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P — Shortwave Radio, | VHF Television, FM GPS, 4G Mobile e e I
arl.ne SR o AM Radio, Amateur Aviation Radio, Weather Phones, Satellite ° |e., a.e e a. |.o stronomy,
Wireless Heart Navigation, RFID . L . . . Communications,  Millimeter Wave
. Radio Communication, |Radio, Line-of-Sight Radio, Remote o
Rate Monitors .. WiFi Scanner
NVIS Communications Control Systems
Designation VLF LF MF HF VHF UHF SHF EHF
Wavelength 100 km 10 km 1 km 100 m 10 m 1m 10 cm lcm 1 mm
Frequency 3 kHz 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz
e\
lectric \\\ \ ! ’
Elec D
Field 4G 56“\\
Wavelength | Advantages of Higher Frequencies

More use of the frequency spectrum

High capacity (bandwidth) / sending more data in less time
Disadvantages of Higher Frequencies
Shorter range
Signals may be blocked by dense objects
Magnetic If outside, weather conditions have an impact
Field
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Capacity / Bandwidth vs Range

Capacity / Bandwidth

5G mmWave
e >24GHz

Urban Areas
Dense Population

5G Mid Band
e 1GHz - 6GHz

Frequency

Rural Areas

5G Low Band ' '
ow Ban Light Population

e <1GHz
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RF Capacitor Applications and Functions
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Ceramic Capacitor Basics
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Ceramic Capacitor Basics aVAGEO compeny
MLCC Construction

Base Metal Electrode (BME) Detailed Cross Section

Dielectric Material
(CaZr0,)

>99.9% of all MLCCs shipped in - Barrier Layer Dielectric (BaTiD,)
the world used Nickel electrodes (Ni) Material (CaZr0,)
— (BaTio,)
St e gen End Termination/
Termination Finish External Electrode

(100% Matte Sn) (Cu)

/

Inner Electrodes
(Ni)

/
End Termination/
External Electrode

(Cu)  Barrier Layer

(Ni)

Termination Finish
(100% Matte Sn)

N Inner Electrodes

(Ni)
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Ceramic Capacitor Basics
|deal Capacitor

ldeal Model

Ideal Capacitor ||
Pure Capacitance | |
No resistance (ESR)
No Inductance (ESL)

Impedance Versus Frequency
1000

> 1 10pF Example
= - 7 100 ==l
21 * Freq x Capacitance A
% 7S I I B N
S 1
Z = Total Impedance ¢ Vs
gx 1
0.1
100 1000 10000

Frequency (MHz)
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Ceramic Capacitor Basics
Real Capacitor

Real Capacitor
C - Nominal capacitance
ESR — Equivalent Series resistance
ESL - Equivalent Series inductance

Z = JESR? + (X, — X()?

Z = Total Impedance

ESR = Equivalent Series Resistance
Xc = Capacitive Reactance

X; = Inductive Reactance

©KEMET Corporation. All Rights Reserved.

Impedance Magnitude {Ohms)

1000

100

KEMET
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Simplified Real Model

C ESR

AN ——YY

ESL

Impedance Versus Frequency

C :10pF Example
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Closer Look at ESR

Impedance Versus Frequency
1000
RF Frequencies >
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RF Capacitors

What's the Difference?

A (¥2

“Standard” Ceramic Capacitor RF Ceramic Capacitor
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Key Characteristics for Capacitors in RF Applications
What's Important for Design Engineers?

ESR @High Frequencies ¢ Q @High Freguencies

Equivalent Series Resistance Quality Factor “Efficiency”

Power Dissipation = i x ESR
ESR — Waste as Heat ‘

Most Important

SRF

Series Resonant Frequency

Capacitance Change vs Temperature o Impedance Versus Frequancy

< 30ppm/°C s T :
S 10 Tl :

-="
-
-
-
P

Capacitance Change

Temperature
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So, What is an RF Capacitor?

An RF capacitor is a capacitor whose “characteristics” are optimal at RF frequencies

Key Characteristic RF Capacitor Requirements

ESR (Equivalent Series Resistance) Lowest possible ESR at RF frequencies

Q (Quality Factor) High Q at RF frequencies

SRF (Series Resonant Frequencies) High SRF as high as possible

TCC (Temperature Coefficient of Capacitance) Minimal capacitance shift across temperature

So, for RF capacitors, materials are chosen, and designs are optimized so that the capacitor’s characteristics
are optimal at the higher frequencies.

©KEMET Corporation. All Rights Reserved.
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Opt|m|2|ng MLCCS for RF App“Ca'nonS a YAGEO company

Dielectric * LowESR/HighQ  Typically, High Q class 1
Temperature and dielectrics such as COG or

Voltage Stability NPO

Electrodes e Low ESR/High Q * Non-ferrous materials
Low Inductance * No Nickel electrodes

» Copper (BME)
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KEMET HIQ-CBR Series
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KEMET

KEMET HiQ-CBR Series RF & Microwave

Commercial and Automotive Grade

RF Power Amplifiers, Base Stations, Radios, Wearables, etc.

V2X, Automotive Communication Systems

AEC-Q200 Qualified (Automotive Grade Only) ‘

RF, Microwave, mmWave Bands

1 MHz to 50 GHz
Ultra-Low ESR, High Q '

0201 - 0805 EIA Case Sizes ‘
Copper Electrodes High O BME Class 1 Dielectric
0.1pF - 100pF . * Low ESR « LowESR
« HighQ

« HighQ

* High SRF -+ LowTCC
6.3 - 500 Vdc ‘

Downloadable S-Parameters Available
Advanced Modelithics™ Models

©KEMET Corporation. All Rights Reserved. 17




KEMET HIQ-CBR Series
CBR Application Frequency Range

. .. Shortwave Radio,
Marine Navigation,

e e Navieation. RFID AM Radio, Amateur Aviation Radio, Weather Phones, Satellite . S Vi
Ireless .ear avigation, Radio Communication, | Radio, Line-of-Sight Radio, Remote ommun.|c.a (el !
Rate Monitors . WiFi
NVIS Communications Control Systems
VLF LF MF HF VHF UHF SHF
“« ” (HIQ-CBR
4sssssm—— “Standard” MLCC Range mmm) {umm (' HiQ-CBR pu)
Wavelength 100 km 10 km 1 km 100 m 10 m 1 m 10 cm lcm
Frequency 3 kHz 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz
Y
\\\ L Y \ J
4G )
- 5G Y,
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VHF Television, F\M

(«

GPS, 4G Mobile

(«I
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YHiQ-CBR

RF & MICROWAVE

5G Mobile, Satellite Rad

KEMET
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lio Astronomy,
limeter Wave
Scanner
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1 mm
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KEMET CBR Characterization and E2Di

‘Why is KEMET’s CBR Series not in the KSIM tool?”

E2Di

©KEMET Corporation. All Rights Reserved.



ESR (Ohms)
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Y)HiQ-CBR

RF & MICROWAVE
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ESR and Q
1
g | pF
\‘\‘_., == 4TpF
..._________.l__.__._. wmges 10 pF
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e 17 DF
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001
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—— 22 pF
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1
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ESR, Q, d SRF = EasyTO
DatashegA\/afslgability Ez D I

SRF (MHz) vs. Cap (pF)

Elimmg Comgonesnig

Surfece Mount Multilsyer Ceramic Capacilons (SMID MLCCe] for High Power Applications
Hil-CBR Series, COG Dielectris, Low ESR 6.3 = 500 VIDEC, 1 MHz = 50 GHz (RF & Micionave) CHARIED:

100,000
—
— 0402
. 10,000 = -
] — s
=
& C
@ 1000
100
o 10 100
Cap (pF)

RF and Microwave

Ultra HIQ-CBR Squared, COG Dielectric, 250 VDC
HiQ-CBR, COG Dielectric, Low ESR, 6.3 - 500 VDC

https://www.kemet.com/en/us/capacitors/ceramic.html#tab-datasheets
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Electrical Characteristics cont.
ESR vs. Frequency 0402 {0 vs. Frequency 0402
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S-Parameters P comeany
Low Frequency Design vs High Frequency “RF” Design

Impedance / ESR Approach S-Parameter Network Approach
» o \ 10pF 0805
-10
L N | ——
v K NC -
-20 <
% -30 \ ]
/ = \ /
\
-6050 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency (MHz)
al — S S < a2
Z 11 12
bl <— S,; S,, || —b2
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S-Parameters (Scattering Parameters)

What are they?

quht Analoqy
i

Incident Light

o
A
A

?\G

Transmitted Light
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RF Voltage Wave

CCCCC

F |d
Wavelength
Dsta nce

VWY

InC|dent Wave ﬁ
> <
A;\\eo(

11 —

Transmltted Wave

Reflected Wave Transmitted Wave

21 —

Incident Wave Incident Wave



S-Parameters
Example of S11 Plot

-50

-60

CBR 0805 10pF 50V

KEMET

N\ Y
\\“9@/}) |
\9/ "]
2
\\\"C‘o
\ / Cs Looks like an impedance|curve
50 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
— Frequency (MHz)

KSIM Frequency Range
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S-Parameters
How Designers Use Them

RF Simulation Tools

* Keysight's Advanced Design Systems (ADS)
+ Keysight's PathwWave RF Synthesis (Genesys)
» Cadence AWR'’s Microwave Office

» Other tools available

ASCII text files - Touchtone Format

'agi lent Technologies,E5071C,My46109480,4.09. 54

'Date: Tue Oct 11 20:23:29 2011
'Data & Calibration Information:
'Freq S11:50LT2{0N)
# Hz 5 de R 50

50000000 -3.760025e-001 -1.
74937500 -8.16845%9=-001 -Z.
99875000 -1.360752e+000 -3,
124812500 -1.973216ef000 -3.
149750000 -2.616565=+000 -4,

©KEMET Corporation. All Rights Reserved.

521 :SOLT2(ON)

74523024001
525207e+001
223251e+001
834190e+001
365442e+001

e T B T T

512 :SOLT2(ON)

-1.
-7.
-5.
-4.
-3.

070520e+001
644 260e+000
704231e+000
39131 8e+000
46357 2e+000

TOAAATTE - Ann

&L En o

£

S-PARAMETERS |

sP1
Star=0GHz

Stop=6 GHz

Step=0.01 GHz
DIODEM1

=5e-6A Bv=2
Rs=20 Ohm  lw=1 mA
Gleak = Nbw=
N=1.05 Iowl=
Tt=1e-1158¢ Nbvi=
Cd= Ki=

Cjo=0.14 pF  Af=
Vj=0.34 Fle=
M=0.4 Jsw=
Fe=05 Rsw=
Imiax= Gloaksw =
Imalt= Ns=
E=0A kp=

Nr=2 Cisw=

kf= Msw=

522 :SOLT2(ON)

. 279950e4001
.481506e+001
. 780029e+001
.161158e+001
. 626452e+001

R e T e TS

KEMET

a YAGEO company
[ ] _
@“,ﬂm L] @%&'ﬁ A0
Num=1 Num=2 —
Z=50 Ohm b Z=50 Ohm i
= SNP1 - Zint
L Fle="G My Drve\ADS_Workspaces'S2P\SERIES _' Zin1=zin(S11 PolZ 1)
}_._
Feau~
:.:::Ecal ing=no C=007 pF
Rt g t
e []am o ) -
i iy L=0.35 nH L=0.35 nH ey 2
£= i iy .J“r‘v“\_._E >+_. N &= m Zin
- UL R e R = on Ilngznn(SH_Pnnﬂj
= L5 1 =
L=0.3nH :Jit)d‘;t:mom—fm
R= Area=
Pariph=
Scale=
Region=
Temp=
Trise=
Mode=nonlinear
-1.070209e+001 7.2E81087e+001 -3.737441e
-7.641570e+000 6.482366e+001 -B.142310e
-5.70276%=+000 5.781035e4+001 -1.357891e
-4.389353e+000 5.162188e4+001 -1.970618e
-3.460819%9=+000 4,627317e4+001 -2.613514e
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Considering Effects of the PCB and Pad Dimensions

= p.ropertles S11 versus Frequency for Multiple PCB Types
*  Thickness CBR 0805 5.6pF

«  Dielectric Constant
Trace Thickness

E_IT}R ESL I Parasitic Capacitance

59 mil FR4

S11 (dB)

21 mil FR4

Model - solid lines I I
oy

Measured - markers
s 8 10 10 mil FR4

50 L ‘ ! . ! .
0 2 4 6 8

Frequency (GHz)

Pad Dimensions
- Length =
*  Width

*  Spacing

—Y—

Grid Placement Courtyard

©KEMET Corporation. All Rights Reserved.
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Advanced CBR Modelithics Models EZDi

Full Parasitic Models

 PCB Properties
 Pad Dimensions

MSub

Md=MiRogens4 3508

MBub1

H=4 mil

Er=4.1%

Mur=1

Cond=1 0E+07T
Hu=3. 83T0 1e+34 mil
T=0.043 mm
TanD=0.0031
Rgugh=0 mil

=Modelithicss 0 )
Simulating Real World Parasitics -10-
« Capacitance and Tolerance N -
m -20-
Z
& -30—_
4 mil Rogers 4350B 40 e
| |_> 50 ohms
- - S11 1
"{-I‘_l“- S e -50 T | T I 1 | T | T I . I J
i,;}};_egaai_e‘r 0 2 4 6 8 10 12 14 16 18 20
e oo P FRRHON b o o Frequency (GHz)
TormG1 e 'S | emaz Lines — Model, Symbols — Measured Data
,Z‘;“Jghm Pbd:Lorqtmo 2 mm ;‘:,no:ghm )
Foosin i [ 4 mil Rogers 4350B

+ 20 mil Rogers 4003C
¢ 60 mil Rogers 4003C

First Pass Design Success!!!
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Advanced CBR Modelithics Models EZDi

How Designers Access Models

RF Simulation Tools
« Keysight's Advanced Design Systems (ADS)
« Keysight's PathwWave RF Synthesis (Genesys) https://www.modelithics.com/mvp/kemet

* Cadence AWR S Mlcrowave Offlce #Madelithicsw What's New  Free Trial Request  Register  Log in : @

ACCGSS“ Ig MOdels Z=Modelithics*
Electronic Components Vandor Partner
. COl itact P rOdUCt Mau lagel nent

KEMET Electronics Corporation is a leading global supplier of electrenic compenents. We offer our customers the mqu“t

broadest selection of capacitor technologies in the industry, aleng with an expanding range of electromechanical devices, w

electromagnetic compatibility solutions and supercapacitors.
Start your next design with the most accurate and well documented FREE ftrial is available for this MVP’s component
RF, Microwave and mm-Wave Simulation models in the industry! library. Click the free trial Iimage above 10 request.

IModelithics passive and active, measurement-based simulation
models integrate seamlessly with the latest electronic design
automation (EDA) simulation tools.

brf

Request Part Samples

Visit the Modelithics COMPLETE library for more information on the

Kemet MVP Broch full capabilities and advantages of Modelithics high accuracy models.
Our goal is o help you achieve first pass design success!

m Related Presentations Related Literature News/Promotions

. A
/%, Part Number b Model ¥ T Part Values Features

o CBROB CAP-KMT-0805- 0805 20 0.3-100 pF S8:P3:VS:
107

© CBRO& CAP-KMT-0603- 0603 20 0.3-100 pF SS:PSIVS:
002-8

o CBRO& CAP-KMT-0603- 0603 20 0.3-100 pF S-Parameters SS:PS: VS
an?

©KEMET Corporation. All Rights Reserved.
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KEMET

KEM ET HlQ CBR a YAGEO company
Full E2Di Support
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12 1
eeeeeeeee (GHz) i
. : -—
CAP_KMT_D402_004_MDLXCLRKM] Tiii. )
{r:::i:;cgam_cn
'H.H:I o - Full Ric | Ki
nce=1.0
W idth=0.52 mm »
S % arnell /
| AN AVNET comPaNY 4

{
i
¢
_E
\Ye
5

\- J
r N

N/
)\
N/
VAN

Advanced § e h
Datasheet Data S-Parameters Modelithics Engineering Stocking
ESR/Q/SRF Available Kits Package
Models 0402/0603

g VAN VAN VAN VAN J

N\ J

(«I’)) HiQ-C BRYEZ Di

RF & MICROWAVE
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“Standard” Capacitor

Low Frequencies <100MHz

Nickel (BME)
Low ESR

Moderate Q-Factor

Class 1 or Class 2 Dielectrics

Standard E2Di Tools (KSIM)




capacitor is a capacitor whose “characteristics”
al at RF frequencies
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