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m VSWRCO OO [0 VSWR Conversion

e VSWRO O O O VSWR Conversion Chart

gooo goomog
VSWR Reflection Reflection 0 0 0 dBh oo D ED oo oo D ED dBL
Coefficient Power Return Loss Transmission Power Transmission Loss
VSWR SO1 so1) so1) so1) so1)
EEES x 1 010 log | 2= 10| === fx1 010log 10 | ===
S S SO1 ESIZIJ 00 Oog[sm} { [SDJ 00 0log LSDJ ;
oooo
i 1000
etlecton alaxa r I 100 010 logI" *0 0 101 *[x 100 010 log) 107 °0)
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oooo
: 100 /Pe [P
Reflection e Pr 2001 10 lo P+J 1000 Ps 20001 10 log) 10001 P+J
R 10
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oooo 100 10072 . 200Ln 200 Ln .
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L. 1010078
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o 100,/ 1000 P+ /1000 P+
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Loss —— | J1o10tm 10001 10 0010 log |10 10° © 10 L+
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m dBm-W(O OO (0 dBm-W Conversion

e (Bm-WO OO OO dBm-W Conversion

A [dBm] =10 log:{] B [mW] O

dBm mW | dBm mwW dBm mwW dBm mW dBm W dBm W dBm W
-10.0 | 0.100 | 0.0 1.00 | 10.0 | 100 | 20.0 100 | 30.0 | 1.00 | 40.0 | 10.0 | 500 100
-9.0 | 0.126 1.0 126 | 11.0 | 126 | 21.0 126 | 310 | 126 | 41.0 | 126 | 51.0 126
-8.0 | 0158 | 20 158 | 12.0 | 158 | 22.0 158 | 320 | 158 | 42.0 | 158 | 520 158
-7.0 | 0200 | 3.0 200 [ 13.0 | 200 | 23.0 200 | 33.0 | 200 | 43.0 | 20.0 [ 53.0 | 200
-6.0 | 0.251 4.0 2.51 14.0 | 251 24.0 251 340 | 2.51 440 | 251 540 | 251
-5.0 | 0316 | 5.0 3.16 [ 150 | 316 | 25.0 316 | 350 | 316 | 450 | 316 | 55.0 | 316
-40 | 0398 | 6.0 398 [ 16.0 | 398 | 26.0 398 | 36.0 | 398 | 46.0 | 39.8 | 56.0 | 398
-3.0 | 0.501 7.0 5.01 17.0 | 50.1 27.0 501 37.0 | 5.01 470 | 511 57.0 | 501
-2.0 | 0.631 8.0 6.31 18.0 | 63.1 28.0 631 38.0 | 6.31 48.0 | 63.1 58.0 | 631
-1.0 1 0794 | 9.0 794 [ 19.0 | 794 | 29.0 794 | 39.0 | 794 | 49.0 | 794 | 59.0 | 794
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mogog
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m Glossary

0 dB] decibel(TJ

The transmission performance of a connectdlr] insertion loss, return loss, isolation] for example, is expressed in decibels, in terms of a logarithm of

the ratio between magnitudes of voltage, current and power.
Letting two different powers be P and P: :

p A
AldBIO 1010g5-  [] 50107 ]
With the voltagé] with the current, I and I. instead of Vi and V[

Vi Vi
BBIO 20logy, || 0107 ]

O Characteristic Impedance
Ratio of voltage to the flow of current allowed in an alternating current transmission line.

Impedance expressed in ohms is analogous to R in the equation of V=IR for a direct current circuit. With high frequencies, 50 ohms and 75 ohms are

typical characteristic impedance values.

A good transmission characteristic is achieved by adjusting the input/output impedances of the device to 50 or 75 ohms. Also in the circuits inside

the device, it is desirable to match the characteristic impedances in the whole region.

The characteristic impedance in the coaxial line is given by
60 D
z0-g ] 5[]
where € . = dielectric constant of the insulator

d = outer diameter of the core conductor
D = inner diameter of the outer conductor

O Reflection CoefficientD
Ratio between the reflected voltage wave V: and the incident voltage wave V.

V.
ro VA
The valuer 0o 1. With a higher degree of impedance matching, producing
less reflection, the coefficient approaches zero.
If a load impedance Z . is connected to a transmission line with a characteristic
impedance Zc, reflection occurs.

The equation for the reflection coefficient at the connection point can be written as

Z:0Zc
Z/0Zc

ro

Coaxial line

1(z)

V(2) Zc Ze

Transmission line withend Z ¢
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m Glossary

00 Return Loss[J

Logarithmic expression of the ratio between reflecting power P> and incident power P: to the circuit/connector.
P.
RLO 010 log] 5-[[fdB]
This can be rewritten in terms of the reflection coefficientl” .

RLO O 10 logIr % [dB]

O V.S.W.RC voltage standing wave ratio[T]
A standing wave may be formed by interference between a wave transmitted into a transmission line and a reflected wave. V.S.W.R. is the ratio of
the absolute value of maximum voltage and that of minimum voltage in the standing wave pattern. With a higher degree of impedance matching,
the value of V.S.W.R. approaches 1.

1070
1070

VSWRO

Either return loss or V.S.W.R. is selected as a product specification.

O Insertion LossCJ
Logarithmic expression of the ratio of output power Po. to input power Pi, of the circuit/connector.
It is sometimes simply referred to as “ attenuation” or* loss.”

ILO O 10 |O@ I;:i:t D[dB] l:)ﬂl:tlj lOD%D

O S Parametei] Scattering Parameter( T

With high frequencies, it is difficult to directly measure the voltage and current in a

transmission line. — — Sy Ly
The circuit characteristic can be expressed by the power measured instead of voltage or current.

The S parameter is an expression that is dependent on the amplitude and phase at Port 1 Su Port 2
each port] observation point[]. S22

V.S.W.R. and insertion loss described above can be obtained from the S parameter.

An example of S parameter with two ports

0 Wave LengthO
Distance the electric wave travels per cyclél 1Hz[. In a dielectric substance such as plastic insulator, the wavelength is reduced by its relative
magnetic permeability.
C

¥

where c= velocity of light  f=frequency &€ . =relative permittivity of the insulator

A0

The higher the frequency, the shorter the wavelength. As the wavelength approaches the circuit dimension, the wavelength increases in importance as
a distribution constant.
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m Glossary

O Skin Effect]

Direct current is uniformly distributed in the conductor section.

High-frequency currents, however, flow in a narrow skin of the conductor - hence the name
skin effect.”

“

/ Conductor surface

The distance below the conductor surface where the intensity of the magnetic field falls to 1
% or about 37% of its value at the conductor surface, is defined as skin depth, and is given by

o 0| P 037 |\

\r’ T[t] ‘“ s \K
where p = resistivity of the conductor f = frequency 0 6‘ D' o
M o = magnetic permeability of vacuum M s = relative magnetic permeability of the conductor ep
Skin depth

Since signals exceeding the GHz band flows in a very narrow skin of several micrometers, the conductor loss increases.

(1 TEM Modé] Transverse Electromagnetic Mode[ 11

Dominant mode of electromagnetic wave transmitted in a coaxial line. Electric field

Electric field in a section in a coaxial line is distributed radially from the core conductor to the outer
conductor, whereas magnetic field forms concentric circles. ~~~ Magpetic field

The direction of the electric and magnetic fields is orthogonal, i.e., transverse, to the direction the

wave is moving.

Hence the abbreviated name, TEM. Direction of electromagnetic

field in a coaxial line

O Cutoff FrequencyC
In the electromagnetic field distribution in a coaxial line, a higher mode may occur depending upon the relationship between wavelength and line
diameter, resulting in poorer propagation characteristics. The frequency at which the higher mode theoretically occurs is called the cutoff frequency,
which is given by
2c

0 5 d0 D ©
where c=velocity of light d = outer diameter of the core conductor
D =inner diameter of the outer conductor € . = relative permittivity of the insulator

The frequency in the coaxial line should be lower than the cutoff frequency.

0 dBmO

A measure of absolute power value in decibels. Zero dBm equals to one milliwatt.

0 HzO

Number of signal cycles repeating per second.

O bps] bits per second [T

Number of bits transmitted per second.
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m 000000000 Frequency designations

gooono 00
Frequency designations Wave Length
30kHz —g— 10km
LF
(Low frequency)
300kHz —f— 1km
MF
(Medium frequency)
3MHz —f— 100m
HF
(High frequency)
30MHz —f— 10m
VHF
(Very high frequency)
300MHz —— 1m
UHF
(Ultra high frequency)
3GHz —f— 10cm
SHF
(Super high frequency)
30GHz —— 1cm
EHF
(Extremely high frequency)
300GHz —— 1mm
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m00000VSWRO OODO
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m00000VSWRO OODO

s 000000010 000020000000000

CHI S11 SWR 100 m / REF 1 1 1.080: 3 000,000 000 MHz

CH1 Markers

1:1.0362
1.00000 GHz

GH

2:1.0493
1.50000 GHz

3:1.0621
2.00000 GHz
4:1.0731
2.50000 GHz

1.0621 00 2GHzO

IR E—

— | | % |

TOP 3 000.000

—

T 1000.000 000 MHz

0 MHz

ooooiovswR o OoOO

0 m / REF 1

1 1.038:

3 000,000

00 MHz

1.0321 0

2GHz[

)

A
7

3

OoOo20VSWR OO OO

goboobooobbozcHzOOOOOOOOO0OO0O0O02GHzOOOO0O0OOO0OOOSOOO0O0O0O0ooOoO0b0O0Od

8110
8110,

810
810G

0.029988[1 0.002592;
0.409045[1 0.90593;

DD
520 T 000.00751200 0.01413;
5 202 0.64283501 0.76339;

gboobooooooboooobooooToboobooooooo

81 20
8120

0.408634[] 0.905021
0.0234050 0.01555j

0.6428350 0.76339j
[0 0.0113601 0.007661j

01t Ok DDD 0.96806401 68.226;  0.0751801 0.0006793;
niG D16 0.511292[1 0.008163;  0.000230201 0.01522;
n2th 720 DDD 7.82110 295.214j 2.363790 0.04696/
n26 7020 0 2.924700 0.05822j  0.0004006L1 0.02003;j

|

[

CH1 Markers

1:1.0175
1.00000 GHz

2:1.0258
1.50000 GHz
3:1.0323
2.00000 GHz
4:1.0360
2.50000 GHz

01 0001000002000 00000M00001000002M0 0000000100 00 VSWR-

VSWR: -
O O 0 O
O 9100812 [O] [823eman] [T O
O [mmmmmj ol {mzam,mzaj 5 [:>
oooo1 oooo2

sbogoooocToooooooOooooooooboOooooon
T: AllGh TEEIAllDzDDDDlEIl Dikqm D20 D20
T Al T Al itk 01k W M26. 020

oooTobooooosooooooobooooo

Se AllGh SH AllGR DDD 0.024440 0.012195
S Al S Al [0 0.429050J 0.89448;

]

VSWR: -

O 1 wautio. spanm ] [©

o {SBAlleu saAlsz O
00001000002

[0 0.429190J 0.8943;

[0 0.0217401 0.01689;

[10.0302701 0.01444; [ 0.4359501 0.90886/

[J 0.4286201 0.89358; D
[J 0.000074470 0.03327;
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m00000VSWRO OODO

QAGOO0D000010000020000000000000010 12
0000O00VSWRO 1056 02GHzID 00000 0000000000 118
2GHzO 0 0 0 VSWRO 1.0590 0 0 0 0 O L1
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oooo 1
26Hz0 00 OVSWR OO0 0O -
0000000 m1.062 1'1 —
: Ll OOomoon -
00002 00m1.032 e
1.06 & ”,’
1.04 ___,’/‘v'\
_____ -z ooomopo
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1 15 2 25 3
ooo 0 GHzO

000010000000 VSWR

02M0002000001000000000M000002000001000000002000 0 VSWRes
goobobobobooboo

VSWR:
O O o o VSWR:
O 9200822 [O7 [81mesn] [ O O r wante. a1 [©
o [mzmmmzaj o {mmmmmj S i> o {SﬂAlleu @Azlmj e
00002 0ooo1 00002000001

gboooboooTooobooboobooooboobooon
Te] AlILL Tl Al DDD m2b. 020 Ol D1k D [0 0.4292301 0.89477; 0.045801 0.005022;
Tk Alll3 TR AlllZ n26G 7020 D1k D1k 0.0372901 0.01025; [0 0.435901 0.90933;
oooTobooooosoooooooooooo

Sl AllLh Sk Al DDD [0 0.0151400 0.04311; [ 0.428230 0.89332;
Sl Al Skl All(Z [0 0.4286601 0.89422j  0.02514[1 0.02896/
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m Calculation of the VSWR of connection in cascade connection

You cannot obtain the VSWR of the circuits of connectors, cables or components in cascade connectiohl mating[] even when the VSWR of each
circuit is known, unless the S-parameter of each circuit is obtainable.
The VSWR shall be calculated at each frequency.

m Calculation of VSWR
You can calculate VSWR by using Su of S-parameters
OaOjjp0or0drd6 O

all r cos@

From 06 O cos® Ojsin® O D b0 rsind

107g
1070

OIS/ = Va?d b20 VSWRO
m S-parameters of connectors in cascade connection

O {mmmummﬂ " {mzumumzuq Pﬂnﬂmuu[ﬂnﬂz} ns O {s Sq O
O—* 81 1G0 00l 12 8 200008 20 e S nlhooo nlk *—O C Sann Sz O

Connector 1 Connector 2 Connector n Connector 1
0 Connector 2

Transform the S-parameter of each connector into a T-parameter.

Tu Te |:| 1 0O S1uS2[ S1281 Su
Ta Tz Sa 0 Sz 1

Calculate the product of the matrices of T-parameters.

DAIG DA DDD it O1kqm D20 020 D D Onth T nlk D
DAING DAIZ iz 01k W D2k 020 U0U Osl Oalk

Inversely transform T-parameters into S-parameters.
Su Se DD 1 T TuT20 TwTa D
Sz Sz T 1 O Ta
The S-parameter thus obtained gives the S-parameter of the coaxial connectors in cascade connection.

By this method, you can calculate the S-parameter of the entire circuit] including VSWRObased on the S-parameter of each connector in cascade
connection.
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m Calculation of the VSWR of connection in cascade connection

m An examplé] connectors 1 and 2 in cascade connection(]

[CHI s11 _ swr 100 m / REF 1 1 1.080: 3000,000 000 MHz [CHI] s11  SWR 100 m / REF 1 1 1.038: 3 000,000 000 MHz

CH1 Markers CH1 Markers

1:1.0175
Cor 3 G H L%JOUIA')%SSEIZ Cor 3 G H 1.00000 GHz

2:1.0493 2:1.0258
1.50000 GHz 1.50000 GHz

3:1.0621 3:1.0323
2.00000 GHz 2.00000 GHz
4:1.0731 4:1.0360
2.50000 GHz 2.50000 GHz

1.0621 0 2GHzO

1.0321 0 2GHz0O

— T 5] —'ﬁr_——T—_—_J \l % i

START 1 000.000 000 MHz TOP 3 000.000 000 MHz 3

Connector 100 VSWRI measured(] Connector 200 VSWRJ measured(]

Let's calculate VSWR at 2GHz here as an example.

The S-parameter of each connector at 2GHz is measured as:
§10 81 D 0.02998801 0.002592; 0.4086340 0.90502;
851k 81E 0.409045[1 0.90593;  0.023405[] 0.01555;

820, 820k DDD 1 0.00751201 0.01413; 0.64283501 0.76339; D
82 8 2% 0.64283501 0.76339; [J 0.011360] 0.007661/

The above S-parameters can be transformed into the following T-parameters

Oith D1k DDD 0.96806401 68.226;  0.0751801 0.0006793;
D1k D1k 0.511292[1 0.008163;  0.000230201 0.01522;j

02t 020 DDD 7.82110 295.214j 2.363790 0.04696/ D
n26L 020 [0 2.924700 0.05822;  0.00040060 0.02003;j

0 10 VSWR: viewed from the connector 1 when connectors 1 and 2 are connected in this ordef] connector 1 + connector 21

VSWRe -
] H] 0 0 VSWRE -
O 8100008 162 O 8 2010000 202 —O O Sel AllUioo Sl Al —O
O [mmwmaj o {mzammzmj L 5 i> o {SﬂAllen SEAIZDJ O
Connector 1 Connector 2 Connector 10 Connector 2

Transform S-parameters into T-parameters and calculate the product of the matrices of T-parameters.

T AllGL T AllCE DDD D1k D1k D200 D20 DDD 1J0.4291900 0.8943; 11 0.021740J 0.01689;
T Al T Al it 016 W N26. 020 [0 0.03027001 0.01444; [0 0.4359501 0.90886;

Inversely transform T-parameters thus obtained into S-parameters.

S AllGL S Al DDD 0.024440 0.012195 [0 0.4286201 0.89358; D
S Al SH Al [J0.4290501 0.89448; [10.0000744701 0.03327)
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m Calculation of the VSWR of connection in cascade connection

When the connector 1 and connector 2 are connected in this order, the VSWR
of this combination viewed from the connector 1 is calculated as 1.056] at
2GHzOfrom S& AllCh, which is measured as 1.059

[ Referenced

VSWR at 2GHZI measuredC
Connector 11 unitil 1.062
Connector 21 unitin 1.032

12

1.18

1.16

1.14

1.12

11 —
108 Measured] broken line B /
1.06 » S
1.04 —i= ’/‘v'\

,,,,, —= Calculated [ solid line[d
1.02

1

1 15 2 25 3

Frequency 0 GHzO

VSWR of the combined connectors viewed
from the connector 1

0 20 VSWRe viewed from the connector 2 when connectors 2 and 1 are connected in this ordet] connector 2 + connector 10

O Pay attention to the directions of connectors (] and [J .
VSWRz -

g g ] ] VSWRr -

O [mzuﬂmmzaﬂ O] {mmjmm} —O [:> O
O HZDJ.DDD[SHZDZ 0 [S]le::mlDz 740 Oﬁ

Sl Alllion Skl All
Sel Allthinn Sl Al

—O
—O

Connector 2 Connector 1

Similarly, calculate the product of the matrices of the transformed T-parameters.

Te) AllLh TR AllCR DDD m2b. 7020 ik D1k DD [0 0.4292301 0.89477;
0.0372900 0.01025; [J 0.435901 0.90933;

T AllGh T AllC: D2k D2k D1k D1k

Inversely transform T-parameters thus obtained into S-parameters

Sl AllLL Skl AllCL DDD [10.0151401 0.04311j [ 0.4282301 0.89332;
Sl Al Skl All [10.428660] 0.89422j  0.025140] 0.02896;

When the connector 2 and connector 1 are connected in this order, the VSWR
of this combination viewed from the connector 2 is calculated as 1.096] at
2GHzOfrom Skl All(1:, which is measured as 1.091.

[ Referencel]

VSWR at 2GHZ] measured]
Connector 11 unitiD 1.062
Connector 21 unitm 1.032

Connector 201 Connector 1

12

0.0458[1 0.005022;

1.18

1.16

114

Calculated! solid lined

112

11 \ o=
1.08 = ===~
1.06 cul . -
' / Measured ] broken line[
1.04
1.02
1
1 1.5 2 2.5 3
Frequency 0 GHzO

VSWR of the combined connectors viewed
from the connector 2
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Before placing an order

(DThe values specified in this catalogue are only for reference. The products and specifications are subject to change
without notice. Contact our sales staff for further information before considering or ordering any of our products.
For purchase, a product specification must be agreed upon.
(@Users are requested to provide protection circuits and redundancy circuits to ensure safety of the equipment,
and sufficiently review the suitability of JAE’ s products to the equipment.
(®The products presented in this catalogue are designed for the uses recommended below.
We strongly suggest you contact our sales staff when considering use of any of the products in any other way than
the recommended applications or for a specific use that requires an extremely high reliability.

—(1)Applications that require consultation:
(i)Please contact us if you are considering use involving a quality assurance program that you specify or that is peculiar to
the industry, such as:
Automotive electrical components, train control, telecommunications devices (mainline), traffic light control,
electric power, combustion control, fire prevention or security systems, disaster prevention equipment, etc.
(i)We may separately give you our support with a quality assurance program that you specify, when you think of a use
such as:
Aviation or space equipment, submarine repeaters, nuclear power control systems,
medical equipment for life support, etc.

(2)Recommended applications include:
Computers, office appliances, telecommunications devices (terminals, mobile units), measuring equipment,
audiovisual equipment, home electric appliances, factory automation equipment, etc.
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