
        
        
        
    

 

    

    


    

    
    



        
        
        
    

 

    

    

    

    
    
    
    






    
    







    
        
        
            



            
  

    







  
  

  








    


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

	
		

		

	

   	
	




  
    開啟瀏覽器cookie以提升網站功能與效能。

  

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

    

  

  
    

  

  
    
      
        
        
          
        
      
      
    

    
  

  
    
      Toggle Menu
    

  

  
    
      
        
          
            
              即時對談

            

          

          
            
              
                聯絡我們
              
              
            

          
        
 
        
          
            
              
              
              
            
            
              

                歡迎登入

                	
	
                    我的資料
                  
	
                    登出
                  


              

            

            
              
                	會員登入
	註冊


              

            

          

          
            
              
              
            
              
              

            

            
              

            

          


          
            
              
            
            
              
                
                  確認您的國家或地區
                

                
                  
                    中國臺灣
                  
                  
                

                	
                    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
	更多..


              

            

            
              
                
                  請確認
                

                確認您的國別以取得相關報價、產品促銷訊息、活動訊息，以及聯絡資訊。

                
                Select locale
                

                  確認
                

              

            

          

          
          
            
              
            
          

        
 
      
 
    

    
      
        	
            
            產品與服務
			      
            
            
              
                
                  	
                      
                        
                        
                          

                          示波器
                        
                      
                      
                      
                        	
                              
                              基礎通用數位示波器
                            
	
                              
                              即時示波器 – 相符性測試
                            
	
                              
                              等效時間取樣示波器
                            
	
                              
                              手持式、模組化和 USB 示波器
                            
	
                              
                              示波器軟體
                            
	
                              
                              示波器探頭
                            
	
                            
                              
                              全部示波器  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          分析儀
                        
                      
                      
                        	
                              
                              頻譜分析儀（信號分析儀）
                            
	
                              
                              網路分析儀
                            
	
                              
                              邏輯分析儀
                            
	
                              
                              協定分析儀與練習器
                            
	
                              
                              誤碼率測試儀
                            
	
                              
                              雜訊指數分析儀和雜訊源
                            
	
                              
                              高速數位轉換器和多通道 DAQ 解決方案
                            
	
                              
                              交流電源分析儀
                            
	
                              
                              直流電源分析儀
                            
	
                              
                              材料測試設備
                            
	
                              
                              元件電流波形分析儀
                            
	
                              
                              半導體參數/元件分析儀系列
                            


                      

                    
	
                      
                      
                        
                          

                          儀錶
                        
                      
                      
                        	
                              
                              數位萬用電錶DMM
                            
	
                              
                              相位雜訊量測
                            
	
                              
                              功率錶和功率感測器
                            
	
                              
                              53200 系列射頻與萬用計頻器/計時器 
                            
	
                              
                              LCR 錶和阻抗量測產品
                            
	
                              
                              微電流錶和靜電錶
                            


                      

                    
	
                      
                      
                        
                          

                          產生器，源和電源
                        
                      
                      
                        	
                              
                              信號產生器（信號源）
                            
	
                              
                              波形與函數產生器
                            
	
                              
                              任意波形產生器
                            
	
                              
                              脈衝產生器
                            
	
                              
                              HEV/EV/Grid 模擬器和測試系統
                            
	
                              
                              直流電源供應器
                            
	
                              
                              電源量測設備
                            
	
                              
                              直流電子負載
                            
	
                              
                              交流電源
                            


                      

                    
	
                      
                        
                        
                          

                          軟體
                        
                      
                      
                      
                        	
                              
                              EDA 軟體
                            
	
                              
                              儀器量測軟體
                            
	
                              
                              儀器工作流程軟體
                            
	
                              
                              軟體測試
                            
	
                            
                              
                              所有設計及測試軟體  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          無線產品
                        
                      
                      
                        	
                              
                              通道模擬解決方案
                            
	
                              
                              物聯網法規相符性測試解決方案
                            
	
                              
                              無線路測
                            
	
                              
                              無線存取與核心網路測試
                            
	
                              
                              無線分析儀
                            
	
                              
                              無線網路模擬器
                            
	
                              
                              5G NR 基地台測試
                            
	
                              
                              空中傳輸測試
                            


                      

                    
	
                      
                        
                        
                          

                          模組化儀器
                        
                      
                      
                      
                        	
                              
                              PXI 產品
                            
	
                              
                              AXIe 產品
                            
	
                              
                              資料擷取系統DAQ
                            
	
                              
                              USB 產品
                            
	
                              
                              VXI 產品
                            
	
                              
                              參考解決方案
                            
	
                            
                              
                              所有模組化系統  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          網路測試與安全防護
                        
                      
                      
                      
                        	
                              
                              應用與威脅情報
                            
	
                              
                              雲端測試
                            
	
                              
                              網路訓練模擬器
                            
	
                              
                              網路測試方案硬體
                            
	
                              
                              合成流量產生器
                            
	
                              
                              協定與負載測試
                            
	
                              
                              網路安全測試
                            
	
                              
                              網路建模
                            
	
                            
                              
                              全部網路安全和測試   
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          網路可視化
                        
                      
                      
                      
                        	
                              
                              旁路交換器
                            
	
                              
                              Clock Synchronization
                            
	
                              
                              雲端可視度
                            
	
                              
                              Network and Application Monitoring
                            
	
                              
                              網路導流設備
                            
	
                              
                              網路分流器 -Keysight是德科技
                            
	
                            
                              
                              所有網路可視化產品  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          服務
                        
                      
                      
                      
                        	
                              
                              KeysightCare
                            
	
                              
                              校驗服務
                            
	
                              
                              維修服務
                            
	
                              
                              技術更新服務
                            
	
                              
                              測試即服務 – TaaS
                            
	
                              
                              網路/安全服務
                            
	
                              
                              諮詢服務
                            
	
                              
                              Financial Services
                            
	
                              
                              Education Services
                            
	
                              
                              Keysight Support Portal
                            
	
                              
                              Used Equipment
                            
	
                            
                              
                              所有服務  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          新增產品
                        
                      
                      
                        	
                              
                              線上測試系統
                            
	
                              
                              特定應用測試系統與元件
                            
	
                              
                              參數測試解決方案
                            
	
                              
                              光測試與測量產品
                            
	
                              
                              雷射干涉儀與校驗系統
                            
	
                              
                              單片鐳射合路器與精密光學器件
                            
	
                              
                              MMIC 毫米波與微波裝置
                            


                      

                    
	
                      
                      
                        所有產品、軟體、服務
                         
                      
                    


                

              

            
          
	
            
            學習
			      
            
            
              
                
                  	
                      
                      
                        

                        資源
                      
                    
	
                      
                      
                        

                        使用案例
                      
                    
	
                      
                      
                        

                        產業
                      
                    
	
                      
                      
                        

                        活動
                      
                    
	
                      
                      
                        
                          

                          部落格
                        
                      
                      
                        	
                              產品領域
                              
                            
	
                              產業
                              
                            
	
                              Inside Keysight
                              
                            


                      

                    
	
                      
                      
                        

                        是德簡介
                      
                    


                

              

            
          
	
            
            支援
			      
            
              
                
                  
                  	
                          
                          
                            

                             是德科技產品支援
                          
                        
	
                          
                          
                            

                             Software Download Center
                          
                        


                

              

            
            
          


      

    

  
 
  
  
    
  
  
  

  
  	歡迎登入
	
	|
	
    	
            Exit Procurement Session
        
        
        	
            		View and Transfer Cart
	Discard Cart and End Procurement Session


				
            

        

	

  


  
    













    
    

    






    
        
            
                
            

            
                
                    
                        



    
    





    
        
            
                
    


   
                    
                        
                        
                            
                                
                                

                                
                                
                                
                                
                                    
                                    
                                    
                                
                                
                            

                    

                
                    

    






    
        
            
                
                
                    觀看
                
            

            
        



    





 
                    

    




    
        
            
                
                
                    下載
                
            

            
        



    





                

            

            
                Creating Highly Efficient and Reliable mmWave Power Amplifiers

                Case Studies

                
                    Optimizing High-Frequency RF Power Amplifiers

mmTron, a Silicon Catalyst portfolio company based in Redwood City, California, specializes in designing high power, high linearity, yet efficient and reliable millimeter wave (mmWave) integrated circuits for advanced wireless and satellite communication systems. mmTron creates RF components in high-speed III-V processes, including GaAs, GaN, InP, SiGe, and RFSOI.

Dr. Seyed Tabatabaei founded mmTron in 2020 from his experience in RF test and measurement equipment circuit designs at Hewlett Packard, the birthplace of Keysight technology, and more recently, time at two other mmWave component design startups. mmTron’s seven engineers use Keysight PathWave Advanced Design System (ADS) in a workflow with tools from Altium, Ansys, Cadence, and others.

The TMC211 is mmTron’s latest 27-31 GHz power amplifier (PA). Its single-die GaN design delivers 50W power with 28% power-added efficiency (PAE), strong linearity, and a lowered operating junction temperature, which contributes to a higher mean time between failures (MTBF). Multi-domain electromagnetic (EM) and electro-thermal simulation capability in ADS and PathWave RFPro drives similar outcomes across mmTron’s products.

Challenge: Deliver more power without compromises

Much of the history of engineering has been a collection of practical tradeoffs during a project. Designers choose a set of parameters critical to their application and incorporate those in a design using physically implementable components and techniques to the best of their abilities. Attention then turns to sub-optimizing, maximizing a few desirable parameters while keeping others within acceptable limits. Classical hand calculations or single-domain simulation perform sub-optimization well.

Most manufacturers optimize RF PAs for the obvious parameter: maximizing the power a PA can deliver, with a secondary emphasis on linear performance across the operating bandwidth. More output power means more input power from the DC supply. Adding in power losses due to inefficiency and dissipated power in the PA translates to elevated junction temperature, lower reliability, and a shortened lifespan.

With more power amplifiers heading into long life cycle wireless communication applications – like defense and SATCOM – manufacturers have turned to multi-die PA solutions to spread power density across the package. Interconnect losses between dies cut power efficiency, linearity can be harder to control, and mmWave frequencies make effects more pronounced. Package size can also be a concern in aggressive SWaP-C (size, weight, power, and cost) environments.

Tabatabaei, shown in the lab in Figure 1, and his engineers asked: what would mmTron need to do to deliver more power with a single-die PA while still achieving linearity and SATCOM levels of reliability?

III-V processes like GaN provide the power density customers want. Arriving at a fully optimized design, unlocking the power potential while maintaining excellent linearity on a single die at a lower operating temperature, would require much more sophisticated behavioral models and simulation to account for cross-domain effects. “We knew going into the TMC211 design that thick metalization and close coupling between PA stages would create resonances making accurate EM simulation difficult,” says Tabatabaei. A coordinated electro-thermal simulation would also be crucial for optimizing the design.

Solution: Authentic waveforms and enhanced models in multi-domain simulations

Pushing the performance of RF components and system design calls for a suite of EDA tools for various tasks. Tabatabaei was deeply familiar with ADS, but some of mmTron’s engineers were less familiar with the Keysight RF EDA environment. mmTron adopted Keysight PathWave ADS as the linchpin of its workflow, and its teams now see the advantages. “ADS enormously speeds up our product development because we can copy templates and set-ups quickly and start a new design,” says Tabatabaei.

Templates are essential, but many EDA vendors offer templates. Another reason brought Tabatabaei to select ADS. “I definitely place a high value on Keysight’s people,” Tabatabaei continues. “The knowledge and skills they bring around ADS help us catch more issues earlier and work through situations like scripting, integration, and more that are extremely valuable in our mmWave RF component design efforts.”

The next big decision for mmTron was a commitment to using authentic waveforms in ADS simulations. The alternative uses sinusoidal stimulation at several points across the bandwidth, then designing in excess margin, but the outcome is far less certain to predict as conditions change. “There are many PA subtleties that only appear under modulated signals,” states Tabatabaei. “How the signal phase changes between stages, memory effects, interactions with capacitor values and placements, and power consumption all depend on modulation.”

Customers are approaching mmTron with questions such as how crest factor and peak-to-average power ratio (PAPR) look in specific modulation scenarios. “Our core competence is using design and layout steps for optimizing the PA structure to provide the best performance in a modulated environment, and we have a lot of scripts written to help do that,” says Tabatabaei. For example, Keysight assisted mmTron in developing ADS scripts to help keep PA power delivery constant as modulation varies.

Figure 2 is an example of the mmWave die structures mmTron creates using ADS, showing the thick metalization between some of the circuit elements.


                

                
            

        


        
    



    











    
    
        

    ×
    
        
                解鎖內容

                免費註冊

                *Indicates required field

            
 
            
            
            
            
            
            

            
            
                
                    變更email?
                電子郵件*必填欄位
                   
            

            
            
            
                
                    名字*必填欄位
                    
                       
                

            

            
            
            
                
                    姓* 必填欄位
                        
                

            

            
                
            
                國家或地區*必填欄位
                -- 請選擇 --
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


            

            
                
                
                    
                        公司*必填欄位
                        
                    

                

            
                
            
                產業*必填欄位
                -- 請選擇 --
航太與國防
汽車
消費性電子
資料中心/雲端服務供應商
教育
電子產品製造商
能源/公共事業
金融
政府/軍事
IoT 電子
醫療/保健
網路設備製造商
量子運算
零售/服務商
半導體
軟體開發
電信/行動服務供應商
測試實驗室
運輸


            

            
            
            
                工作年資*必填欄位
                -- 請選擇 --
 < 2 年
2 - 7 years
 > 7 years


            

            
            
            
                職等*必填欄位
                -- 請選擇 --
高階管理
首席工程師/部門主管
工程經理
工程師
學生
顧問

   
            

            
            
            
                    職務*必填欄位
                    -- 請選擇 --
電路板布局
數位：高速介面
數位：光通訊
IT/資訊技術
L2-7 網路設計/營運
功率：電池耗電分析
功率：轉換和調節
產品：硬體測試
產品：多系統整合
產品：軟體測試
品質保證
射頻：類比/混合訊號
射頻：現場測試
半導體測試
Software: Development
軟體：整合
其他：非工程

       
            

            
            
            
                職稱*必填欄位
                -- 請選擇 --
教學或學術研究人員
應用管理人員
電路設計與布局工程師
數位設計工程師
電子製造品保人員
現場工程師
終端系統測試人員
人事/財務/法務人員
實驗室管理人員
行銷/業務人員
網路/安全規劃工程師
網路/安全執行工程師
電源設計工程師
Procurement
Product Management
射頻/波形設計工程師
軟體工程師
學生
測試工程師/技術人員
其他：非工程

            
            

            
            
            
                是的，請發送給我最新的產品及活動相關訊息         
            

            
              
                    
                         是否需要與業務專員共同討論您的解決方案需求?
                        否, 目前不需要    
                        是
                    
 
                    
                        
                            您希望以何種方式取得相關資訊?  *必填欄位
                            
                                
                                電子郵件
                            

                            
                                您希望以何種方式取得相關資訊? 
                                
                                    
                                    電話*必填欄位
                                
 
                                
                            

                        

                    

                    請業務人員與我聯絡。

                

                
            
            
                請點擊按鈕後，提供給是德科技您的個人資料。您可以從 Keysight隱私聲明  中，閱讀到我們如何使用這些資料的訊息，謝謝。

            
            
            
            
            
 
            
            
                
                
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                
                
                
                
                
                
                
                
                
                
                
                
            
             
            
            
            
            
            
            
                 
             
            
            
            

            
        

        
                感謝您！

                您的表格已成功送出

                
                    
                

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

            

        

    




    






    






    聯繫銷售人員
    
        
            ×

            請銷售人員與我聯絡。

            *Indicates required field

            
                
                
                
                
                
        
            
                    
                        
                            您希望以何種方式取得相關資訊?  *必填欄位
                            
                                Preferred method of communication?
                                
                                
                                    變更email?
                                電子郵件
                                   
                            

                                
                                    Preferred method of communication?
                                    
                                    電話*必填欄位請輸入有效的電話號碼，不含空格或特殊符號
                                    
                                

                        

                    

                    
                        是的，請發送給我最新的產品及活動相關訊息         
                    

                請點擊按鈕後，提供給是德科技您的個人資料。您可以從 Keysight隱私聲明  中，閱讀到我們如何使用這些資料的訊息，謝謝。

                
                
                    
                        
                        
                    
                    
                    
                    
                    
                    
                    
                

                
                    
                        
                        
                        
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                    
                     
                    
                    
                    
                    
                    
                    
                         
                     
                    
                    
                    

                

                
                
            

            
                感謝您！

                A sales representative will contact you soon.

                
            

            

        

    



    







    









    




    
        
            
                
            

            
                
                    
                        



    
    
    



                    
                    
                
                    
                        



    
    
    



                    
                    
                
            

        
 
    
           



    



                    
                    
                
            

        
 
    
           



    




    

    
      
            
            	
                	 
					 
						探索
                     

                      
                     	
              					
								產品與服務
            				 
	
              					
								解決方案

            				 
	
              					
								產業
            				 
	
              					
								活動
            				 
	
              					
								Keysight University
            				 
	
              					翻新設備
								
            				 


                     
                
				
            

      
            
            	
                	 
					 
						Insights
                     

                      
                     	
              					
								Discover Insights
            				 
	
              					
								成功案例
            				 
	
              					
								資源
            				 
	
              					
								部落格
            				 
	
              					
								社群
            				 


                     
                
                	 
						
            			夥伴
                     

					 
                      
                     
                     
                
				
            

      
            
            	
                	 
						
            			支援
                     

					 
                      
                     	
              					
								是德科技產品支援
            				 
	
              					
								管理軟體授權
            				 
	
              					
								產品訂單狀態
            				 
	
              					
								零件
            				 


                     
                
				
            

      
            
            	
                	 
						
            			關於是德科技
                     

					 
                      
                     	
              					
								新聞中心
            				 
	
              					
								投資者關係
            				 
	
              					
								品質與安全
            				 
	
              					
								企業社會責任
            				 
	
              					
								多樣性、公平性和包容性
            				 
	
              					
								供應鏈透明度
            				 
	
              					
								招賢納士
            				 


                     
						
							

						 
                         	

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
                                        
                                            

                                        
                                        
                                    
									                  
                                

                                    
									                  
                                      
                                          

                                      
                                      
                                    
                                


                    
                
				
            

      

      
        	© 是德科技 2000–2024
	
				
				隱私聲明
			  
	
				
				網站地圖
			  
	
				
				使用條款
			  
	
				
				商標致謝
			  
	
				
				網站意見
			  


      

    

  




 
    
    

    
    













    
    

    
        
            尋找感興趣的產品?
        

        
            
                搜尋
                
                
                    
                
                

                

                

                
                
                
            


            
                
                    
                        
                        
                        
                             MXG Signal Generator
                           
                    
                        
                        
                        
                             ENA-X Network Analyzer
                           
                    
                        
                        
                        
                             UXM for Wi-Fi 7
                           
                    
                        
                        
                           
                    
                        
                        
                        
                             Artificial Intelligence
                           
                    
                        
                        
                        
                             需要解決方案
                           
                    
                        
                        
                        
                             需要技術支援
                           
                    
                        
                        
                        
                             教育訓練
                           
                    
                        
                        
                        
                             近期活動
                           
                    
                        
                        
                        
                             原廠翻新儀器
                           
                    
                        
                        
                        
                             KeysightCare
                           
                    
                        
                        
                           
                    
                

            


                
                    
                    
                        建議的搜尋 

                        
                        

                    

                    
                        
                            No product matches found - System Exception
                        

                    

                    
                        相關內容 

                    

                    

                

                所有搜尋結果
        

    

    

  




  
            
    
    














    


    














    

    
    



    
    

            
            

        
    