 25 MHz to 1000MHz; power level up
to 500mWwW

(ﬁfj'ﬁi@ Fﬁ#': 433.92MHz remote controller)

Part 1 : Technical requirement
Part 2 : Harmonized standard of R&TTE Directive

By JT Chen 47
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ETSI EN 300 220

Short Range devices (SRD) : 25MHz to1GHz

Transmitter requirements Receiver requirements
= Frequency error & frequency drift =  Maximum usable sensitivity
= Frequency stability under low- (conducted)
voltage conditions = Receiver LBT threshold and
= Frequency deviation / Amplitude transmitter max on-time
deep = Adjacent channel selectivity
= Carrier power (conducted) » Blocking or desensitization
= Effective radiated power = Inter modulation response
= Transient power rejection
= Adjacent Channel power . Spur?ous response rejection
= Modulation BW for wide band = Spurious radiations

equipment (>200kHz)
= Spurious emissions
= Duty cycle
» Listen Before Talk (LBT)

= Types of spread spectrum
modulation By JT Chen
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ETSI EN 300 440

Short Range devices (SRD) : 1GHz to 40GHz

* Equivalent isotropic radiated power (EIRP)
= Permitted range of operating
frequencies (Transmitter)
» Radiated Spurious emission (TX, Rx &
Stand by)

http://www.csgnetwork.com/antennaecalc.html

By JT Chen 49
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ARIB STD-T66 and RCR STD-33
(2.4GHz)

* Frequency Tolerance

e Occupied Band Width

« Spread Band Width

e Qutput Power

« ERP

e Qutput Power Tolerance

e Spurious Emission

« Emitted RF wave Strength
e Dwell Time (for FHSS only)
« Carrier Sense

By JT Chen
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ARIB STD-T71
(5GHZz)

Frequency Tolerance  Spurious Emission

Occupied Band Width » Adjacent Channel Emitted

o Spread Band Width Power
« Output Power e Out-Band Leakage Power
e EIRP « Emitted RF wave Strength

e Transmission Burst Length
« DFS/TPC/Carrier Sensing

Output Power Tolerance

By JT Chen 51
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Coupling Path

im & ik = (coupling path) : 7 & i B 5.5 5k
By - mﬁ'éi\' R TR R T o

Radiated, case lo —~

mains cable ;@\

Source equipment
Peripheral

Conducted,

through common
- earth impedance \ : /

' Radiated,
E- HEdLEtEﬁ cable to cable
v
Conducted, case to case

through common
mains impedance

Victim equipment

External mains interference

53
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Source

Receptor

[/0) cables

Power lines

By JT Chen
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)_F“‘f' i—ig{'\ T E [ /%ls[

2
e

Coupling N Victim
Source | —— Path Receptor

-ESD -PCB Structure -Analog circuits
-Lightning Surge -Cross talk -Digital circuits
-RF transmission -Stray Capacitance -Optical receiver
-Hi-speed Logics -PCB to chassis -Display units
-Switching power -Common impedance -Electro-explosive device
-Inductive loads -Antenna to antenna -Human beings

k. etce -efCe--
e T— EMI Reduction Cu T— EMS Improvement —T

By JT Chen 55
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Coupling types

 Conducted coupling occurs when the source and
receptor are connected via power or data cabling.

* Inductive coupling occurs across a magnetic

field surrounding

a conductor

e Capacitive coupling can occur across an

electrostatic fielc
e Common imped

there I1s a shareo

surrounding conductors

ance coupling occurs when
wire or path between the

source and the receiver.

By JT Chen
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=

EEEAIE

T
> [HGELEE & e . (Conducted coupling)
> H =y & (Common Inpedance coupling)
> F%Fiﬁ%% = (Field coupling)
> — L%FL 45 7 (E-Field Coupling)
> — TR 45 & (H-Field Coupling)

By JT Chen
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:ﬂﬁﬁvﬂﬁl

CKT 1 CKT 2

A A

Vig I, [ l,
[j HPYE e

Vn! RL1
Vil (V2 Vg RL2

By JT Chen 58
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el ﬁ FEI > 3
7N\ I_S L Tﬁj l: l
81 242 BEE
I I I3
J&} A 4 ZL\ A Z|3—| A 4
Ul u2 U3
s EL R PR L O 1
By JT Chen 60



@ Interocean EMC Technology Corp.

U E PO - e
:
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"

Sk
SE

JEL

=Tl

—&.D

Subsirate

around current in conductor
generate magnetic field
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= 7.7 >
RS
r {m)
‘ I d (m)

AR H-field
 E field create mutual » Magnetic field generate
capacitive between two inductive coupling energy.

conductors;

By JT Chen 62
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FHE e EE T
FFARE 2% &
Clock / ‘/
Buffer _/

64
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@ Interocean EMC Technology Corp.
T=n WY (I V= i 1 VA
F‘-[ F"[ A F [

« Two circuits with mutual capacitance, Voltages in
one circuit create electric fields which affect the
second circuit.
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B A

Eﬁ‘ e ZU N E [

C12 = parasitic capacitance between conductor 1& 2

Stray Capacitance

coupling
source & susceptor

C,

2
* | | *
| R, T
E. @ =— — =
susceptor | C, ng

Equivalent Circuit
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I
- JoC4,R,Eq
"1+ joRy(Cpy+Cy)
E C12ES
n B UL DL DL T
L susceptor (012 + ng)
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’?u?'t:lﬁ%ﬁﬁ Time domain

—
Uty Tr=ns
i i .
; il.iUI Injected current in circuit 2:
i
o 1 2 3 ns ¢ Ay,
C 12 T
F

Max dv/dt driving wave form:

2 Uy, _RC,,
dt T, CrnsstalhTm:T
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?‘:J{e;ﬂ HE ~ Time domain
Cl2 = 1pF

[ R
» Example: &4 k) o () = = QW
AVs = 1V, Ty = 1ns, | 1 ‘ - ‘

C12 =1pF,R=50Q - = =

Equivalent Circuit

Cross talk = Vn/ AVs = RC12/Tr=0.05

By JT Chen
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PF;:J{ ﬂ,y%ﬂﬁ
;
0.5 /'-U‘I
0.a ||l
0.7
0.8
Cosp
0.4
0.3 J'J,;II \\1%”/\1 —
o A \P be 1:10
-:n—j I '-.L_ | robe 1:
@ 1 2 3 4 5 & 7 B 3[na]

Crosstalk of Ci12 from measured noise voltage with 1 pF,
Ratio of coupling = Vn peak / AVs = 0.0508
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Vn = Vi
(C1+C2)
- Cl12-
: C12; C2g=0
| I
T Cl2 e
I — C12 ?2; C2g=0
I I
L —— C12; CZgT
C--. .- C”
c12 | ; cagl

Though hole
to ground By JT Chen
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= SE - 2l E] R />
Bl ij—Tiinr,\JF [

i line 1 RL;
(- 13
Asa - C line 2 Ris
— e e
v Ve
i _A|_ " Vm E eld o
: Ri2
Equivalent H Rg» { Ic H Vi)
Circuit

Vs?2 (%ELF%}) = VL2 (l@fﬁ}) = Ic (RS2 //RL2)

By JT Chen
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2T

;

.’
7

- [

System A

R SR T

Load

e . may be stray capacitance
mmmm 10 ground

By JT Chen

equivalent circuit - electric coupling
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P £ B

 Reduce Stray Capacitance effect.
« - Coupling voltage
Vn = jw - R2 - C12 Vs

) ==
C1

 Reduce E-Field coupling by: Vj (
- Lower down Vs - | 1
- reduce R2 of Victim L
- Increasing Capacitance C2 to GND Equivalent Circuit
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o B EED &
NI |

IR M= @10/ 1

O =L XI
FJF[%aJtVH—J @ ML
= M (di/dt)
=] BAcos6O
A LRI
B=uH @)
@ =41 107

By JT Chen
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> E | £EI A
et B I

_v-—\v—\ “

Inductive coupling Faraday s law:

Loop 1 dd}”_,_ il

It ~ areal

- UZn(t) _
Mutual inductance:

By JT Chen

U () =—a" = [B-as
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Inductive Coupling

Voltage noise Uz induced into
conductor 2

Ugy = Joobg I +Jeoly, |
_Un Uy =

l, = = T+ Jos=
R,+R Ry HT
Q_)\‘ (R total )

By JT Chen 77
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Inductive Coupling

Yan| 10k Frequency response
i1 :"'J
I e LHHT }
. LE LI l{'ﬂ'M I
ZH L 1
Hog:
T
R, @ RT: R4+R;
2
| Lv Rt
High Frequency : Uon = I

2
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System A

Load

v

I

i

v

ft

_v—\v—\ 7

B

Hs

System B
Z

Input

Mutual inductance M

e

.
%
|
E: ‘
W

By JT Chen
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zin

equivalent circuit — magnetic coupling
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LA £

Rgy line 1 R
(W S o -
i .
— L _‘hﬁ‘ﬂ*z\HLE
| Loop i\"INE ViE

23, Vns2 (i17x4) = (Icl + | Loop )RS2/(RL2+Rs2)

Vn (%Eifl%}) =(Ic2 ILoop) RL2/(RL2+Rs2) out of
phase

By JT Chen
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Magnetic field coupling on PCB

O

@

~J

H7EF vias

PRES (TER \ 4T

...........................................................................

ENRIMBREHT

py JT Chen 81
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Syiae= 2y = AT iz -Ee

> Differential mode
» Common mode
» Antenna mode

—m({|

By JT Chen

82



@ Interocean EMC Technology Corp.

Differential mode & Common Mode

> =— >
- Differential mode

Common mode

(Shaded areas indicate part
of circuit that couples with

external fields)
By JT Chen 83

stray inductances due to wires
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Antenna Mode coupling

ﬁ%?Wﬁ?<ﬁﬁ%
%@g%ﬁﬂ%&
El\%

Antenna mode

= a )

S AR B R £ R R

i, <3 £ ‘%TRSEEE}T%F; VAR rgf 2 E
58 R UORS T B 1

igh B B K 2 A J}%F [ %ﬁ o

By JT Chen
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PCB as Patch Antenna

/ - A I \_ _—
(@ S — 1 \
~ — power plane
| | or tracks | |
X L | 0V plane I L i
Centre feed End feed

PCB T [ 7] > H{L = n/2f5¥n/ 4 R
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I_[ E:B = Exr=>2 1E ::—El A
B Py S SR &

B A Bt ¢ L
[ Vn=j w M 1; RZN
Vi
Rt (P 21 va RI Vn
I =j @ C12V1 J

Rl V Vn )

Rl , Vn_/

By JT Chen 86



@ Interocean EMC Technology Corp.

Summary of Field coupling

s BERA A AR A THWEERES
18 &
° //f//*\?f’iv% /})T;,;;fgb kil

B iR 3 —““(rlseandfall)ﬂiF’%\ €
B 4 ’Jig +ieR R e e 3 (Cross
L
v
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Summary of Field coupling

s BB AR RE G FTAE L I R

<],

* THWE g EJEIM T I
s BHBE AL AR
o MITHMZ B3 3 R

crosstalkeg: & 7 &
W A0 K.
C R PSR O AT AR RIE T

% .
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Summary of Field coupling

s TRMEMWE A

fig =3

* MITHHF
crosstalk =7k
SUAR B

o SLARFILIE Fp T O B (R 8
18 & AR AR R o

% ¥ & #-5" 7 Differential mode

—_—

Common mode Antenna mode = #&i o

[—

(Tﬂ

2

N

Gi &f@*ﬂ@*i%’ £
(X > B

By JT Chen
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iz Bt 47 3¥ (Signal Spectra)

TR RARFAEMC R BT L F

;E‘,Q‘_é_ ‘@ E‘J’j}?‘ E] o

47 (Fundamental frequency)ix " ® i3
A R {ﬁ’ﬂfﬁl‘ﬁ( o % % @z EMC i H_%k p

; g >
ﬂ;/“\ﬁ"‘ E"i \z;lb/ ©

By JT Chen
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EURL" IFIFFFP J%FFI

|
Fl=
7 Td
1
FO=
T
— ‘F' 1 1
F2=
7 Tr
dB Volts RE1 “ g rf“l J{% Fﬁ(ﬁ“)

. /

og 2409 (e Wt V(orD) =2 A (Td T
20 log 24 EW:W——\ (or]) (Td+tr) /
o, LR ” B V(or) =0.64A /T £
: | v f__...-...ll'r_'ili.'.a of this,
el e T e T
Al H]’ TN, siope: i @asiiee)  V( or I) = 0.2A/ T tr 2
FI Fo : Flz * F(log F)
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SPECTRUM MAGNITUDE (dBuY)

Interocean EMC Technology Corp.

é%pectral for 50% duty cycle trapezoidal

SFECTRUM DF 1V,
DUTY CYCLE 50%.

pulse

1MHZ TRAPEZOIDAL WAVE
RISEAZFALL TIME Z20mns

120

110=

100r

= [n )

BOr

70F

B0

a30r

AD¢

-------

4

10

100

FREQUENCY <MHZ)
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Spectral for 30% duty cycle trapezoidal
pulse

SPECTRUM DF 1V, 1MHZ TRAPEZOIDAL WAVE
DUTY CYCLE 30%, RISEAFALL TIME 20ns

120

110r

100F

(dBuV)

oo0F

aopF

70F

Sor

Eplid T HENACTISS: 1

SPECTRUM MAGNITUDE

a0 BOUND

a0 Al . . A : i G o L i

FREWQUENCY (MHZ)
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Spectral for 10% duty cycle trapezoidal

pulse

SPECTRUM MACNITUDE (dBuV)

110

SPECTRUM DF 1V, 1MHZ TRAFPEZOIDAL WAVE

DUTY CYCLE 10%. RISE/FALL TIME 20ns

100

a0

B0F

70

GO

=0

40

207

10
FREQUENCY <MHZ>

100
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Pulse train of 1V, 10 MHz, 50% duty cycle
for 20ns rise/fall time

95



Measured spectral of pulse train

Interocean EMC Technology Corp.

& —

(20 ns rise/fall time)

96
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Pulse train of 1V, 10 MHz, 50% duty cycle
for 5 ns rise/fall time
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Measured spectral of pulse train
(5 ns rise/fall time)

MR 110.0 M1z

hF FEF 129.0 4yV ATTEN 30 &

e w1 T P O [ B
o |----------
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The rise time determines how
fast the harmonics decay

|
L, = $20 MHz 320MHz

If].J"u.IElL'
. — — By — .___-%_..- — SE——
i ERERT o
|n 8 rl AR A N ﬂ oA i o
1 i ”I |ﬂ|I" 3
08 " Illw
0} 20
i E
T 0
ozl =
|
40
|:|IJ ||_| 1_I ..J |_I IJ Lt U u LJ 1
0 1 2 8 4 5 & 7 8 8 N @ W v
fim [zeo] #10 fraquency [Hz]

100 MHz signal with Insec rise time
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wiol e

The rise time determines how
fast the harmonics decay

| OOMH2 mt.. =3.2GHz
B —— — nim
1' — — A — m— - 1
[ 0 |
'] ||I'
|:|.E| || |Jnll I‘
o 1 I
b _ o0
H
B
04 0
20 q
0z2r !
L i
|:|- == = el = L =
. . Hil e . - . !
0 5 8 7 8 8 i 1P W 1o
fime [z0] =0 fraquanicy [Hz]

100 MHz signal with [00psec rise time

By JT Chen 100



@ Interocean EMC Technology Corp.

The rise time determines how
fast the harmonics decay

|OMHz il,..=1.2 GHe
i I ;
T 5 1 P ——
gat /4 R -
08 —‘ (v i”'-u:
a0 | ]
(il c o0
¢ L
n4 | o
o2t -20 |
1
=4 "
dr i i —El:l—_ T : |
] 0s i : 1.6 a o 10’ 10-: 10 ] 10" "
ity ol fraqusnicy [Hz]

arbitrary data signal with 100psec rise time
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Fourier 73 Fr

s - BHHERZIFRABEF AL T AR AT
7 e =t 384 (0Odd harmonics) © & — i W] 25k 2

1
R A, =—
rl
n =% #;ea (1,3,57..))
n_’%/}i F= T
+ 3R B § duty cycle k|4 £50% - ¥
v LL__"%}'ﬂ;% Lﬂfﬁﬁ&gta*rwzfgﬁa{#géﬁﬁj,é
f@Duty cycle - gk ﬁj/‘j} £k A iy
ﬁi;?/ °
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"Hertz ; & TBits-per-Second ;

o F PFI PO (B) ar-)50|v| bit/7f/'/‘ 2 EELZ
50MHz = 5.z & g R B o

« 50M blt/f'/ B zﬁi’ﬂﬁ' T 2 £ 50MHz -

* 50M bit/§) 2. = & 1 %2 — F25MHz 2 Sine
oo BF o 2z TR N £

Bl E R KA fj\%{ﬁfﬁﬁiﬁtﬁ
Hp e — 25
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25MHz [V Sine =2 50Mbit/F) 3 I Fik

i : 1 i : 1 i | ) 1
25 T T e M "B
L] L] L] L] L] L] L] L] L]

ZH (ns)
= Pulze
Sinewave

TM[I HEA. — [HS0M btz #f 1 H3 » '] %~ [E25MHz [V Sine 3% 5 [FEiH ¥
00M blt/f'J/ T E F?J Eﬂ%?’iﬁ +S50MHz -~ 150MHz ~ 250MHz ~ 350MHz ~

'\—'\—‘_..
=
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CHRE- ZAMEE AL M FER G
J”ﬁ ]gwE o

P HRRAPM AR L R G e TR
= Sk 1];}5;;“”?'7}55015;%_};%»%&

RERAIEFLFRT B -
-ﬁ%gﬁéﬂwﬁ-ii“ﬂﬁ&gﬁﬁﬁﬁ
§ R g ag o
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- éﬂ%ﬁ%((:avity Resonance)

c Z B R 0 B G AR T 5
| My (M2 4 (Py?
*-fmﬂp o |( { ) —|‘( )
hxs,u\ b c
Fret abic=pr 22 LR
mnzp=Fic(-=xn3 22— BFEE)

~ B4 331;]3& ,F’Qﬁp\i’l&%fi-—’{ﬁéﬁ%?iigh
* 2R 0 R g i S SRR
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=5 PRI EE%%EB

' %

ﬁ"?éfﬁ'lééfg‘%’ 54 PRI L Bk R TR S

’ ‘ ~ g & _ferrite bead -

P2 EE i g g SR B R
F\:B»E:'Wéo"]” %Kk@%%rﬂ-]grs B 4e H
B (redu)m & 18
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Radiated emission from PCB

#_,.;- o _-'x““
d e, Radiated emission

/ﬁj; : / A [H[mscf #H Cm?2

f: / l} MHz

Current |5 Loop of area A, formed by signal and return tracks IS I:F[Imy gjfr Il’lA

E = 263107 ( A lg) volts per metre

Example: If PCB loop area A = 10cm?, I = 20mA,
f=50MHz ; then the field strength E at 1 meter
distance 1s 42dBuV/m
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Radiation from cables

« E=1.26x107% (fx L x Iopy) V/m
L: Cable length (m); 15y : CM Current (mA) . At f MHz

Cable —_
""\.N 1_.
-,
",
.II I'I \
. |
round connection {11 . o
d - /|| Radiated emission
may be via stray I
capaciance lepg
___.-"

Ground plane

oM e
S
P =
L~ - - -
’ -
* 7
— 110
i - common-mode current g

ground noise voltage ¥y,
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Data: 5 File: C:Program Files'e3 200555 HBH EMI (142) _
20 Level {dBuYm) Date: 05-09-2005 Time: 14:48:00
g
4
CISPRCLASS-B
2 a

iy W

10 30 224, 418. 612 g06. 1000

Fredquenry (MH7
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%% 8 7 (QP)

%% @ ¥4 (quasi-peak detector)
ERLCDT R F B 2 oL E o 4B
AL E IR R o g R R AR LS B
e PO S BCERA EAF SRR, 2 LA
I QP@_,:;&E?@?J ~ 1z 5L eCoherence function
e =] o
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-8 A

« % #-% B (differential mode voltage ) @ - & 2
TEFHEILANLEOTR -

- X H 7R (common mode voltage) : = B Hf2
T3

B (EFAPHES) 2R -

ISignal + Ich ——> Ucm

A

|Signal + oy —>  UpM

ZL

e —

Ground
Ground T lcw €&—
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N 7

Differential mode

Ug=U;-Uy, 1q=212

2

A S

—

A S

ok

Common mode

B U1 -l—Uz

U, 5

+

Uy (

E.U.T

Iy

C |2

U U U,

- - i, e T sl
o e e A PRl i
e e e T T
S S )
e g g gy o

E.U.T

; |c:|1+|2

L e L e L B A T A AT
e T R

By JT Chen
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Common mode Radiated emission

« Common mode Field strength

I CM/
Ay &Y & —
‘/ Ground noise Vy g < ______________________________________________________

+ 1
s | ~

1]
)V

................... Ground noise Vi

E =1.26x10 (f-L+l ) V/m
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Differential Mode Radiated emission

» Differential mode field strength

E=263-10 ** (f*-A-ls)

% A: loop area
f: frequencies
é i—/f Is: Current of each freq.

By JT Chen 116




@ Interocean EMC Technology Corp.

Common mode field loop coupling

E,H Field

\ \
N
x |

— -
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* Field to loop coupling

Differential mode

W&

E, H Field

I om)
N .
Y - >

——
~

e —-
- —_————
~-~r

-
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B E

FAEMF 0T + A &, 4oxX I &
TER A § AL 2 e £
I

o)

\/
&
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» Observation:
Split a Scm slot on PCB ground plan

120
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Emission on PCB splits
» Effect of slots on PCB Ground plane 1k volt

ESD 1njected onto PCB with and without split
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Measurement PCB Emission
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Emission of slots on PCB (1)

> B3 7 S S 5

. A ' L Max. Peak = 3.7V
Iolavek
1y el A1 .'-J"ur__;L--_ P PR A R
¥ ’I II[ i
- 11ima T~1fger
kg
i

EMI: Split Ground Plane Path (1 kV ESD)

Design Techniques JT Chen 1 2 3
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Emission of slots on PCB (2)

> K 35384 M S

U L= Bt g )
= 1 o’y
L Max. Peak = 170mV
aw
B
+ 170mV Pk
|6 G g
s e TF1 .'|I-' Ml @
l.]l.-
1
EMI: Continuous Ground Plane Path (1 kV ESD) 124
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RIS gﬁ

TS PSS F' Risie
e SRR rﬁﬂ\ji%[ﬁ%l'ﬁj-ﬂ UE:?

14

1

)

\
-
.\_'1

b

¥

 di/dt caused EMI
IR R R I TE B
ol Td|/d 5 T N RS RS
TR

A
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—_—
—a

ﬁ;ﬁ i bt S F 4 EL2pUEmIssion

PC {2

/I.D-}irk ‘/

/d

Super I'O Chip

RO

/Clack o ‘\;’? F R
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Antenna Factor (AF)
¢ X & ¥]% (Antenna Factor)
AF=E [V (E £ % VIm,V = R:3 7 &)
AF dB =20 log (E/V) = EdB- VdB

AF = 9.73 P Y
/1\/5 ; & & T MEH &

 Antenna Gain & AF in 50 ()system
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° Fl\g:l:lf[
@ FF#[{EHH/

DeS|gn mp ]

JjFl—f

I_[J

Lot
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il
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Q &A
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o 00000000 D

RF Capability
ARIB STD-T66, ARIB STD-T71(P A & A T B E 8 ~ £ 5 & Fp3R)
DGT LP0002 ( [ ;8 14 ¥ & 544 & 5B 3R)
EN 300 220(“E fE3f 14 74 F S & 50 3R (H He (74E & 4 3 25MHz to 1000 MHz)
EN 300 328(2.4 GHz & #7 34 % HIF A& S-B38)
EN 300 330(ZE JEA 14 7 & 6447 & S0P 3R (H He (547 & 4 339 kHz to 25 MH2)
EN300422(s 5 & 5. b A& SRR (H 3 (T4 & /) 3125 MHz to 3 GHz)
EN 300 440(“E JE-3ft i 55 F 538 A& 5P 38 (H 3 (747 % 4 331 GHz to 40 GHz)
EN 301 893(5 GHz i 4 F 3 . & S-R38)

EN 301 489-1&-3& 4 & 7 & 9& 17 & 24( 547 & 5+ Fo Hiir & K7 240 T &R
FCC Part 15 Subpart C & E,and “[l&F ™ RSS-210... (% Blig &5 % P1)
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Automobile (ESA) Testing Lab.

FAPHAENCAIE L5 5 BRI Z Y 5% viRBAHe e
ERAFARE SABARMRRELEY c RDF KRR
L4 FuF A ETEBeepr > 2A42E2078 ZEMC3 s iFB R { ¥
B4 35 EMCR® 38 o

FRIZTE P .

o % PPE/e Mark: R10.2 & EU Directive
2004/104/ECipl:#33% -

o M2 & Fix HiP|IEIRTE:
CISPR 12;CISPR 25;IS0-7637;
1S0-11452;1S0-10605;SAE; JASO;D001 -

o X % B Rk HLP|IEIRFE:28400NDS;
28401NDS02;ES_X82010;
ES-XW7T-1A278-AB; GMW3097
GMW3100;GS95002--- %

< FiRE B EHEle 13 ¥ TUV Nd Eled ZF° #ES
/ E el By JT Chen
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FgF & A R E)
s Aok B3 E R ARRET A SRR PR hfp

M A > e AR

B R 5 (02) 2600-6861
(51 D 221 352
X334 B ¢ 418239 Peter a3tk
EIRAR . #8230 Iris # ¥ %
LA R : 41232 Emma £ i 38
ZIRA R : 4~ 1240 Amanda F#t Prdo

T F #Mit  service@ietc.com.tw
http://www.ietc.com.tw

By JT Chen 132



