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Basic Contents Explanation
e~ N EASUY:

IN' BYPASS CIRCUITS

Capacitors filter signals and lead

unnecessary signals into a
Note: F: bypass.
The information of this material are as of the date mentioned above. They are subject to change without advance notice. If there are any questions, please
contact our sales representatives or product engineers.
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Material of Capacitor
e

Using plastic film as the dielectric , thin metal film metal as inner electrodes ,

— Film ;ﬁﬁ """""""""""""""" stacked and rolled up together.

Non polarized organic film capacitor.

: =; Using Ceramic as the dielectric , metal baked with ceramic as inner
Ceram IC Bﬁﬁ """""""" electrodes , non-polarized and non-organic capacitors.

. . n Using high purity conductive material as positive electrodes , oxidized
Fl XEd — A| uminum %I:I rrrrrrrrrrrrrr layers on the electrodes , either liquid or solid electrolyte contacting

. oxidized layers as the negative electrodes.
Capacitor —

&€ B A A

L Clacec iElEE 000 Using glass film or glass powder as the dielectric , metallic foil or
G I ass I&I% metallic paste as electrodes.

— Mica J_KE """""""""""""" Using natural Mica as the dielectric , metallic foil as inner electrodes.
Electrolytic

L Dnithlal aviar Impregnated collecting electrode with liquid electrolyte , divided
DO u b l € L ayer into positive / negative / by a porous separator as polarized capacitors.

RSB R



Capacitance Range by Material
BB uRata
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The Wonder Stones - Ceramic
ST R

Ceramics that Store Electricity Ceramics that Ceramics tha_tt Change an Electric
ﬁﬁﬂ:?f @Eﬁl"-ﬂ% S Expand and Contract Flow According to the Environment

~ Wty BRI A R
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| faie
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Ceramics that Sense Ceramics that Shut Ceramics that Induce Ceramics that Transmit
Infrared Rays out Electricity Magnetism Light
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The Wonder Stones - Ceramic
54 - BE&

Ceramics that Store Electricity <DIELECTRIC CERAMICS>
fAEEFRMA </ EBEE

*The capacity to store electricity temporarily by dielectric
polarization.

AN AR & Bt i 7 B
* AC Passes, but DC is Stopped. (Capacitor, EMIFIL...)
ACReBIE , {BECDHEF{ET. (EB&EE, KiKE...)

Ceramics that Expand and Contract <PIEZOELECTRIC CERAMICS>
BRENYT BISEE <ELEE

*When voltage is applied, piezoelectric ceramics expand and
contract.

—BBEHNA , EREEMSHRYT BEM%E

*When force is applied, they generate a voltage.
(PIEZOELECTRIC BUZZERS, ULTRASONIC SENSORS...)
—BRemnh , fila~4E8E, (ERIENEE , BRRERES)




The Function of Ceramic Capacitor
SRSy auflats

Smoothing _ De-coupling
ﬁ;ﬁ o ,.:5..- \'@@

o | i LA BYPASS CIRCUITS
ECIRCUI\T{\QER SUPPLY Capacitors filter signals and lead
. Capacitors remove noise from ténnzcs::ssary signals into a
FRHFBEEL  the electric power coming from s EERER L
SEBUREHBN an outlet, RSN EESHEERE
BN RIRE SHTRUEMIES
Coupling Tuning Temp compensation Resonance

i BB iR
2 Sk

IN TUNING CIRCUITS =
Capacitors pick up the required

signals from among the many T:I_:"IH'iE EE.R%J: 'I'E 3 N1
y available.
"IN COUPLING CIRCUITS BEEBMAS s Nl i

IN RESOMANCE

Byl o abiek o7 B IRBERES The functions of components such CIRCUITS
u an N
scrent oy AG Sanal. 2o anssors o afeced by 54 F A BRAIRBEA Bt SR
N temperature. Gapacitors TCITHEEINRUEERS signals.
EHRSHEE L compensate for this affection and HGEEEFR 2R, .
BEBEFDCAIN , ensure normal operation, B FIXLRIAET i b
HRBEESACES EHBRIEFERE. BERRENEmS

ERERENES



The Function of Ceramic Capacitor
fEBARTIE

=3
E

Use A& Function 4=
Decoupling When more than 2 amplifiers connected, capacitors are used so that even the
+ 13 slightest amplified signal will not be fed back from the front amplifier, which
causes unstable operation or oscillation.
Coupling When a capacitor is connected to a number of amplifiers or other circuits,
e it effectively blocks the DC current and permits A.C signal.

Smoothing the
voltage waveform
EEGR A EE

A monolithic capacitor is connected to a position following a rectifying diode of
the power supply circuit,and where this diode is used for rectifying the AC ripple
elements contained in the incoming AC current.

When the voltage waveform rectified by the diode contains excessive ripple, it
should be properly smoothed before eventually being passed to other circuits.

Temp.Compensation
M

The functions of components such as transistors are affected by changes in
atmospheric temperature.
Capacitors compensate for this effect and ensure normal operation.

Oscillation
=%

An RC oscillation circuit is formed by being connected to a resistor where
T.C or tolerance are not required, e.g.,tuning circuits

Tuning A&

Capacitors are used to select the desired signal.




The Function of Ceramic Capacitor
R LSRR uata

‘ Coupling #RB& |

" >o | J/T

Capacitors shut off DC and accept only AC signals.
HERNDCAatIE , REEERACES



The Function of Ceramic Capacitor -R:

fa= A ASHITIRE

‘ Decoupling HEi8 |

MM 4

0

Aa,

Capacitors shut off DC and
accept only Noise signals.
BAZXNDCEIH ,
AHEEREEES



The Function of Ceramic Capacitor
fBE B RITNEE

Smoothing i

NANN
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Material of Capacitor

BRI

—Film &R —

Fixed
Capacitor

Bl E KA 2

| Ceramic & —

- Polyester Capacitor (Mylar)
REEES

— Polyethylene RZH

— Polycarbonate SRHBEEEE
L Polypropylene BEHE

— Class 1 %31

— Class 2 X512

— Aluminum %8 —|: TANTAL
AL

L Class 3 %*3%13

— Glass %S

— Mica =}

|__Electrolytic

Double Layer MfE LR E

Relatively small.

Higher resistance , better TC
Large / Expensive

Higher resistance , better TC

Higher BDV , Large

Variety of TCs , suitable for Temp. compensating

Higher C/V per unit volume. o
Or Higher ‘k’.

Small size for disc cap , lower BDV

Large cap , small size @
Polarized / Low BDV &
Large cap. Polarity =

Higher BDV , Better TC
Low cap. Expensive

Higher BDV , Better TC
Low cap. Expensive

Extremely large cap. Backup for battery



Ceramic Material & Characteristic

P4 E IS

Class |Ceramic Material |Ceramic Character Temp. Char.|Capacitance Range Recommended Circuit
oK |BEFH PR BERFE |FEHA W BRI
Class 1| Temperature Capacitance Accuracy |<EIA> CHIP 0.1pF - 0.1uF [In Band Pass Filter Circuit
412%1 |Compensation |[for temperature COG,U2J  |K#R¥E (OR1 - 104) AR ISR BB BR
= B {E A WnEREEREKRN |[<EAI> In Coupling Circuit
(TCR) CH,UJSL |LEAD  1pF-680nF |MSEHIE
fi I (010 - 683) In Temp. Compensasion Circuit
o P A B B
Class2 |High Dielectric |Hi Capacitance Value |<EIA> CHIP 100pF - 100uF |In By-Pass Circuit
nERK2 |ESNBERT ABEE X7R,Y5V, |H#¥A (101 - 107) IR B
(HI-KR) X5R,X6S In Decoupling Circuit
<EIA-J> LEAD  220pF - 4.7uF |EMRBI
B,R,F Eg il (221 - 475) In Resonance Circuit
5% BB B

[ Classification by Temperature Characteristic ]
Class 1: COG, U2J
Class 2 : X7R, X5R, Y5V




Temp. Characteristic (Class 1 & Class 2)
BT (B1) zuflata

40
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§' | [ Temp. Char. Specification] | ] \ ********* - X5R (Class?2) |
60 [ COG:0=%30 ppm/TC (+25 ~ +1257C) e (5 \/ (ClaSSZ) —
| U2 :-750+£120 ppm/C(+25~+85C) | | ~N_ 1
X7R : +15 % ( -55 ~ +125°C )
-80 | | X5R: %15 % (-55 ~ +85°C )
Y5V : + 22, -82 % (-30 ~ +85°C )
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Temp. Characteristic (AL/TAN-CAP Comparison)
BT (B1) auiFlata

40 | |
MLCC g% 0402 COG 1000pF 50V

(Class 1) Ta 4H 10uF 16V

20 ] AL 45 10uF 16V

S
()
G) '20
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o
©
@) -60 / \
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Bias Characteristic (Class 1 & Class 2)
B (H)

20

CO0G/50V

u23/50Vv

— CO0G/50V (Class1)
— U2J/50V (Class1)

N
-60 — X7R/50V (Class?)
i —Y5V/50V (Class?2)
_80 B \

Y5V/50V

40
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-100
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DC Voltage [VDC]



Bias Characteristic (AL/TAN-CAP Comparison)
B (H)

2 5 |

AL 10uF 16V
0
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(@)] \
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Freqg. Characteristic (Class 1 & Class 2)
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Freqg. Characteristic (Capacitance Value)
SERE () zuflata

Impedance [ohm]

100 \ \ AN
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10 |\ AN N ~ /
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Freqg. Characteristic (AL/TAN-CAP Comparison)
SEEASE ()
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Freq. Characteristic Explanation
S 15 muRata_

Equivalent capacitor circuit FHZKHEEZHR

Capacitance

TR
ESL ESR
LRIIBK LRI A
ABSTRACT =
- Every capacitor has ESR (equivalent Z — /\/ R2 + ( u)L - 1 / ((UC) )2
series resistance) and ESL. e e
SN ARBHAESR (SRIILE ) 7 () (58)
ESL( HFRIBRk),

\/RZ + (2nfL-1/(2 nfC))?

- For high frequency (MHz to GHz
range) microwave applications, ESR
should be lowered in order to reduce
loss.

WFEHE ( AMHZEIGHZAYTEE ) & BAEf-K) : (2nfL-K) (L@nrfC)-2)
BRI FAFESRA T Rl L #B R RHE .

- (Fgaittir:d for head word of Quality (BEC-K) (1/@27rfC) - 1)

FROAZXREER
-Q=1/DF (= loss tangent)



B.D.V. (Break Down Voltage)
LEBEE (#l)

B.D.V.(V)
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B.D.V. (Ceramic, ALITAN-CAP Comparison) R
LEBEE (#l) IIIIIIIIIIII

500

AOQ Fooerreeeee e % --------------------------------------------------------------------

BOO v oo

B.D.V [V]
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100
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Comparison of Various Capacitors

BHLEHEFROLER

Freq.

Temp.

High

High

Cap Char. Char. Voltage Temp. Size Life Cost
MLCC Good Excellent Fair Excellent | Excellent Good Excellent Good
tEeIectron Excellent| No Good | No Good Good Fair Good No Good | Excellent
AL . .
_ oS Good Good Excellent | No Good | No Good Fair Good Fair
Capacitor
SP Good Good Excellent| No Good Good Fair Good Fair
TA Capacitor Good Fair [Excellent| Fair Good Good Fair Good
Film Capacitor | No Good | Excellent | Excellent|Excellent| Fair | No Good | Excellent| Fair
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MLCC Structure
LOC £  muRlata

Monolithic Structure A%

Terminal

Ceramic Green sheet SAEEBR R

fAZ =
Ceramics
=
Printed
Electrode
ALK

_— Sn layer RKER

[ T 1 NiBarrier 82 &

Inner electrode Ni or Pd/Ag Ag-Pd/Ag or Cu Barrier 55—
NTEER



MLCC Production Process
R ARERRSRNIF

INCOMING INSP. OF
CERAMIC MATERIAL
S| ARERH

MIXING B&

DE-AIRING &~MXF

SHEET CASTING
BREIE

ELECTRODE PRINTING /

STACKING
B84 Bl F 4 B
| CUTTING 91K EQF%NG
|l e . L

TERMINATION £

TERMINATION FIRING
KRIFRE

TERMINATION PLANTING %4 % ¥

ELECTRICAL SORTING
B A FHESR OUTGOING INSPCTION

51 R

PACKAGING 813
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MLCC Application

MLCC RiF
Q'ty [pcs/set]

Application SMD Type Lead Type
LCD-TV 500 - 700 10 - 50
PDP-TV 500 - 700 5-15
VDR(DVD/HDD) 400 - 500 - 10
DVC 200 - 500 —
DSC 100 - 200 —
Mobile phone 100 - 200 —
FAX 100 - 200 - 10
PDA 150 - 400 —
Desk Top PC 400 - 800 400 - 800
Note PC 600 - 900 —
Automotive 300 - - 10
Navigation System 200 - 300 =
TV Game 400 - 1500 - 10
Refrigerator - 50 - 10
Lighting - 50 - 10




MLCC Application (Cellular phone)
MLCC Rif (#B3hEiF )

‘ Cellular Phone #zh 8% |

<Appearance> }5i <PCB> H i} Kk

R

el E = By
- s i ik




MLCC Application (Digital Camera)
MLCC A ( #iEB4#HE4M)

Digital Camera $¢53484

<PCB/Underside>

o
iR Qh?‘l!i!IlllilKihlIihiilzwi ‘_,lim’.. i ‘:h-‘r’li\ll.uliusi‘mxll .!ml i Jun ALY
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M/B(PC) Application
EB, BT JEC iR A2

PC Mother Board EEEx

PO 2, o i e TN
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Capacitor Consumption by Cap. Range
BRINAERER (FEEER)

Hi-Cap. (LUuF=C)
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O Ceramic &
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Capacitor Consumption by Material (LUF<)
R R R R LR

~100uF trend toward Ceramics in future

Year 1997 Year 2002 Year 2008
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MLCC Size Trend (£1uF)

MLCCHIEiE
60
T e T T S SRS
0603 (L. 6x08) | | 3
< 0402 (1.0x0.5) 0201
2. 40 | ‘ | (0.6x0.3
Ul |
O
Z
= 30
> ——— 1
N : : : |
CZ) 0805 (2/0x1.25) ! |
O 20 - l | | i
10 | 1206(32&6) ‘ . 01005
‘ and Over ‘ i | (0.4x0.2)
‘ ‘ —
0 DA o | 050025 (0.2x0.1) o

‘97 '98 '99 '00 '01 '02 '03 '04 '05 '06 'O7 '08 '09 '10 '11 '12 '13 '14 '15 '16
0201 will be main Size following 0402, 0603 size, in 2005. 01005 has also increase!
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