
		
		

		
		
			In order to have full functionality of Johanson Technology website, it is necessary to enable JavaScript in your browser settings.
Click here to test if your browser’s Javascript is enabled or disabled. Here are the instructions how to enable JavaScript in your web browser.

		

		
		
		
              		

		


		

		
		

		

		
		
    
        
               
                
            
               [image: Johanson Technology High Frequency Ceramic Solutions]
            
                
                    Website Search
                    Part Number Search
                

                	
                        
                            PRODUCTS
                             
                                
                                    
                                        
                                            
                                                Antennas

                                                	Antennas


                                            

                                            
                                                RF Capacitors

                                                	High-Q, Multi-Layer Capacitors
	LASERTrim®RF Tuning Capacitors
	Single-Layer, Broadband Capacitors (GBBL)
	Single-Layer, Microwave Capacitors (SLC)


                                            

                                            
                                                Ceramic RF Inductors

                                                	RF Ceramic Chip Inductors
	RF Wirewound Chip Inductors


                                            

                                            
                                                Ceramic Coaxial Resonators

                                                	CR Band Pass Filters


                                            

                                            
                                                Modules & Substrates

                                                	Custom LTCC Module Foundry Service
	Patterned & Unpatterned Thin Film Substrates


                                            

                                        

                                        
                                            
                                                Integrated Passives

                                                	Baluns
	Balun-Filter Combination
	Band Pass Filters
	Couplers
	Diplexers & Triplexers
	High Pass Filters
	Low Pass Filters
	Power Couplers
	Power Dividers


                                            

                                            
                                                RF Component Prototyping Kits

                                                	Application Specific Integrated Passive Kits
	Capacitor & Inductor Kits
	Capacitor Kits
	Inductor Kits
	Non-Magnetic Capacitor Kits
	Single Layer Capacitor Kits


                                            

                                        

                                    
                                        
                                            
                                                Chipset Specific RF Front-end

                                                	Analog Devices
	California Eastern Labs (CEL)
	Cambridge Silicon Radio (CSR)
	Cypress
	Dialog Semiconductor
	Infineon/Intel
	MediaTek (MTK)
	Microchip (Atmel)
	Nordic Semiconductor
	NXP
	ON Semiconductor
	Qualcomm-Atheros
	Semtech
	Silicon Labs
	Texas Instruments (TI)


                                            

             
                                            
                                                Obsolete Products

                                                
                                            

                                            
                                        

                                    

                                

                            

                        

                    
	 
                            
                                APPLICATIONS
                                
                                    
                                        
                                            
                                                
                                                Amazon Sidewalk

                                                    	Chip Antennas
	Band Pass Filters
	High Pass Filters
	Low Pass Filters
	RF Capacitors
	RF Inductors


                                                

                                            

                                            
                                                
                                                    Military/Aerospace, & High Reliability

                                                    	Military Qual, Testing & Inspections
	Available Termination Options
	Applications to Products Chart
	Collaborative Design Products


                                                    
                                                

                                            

                                            
                                                
                                                    Semiconductor Processing Equipment

                                                    	EMI Filters
	High-Voltage Capacitors
	High-Q Capacitors
	Power Assemblies


                                                

                                            

											
												
                                                  Automotive

												  		Chip Antennas
	Integrated Passive Components
	EMI Filters (X2Y)
	High-Q Capacitors
	High Voltage Capacitors


												

											

                                        

                                    

                                

                            

                        
	
                        
                               DOWNLOADS
                             
                                
                                    
                                        
                                            
                                                Company Catalog

                                                	Download or Request a hard copy


                                            

                                            
                                            
                                                Modeling Software

                                                	AppCAD
	JTISoft®


                                            

                                            
                                                S-Parameter Files

                                                	RF Capacitors, Components & Inductors


                                            

                                            
                                        

                                        
                                            
                                            
                                                Designer Libraries

                                                	AWR MWO Libraries
	Eagleware Genesys Libraries
	Keysight ADS Libraries
	Touchstone S-Parameter Files
	Modelithics® Microwave Global Models™


                                                
                                            

                                            
                                        

                                        
                                            
                                            
                                                Download a specific PDF

                                                	Understanding Chip Capacitors
	Ceramic Chip Antennas
	Custom LTCC Module Foundry Service
	Custom Substrates & Thin Film Products
	GBBL Broadband Single Layer Capacitors
	Multi-Layer High-Q Capacitors
	RF Ceramic Chip Inductors
	RF Wirewound Chip Inductors
	SLC Microwave / Millimeterwave Capacitors


                                            

                                        

                                    

                                   

                               

                           

                    
	
                        
                               TECH NOTES
                             
                                
                                    
                                        
                                            
                                                Antenna Tech Notes

                                                	Antenna Bandwidth Expansion Guideline
	Chip Antenna Layout Considerations for BLE, 802.11, and 2.4G Zigbee
	Chip Antenna Selection Guide
	IoT Multiband Antenna Solution
	JTI Chip Antenna Mounting and Tuning Techniques


                                            

                                            
                                                Integrated Passive Components Notes

                                                	2450BM14A0002 Matched Balun for T.I. 253X Family Chipsets
	2450BM15A0015 125 Temperature Test
	2500AT43A0100 Frequency Tuning
	Avago AppCAD
	Chip Balun: Definitions & Measurements Methodology
	Integrated Passives Part Number Explanation
	TI CC1352 x Johanson Technology 0900PC15A0036


                                            

                                            
                                        

                                        
                                            
                                                RF Capacitors and Inductors

                                                	Understanding Chip Capacitors
	S-Parameter Measurements
	Capacitor PCB Pad Layout Recommendations
	Capacitor RF Current & Power
	Dishal Bandpass Filter Tuning using LASERtrim®Chip Capacitors
	High Frequency Inductor Modeling utilizing MLISoft®
	Inductor Marking and Orientation RF Study
	Q & ESR Explained
	Soldering Profiles and Guidelines for SMT Ceramic Components
	SRF & PRF for RF Capacitors
	Trimming Characteristics or LASERtrim®Chip Capacitors
	Wirewound Inductors PCB Pad Layout Recommendations


                                            

                                        

                                        
                                             
                                                Tin Whiskers

                                                	Tin Whiskers Qualification Report: IPC’s, Antennas & Chip Inductors


                                            

                                            
                                                Storage Information

                                                	Recommended Storage Conditions


                                            

                                            
                                                Packaging  & Soldering Information

                                                	Silver Leaded Components & Soldering Profile
	Tape & Reel Packaging
	Typical Soldering Profile
	Waffle Pack Opening Procedure


                                            

                                            
                                                Global Capacitor
Part Number

                                                	Global Capacitor Part Number Definition


                                            

                                        

    
                                        
                                            
                                                Other Notes

                                                	Conflict Minerals Policy
	MSL Rating
	Responsible Business Alliance Code of Conduct
	RoHS Compliance
	Wirewound Cross Reference


                                            

                                        

                                    

                                

                            

                        

                    
	
                        
                               COMPANY
                             
                                
                                    
                                        
                                            
                                                Company

                                                	About Us
	CAA Transparency
	Company News
	Contact Us
	Cookie Policy
	Corporate Responsibility
	Counterfeit Policy
	Terms & Conditions for Customers
	Terms & Conditions for Suppliers
	Privacy Policy


                                            

                                            
                                        

                                        
                                            
                                                Careers

                                                	Search for Your Next Role (View Jobs)
	View Locations
	Hiring Process
	Our History


                                            

                                            
                                        

                                        
                                           
                                                Certifications

                                                	AS9100 & ISO 9001
	ISO 14001 Certification


                                            
                                       
                                        

                                        
                                        
                                            
                                                Affiliates

                                                	[image: Johanson Dielectrics website]


                                            

                                        

                                    

                                

                            

                        

                    
	
                        
                            DISTRIBUTORS
                            
                                
                                
                                    Distributor List
                                      Distributor Inventory
                                   

                            

                        

                       
	
                        
                            SALES REPS
                             
                                
                                    
                                        
                                            
                                                Select a Continent

                                                	Asia
	Europe
	North America
	Other Locations


                                                
                                            

                                        

                                          
                                            
                                                Popular locations

                                                
                                                
                                                    	China
	France
	Germany
	India


                                                

                                            

                                        

                                    

                                   

                               

                           

                    
	
                        
                        
                        PN SEARCH
                        
                        
                    


                
                

            

        
    
    
        
            
        
        
            [image: Johanson Technology High Frequency Ceramic Solutions]
            
                
                    Quotes
                   Samples
                   Kits
                   Questions
                 
                       
                         
                     
                     
                          Sign in

                             Create/View account
                             Login
                             Logout
                     

                 

             

                    
                        
                            
                        
                        
                            Website Search
                            Part Number Search
                        

                    

                
                    
                        
                    
                

            

        

    
		
		
	


		
	

		
	
		SRF & PRF for RF Capacitors


		
            
				 SRF & PRF for RF Capacitors
			

		

		
		
            
				Capacitors exhibit both series and parallel resonant frequencies.   There is a frequency for a capacitor with a given physical   size/construction and a given capacitance value at which the component   looks like an inductive impedance. Indeed, above this frequency one can   have essentially a "DC blocking inductor". This frequency is called the   Series Resonant Frequency (SRF). The magnitude of the transmission   impedance the capacitor presents will be extremely low from the bottom   frequency end determined by the capacitance value, right through the SRF   until one approaches the first Parallel Resonant Frequency (PRF). The   first PRF is frequently called simply the PRF, although in reality there   is a second PRF, third PRF, and so on. A rough rule of thumb puts the   PRF at twice the frequency as the SRF. The magnitude of the transmission   impedance dip differs significantly at each PRF frequency, and with the   various values of capacitors.

				Exactly at the SRF, one will have the lowest possible impedance, and   therefore, a capacitor is commonly used for narrow band RF bypass   applications by choosing a capacitor whose SRF is at the required bypass   frequency. In other words, at the SRF, the capacitive impedance of the   device equals the parasitic inductive impedance of the device. The user   is only left with the ESR (no reactive component) at that frequency.

				For applications where low impedance is desired, but it is   unimportant if the capacitor looks either capacitive or inductive, a   capacitor could be used up to a frequency close to the PRF. Above the   SRF, the user essentially has a "DC blocking inductor". At the PRF, the   transmission impedance goes relatively high, and the capacitor is   virtually useless around this frequency. There is an industry "trick" to   effectively extend the usable frequency range in this application. That   is to mount the capacitor in a vertical position so that the capacitor   terminations both still meet the pads where it’s mounted, and so the   width of the capacitor is now effectively the height. Doing this will   eliminate all odd-order PRFs including the first PRF.

				[image: Normal mounting where electrodes are parallel to the substrate surface]
(Figure A)

				Figure A (above) illustrates normal mounting where the electrodes are   parallel to the substrate surface and the electrical effect for a given   capacitor value. Figure B (below) illustrates vertical mounting where   the electrodes are perpendicular to the substrate surface and the   electrical effect for the same given capacitor value.

				[image: vertical mounting where the electrodes are perpendicular to the substrate surface]
(Figure B)

				The PRF effects are due to very complex mechanisms related to the   different phase paths to the various electrodes of the multi-layer   capacitor. At JTI, we typically measure the S-parameters in a normal   orientation (per Figure A) showing the first PRF, allowing the user to   optionally mount it vertically which will eliminate the first PRF.

				Of course, for matching applications, it is extremely important as to   whether the component looks like a capacitor or an inductor. In this   application, a designer will almost always want to be well below the SRF   of the capacitor. We can say that, for example, a 10pF capacitor could   look like a 1000pF capacitor as the SRF is approached.

				[image: Equivalent circuit of a high frequency ceramic chip capacitor]

				See Figure C for Johanson Technology’s SPICE equivalent circuit for a   capacitor. The values shown are for a typical 10 pF capacitor at 900   MHz. This model tends to give a better SPICE simulation than the more   common model where Cs represents the essential C at low frequencies, and   Cp (if a Cp is even in the model) represents a fraction of Cs, even   though this more common model is more conceptually easy to understand.   Keep in mind that even our improved model’s accuracy is not ideal at RF   frequencies because the elements of this model themselves have a given   dependence on frequency. In our model, at low frequencies, the parallel   equivalent of Cs and Cp give the essential capacitance. Cs and Ls in our   model are what give us the SRF effect. The network of Ls in series with   Cs; which is in parallel with Cp is what gives us the first PRF effect.   Note also that our model (and the common model) has no provision for   simulating a second PRF. Rp is in our model for a more accurate   simulation of what the capacitor looks like at RF frequencies, so don’t   put an ohmmeter across a capacitor looking for Rp at DC where the   Insulation Resistance will be typically greater than 10,000 Ohms! This   model (as well as a more "traditional" model) is reflected in our   MLCSoft® SPICE simulation software which is available on CD-ROM or from   our web page.

				IMPORTANT NOTE: Our value for Ls, when using the improved JTI model,   may seem slightly (about 50%) higher than a competitor’s advertised Ls   because of the modeling difference noted above. Be cautious not to   compare Ls directly without realizing the difference in modeling.

				Last Updated: January 17, 1999

				For more information please contact our Application Engineers.
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