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Network Analyzer e
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A+l ¢ nb A, (ex telecom wireless
protocol/packet analyzer) " ¢ U we .

A* 5 +U0q b s (HF, RF, Microwave.etc)y S
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OPEN
| CIRCUIT

A 2" n T
A Scalar Network Analyzer (SNA)
A Magnitude N 5
A Vector Network Analyzer (VNA)
A Magnitude d Phase® v A #
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S, FORWARD TRANSMISSION

Port 1

aq )

S, FORWARD \
REFLECTION /

S-Parameters

b
o - Reflected » b, . = Reﬂe.cted _ 2
Incident a; |a;=0 Incident a, |a;=0
S Transmitted b 5 S . Transmitted b ]
21 = — — =
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Port 1 Port 2

Incident Transmitted
Reflected
S-Parameters — N—
. REFLECTION TRANSMISSION
Reflection
Transmission Reflected b1 Transmitted
Incident at Incident
Stanqu ave Rat \ Return | / \\ Group
SWR Loss Gain/ Loss Delay
Impedance Insertion
S-Parameters Reflection  Admittance S-garasmeters 2 g Phase
”' H’ Coefficient R"‘}X. zir 24z ransmission
rp G+B Coefficient

Tt
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Incident 2-Port ' Transmitted

Reflected
SOURCE

Vector L .
Network i XX SIGNAL 4
Analyzer g o= SEPARATION -—

B | OCk INCIDENT REFLECTED TRANSMITTED

. | (R) (A) (B)
Diagram

RECEIVER / DETECTOR

PROCESSOR / DISPLAY
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2-Port/ 1 -Path VNA

Vector
Network

Analyzer
Block
Diagram

TR5048
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2-Port/ 2 -Path VNA

Source L \W\

7}

Vector Y2
Network

Transfer Switch
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Diagram i
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Port 1 | Port 2
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A Random Errors

V  Noise fluctuations / Thermal drift in electronic
components

V Changes in the mechanical dimensions of cables /
connectors due to temperature drift

V Repeatability of connections or cable bends

V Unpredicatble

Measurement V. CanSt be eliminated in cal
Errors A Systematic Errors
V Imperfections in the components of measurement
system
V  Occurs repeatedly
V Time invariant
V Predictable
V Can be reduced by performing mathematical

correction of measurement results.

USB VNAT 9% 7' 56 1«0 Tt ArQu 12



A B

Source | EL C(9§§y§}k
Systematic : / | ' {L‘—dm —‘E”_'_)
Measurement Port 1 Port 2
Errors ; 2 ; 2
Frequency Response
« Reflection Tracking (A/R) Source Load
« Transmission Tracking (B/R) Mismatch Mismatch

A For 2-port /2 -path device, 6 forward and 6 reverse term errors
A For 2-port /1 -path device, 6 forward term errors
A For 1-port device, 3 -term errors
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Systematic

Measurement
Error Models

USB VNAT 2 %

1-Port Error Model

=  Eq - directivity;

= Ea — source match;

» En - reflection tracking.

7756 N0 tANsQu
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Systematic

Measurement
Error Models

USB VNAT 2 %

2-Port Error Model

Description Stimulus Source
Port 1 Port 2
Directivity Eat Ea
Source match Es1 Es,
Reflection tracking E. E.:
Transmission tracking Ei Ew
Load match Eu Eu
Isolation Ex1 Ex

"' 56 -0 t NsO.
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Systematic
Measurement

Error
Correction or
Calibration

Uncorrected Response 1-Port Full 2-Port

q_our I

0 Convenient
0 Generally not

accurate, but can be
useful for first-cut
measurements

U No errors removed

-
thru

= T =

g
2
i

H
U Use when highest
accuracy is not required o For reflection measurements
o Removes frequency “ Need good termination for
response error high accuracy with two-port

devices U Highest accuracy
/ o Removes these errors: ° Removes these enors:

Source & Load Match
One Path - Two Port Source Match . :
| Reflection Tracking Reflection tracking
0 Combines response and 1-port Transmission Tracking

U Corrects source match for transmission
measurements

USB VNAT 2 %
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Traditional VNA

Measurement p————
& Processing

module

Innovating Test Automation
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SB VNA

Measurement
module

~
&

JWILL TECHNOLOGY

Innovating Test Automation

B CMT 57530 Netw Analyzer 300 kHz
Trace/Channel  Stimulus  Response

3.0.CHz

Display Calibration Markers Analysis  Save/Recall System

¥rI 521 Log Mag 10.00d8/

332.94100 kniz

aw 238.44330K2

*0.000d8 [RTJ Wax
2217ds X

=150 II29HTK SIS0 S300° 4450 4500

K J60k 400K

| Cor Start 300 kHz 2001 Lin 30 Hz 0 dBm Stop

USB VNAT 9 %

DUT
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External PC

SB Connection
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Advantages of USB VNA vs. Traditional VNA

ﬁ

AB2Say Qi 201 @&2adz
computer hardware and OS

ADonSt get stuck with
or a floppy drive

ATakes advantage of the latest
advances

A Use your modern PC instead of one
S p e c/Bgahrs ago

ALower total cost of ownership

ADue to elimination of large number
of potential failure points

J JWILL TECHNOLOGY USB VNAT 2% 7' 5G N -0 t ANaOu
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Advantages of USB VNA vs. Traditional VNA

ATravel

A Portable size and lighter weight
A Excellent for on -site testing

AShare

A No user accessible non -volatile memory
In the VNA

A Results stored on your own PC

ASecurity

A No need for data purging or hard drive
removal In secure environments

V JWILL TECHNOLOGY USB VNAT 2% ~' 56 1«0 *t AsQu 21



CMTO 1




WHY WE STARTED COPPER MOUNTAIN TECHN

AAccessibility of VNASs
decreased due to a number
of factors

ADemand for VNAs that
provide higlhuality results
Increased

AMany new applications for
pI’ECiSG VNAS emerg6d —Accessability — Utilization



WHY OUR ENGINEERS DO WHAT THEY DO

A To give RF engineers VNAS t

A are accessible and offer low
otal Cost of Ownership;

A are portable;
A deliver precise measuremel

A can be customized to the aj
ation




WE BUILT THE COMPANY TO DELIVER ON OUR PR(

A Pioneer of metrology grade USB s
category :

A Worleclass metrology and
engineering

A Providingpplication solutions
using USB VNAs

ABased in Indianapolis, IN doing ¢ \*®
business globally S

A Founded in 2011




3000 VNAs around the worgs
A89 reps worldwide

ARecognized by Frost & Sullivan foRg
_eadership twice

Alnternational industry involvement
Alndustry thought leader

CCCCCCCCCCCCCCCCCC
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OVER 1200 CUSTOMERS AROUND THE WORL

CREATIVE g

“sAHM BBBBBBBBBBBBB

i 25 A sy, BELDEN garmin y'ﬂmﬁ)

DENNISON  SENDING ALL THE RIGHT SIGNALS

V“_p_g_

GoPlPro |
1]

A Stanford

@Y University

(>Pulse |

Electronics

(PcTEL = DIRECTY @’

@ Mando LW/ COMDEL I.ij;

Halla (aroey

A Aerospace & Defenge Telecommunicationd Higher education A Cable TV
A RF components A Medical devices A Automotive

u. g’sgﬁ\nlcl' ((Smusxm))) ARRIS SHURE Robot

LABORATORY




ENGINEERS ALREADY EXTENDING THEIR RE/

F N-Type o e I “
Cable Feedthrough Ay | /
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fuel levels with R54 ind KS ¢2NI RQa Electronics

TCN THE COLLEGE OF
NEW JERSEY
e largestparticle

accelerator Standardized on CMMINAS Efqijipped a lab with 12 VNAS insteac
0

across all facilities worldwide



OUR USB VNAs GO WHERE NO VNA HAS GON

Trl]

§3 L » C » Users » CMT-AE » Documents » MATLAB
Current Folder @ Command Window
Name « >> appeactxserver('RS4.Application’);
>> a=get (app.SCPI.get ('Calculate’, 1), .gec('trace
>> plot(a(l:2:end))
>

& Figure 1
Eile  Edt  View Jnsen Yool Desktop Window f
DEdL BRI RLA-E/0

A Legacy test systems: multiple PCs, OS A Form factor makes integration simple

A PGdriven test instruments: one PC, OS A New VISA drivers, still SCPI commands

COPPER MDOUNTAIN"
TECHNDOLOGIES



OUR USB VNAS DELIVER FASTER AUTOMATIC

PC
Measurement
Cos —
PC
TCPIP/HISLIP
PC for VNA
Application




30+ MODELS FOR DIFFERENT APPLICATIONS

A All of the Copper Mountain Technologies USB VNAs have a 3 year warranty

1-Port VNAs (Cable & Antenna Analyzers) Compact VNAs
Lab-grade performance in a handheld device . Full featured lab grade performance in a compact package

Frequency Range: 1 MHz to 18 GHz

Cobalt VNAs
Industry-leading dynamic range and sweep speed

Frequency Range: 50 GHz to 110 GHz




Traditional
VNAS

USB VNASs

Focus on
metrology

Affordable
price

Application
focus

Keysight

X

Rhode & Schwartz

Anritsu

Tektronix
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OPEN TO APPLICAFEMECIFIC CUSTOMIZATIO

AWe spend the time to work with

ADesigned to be customized anc
deliver a high performing custo
VNA solution at a competitive p

to find a solution for your problem

1YC

IC




DESIGNED FOR INTEGRATION

A Ability to integrate into test systems s

A Existing application integrations witiZss
someof the following companies:

e

@ Maury Microwave

Diamond Engineering

Automated Measurement Systems S peag

MiCROWAVES




ACalibration laboratory accredite
with ISO/IEC 17025 (2005) and
meets requirements of ANSI/
NCSL Z5400941

ANational Institute of Standards
and Technology (NIST) or
International equivalent




OUR APPROACH: METROLOGY IS KEY

Calibration Certificate S,

ISO/IEC 17025:2005 and ANSI/NCSL Z540.1-1994 ilﬂ/E\Mﬂ; FATIFAE
Certificate Number: CMT-16048034-3090-0090 NN . —
COPPER MOUNTAIN / AN -
TEGHNOLOGIES III“|”\\\ AC-2060
Measurement Results T e
C1220 Serial Number: 16048034 Date: 25 Sept 2017 PASS

Transmission Coefficient Magnitude Accuracy. Attenuation 40 dB

3.96 3.96
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N
Participant

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency [MHz]

Measurement
i Lower limit| Measured | Upper limit] .
Description [dB] value [dB] [dB] Unc;:drth;mty Result

Transmission coefficient magnitude error:
COPPER MOUNTAIN" 100 kHz to 1 MHz -0.30 -0.05 0.30 — PASS
TECHNDLOGI ES 1 MHz to 20 GHz -0.10 -0.02 0.10 — PASS




WORLEBCLASS MANUFACTURING

AWedve partner ed
was founded by engineers with
over 20 years of experience in
and microwave, aerospace an(
defense technology.

A Planar is a fully ISO 9001 certifi
facility, fully equipped with the |
-oftheart manufacturing
equipment.




ACCESSIBLE CUSTOMER & TECHNICAL SUPP

AApplication Engineers
available for support directly .2

and custom application
development available



VNAs FOR YOUR APPLICATION




1-PORT VINBACABLE & ANTENNA ANALYZERS, REFLECTOMET

A Lab grade performance in a handheld device.

A Solves challenges of integration, security, testing s
ease of reporting, or space constraints.

A US Patent 9,291,6%bnnects directly without the ne
for a test cable.

A All models under 1.1 Ibs.

A Powered and operated via USB connection to an e
PC.

A Highly dependable performance and calibration stz




1-PORT VINBACABLE & ANTENNA ANALYZERS, REFLECTOMET

1-Port VNA Products Home Page

EEEEEEEEEEEE

R54 R60 R140 R180
Frequency Range 85 VMHz to54 GHz 1 MHz to6 GHz 85 VHz to 14 GHz 1 MHzt018 Gz
Externd frequency reference No 10 MHz 32 VHz 10 MHz
Externd trigge No [nput/Qutput [nput/Qutput Input/Qutput
Power connector, USB mini-B Reinforced (rugged) USB mini-B USB mni-B Reinforced (rugged) USB-C or +5/ external
Adjugtable oufput power Hi/Low/Off 0.25 dB steps Hi/Low/ Off 0.05 dB steps
S21, S12 measurements] Scalar, with specialized software Scalar, with specialized software
(available upon request) (available upon request)



http://www.coppermountaintech.com/products/Ohm-50/category/10/

o To Io Po e

Full featured lab grade performance in a (
mpact package.

Easy to transport and lightweight.
2-ports with 1 path or 2 path testing.
Models available in 50 or 75 Ohm.

Combines a maximum standard feature s
with a size suitable for many applications.




COMPACT VHIA

TR1300/ 1 TR5048 $048 TR7530 S7530 $H065 $H085
Fequency Range| 300 kHzto 1.3 GHz | 20kHzt0 4.8 GHz | 20kHzt0 4.8 GHz | 20kHzto 3GHz | 20 kHzto 3 GHz 9kHzto6.5GHz | 9kHzto8.5GHz
Sparameters Sl1, 21 Sl1, 21 Sl1, 221, 812, 22 Sl1, 21 Sl1, 21,812, 22 | 911, 21,812, 22 | S, 21, S12, 2
Port Impedance 50 Ohms 50 Ohms 50 Ohms 75 Ohms 75 Ohms 50 Ohms 50 Ohms

Compact VNA Products Home Page



http://www.coppermountaintech.com/products/Ohm-50/category/11/

PLANAR VNA 100kHzto 8GH

Full size instruments

Lab quality performance iniachOchassi
S

4-port configuration and direct access
eivers

Time domain with gating, fixture simuls
frequency offset mode are standard

Devices are ATE compatible, rack mo
e, and easy to program and share bet
multiple users.

Do o I» Do Do




PLANAR VISA

304/ 1 804/ 1 808/ 1 814/1
Frequency Range| 100 kHzto 3.2 GHz | 100 kHzto 8 GHz | 100 kHzto 8 GHz 100 kHzto 8 GHz
Number of Ports 2 2 4 2
Soecial Features Direct Receiver Access

Full Size VNA Products Home Page



http://www.coppermountaintech.com/products/Ohm-50/category/12/

COBALVYNAS 100kHz t®20 GH

A Industijeading dynamic range and sweep s

A 135 or 152 dB typ.* (10 Hz IF BW)
A 10 or 12s*

A ldeal for fast production and applications like
ealtime BTS filter tuning.

A Unmatched priperformance combination-for
parameter measurement ’

A The design and production of Cobalt VNAS
orates several innovative new manufacturings
test approaches.



COBALT VNA

Cl209 | 2209 | 4209 | C1409 | C2409 | 4409 | C1220 | 2220 | 4220 | Cl420 | 2420 | (4420
100 kHzto 9 GHz X X X X X X
100 kHz to 20 GHZz X X X X X X
Number of Port 2 2 2 4 4 4 2 2 2 4 4 4
Direct Receiver Accesy X X X X
Frequency Extension X X X X

Cobalt VNA Products Home Page

COPPER
TECHN
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http://www.coppermountaintech.com/products/Ohm-50/category/13/

A Costeffective millimeter wave frequency
sion system.

A CobaltFx is an unprecedented approac
limetexvave Sparameter measurements

A Models available in three dedicated wa
bands, 505 GHz, 690 GHz and -230 GF
Z.

A The system features frequency extensi
ules frorkrarrafechnology and a precisi
alibration Kit.

COPPER MDOUNTAIN"
TECHNOLOGIES




CobaltFx Compatible VNAs

C4209

C4409

C4220

5 C4420

" jé‘.
| CobaltFx15 CobaltFX-12 CobaltFX- 10
System Operating Frequency 50~75GHz 60~90GHz 75~110GHz

Test Port Output Power 5dBm (Min.), 8 dBm (Typ.) 2 dBm (Min.), 5 dBm (Typ.) 0 dBm (Min.), 5 dBm (Typ.)
System Dynamic Ragne 110 dB (Min,), 120 dB (Typ.) 100 dB (Min.), 110 dB (Typ.) 100 dB (Min.), 110 dB (Typ.)

CobaltFX VNA Products Home Page
‘BDPPER MOUNTAIN"


http://www.coppermountaintech.com/products/Ohm-50/category/16/

|7 CMTO’ ECH GUIgGra;:)higal
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CMT VNA GUIs (e 5 U)

S11 Return Loss 5.0 dB/ -20.0 dB
5.0

45.0
4000
Start 1 MHz 0 dBm, typ. Stop 6 GHz

- 2% 628
B O) @ ¢m=IA 20171017

JWILL TECHNOLOGY
Innovating Test Aut 1ation
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AN iy
U LoRaAntennay  "E(S11 Return Loss, VSWR, Phase, SmittChart) ¢ v

uUN A . :Open space

A N J M : TaoglasO' 433MHz ISM Band Terminal Antenna (® @ : T1.10.0112)

A - Ve
Adrgr
o V  Omni-directional (1) A connected Industry
V Peak gainofQdBi -~
Smart Ci
N A O _I V SMA(M)RA Plug Connector @N ____________ mart &ty
= Y V Low Profile and Robust Handling OF 4 Smart Energy
V 44.8mm Antenna Length o~
| V 1P65 () o= cConnected Car
o= 0 1 V RoHS Compliant (5) <& Other

(LOR) A /5 W

Y

g@ Smart Supply Chain

USB WNAT 2% ~' 56 p -0 t ANs0Qu 54




A NJM(

©w

Avp i N_ Ay, E
@7.8405
/' \ Parameter Specification
| Applications 433MHz ISM Band
— Frequency 433.05~434.79MHz
-—0 Peak Gain 0dBi
y ' Return Loss -20dB
O T ;“; Impedance 50 Ohms
¥ Radiation Pattern Omni-directional
N ﬁ O u - I Polarization Linear
: VSWR <1.5:1
5 Power handling 5w
3 Housing TPE
0T O ¢ - Connector SMA(M)RA Plug
Operation Temperature -40°C to + 85°C
Storage Temperature -40°C to + 105°C

(LOR) A /5 W

Name Material Finish Quantity
@ Antenna Cover TPU Black i
@ SMA(M)RA Brass Gold i

55




A NI MCT)

3 Smith Chart Data

A Antenna Parameter & _ 5

1 Return Loss Data

Return Loss (dB)
0 . B &
xS
2 s A s S S St A A '
T/ LT e (R S RS S R P E S — A = ’ 3 :
Y ; i i ; : : : o "N '
O ‘1" L e e T T b e e CNEIEN
! ! ! | : : : -4 N 5
20 meme e R ........... ........... . .......... 4 | ' 433 MHz Band
N AaOQOu -I 2 AN NS SN SN SN — ZmE
350 375 400 425 450 475 500 525 550
MHz
4 Radiation Pattern
loT- O T 2 VSWR Data
¢ u VSWR
(LoRg N 7 /5 W N | | | |
10
8 ] - 4 b i
3 S U U AU SR SN St Y ST
4
2. ...........................................................................................
0 T 1 1 1 1 T T Horizontal Pane
350 k1] 400 425 450 475 500 525 550 —— Vertical Plane
MHz
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ANy 1%, IAD @
ur @ :R60
A Frequency range: 1.0 MHz-6.0 GHz
A Number of ports: 1 (N -type, male)
A Dynamic Range: 109 dB typ. @100Hz IF BW
A Measurement Bandwidth: 10Hz to 100kHz

; AMeasurement time per point: 100
O 71 A Up to 100,001 measurement points per sweep
NAaQu -l A Effective directivity: 46dB

A Measured parameters: S,, Log magnitude, DTF, Smith, and more

0T O 7

(LOR) A /5 W

R60 Product Home Page

USB VNAT 9% 7' 56 1«0 Tt ArQu 57


http://www.coppermountaintech.com/products/103/R60 /
http://www.coppermountaintech.com/products/103/R60 /
http://www.coppermountaintech.com/products/103/R60 /

Any _ E:
U 1 setx R60
U 1 set x VNA GUI Software (RVNA), PC' € A

U Adapters
A 1 ea x N-Type (female) to SMA (female)

U 1 set x Calibration Kit, SMA -J, DC to 6GHz, Load<-32dB, VSWR:1.05
u 1setxPC

O ¢ i 1 eax LoRaAntenna
N AaOQOu -I

; {
l\\\
7llllllllll\\
. IIIl‘i\X

0T O 7

(LOR) A /5 W

USB VNAT 2% ~' 56 § -0 t NsQu 58




o
NaQu -l

0T O 7

(LOR) A /5 W

Set-up:
NnJ, 7T “Yk r~:350MHz to 500MHz
ny 4 -y 201
|F Bandwidth: 10kHz
Output Power: 0dBm
N+ _ b 8511 Return Loss, SWR, Phase, Smith Chart
Calibration: Full 1-Port Calibration (Open, Short, Load)

USB VNAT 9% ~' 56 1 -0 t AN sOu

59



S11 Return Loss 10.0 dB/ 0.0 dB
50.0

o
NAaQou -l

0T O 7

(LOR) A /5 W

50.0
1000 2000 4000
Start 1 MHz 201 0 dBm, typ. Stop 6 GHz

mEHeceoedsso “ O @~ s=oAm 2220 m

JWILLTECHNOLOGY




. All Trace Data (S11 Return Loss, SWR, Smith Chart, Phase)

7-10-14 ==
@ s11 Return Loss 10.0 dB/ 0.0 dB [F1] Dat Tr2 s11 swrR 1.0 / 6.0 [F1]

50.0 1] 434 00000 MHz -22.120 dB . 2 1 434 ,.00000 MH

10.0 2 400.00000 MHz -1.9441 dB ] 2 400.00000 MH

3 SO0.0QOOO MHz -0.5919 dB 3 500.00000 M

30.0
20.0
10.0 .0

[%0.0 h

-10.0
-20.0
14
o ¢t
.0
.0

~40

0
0
.0
.0
0
]

N a0u -l L - - & : S o o
= 360 380 400 420 440 460 480 500 520 540 360 380 400 420 440 460 480 500

Tr3 511 smith Chart 1.0  [F1] Dat , Tr4 sl1 Phase 45.0 °/ 0.0 ° [F1]

1  434.00000 MHz _42.786!+ j0O-9028 Oohm 331.09 pH - 225.0 1  434.0p000 MHz] 172.30 °

2 400.00000 MHz. 22.821 - j85.702 Ohm 4.6426 pF 180.0 2 400.GH000 MHz -57.949 °

3 500.00000 MHz - 72.337 - j313.97.0hm 1.0138 pF ’ 3 500.00000 MHz -1/7.218 °

0T O * 135.0
90.0

(LORA AN 7 /¢ W 45.0
q [»0.0

-45.0

-90.0
-135.0

-180.0

o~ s o -225.0 N s N
360 380 400 360 380 400 420 440 520 540
Start 350 MHz 10 kHz 0 dBm, typ. Stop 550 MHz




An s _° :S11 Return Loss

511 Return Loss 10.0 dB/ 0.0 dB [F1]

50.0 H 434.00000 MHz -22.921 dB
2 1400.00000 MHz -1.9684 dB
3 1500.00000 MHz -0.5917 dB

o
NAaQou -l

0T O 7

(LOR) A /5 W

-50.0 A~ o
360 540
Start 350 MHz : 550 MHz




. S11 SWR

511 SWR 1.0 / 6.0 [F1]

10.0 434.00000 MHz 171523
2 400.00000 MHz B8/8632
3 500.00000 MHz

o
NAaQou -l

0T O 7

(LOR) A /5 W

T 2D
360 540
Start 350 MHz . 550 MHz




An s _° :S11 Smith Chart

511 Smith Chart 1.0
434.00000 MHz-—43.398|+ jO.7160 _Ohm 262.58 pH
400.00000 MHz 23.015 |- j85.456 Ohm-_4.6560 pF
500.00000 MHz 72.408 - j313.74 ohm 1:0145 pF

o
NAaQou -l

0T O 7

(LOR) A /5 W

N -~
360 540
Start 350 MHz . 550 MHz




. S11 Phase

511 Phase 45.0 °/ 0.0 ° [

225.0 1] 43400000 MHz 173.50 °
2 400.00000 MHz -58.026 °
3 ]?00.00000 MHz -17.243 °

Y

o
NAaQou -l

0T O 7

(LOR) A /5 W

-225.0 s
360 540
Start 350 MHz : 550 MHz




An s _° :CSV format for S11 Return LosS

A B c D E F G - J K
3.50E+08 -6.12E-01 0.00E+00
3.51E+08 -6.22E-01 0.00E+00
3.52E+08 -6.32E-01 0.00E+00
3.53E+08 -6.44E-01 0.00E+00
3.54E+08 -6.50E-01 0.00E+00
3.55E+08 -6.60E-01 0.00E+00
3.56E+08 -6.71E-01 0.00E+00 8.
3.57E+08 -6.79E-01 0.00E+00 ‘EEEEEEE
3.58E+08 -6.89E-01 0.00E+00 i L L LELL
3.59E+08 -7.01E-01 0.00E+00
3.60E+08 -708E-01 0.00E+00
3.61E+08 -7.22E-01 0.00E+00
3.62E+08 -7.32E-01 0.00E+00
3.63E+08 -7.46E-01 0.00E+00
3.64E+08 -755E-01 0.00E+00
3.65E+08 -7.67E-01 0.00E+00 R
3.66E+08 -7.79E-01 0.00E+00

3.67E+08 -7.95E-01 0.00E+00

3.68E+08 -8.11E-01 0.00E+00

3.69E+08 -8.23E-01 0.00E+00

3.70E+08 -B44E-01 0.00E+00

3.71E+08 -8.58E-01 0.00E+00

3.72E+08 -8.79E-01 0.00E+00

“LoRa antenna tes t__tr-1 data (¥

511 Return Loss

0.00E+DD

+18
+8

(T T T T T Ty 1°F T 7 Ty Ty T+ 1

W 0o = |h v & W M=

4 30E+08
4 3BE+08

5.10
5.18
550

o
NaQu -l

=]

1.00E+01

[
Pt | =

1.50E+01

—_ =
B w

-2.00E+01

0T O 7
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(=T Y, |

(LOR) A /5 W
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W ko= O O o =
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Ani ~

Touchstone files

| COPPER MOUNTAIN TECHWOLOGIES, REOD, 0020417, 17.3.2/3.0 ! COPPER_MOLMTAIN TEDHNOLOGIES REO, 0020417, 17.3.2/3.0 | COPPER MOLNTAIN TECHNOLOGIES, REO, 0020417, 17.3.2/3.0
I Date: 2017-10-14 2% 3:13:19 I Date: 2017-10-14 &% 4: I Date: 2017-10-14 2 & 4:23:20
| Data: Format [Callhratlnn Infn] I Data: Format [Eallhratlon Info] | Data: Format [Calibration Infaol
I Frequency g I Frequency 511: Magféng Fl I Frequency S11: dB/ang FI
# HZ S Rl R &0 # HZ S Ma R B0 # HZ 5 DB R &0
3. 60000000E+08 7. 36ERE0ERE-01 -5, 70979840E-01 3.50000000E+08 9. 32366340E-01 -3, 7497567 5E+01 3. 60000000E+08 -6, 10393826E-01 -3, 7TR004642E+01
3.51000000E+08  77.33808879E-01 -5, 73868544E-01 3.51000000E+08 9. 31298564E-01 -3, 77148537E+01 3.51000000E+08 -6.17B02604E-01 -3, 77296407E+01
3. 62000000E+08 7. 30202672E-01 -5, 75959232E-01 3.52000000E+08  9.30159800E-01 -3, 793291 7OE+01 3. 62000000E+08 -6, 28854509E-01 -3, 79530505E+01
3.53000000E+08 7. 26731462E-01 -5, 78073952E-01 3.63000000E+08  9.289633196-01 -3, 81812901 E+01 3.53000000E+08 -6, 41 255460E-01 -3, 82040230E+01
3. 64000000E+08 7. 23674752E-01 -5, 8086681 2E-01 3.54000000E+08  9.28110413E-01 -3, 843049328E+01 3. 64000000E+08 -6, 46241829E-01 -3, 84189492E+01
3.55000000E+08 7. 200141 396-01 -5, 83487269E-01 3.65000000E+08 9. 269561 86E-01 -3, 86640341 E+01 3.55000000E+08 -B.58226802E-01 -3, 86E87434E+01
y 3. 66000000E+08 7. 16341399E-01 -6, 860652922E-01 3.56000000E+08 9. 26025325E-01 -3, 83196291 E+01 3. 66000000E+08 -6, 669387E0E-01 -3, 89264206E+01
3.57000000E+08 7. 12847825E-01 -5, 88579R85E-01 3. 67000000E+08 9. 26151506E-01 -3, 91705095E+01 3. 57000000E+08  -F. 77042659E-01 -3, 91 E62563E+01
3. 68000000E+08 7. 08982584E-01 -5, 907 79954E-01 3.58000000E+08  9.23993680E-01 -3.94142148E+01 3. 68000000E+08 -6, 86159682E-01 -3, 941 46749E+01
3.59000000E+08 7. 04998326E-01 -5, 93044538E-01 3.59000000E+08  9,22495030E-01 -3, 96720420E+01 3.59000000E+08 -6.98603335E-01 -3. 967471 06E+01
3. 60000000E+028 7. 01 1658806E-01 -5, 95237629E-01 3.60000000E+08  9.21840971E-01 -3, 93421 356E+01 3. 60000000E+08 -7, 06E25822E-01 -3, 99404645E+01
/\l I 3.61000000E+08  6.96844372E-01 -5.97310941E-01 3.61000000E+08 9, 20550666E-01 -4, 02024652E+01 3.61000000E+08 -7.19575117E-01 -4.01991282E+01
J - 3. 62000000E+08  6.92925197E-01 -5, 99648981 E-01 3.62000000E+08  9.19540867E-01 -4, 047639377E+01 3.62000000E+08  -7.328741 22E-01 -4, 0492001 0E+01
= 3.63000000E+08 6. 8878357AE-01 -6, 01932547E-01 3. 63000000E+08 9177 70266E-01 -4, 07644294E+01 3.653000000E+08 -7.46196291E-01 -4.0745871 BE+01
3. 64000000E+08  6.84718945E-01 -6, 04402030E-01 3.64000000E+08  9.163001 66E-01 -4, 10491 095E+01 3. 64000000E+08 -7, 58485481E-01 -4, 1037291 3E+01
3.6E000000E+08 6. 80715622E-01 -6, 0B931973E-01 3. 65000000E+08  9.15223431E-01 -4, 13330267E+01 3.65000000E+08 -7.68092473E-01 -4, 13278697E+01
3.66000000E+08 6. 75954139E-01 -6, 0910681 2E-01 3.BE00000CE+08  9.13710120E-01 -4, 165051 67E+01 3.66000000E+08 -7, 82953730E-01 -4, 1680171 1E+01
3.67000000E+08 6. 71508696E-01 -6, 11833226E-01 3.67000000E+08  9.12317T140E-01 -4, 19660246E+01 3. G7000000E+08 -7, 96889489E-01 -4, 19510463E+01
3.68000000E+08 6. E67088530E-01 -6, 13961 747E-01 3.68000000E+08  9.10704992E-01 -4, 22387848E+01 3.68000000E+08 -8, 11317485E-01 -4, 2266881 01E+01
7 3.69000000E+08 6. 62388699E-01 -6. 164065 79E-01 3.69000000E+08  9.09344379E-01 -4, 26879466E+01 3. F9000000E+08 -8, 250531 429E-01 -4, 25800098E+01
[oT- O ¢ 3. 70000000E+08 B 57TA12122E-01 -6, 1842441 4E-01 3.70000000E+08  9.07850512E-01 -4, 29223677 4E+01 3. 70000000E+08 -8, 42673800E-01 -4, 291581 1 5E+01
3. 71000000E+08  6.53019750E-01 -6, 2098261 6E-01 3. 71000000E+08 9. 06856987E-01 -4, 32407307E+01 3.71000000E+08 -8, 60322482E-01 -4, 32554704E+01
3. 72000000E+08  B.48119262E-01 -6, 23239304E-01 3.72000000E+08  9.03722646E-01 -4, 358864534E+01 3. 72000000E+08 -8, 803751 46E-01 -4, 35840782E+01
LoRa A /S 3.73000000E+08 6. 43240343E-01 -6, 2591 9003E-01 3.73000000E+08 9. M E80749E-01 -4, 39424485E+01 3. 73000000E+08  -9.01115879E-01 -4, 39449535E+01
( 0 E» A 3. 74000000E+08  B.38266994E-01 -6, 28408231 E-01 3. 7000000E+08  8.934873835E-01 -4, 4279R905E+01 3. 74000000E+08 -9, 19379952E-01 -4, 42721 800E+01
3.7E000000E+08  6.32458617E-01 -6, 310046 79E-01 3. 7E000000E+08  8.96969641E-01 -4, 464526 79E+01 3. 7E000000E+08 -9.43210809E-01 -4, 46340933E+01
3. 7E000000E+08 B, 27228529E-01 -6, 33798082E-01 3.7E000000E+08 &, 95069398E-01 -4, 498020777E+01 3. 7E000000E+08 -9, 64019475E-01 -4, 496779553E+01
3. 77000000E+08  6.21299510E-01 -6, 365R49469E-01 3. 77000000E+08  8.93116881E-01 -4, 53384283E+01 3. 77000000E+08 -9.80977991E-01 -4.5323651 7E+01
3.78000000E+08 6. 14603966E-01 -6, 38706447E-01 3.78000000E+08  8.30438107E-01 -4, 571 02807E+01 3. 7E000000E+08 -1, 00747393E+00 -4, 571 755 70E+01
3.79000000E+08  6.08416439E-01 -6, 4089841 1E-01 3.79000000E+08  8.8797770RE-01 -4, B05787E3E+01 3, 79000000F+08 -1, 029571 90E+00 -4, BOESE051 E+01
3.00000000E+08  6.01511361E-01 -6, 43399630E-01 3.80000000E+08 8. 853793 7VRE-01 -4, B47R4767E+01 3. 80000000E+08 -1, 0551 7655E+00 -4, 649695 73E+01
USB VNAT 9 % 56 1 « 0 * AN 2Qu 67
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Aq . mmWave Horn Antenna (E-band) Measurements
A A M

SAR-2013-12-52

WR-12 Pyramidal Horn Antenna, 20 dBi Gain

Description:

r

O T Model SAR-2013-12-52 is an E-band pyramidal horn antenna that
N ﬁ O U - I I operates from 60 GHz to 90 GHz. The antenna offers 20 dBi nominal :
: gain and a typical half power beamwidth of 14 degrees on the E- ul
plane and 15 degrees on the H-plane. The antenna supports linear :
polarized waveforms. The input of this antenna is a WR-12
waveguide with UG-387/U flange.

mmWave - O ¢

(Horm) A a /¢ w

Features: Applications:
¢« Rectangular Waveguide Interface * Antenna Ranges
¢ Precisely Machined and Gold Plated ¢ Antenna Gain Measurements
e Linear Polarization s  System Setups

¢ High Return Loss

USB VNAT 9% ~' 56 1 -0 t AN sOu



Electrical Specifications:

Parameter Minimum Typical Maximum

Frequency 60 GHz 90 GHz
Gain 18.5 dBi 20 dBi 21 dBi
Polarization Linear

3 dB Beamwidth, E-Plane 14°

3 dB Beamwidth, H-Plane 15°

Side Lobes, E-Plane 14 dB

Side Lobes, H-Plane 30 dB

VSWR 1.15:1

o 7

Mechanical Specifications:

N ﬁ Q v - I I Item Specification

Antenna Port WR-12 Waveguide
Flange Type UG-387/U Flange
Size 1.00” (L) X 0.79” (W) X 0.64”(H)
mmWave o O T Material Brass 2=l "
Finish Gold Plated
Weight 0.60z '
(Horm) A A/t v Outl?ne AR-E1
0.64[16.2]

—t
|
%

—WR-12 WAVEGUIDE
W/ UG-387/U FLANGE

USB VWNAT 2% ~' 56 n -0 t NsOQu 71
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mmWave - O ¢

(Horn) N 5 /¢ W

Typical Antenna Pattern @ 75 GHz
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