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                Predicting Ka-band Transceiver Thermal Margins, Wear, and Lifespan

                Case Studies

                
                    Organization

• EnSilica

 

Challenges

• Predicting RF chip reliability in harsh automotive settings with more confidence than estimates provide

• Design cycles slowed by time-consuming physical lab thermal test setups

• Integrate electro-thermal simulation into existing RF EDA workflow

 

Solutions

• Shift thermal analysis into virtual space with minimal extra steps by adding PathWave ADS  Electro-Thermal Simulator, extending electromagnetic simulation capability

• Enhance thermal models with chip packaging info, PCB layout and materials, and more

 

Results

• Less than 0.7°C difference between thermal simulation and measurements

• Chip layout and bumping changes improved thermal margins

• High-confidence 10-yr reliability prediction

 

Thermal Analysis Crucial for “First-Time Right”

 

EnSilica, Ltd., based in Abingdon, UK, is a fabless chipmaker creating custom ASICs for OEMs and system integrators and providing IC design services for companies with in-house design teams. EnSilica’s world-class expertise in RF, mmWave, mixed-signal, and high-speed digital designs helps customers in automotive, communications, industrial, healthcare, and wearable applications.

 

“First-time right” is EnSilica’s demanding standard for chips when frequencies and complexity rise. EnSilica has an RF/analog team of about 25 engineers based in the UK and about 130 engineers in total across offices worldwide. Their RF experience includes designs up to 40 GHz and foundry relationships for reliable processes. Domain-specific knowledge and accelerated time to market achieved through design reuse are two more reasons customers turn to EnSilica.

 

One use case for EnSilica’s Ka-band (26.5-40 GHz) transceivers is vehicle-mounted low-earth orbit (LEO) satellite terminals, where harsh temperatures can wear parts out faster than expected. Assessing the thermal performance of these transceivers using Keysight PathWave Advanced Design System (ADS), PathWave RFPro, and PathWave ADS Electro-Thermal Simulator is vital in understanding their thermal operating margin and lifespan. Simulations reduce time-consuming physical test setups and provide accurate, comprehensive electro-magnetic and electro-thermal analysis with fully coupled effects, in turn enabling reliability predictions with higher confidence.

 

Challenge: Predicting how long chips can withstand wear

 

Automotive environments are notorious for being one of the harshest on earth, with broad temperature ranges designers must take into account. Temperatures can span from freezing to boiling when vehicles sit outside. Engine compartments generate concentrated heat, exposing components to even higher temperatures. Sun loading can heat surfaces and passenger compartments to uncomfortable levels. Electronics also self-heat – higher frequencies and transmit power levels drive up readings.

 

Heat kills semiconductors. CMOS transistors follow a classical “bathtub” curve of failure rates. Some failures occur immediately, termed infant mortality; operational burn-in screening can weed these out effectively. Robust board-level thermal design practices, like proper component spacing, spreading planes, thermal vias, heatsinking, and airflow management can contain many hotspots.

 

The ultimate killer is wear-out failures, setting a practical limit to the functional life of a device. CMOS transistors age due to hot carrier injection, bias temperature instability, and electron migration. Voltage and junction temperature variations impact these effects. To better predict wear-out, foundries often provide “aged” transistor models in their automotive-qualified processes, which gives a starting point. 

 

In complex designs, context matters. “Knowing where the edge of our chip is and caring about how customers use it is important,” says Alan Wong, Sr. VP of Engineering at EnSilica. “Customers come to us because we have a deeper understanding of system applications and how to make a chip that behaves as expected in a system.” A big part of that understanding comes from thermal analysis.

 

Traditionally, system vendors have performed cursory thermal simulations, then moved into physical prototypes to test and measure real-world thermal behavior in a lab. Testing can include various accelerated life cycle test (ALT) techniques. If designs underperform expectations, adjustments can be expensive – including changing board layouts, forcing the selection of different chips, or limiting operating specifications, leading to missed market windows and lost sales.

 

To help its customers, EnSilica decided to take on more thermal characterization of its parts. But it would not be easy. “We were relying on hand calculations using physical design rules and estimates of electron migration,” observes Wong. “Third-party packaging suppliers would help by telling us how hot a die might get when packaged based on their thermal dissipation experience, but it was just an educated guess, and it wasn’t detailed enough to guide design decisions.”

 

Looking for better thermal data, EnSilica began instrumenting its chip designs. Low-power temperature sensors embedded at points on a die give temperature readings. Two issues soon arise. Are the sensors placed in the right spots? And is the chip in the proper operating mode for taking valid measurements? Experience helps with sensor placement but setting up even a limited number of test conditions and sweeping the environmental chamber’s temperature takes time.

 

Predictions from thermal estimates lacked certainty and physical test and measurement setups for improved thermal characterization were slowing development by weeks.


                

                
            

        


        
    



    











    
    
        

    ×
    
        
                Unlock Content

                Sign up for free

                *Indicates required field

            
 
            
            
            
            
            
            

            
            
                
                    Change email?
                Email*Required Field
                   
            

            
            
            
                
                    First Name*Required Field
                    
                       
                

            

            
            
            
                
                    Last Name* Required Field
                        
                

            

            
                
            
                Country / Area*Required Field
                -- Please Select --
United States
United Kingdom
Canada
India
Malaysia
Netherlands
Australia
South Africa
France
Germany
Singapore
Sweden
Brazil
Afghanistan
Åland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brit/Indian Ocean Terr.
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canary Islands
Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Dem. Republic Of
Cook Islands
Costa Rica
Côte d'Ivoire
Croatia
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands
Faroe Islands
Fiji
Finland
French Guiana
French Polynesia
French Southern Terr.
Gabon
Gambia
Georgia
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Heard/McDonald Isls.
Honduras
Hong Kong, China
Hungary
Iceland
Indonesia
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Korea (South)
Kuwait
Kyrgyzstan
Laos
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montserrat
Morocco
Mozambique
Myanmar
N. Mariana Isls.
Namibia
Nauru
Nepal
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Samoa
San Marino
Sao Tome/Principe
Saudi Arabia
Senegal
Serbia and Montenegro
Serbia
Montenegro
Seychelles
Sierra Leone
Slovak Republic
Slovenia
Solomon Islands
Somalia
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
St. Vincent and Grenadines
Suriname
Svalbard/Jan Mayen Isls.
Swaziland
Switzerland
Taiwan, China
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks/Caicos Isls.
Tuvalu
Uganda
Ukraine
United Arab Emirates
US Minor Outlying Is.
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Viet Nam
Virgin Islands (British)
Virgin Islands (U.S.)
Wallis/Futuna Isls.
Western Sahara
Yemen
Zambia
Zimbabwe


            

            
                
                
                    
                        Company*Required Field
                        
                    

                

            
                
            
                Industry*Required Field
                -- Please Select --
Aerospace / Defense
Automotive
Consumer Electronics
Data Center / Cloud Service Provider
Education
Electronics Manufacturer
Energy / Utilities
Finance
Government / Military
IoT Electronics
Medical / Healthcare
Network Equipment Manufacturer
Quantum
Retail / Hospitality
Semiconductor
Software Development
Telecom / Mobile Service Provider
Test Lab
Transportation


            

            
            
            
                Years of experience*Required Field
                -- Please Select --
 < 2 years
2 - 7 years
 > 7 years


            

            
            
            
                Job Level*Required Field
                -- Please Select --
Executive Management
Chief Engineer / Department Head
Engineering Manager
Individual Contributor
Student
Consultant

   
            

            
            
            
                    Job Responsibility*Required Field
                    -- Please Select --
Board Layout
Digital: High-Speed Interfaces
Digital: Optical Communications
IT / Information Technology
L2-7 Network Design / Operations
Power: Battery Drain Analysis
Power: Conversion and Conditioning
Product: Hardware Testing
Product: Multi-system integration
Product: Software Testing
Quality Assurance
RF: Analog/Mixed Signal
RF: Field Test
Semiconductor Test
Software: Development
Software: Integration
Other: Non-Engineering

       
            

            
            
            
                Job Role*Required Field
                -- Please Select --
Academic Staff
Application Management
Circuit Design and Layout
Digital Designer
Electronics Manufacturing Quality
Field Engineer
Final System Test
HR / Finance / Legal
Lab Management
Marketing / Sales
Network / Security Architect
Network / Security Operations
Power Designer
Procurement
Product Management
RF / Waveform Designer
Software Engineer
Student
Test Engineer / Technician

Other: Non-Engineering

            
            

            
            
            
                Yes, keep me updated on the latest products, resources, and events with personalized email updates.         
            

            
              
                    
                         Would you like to speak to sales about your needs at this time?
                        Not at this time    
                        Yes
                    
 
                    
                        
                            Preferred method of communication? *Required Field
                            
                                
                                Email
                            

                            
                                Preferred method of communication?
                                
                                    
                                    Phone*Required Field
                                
 
                                
                            

                        

                    

                    Please have a sales representative contact me.

                

                
            
            
                By clicking the button, you are providing Keysight with your personal data. See the Keysight Privacy Statement for information on how we use this data.

            
            
            
            
            
 
            
            
                
                
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                
                
                
                
                
                
                
                
                
                
                
                
            
             
            
            
            
            
            
            
                 
             
            
            
            

            
        

        
                Thank you.

                Your form has been successfully submitted.

                
                    
                

                Note: Clearing your browser cache will reset your access. To regain access to the content, simply sign up again.

            

        

    




    






    






    Contact Sales
    
        
            ×

            Please have a salesperson contact me.

            *Indicates required field

            
                
                
                
                
                
        
            
                    
                        
                            Preferred method of communication? *Required Field
                            
                                Preferred method of communication?
                                
                                
                                    Change email?
                                Email
                                   
                            

                                
                                    Preferred method of communication?
                                    
                                    Phone*Required FieldPlease enter a valid phone number without spaces or special characters.
                                    
                                

                        

                    

                    
                        Yes, keep me updated on the latest products, resources, and events with personalized email updates.         
                    

                By clicking the button, you are providing Keysight with your personal data. See the Keysight Privacy Statement for information on how we use this data.

                
                
                    
                        
                        
                    
                    
                    
                    
                    
                    
                    
                

                
                    
                        
                        
                        
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                    
                     
                    
                    
                    
                    
                    
                    
                         
                     
                    
                    
                    

                

                
                
            

            
                Thank you.

                A sales representative will contact you soon.

                
            

            

        

    



    







    









    




    
        
            
                
            

            
                
                    
                        



    
    
    



                    
                    
                
                    
                        



    
    
    



                    
                    
                
            

        
 
    
           








    



                    
                    
                
            

        
 
    
           



    




    

    
      
            
            	
                	 
					 
						Discover
                     

                      
                     	
              					
								Products + Services
            				 
	
              					
								Solutions
            				 
	
              					
								Industries
            				 
	
              					
								Events
            				 
	
              					
								Learn
            				 
	
              					Used Equipment
								
            				 


                     
                
				
            

      
            
            	
                	 
					 
						Insights
                     

                      
                     	
              					
								Discover Insights
            				 
	
              					
								Success Stories
            				 
	
              					
								Resources
            				 
	
              					
								Blog
            				 
	
              					
								Community
            				 


                     
                
                	 
						
            			Partners
                     

					 
                      
                     
                     
                
				
            

      
            
            	
                	 
						
            			Support
                     

					 
                      
                     	
              					
								Product Support
            				 
	
              					
								Manage Software Licenses
            				 
	
              					
								Product Order Status
            				 
	
              					
								Parts
            				 


                     
                
				
            

      
            
            	
                	 
						
            			About Keysight
                     

					 
                      
                     	
              					
								Newsroom
            				 
	
              					
								Investor Relations
            				 
	
              					
								Quality and Security
            				 
	
              					
								Corporate Social Responsibility
            				 
	
              					
								Diversity, Equity, and Inclusion
            				 
	
              					
								Modern Slavery Act Transparency Statement
            				 
	
              					
								Careers
            				 


                     
						
							

						 
                         	

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
									                  
                                      
                                          

                                      
                                      
                                    
                                


                    
                
				
            

      

      
        	© Keysight Technologies 2000–2024
	
				
				Privacy
			  
	
				
				Sitemap
			  
	
				
				Terms
			  
	
				
				Trademark Acknowledgements
			  
	
				
				Feedback
			  
	
				
				Accessibility
			  


      

    

  




 
    
    

    
    













    
    

    
        
            What are you looking for?
        

        
            
                Search
                
                
                    
                
                

                

                

                
                
                
            


            
                
                    
                        
                        
                        
                             MXG Signal Generator
                           
                    
                        
                        
                        
                             ENA-X Network Analyzer
                           
                    
                        
                        
                        
                             UXM for Wi-Fi 7
                           
                    
                        
                        
                           
                    
                        
                        
                        
                             Artificial Intelligence
                           
                    
                        
                        
                        
                             Find a solution
                           
                    
                        
                        
                        
                             Get technical support
                           
                    
                        
                        
                        
                             Take a class
                           
                    
                        
                        
                        
                             Find us at events
                           
                    
                        
                        
                        
                             Premium used equipment
                           
                    
                        
                        
                        
                             KeysightCare
                           
                    
                        
                        
                        
                             Buy online
                           
                    
                

            


                
                    
                    
                        Suggested searches 

                        
                        

                    

                    
                        
                            No product matches found - System Exception
                        

                    

                    
                        Matched content 

                    

                    

                

                See all Search Results
        

    

    

  




  
            
    
    














    


    

    

    
    



    
    

            
            

        
    