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≢ẋϮ ᶜ♠̓ ҍỮ

ᶙ♅

Å▀ VNAҍẋ ΅ ▬̆, ʺṇ√ ἒ

̑ʼ╥ ↔Ἓ╪Ϯ ҍἛ╪ ∩ ᶒ, 

ἵ┬ẋ↔(Total Cost of Ownership)

֞ ♇ᴒ ⁴ ʺἛẋʺ ְ‡ϱ Copper 

Mountain Technology Ợ╥ USB VNAŋ

ἵˌ, ̆ˍ⁄˭ җ ╫╙ ӥᵙ͙ ─ .

Ҋừ

ÅRF/ Microwave ♣▫ ╞↔

Ṩ /ᶛӢ/ᾎᾅ ⁷̯ἵ, ╘ ụ‰ ╥

⁷̯/ˌḛ/Ỹụ/Ἄẋᾅ ‡ѱתּ⁪

ÅRF / Microwave ♣▫ ╞↔ ᾅ ᾎᾅ

ˌḛ/Ⱡⱳ‰

ÅRF / Microwave ♣▫ ̪┴͙̕

Å͙ USB VNA⁄ ҍ ̕ᾔ▓╖ᾐ Ṫ
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Network Analyzer 
♩╢

Å┬ᶴἐ ᾐᵬ ́ ͙(ex. telecom wireless 
protocol/packet analyzer) ʺ ♇Ҋ ῳѳ.

Å̆ל ╪Ữ╥ ҍ⁵(HF, RF, Microwave, etc)╥ Ṩ , 
ᶛӢ, ἌẄᾎᾅ ╥ █/ ᴌѻ╢ ᾍ ♆Ἳ ╕
Ḗở Ἐ (S-Parameters)╙ ᾎ , ♬, ṪἍ Ѥ
́ ͙

Å2ʺּת ┬

ÅScalar Network Analyzer (SNA)

ÅMagnitude ᵣ ♬

ÅVector Network Analyzer (VNA)

ÅMagnitude ḓ Phaseᶛӎ ♬
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S-Parameters

b1 = S11a1 + S12a2

b2 = S21a1 + S22a2
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S-Parameters
- Reflection

- Transmission
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Vector
Network 
Analyzer 

Block 
Diagram

2-Port
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Vector
Network 
Analyzer 

Block 
Diagram

2-Port / 1 -Path VNA

TR5048
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Vector
Network 
Analyzer 

Block 
Diagram

2-Port / 2 -Path VNA

C1209
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Measurement 
Errors

Á 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
V CanŚt be eliminated in calibration

Á 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.
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Systematic
Measurement 

Errors

ÅFor 2-port /2 -path device, 6 forward and 6 reverse term errors
ÅFor 2-port /1 -path device, 6 forward term errors
ÅFor 1-port device, 3 -term errors
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Systematic
Measurement 
Error Models

1-Port Error Model
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Systematic
Measurement 
Error Models

2-Port Error Model
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Systematic
Measurement 

Error 
Correction or

Calibration
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USB VNA╥
︣̓ ◑♩
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Traditional VNA

Measurement 
& Processing

module
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USB VNA

Measurement 
module

External PC

USB Connection

DUT
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Advantages of USB VNA vs. Traditional VNA

Å5ƻŜǎƴΩǘ ƭƻŎƪ ȅƻǳ ƛƴǘƻ ƻǳǘŘŀǘŜŘ 
computer hardware and OS
ÅDonŚt get stuck with Windows 2000 

or a floppy drive

ÅTakes advantage of the latest 
advances
ÅUse your modern PC instead of one 
specŚed7+ years ago

ÅLower total cost of ownership
ÅDue to elimination of large number 

of potential failure points

VS.
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Advantages of USB VNA vs. Traditional VNA

ÅTravel
ÅPortable size and lighter weight

ÅExcellent for on -site testing

ÅShare
ÅNo user accessible non -volatile memory 

in the VNA

ÅResults stored on your own PC

ÅSecurity
ÅNo need for data purging or hard drive 

removal in secure environments

VS.
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WHY WE STARTED COPPER MOUNTAIN TECHNOLOGIES

Accessability Utilization

ÅAccessibility of VNAs 
decreased due to a number 
of factors

ÅDemand for VNAs that 
provide high-quality results
increased 

ÅMany new applications for
precise VNAs emerged



ÅTo give RF engineers VNAs that: 

Åare accessible and offer lower T

otal Cost of Ownership;

Åare portable; 

Ådeliver precise measurements;

Åcan be customized to the applic

ation

WHY OUR ENGINEERS DO WHAT THEY DO



ÅPioneer of metrology grade USB VNA 
category

ÅWorld-class metrology and 
engineering

ÅProviding application solutions 
using USB VNAs

ÅBased in Indianapolis, IN doing 
business globally

ÅFounded in 2011

WE BUILT THE COMPANY TO DELIVER ON OUR PROMISE



GLOBAL CUSTOMERS DEPEND ON CMT VNAS

ÅOver 1200 customers use more than 
3000 VNAs around the world

Å89 reps worldwide

ÅRecognized by Frost & Sullivan for 
Leadership twice

ÅInternational industry involvement

ÅIndustry thought leader



Å Aerospace & Defense

Å RF components

Å Telecommunications

ÅMedical devices

Å Higher education

Å Automotive

Å Cable TV

OVER 1200 CUSTOMERS AROUND THE WORLD



ENGINEERS ALREADY EXTENDING THEIR REACH

Gauging spacecraft 
fuel levels with R54

Equipped a lab with 12 VNAs instead 
of 1

TR5048 is used 
in ǘƘŜ ǿƻǊƭŘΩǎ 
largest particle 
accelerator Standardized on CMT VNAs

across all facilities worldwide



Å Legacy test systems: multiple PCs, OS

Å PC-driven test instruments: one PC, OS

Å Form factor makes integration simple

Å New VISA drivers, still SCPI commands 

OUR USB VNAs GO WHERE NO VNA HAS GONE BEFORE



Measurement 
Module

VNA
Application

Automation
ApplicationActiveX

TCPIP/HiSLIP

PC

OUR USB VNAS DELIVER FASTER AUTOMATION

Automation 
PC PC to PC

Measurement 
Module

PC for VNA
Application



30+ MODELS FOR DIFFERENT APPLICATIONS

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



HOW WE ARE DIFFERENT: PRICE PERFORMANCE RATIO

Keysight Rhode & Schwartz Anritsu Tektronix Pico Copper Mountain Technologies

Traditional 
VNAs

X X X

USB VNAs 1 1 1 30

Focus on 
metrology

X X X X

Affordable 
price

X X X

Application 
focus

X



OPEN TO APPLICATION-SPECIFIC CUSTOMIZATION

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

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



ÅAbility to integrate into test systems

ÅExisting application integrations with 
some of the following companies:

DESIGNED FOR INTEGRATION



ACCREDITED CALIBRATION LAB

ÅCalibration laboratory accredited 
with ISO/IEC 17025 (2005) and 
meets requirements of ANSI/
NCSL Z540-1994-1

ÅNational Institute of Standards
and Technology (NIST) or 
international equivalent



OUR APPROACH: METROLOGY IS KEY



WORLD-CLASS MANUFACTURING

ÅWeôve partnered with Planar, which 
was founded by engineers with 
over 20 years of experience in RF 
and microwave, aerospace and 
defense technology. 

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



ÅApplication Engineers 
available for support directly

ÅTechnical support, application-
specific recommendations, 
and custom application 
development available

ACCESSIBLE CUSTOMER & TECHNICAL SUPPORT





Å Lab grade performance in a handheld device.

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

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

Å All models under 1.1 lbs.

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

Å 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

S21, S12 measurements Scalar, with specialized software Scalar, with specialized software

(available upon request) (available upon request)

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

1-Port VNA Products Home Page

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


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

Å Easy to transport and lightweight.

Å 2-ports with 1 path or 2 path testing.

Å Models available in 50 or 75 Ohm.

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

COMPACT VNAsï9kHz to 8.5 GHz



COMPACT VNAs

TR1300/ 1 TR5048 S5048 TR7530 S7530 S5065 S5085

Frequency	Range 300	kHz	to	1.3	GHz 20	kHz	to	4.8	GHz 20	kHz	to	4.8	GHz 20	kHz	to	3	GHz 20	kHz	to	3	GHz 9	kHz	to	6.5	GHz 9	kHz	to	8.5	GHz

S-parameters S11,	S21 S11,	S21 S11,	S21,	S12,	S22 S11,	S21 S11,	S21,	S12,	S22 S11,	S21,	S12,	S22 S11,	S21,	S12,	S22

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/


Å Full size instruments

Å Lab quality performance in a 19-inch chassi
s

Å 4-port configuration and direct access to rec
eivers

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

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

PLANAR VNAsï100 kHzto 8 GHz



PLANAR VNAs

304/ 1 804/ 1 808/ 1 814/ 1

Frequency	Range 100	kHz	to	3.2	GHz 100	kHz	to	8	GHz 100	kHz	to	8	GHz 100	kHz	to	8	GHz

Number	of	Ports 2 2 4 2

Special	Features Direct	Receiver	Access

Full Size VNA Products Home Page

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


COBALTVNAS - 100 kHz to 20 GHz

ÅIndustry-leading dynamic range and sweep speed
:

Å135 or 152 dB typ.* (10 Hz IF BW)

Å10 or 12 ɛs*

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

ÅUnmatched price-performance combination for S-
parameter measurement 

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



C1209 C2209 C4209 C1409 C2409 C4409 C1220 C2220 C4220 C1420 C2420 C4420

100	kHz	to	9	GHz X X X X X X

100	kHz	to	20	GHz X X X X X X

Number	of	Ports 2 2 2 4 4 4 2 2 2 4 4 4

Direct	Receiver	Access X X X X

Frequency	Extension X X X X

COBALT VNAs

Cobalt VNA Products Home Page

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


COBALTFXVNAs: MILLIMETER WAVE FREQUENCY EXTENSION

ÅCost-effective millimeter wave frequency exten
sion system.

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

ÅModels available in three dedicated waveguide 
bands, 50-75 GHz, 60-90 GHz and 75-110 GH
z. 

ÅThe system features frequency extension mod
ules from FarranTechnology and a precision c
alibration kit. 



COBALTFXPRODUCT SERIES

CobaltFx Compatible VNAs
C4209
C4409
C4220
C4420

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.)

CobaltFX VNA Products Home Page

http://www.coppermountaintech.com/products/Ohm-50/category/16/
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PC↔ GUI(Graphical 
User Interface)ַאᾔ╖ᴛ
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CMT VNA GUIs (ҿ₅Ữ)
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╞↔Ợᴗ 5G ᾐ↔ Ό Ϯ
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Ό Ϯ
♬Ợᴗ-I

1-Port VNAᵑ ╪↔ IoT↔
Ό Ϯ (LoRa) Ἓ ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩ᶙ : 

üLoRa Antenna╥ Ἓ(S11 Return Loss, VSWR, Phase, SmithChart) ˤּש

ü ♬ ˿: Open space

Å ♩ : TaoglasỢ 433MHz ISM Band Terminal Antenna ( ᶛҨᶘ: TI.10.0112)

Á ︠

54

Á ╛↑ṧ‎

V Omni-directional
V Peak gain of 0dBi
V SMA(M)RA Plug Connector
V Low Profile and Robust Handling
V 44.8mm Antenna Length
V IP65
V RoHS CompliantIoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩ (˾ἳ):

Áᶶᵖ♅ ͖

55

Á ♆͖♅ Ἐ

IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש

USB VNA╥ ⅝ל ︣̓ 5G ᾐ↔ Ό Ϯ ♬Ợᴗ



Ό Ϯ
♬Ợᴗ-I

Å ♩ (˾ἳ):

ÁAntenna Parameterở‗

56

IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩͖ ⅔ד ͖Ѩ Ḑ ở‗:

üᶛҨᶘ: R60
ÁFrequency range: 1.0 MHz-6.0 GHz

ÁNumber of ports: 1 (N -type, male)

ÁDynamic Range: 109 dB typ. @100Hz IF BW

ÁMeasurement Bandwidth: 10Hz to 100kHz

ÁMeasurement time per point: 100 ɛs min typ. 

ÁUp to 100,001 measurement points per sweep 

ÁEffective directivity: 46dB 

ÁMeasured parameters: S11 Log magnitude, DTF, Smith, and more 
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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R60 Product Home Page

http://www.coppermountaintech.com/products/103/R60 /
http://www.coppermountaintech.com/products/103/R60 /
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Ό Ϯ
♬Ợᴗ-I

Å ♩̬Ἐ:
ü 1 set x R60

ü 1 set x VNA GUI Software (RVNA), PC⁄ ἒ

ü Adapters
Á1 ea x N-Type (female) to SMA (female)

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

ü 1 set x PC

ü 1 ea x LoRa Antenna

58

IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩ Set-up:
ü ד♩ Ὕ ḵ⌐: 350MHz to 500MHz

ü ♩ ╩ ˉὝ: 201ˌ

ü IF Bandwidth: 10kHz

ü Output Power: 0 dBm

ü ♩ ׇḅ : S11 Return Loss, SWR, Phase, Smith Chart

ü Calibration: Full 1-Port Calibration (Open, Short, Load)
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩ Ҽ₂ừ:

60

IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: All Trace Data (S11 Return Loss, SWR, Smith Chart, Phase)
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: S11 Return Loss

62

IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: S11 SWR
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: S11 Smith Chart
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: S11 Phase
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: CSV format for S11 Return Loss
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å ♩˷̐: Touchstone files
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IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-I

Å˿ Ⱡ♠╬ 1-Port VNAᵑ ╪↔ ⁴ IoT↔ Ό Ϯ(ex. LoRa)╥ S11 
Parameterө╙ ʼѾ ♬/ˤּש ὡ ▓╛.

ÅѾ, Ό Ϯ Ἓѫ ˤּש⁄ ₅ ╙ Ϧ ὡ ▓Ѥ ΩṨ╥ ⅝╬ө╙
ἵ ͙ ─ Ἄ Anechoic ChamberϿ⁄Ἄ ♬/ˤּש ͙ᵑ
̾◑ .
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˷̐ ‏⅔

IoT↔ Ό Ϯ

(LoRa) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-II

mmWave ♬ᾎᾅ ╙
╪↔ E-band Horn 

Antenna ♬
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Ό Ϯ
♬Ợᴗ-II

Åᶙ : mmWave Horn Antenna (E-band) Measurements

Å ᾋ :

70

mmWave↔ Ό Ϯ

(Horn) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-II

Å ᾋ :
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mmWave↔ Ό Ϯ

(Horn) ♬/ˤּש
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Ό Ϯ
♬Ợᴗ-II

Å ᾋ :

72

mmWave↔ Ό Ϯ

(Horn) ♬/ˤּש
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