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The Research of the Switching Frequency EMI

Student: Hsin-Kai Huang Advisor : Dr. Lin-Kun Wu

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

Abstract

In this paper, we used the GMT model G5684 Step Down DC-to-DC
IC to explore theeffect of changing the switching frequency on the output
voltage ripple and electromagnetic interference (EMI).

From the structural-principle of switching regulator, we can see that
the output veltage. ripple is.inversely proportional to the square of the
frequency. Increasing the switching frequency reduces ripple and allows
the use of "lower-valued Inductor which occupies smaller area on the
printed circuit-board (PCB). But the side effect is when the wave changes
rapidly in the high-low transition; ringing occurs. The ringing will be
superimposed on the.output voltage waveform, causing noise interference.
When we test EMI, the result becomes-worse as the frequency increases.
The result shows that adding ferrite bead on the output voltage terminal
can suppress EMI associated with the ringing noise.
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Step-Down DC/DC

Features

m  4A Output Current

m  75mQ Internal Power MOSFET Switch

m Stable with Low ESR Output Ceramic Capaci-
tors

m  Up to 95% Efficiency

Less Than 1pA Shutdown Current

Wide Switching Frequency Range from

300kHz~1.4MHz

Thermal Shutdown

Cycle-by-Cycle Over Current Protection

Output Adjustable from 0.8V to V|y

Available in SOP-8 (FD) Package

Applications

TV

m Distributed Power Systems

® Pre-Regulator for Linear Regulators

General Description

The G5684 is a maonolithic step-down switch mode
regulator with a built in internal power MOSFET. It
achieves 4A continuous output current over a wide
switching frequency range with excellent load and line
regulation.

Current mode operation provides fast transient re-
sponse and eases of loop stabilization.

Fault condition protection includes cycle-by-cycle cur-
rent limiting, output short circuit protection and thermal
shutdown. In shutdown mode the regulator draws less
than 1pA of supply current. Internal soft-start minimizes
the inrush supply current at initial startup.

The G5684 requires a minimum number of readily
available standard external components. It is available
in SOP-8 (FD) package.

®1-3-1  DCDC R+ A

2 1C $% SOP-8 # % &M 2

2 ogricfe ¥ 4ol -2 ¥ e PRI 4r &

5 Thermal Pad 1 #§ e fg# 3% >

3=1 -

G5684
COMP [ 1] 8 | FB
Sl
|
GND [2] | : [ 7 ] FREQ
| Thermal |
en 3] | T Euwxk
|
|
N (2] ' B x
SOP-8 (FD)

B 3-2 (o684 IC %rizpe} Ml
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PIN NAME FUNCTION
1 COMP Loop Compensation Pin. Add R/C network to stabilize the loop.
2 GND Ground Pin.
3 EN Chip Enable pin. Active high. Internal pull high for auto start up.
4 IN Input Power Supply Pin.
5 LX Switch Pin.
6 LX Switch Pin.
7 FREQ Frequency Adjust Pin. Add a resistor from this pin to ground determines the switching fre-
guency.
8 FB Feedback Pin. Vour=0.8V*(1+R1/R2).

L

3.1.2 R =s 347

8‘34

7

7 BaAo®) 3-3 -1 * Switching power supply #-< in® 7 &

B oo OV T B 3k B 55 (0684 1C o EN#ri=w % 3% Vit0. 3V ek <

TR A R TR BV B o R 5 R R IZ - COMP %r i
0 3 2 , 2 . , 4 2
Rt O % B P ROGBHE S FREQ #r = ik 35 e (03 5 3897 5 o
oND——FA AL fl s
38 |[10nF R2 R1
| [Cosaa uz
RDH ]cn 03 1 cone Fo 0334
L GND  FREQ [H— —A/\/\”—an =GND
ncay gl ool B 47uH
GND 1—4 : ] 1 L-10
LR S R13
o 10K can cH car
27 oEEEE ) ROEO3 ——¥wF ——iwF ——=0iuf

——10uF Hull 0% C1206 | Ci206 | COBO3

W s nf =

GND COBO3 v

Hull GNO
W
GND
Bl 3-3 FHTE
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RI 4o R2 I if o sk i 24e % 2R 8 50 220F FAMA TG
(Multi-layer Ceramic Capacitor, MLCC)#f/& -
R1
vout=0.8x(1+—j (3-D
2

7 3-2 7Rl ~ R2 e 3k & o & 3-3 71 41 FREQ %riz:E $% 7 364 5 1

FHRPT AT R R -

Voir. (V) R1(k) R2(kQ)
1.1 7.9 20
1.2 10 20
1.5 13 15
1.8 30 24
2.5 51 24
3.3 15 24

%+ 3-2 @?J I E R e R B
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Vour (V) L (ui) | Fs (kHz) Cor (uF)
3.3 4.7 300 22//22 MLCC
3.3 2.2 600 22//22 MLCC
3.3 1.5 1000 22//22 MLCC
3.3 1 1400 22//22 MLCC

% 3-3 17%-‘7%"}};?—1’1:‘-"& %Fi‘m

3.2 Step-Down DC-DC-*» 4% #7 & ¥ Ripple 382 3

g 38 (2510) 7 Fop (A Wouc 2257 AR 5 T 3 Bk b 5 BT ek
2R E FREQ ¥ R Efe e T R T QR B k% H ﬂi%l s
etk € RIF % TR C3L oo diig 5% 4 3 2] IC Pind, 6 switch
pin mﬂi%J NER o B%4eT B 34 A4S 300kHz 0 R R E
4. 7Tul mﬁ%]ﬂﬁ?@’f‘—"SWltChPlﬂ%}»wﬁ»q ; Bl 3-5 H_*» ¥ 4E & 300kHz
per gy R R L 5 ] 3-6 7 #in 5 1000kHz > TR E E LSl a0
#iy &) %R Switch Pin gy 104255 B 3-7 27 4547 5 1000kHz P+ iy
MR e

%]3—4?1‘3—65’1'733%] N a B A _DC # i B 3-5 fr&l 3- 7m§i§] RS
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£ Rl BACTURL  TE R X 30§ £ R Ringing) B -
IECE SR FETER
[S0-% 30344, MY53160516: Wed Oct 23 190215 2013

61008

500.0%/

Agilent

g

10.0:1
10.0:1

h
R

7!

© A e Switch Pinm &8 475 £w=300kHz » L=4. 7« H
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D50 30344, MY53160516: Wed Dot 2321:36:45 2013
] b

Agilent

HAE ]
10.0:1
10.0:1

D504 30344, MY53180516: Wed Dot 23 223152 2013

1o200v 2 2004/

10.0: :l.
10.0:1

Laan s L T T TR

= [y
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DS0-% 30344, MYEI1B0516; YWed Dot 23 22:34:36 2013
1 1.000%! : 1 41.0%

Agilent

A i
10.0:1
10.0:1

—\

Step-Down DC-DC Converter #cP-*r3Hg F ¥ :E5 % | TR R E >
A0 ¥t ’Zfﬁ'l TRk suik* PCB aowi A& > 9 B 3-5: %% 55 29mV {r
B 3-7: % & & & 14mV. & 5 &) ﬁis‘?] A BRAP T EF R TRB

r_ﬁ ‘/ﬁﬁ“ /J\ [e]

GRS TF B A A IR P Y F
L E s LERE 3440360 FHRIHEMES A KLY

“ g A4 ringing> &84 N di/dt e+ g1 Exe 7 ICPMT R

oA S 2N POB BT A frddend 2 R A F 4 LR Hox

RLCBE » A 2 AR ANE R F[10] - d T RIFP 7 &> 0 &
FRAT S § A i IR R ) S R SRR A e h
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Bor WK S B RNETRE N R g R LR DT R
_&,—]—J—% °

B 3-8 5 £4=300kHz p¥ > + 2 ¥ % ringing B B A2, ; B 3-9
5 [5=300kHz p#> ™ *% B 4% chringing B B 475 B 3-11 5 £+=1000kHz
o A% aringing BB AR, B 3-12 5 f=1000kHz FF » T *%
#¥%erringing BR &I, o » B ringing sNE FAE F X & 8bMHz » 4&
g gt VER2EIES L ringing T & B F > n &}
BRI AT F 5B o En BLERRE 3-10 w313 » #3% L 25 FFT 15 -
VIR A S S 100MHZ #E i 200MHz sl 25 ¢ o fE 5 5 80MHzZ
Jeez w AHEEL 0 dBE I H M S EEAR R e e — 9 B R] 3-14 rising
fo® 3-15 falling (enip W erBip ko 1 > 3 —‘ﬁl % 24Pk 0 rising
S 2 4 e 8DMHz iTiE 35 % o falling #9g% 4 fw & 100MHz '/
T 5 F o 8OMHz FHAT =t foo 2t B AR BE b EMI RIGRPF L € IR o
EORPEIEER > HIFFN dringing BT K% 5 0 3 & FFT
Rl S A 5:%“’}% DGR o NPT 4RP AF EE P EMI B %
PF o RO AR AT R R € Bt H B AEE > H T A 4

ZeveAg 40 EMI %2 e o
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D50-¥ 30344, MYS3160516: Wed Dec 11 20:08:01 2013

2 1.0B4E 20.008/ . 1 1.50%

Agilent

NERRY, Joo 'l|:|,|:|;:1'
A SRR ARV IESRREY NN W IC 10.0:1

-12.400ns

+a80.645MHz

) U AV S B

B 3-8 f+=300kHz * =¥ % e ringing

MYB3160516: Wed Dec 11 20:10:40 2013

] 35.60% 20.00%/ : ' 1.50%

D50-K 30344,

Agilent

hHAR

10.0: :].
10.0:1

BT

+11.20

B 3-9 f.=300kHz ™ "% :# % chringing
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D50-¥ 30344, MYS3160516: Wed Dec 11 20:03:17 2013

a00.0g/ ik 1 1.50%

Agilent

1HIE i
10.0:1
10.0:1

A1)

[8 47 ¥ IR iHlaE %
W Ohm e

# 3-10—£+=300kHz ringing 1 FFT & %

D50-¥ 30344, MY53160816: Wed Dec 11 20:21:41 2013

Agilent

1H1E i
= 3 10.0:1
------------------------------------- C 10.0:1

B 3-11 f+=1000kHz } = i % < ringing
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D50-¥ 30344, MYS3160516: Wed Dec 11 20:22:42 2013

-1.0418 %1k

1T i
10.0:1
10.0:1
g

-11.400ns

B 3-12- £+=1000kHz * "% :¥ &% caringing

D50-¥ 30344, MY53160818: Wed Dec 11 13:33.03 2013
t 1 4 38y

Agilent

1H1E

t] C 10.0; ]
OC 10.0:1

il

A1)

B 3-13 /+=1000kHz ringing #FFT %% %
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10.0: :].
10.0:1

ft] = FFT|Ch1)
L5 i

Bl 3-14  Rising ringing 7 FFT % %

MYB3160516: Wed Dec 11 19:32:058 2013

D50-K 30344,

Agilent

hHAR

10.0: :].
10.0:1

Bl 3-15 Falling ringing 7 FFT & %
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Ringing 5 FE R BT A, » 2 sk e 4 30 257 3 g iV » &

AT ETEAR  BRERTAE RS BRI TR A HEE o

R EE s - B Sl o FRT (4 eni % 85 Briea o 14 d
ﬁﬁ%é)ﬁﬁ;—k IR R R R BRI > W F 4 %ﬁﬁ"@:}m, H i
AL RIF T E o
3.3 ey 'f % 3E R e B EML R 58
b AR A S iR o HeBETF kR G
€ & TR 0 Ao e P FER e A ECREIC S = i - = i ey
T 3e }‘g’r EN I mﬁ,@iﬁlk’fl%ﬁ yhr g R IHJ?PL:%J.FEF

S RN EY L8 ST RN P A R

et REARSEE Sk 0 4o 23 BT layout i 4 F A 2 fopbag

Wy @A L o

3.3.1 @I HIM ERILS PP

Bl 3-16 fo® 3-17 & W7 44p & 300kHz > T @ g & 4. Tl
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»:‘

B feok TAgit EMI 2Rl % o B 3-18 fci@l 3-19 4 % 27 & f 5
1000kHz » £ & & & 1.5 ¢ H -2 fo-kR T4 it EMI £ Bl % o b fie
o EMI #cdp v # IR > "EF 7 W I8/ B 0 4ok B 3-10 f- 3-13 FFT
AEE 4 0 ringing A7 3 (85MHz = + ) TRl 7 dhig & R A B A
100MHz & e a5 & {2 § ek fbr> -8 R v an3F S 5 8 3 AZFiR 8
5 e R T IR R R R S o Ao R R Bk §
BitwmenE g o

- 45 DC-DC«Converter %J Az

End
RS
=H
7
-4
i}
&3
>}
fim
a\
ETINN
_‘;'\

Nt

C:E‘\r
o3

f._‘\t

BAF SR A T PR E R o0 T M BRI o AP 4 ) -

Ferrite Bead» Fex iz 3 kg g pls%x -
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Radiated Emission Measurement

File :EMI test Data :#187 Date: 2013/10/14 Time: T4 09:47:26
1000  dBuv/m

|| ' —
|| Margin —_—
]
[
]
[
]
| ]
50 H
[
[
L] ) 5
oLoall g AN L&
3 St
| ]
[
00 Ll
30.000 1E5.000 300.000
Site site #1 Polarization: Vertical Temperature: 24 °C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct...Measure= | Antenna Table
No. Mk.  Freq.”  Level Factor ~ment Limit Over Height Degree
MHz dBuV/m dB dBuV/m  dBuV/m dB Detector cm degree Comment
1 38.7750 37.34 -20.22 1012 30.00 -12.88 peak
2 52.2750 40.77 -19.76 21.01 30.00 -8.99 peak
3 65.7750 43.20 -21.13 22.07 30.00 -7.93  peak
4 | 83.3250 50.63 -24.66 25.97 30.000 “=4.03- peak
5 * 100.8750 50.26 -21.80 28.46 30.00 -1.54 peak
6 | 117.7500 47.10 -22.11 24.99 3000 -5.01 peak

B 3-16 7+=300kHz » L=4: T H: EMI 22 41 £ Pl *
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Radiated Emission Measurement
Date: 2013/10/14

File :EMI test Data :#188
100.0  dBuv/m

Time: 4 09:50:30

Il s —
|| Margin: —_—
I
I
|
|
I
|
50 ||
|
I
I
[
H i
Il 2 b
oo||
30.000 165.000 300.000 MHz
Site site #1 Polarization: Horizontal Temperature: 24 C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freg.. Level Factor ~ment  Limit  Over Height Degree
MHz dBuV/m dB dBuV/m dBuV/m dB Detector cm degree Comment
1 38.7750 36.40 -26.25 1015 30.00 -19.85 peak
2 71.8500 38.66 -28.68 9.98¢ 30.00 -20.02 peak
3 * 83.3250 44.80 -29.90 14.90 30.00 -15.10 peak
4 100.8750 39.88 -28.02 11.86  30.00 =18.14 = peak

B 3-17 £fo=300klz > L=4. 7w H> EMD -k T & i &7
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Radiated Emission Measurement

File :EMI test Data :#207 Date: 2013/10/24 Time: 4 07:43:36
1000 dBuv/m
I3 —_—
M argin: —

50

0o

30.000 165,000 300000
Site site #1 Polarization: Vertical Temperature: 24°C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:

Reading Correct...Measure- Antenna Table
No. Mk. Freq.”  Level Factor ~ ment Limit Over Height Degree
MHz dBuV/m dB dBuV/m dBuVim dB Detector cm degree  Comment

1 ! 387750 _ 46.30 -20.22 26.08 3000 -3.92 peak
2 X 61.7250_..-50.63 -19.97 30.66 30.00 066 peak
3 X 65.1000 . 53.85 -20.94 32.91 30.00  2.91 peak
4 X 684750 ° 54.00 -21.91 32.09 30.00 " 2.09 peak
5 * 826500 63.10 -24.77 38.33 30.00 8.33 peak
6 X 102.2250 52.58 -21.82 30.76 30.00 0.76 peak

B 3-18 7fo=1000kHZ > L=1-5 - EMI 23 & i+ & Bl %
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Radiated Emission Measurement

File :EMI test Data :#206

1000 dBuv/m

Date: 2013/10/24 Time: T4 07:39:15

op:
Margin:

|
|
\
\
|
|
\
|
50 ‘
\
|
\
l
\
|

165

0oo 300 000

MHz

Site site #1 Polarization: Horizontal Temperature: 24°C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq... Level Factor ~ ment Limit Over Height: Degree
MHz dBuV/m dB dBuV/m dBuV/m dB Detector cm degree  Comment

1 38.77500  46.55  -26.25 20300 30.00 -9.70 peak

2 67.8000 "  46.81 -27.88 1893° 30.00 -11.07 peak

3 * 826500 @ 57.19 -29.97 27.22  30.00 -2.78 peak

4 99.5250 4758  -28.02 19.56  30.00 +-10.44  peak

B 3-19 7«=1000kHz > L=1. 5 peH > BEMT -k T 4& 1+ & JRl55

5
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3.3.2 Ferrite Bead #i3xi= % % EMI £ ip|% % cn &8

w4 7 EMI * e~ i % % 4% $eisk(Ferrite Bead) @ v

e

“H 433 +7 2@ Ferrite Bead > A1%% : PBY201209T-600Y-N >

% 3-4 % %3 Bead vhF + #F14 B) 3-20 3 :%3F Bead hrEdniF 4B o

Electrical Characteristics

Bait Mimber Test Frequency Impedance DC Resistance Rated current
(MHz) (£1+25%) (£2) Max (mA) Max
PBY201209T-100Y-N 100 10+30% 0.01 6000
PBY201209T-170Y-N 100 17 0.02 5000
PBY201209T-300Y-N 100 30 0:015 4000
PBY201209T-500Y-N 100 50 0:025 3000
[PBY201209T-600Y-N 100 60 0.03 3000 |
PBY201209T-800Y-N 100 80 0.04 3000

3. 3-4° Ferrite Bead (73 & 41+
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PBY201209T-600Y-N

90
20 f’f-q"‘*
70 . ’/4 \{
O 60 I //
= A
0 4 A/
2 A1 —
E 40 /| A —R
= A LA —
30 7 7 ]
20 //ﬁ /|
10 L / —N :
_'_,_,__.---"'"f / \\
i = . il . M L1111l
1 10 100 1000 10000
FREQUENCY(MHz)
Bl 3-20 Ferrite Bead sfifedrdd |4 B
B 3-20 &7+ 5 ZRX endF o dns 10MHz 1 T en R AT R

ZAe X B TS g RPN o Bead ¥ B2AF R Q ET R X
frR = ¥ 50MHz e ¥R > BB S o AE T B A BV
3 4p 7 fie o K _50MHz "4 F & -750MHZ Fasi & B P R FT R PR o
RIS E R 2 A R 8 Erednn To0MHz 22 f6 aup 5 -
Bead ¥ 5 & 7 F4

B 3-21 & R Rg I fte ~ bead {6 0 bead # {6 fik A0t ] o
channel 1 % bead {é 1% % ; channel 2 % bead # i % » b fic H 2%
i B %k T  TE o FA4EP et » bead (6 /EF ¥ % X ringing #rid

& 3 o v1 T F] 3-22 1 ] 3-27 & v » bead 1 EMI IR &% > A
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D50-¥ 30344, MY53160816: Sat Dec 14 13:41:11 2013
B / 0.0s GO0.08/ . 1

10 _::.

IJPJ*,,__HH[ | - D.nzi

Hz

121mY

39



Radiated Emission Measurement

File :EMI test Data :#200 Date: 2013/10/27 Time: T4 12:44:26
1000  dBub/m
[l & e
‘ ‘ Margin _
I
I
Il
I
I
I
50 ‘ ‘
I
4 ‘ 7
3% %

o it =l
H
30.000 165 000 300000 MHz
Site site #1 Polarization:, Vertical Temperature: 247
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBIW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq.  Level Factor ment Limit Over Height Degree
MHz dBuV/m dB dBuV/m dBuVim dB Detector cm degree  Comment
1 39.4500.. 42.22 -20.22 22.00 30.00 -8.00 peak
2 ! 522750 . 44.04 -19.76 24.28 30.00-5.72  peak
3 X 651000 © 51.32 -20.94 30.38 30.00._ 0.38 peak
4 X 684750 53.30 -21.91 31.39 30.00 1.39 peak
5 * 826500 59.40 -24.77 34.63 30.00 4.63 peak
6 X 1022250 53.05 -21.82 31.23 30.00.1.23 peak

Bl 3-22 £=1000kHz > L=1.5 uH > % B & 2%

‘e bead e EMI £ & f& 1 £ R %
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Radiated Emission Measurement

File :EMI test Data :#199 Date: 2013/10/27 Time: T4 12:41:17
1000 dBuv/m
[l O3 —
| | Margin: —_—

50

1

o ik e i e hii
Mo
0.0
30.000 165.000 300000 MHz
Site site #1 Polarization: Horizontal Temperature: 47T
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq... Level Factor ~ment Limit Over Height - Degree
MHz dBuV/m dB dBuV/m dBuV/m dB Detector cm degree  Comment

1 38.7750 38.63 -26.25 12.38 30.00 -17.62 peak

2 68.4750 46.16 -28.02 18.14 30.00 -11.86 peak

3 * 826500 52.40 -29.97 22.43 30.00 -7.57 peak

4 102.2250 46.24 -28.09 18.15 30.00 =11.85 = peak

®l 3-23 Lo=1000kHz > L=l o7l > % By ) =

4c bead sF7EMI -K T4 - & Rl %
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Radiated Emission Measurement

File :EMI test Data :#202 Date: 2013/10/27 Time: 4 12:55:19
1000 dBuvém

ap —
Margin: —_—

50

0o
30.000 165.000 300,000 MHz
Site site #1 Polarization: Vertical Temperature: 24°C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading _ Correct Measure- Antenna Table
No. Mk. Freq..  Level Factor ment Limit  Over Height. Degree
MHz dBuV/m dB dBuV/m dBuV/m dB Detector cm degree  Comment

1 39.4500, « 42.22 -20.22 22.00 30.00 -8.00 peak

2 1 5227500 4417 -19.76 24.41 30.00 -559 peak

3 ! 61.7250 T 46.75 -19.97 26.78 30.00 -3.22 peak

4 | 651000 ©50.86 -20.94 2992  30.00 —=0.08 @ peak

5 X 67.8000 5258 -21.72 30.86 30.00 0.86 peak

6 * 84.0000 5935 _ -2454 34.81 30.00 4.81 peak

7 ! 1022250 51.27 -21.82 29.45 30.00 =0.55  peak

Bl 3-24 £»=1000kHz > L=1.5 pH > % B & 2 pEd Hem fe

‘e bead e EMI £ & &1 £ R %
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File :EMI test
1000 dBuv/m

50

Radiated Emission Measurement
Date: 2013/10/27

Data :#201

Time: F4F 12:52:02

QP —_—
Margin —_—

00
30.000

165.000

300000

MHz

Site site #1 Polarization: . Horizontal Temperature: 24°¢C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq.l = Level Factor ~ment Limit Over Height' Degree
MHz dBuV/m dB dBuV/m dBuV/im dB Detector cm degree  Comment

1 38.7750  38.70 -26.25 1245 _30.00 -17.55 peak

2 67.8000 4524 -27.88 17.36 30.00 -12.64 peak

3 71.8500 = _46.36 -28.68 17.68 30.00 -12.32 peak

4 * 826500 5228 -29.97 22 31 30.00 -7.69  peak

5 102.2250  44.25 -28.09 16.16 30.00 -13.84 _peak

1 3-25 Fu=1000KHz ~ L= 52 T 2

4v bead “7EMI "k LT 4& 1 &

43
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Radiated Emission Measurement

File :EMI test Data :#194 Date: 2013/10/27 Time: 4 12:17:48
1000 dBuv/m
apP: —_
Margin —_—

50

0o

30.000 165 000 300.000 MHz
Site site #1 Polarization: Vertical Temperature: 24°C
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading Correct Measure- Antenna Table
No. Mk.  Freq... Level Factor ~ment Limit Over Height: Degree
MHz dBuV/m dB dBuV/m dBuV/m dB Detector cm degree  Comment

1 39.4500°  41.27 -20.22 2105  30.00 -8.95 peak

2 49.5750 41.27 -19.86 21.41 30.00 -859 peak

3 X 651000 © 51.20 -20.94 30.26 30.00 0.26 peak

4 X 67.8000 5265 -21.72 30.93 30.00 "0.93 peak

5 * 826500 6159 -24.77 36.82 30.00 6.82 peak

6 * 826500 61.59 -24.77 36.82 30.00 6.82 peak

7 X 995250 54.22 -21.86 32.36 30.00+" 2.36 peak

8 X 1022250 53.44 -21.82 31.62 30.00 '1.62 peak

Bl 3-26 /+=1000kHz > L=1.5 «H > § §%:8

‘e bead e EMI £ & &1 £ R %
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Radiated Emission Measurement
File :EMI test Data #193 Date: 2013/10/27 Time: 245 12:14:41
1000 dBuv/m
QP —
Maigin: —_—

50

W

0o

30.000 165.000 300000  MHz
Site site #1 Polarization: Horizontal Temperature: 247
Limit: CISPR22 ClassB 10M Radiation Power: Humidity: 76 %
EUT: Distance: RBW: 100 KHz
M/N: VBW: 100 KHz Sweep Time: 300 ms
Mode:
Note:
Reading CorrectMeasure- Antenna Table
No. Mk.  Freq."  Level Factor ment Limit Over Height Degree
MHz dBuV/m dB dBuV/m dBuV/m dB Detector cm degree  Comment

1 38.7750__ 40.91 -26.25 14.66 3000 -15.34 peak

2 67.8000 . 46.32 -27.88 18.44 « 30.00 -11.56 peak

3 71.8500 « 47.63 -28.68 18.95 . 30.00 -11.05  peak

4 745500 © 4846  -29.21 19.25  30.00 .-10.75 peak

5 * 826500 5548  -2997 2551 30.00 -449  peak

6 102.2250 4595  -28.09 17.86 30.00 -12.14 - peak

B 3-27 ([ 15=1000kHz > L=1.5 « H > § §%8

4c bead e EMI -k T &1 & Rlg %
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LR Bl R TR F bead RTHNTREE > TEGHE
PlE R AR BT RBIFT keIl %> £ 3-5 fo 3-6 2~ 100MHz
(s N B A R A Fp 5 8L K 4 bead % Rt i 0 4e T bead e
Fhrvde A dehbead gk T F ot 4 bR s % ER
BAEF BT AR P (AR ) 2T S HOE TR
A ke AP Am N TR bead T G opkdr A

Step-Down DC-DC Converter p #8714 2 feit + 3§ o
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Ferrite Bead = §

#& Ferrite
3 5 B TRE

Bead & Bl| & BRia = A A

(MHz) +5cm HE B E
®(dB) | g pliE(dB) g g & (dB)
(dB)
39. 450 -3.92 *! -8. 000 -8. 000 -8. 950
65. 100 2.910 0. 380 -0. 080 0. 260
82. 650 8. 330 4,630 4.81%* 6. 820
102. 225 0. 760 1.230 —(0. 550 1.620
] ¢ 380 TT7OMHz e ipl. 2 %

332 0 84, 000MHZ =& iRl 55 %

47

% 3-5 # F bead =g e it ¥ P B R




Ferrite Bead = §

#& Ferrite
4 & 8k TRE
Bead & Bl| & R = A A
(MHz) +5cm HE B E
®(dB) | g pliE(dB) g g & (dB)
(dB)
38. 775 -9.7 -17. 62 -17. 55 -15. 34
67.8 -11. 07 -11. 86 *? -12. 64 -11. 56
82. 65 -2.78 -T.57 -7. 69 -4. 49
102. 225 | -10.440 %" -11.85 -13. 84 -12. 14
3x 1 : 99.525MHz & Bl %

3 2 ¢ 68. ATOMHZ =& i) &%
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&
-%;\?.

WL 7T A SDT IR %% * Switching Regulator # # % 5 %
SE TR AR o £ SERFET URTA
HLRFETIHARLR S FRETES AL FRER -

=3
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