
        
        
        
    

 

    

    


    

    
    



        
        
        
    

 

    

    

    

    
    
    
    






    
    







    
        
        
            



            
  

    







  
  

  








    


	Choose a country or area to see content specific to your location

	
		

		

	

   	
	




  
    Enable browser cookies for improved site capabilities and performance.

  

  
    
      Enable Javascript and browser cookies for improved site capabilities and performance.

    

  

  
    

  

  
    
      
        
        
          
        
      
      
    

    
  

  
    
      Toggle Menu
    

  

  
    
      
        
          
            
              Chat Live

            

          

          
            
              
                Contact Us
              
              
            

          
        
 
        
          
            
              
              
              
            
            
              

                Welcome

                	
	
                    My Profile
                  
	
                    Logout
                  


              

            

            
              
                	Login
	Register


              

            

          

          
            
              
              
            
              
              

            

            
              

            

          


          
            
              
            
            
              
                
                  Confirm Your Country or Area
                

                
                  
                    Hong Kong, China
                  
                  
                

                	
                    中国
	日本
	
                    繁體中文
	한국
	
                    Brasil
	Canada
	Deutschland
	France
	India
	Malaysia
	United Kingdom
	United States
	Australia
	Austria
	Belgium
	Denmark
	Finland
	Hong Kong, China
	Ireland
	Israel
	Italy
	Mexico
	Netherlands
                  
	Singapore
	Spain
	Sweden
	Switzerland (German)
	Thailand
	Vietnam
	more...


              

            

            
              
                
                  Please Confirm
                

                Confirm your country to access relevant pricing, special offers, events, and contact information.

                
                Select locale
                

                  Confirm
                

              

            

          

          
          
            
              
            
          

        
 
      
 
    

    
      
        	
            
            PRODUCTS AND SERVICES
			      
            
            
              
                
                  	
                      
                        
                        
                          

                          Oscilloscopes
                        
                      
                      
                      
                        	
                              
                              Real-Time Oscilloscopes — General Purpose
                            
	
                              
                              Real-Time Oscilloscopes — Compliance
                            
	
                              
                              Equivalent-Time Sampling Oscilloscopes
                            
	
                              
                              Handheld, Modular, and USB Oscilloscopes
                            
	
                              
                              Oscilloscope Software
                            
	
                              
                              Oscilloscope Probes
                            
	
                            
                              
                              All Oscilloscopes  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          Analyzers
                        
                      
                      
                        	
                              
                              Spectrum Analyzers (Signal Analyzers)
                            
	
                              
                              Network Analyzers
                            
	
                              
                              Logic Analyzers
                            
	
                              
                              Protocol Analyzers and Exercisers
                            
	
                              
                              Bit Error Ratio Testers
                            
	
                              
                              Noise Figure Analyzers and Noise Sources
                            
	
                              
                              High-Speed Digitizers and Multichannel DAQ Solutions
                            
	
                              
                              AC Power Analyzers
                            
	
                              
                              DC Power Analyzers
                            
	
                              
                              Materials Test Equipment
                            
	
                              
                              Device Current Waveform Analyzers
                            
	
                              
                              Parameter / Device Analyzers and Curve Tracers
                            


                      

                    
	
                      
                      
                        
                          

                          Meters
                        
                      
                      
                        	
                              
                              Digital Multimeters
                            
	
                              
                              Phase Noise Measurement
                            
	
                              
                              Power Meters and Power Sensors
                            
	
                              
                              Counters
                            
	
                              
                              LCR Meters and Impedance Measurement Products
                            
	
                              
                              Picoammeters and Electrometers
                            


                      

                    
	
                      
                      
                        
                          

                          Generators, Sources, and Power Supplies
                        
                      
                      
                        	
                              
                              Signal Generators (Signal Sources)
                            
	
                              
                              Waveform and Function Generators
                            
	
                              
                              Arbitrary Waveform Generators
                            
	
                              
                              Pulse Generator Products
                            
	
                              
                              HEV / EV / Grid Emulators and Test Systems
                            
	
                              
                              DC Power Supplies
                            
	
                              
                              Source / Measure Units
                            
	
                              
                              DC Electronic Loads
                            
	
                              
                              AC Power Sources
                            


                      

                    
	
                      
                        
                        
                          

                          Software
                        
                      
                      
                      
                        	
                              
                              EDA Software
                            
	
                              
                              Instrument Measurement Software
                            
	
                              
                              Instrument Workflow Software
                            
	
                              
                              Software Testing
                            
	
                            
                              
                              All Design and Test Software  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          Wireless
                        
                      
                      
                        	
                              
                              Channel Emulation
                            
	
                              
                              IoT Regulatory Compliance
                            
	
                              
                              Wireless Drive Test
                            
	
                              
                              Radio Access and Core Network Test
                            
	
                              
                              Wireless Analyzers
                            
	
                              
                              Wireless Network Emulators
                            
	
                              
                              5G NR Base Station Test
                            
	
                              
                              Over-The-Air Test
                            


                      

                    
	
                      
                        
                        
                          

                          Modular Instruments
                        
                      
                      
                      
                        	
                              
                              PXI Products
                            
	
                              
                              AXIe Products
                            
	
                              
                              Data Acquisition Systems
                            
	
                              
                              USB Products
                            
	
                              
                              VXI Products
                            
	
                              
                              Reference Solutions
                            
	
                            
                              
                              All Modular Instruments  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          Network Test and Security
                        
                      
                      
                      
                        	
                              
                              Application and Threat Intelligence
                            
	
                              
                              Cloud Test
                            
	
                              
                              Cyber Training Simulator
                            
	
                              
                              Network Test Hardware
                            
	
                              
                              Synthetic Traffic Generators
                            
	
                              
                              Protocol and Load Test
                            
	
                              
                              Network Security Test
                            
	
                              
                              Network Modeling
                            
	
                            
                              
                              All Network Test and Security  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          Network Visibility
                        
                      
                      
                      
                        	
                              
                              Bypass Switches
                            
	
                              
                              Clock Synchronization
                            
	
                              
                              Cloud Visibility
                            
	
                              
                              Network and Application Monitoring
                            
	
                              
                              Network Packet Brokers
                            
	
                              
                              Network Taps
                            
	
                            
                              
                              All Network Visibility  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          Services
                        
                      
                      
                      
                        	
                              
                              KeysightCare
                            
	
                              
                              Calibration Services
                            
	
                              
                              Repair Services
                            
	
                              
                              Technology Refresh Services
                            
	
                              
                              Test as a Service — TaaS
                            
	
                              
                              Network / Security Services
                            
	
                              
                              Consulting Services
                            
	
                              
                              Financial Services
                            
	
                              
                              Education Services
                            
	
                              
                              Keysight Support Portal
                            
	
                              
                              Used Equipment
                            
	
                            
                              
                              All Services  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          Additional Products
                        
                      
                      
                        	
                              
                              In-Circuit Test Systems
                            
	
                              
                              Application-Specific Test Systems and Components
                            
	
                              
                              Parametric Test Solutions
                            
	
                              
                              Photonic Test and Measurement Products
                            
	
                              
                              Laser Interferometers and Calibration Systems
                            
	
                              
                              Monolithic Laser Combiners and Precision Optics
                            
	
                              
                              MMIC Millimeter-Wave and Microwave Devices
                            


                      

                    
	
                      
                      
                        All Products, Software, Services
                         
                      
                    


                

              

            
          
	
            
            Learn
			      
            
            
              
                
                  	
                      
                      
                        

                        Resources
                      
                    
	
                      
                      
                        

                        Use Cases
                      
                    
	
                      
                      
                        

                        Industries
                      
                    
	
                      
                      
                        

                        Events
                      
                    
	
                      
                      
                        
                          

                          Blogs
                        
                      
                      
                        	
                              Product Area
                              
                            
	
                              
                              Industry
                            
	
                              
                              Inside Keysight
                            


                      

                    
	
                      
                      
                        

                        About Keysight
                      
                    


                

              

            
          
	
            
            Support
			      
            
              
                
                  
                  	
                          
                          
                            

                             Product Support
                          
                        
	
                          
                          
                            

                             Software Download Center
                          
                        


                

              

            
            
          


      

    

  
 
  
  
    
  
  
  

  
  	Welcome
	
	|
	
    	
            Exit Procurement Session
        
        
        	
            		View and Transfer Cart
	Discard Cart and End Procurement Session


				
            

        

	

  


  
    













    
    






    






    
        
            
                
            

            
                
                    
                        



    
    





    
        
            
                
    


   
                    
                        
                        
                            
                                
                                

                                
                                
                                
                                
                                    
                                    
                                    
                                
                                
                            

                    

                
                    

    






    
        
            
                
                
                    View
                
            

            
        



    





 
                    

    




    
        
            
                
                
                    Download
                
            

            
        



    





                

            

            
                Integrating Multiple Technology Devices onto Laminate-Based Multi-Chip-Modules 

                Article Reprints

                
                    Persisting trends in current and next-generation communication systems create strong demand for multi-mode, multiband, multi-function modules. Engineers are faced with the challenge of overcoming spectral coexistence issues, along with fixed-space limitations on the service providers’ application printed circuit boards.

Legacy methodologies for designing the assembled Multi-Chip-Modules (MCMs) involve a variety of design flows for various technologies (e.g., III-V compounds, Silicon, ceramics, and organics) and functions (e.g., amplifiers, acoustic devices, embedded passives, SMD components, and more).

While such an approach can yield functional designs, employing an integrated design solution is critical to improve performance, design cycle efficiency, and ultimately, time-to-market. Furthermore, an integrated design methodology provides more predictive confidence, improving on the risks associated with fractured stand-alone design flows that are often employed.

Designing High-Performance RF Modules

To better understand how an integrated Electronic Design Automation (EDA) design flow might be utilized in the real world, let’s closely examine the design of high-performance RF modules.

Beginning with the end result in mind, consider examples of MCM products already commercially available. These MCMs were designed utilizing an integrated design flow to be presented later in the article. In both cases, good agreement is seen between the simulation results and the measurement data for these complex structures.

Key complexities in the design of these modules included: (1) integrating various technologies, such as CMOS controller, III-V amplifier, and laminate assembly for the PA module, and acoustic filter and switch technologies for the front-end module, (2) potentially disparate design flows for a subset of those technologies, and (3) embedded passives and interconnects, along with SMD passive components that also needed to be included in the fully assembled module.

Further complicating matters is the fact that each must be simulated in conjunction with the other designs. These complications result in the need to consider many challenges. How can as much critical functionality be included in a fixed footprint and volume?

How can high-performance requirements be maintained within these physical constraints? How can the impact of one function of the module on another be accurately predicted? Which key parameters, dimensions, etc. can be changed to optimize both block-level and full-module function? And, does the designer have the time to address this level of complexity?

A consideration of the design complexities and challenges listed above leads to two options for the design engineer. The first option is to employ a fully-integrated design flow solution that can natively support all of the technologies, although this is sometimes not feasible if customized application-specific tools have been used.

The other option is to enable a more integrated methodology using importers, seamless platform integration, and native capabilities to leverage the existing application-specific toolsets.

For the purposes of designing the multi-technology modules presented here, the Keysight EEsof EDA Advanced Design System (ADS) [3] and EMPro [4] integrated platforms were utilized. Both offer the ability to capture and optimize the performance of this class of modules.

An Integrated Design Flow for MCMs

The MCM design engineer needs to select a capable home-base platform to integrate the technologies, even if some content originates in one or more disparate design flows. What is meant by “capable” in this context? To be seriously considered as “capable,” the solution should support:

- Full module assembly, regardless of function and design origin (i.e., content for individual blocks can be designed within the home-base tool or can come from 3rd party tools)

- Inclusion of physical effects (coupling, loss, radiation, substrate effects) for all physical aspects of the design, including component artwork, embedded passives, bondwires, pillars, etc.

- Both industry-standard and custom analytical models for active devices, SMD components, etc.

- Design for manufacturing tools, such as optimization- for-yield, consideration of process variation, and more

- Verification of the full module simulation with measured data from engineering samples and/or production units from a limited production run

A capable, home-base solution like this not only provides the ability to design the full RF MCM natively, but also allows designers to easily incorporate design content from other specialty point tools. For the variety of MCMs examined, ADS served as that unifying platform.

Whatever solution is utilized for this purpose, it must offer schematic, layout, DRC, and LVS capabilities for the RF component design, as well as for the fully assembled module level. In the case of ADS, this makes it possible to construct and assess the performance of MCMs with connectivity verification tools (in both 2D and 3D), 3D FEM simulations, and comprehensive linear and nonlinear EM/circuit co-simulations.

A summary of design flow capabilities for various PA or front-end modules follows:

- Silicon and acoustic device content could potentially be designed within ADS or in an external tool to the module assembly flow. If designed in a custom or specialty tool, analytical models or 2D design content may be directly imported into ADS, while any 3D content may easily be imported into the EMPro full- 3D platform.

- Any content imported into EMPro may then be saved as an Open Access (OA) library.

- Any OA library from EMPro may then be added to the ADS workspace and included in the MCM assembly as a flipchip connected with copper pillars or affixed with bondwires. Native design content in ADS will typically include the MCM laminate design (embedded passives, interconnects, and SMD components), along with the bondwire connections or copper pillars that form connections to the amplifier die, which is designed using the full frontto- back flow in ADS.



- Full EM, circuit, EM/Circuit co-simulation and co-optimization capabilities are then exercised in ADS for both performance and yield optimization.

This integrated flow may be demonstrated using a number of public domain examples. However, in this case, a PA MCM example will be leveraged for the ensuing illustrations.
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