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INTRODUCTION:  
THE PRODUCTION CHALLENGE

Every project has a unique set of requirements. Specification requirements, environmental 

tolerances, form factor, size, weight and power consumption and any number of other 

considerations influence how a system must be built. Those are just the physical requirements. 

Each project also has non-physical requirements of equal importance, such as production time, 

testing and available budget. 

Fully custom product design is one approach for meeting these unique challenges. Customization 

provides complete freedom to design and built to suit even the most particular system 

requirements. But with full customization, comes added complexity in design and engineering, 

added cost of materials and labor, and most importantly, added production time as each design 

is built from scratch. With the fully custom approach there is also greater room for error, as each 

instance is the first of its kind. 

On the other side of the spectrum is standardization. By standardizing products into a few easy 

to produce, readily available options, cost of materials can be better controlled, the cost of design 

and engineering can be eliminated after the initial prototypes are finalized, and cost of production 

and delivery time are more predictable and consistent. Further, mass-produced, standardized 

components are proven, repeatable and low-risk, unlike their fully custom counterparts.

The problem we see, is that both of these production systems put the customer at a 

disadvantage. Either the customer must spend more, wait longer and take a risk on a fully 

custom solution, or they must compromise desired performance specs for a low-cost, off-the-

shelf solution that provides the closest match. Neither option is ideal. But there is a better way. 
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At EM Research, we’ve developed a production model that bridges the gap between customization 

and standardization. By offering products designed on configurable platforms, we’re able to offer 

the flexibility to meet complex and varied physical requirements, while offering proven performance, 

reliability and consistency of standardized products – all at an economical cost and predictable 

production time. In the following paper, we’ll explore one of our most versatile platforms, the THOR 

series frequency synthesizer, to demonstrate how the platform production model can increase value  

to the customer by reducing cost, and maximizing performance.  

The dichotomy of customization vs standardization is certainly not unique to the manufacturing of 

communications systems. It’s a challenge engineers across diverse industries know all too well. From 

cell phones to socks, manufacturers seek simpler ways to streamline production while offering enough 

diversity to meet customer demands. Innovators in the automotive industry have pioneered lean, “just-

in-time” manufacturing practices to strike a balance between individualized products, and standardized 

production methods. Our platform-based approach draws inspiration from lean production 

methodologies. So, what exactly is a platform? It all boils down to a few basic defining factors.

DEFINING FACTORS OF A PLATFORM

 l Built from a standardized form factor

 l Can be configured both internally and externally 

 l Can deliver consistent performance with any configuration

The THOR series is one of the most versatile and widely-used platforms in the EM Research catalog. 

THOR products have been and continue to be critical components in stationary communications 

systems, ruggedized vehicle-mounted systems, as well as airborne and shipboard systems, with  

a multitude of frequency ranges and performance capabilities. 

PLATFORM AS 
A SOLUTION

WHAT MAKES 
A PLATFORM

“YOU JUST CAN’T MATCH THEIR TECHNICAL COMPETENCY. 

THEY’RE A GREAT TECHNICAL RESOURCE, WORLD CLASS 

ENGINEERS.”

- CLIENT, SATCOM
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A BRIEF HISTORY OF THOR
15 years ago, a customer approached us with a particularly challenging set of requirements. 

The customer needed a small, lightweight, low jitter, low power frequency synthesizer for a 

miniature Synthetic Aperture Radar that was not only housed in a shielded package, but also 

integrated in a recessed configuration on the customer’s PC board. A surface mountable 

packaged design was new to the market. So we designed the THOR package that had 

the features the customer was looking for and the ruggedized capabilities to endure the 

temperature extremes, vibration and shock of the jet’s in-flight environment. It needed to not 

only be tough, but also sophisticated enough to deliver the precision necessary for advancing 

airborne Synthetic Aperture RADAR technologies.

Early concepts of the THOR package were created to directly compete against Phase-Locked 

DROs. We designed the initial THOR package with a low profile, just 0.3 inches in height. 

Likewise, its footprint is minimal, at just 2.5” x 1.1”, which was exactly half the size of most 

standard Phase-Locked DROs on the market. Using high-rigidity metals, the package was 

designed to endure extreme vibration and shock. Further, it was built to withstand a wide range 

of operating temperatures and could be hermetically sealed per MIL-STD-883. 

The idea of the package was to offer a smaller, more robust package which would ‘drop’ the 

hammer on the DRO market, hence the aptly named THOR. After completing the initial product 

deployment, we recognized that many of the features the customer needed for this particular 

airborne SAR application were similar to those requested by customers with other airborne, 

vehicle-based and shipboard systems. The idea for the THOR platform was born. 

“WE’RE ALWAYS LOOKING TO BUILD ‘SMALLER,’ AND 

EM RESEARCH DESIGNED A COMPACT SOLUTION THAT 

WORKS WITH THE VIBRATION TOLERANCE WE NEEDED — 

HUGE FREQUENCY RANGE IN A SMALL PACKAGE.”

- CLIENT, MILITARY

SLIM PROFILE,
SURFACE-MOUNTED 
PACKAGE CONFIGURATION
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ABOUT THE THOR PLATFORM
Building from the compact size of the original THOR package, we identified areas within 

the core package that were the most likely to vary across different applications. On the 

exterior, these variable features included connectors – GPO, GPPO, K-Connector – as well 

as removable SMA connectors for optional connector- or surface-mount configurations. 

Depending on application, the package itself can be fabricated from a variety of metals to 

accommodate for weight as well as rigidity and resilience. Further, optional hermetic sealing 

per MIL-STD-883 ensures resistance to moisture and corrosion. 

Internally, the THOR platform offers exceptional versatility. Configurable performance factors 

include fixed and programmable frequencies from 1 to 20 GHz – with designs for 30 GHz 

currently in development. The platform accommodates programmable bandwidths up to a 

full octave, along with step sizes down to 100 KHz. External reference is standard, but internal 

reference is available, along with internal / external reference detect circuitry. Fast switching 

of down to ≤100 μSec is also available. Output power can be configured up to +18 dBm, with 

supply voltage options of +5, +8, +12 VDC. From these parameters, we’re able to create a 

massive array of configurations. Building from the core platform we produce many tailored 

products that meet customers’ exact requirements.

 l Fixed or programmable frequencies  
from 1 to 20 GHz (soon up to 30 GHz)

 l Optional hermetic seal per MIL-STD-883

 l Programmable bandwidths up to  
an octave

 l Step sizes down to 100 KHz

 l Fast switching available to ≤100 μSec

 l Standard external reference or  
internal reference option

 l Internal / external reference  
detect circuitry available

 l Output power up to +18 dBm

 l Multiple supply voltage options;  
+5, +8, +12 VDC

 l Wide Operating temperatures  
ranges available

 l Designed for high shock and  
vibration tolerance

 l Multiple connector configurations:  
GPO, GPPO, K-Connector

 l Low profile, 0.3” package height 

THOR PLATFORM CONFIGURABLE FEATURES
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Frequency 2.5 GHz

Reference External, 100 MHz

Output Power +7 dBm

Harmonics < -50 dBc

Spurs < -65 dBc

Phase Noise < -100 dBc/Hz @ 10 KHz

Supply +5V @ 85 mA

Temperature Range -40°C to +85°C

Connectors Removable SMA (RF), 
Filtered Feed Thru-Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

Frequency 6.5 GHz

Reference External, 105 MHz

Output Power +18 dBm

Harmonics < -25 dBc

Sub-Harmonics < -25 dBc

Spurs < -70 dBc

Phase Noise < -115 dBc/Hz @ 100 KHz

Supply +8V @ 250 mA

Temperature Range 0°C to +70°C

Connectors Teflon Insulated Pins (RF & I/O)

Package 2.5” x 1.1” x 0.3”  
(Slim Profile, Surface-Mounted)

Special Function
Unit Enable Pin, 20 mSec 

Turn-On Time

Frequency 4-5.5 GHz

Reference Internal, +/-5 ppm stability

Step Size 50 KHz

Switching Speed <10 mSec. Band-Edge to Band-Edge

Output Power +20 dBm

Harmonics < -30 dBc

Spurs < -65 dBc

Phase Noise < -100 dBc/Hz @ 10 KHz

Supply +5V @ 400 mA

Temperature Range -40°C to +85°C

Programming Serial; Clock, Data, 
Enable (3.3V TTL Logic)

Connectors Removable SMA (RF), 
Filtered Feed Thru-Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

THOR-2500-XA

THOR-6500-XA

THOR-5500-XA

THOR PRODUCT SPECTRUM
One of the most significant benefits of the THOR platform is its versatility. The platform offers 

exceptional flexibility in configuration, while still being consistent and repeatable enough for rapid 

production. As a result, we have built THOR series products for applications as broad reaching 

as airborne systems, vehicle-mounted systems and even shipboard applications, all representing 

a broad spectrum of frequencies and performance capabilities. Below are a selection of THOR 

series products that demonstrate the range of capabilities and specifications.
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Frequency 6-7.5 GHz

Reference Internal; +/-5 ppm stability

Step Size 500 KHz

Switching Speed <300 μSec. Band-Edge to Band-Edge

Output Power +15 dBm

Harmonics -40 dBc

Spurs -75 dBc

Phase Noise < -100 dBc/Hz @ 10 KHz

Supply +5V @ 250 mA

Temperature Range -40°C to +85°C

Programming Serial; Clock, Data, 
Enable (3.3V TTL Logic)

Connectors Removable SMA (RF), 
9 Pin Mico-Mini-D (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

THOR-7500-XA
CASE STUDY

THE CHALLENGE

The client needed a 6 to 7.5 GHz synthesizer for 

an Airborne RF Jammer that would operate under 

extreme vibration and shock conditions.

RESULTS

The product integration proved successful and the 

program was awarded into production. As a result, this 

particular model of aircraft is now equipped with more 

effective defense mechanisms to better protect the 

aircraft and its crew, and help ensure mission success. 

UNIQUE FEATURES
 l Excellent resolution and ultra-fast switching  

for applications with agile tuning requirements

 l Internal reference maximizes space usage  
and minimizes total weight

SPECIFICATIONS
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Frequency 7.5-9 GHz

Reference External, 120 MHz

Step Size 1 MHz

Switching Speed <500 μSec. Band-Edge to Band-Edge

Output Power +7 dBm

Harmonics -40 dBc

Spurs -60 dBc

Phase Noise < -97 dBc/Hz @ 10 KHz

Supply +5V @ 285 mA

Temperature Range -40°C to +85°C

Programming Serial; Clock, Data, 
Enable (3.3V TTL Logic)

Connectors Removable SMA (RF), 
Filtered Feed-Thru Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

Frequency 13 GHz

Reference Internal; +/-5 ppm stability

Output Power +17 dBm

Harmonics < -30 dBc

Spurs < -70 dBc

Phase Noise < -100 dBc/Hz @ 100 KHz

Supply +5V @ 330 mA

Temperature Range -40°C to +85°C

Connectors Removable SMA (RF), 
Filtered Feed-Thru Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

Frequency 11 GHz

Reference External, 50 MHz

Output Power +6 dBm

Harmonics < -40 dBc

Spurs < -70 dBc

Phase Noise < -94 dBc/Hz @ 10 KHz

Supply +5V @ 350 mA

Temperature Range -30°C to +70°C

Connectors Removable SMA (RF), 
Glass-Bead Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

THOR-9000-XA

THOR-11000-XA

THOR-13000-XA
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THOR-14000-XB
CASE STUDY

THE CHALLENGE

The client required a 12.75 to 14 GHz hermetically-

sealed synthesizer for air-to-sea Directional 

Network System (DNS) communication links.  

The high performance synthesizer is designed  

for use in a mission critical communications  

mesh network. 

RESULTS

The initial deployment successfully delivered the 

performance and reliability that the client required.  

As a result, variations of the THOR-14000-XA are to  

be integrated into next generations of the DNS system, 

ensuring connectivity of the client’ mission-critical 

communications network.

UNIQUE FEATURES
 l Fast channel switching design for quick  

acquisition requirements

 l Wide, Ku-Band architecture for broad  
spectrum range support 

SPECIFICATIONS

Frequency 12.75-14 GHz

Reference External, 10 MHz

Step Size 1 MHz

Switching Speed <400 μSec. Band-Edge to Band-Edge

Output Power +7 dBm

Harmonics <-30 dBc

Spurs <-70 dBc

Phase Noise < -91 dBc/Hz @ 10 KHz

Supply +5V @ 420 mA

Temperature Range -40°C to +85°C

Programming Serial; Clock, Data, 
Enable (3.3V TTL Logic)

Connectors Removable SMA (RF), 
Hermetic Header (I/O)

Package 2.5” x 1.1” x 0.4” (Hermetic Package)
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Frequency 14.8-15.5 GHz

Reference Internal; +/-5 ppm stability

Step Size 1 MHz

Switch Speed <1 mSec, Band-Edge to Band-Edge

Output Power +2 dBm

Harmonics < -40 dBc

Spurs < -65 dBc

Phase Noise < -100 dBc/Hz @ 100 KHz

Supply +5V @ 200 mA

Temperature Range -40°C to +85°C

Connectors Removable SMA (RF), 
Filtered Feed-Thru Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

Special Function

Modulation; RF Enable/Disable, TTL 
(High=Lock), On/Off Ratio= 30 dB 

Min, Turn-On/Off Time=50 nS Max. 
Pulsed Modulation Waveform or  
Continuous Wave (CW) Outputs.

THOR-15500-XA
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THOR-16000-XA
CASE STUDY

THE CHALLENGE

The client required a multiple 16 GHz output 

synthesizer for use in a hyper-velocity projectile 

system. The ruggedized, low profile, artillery-

mounted launch package would need to  

withstand extreme vibration and shock profiles.

RESULTS

The THOR-16000-XA was integral in initial 

military research and development for hyper 

velocity projectile systems. These systems have 

become a potentially game-changing design for 

shipboard missile defense systems.

UNIQUE FEATURES
 l Hermetically-sealed, fully custom package.

 l Designed for extreme shock environment, >220 Gsrms

SPECIFICATIONS

Frequency RF1 16000 MHz

Frequency RF2 16000 MHz

Frequency RF3 800 MHz

Isoloation Between 
Outputs 40 dB MIN

Reference External, 50 MHz

Output Power +10 dBm all outputs

Harmonics <-30 dBc

Spurs <-70 dBc

Phase Noise < -94 dBc/Hz @ 100 KHz @ 16 GHz

Supply +5V @ 570 mA

Temperature Range -40°C to +85°C

Connectors GPPO (RF),  
3-pin hermetic feed-thru header (I/O)

Package 3.1” x 1.1” x 0.4”  
(Fully Custom, Super-THOR Profile)
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Frequency 27.5-30 GHz

Reference External, 10 MHz

Step Size 1 MHz

Switch Speed <1 mSec, Band-Edge to Band-Edge

Output Power +7 dBm

Harmonics < -20 dBc

Sub-Harmonics < -20 dBc

Spurs < -50 dBc

Phase Noise < -95 dBc/Hz @ 100 KHz

Supply +5V @ 325 mA

Temperature Range -20°C to +60°C

Programming Serial; Clock, Data, Enable  
(3.3V TTL Logic)

Connectors Removable SMA (RF), Filtered 
Feed-Thru Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

Frequency 18 GHz

Reference Internal; +/-5 ppm stability

Output Power +20 dBm

Harmonics < -30 dBc

Sub-Harmonics < -35 dBc

Spurs < -70 dBc

Phase Noise < -93 dBc/Hz @ 10 KHz

Supply +5V @ 425 mA

Temperature Range -30°C to +70°C

Connectors Removable SMA (RF),  
Filtered Feed-Thru Pins (I/O)

Package 2.5” x 1.1” x 0.4” (Standard Profile)

THOR-18000-XA

 l Supply: +5V @ 100 mA

THOR-30000-XA

PINNACLE OF VERSATILITY
Over the years, the THOR platform has become one of the most in-demand products in our portfolio. 

The primary reason is versatility. THOR products have been designed in configurations that represent 

an incredibly broad frequency spectrum, from 1 to 20 GHz, fixed and programmable, with current 

development extending the range to over 30 GHz. The compact size, diverse array of connector 

options, and ability to be easily ruggedized – along with the multitude of frequency configurations – 

have made THOR a widely applicable solution. From shipboard applications, to fighter jet RF jammers, 

to cell towers and vehicle-mounted systems, THOR products are instrumental in powering systems 

that keep our nation safe, and help businesses connect.
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PLATFORM MODEL DELIVERS EXCEPTIONAL VALUE

DISCOVER THE DIFFERENCE

When gathering requirements for your next project, consider the benefits of the platform model. You’ll save lead time and 

cost, and reduce risk. The THOR series is just one example of why building from a configurable platform provides additional 

value. We invite you to contact a member of the EM Research team to discuss details and specifications for your system, so 

together we can develop a smarter, higher-performing, more cost-effective signal source solution.

At EM Research, we live by the philosophy of “Full Spectrum Innovation.” In a direct way, this applies to the frequency 

generators and converters we design. They solve real world engineering challenges in innovative ways, and represent 

a broad spectrum of frequency applications. This concept applies beyond our engineering, to our manufacturing 

processes as well. The platform production model reflects this concept. By striking a balance between customization 

and standardization, we’re able to deliver higher-performing, proven solutions, that are configured to meet clients’ 

specific requirements, all with accelerated production lifecycle. 

So, why does the THOR platform matter? The THOR series’ platform approach counterbalances proven design with 

managed costs resulting in an advanced, customizable product and relatively low cost of acquisition, at any scale of 

production. The platform leverages enabling technologies from other designs within our portfolio to facilitate natural 

product development and product line extensions. Further, our resource usage processes and factory flow are setup to 

accommodate platform production, enabling us to seamlessly scale from one-off products, to high volume production. 

Demand is high for configurable frequency generation and signal conversion solutions that meet the customer’s exact 

requirements. The platform model enables us to strike a balance between the flexibility and versatility of “custom-

made” solutions with the efficiency and repeatability of mass production. Since the platform can accommodate many 

configurations and be easily tuned to deliver desired performance, we can easily respond to new demands and market 

needs – fast. For our clients, this production model results in faster lead time, lower cost, greater reliability  

and unmatched performance. 

START YOUR PROJECT TODAY Contact us today to see how our signal conversion solutions can 

help you maximize performance and cost effectiveness for your  

next project. Call 775.345.2411 or email info@emresearch.com.
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1301 Corporate Blvd. Reno, Nevada 89502 - USA

Phone 775.345.2411  |  Fax 775.345.1030

sales@emresearch.com
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ABOUT EM RESEARCH

EM Research designs and manufactures configurable frequency generation and signal 

conversion solutions for communications, SatCom, aerospace, military and commercial 

wireless applications. Our technology is integral to complex systems that keep our nation 

safe, advance scientific research and enhance global communication. With decades of 

engineering expertise across a broad range of frequency bands, along with an ISO-certified 

manufacturing facility and relentless customer service, EM Research provides full spectrum 

innovation that drives clients’ mission success.

Certified IPC-A-610
Application Specialist

®
®

Certified J-STD-001
Application Specialist


