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General RF Connector Characteristics and Grades

	PRIVATE
Connector
	Min Upper
Oper. Freq
(GHz)
	Coupling Torque
(N-cm/in-lb.)
	Sexed
	Metrology
Grade 1
	Instrument
Grade2
	Production
Grade3

	7 mm (APC-7*)
	18
	135/12
	N
	Y
	Y
	Y

	Type N 50 ohm
	18
	135/12
	Y
	Y
	Y
	Y

	Type N 75 ohm
	184
	135/12
	Y
	Y5
	Y
	Y

	3.5 mm
	33
	90/8
	Y
	Y
	Y
	Y7

	2.92 mm (K*)
	40
	90/8
	Y
	N
	Y
	Y

	2.4 mm
	50
	90/8
	Y
	Y
	Y
	Y

	1.85 mm
	65
	90/8
	Y
	Y5
	Y
	Y

	1.0 mm
	110
	34/3
	Y
	N
	Y
	Y

	SMA
	186
	56/5
	Y
	Y7
	Y7
	Y

	TNC
	118
	56/5
	Y
	N
	N
	Y

	BNC
	3
	N/A
	Y
	N
	N
	Y

	SMC
	4
	34-45/3-4
	Y
	N
	N
	Y

	Type F (75 ohm)
	1
	168/15
	Y
	N
	N
	Y

	Type FD
	39
	168/15
	Y
	Y5
	Y
	Y

	Type 7-16
	7.5
	2500-3000/222-26710
	Y
	N
	Y
	Y


Notes:

1. Metrology grade connectors use precision slotless contacts. This grade uses the tightest tolerances to achieve the best performance. 

2. Instrument grade connectors other than the 7 mm use slotted female center conductors. The tolerances are tight and the performance is very good. 

3. Production grade connectors are lower cost connectors with moderate performance. 

4. Theoretically Type N 75 ohm doesn't mode until about 18 GHz, but the HP 85036B 75 ohm Type N Calibration Kit is only specified up to 3 GHz. 

5. Metrology Grade components for these connector styles have been developed by HP for internal test purposes, but they are not readily available. 

6. Many SMAs have a maximum frequency of 18 GHz, but some manufacturers specify the performance of some of their SMA product line up to around 27 GHz. 

7. The SMA connector is considered the Production Grade version of the 3.5 mm just as the 3.5 mm connector provides the Instrument and Metrology Grades for the SMA. 

8. IEC 169-17 describes TNCs with either a 11 GHz or 16 GHz maximum frequency, but the expectation for many cable connectors is that they will only work up to 3 GHz. IEC 169-26 specifies a TNC with an 18 GHz maximum frequency. 

9. The EIA-550 Standard that specifies the Type FD connector calls out 1.5 GHz as the maximum frequency, but the HP 85039A Type F Calibration Kit is specified up to 3 GHz. 

10. This is not a misprint, CECC 22190 specifies the 7-16 connector coupling torque at 25 to 30 Nm (~ 20 ft-lbs.). 

* APC-7 is a registered trademark of Amphenol Corporation.

· K is a registered trademark of Wiltron Corporation.
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Interface Specifications

RF connector interface information can be found in a number of different places. Unfortunately, the information is often inconsistent or incomplete. IEEE Std 287 has the best information about metrology and instrument grade connectors, but it is currently only in draft form. MIL-STD-348A has the best interface information about production grade connectors.

	PRIVATE
Connector
	Specification(s)
	Comments

	7 mm (APC-7*)
	IEEE Std 287
	Contact Michael Leahy for copies from this draft standard.

	
	IEC Std 457-2
	Not very useful standard from the International Electrotechnical Commission.

	
	A-1250-9052-1
	HP drawing maintained by corporate.

	
	A-1250-9055-1
	HP drawing maintained by corporate.

	Type N 50 ohm
	IEEE Std 287
	

	
	MIL-STD-348A
	Excellent information.

	
	IEC Std 169-16
	Excellent information.

	Type N 75 ohm
	IEC Std 169-16
	Appendix describes 75 ohm center conductors.

	3.5 mm
	IEEE Std 287
	

	
	IEC Std 169-23
	Contains interface dimensions only.

	
	IEC Std 457-5
	Describes beaded airline dimensions, with no interface information.

	
	A-1250-9053-1
	HP drawing maintained by corporate.

	2.92 mm (K*)
	IEEE Std 287
	

	
	A-1250-9058-1
	HP drawing maintained by Microwave Test Accessories Div. 45C

	2.4 mm
	IEEE Std 287
	

	
	A-5951-1670-1
	HP drawing maintained by corporate.

	1.85 mm
	IEEE Std 287
	

	1.0 mm
	IEEE Std 287
	

	SMA
	MIL-STD-348A
	

	
	MIL-C-39012
	

	
	IEC Std 169-15
	Specifies SMA performance up to 24 GHz.

	TNC
	MIL-STD-348A
	

	
	MIL-C-39012
	

	
	IEC Std 169-17
	Specifies a TNC that performs up to 3 GHz on a cable, and up to either 11 GHz or 16 GHz for more precise versions.

	
	IEC Std 169-26
	Specifies a TNC that performs up to 18 GHz.

	BNC
	MIL-STD-348A
	

	
	MIL-C-39012
	

	
	IEC Std 169-8
	Specifies a BNC that performs up to 3 GHz.

	SMC
	MIL-STD-348A
	

	
	MIL-C-39012
	

	
	IEC Std 169-9
	Specifies a SMC that performs up to 3 GHz.

	SMB
	MIL-STD-348A
	

	
	MIL-C-39012
	

	
	IEC Std 169-10
	Specifies a SMB that performs up to 3 GHz.

	Type F
	IEC Std 169-24
	Allows male pin to range in diameter from 0.51 mm to 1.63 mm

	
	Society of Cable
Television Engrs.
	

	
	IPS-SP-400
	Type F female.

	
	IPS-SP-401
	Type F male. Male pin ranges from 0.56 mm to 1.07 mm.

	
	IPS-SP-402
	Type F female push on connector.

	
	IPS-SP-600
	Type F male push on connector. Male pin ranges from 0.56 mm to 1.067 mm.

	Type FD
	ANSI/EIA-550
	Precision Type F. Male pin ranges from 0.76 mm to 0.86 mm. Specified up to 1.5 GHz.

	
	A-1250-9059-1
	HP drawing maintained by Microwave Test Accessories Div. 45C.

	Type 7-16
	IEC 169-4
	Specifies 7-16 performance up to 7.5 GHz.

	
	CECC 22190
	


* APC-7 is a registered trademark of Amphenol Corporation

* K is a registered trademark of Wiltron Corporation.

One source for most, if not all, of the U.S. Military, and industrial standards listed above is:

Document Center, Inc.
1504 Industrial Way, Unit 9
Belmont, CA 94002 USA
Phone: (415) 591-7600
Fax: (415) 591-7617
e-mail: info@doccenter.com
URL: http://www.doccenter.co m/doccenter
Another source, Information Handling Services (IHS), provides two CD-ROM products that can be used to access industrial standards. These products do not contain U.S. Military standards. The TeleComm Standards Collection (tm) contains ANSI, EIA, TIA, IEEE, UL, ISO, IEC, SAE, ITU-R, and ITU-T standards that regulate the telecommunications industry. The Video Standards Collection (tm) contains SMPTE, EIA, TIA, IEC, ITU-R, and ITU-T standards that regulate the recording and reproduction of audio and video materials. The HP Sonoma County Library can search for standards within these CD-ROM products for HP Sonoma County customers. HP Sonoma County customers can also use the CD-ROM products in the library to do their own investigations. Customers outside HP Sonoma County may want to initiate a licensing agreement with IHS. IHS can be contacted at:

IHS Communications Products
15 Inverness Way East - PO Box 1154
Englewood, CO 80150
(800) 445-5890
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Connector Pin Depth Specifications

	PRIVATE
Connector
	Pin Depth
(mm)
	Pin Depth
(inches)
	Specification (1)

	7mm
	-.005/-.0635
	-.0002/-.0025
	IEEE STD 287 (2)

	Type N 50 ohm male
	-5.258/-5.360
	-.207/-.211
	IEEE STD 287 GPC & LPC (3)

	Type N 50 ohm female
	+5.182/+5.258
	+.204/+.207
	IEEE STD 287 GPC & LPC (4)

	Type N 50 ohm male
	-5.283/-5.360
	-.208/-.211
	MIL-STD-348A Test Conn. (5)

	Type N 50 ohm female
	+5.182/+5.258
	+.204/+.207
	MIL-STD-348A Test Conn.

	Type N 50 ohm male
	-5.334/-5.842
	-.210/-.230
	MIL-STD-348A Prod. Grade

	Type N 50 ohm female
	+4.750/+5.258
	+.187/+.207
	MIL-STD-348A Prod. Grade

	Type N 75 ohm male
	-5.283/-5.360
	-.208/-.211
	IEC 169-16 Grade 1

	Type N 75 ohm female
	+5.182/+5.258
	+.204/+.207
	IEC 169-16 Grade 1

	Type N 75 ohm male
	-5.334/ - 
	-.210/ - 
	IEC 169-16 Grade 2

	Type N 75 ohm female
	+4.750/+5.258
	+.187/+.207
	IEC 169-16 Grade 2

	3.5mm
	0/-.013
	0/-.0005
	IEEE STD 287 LPC

	3.5mm
	0/-.076
	0/-.0030
	IEEE STD 287 GPC

	2.92mm (K*)
	0/-.013
	0/-.0005
	IEEE STD 287 GPC & LPC

	2.4mm
	0/-.013
	0/-.0005
	IEEE STD 287 LPC

	2.4mm
	0/-.050
	0/-.0020
	IEEE STD 287 GPC

	1.85mm
	0/-.013
	0/-.0005
	IEEE STD 287 LPC

	1.85mm
	0/-.050
	0/-.0020
	IEEE STD 287 GPC

	1.0mm
	0/-.013
	0/-.0005
	IEEE STD 287 LPC

	1.0mm
	0/-.050
	0/-.0020
	IEEE STD 287 GPC

	SMA
	0/-.076
	0/-.003
	MIL-STD-348A Test Conn.

	SMA
	0/-.254
	0/-.010
	MIL-STD-348A Prod. Grade

	TNC male
	-5.31/-5.38
	-.209/-.212
	MIL-STD-348A Test Conn.

	TNC female
	+5.21/+5.28
	+.205/+.208
	MIL-STD-348A Test Conn.

	TNC male
	-5.33/-5.84
	-.210/-.230
	MIL-STD-348A Prod. Grade

	TNC female
	+4.72/+5.23
	+.186/+.206
	MIL-STD-348A Prod. Grade

	BNC male
	-5.31/-5.38
	-.209/-.212
	MIL-STD-348A Test Conn.

	BNC female
	+5.21/+5.28
	+.205/+.208
	MIL-STD-348A Test Conn.

	BNC male
	-5.33/-5.84
	-.210/-.230
	MIL-STD-348A Prod. Grade

	BNC female
	+4.72/+5.23
	+.186/+.206
	MIL-STD-348A Prod. Grade

	SMC pin contact (6)
	-3.40/-3.51
	-.134/-.138
	MIL-STD-348A Test Conn.

	SMC socket contact
	+3.23/+3.40
	+.127/+.134
	MIL-STD-348A Test Conn.

	SMC pin contact
	-3.40/ - 
	-.134/ - 
	MIL-STD-348A Prod. Grade

	SMC socket contact
	- /+3.40
	- /+.134
	MIL-STD-348A Prod. Grade

	SMB pin contact (6 & 7)
	-
	-
	MIL-STD-348A & IEC 169-10

	SMB socket contact
	-
	-
	MIL-STD-348A & IEC 169-10

	Type F (& FD) (8)
	N/A
	N/A
	IEC 169-24 & ANSI/EIA 550

	HP-F
	0/-.2
	0/-.008
	HP Drawing A-1250-9059-1

	Type 7-16 male
	+1.47/+1.77
	+.0579/+.0697
	IEC 169-4

	Type 7-16 female
	-1.77/-2.07
	-.0697/-.0815
	IEC 169-4


Notes:

1. Pin depth requirements are not always consistent between specifications. 

2. The draft IEEE STD 287 is not entirely clear about the 7 mm pin depth. 

3. In IEEE STD 287 Lab Precision Grade (LPC) corresponds to the HP designation Metrology Grade and General Precision Grade (GPC) corresponds to the HP designation Instrument Grade. 

4. The zero setting block for the HP Type N gages is set at .207". Thus for GPC connectors the measured pin depth for the Type N male connectors is flush to -.004". The measured pin depth for Type N female GPC connectors are flush to -. 003". 

5. The US Military designation Grade 1 or Test Connector corresponds to the IEC designation Grade 1. The US Military designation Grade 2 or General Use Connector (GUC) corresponds to the IEC designation Grade 2. The US Military Type N Grade 1 connector is very close to to the HP designation of Type N Instrument Grade and the IEEE 287 GPC, but the pin depth is less tightly specified. For all connector styles other than Type N, both Grade 1 connectors and Grade 2 connectors correspond to the HP designation Production Grade, as they use Teflon rather than an air dielectric. 

6. The sexes of both the SMC and SMB connectors are not universally agreed upon. Some suppliers consider the interface with the pin contact to be the male, or jack connector. Other suppliers consider the interface with the coupling nut, or snap in mechanism, and the socket contact to be the male, or jack connector. 

7. Both the MIL-STD-348A and IEC 169-10 standards for SMB do not use the mating plane between the connector outer conductors as the electrical reference plane. Please refer to the standards for more details. 

8. Neither the Type F nor the Type FD has a step on the male pin, so these connectors do not have pin depth. A special instrument grade version of the Type FD connector that HP has developed uses a stepped male pin, and thus has a pin depth specification. 

Connector pin depth is generally the distance between the mating plane of the connector outer conductors and the end of the center conductor, or the shoulder of the center conductor for a stepped male pin. Pin depth is negative if the center conductor is recessed below the outer conductor-mating plane, usually referred to as the Connector Reference Plane. Pin depth is positive if the center conductor projects forward from the connector reference plane. Some connectors, like the Type N connector, have the mating plane of the center conductors offset from the connector reference plane. In this case the zero setting masters of the pin depth gages are generally offset the nominal distance between the center conductor mating plane and the connector reference plane.

Pin depth specifications are a trade off between the reduced reflection from a connector interface with a small gap between the center conductors, and the additional cost incurred in positioning the center conductors accurately. There are some components that will meet their electrical specifications even if the pin depth is more recessed than the appropriate pin depth specification allows. There are also components, particularly sliding loads and TRL adapters, that will not meet their electrical specifications unless the pin depth is set with the least recess possible. Unfortunately, the less recess there is, the greater the chance of an interference between the center conductors that may damage the mating connector.

The pin depth specifications in the HP calibration kit manuals are a compromise between the pin depth accuracy required, and the accuracy of the HP supplied pin depth gages. The purpose of the gages that are shipped with the calibration kits is to help the customers find connectors with center conductors set far enough forward that they can damage mating connectors. A precise pin depth measurement is difficult to make due to variations in the compression of the connector outer conductors, and due to the lack of parallelism between the connector reference plane and the end of the center conductor. The factory actually uses a laser interferometer for making the most precise pin depth measurements.

* K is a registered trademark of the Wiltron Corporation.
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HP RF Connector Application Notes, Data Sheets, and Catalogues

	PRIVATE
HP P art Number
	Description

	08510-90360
	Connector Care Quick Reference Card

	11900-90003
	2.4 mm Adapter and Calibration Accessories

	5091-4269E
	Microwave Test Accessories Catalogue

	83059-90001
	HP 83059A Precision 3.5 mm Coaxial Adapters
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Precision Slotless Contacts vs. Slotted Female Contacts 1
Precision slotless female contacts are used to reduce the uncertainty for the reflection at a connector interface. Slotless contacts make electrical connection with the mating male pin without changing the outer diameter of the female center conductor. Thus the impedance, and therefore the reflection, at the connector interface are independent of male pin diameter.

Precision slotless connectors are available in Type N 50 ohm, 3.5 mm, and 2.4 mm. The 7 mm connector also uses a collet contact method that keeps the center conductors as a constant outer diameter. HP has developed precision slotless connectors for Type N 75 ohm, 1.85 mm and Type FD for internal use.

The devices that use precision slotless contacts are restricted to calibration and verification kit components, test port adapters, and test port cables. These are the devices for which the added expense and fragility are outweighed by improved performance.

The disadvantages of slotless female contacts are that they are expensive, they are generally not as robust as slotted contacts, and they are hard to clean. With slotless contacts it is more important to line up the center conductors prior to a connection. It is essential that the male pin not rotate in the slotless collet during connect/disconnect cycles, as both the contact and the male pin may be damaged. Cleaning slotless contacts usually requires a syringe of isopropyl alcohol, but may require removing the slotless collet and cleaning with a swab.

The slotless contacts used in the 7 mm connector, in the Type N 50 ohm, and in the 3.5 mm connector can be replaced with special repair kits. The slotless contacts in the 2.4 mm connector cannot be removed, so extra care should be taken so that they do not get dirty. Refer to the section on Connector Repair Kits below for kit part numbers.

1. The 11904-90009 manual for the 11904S 2.4 mm/2.92 mm Adapter Set contains a clearly worded description of the differences between precision slotless connectors and other connectors. 
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Connector Cleaning Methods & Supplies

Dirty or damaged connectors are often the cause of measurement errors, but it does not take much time to clean them. Of course the simplest method of cleaning is not to allow the connectors to get dirty. Using the plastic protector caps and never rotating the connectors relative to one another during connect/disconnect cycles is the best way to keep connectors clean and in good condition.

Cleaning Steps:

1. Before using connectors for a critical application, inspect the connector interfaces with a microscope (~20X). Look for dirt, contaminants, dented or scratched outer conductor mating surfaces, and damaged center conductors. 

2. Use a swab dipped in clean isopropyl alcohol to clean off the outer conductor mating surfaces and the ends of the center conductors. Be careful not to let the alcohol get on the insulator bead, as this may damage the bead. Be careful not to exert too much force on the center conductors, especially slotless female center conductors, as they may be damaged. Use a swab that has a sharp enough corner to clean all areas of the connector interface. Don't forget to clean off the coupling nut threads. 

3. Blow off the alcohol with clean compressed air. Compressed air can reduce the temperature of connectors dramatically, and this can have a significant effect upon the performance of calibration and verification components. If the connector components being cleaned are to be used in a critical measurement application, the temperature of these components should be allowed to stabilize before they are used. 

4. Reinspect the connectors under the microscope. If the outer conductor mating face of a connector has raised material that would keep it from making complete contact with another connector, it should be replaced. If the fingers of a slotted female contact are spread open, rather than crimped closed, the connector should be replaced. If a connector has a slotless contact with damaged fingers, the connector should be repaired or replaced. 

Cleaning Supplies:

	PRIVATE
Description
	HP Part Number
	Comments

	Swabs (100)
	9301-1243
	These swabs are excellent!

	99.5 % Alcohol (30 ml)
	8500-5344
	HP alcohol is not required, but the alcohol should be kept clean and free of water. Do not use other solvents as they may damage the insulator bead.

	99.5 % Alcohol (8 oz.)
	8500-0559
	

	Compressed Air (235 ml)
	8500-6659
	1,1,1,2 tetrafluoroethane aerosol CFCs: 0%; HCFCs: 100% CAUTION: Use this product only as directed! If the aerosol container is shaken or tilted, the spray will leave a residue on the parts. Filtered and regulated piped in compressed air is the preferred solution.

	Lint Free Cloth (one)
	9310-4242
	

	Connector Care Quick Reference Card
	08510-90360
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HP Protective Plastic Caps For RF Connectors

	PRIVATE
HP Part Number
	Connector

	1401-0202

	3.5 mm, 2.4 mm, 2.92 mm, 1.85 mm, and SMA female connectors

	1401-0246
	3.5 mm, 2.4 mm, 2.92 mm, 1.85 mm, and SMA male connectors

	1401-0225
	50 and 75 ohm Type N female connectors

	1401-0214
	50 and 75 ohm Type N male, and 7 mm (APC-7) connectors


These protective caps are not the only protective plastic caps supplied by HP. There are probably multiple plastic cap parts set up for the same connector.
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Precision Slotless Connector Repair Kits and Replacement Parts

	PRIVATE
Connector
	HP Repair Kit
or Supplies
	Comments

	7 mm
	11591A
	Repair Kit includes 5 four slotted collets.1

	7 mm
	5060-0370
	7 mm Collet Extractor Tool

	7 mm
	85050-20001
	One 6 slotted 7 mm Collet

	7 mm
	1250-0907
	One 4 slotted 7 mm Collet

	7 mm
	33391C
	One 7 mm or Type N 50 ohm Insulator Bead

	Type N 50 ohm
	85054-60056
	Repair Kit with 10 Slotless Contacts

	Type N 50 ohm
	85054-60057
	10 Slotless Contacts

	Type N 50 ohm
	85054-60058
	1 Slotless Contact

	3.5 mm
	85052-60049
	Repair Kit with 10 Slotless Contacts

	3.5 mm
	85052-60050
	10 Slotless Contacts

	3.5 mm
	85052-60051
	1 Slotless Contact

	
	
	


The slotless contact in the 2.4 mm metrology grade connectors cannot be removed from the center conductor, so if the slotless contact is damaged the connector must be replaced.

1. 7 mm 6 slotted collets are generally more repeatable and a bit more expensive than 4 slotted collets. 
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HP Connector Pin Depth Gages

	PRIVATE
Connector
	HP Pin Depth
Gage Part #
	Comments

	7 mm
	85050-80012
	Contains gage & master

	Type N 50 ohm
	85054-80011
	Contains both male and female gages & masters

	Type N 75 ohm
	85036B Opt. K01
	Contains both male and female gages & masters

	3.5 mm
	11752D
	Contains both male and female gages & masters

	3.5 mm
	11752-90021
	11752D Operating & Service Manual

	3.5 mm Male
	11752D Opt. 001
	Male gage and setting master

	3.5 mm Fem.
	11752D Opt. 002
	Female gage and setting master

	2.92 mm
	11752D
	Contains both male and female gages & masters

	2.92 mm
	11752-90021
	11752D Operating & Service Manual

	2.92 mm Male
	11752D Opt. 001
	Male gage and setting master

	2.92 mm Fem.
	11752D Opt. 002
	Female gage and setting master

	2.4 mm
	11752E
	Contains both male and female gages & masters

	2.4 mm
	11752-90003
	11752E Operating & Service Manual

	2.4 mm Male
	11752E Opt. 001
	Male gage and setting master

	2.4 mm Fem.
	11752E Opt. 002
	Female gage and setting master

	1.85 mm
	11752E
	Contains both male and female gages & masters

	1.85 mm
	11752-90003
	11752E Operating & Service Manual

	1.85 mm Male
	11752E Opt. 001
	Male gage and setting master

	1.85 mm Fem.
	11752E Opt. 002
	Female gage and setting master

	1.00 mm
	-
	No gages available.

	SMA
	-
	Maury Microwave may supply some of these gages.

	TNC
	-
	

	BNC
	-
	

	SMC
	-
	

	SMB
	-
	

	Type F (& FD)
	-
	

	Type 7-16
	-
	


Male gages measure the pin depth of male connectors, and female gages measure the pin depth of female connectors. Whenever possible, pin depth measurements should be made using a torque wrench. An open ended wrench should be used to prevent the connector from rotating when the coupling nut is torqued. Refer to the section below on HP torque wrenches. The 3.5 mm, 2.92 mm, 2.4 mm, and the 1.85 mm female gages all use 5/16" wrench flats on the coupling nut.
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Torque Wrenches and Open Ended Wrenches for RF Connectors

	PRIVATE
Connector
	Coupling Torque
(N-cm/in-lb.)
	Width Across
Coupling Nut
Wrench Flats
	HP Torque Wrench #
	HP Open Ended
Wrench # and Size1

	7 mm
	135/12
	3/4"
	8710-1766
	8710-1770
	1/2"

	Type N 50 ohm(2)
	135/12
	3/4"
	8710-1766
	8710-1770
	9/16"

	Type N 75 ohm(2)
	135/12
	3/4"
	8710-1766
	8710-1770
	9/16"

	3.5 mm standard(3)
	90/8
	5/16"
	8710-1765
	8710-1761
	7 mm

	
	
	
	
	8710-0510
	5/16"(8 mm)

	3.5 mm m test prt
	90/8
	20 mm
	8710-1764
	8710-1770
	9/16"

	3.5 mm f test prt.
	
	
	
	08513-20014
	Spanner Wr.

	2.92 mm standard
	90/8
	5/16"
	8710-1765
	8710-1761
	7 mm

	2.4 mm standard(3)
	90/8
	5/16"
	8710-1765
	8710-1761
	7 mm

	
	
	
	
	8710-0510
	5/16"(8 mm)

	2.4 mm m test prt.
	90/8
	20 mm
	8710-1764
	8710-1770
	1/2"

	2.4 mm f test prt
	
	
	
	08513-20014
	Spanner Wr.

	1.85 mm
	90/8
	5/16"
	8710-1765
	8710-0510
	5/16"(8 mm)

	1.0 mm
	34/3
	6 mm
	8710-2079
	
	

	SMA(4)
	56/5
	5/16"
	8710-1582
	
	

	TNC
	56/5
	no spec.
	-
	
	

	BNC
	N/A
	N/A
	-
	
	

	SMC
	34-45/3-4
	no spec.
	-
	
	

	SMB
	N/A
	N/A
	-
	
	

	Type F
	168/15
	12 mm
	-
	
	

	Type FD
	168/15
	12 mm
	-
	
	

	Type 7-16
	2500-3000/222-267
	no spec.
	-
	
	


Notes:

1. When mating two connectors it is important to keep the connectors from rotating relative to one another. On many connectors open-ended wrenches can be used on wrench flats on the outer bodies of the connector to help restrict rotation. This column lists the common wrench flat widths for many HP connector components, and wrench part numbers when available. There will be exceptions to this list, and connector components made by suppliers other than HP are unlikely to use the same wrench flat dimensions. 

2. Type N connectors can be tightened hand tight, but for better repeatability they should be torqued to 135 N-cm. 

3. The 5/16" head of the 8710-0510 wrench will need to be ground thinner for some applications. 

4. A 56 N-cm. torque wrench should be used to connect male SMA connectors to either 3.5 mm or 2.92 mm connectors. A 90 N-cm. torque wrench should be used to connect male 3.5 mm or male 2.92 mm connectors to mating female connectors. 

If torque wrenches are required that HP does not supply, one reliable source is:

Mountz, Inc.
1080 North 11th Street
San Jose, CA 95112 USA
Phone: (408) 292-2214
Fax: (408) 292-2733
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Matched Adapters for Calibrating to Measure Non-Insertable Devices

	PRIVATE
Connector
	HP Adapter
Part Numbers
	Reference Plane to
Ref. Plane Length
	Connector
Grade
	Comments

	7 mm (APC-7*)
	-
	-
	-
	Not Needed

	Type N 50 ohm
	85054-60031
	49.0 mm
	Metr.
	7 mm to N female

	
	85054-60032
	49.0 mm
	Metr.
	7 mm to N male

	Type N 75 ohm
	85036-60013
	59.9 mm (+/-0.3)
	Instr.
	male to male

	
	85036-60014
	59.9 mm (+/-0.3)
	Instr.
	female to female

	
	85036-60015
	59.9 mm (+/-0.3)
	Instr.
	male to female

	3.5 mm
	85052-60012
	26.6 mm
	Metr.
	female to female

	
	85052-60013
	26.6 mm
	Metr.
	female to male

	
	85052-60014
	26.6 mm
	Metr.
	male to male

	
	83059A
	23.1 mm
	Instr.
	male to male

	
	83059B
	23.1 mm
	Instr.
	female to female

	
	83059C
	23.1 mm
	Instr.
	male to female

	
	83059K
	23.1 mm
	Instr.
	Kit of 85059A/B/C

	
	1250-1746
	33.1 mm
	Instr.
	7 mm to 3.5 male

	
	1250-1747
	33.1 mm
	Instr.
	7 mm to 3.5 female

	2.92 mm
	11904A
	11.3 mm
	Instr.
	2.4 m to 2.92 m

	
	11904B
	11.3 mm
	Instr.
	2.4 f to 2.92 f

	
	11904C
	11.3 mm
	Instr.
	2.4 m to 2.92 f

	
	11904D
	11.3 mm
	Instr.
	2.4 f to 2.92 m

	
	11904S
	11.3 mm
	Instr.
	11904A/B/C/D Kit

	2.4 mm
	85056-60005
	12.4 mm
	Metr.
	male to male

	
	85056-60006
	12.4 mm
	Metr.
	female to female

	
	85056-60007
	12.4 mm
	Metr.
	male to female

	
	11900A
	12.4 mm
	Metr.
	male to male

	
	11900B
	12.4 mm
	Metr.
	female to female

	
	11900C
	12.4 mm
	Metr.
	male to female

	1.85 mm
	85058-60007
	25.2 mm
	Instr.
	male to male

	
	85058-60008
	25.2 mm
	Instr.
	female to female

	
	85058-60009
	25.2 mm
	Instr.
	male to female

	1.0 mm
	-
	-
	-
	-


Matched adapters have the same nominal connector mating reference plane to reference plane length. The connector mating plane is the plane along which two mating connector outer conductors come together. Length variation on the order of +/-0.15 mm should be expected from matched adapters due to machining and assembly variations. Matched adapters also have the same nominal transmission path. The insulator bead, or beads, are located in nominally the same place and are made to the same specifications. Any diametrical changes in the transmission path are located in nominally the same place. HP does not test matched adapters to make sure that their performances are similar. Matched adapters are simply tested to make sure they meet their maximum return loss specifications.

* APC-7 is a registered trademark of Amphenol Corporation

	PRIVATE
HP Matched
Adapters
	Nominal
Phase Delay
(ps/mm)
	Nominal
Insertion
Loss
	Specified Return
Loss (dB)

	85054-60031/2
	not avail.
	not avail.
	<= -34 dB, DC-8 GHz

	
	
	
	<= -28 dB, 8-18 GHz

	85036-60013/4/5
	not avail.
	not avail.
	not specified

	85052-60012/3/4
	94.75/28.39
	0.018*f^.5 dB (2)
	<= -30 dB, DC-8 GHz

	
	
	
	<= -28 dB, 8-18 GHz

	
	
	
	<= -26 dB, 18-26.5 GHz

	83059A/B/C
	not avail.
	>=-.075 dB (3)
	<= -32 dB, DC-26.5 GHz(3)

	1250-1746
	not avail.
	not avail.
	<= -34 dB, DC-18 GHz

	1250-1747
	not avail.
	not avail.
	<= -23 dB, DC-18 GHz

	11904A/B/C/D
	not avail.
	not avail.
	<= -24 dB, DC-40 GHz

	85056-60005/6/7
	43.24/12.95
	0.024*f^.5 dB
	<= -32 dB, DC-4 GHz

	
	
	
	<= -30 dB, 4-26.5 GHz

	
	
	
	<= -25 dB, 26.5-40 GHz

	
	
	
	<= -20 dB, 40-50 GHz

	11900A/B/C (4)
	43.24/12.95
	0.024*f^.5 dB
	<= -32 dB, DC-4 GHz

	
	
	
	<= -30 dB, 4-26.5 GHz

	
	
	
	<= -25 dB, 26.5-40 GHz

	
	
	
	<= -20 dB, 40-50 GHz

	85058-60007/8/9
	87.418/26.19
	0.028*f^.5 dB
	<= -34 dB, DC-4 GHz

	
	
	
	<= -25 dB, 4-26.5 GHz

	
	
	
	<= -24 dB, 26.5-50 GHz

	
	
	
	<= -22 dB, 50-65 GHz


1. Neither the nominal phase delay, nor the nominal insertion loss values listed above are hard specifications that HP is required to meet. 

2. f is in GHz. Refer to the cal kit definitions in the cal kit manual, and to Product Note 8510-5A. The square root of the permittivity equals the ratio of the electrical length of the adapter to the physical length. 

3. This is a typical value. In this case "typical" is defined as 2 standard deviations worse than the average performance. 

4. The 11900A/B/C are the 85056-60005/6/7 adapters with special packaging, the 11900-90003 Operating Note, and different published specifications. The return loss specifications listed in this table are the specifications the adapters are tested to. 
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Connector Savers

	PRIVATE
Connector
	HP Male to Female Part Number
	Comments

	7 mm
	-
	Not needed

	Type N 50 ohm
	-
	Not available

	Type N 75 ohm
	85036-60015
	Instrument grade

	3.5 mm
	85052-60013
	Metrology grade

	3.5 mm
	83059C
	Instrument grade

	2.92 mm
	-
	11904 2.4 to 2.92 adapters may work

	2.4 mm
	85056-60007
	Metrology grade

	1.85 mm
	85058-60009
	Instrument grade

	1.0 mm
	-
	Not available
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Revision Of The Standard Knurled Type N Coupling Nut To Add 3/4" Hex Feature

In late 1996 or early 1997 HP will be changing the standard knurled Type N coupling nut, part number 1250-0918, to add a 3/4" hex feature. The primary purpose of this change is to reduce the risk of repetitive motion injures for component assemblers and testers. The risk of injury comes from the need to pinch down with the fingers, and twist with the wrist, when making final connections with the standard knurled coupling nut. The new coupling nut allows connections to be made with the 135 N-cm (12 in-lb.) 3/4" HP 8710-1766 Torque Wrench, avoiding the repetitive pinch and twist motion.

The use of a torque wrench will improve the repeatability of the connections made by ensuring proper contact between the Type N outer conductors, and a more consistent pin depth gap between the center conductors. The hex feature will also facilitate the use of automated torque drivers in the test environment. The knurl feature has been retained so that the coupling nuts can still be tightened easily by hand if a torque wrench is unavailable.

This change will probably initiate many customer queries. The HP product literature will continue to show the old knurled Type N coupling nut on products after the new coupling nuts have been introduced. There will still be many HP supplied components, particularly cables that will continue to be made without a hex feature on the Type N coupling nut. An effort to change more of HP's suppliers over to this new coupling nut design will be initiated, if there is demand for it.
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1.85 mm Between Series Adapters

HP does not offer 1.85 mm between series adapters, but they are not required because 2.4 mm between series adapters fill this need. 1.85 mm connectors are completely intermatable with 2.4 mm connectors. Thus, 1.85 mm connectors can be adapted to 3.5 mm with the 11901A/B/C/D 2.4 mm to 3.5 mm adapters. The 1.85 mm connectors can be adapted to 7 mm connectors with the 11902A/B adapters. 1.85 mm connectors can be adapted to Type N with the 11903A/B/C/D adapters, and to 2.92-mm connectors with the 11904A/B/C/D adapters. Refer to the Microwave Test Accessories Catalog HP part number 5091-4269E for more details.
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Connector Intermatability

(Type N, 3.5 mm, 2.92 mm, SMA, 2.4 mm, 1.85 mm, & 1.0 mm)

The only difference between Type N 50 ohm and Type N 75-ohm connectors is the diameter of the center conductors. The male pin for the 50-ohm Type N connector is much larger in diameter than the 75 ohm Type N male pin. A 50-ohm Type N male connector should not be mated with a 75 ohm Type N female connector because it will probably damage the female contact. Some 75-ohm Type N female contacts are designed to withstand connections with a 50-ohm male pin, but most are not.

3.5 mm, 2.92 mm, and SMA connectors are all designed to be intermatable. Neither the metrology grade 3.5-mm, nor the 2.92-mm, female contacts are very robust, so connections between these connectors and SMA male connectors should be done with care. Poor quality SMA male connectors should not be mated with either metrology grade 3.5 mm or 2.92-mm female connectors. For multiple connections to male SMA connectors an instrument grade connector saver should be used.

2.4 mm connectors were purposely designed so that they will not intermate with 3.5 mm, 2.92 mm, or SMA connectors. The 2.4 mm and 1.85 mm connectors are fully intermatable, and no adapters are required between them. 1.0 mm connectors are not intermatable with any other connector.

The standard HP practice is to have 3.5 mm and 2.92-mm connector coupling nuts gold plated, and 2.4 mm and 1.85 mm coupling nuts made of stainless steel, for identification. The 1.85-mm components have a groove cut in either the coupling nut or the female outer body to differentiate them from 2.4-mm components. M/A-COM, a major supplier of 2.4-mm connectors, puts a groove in the either the coupling nut or the female outer body of their 2.4-mm connectors to differentiate them from their other products.
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HP 50 to 75 ohm Adapters

HP builds six 50 to 75 ohm adapters that can be used with 50 ohm network analyzers to measure 75 ohm devices.

	PRIVATE
HP Adapter
	First End
	Second End

	11852B
	Type N female 50 ohm
	Type N male 75 ohm

	11852B Opt. 004
	Type N male 50 ohm
	Type N female 75 ohm

	8711A Opt. K98
	SMA female 50 ohm
	Type N male 75 ohm

	Not Set Up
	SMA female 50 ohm
	Type N female 75 ohm

	Not Set Up
	SMA female 50 ohm
	Type FD male 75 ohm

	Not Set Up
	SMA female 50 ohm
	Type FD female 75 ohm


The 11852B and 11852B Opt. 004 list operating characteristics of: 5.7 dB nominal insertion loss, <= -27 dB return loss from 300 kHz to 3 GHz, frequency range from DC to 3 GHz.

The 8711A Opt. K98 is a bulkhead mount adapter with unspecified electrical performance. This adapter has been used with 50 ohm SMA male to male cables and HP 8711 50 ohm Network Analyzers to measure 75 ohm devices. HP has components that could be used to build the other 50 to 75 ohm adapters listed above, if there are customers that want us to set up a special.
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Type F Connector vs. Type FD

There is a fundamental problem with the Type F connector. The problem is that this connector has been developed with too wide a range of male pin diameters. In IEC Std 169-24 the male pin is allowed to range in diameter from 0.51 mm to 1.63 mm. Type F female connectors designed to mate with a 0.51 mm diameter male pin are often damaged when mated with a 1.63 mm diameter male pin. Type F female connectors designed to mate with a 1.63 mm diameter male pin may not make electrical contact with a 0.51 mm diameter male pin. This variation in male pin size also makes it virtually impossible to design an instrument grade Type F connector with any reasonable electrical repeatability.

ANSI/EIA-550 was developed to address this problem by defining a Type F style connector with less pin diameter variability. The Type FD male pin ranges in diameter from 0.76 mm to 0.86 mm. This connector is not only intermatable, viable instrument grade adapters have been designed to mate with this production grade connector.
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Developments in the Use of Automated Torque Drivers with RF Connectors

In order to reduce repetitive motion injuries caused by manually connecting and disconnection RF connectors, HP is developing an automated torque driver system. A prototype 3.5-mm system has been in use successfully for about one year on an 8510 Network Analyzer test station. This test station is used to electrically test 3.5-mm calibration and verification kit components.

The first major obstacle that was overcome was the problem of connector repeatability. The standard 3.5-mm Test Port Adapter uses a retaining ring to hold the coupling nut onto the outer conductor. The automated torque driver applies torque much more rapidly than the standard manual HP torque wrenches. This rapid torque delivery made the spinning of the coupling nut so rough that the test port adapters had to be replaced every 2 days due to non-repeatable connections. A design using ball bearings rather than a retaining ring proved successful. The test port adapters now last two or three months before they need to be reworked to readjust connector pin depth.

HP is currently working on implementing the ball bearing design on all 3.5-mm test port adapters and cables. The Type N test port and test cable adapters are next in line to be redesigned to use ball bearings.

Work is currently focusing on methods of attaching and aligning the automated torque drivers. The current attachment method is application specific and difficult to align. Project completion is expected by the end of 1996.
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