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                Simulation Drives mmWave Design Flow

                Case Studies

                
                    Nokia Bell Labs Leverages End-to-End Keysight Ecosystem to Develop W-Band Phased-Array System with First-Pass Success

Bringing complex wireless communications to market takes years of research and development. Advanced research into high-frequency millimeter-wave (mmWave) technologies is driving the 5G revolution. Exploration of transceiver technologies for different frequency bands in the wireless spectrum leads to innovations for point-to-point and point-to-multipoint network solutions.

Bell Labs parent Nokia is no stranger to the kind of bleeding-edge work required to make 5G a reality and pave the way for 6G. Engineers in the mmWave Application Specific Integrated Circuit (ASIC) Research Group at Nokia Bell Labs recently completed another milestone in their near-decade-long study of W-band (75–110 GHz) phased-array systems. Nokia Bell Labs’ projects are leading the way to significant cost reduction, which is necessary for commercial adoption of these high-bandwidth wireless system implementations.

The mmWave ASIC research group created a complex W-band system comprising a 24-element phased-array radio-frequency integrated circuit (RFIC) co-designed and assembled onto a printed circuit board (PCB) interposer to produce a scalable phased-array tile. The engineers combined 16 tiles onto a carrier PCB to create a 384-element (256 Tx / 128 Rx) phased-array system with built-in self-alignment and self-test.

The system is one of the most highly integrated mmWave RFIC phased arrays (Figure 1). At W-band frequencies, higher insertion losses make RF distribution increasingly challenging to implement on conventional substrate materials. Nokia Bell Labs’ tiled architecture approach is necessary for creating phased arrays with hundreds of active elements with flexibility in system design based on specific link budgets.

Challenge: Achieving Fiberless Over-the-Air Data Transmission Rates

5G mobile technology requires ultra-low latency and high data rates with widespread deployment that supports multiple users through the use of picocells. Picocells feature hundreds of active elements capable of producing thousands of highly directive beam patterns that form multi-gigabit-per-second wireless links over hundreds of meters.

The group’s highly integrated design approach reduced overall system cost by eliminating expensive external components such as mmWave synthesizers, amplifiers, and switches. The RFIC chipset and system design leverage low-cost, traditional manufacturing techniques without using exotic packaging processes and materials. Nokia Bell Labs engineers designed their system to simplify factory testing. Incorporating features such as self-test, fault detection, health monitoring, and self-calibration into the RFIC avoids the cost of performing mmWave verifications. It also enables remote maintenance and system reconfiguration in case of failures.

Another challenge, from a holistic system perspective, was the nature of 5G technologies. Every aspect of the transceiver design at W-band frequencies is new, so not much reference material was available before the project began. Nokia Bell Labs researchers are exploring new ground, from the silicon and RFIC chipsets through the antenna chips, packaging, and board. Seeing positive initial results from this project and understanding where the rest of the industry is going validates many of the team’s intelligent design decisions at the system level.

Solutions: Simulation Accuracy Ensures First-Pass Success

When it comes to RFIC design, a big problem for the Nokia Bell Labs researchers is the very high frequencies. They have to perform electromagnetic (EM) simulations for major components within a block, then do proper linearity and noise figure and gain simulations on the entire system. The challenge is fitting in all the required simulations on the system-level block containing many subdivisions of smaller blocks with the highest accuracy in a short time frame.

The RFIC chip measures almost a centimeter squared, with 575 interconnects in the package. The team cannot perform on-wafer measurements for the entire chip because of its size. The only place engineers can take measurements is at the interposer level. Therefore, simulation accuracy is critical. The simulations at every level must work correctly to get the whole tile working.

The Nokia Bell Labs team designed the interposer to allow more conventional chip testing at a socket or PCB level rather than with a probe station. The packaged antennas incorporate a fully integrated phased array that interconnects with each RF port on the RFIC. The team routed and designed all the interconnects and antennas on a unique basis in PathWave ADS. Engineers then simulated the design as a whole using PathWave ADS RFPro or PathWave EM Design (EMPro). It is a large, full, 3D EM finite element method (FEM) simulation that takes a long time to complete.

Another big issue the R&D team faced was reaching first-pass success. Limited engineering resources made relying on the accuracy of the simulation software crucial. Because the system is so complex, one small issue can jeopardize the entire budget and two years of effort. Achieving success quickly without design spins means staying in front of the rest of the industry in this competitive space.

Results: Measurements Correlate Closely to Simulation

Nokia Bell Labs’ actual measurements tracked to simulation at every step, from silicon to board-level integration and system enclosure. Since FEM solvers were not practical for board-level simulation, the team exported the board design into PathWave ADS SIPro and PIPro to perform a full signal and power integrity analysis. The board simulation ran more efficiently in SIPro and PIPro. The interoperability between the tools made the transition smooth. With just a click, the team had the full board, completely netlisted and ported. It then chose the nets of interest to see how everything worked together.

The complexity of the phased-array system and the sheer number of connections required to make reliable measurements were significant challenges for the test setup. For example, on the probe station, it took six hours of setup time for the phase-locked loop measurement. If any connections were not right, the setup did not give the right answer. One of the team’s most significant challenges was measuring the S-parameters. Team members made the S-parameter measurements on the probe station using smaller silicon slices of the RFIC building blocks.
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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
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가전
데이터 센터/클라우드 사업자
교육
전자 제품 제조
에너지/유틸리티
금융
정부/군(Military)
IoT
의료
네트워크 장비 제조
양자 컴퓨팅
유통(리테일)
반도체
소프트웨어 개발
통신/모바일 사업자
테스트 랩
교통/운송
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2 - 7 years
 > 7 years
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경영진
수석 엔지니어/부서장
엔지니어링 관리자
실무자
학생
컨설턴트
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                    선택해 주십시오.
보드 레이아웃
디지털 : 고속 인터페이스
디지털 : 광통신
IT/정보 기술
L2-7 네트워크 설계/운용
전원 : 배터리 드레인 분석
전원 : 변환 및 컨디셔닝
제품 : 하드웨어 테스트
제품 : 다중 시스템 통합
제품 : 소프트웨어 테스트
품질 보증
RF : 아날로그/혼합 신호
RF : 현장 테스트
반도체 테스트
Software: Development
소프트웨어 : 통합
비기술직(Non-Engineer)

       
            

            
            
            
                직종*필수입력항목
                선택해 주십시오.
교육(교수/학계)
어플리케이션 관리
회로 설계 및 레이아웃
디지털 설계
전자 제조
현장 엔지니어
최종 시스템 테스트
인사/재무/법률
실험실(Lab) 관리
마케팅/영업
네트워크/보안 설계
네트워크/보안 운용
전력 설계
Procurement
Product Management
RF설계
소프트웨어 엔지니어
학생
테스트 엔지니어/기술자
비기술직(Non-Engineer)

            
            

            
            
            
                최신 제품, 리소스 및 이벤트에 대한 광고성 정보 수신         
            

            
              
                    
                         솔루션 관련 영업 사원 또는 대리점을 통한 연락에 동의하십니까?
                        아니오, 다음에 하겠습니다.    
                        예
                    
 
                    
                        
                            선호하는 연락방법을 선택해 주십시오. *필수입력항목
                            
                                
                                이메일
                            

                            
                                선호하는 연락방법을 선택해 주십시오.
                                
                                    
                                    전화*필수입력항목
                                
 
                                
                            

                        

                    

                    담당 영업과의 상담을 요청합니다.

                

                
            
            
                [키사이트 개인정보 수집 및 이용]


 1. 개인정보 수집 및 이용 동의


 2. 키사이트 파트너 업무 위탁 동의


 3. 키사이트 해외 본사 및 지사 제공 동의



"제출"을 클릭하시면 개인정보 수집 및 이용에 동의한 것으로 간주합니다. 보다 자세한 내용은 홈페이지 하단의 개인정보보호정책 을 참조하시기 바랍니다.

            
            
            
            
            
 
            
            
                
                
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                
                
                
                
                
                
                
                
                
                
                
                
            
             
            
            
            
            
            
            
                 
             
            
            
            

            
        

        
                감사합니다!

                귀하의 양식이 성공적으로 제출되었습니다.

                
                    
                

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

            

        

    




    






    






    영업팀에 문의
    
        
            ×

            판매 문의 부탁드립니다.

            *Indicates required field

            
                
                
                
                
                
        
            
                    
                        
                            선호하는 연락방법을 선택해 주십시오. *필수입력항목
                            
                                Preferred method of communication?
                                
                                
                                    이메일 변경하기
                                이메일
                                   
                            

                                
                                    Preferred method of communication?
                                    
                                    전화*필수입력항목전화번호는 숫자만 입력해 주세요. (공백, 특수문자 제외)
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                [키사이트 개인정보 수집 및 이용]


 1. 개인정보 수집 및 이용 동의


 2. 키사이트 파트너 업무 위탁 동의


 3. 키사이트 해외 본사 및 지사 제공 동의



"제출"을 클릭하시면 개인정보 수집 및 이용에 동의한 것으로 간주합니다. 보다 자세한 내용은 홈페이지 하단의 개인정보보호정책 을 참조하시기 바랍니다.

                
                
                    
                        
                        
                    
                    
                    
                    
                    
                    
                    
                

                
                    
                        
                        
                        
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                    
                     
                    
                    
                    
                    
                    
                    
                         
                     
                    
                    
                    

                

                
                
            

            
                감사합니다!

                A sales representative will contact you soon.

                
            

            

        

    



    







    









    




    
        
            
                
            

            
                
                    
                        



    
    
    



                    
                    
                
                    
                        



    
    
    



                    
                    
                
            

        
 
    
           








    



                    
                    
                
            

        
 
    
           



    




    

    
      
            
            	
                	 
					 
						탐색
                     

                      
                     	
              					
								제품 + 서비스
            				 
	
              					
								솔루션
            				 
	
              					
								산업
            				 
	
              					
								이벤트
            				 
	
              					
								Keysight University
            				 
	
              					중고 장비
								
            				 


                     
                
				
            

      
            
            	
                	 
					 
						Insights
                     

                      
                     	
              					
								Discover Insights
            				 
	
              					
								성공 사례
            				 
	
              					
								리소스
            				 
	
              					
								블로그
            				 
	
              					
								커뮤니티
            				 


                     
                
                	 
						
            			파트너
                     

					 
                      
                     
                     
                
				
            

      
            
            	
                	 
						
            			지원
                     

					 
                      
                     	
              					
								키사이트 제품 지원
            				 
	
              					
								소프트웨어 라이센스 관리
            				 
	
              					
								제품 주문 상태
            				 
	
              					
								부품
            				 


                     
                
				
            

      
            
            	
                	 
						
            			키사이트 정보
                     

					 
                      
                     	
              					
								뉴스룸
            				 
	
              					
								투자자 정보
            				 
	
              					
								품질 및 보안
            				 
	
              					
								사회적 책임
            				 
	
              					
								다양성, 형평성, 포용성
            				 
	
              					
								공급망 투명성

            				 
	
              					
								취업 정보
            				 


                     
						
							

						 
                         	

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
									                  
                                      
                                          

                                      
                                      
                                    
                                


                    
                
				
            

      

      
        	© 키사이트테크놀로지스 연혁 2000년–2024년
	
				
				개인정보 보호정책
			  
	
				
				사이트맵
			  
	
				
				이용 약관
			  
	
				
				상표 승인
			  
	
				
				피드백
			  


      

    

  




 
    
    

    
    













    
    

    
        
            무엇을 찾고 있습니까?
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                            No product matches found - System Exception
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