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PURPOSE 

 RF and Microwave Hybrids, “Microwave 
Integrated Circuits” (MIC), RF and Microwave 
modules, Monolithic Microwave Integrated 
Circuits, MMIC all require a unique set of 
materials and processes necessary to achieve 
reliable operations in extreme military and 
commercial environments.  
 
This presentation will examine some of the 
critical challenges and aspects of “microwave 
packaging” from a practical perspective and 
compare to “Low electrical frequency” circuit 
manufacturing ”  
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OUTLINE OF CHALLENGES 
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• Electrical 
• Mechanical 
• Assembly 
• Components 
• Packages 
• Reliability 
• Performance 
• Cost 

 



MICROWAVE PACKAGING 

• PACKAGES 
• KOVAR STANDARD AND MACHINED HOUSING 
• HTCC/LTCC 
• ALUMINUM 
• Liquid Crystal Polymer (LCP) 
• PWB 
• PLASTIC PACKAGES 

• SUBSTRATES-THICK/THIN FILM, PWB, LTCC , 
    HTCC/LCP/GaAs/Silicon/SiGe/Quartz/Ferrite 
• ASSEMBLY-DIE ATTACH, WIRE BOND,  
• SEALING-VISUAL INSPECTION-QUALITY 
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ELECTRICAL 
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WAVELENGTH 



Kovar Housing 
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COAX  PACKAGE FEED “THRUs” 
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Kovar Housing 
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Transmission Lines and RF Energy 

• Why RF circuits are designed with a 50 Ω impedance characteristic impedance 
– A 50 Ω impedance was chosen for high frequency connectors as the best 

compromise between the optimal impedance for handling power (30 Ω) and 
lowest attenuation (77 Ω). 
 

http://www.microwaves101.com/encyclopedias/why-fifty-ohms 



PRINTED TRANSMISSION LINES 
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PRINTED TRANSMISSION LINES 
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RF CONNECTOR SELECTION CRITERIA 

• FREQUENCY RANGE/RF PERFORMANCE 
• POWER-VOLTAGE 
• Mechanicals-size, weight, human factors 
• Cable to connector-  

– type, mounting, assembly, handling  

• Connectors MIL-PRF-39012.  
• Adapters/RF connectors MIL-PRF-55339.  
• High-Reliability connectors MIL-PRF- 31031.  
• Triaxial RF connectors  conform to MIL-PRF-49142.  
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RF CONNECTOR SELECTION 
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SMA CONNECTORS 
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• SMA –SUB MINIATURE TYPE A 
• The most popular connector.  
• 4.2 millimeter diameter outer coax,  filled                               with 

Teflon™ PTFE (polytetrafluoroethylene)  dielectric.  
• Hundreds of different styles and variation. 
• Their upper frequency limit is anywhere from 18 to 26 GHz,  



GPO™ (Gilbert Push-On) CONNECTORS 

Generic          Corning        Max.   
Name        Gilbert        Frequency. 
SMP    GPO  26.5 GHz
  
SMP-M  GPPO 40 GHz
  
SMP-S  G3PO 65 GHz
  
tbd   G4PO 60 GHz 
  

 
15 



GPO™  CONNECTORS 
• Blind mate - what's that? 
• A blind mate connector is one in which the mating 

action takes place where you can't see it or feel it.  
• A non-threaded inter-lock, and usually, there is 

some spring action on one connector so that 
minor misalignments won't cause a jam.  
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SMB, SMC, MCX CONNECTORS 
• SMB (SUB MINIATURE TYPE B) 

– Smaller than SMA and feature a Snap-On coupling and 
are available in either 50 Ω or 75 Ω 

• SMC (SUB MINIATURE TYPE C) 
– Smaller than SMB / Snap-On coupling 

• MCX (MICRO COAXIAL) 
– 30% smaller than the SMB. 

• SSMP 30% SMALLER THAN SMP 
– BLINDMATE/ TO 65 GHZ  
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SMC TO SMA 

SMA TO MCX 



MACHINED KOVAR/ALUMINUM HOUSINGS 

 
• FEED THRU-SOLDERED OR LASER 

WELDED 
• Connection Options   
• Direct Glass-to-Metal Seals 
•  Ceramic-to-Metal Seals 
•  Stripline / Multi-layer Ceramic Feedthroughs 
•  SMA Interface/• SSMA Interface 
•  OSP Interface/• OSSP Interface 
•  OSM Interface 
•  Multi-Pin Bulkhead DC Connectors 
• (available w/ or w/o jack    
         screw mounting) 
• Micro "D" Connectors 
• Blindmate Connectors  
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Channels  
For 
isolation 



RF Connections-Typical MIC Housing 
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Solder or epoxy the 
launch pin to the 
microstrip 



RF Connections-Typical MIC Housing 
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WIRE BOND 



RF Connections-Typical MIC Housing 
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RIBBON BOND  
“Z WRAP” 



RF Connections-Typical MIC Housing 

RIBBON BOND  
“C WRAP” 

SIDE VIEW 

SINGLE OR DOUBLE WRAP 
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RF Connections 
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ASSEMBLY-WIRE BOND 
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Source: Natel (NEO) Design guide  
1- Gold wire Ball Bonding  

1 



ASSEMBLY-WIRE BOND 
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29% decrease 
in length and 
inductance 
with a 100µ  
(4 mil loop) 

Source:Natel (NEO)  
Design guide 



WIRE BOND INDUCTANCE 
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SKIN DEPTH 

          AT 10 GHZ 

AC current density 

d= distance from the surface 

MICROWAVES 101 
 



ASSEMBLY-WIRE BOND 
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Natel (NEO) Design guide 



Die to Die Interconnect 
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RF Connections Standoff Stitch or  
Ball Stitch ball (BSB) 
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1-Ball on GaAs Die  pad 

2-Ball on Microstrip 

3-Stitch  on the Ball on GaAs Die 
Source: Wire loops, 
methods of forming 
wire loops, and 
related processes  
US 20130125390 A1 



RF Connections 
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RF Connections 

Soldering Air wound  
coil to Parallel Plate  
Capacitor  
and Microstrip 

Bonding PIN Diode in  
a cavity  in the duriod  
Microstrip.  
Parallel gap bonding 
the beam lead diodes 
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RF Connections 

Parallel gap 
welding to 
thick film 
conductor  
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RF Connections 

Gap welding the Air  
Wound gold wire Coil  
to the  Microstrip 
And parallel plate  
capacitor 

Ribbon Bonding to the 
parallel plate capacitor 

34 Source: Scott MacKenzie Bonding Sources 



MATERIAL THERMAL PROPERTIES 
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                      Polymer  LTCC      HTCC 

PACKAGE SUBSTRATE MATERIALS 



Thermal Conductivity vs CTE 

Ref: Plansee 36 



MMIC ASSEMBLY 

37 http://mwrf.com/materials/mounting-technique-aids-mmic-performance  

http://mwrf.com/materials/mounting-technique-aids-mmic-performance


SMT and Hermetic SMT Components 

 Ceramic QFN high frequency package 
  Hermetically sealed  

3mm Custom RF SWITCH 
Hermetically sealed 3mm to 7mm packages 

7mm Thick Film package 

Gold Tin for dome cover seal 

Castellations for solder 
inspection at next level 

7 mm 

7 m
m

 

Non-Hermetic Low cost 
SMT With Glop top 
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Package design capabilities EM Simulation 

 Ceramic QFN high frequency package 
  Hermetically sealed  

Model mounted on a Rogers Board 

Model Thick-Film Via transition 

39 



MMIC ASSEMBLY 
 

MIL-STD-883 2010/2017  VISUAL 
INSPECTION eBook Review1  
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1 Source TJ Green Associates LLC eBooK 



MMIC ASSEMBLY 
 

MIL-STD-883 2010/2017  VISUAL 
INSPECTION eBook Review  
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1 Source TJ Green Associates LLC eBooK 



SUMMARY OF CHALLENGES 
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• Electrical 
• Mechanical 
• Assembly 
• Components 
• Packages 
• Reliability 
• Performance 
• Cost 

 



        Beware—the Microwave May be Listening! 
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