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S, FORWARD TRANSMISSION

Port 1

aq )

S, FORWARD \
REFLECTION /

S-Parameters

b
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S Transmitted b 5 S . Transmitted b ]
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Port 1 Port 2

Incident Transmitted
Reflected
S-Parameters — , Np—
. 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
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Reflected
SOURCE
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Diagram

RECEIVER / DETECTOR

PROCESSOR / DISPLAY
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Vector
Network

Analyzer
Block
Diagram

2-Port / 1-Path VNA
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2-Port / 2-Path VNA

Source = \W\

7}

Vector V)
Network

Transfer Switch
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Block
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Measurement

Errors

= Random Errors

Noise fluctuations / Thermal drift in electronic
components

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

Repeatability of connections or cable bends
Unpredicatble

Can't be eliminated in calibration

= Systematic Errors

v

DN N

Imperfections in the components of measurement
system

Occurs repeatedly

Time invariant

Predictable

Can be reduced by performing mathematical
correction of measurement results.

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY
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Source

@__.

Systematic 4

Crosstalk

_——
-

Measurement Port 1 Port 2
Errors ; 2 ; 2
Frequency Response
» Reflection Tracking (A/R) Source Load
« Transmission Tracking (B/R) Mismatch Mismatch

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

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY 13




Systematic

Measurement
Error Models

1-Port Error Model

=  Eq - directivity;

= Ea — source match;

» En - reflection tracking.

USBY VNAS| =2 EZ 1t 5GELME CHH|LE S ALY
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2-Port Error Model

Systematic
Measurement
Error Models

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

TR P ) USBY VNAS| =2 EZ 1t 5GELME CHH|LE S ALY
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Uncorrected Response 1-Port Full 2-Port

(=
m = »—a E:h Eth -C]E]
thru
* Convnien P o]
0 Generally not . -
S Stematic accurale, but can be
y ssilforfistot { our b i
Measurement B o Use when highest
‘ accuracy is not required o For reflection measurements -
E rror U Removes frequency “ Need good termination for - =

high accuracy with two-port

Correction or respanse error tgho W —
Ca|ibl‘ati0n ‘/‘/; Removes these errors: : R;nr:\é:nt:eseerrors:

ey Source & Load Match
One Path - Two Port Source Match R°f‘:;° t‘:: 5
4 Reflection Tracking e 9
0 Combines response and 1-port Transmission Tracking
0 Corrects source match for transmission
measurements
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Traditional VNA
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USB VNA

B CMT 57530 Network Analyzer 300 kHz - 3.0 GHz

Trace/Channel _Stimulus Response Display Calibration
TrI 521 Log Wag 10.00G87 +0-000d8 TRTT W
0. 000 1
10.00 8 332 -
ol.® 2 z
? o 7761

module

94100 knx

=150 332,940k 150 +300° 450 4600

320k 360k 400k
| Cor Start 300 kHz 2001 Lin 30 Hz 0 dBm Stop
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Advantages of USB VNA vs. Traditional VNA

e 9| — — ] -

* Doesn’t lock you into outdated Tl R I |
computer hardware and OS e HEr
 Don't get stuck with Windows 2000 st |

or a ﬂOppy drive | e YR J

* Takes advantage of the latest

advances VSs.

e Use your modern PC instead of one
speced 7+ years ago

* Lower total cost of ownership

» Due to elimination of large number
of potential failure points

J JWILL TECHNOLOGY USBY VNAS| =2 E3 1} 5GE48 QtHILt ZEAHY 20



Advantages of USB VNA vs. Traditional VNA

* Travel

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

e Share

« No user accessible non-volatile memory
in the VNA

 Results stored on your own PC

* Security

* No need for data purging or hard drive
removal in secure environments

V JWILL TECHNOLOGY USBY VNAS| =2 E3 1} 5GE48 QtHILt ZEAHY 21
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WHY WE STARTED COPPER MOUNTAIN TECHNOLOGIES

* Accessibility of VNAs
decreased due to a number
of factors

* Demand for VNAs that
provide high-quality results
Increased

* Many new applications for
precise VNAS emerged —Accessability —Utilization



WHY OUR ENGINEERS DO WHAT THEY DO

 To give RF engineers VNAs that:

e are accessible and offer lower T
otal Cost of Ownership;

* are portable;
* deliver precise measurements;

* can be customized to the applic
ation




WE BUILT THE COMPANY TO DELIVER ON OUR PROMISE

* Pioneer of metrology grade USB VNA
category

* World-class metrology and
engineering

* Providing application solutions
using USB VNAs

 Based in Indianapolis, IN doing
business globally

* Founded in 2011




Over 1200 customers use more than #2133

3000 VNASs around the world
89 reps worldwide

Recognized by Frost & Sullivan for
_eadership twice

nternational industry involvement
ndustry thought leader
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OVER 1200 CUSTOMERS AROUND THE WORLD
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ENGINEERS ALREADY EXTENDING THEIR REACH

B

= N-Type o A — i
Gable™~_ Feadirough - B ittt
oemy/ o I ’ | !!ll:;!i'lgiﬁ'

i
AAAAAAAL
N ‘A“’ AAA)——
vassAdad ALYiiaass
YR Y Ry R
AAAAAAARAL D A nb s
IYYY'(Y.

Antenna 1 |4cm

..............

Gauging spacecraft CERN TR5048 is used @ Pulse
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OUR USB VNAs GO WHERE NO VNA HAS GONE BEFORE

—
@ T LG Uses » CMT-AE

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 Tools Desktop Window
DEdL BRI RLA-E/0
10
of—— e
l
-10 I\ A
|
4
il Iﬁl’\ 'l
-20 UL
] '“ Al
i \'
- o
~
W ® '
orkspace ] &p
’Nlﬂk‘ 0 50 100 150 200
-

Form factor makes integration simple
New VISA drivers, still SCPI commands

» Legacy test systems: multiple PCs, OS

e PC-driven test instruments: one PC, OS

COPPER MDOUNTAIN"
TECHNDOLOGIES



OUR USB VNAS DELIVER FASTER AUTOMATION

PC for VNA
Application

PC
Measurement
Automation ActiveX Module
__PC to PC
e
S -




30+ MODELS FOR DIFFERENT APPLICATIONS

 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




Keysight

Traditional
VNAs

USB VNAs

Focus on
metrology

Affordable
price

Application
focus

£88 COPPER MOUNTAIN"
EEEEEEEEEEEE

Rhode & Schwartz

Tektronix
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OPEN TO APPLICATION-SPECIFIC CUSTOMIZATION

 \We spend the time to work with you
to find a solution for your problem

* Designed to be customized and
deliver a high performing custom
VNA solution at a competitive price




DESIGNED FOR INTEGRATION

* Ability to integrate into test systems

 Existing application integrations with
some of the following companies:

J‘)

Diamond Engineering

t. 4 Automated Measurement Systems S p € ag

FOCUS

MiCROWAVES

DDDDDDDDDDDDDDD
EEEEEEEEEEEE




» Calibration laboratory accredited
with ISO/IEC 17025 (2005) and
meets requirements of ANSI/
NCSL Z2540-1994-1

* National 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
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Magnitude error [dB]
§ .

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




WORLD-CLASS MANUFACTURING

« \We've partnered with Planar, which
was founded by engineers with
over 20 years of experience in RF
and microwave, aerospace and
defense technology.

 Planaris a fully ISO 9001 certified
facility, fully equipped with the state
-of-the-art manufacturing
equipment.




ACCESSIBLE CUSTOMER & TECHNICAL SUPPORT

* Application Engineers
available for support directly

* Technical support, application-
specific recommendations,
and custom application
development available




VNAs FOR YOUR APPLICATION




1-PORT VNAS (CABLE & ANTENNA ANALYZERS, REFLECTOMETERS)

 Lab grade performance in a handheld device.

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

« US Patent 9,291,657: Connects directly without the need
for a test cable.

e All models under 1.1 Ibs.

» Powered and operated via USB connection to an external
PC.

« Highly dependable performance and calibration stability.




1-PORT VNAS (CABLE & ANTENNA ANALYZERS, REFLECTOMETERS)

R54 R60 R140 R180
Frequency Range 85 MHz to 5.4 GHz 1 MHz to 6 GHz 85 MHz to 14 GHz 1 MHz to 18 GHz
External frequency reference No 10 MHz 32 MHz 10 MHz
External trigger No Input/Output Input/Output Input/Output
Power connector USB mini-B Reinforced (rugged) USB mini-B USB mini-B Reinforced (rugged) USB-C or +5V external
Adjustable output power Hi/Low/Off 0.25 dB steps Hi/Low/Off 0.05 dB steps
$21, S12 measurements

Scalar, with specialized software
(available upon request)

> 1-Port VNA Products Home Page
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Scalar, with specialized software
(available upon request)



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

« Full featured lab grade performance in a co
mpact package.

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

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




COMPACT VNAs

TR1300/1 TR5048 $5048 TR7530 S$7530 S5065 S5085
Frequency®Range| 300&Hz&oRA.3@GHz | 20fkHzEo.8@Hz | 20&kHzEoR.8@Hz | 20fkHzR0BGHz 20kH zAoBHz 9kHzEo@.5@GHz 9kHzEoB.5@GHz
S-parameters S11,%21 511,321 $11,%21,512,%22 511,321 $11,%21,512,%22 | S11,521,%12,%22 | S11,521,512,5%22
Portdmpedance 50@hms 50@hms 50@hms 75@hms 75@hms 50@hms 50@hms

i Compact VNA Products Home Page



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

PLANAR VNAs - 100 kHz to 8 GHz

 Full size instruments

« Lab quality performance in a 19-inch chassi
S

*  4-port configuration and direct access to rec
eivers

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

« Devices are ATE compatible, rack mountabl
e, and easy to program and share between
multiple users.




PLANAR VNAS

304/1 804/1 808/1 814/1
FrequencyRange| 100&kHz@oB.2[GHz | 100&KHzRoBEHz 100&KH zRoBAGEHz 100&H zRoBAEHz
Number@®f@Ports 2 2 4 2
SpecialFeatures Direct@ReceiverfAccess

i Full Size VNA Products Home Page



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

COBALT VNAS - 100 kHz to 20 GHz

* Industry-leading dynamic range and sweep speed

« 135 0r 152 dB typ.* (10 Hz IF BW)
e 10 or 12 ps*

» |deal for fast production and applications like 5G r
eal-time BTS filter tuning.

 Unmatched price-performance combination for S-
parameter measurement

« The design and production of Cobalt VNAs incorp
orates several innovative new manufacturing and
test approaches.




COBALT VNAs

C1209 | C2209 | C4209 | C1409 | C2409 | C4409 | C1220 | C2220 | C4220 | C1420 | C2420 | c4a420
100kHzA0o®@EHz X X X X X X
100kHz®0R20&Hz X X X
Number®f@Ports 2 2 2 4 4 4 2 2 2 4 4 4
[Direct@Receiver@ccess X X X
Frequencyixtension X X X X
> Cobalt VNA Products Home Page

COPPER MDOUNTAIN"
TECHNDOLOGIES


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

» Cost-effective millimeter wave frequency exten
sion system.

* CobaltFx is an unprecedented approach for mil
limeter-wave S-parameter measurements.

* Models available in three dedicated waveguide
bands, 50-75 GHz, 60-90 GHz and 75-110 GH
Z.

* The system features frequency extension mod
ules from Farran Technology and a precision ¢
alibration kit.

COPPER MDOUNTAIN"
TECHNOLOGIES




CobaltFx Compatible VNAs

C4209

C4409

C4220

= C4420

,' ;5%_
| CobaltFX-15 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.)

i CobaltFX VNA Products Home Page
‘BDPPER MOUNTAIN"


http://www.coppermountaintech.com/products/Ohm-50/category/16/
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CMT VNA GUIs (S g4

S11 Return Loss 5.0 dB/ -20.0 dB
5.0

45.0

Start 1 MHz 0 dBm, typ. Stop 6 GHz

‘&’ O @ AL ®mTA 2 628 O

2017-10-17

JWILL TECHNOLOGY
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- . 88E0}
v Omni-directional (1) A connected Industry
O|_|- E'” L-l' v' Peak gain of 0dBi ©) N """""" Smart ity
=X AL -] v SMAMM)RA Plug Connector & TR .
-1 O v Low Profile and Robust Handling @ & Smart Energy
v’ 448mm Antenna Length ~ ~
Connected Car
v P65 () o= cConnected Car
ol 3=k v RoHS Compliant (5) <& Other

(LoRa) =d/4=

Y

g@ Smart Supply Chain
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ORE| Lt
= AR

u| S8 M (Al =):

=
» S21H 37
@7.8405
/' \ Parameter Specification
| Applications 433MHz ISM Band
— Frequency 433.05~434.79MHz
-—0 Peak Gain 0dBi
' Return Loss -20dB
§; Impedance 50 Ohms
> Radiation Pattern Omni-directional
Polarization Linear
VSWR =15:1
5 Power handling 5w
3 Housing TPE
Connector SMA(M)RA Plug
A Operation Temperature -40°C to + 85°C
Storage Temperature -40°C to + 105°C

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

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY
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- T ZZH(AlI=):

3 Smith Chart Data

= Antenna ParameterAlQ¥ <

1 Return Loss Data

Return Loss (dB)
0 . B &
xS
2 s A s S i it
T/ LT e (R S RS S R e = ’
O|' E—” L_|- T TR E— L — — S E— S— G
! ! ' : : : : - " X H
x I_I A E1 2[] ........... . .......... . .......... 4 P ' 433 MHz Band
_l 25 : ; ; : : : ; 1=
350 375 400 425 450 475 500 525 550
MHz
4 Radiation Pattern
2 VSWR Data
VSWR
12 ,
10
8 ] - 4 b i
3 S S R A S S A S S
4 4
2. ...........................................................................................
0 T 1 1 1 1 T r Horizontal Pane
350 k1] 400 425 450 475 500 525 550 —— Vertical Plane
MHz
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- 87| FR2 7l A MY:
> HEIEH: R60
* Frequency range: 1.0 MHz-6.0 GHz
= Number of ports: 1 (N-type, male)
= Dynamic Range: 109 dB typ. @100Hz IF BW
= Measurement Bandwidth: 10Hz to 100kHz
= Measurement time per point: 100 pys min typ.
= Up to 100,001 measurement points per sweep
= Effective directivity: 46dB
= Measured parameters: S;; Log magnitude, DTF, Smith, and more

i R60 Product Home Page

USBY VNAS| =8 STt 56& L8 HH|LE SZAH 57



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

- S
> 1 set x R60

> 1 set x VNA GUI Software (RVNA), PCO| A X]|

» Adapters
= 1 ea x N-Type (female) to SMA (female)

> 1 set x Calibration Kit, SMA-J, DC to 6GHz, Load<-32dB, VSWR:1.05
> 1 set x PC
OFH| L} > 1 eax LoRa Antenna

S8 A -

2
'_'I
25 [ [ I [ 8 B
09 (9 (1 6 A 4 B e 2

loTE QHH|L}

(LoRa) =d/4=

USBY VNAS| =8 STt 56& L8 HH|LE SZAH 58




£ Set-up:

Z™Faty HLQ|: 350MHz to 500MHz
Z™MEOIE 7H4=: 20174

IF Bandwidth: 10kHz

Output Power: 0 dBm
= u}t2t0|E: S11 Return Loss, SWR, Phase, Smith Chart

Calibration: Full 1-Port Calibration (Open, Short, Load)

YV V VYV YV

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY
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I s11 Return Loss 10.0 dB/ 0.0
50.0

ORE| Lt
= AR

50.0
1000 2000 3000 4000
Start 1 MHz 201 10 kHz 0 dBm, typ. Stop 6 GHz

mE o £ & a g 60 @ @ m @& w @ ~¢=oABE 520 B




« =4 Z1}: All Trace Data (S11 Return Loss, SWR, Smith Chart, Phase)

2017-10-14 ==
@ 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 g

-10.

-20.

OIEIL fz

F=NER

- s -~ P - N N 2o
360 380 400 420 440 460 480 500 520 540 360 380 400 420 440 460 480 500
Tr3 s11 smith Chart 1.0  [F1] Dat , Tr4 sl11 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.GBO00 MHz -57.949 °
3 500.00000 MHz - 72.337 - j313.97.0hm 1.0138 pF ’ 3 500.00000 MHz -1/7.218 °

0T QHEfL} 0
90.0

(LoRa) 5’3/45 45.0
4 0.0

-45.0

-90.0
-135.0

-180.0

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




B 1434.00000 MHz -22.921 dB
2 1400.00000 MHz -1.9684 dB
3 {500.00000 MHz -0.5917 dB

ORE]| Lt
= A -

loTE QHH|Lt

(LoRa) 58/4S

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




MZA} s11 SWR

S11 SWR 1.0 / 6.0 [F1]

10.0 434.00000 MHz 1/1523
2 400.00000 MHz B8[B632
3 500.00000 MHz

ORE]| Lt
= A -

loTE QHH|Lt

(LoRa) 58/4S

T 2D
360 540
Start 350 MHz . 550 MHz




XA S11 Smith Chart

Il S11 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

ORE]| Lt
= A -

loT& 2HE|Lt

(LoRa) EH/A S

N -~
360 540
Start 350 MHz . 550 MHz




* é’g’é‘ﬂl': S11 Phase

11 Phase 45.0 */ 0.0 °
H 43400000 MHz 173.50 °
2 400.00000 MHz -58.026 °
3 ]?00.00000 MHz -17.243 °

Y

= A -

loTE QHH|Lt

(LoRa) 578/

-225.0 s
360 540
Start 350 MHz : 550 MHz




b

=XM1} 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

JE[
= F AL

=]

1.00E+01

- | b
Phd | =t

1.50E+01

—_ =
B w

-2.00E+01

[ TR R T i [ Rt
W ko= O O @ |~ 3 u

USBE VNAS| =& =& 563 tE 2HLE S8 Al




ORE| Lt
= AR

00 D000 Q0D L DO 00 D0 00 D000 DI 0D G0 Lo L) L0 D0 L Dl 0 LA ALl LAl - — = —

A
[ J 1::i-

COPPER MOUNTAIN TECHNOLOGIES, RE0, 0020417,
2017-10-14 2% 3:13:19

Date:

.I

Data: Format [Callhrattnn Infn]

Frequency

HZ 5 Bl R &0
. B0000000E+0S
.51 000000E+08
. 52000000E+08
. B3000000E+08
. 54000000E+08
. BRO0O000E+0S
. BE000000E+0S
L BT000000E+08
. 5B000000E+0S
. BA000000E+08
. BO00O000E+DS
. B1000000E+08
. 62000000E+08
. B3000000E+08
. B4000000E+08
. BROOODO0E+0S
. BE000000E+DS
. BT000000E+08
. BB000000E+0S
. BA00O000E+0S
. T0000000E+0S
LT O00000E+08
. T2000000E+08
. T3000000E+08
. T4000000E+08
. TRO00000E+08
. TE000000E+08
. T000000E+08
. TB000000E+0g
. TA000000E+08
. B000A000E+DS

mmnmOnmmOmmOmmmmm oo M --1-1-1-1-1-1-1-1-1-1-1

. JBEEE05EE-01
. 3350858 7T9E-O1
02026 7=E-01
26731 A62E-01
- 2aE 14 Te=E-01
2001 4139E-01
. 16341:399E-01
1 284T82E5E-01
. 0895258401
. 049953526E-01
.01 158806E-01
 9E8445T2E-O1
. 929=25197E-01
. BE8TE35TAE-O1
. B4718945E-01
. B071E622E-01
. 1e9e4139E-01
. T1505696E-01
.B70585530E-01
.B2385699E-01
ST 21 2E-01
.53019750E-O1
481 19265E-01
CAS2A05345E-01
. J8zBE994E-01
3245861 TE-O1

2722a523e-01

2129951 0E-01
. 14503966E-01
.08416439E-01
L0161 1361E-01

f09°79848E-01
. T38E58544E-01
. 1e9e825=E-01
L TE0T3952E-01
. B08EEE1 3E-01
. 83458T269E-01
. BE05Z92=E-01
. BB5T9555E-01
907 9954E-01
9304453801
9823 TEZ9E-01
C9T310941E-01
. 99645951 E-01
01932547E-O1
. 044020:530E-01
OB931975E-01
0910681 ZE-01
1 18335226E-01
13961 747E-O1
. 1BA0EETIE-O1
1842441 4E-01
. 2098261 BE-O1
. 23239 304E-01
. £59190035E-01
20488231 E-01
. 31004679E-01
. 3.313808=E-01
. 3EEA9469E-01
3870644 7E-O1
40895841 1E-01
. 4.33996:530E-01

17.3.2/3.0

USBE VNAS| =8

GO0 L) o) DO Do 0 L0 Lo L L Lo L Lo L Lo L L L) L L) Ca L) Lo Lo 3 —— - — ——-—

BE 21 |' Touchstone files

COPPER MOUNTATH TEEHNOLOGIES AR50, 0020417,
2017-10-14 :

Date:

9:

Data: Format [Eal|hrat|0n Info]
511: Magféng Fl

Frequency
HZ = M4 R B0

. 50000000E+05
.51 000000E+08
. 52000000E+05
. 53000000E+08
. 54000000E+05
. 55000000E+08
. 5E000000E+05
. 57000000E+08
. 58000000E+05
. 55000000E+08
. B0000000E+O5
.61 000000E+08
. 62000000E+05
. 63000000E+08
. 64000000E+05
. B5000000E+08
. BE000000E+05
. 57000000E+08
. 65000000E+05
. 63000000E+08
. TO000000E+O5
. 71 000000E+08
. T2000000E+05
. T3000000E+08
. TA000000E+05
. T000000E+08
. TE000000E+O5
. TT000000E+08
. TB000000E+05
. T3000000E+08
. BO000000E+O5

[mxlunluslunluslusfusyinfinyduiinydnyinlinydnlin}dulin}dnlinddnlinddn}infinyinldnydujin}dnyin}

. 32366340E-01
.31 298564E-01
. 30159500E-01
. 2896331 9E-01
. 281104135E-01
. 269561 85E-01
. 2B025352E5E-01
. 25151506E-01
. 23993680E-01
. 22495050E-01
21840971 E-01
. 20550EEEE-01
. 19540867E-01
1FFI0ZEEE-01
. 163001 EEE-0O1
15223431 E-O1
137101 20E-01
1231771 40E-01
. 10704992E-01
. 09344.379E-01
0785051 2E-01
. 05856957E-01
. 03T22646E-01
.01680°749E-01
. 9945T555E-01
. 96953641 E-01
. 95069395E-01
23115881 E-01
. 90435581 07E-01
LETETTI0SE-01
. B55T95TEE-O1

-3
%.T?1d8537E+DI
-3.
-3
-3.
-3
-3.
-3
-3.
-3
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,
-4,

TA9TEETEE+O

793291 T0E+O1
81812901 E+01
54304925E+01
86540341 E+01
89195291 E+O1
91 705095E+01
8941421 45E+01
95720420E+01
99421 956E+01
02024652E+01
047E3977E+O1
07544294E+01
10491 095E+01
1.33302677E+01
1E505167E+01
1 96E024EE+01
22387848E+01
Z5ET9466E+01
29223674E+01
J2407307E+01
35886434E+01
39424455E+01
A2795905E+01
464526 73E+01
A9302077E+O1
53304283E+01
5T 02807E+O1
BOSTETEIE+O
BATEATETE+D

17.3.2/3.0

COPPER MOUNTAIN TECHNOLOGIES, R60, 0020417,

Date: 2017-10-14 =& 4:23:20
Data: Format [Calibration Info]
Frequency =11: dB/dng Fl
HZ S DB R &0
LB0000000E+DS -6, 10393826E-01 -3, 75004642E+01
LB1000000E+08 -6, 17E02604E-01 -3, 77296407E+01
LB2000000E+08 -6, 28854503E-01 -3, 79530503E+01
,53000000E+08 -6, 41 25R460E-01 -3, 82040230E+01
CBA000000E+08 -6, 46241 829E-01 -3, 84139492E+01
LBRO00000E+D8 -6, 58226802E-01 -3, 86687434E+01
L BE000000E+DS -6, B69387VE0E-01 -3, 89264206E+01
LBT000000E+08 -6, 77042659E-01 -3, 91662563E+01
,BB000000E+08 -6, 861596582E-01 -3, 941 46749E+01
L B9000000E+08 -6, 98603335E-01 -3, 967471 06E+01
L BO000000E+DS -7, 0BS25822E-01 -3, 99404643E+01
LG1000000E+08 7. 195751 17E-01 -4, 019931 282E+01
LB2000000E+08 =7, 328741 22E-01 -4, 0492001 0E+0D1
,G3000000E+08 -7, 46196291E-01 -4, 0745371 8E+01
L BA000000E+08 =7, 58485481 E-01 -4, 1037291 3E+01
,BEO00000E+D8 -7, BB092473E-01 -4, 13278697E+01
L BE000000E+DS -7, 82953730E-01 -4, 1660171 1E+01
,G7000000E+08 -7, 968894089E-01 -4, 19510463E+01
,GE000000E+D8 -3, 11317483E-01 -4, 22683101E+01
,GI000000E+08 -8, 25031 429E-01 -4, 25800095E+01
L TOD00000E+DS -3, 42673800E-01 -4, 291531 15E+01
L T1000000E+08 -8, B0322482E-01 -4, 32554704E+01
L T2000000E+08 -3, 80375146E-01 -4, 35340732E+01
. T3000000E+08 9. 01115879E-01 -4, 3344953858E+01
CTA000000E+08 -9, 19379952E-01 -4, 42721300E+01
. TR000000E+08 -9, 43210809E-01 -4, 46340933E+01
L TB000000E+D3 -9, 64019475E-01 -4, 49677953E+01
L T7000000E+08  —9.80977991E-01 -4.5323651 7E+01
L TB000000E+D8 -1, 00747393E+00 -4, 571 75570E+01
. TH000000E+08 -1, 029571 90E+00 -4, 60636051 E+01
LB0000000E+05 -1, 0551 7655E+00 -4, B4969573E+01
67

17.3.2/3.0
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« ZH: mmWave Horn Antenna (E-band) Measurements
o« D{AIREA:

SAR-2013-12-52

WR-12 Pyramidal Horn Antenna, 20 dBi Gain

Description:

OFH| L}

— Model SAR-2013-12-52 is an E-band pyramidal horn antenna that
§ g A" E:” - | | 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.

mmWave2 QHH|Lt

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

¢ High Return Loss

USBY VNAS| =8 STt 56& L8 HH|LE SZAH 70



o T|AHA:

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
O I_ E-” L_|- VSWR 1.15:1
= I‘l A'— E:” | | Mechanical Specifications:
1 o 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)
mmWave2 OHE||L} Material Brass g e "
Finish Gold Plated ==
Weight 0.60z T '
Outline AR-E1 kel

—WR-12 WAVEGUIDE
W/ UG-387/U FLANGE

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY 71



o T|AHA:

Typical Antenna Pattern @ 75 GHz Typical Gain vs. Frequency
30 _. . . . . 23 .
20 - 1 I | | ——ELPlane | | 22

rE]|Lf R ERE™E

2= AFH|-|] :, 2o - e W
10 Freh A '.
Vaupanmanisy] B
20 |
mmWave& QtE|Lt : \ / N /J T
- .30 [ N\ A L i | Ll v\ L L i ; . . . . . . . i i
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 i 50 - 65 70 I 75 o 80 . 85 90
Boresight Angle (Degree) Frequency Range (GHz)

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY 72



« 5828 5 AAH] $148: Open space @ EUMW2017 (0D s

LI\ILI‘U’IUUI\ nLAHA-uCIl

* Measurement Freq :60~90 GHz
* IF Bandwidth: 3kHz

* Measurement Point: 51

* VNA Output Power: 0 dBm

* Horn Antenna Gain: 20 dBi

« Antenna Path Loss: -65dB @1m
+ Measures:

S-parameters

Directivity

Beam width

Front to Back

Axial Ratio

Efficiency

TRP/TIS

etc.

ORE| Lt
= AL -

AN N NN VA NN

mmWave2 QHH|Lt

D Copper Mountain Technologies DAMS D AUT (Horn antennas)
CobaltFX-12 E-band mmWave VNA Antenna Measurement System

« video clip: https://youtu.be/QLc909RMNUI

USBY VNAS| =8 STt 56& L8 HH|LE SZAH 73



https://youtu.be/QLc909RmNUI

« SPAMLH #/d @ Anechoic Chamber YR 2o

1oy

Anechoic Chamber

* *
Not to scale Test Equipment

D6050 Positio ner DAMS D6050 Antenna Measurement System

with custom mounting options for

FX-12Medule-- -~ Hom Antenna WR 12 Rotary Joint Cobalt Fx2 MOd”'B
) ) ] \ \ Copper Mountain Cobalt FX-12 E-Band VNA
Tr|p0d W|th FX1 2 i < > Right angle WR12 V\.!Ith 4.5m exte.nded cables

mOdU |9 and horn :\ Up to 18-20 foot separation Optional pre-configured PC

Estimated link levels with 2 15dB antennas | Waveguide Parts
@) |. E L 1 Meter - -42dB @ 79 GHz | . 2x Right Angle WR-12 Waveguide
Straight WR12
| -I | |- g mg}g;: gégg % ;g 8:5 1x Straight Waveguide Section
1x Waveguide Rotary Joint

2x Waveguide Antennas

= AL -

[ [ ~

AY
Right angle WR12
1

Other Accessories
4 Port USB - Fiber Extender
Dual LC Fiber Cable (inside)

1
== Exposed Components covered with absorber* FX-12}\ﬂudule

-

mmWave& QHE|L} ;', \C/:ll;altFX-ﬁ ‘i , Dual LC Fiber Cable (outside)
: i | 610 from VNA 2 x USB Cables
e-10 om VA m b 2x DB9-RS232 Cable
Fx12 Module Cable Eiunw E}(‘IZ Module Cable Bundle

Panel Adapters for Serial/Fiber
Tripod for Reference Antenna

mm\V Module Power Misc Absorber
e e
FIBER TO USH . .
- Fixture for mounting Fx12 module
(mm\W Module Power] Fiber 1o tripod
5V DC T
L 1]

2m USB |USB to Fiber Fiber

RS-232 Platiorm Control

PC

USBE VNAS| =8 EX 1} 5GEAIL OHH|LE S ALY 74



« HE MFLHE:
» CMT CobaltFX-12 mmWave VNA System

= SystemT’d = VNA + Frequency Extension Module +
RF/IF/DC cables + Cal Kit (Waveguide)

» VNA: 9GHz (C4209, C4409) or 20GHz (C4220, C4420) = Ei L

_ C4209 C4409 C4220 C4420

OFE| L "
Frequency Range
= I‘l |_ :” | | (Dynamic Range) 100 kHz to 9 GHz (162 dB @1Hz IF) 100 kHz to 20 GHz (145 dB @1Hz IF)
1O Time per point(typ.) 10 usec 12 usec
= System Key Specifications = Waveguide Cal Kit Specifications
mmWave2 QHE|L} Unit Min Typ Max o
System Operating Frequency GHz [ 60 90 ] Specification . FEIf'H'OOOG
Test Port Output Power dBm +2 +5 _ Unit Min Typ Max
System Dynamic Range (2) a8 [ 100 110 | Operating Frequency Range  GHz /60 90"\
RF Input Frequency GHz 5 75 Waveguide Designation WR-12, WG-26
RF Input Power dBm 0 Terra T |EEE_ %785-26
LO Input Frequency GHz 5 7.5 (Precision style)
LO Input Power dBm 0 Cut Off Frequency GHz 48.3692
IF Output Frequency MHz 7.5 Fixed Load VSWR <1.041 .
Flush Short Flatness mm  \ <0.012 J f
WR-12 |EEE 1785-2a 2R

Test Port Interface

compatible with UG-387/U B

V SWILL TECHNGLEEY USBE VNAS| 8 EA I 5GEAIR OHE|Lt ™AL 75


https://www.coppermountaintech.com/products/102/C4209/
https://www.coppermountaintech.com/products/125/C4409/
https://www.coppermountaintech.com/products/122/C4220/
https://www.coppermountaintech.com/products/122/C4220/

« HE MFLHE:
» CMT CobaltFX-12 mmWave VNA System

= Measurement Capabilities
v" Measured Parameters: S-parameters
v Data Display Formats: log/lin magnitude, phase, group delay, SWR, smith chart, etc.

v" Advanced Analysis: mixer/converter measurement, time domain gating, embedding/de-
embedding, limit testing, MCM (Matching Circuit Modeling) etc.

v' Measurement Automation: COM/DCOM compatible, LabView compatible

OI_ -” I__l- . System Dynam|c Range (typ) . Output Power vs. Frequency
=g A1l )
mmWave& 2HE|Lt § ; J o TN N
g 5 /A \\v
R

60 625 65 675 70 725 75 775 80 825 85 875 90
RF Frequency [GHz]

USBYE VNAS| =2 EZ 1 5648 CHH|LE S A 76



- HE MRLHE: ¢ D B B
» DAMS (Diamond Engineering Antenna Measurement System)

Typical Measurement Layout

DAMS Positioner / AUT

~ Scalar or Vector* Calibration
(* Requires VNA)

Precision RF Cables

DAMS Antenna
Measurement Studio

GPIB / Ethernet / USB

VNA, Rec. Only or

Source/Receiver Controller

> DAMS Antenna Measurement System Product Home Page

USBY VNAS| =2 EZ 1t 5GELME CHH|LE S ALY 77



http://www.diamondeng.net/PDF/brochurelr.pdf

AL M E L. P ; .
&) Diamond Engineering
° I1| E 1| I LH L4 'Q I Automated Measurement Systems

oa”

» DAMS (Diamond Engineering Antenna Measurement System)

Positioner Configurations

DAMS w/ FSM Mount

Az 0-360 El +/-180

Phi over Theta configuration

+ Carbon Fiber Tripod

Keeps AUT Centered

Full 3D spherical measurments
for Efficiency, TRP, TIS, etc.

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY 78



- HIE MELL: 71D Qi
» DAMS (Diamond Engineering Antenna Measurement System)

D6050 Multi-Axis Positioner NE\N"

Positioner Features:

+ Configurable up to 50 GHz coax and 110GHz WR10 Waveguide
+ Adjustable Z axis for precision AUT Centering
+ High Resolution

.025 Deg - Theta / Turntable, .025 Deg - Phi/Roll
O I_ E L_ *  Weight Capacity - Turntable-150 Lb, Phi/Roll-25 Lb
L' -I | |- » Low-noise coaxial rotary joints.

 Precision Stepper motors

E x_l A" E_:” —_ | | » Upgradable to 4-5 Axis for automated phase measurements
—1 O + Includes 2 x 15’ RF Cables
» 24" Diameter turnable plate , 10" Diameter roll plate
+ Casters for portability
» 3 year parts & labor warranty

mmWave2 QHH|Lt

Available Models and Options:

D6050-6 DC-6 GHz
D6050-18 DC-18 GHz
D6050-40 DC-40 GHz
D6050-50 DC-50 GHz »
D6050-mmW-CFX - Compatible with Copper Mountain CobaltFX mmW VNA

»  OPT 3A Automated Z axis -
OPT 4A Automated Z and X axis with pseudo Y axis

USBY VNAS| =8 STt 56& L8 HH|LE SZAH 79



f A3
x s I = L 2 > E Diamond Engineering
PY 1 ° A o g Automated Measurement Systems
" -} T o . |

oar

» DAMS (Diamond Engineering Antenna Measurement System)

Antenna Measurement Studio FEETEaE=EIE m Diamond Engineering

Precision Antenna Measurement System and Data Processing Software
Y = : Automated Measurement Systems

QuiT:
.J'—-
| SYSTEM OPTIONS | ||

Select VMWA or Source |
: ﬂ uEAsunEEmeoucml ResetALL Init Pos |H Position Platform to peak |
Agilent PMNA Series | Settings
e ]

Select Receiver
STATUS |

[[NEx1.NS132 Specan || settings |
Ready to Measure
ﬂ fe=iEE Palsrte ﬂ AzPos El Pos This page is collection only - after making
CalPAD(dB)=| 0 | PM Cal OFF | StartFreq | StopFreq | Mo. Points = | ElPos. | measurements, proceed to data processing

to work with your measured data.
| Press any 7 for help.

Configured Positioner |

| measure azmuth cu | scanazel | | PproceedtoData Pg|ﬂ

OFE[ Lt

Hz | Monitor Plot Options
Az Start 0
Az Stop 360

Az Resolution 5

Configure Extentsl

Monitor = Link

=AY -

mmWave2 QHH|Lt

521 Averaging

4 <S21(f)= OFF

- - ] ¢ <521(ff= ON
Azimuth Jog delta Elevation Jog delta

JogLeft  JogRight Jog- Jog + : savgs i
10 ~l1o ~] s ~|[I5 - < UseALL

AzJogto [0 || Eldogto 4 ALL-Min/Max

Display Settings

MOVE TO DIRECT POSITION

T e USBE VNAS| =2 EXT} 5GEAIL OHE|LI X ALY 80
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- HE MELE: 7] Qrrati
» DAMS (Diamond Engineering Antenna Measurement System)

Antenna Measurement Studio REE=aasE=E Diamond Engineering
Precision Antenna Measurement System and Data Processing Software ’W Automated Measurement Systems

Pro License

Configured Positioner |

J MEASURE AZIMUTH CUT | ScanAzEL |J Proceed to Data Processing | J

el | B wsrecciVl@asurement Controls. .. |
PAUSE MEASUREMENT _

|MEX1 NS132 Specan = -
STATUS |
Ready to Measure

CAL SYSTEM i
This page is collection only - after making
Start Freq | Stop Freq | No. Points |ﬂ| Iﬁl measurements, proceed to data processing
to work with your measured data.
Press any 7 for help.

ORE]| Lt
= AL -

Monitor Plot Options

Monitor = Link D

mmWave2 QHH|Lt

(Horn) £8/4

4 <S21(fj= OFF
¢ <S21(f)= ON

#AVTS |1

< UseALL
4 ALL-Min/Max

Display Settings

USBY VNAZS| =2 EZ 1t 5G&418 CHH|LE S ALY 81
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I.l s I.I = L 2 ? E Diamond Engineering
Y [ ) ¥ 4 Automated Measurement Systems

oar

» DAMS (Diamond Engineering Antenna Measurement System)

Multi-Trace Vector Plots E Over Frequency Measurements

Antenna Pattern

et i) Gain Vs. Frequency

Standard Features:

20 3670 -usan
25 358956 140481
20 354421 18053

25 353265 -140488
270 343052 141213
25 351585 184624
0 354502 152212
us 2

* One-touch antenna profiling e
Ol‘ E I__ * Multiple S-parameters (521, S11, etc) '
L '” |' + Multiple trace plots

=5c * Basic 3D plots

: xO_l A|- E-:” = | | * Reference antenna import feature

+ Data Export / Import function

+ Exportable vector plots

« Over frequency measurements

+ Various calibration methods

+ Fully configurable positioner settings

+ Extensive plotting features
+ Data set manipulation

Frequency [GHZ)

mmWave2 QHH|Lt

=

Freq = 16.08GHz DSES NAr2/ PP

Cmw w XGOS

Foaton decke 23 FREQUENCY(GHz))

3D Amplitude Plot
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« HIE MELL. YK oo,
» DAMS (Diamond Engineering Antenna Measurement System)

ANTENNA EFFICIENCY

+ Total Efficiency =
« Material Loss :
» Radiation Resistance

Advanced Processing Modules:

+ Efficiency / TRP Calculation
RCS Calculation

Phase Center

TIS (Total Isotropic Sensitivity)
Advanced spherical 3D plots
Exclusive data set calculator

“““““““

ANTENNA N ORK SIMULAT

Kb @20 EL '3 Mv Yaai

Lssmm lo@so 2 R@

diz o@dlu [go 46
Port1 @2 24 2 l?! |REG t2

AmplRude VE. Angle

New Features for 2017 / 2018
+ Calibration Profiles with automatic gain cal

TIS (Total Isotropic Sensitivity) measurement o . 1f'

Phase center measurement Lo “ P -k -m IWM \Wpﬂ m
MSI / Planet export for site planning

Compatible with Windows 7, 8, an

Lraphuia e
=
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=2 = 12 ~ W LM LGaUY INETWOTK ANSIYEES U LIV IS s - = : = -

- e Dspay Calbration Markers Analyss  Save/Recal .

\\ Antenna Measurement Studio IES e IS = Trace/Channel ~ Stimulus  Response  Dspay

N Precision Anlenna urement System and Dala Processing Soflware _ CXl! iamond Englneerlng
[l Poleome |

Di — S90.00 dB [F2]
@] 521 Log Mag 10.00 d8/ »-40.00 dB [F2
=l Automated Measuremenl Systems = 9 Mag g
R s sten orons | || Positioner Moverent || NERRETETH ¥ Loon Enable | — €

— m‘ MEASUREAZIMUTH CUT | [T ScanAzEL
Select VNAor Source. | == 7
opper Mountain S2VHA ~|| ‘58\““95‘
SelectRaceiver |
ielect Receier ~ || 'Settings ‘
A _cnsvstem | caiorr |

MEASURE ELEVATION cUT | | ReselALL Init Pos (2]

0h.0m:10s |
Positioner

This page Is collection only - after making
measurements, proceed lo dala processing
1o work with your measured data.

A Press any ? for help.
Cenler Frequency Amplitude / Polar Preview E

20 | Monitor = Link Dats usa ‘monilcr (o change —|

15
15

QrE| L}

40.00p

ovn

< <s21(n» OFF |
< <s21(0>0n |
¥ Avg's 1

< UseAlL

¢ ALL-MnMax

mmWave2 QHH|Lt

0 N o X1
. h (deg) 10076 Frequency (H
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- 574 A1}: S21 Log Magnitude

Wy LTI sZuy NEeIWOrKk Analyzer DR ML = T I RS A RAT CRg T v v

Trace/Channel Stimulus Response Dsply Calbrabon Markers Analyss Save/Recal System
S21 Log Mag 10.00 dB/ »-40.00 dB [F2]

Main Menu
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£ 41} Antenna Radiation Pattern @

20 dBi E-Band Waveguide Horn

110

120
130
140
150
160
170
- 180
190
200
210
220
230
240

- 250

Name: Name

Date/Time = 10/11/2017 10:30:41 AM
Plot Scale: 10 dB/Div

Beamwidth: 17.44 Degrees

100 90 80
70

60
10 50

40
20

30

340

330

320

310

300
290
260 270 280
I I I | I I I

Frequency: 69000 MHz

MAX dB= 20.586 @ 1.5 Deg.
MIN dB= -45.15 @ -127.5 Deg.
dB Min/Max Delta = 65.741 dB
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- £ Z1}: Antenna Radiation Pattern @

20 dBi E-Band Waveguide Horn

- 110 70
120 60
130 15 50
140 40
30
150 30
o) | A‘
|' E-” |- 160 17| 20
I
> X A'_E:” ” 170 -60 10
—/ O ,
- 180 0
190 . 350
mmWaveZ QHE|L} 200 340
210 330
220 320
230 310
240 300
= 250 290

260 270 280

Name: 15 dBi / Div. Frequency: 69000 MHz
Date/Time = 10/11/2017 10:32:46 AM MAX dB= 20.586 @ 1.5 Deg.
Plot Scale: 15 dB/Div MIN dB= -45.15 @ -127.5 Deg.
Beamwidth: 17.44 Degrees dB Min/Max Delta = 65.741 dB
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£ 41} Antenna Radiation Pattern @

20 dBi E-Band Waveguide Hormy iy ——

110
120
130
140
150
160
170
~180
190
200
210
220
230
240

- 250

Name: Multi-Trace.

Date/Time = 10/11/2017 10:44:34 AM
Plot Scale: 5 dB/Div

Polarization: Horizontal

76200 MHz ——
80400 MHz —
100 90 80 No Data ——
70

16 60

1 50

6 40

1

” 30

330

320

310
300

290
260 270 280
I } [ | [} I [} | I | I [} |

Trace 1- 60000 MHz MAX 19.20 Beamwidth: 19.41
Trace 2- 76200 MHz MAX 19.33 Beamwidth: 16.89
Trace 3- 80400 MHz MAX 18.01 Beamwidth: 16.16
Trace 4- 0 MHz MAX 0.00 Beamwidth: 0.00
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~
(o)

= A1} Marker Sidelobe

REG1| REG2| REG3| REG4|

Active Plot: REGO

Edit Traces / 13

MAX= 19.2 dB

|¥ Mo Pop Up|
| Azimuth Contours |

)( All Az Contours I
45
Add Plot Label

225
MAX dB=19.198 @ 1.5 Deq.

MIN dB=-57.66 @ -103.5 Deg.
dB Min/Max Delta = 76.866 dB

Beamwidth: 19.40 Degrees Frontto Back: 36.17dB 370

J
0,@0) Print | Excel Report/Export |

315
s
[ Export plotiw scales only

< +
/ Display Settings

Plot Scale: 10dB/Div

Trace Datato Excel | Plot with GNUPlot |

-5.285 dB

dB

24 .46

@ Marker2 |

Marker 20Log Delta dB

£ Beamwidth OFF |[J 4
| ¢ BeamwidthON || —42
|

__ Freq Trace Export Marker Delta Angle
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IIN

Amplitude (dB)

215

21

205

20

19.5

19

18.5

18

17.5

1}: Antenna Gain (Amplitude) vs. Frequency

Amplitude vs. Frequency

(Az TEI: (1.5, 0}

60 65 70 75 a0

Frequency (GHz)

25

80
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Elevation = 0Deg
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O}
—
=X A
= O

Amplitude (dB)

mmWave2 QHH|Lt
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- 574 A1} Excel Report

Plot Summary Trace Data
: | A B C D E F A B C D
Polarization Horizontal Date / Time 10/11/2017 10:39:26 AM
Qo e Notes Notes 1 |Trace Dan]
6 2 Trace1
; 3 Azimuth
190 4 Position dBi Phase
. 5 -180 -13.3983 46.3351
13 6 1785 -12.3927 60.81661
5 7 177 -852628 28.18746
Ol_E_” L-l' 2 8 -175.5 -15.0776 -19.2046
L = 9 174 -12.8692 34.79819
Ex.' A"E.:” ” - 10 -172.5 -15.7936 29.7873
—/ O u 2 1 171 -21.8673 2.868746
= 12|  -169.5 -15.7574 121.5553
2 13 168 -23.7112 -176.818
7 14| -1665 -13.329 -174.046
mmWave& QHE|Lt = 15 165 -13.9916 -169.073
: 16| -1635 -21.5311 -110.155
3 T —— 17 -162 -13.1398 -78.1955
= 18 -1605 -1396 -77.8933
3 19 159 -14.8966 -57.0783
2 20| -1575 -151011 -144.23
P Yo 21 156 -18.2469 -11.9684
e :‘-;°°°"’“ 22 1545 -27.3355 -166.784
o 23| -153  -21.7427 179.8021
45 |Gain Min. 4515542281 24 -151.5 -22.6958 -165.186
e 25 150 -17.1872  -118.61
e e_________________________________________________5
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» Contact
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» A 031-601-8058
» E-mail: sales@jwill.co.kr
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» Basic voice service

* Analog-based
protocols

JELINL IV

Designed for voice
Improved coverage
and capacity

First digital
standards (GSM,
CDMA)

= Designed for voice

e First mobile

= Designed primarily

with some data for data

consideration * IP-based protocols
(multimedia, text, (LTE)
internet)

* True mobile
brecadband
brecadband .

=~

S Y
7y K

2000

100,000
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Market Drivers for 5G

Source: Microwaves & RF (Sep 17,2015)
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The Essentials in 5G
10000 x more traffic

10-100 x more devices

Capacity 11 :’:ile“:f'cond Performance
Y requirements

Latency
< years M2M
Energy 2; 1 battery life 2 O 2 O +
ki
b M2M ultra low cost

Sast Flat energy

User Gbit/s
data rates I1 peak data rates

10 Mbit/s
wherever needed Ultra
reliability

Coverage

Source: Courtesy of Nokia (CES2076)
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Key Usages in 5G

<&

Entertainment
Apps beyond imagination

o
- P
: b eHealth Traffic
o° Smart parking
B mobility S mart
wearables Grids

Smart
Car

) =

s e
Water quality Eaitoas Connected a8
communication house -
Security &
- Surveillance

Utility management
- European
Commission

Source: European Commission
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5G Key Enabling Technologies

Multi-RAT

Intorworking & Integration

Mutti-Connectivity

. E n & i ! i 3
= P & T 3
.-~
s J
l Wi-Fi AP ! l Small Coll

Antonna Arrary

mmWave System Advanced Small Cells Advanced Network Multi-RAT

Close 1o BS ‘

3
s

Noemad TY) () rrm) T Storeeng (0. g 0.5 ma)

{ o
N FOM 7 OB (I

-
---------

GolCchv c‘.w qf/m"\y‘ TS R ——

OO0+
A TAVAVAR
' VITA'ATATAR
h .
OrO==—0" (Dt e, P
1
O-0-O0—
2 - . 3-Stop UL Schoeduling Pre-Scheduling
Azimusth Beamiorming ) g (Such 8s SPS)
ACM & Multiple Access Advanced MIMO Latency Reduction Techniques

Source: Samsung Developers (developersamsung.comy/tech-insights/5G/5g-key-enabling-technologies)
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5G Roadmap

InterDigital Vision 2020, Creating the Living Network, 5G...

Vision Requirements Proposals ' g
¥ WRC15 ® Wre-19 -
'S
5G Research, Prototyping, Trials (SGPPP, 5G Forum, etc.) %}
Rel 12 Rel 13 Rel 14 (1ea Rel 15 yp.c Rel 16
Standardization continues...

SE Snidle STANDARDIZATION 5G PRODUCTS & m

WAVE 1 (<6GHz) DEPLOYMENT START! B

NGGO SG WiGig2.0 Standard WiGig3.0 - 6G Wi-Fil

Winter Olympics: KOREA

Summer Olympics: Japan FIFA World Cup: Quatar

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Source: InterDigital, MWC2015
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5G A& M

MA 56 A 72 F0] =U 56 A|E 72 =0
= =) (hgd - 2
24% 96544
5,3482]
17X 8,3259
3,565%
9 9,529
1,683
—_ ::153:' 5.603Y
o 3% 1,063
Fem-an I B al
2020 202 P s 2023 2024 2025 2020 2021 2022 2023 2024 2025

B4  ETRI MRITRIETE MAL S 5GAIE B +4 D, kTEE AL J7Y
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Smart Cloud
Networks Transformation Synergy Structure

Automatlon Application Integration Digital ¢luster
- L.Jnternet Services Luriiliy L i
« e Pjgtributed Em"eﬁdldtetd
xploitation
smart Grld Intzrconnected
“°‘t‘.£.£?.:f::.¥lntelllgence
End Users Knowledge ensors Real Tlme Al:“:t;:'t:neous

Surveillance Development Innovation

Information Database Remote

Virtual Autonomous

USBYE VNAS| =2 EZ 1 5GEAMNE CHH|LE S ALY 107




J THE INTERNET OF THINGS

AN EXFPLOSION OF CONNECTED POSSIBILITY 2508
PP [ —

348 BILLION
| sy & 5

Wie

2.9BILLION (¥

‘*wj

5 18.2 BILLION
e MABILLION () -

_ BTBILION (S

IoT INCEPTION @
| @i ool @ =S

YEAR

Source: Misumi Mech Lab
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loT A& M

o%& IOT ANALYTICS Q3/2016 Insights that empower you to understand loT markets

loT Segment Global share of loT projects! Details

Americas Europe APAC Trend?

@@ Connected Industry 22% - 20% A

@ it Smart Retail [ 4% N = 640 global, publicly

————————————————————————————————————————————————— announced loT projects

@ Smart Supply Chain - 4% M Americas [ Europe [l APAC MEA — N/A

1. Based on 640+ publicly known enterprise loT projects.(Not including consumer loT projects e.g., Wearables, Smart Home) 2. Trend based on loT Analytics's 02/2016 loT Employment Statistics Tracker 3. Not including
Consumer Smart Home Solutions  Source: loT Analytics 2016 Global averview of 640 enterprise loT use cases (August 2016)

Source: loT Analytics
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loTE RFE S A& MU

RF COMPONENTS MARKET 2015-2022 (IN $M)

$25,000

$20,000

$15,000

$10,000

$5,000

%0 2015 2016 2017 2018 2019 2020 2021 2022

I Filters Switches [ PAs and LINAs | Antenna tuners
Source: Microwave & RF
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loT 7|8t 7|==

7E AHEH AH2]FA LTE-MTC
E . . . LTE-M/
w_ WAN aaaaaaaaaa _
i-Fi Zighee | Bluetooth | SigFox |[LoRa NB-LTE-M NB-IeT
=A19] | 20~100m | 10~100m 10m  [13Km o] |11Km °]}|11Km °]f|15Km o].f
368, 900 8~900MHz | 8~900MHz
- ? = ) Y, 3-"r
ama | Cigns |~928MHz | 2.46Hz | (EIRE | GIEE | soee® | 200KH
- 2.4GHz Chs) ) ] i
AT | 2bdMbps | 250Kbps |[1~2.1Mbps| 100bps 10Kbps 1~Z2Mbps | 200Kbps
M 4|/ 1=2715mw ] R i i .
= T I50~200mW | T o | 1.30mW | 9F 108 | 9F 104 | oF 10W | °F 104
2] A mW o] 51 mW
IEEE
. [EEE - IEEE - - 3GPP 3GPP
ETE 1 502.11b.g 3‘254 302.15.1 | TEET | FIEFT  lpoice 12|Releace 13
» AF2AIR

AT E ol BRI 74
802.15.4 &, 30
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S84 5684 E LHILE SZA

, 2016. (IEEE 802.11,

111



A =
loT 7|8t 7|==
7E = ZA7dE LTE-MTC
| . . : LTE-M/
w_ aaaaaaaaaa
i-Fi Zighee | Bluetooth | SigFox NB-LTE-M
EAHY | 20~100m | 10~100m 10m 13Em o] f 11Km oLl 1 1Em o] |15Km <|Lf
268, 900 8~900MHz (|8~900MH=
2 il ) ¥ 3-"r
SOl | ~928MHz, | 2.4GHz | (sl | (138 1,5;2%;
- 2.4GHz 0s) og) ) "
2~bdMbps | 250Ebps |1~2Z.1Mbps| 100bps 10Kbps 1~ZMbps
| B15mW . r b r
H0~200mW oo 1a30mW °F 104 °F 104 °F 104
2] A mW o] 51 mW
[EEE B[]TTEElE 1 IEEE W Ea 3GPP
802.11b.g e_Tl_ﬁ 802.15.1 = Release 12

AT E ol BRI 74
802.15.4 &, 30
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NB-loT vs. LoRa

By 2022, NB-1oT will be the winner due to the ability
of its MNOs to deliver reliability and coverage

Combined FY 2016 revenues of public MNO partners, and
their combined fixed line or cellular coverage

NB-loT

$578 billion

~ 79 countries
e ® (@ Q LBED

vodafone China Mobile

%AT&T :F Deutsche

Telekom

verizon’ < sonera

o~
—
LoRa
P s
v

$241 billion

~34 countries
SoftBank

' sigfox

$175 billion

~2 countries
aQIva  JijloL enee
#KYOCERIOmante

"
COMCAST

......

Source: Lux Research, Apr 27, 2017
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loT RF Modules & Antennas

NB-loT

LoRa
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mmWave( & 2| 0|E{L}) o O A

oG

6 GHz 24 GHz 100 GHz

—

4G Large Millimeter Wave Bandwidth Opportunity

Source: RCR Wireless News, Aug 15, 2076
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mmWave(& 2| 0|E{n}) Fi}l LS

=== CmWave | ) MmWave
§-525 CISW*;Z | 28 GHz 37/42GHz60 GHz  E-band | Eyen more
Z 1 . ;
2 4 Cily E .3 GHZE [.4 GH?‘/Z‘LGHZ 7 GHz 10 GHz total | spectrum
100 MHz | | |: ! |
900 MHz : : I I !
2.6 MHz ! : // :
6 GHz Unlicensed 100 GHz

* Possible frequency band allocation: 24-33GHz, 37-50GHz, 66-76GHz, 81-86GHz)

Source: The University of Texas at Austin
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Why mmWave?

» Higher channel bandwidth & data rate (>10Gbps)
« High antenna efficiency (small size, higher gain)

« Higher spectrum efficiency (massive MIMO, spatial
multiplexing for multi-users)

* Interference mitigation (narrow antenna beam, beam
steering)

« Better cell edge coverage (small cells, directed beam)

Source: The University of Texas at Austin
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Key mmWave Applications

 Wireless Communications
« WLAN/WPAN
 Automotive Radars

Source: The University of Texas at Austin
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Wireless Communications

mmW-backhaul

———————
e mmW-access
R ——

mmW-D2D =
« —+ microwave .~

Fs s\

-~ = -

s A
mw- P

10x 20x

Performance Spectrum
(MIMO) (mmWave)

Source: The University of Texas at Austin
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Massive MIMO

| RF/Antennas |

Baseband
FD-MIMO eNB

High order MU-MIMO transmission
to more than 10 UEs

Source: Samgsung Electronics
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Massive MIMO Antenna Prototypes

EEEEEE

ll.lll...l..-ﬂﬂﬂﬂﬂﬂ :
l-ll.l....l...ﬂﬂgm
.l.lll..-..-.nlﬁﬂﬂﬂ B
...............-.-..Eﬂ
EEEEEEENEN
EENEENENENENEN
EEEEEEEEEE
ENENEENENEN
EEEEEEEEEN

Nokia AirScale
Massive MIMO
Adaptive Antenna

128 element antenna array by Lunds Univ.,,Sweden

128 element antenna array by 5GIC, UK

122
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mmWave for WLAN/WPAN

MmWave for WLAN/WPAN
| Standard | Bandwidth | Rates | Approval Date _

WirelessHD 2.16 GHz 3.807 Gbps Jan. 2008 Dell Laptop**
IEEE 802.11ad  2.16 GHz 6.76 Gbps Dec.2012 6

Epson projector™*

¢ Standards developed @ unlicensed 60 GHz band
+ WirelessHD: Targeting HD video streaming
+ |IEEE 802.1 lad: Targeting Gbps WLAN

¢ Compliant products already available

+ Dell Alienware laptops, Epson projectors, etc. iliackys cipees™
+ | lad Chipset available from Wilocity, Tensorcom, Nitero /\’ X
¢ Extension of 802.1 lad is underway (>20 Gbps)* | | |

* htep://www.ieeeB02.org/ | | /Reports/ng60 update.htm Tensorcom's chipset***

Source: The University of Texas at Austin
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Automotive Radars

MmWave for automotive radar
| Type | LRR | MRR | SRR

79 GHz

Frequency

79 GHz . 76-77 77-81 77-8I
MRR  5opeGo B band (GHz)
(BSD)
Bandwidth
. (GHz) 0.6 0.6 4
ne Change
.Lrlaeth Assistance
(CTA) ey Range (m) '0625 [-100 O0.15-3
0
Distance
accuracy 0.1 0.1 0.02

¢ Long range radar (LRR) is used for automatic cruise control (ACC)
4 Medium range radar (MRR) supports CTA, LCA, stop&go and BSD
¢ Short range radar (SRR) is used for parking aid and precrash applications

Source: The University of Texas at Austin
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Automotive Radar Sensors

EVOLUTION OF A RADAR Bosch's latest long-range system greatly simplifies the radar’s printed circuit
board. Instead of a handful of gallium arsenide chips to generate, amplify, and detect the 77-gigahertz micro-
waves, the system uses just one or two (as shown) of Infineon’s silicon germanium chips.

Second-generation

Third-generation
long-range radar

long-range radar

Radar dome Radar dome
Printed circuit Body with
board for separate
processing and connector
power supply

Body

, ~—— Radar
printed
circuit board

Printed circuit
board for
processing and
power supply

~———— Plastic backplane
with connector

~——— Die-cast
backplane

Source: Bosch
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Automotive Radar Market Share

Market share of mmw radar 2015

4% 2%

4%

m TRW
m Delphi
m Autoliv

m Valeo

m Others

H Bosch
B Continental
m Hella

Fujitsu ten

Source: Vehicle Trend
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