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RF Automotive connectors and matching test probes and plugs
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Difference between a connector and a test probe

Probe: Spring mechanisms
A test probe is specifically made for repeated,
automated testing on a connector

Connector:
Retention mechanism/
housing

As such there is a spring-loaded mechanism
inside the unit to mate with the DUT surface

Most probes and test plugs are not self-
retaining, that means a test fixture must be used
to hold the item in place for establishing
electrical contact.

S-Parameters (electrical performance) must be
carefully aligned inside the probe so that the
internal spring mechanism does not cause
degradation of the electrical performance. See
next slides.
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S-Parameters for RF test probes - insertion loss

Insertion loss graphs

for a test probe Frequency [GHz]
measurement
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S-Parameters for RF test probes - return loss

Frequency [GHz]

This graph is for the
return loss (matching) —
but in addition we also

show the correlation
between the return loss

) and the insertion loss.
P Above the “tipping point”
= one can typically see
'§ additional mismatch
2 losses. That  happens
roughly when the -20 dB

line is crossed, however
circuits typically still can

be used at -15 or even -10

v -20 dB , tipping point” dB return loss.
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Measuring high speed signals with breakout boards

rough RF probe & USB cable

Signal th

Breakout board USB differentia

Digital

signal
analyzer

Acquisition of eye pattern diagrams



Calibration with in-situ modules (1)

RF test port
#2
SMA female

SMA female

Device under test
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Idea / concept:

Duplicating the outline dimensions of
the DUT and creating/ designing unique
calibration modules for

Short
Open
Load
Thru

calibration. This would allow the S-
Parameters to be corrected right at the
DUT reference plane.

This is commonly used for on-wafer
testing (calibration substrate), but the
concept is not widely known yet for
PCBA production test.
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Calibration with in-situ modules (2)




Calibration with in-situ modules (3)

Upper boundary line

Lower boundary line

Per mfg spec
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Gainin dB

blue: corrected gain after calibratign

—~

Dark red: gain without calibration:—
Crosses the lower boundary line
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Calibration with in-situ modules (4)
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Shielded RF test fixture

12

Connection to VNA
or other test
instrumentation

Interface blocks outside
the shielded compartment

Coaxial bulkhcad interfaces
going into the shiclded
compartment

Contacting with probes onto a PCBA or module
(on test points or RF connectors)

imgumM
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ESD customization with test probes
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ESD prevention on the test fixture (1)
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ESD connection
frame to top plate

Conductive carrying
handle

.v

ESD button connection '
I
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ESD prevention on the test fixture (2)
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ESD interface contact
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Usage of test plugs; here: For RJ45

® Test plug, RJ45, long

/‘ Test plug, RJ45, short

Test plugs act as sacrificial connectors,
for automated test and extend the test
cable.

Test plug mounting bracket,
single version

Mounting holes for additional float
springs in case of heavier cables

Float springs

16
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Test plug variations for different
connector types
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Test plugs

Cable connection side (to tester)

Flange mount installation)

DUT side

- Test plugs are used for connector types
such as USB, HDMI, RJ45 and others

- Idea: “sacrificial” adapter that is used for
high cycle count testing.

- Float mount options are available.



Test plugs - general definition of parts (independent of the specific ingum

series)
Float spring
or machine screw Probe plate
Test plug mount
DUT side

Cable to test system

\,. Opposite gender connector within

the same protocol series
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Test plug variety
(aluminum-body versions)

HDMI-A (1.4+2.0)
112626

USB 2.0 MiniA
112619

USB 3.1C
112622

USB 3.0A “\" USB 2.0 MicroB

112624 112621
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Test plug installation

Here: Shown with type HDMI plug. Similar operation with other test plugs

Test plug
probe body

DUT

_—" Probe plate

Float spring kit
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Test plug installation - using standard machine screws (no float)

This option requires float to be built into the probe plate, for example by the fixture house.

Drill pattern

L
|
!
oio - ==t
|
|
1
i

Ny
e
|
|

22

e

27.3

= Mounting plate - can be
~ detached and change

All units: metric / decimal
separator =","
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Test plug installation - standalone configuration and interface

Aluminium Gehdause
aluminium housing

17,1 b
\.
Nk

4,6

HDMI-D (micro) Schnittstelle
HDMI-D {micro) Inferface

Left: Test plugs can also be used in its “standalone configuration”
and be mounted to custom holdings brackets.

Be careful: The parts are not meant to be self-retaining, even
though some “lock in”- a test fixture is required for proper
operation

Upper figure: Test plugs are “extenders” but some have smaller
form factor connectors on the back for the cable. Here: HDMI
micro D for a HDMI type A DUT. Reason: Space restrictions.
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Test plug installation - adjustability

Option 1 : Screws in center position in mounting plate

©L=%0)

Option 2 : Screws in adjustable position in mounting plate * Test plugs are adjus..table, some up to +/-
0.25 ... 0.5 mm to adjust for tolerances.

+-0.25 mm I [E] * Useful for example if no float mechanism is

used (even though we highly recommend it)
OR to manually pre-align the test plug after
customizing the test fixture

M

+-0.5 mm



Test plug installation - mounting options .
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* Test plugs can be mounted side-by-side or stacked °d[ N @\ O~ : ~—@
} 27.3
35

 Both mounting plates are included in the delivery,

some exceptions apply (please check datasheet)
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22,5
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horizontal mounting 14

vertical mounting
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Application example: Using a test plug for eye pattern test

through RF probe & USB cable 5 mini 2.0

Signal

Here: US

pUT side (input signal)

Breakout board USB differential

<>

Digital

signal
analyzer

Acquisition of eye pattern diagrams



Application example: Using a test plug for error vector imgun’

magnitude test / constellation diagram test

. T

S'gnal thru ' o) * N .o.
test plug g o’ B )
o 3 5
-k w5
Vector
signal g — i dr——
a= 1 .
analyzer

Constellation diagram of a QAM signal / EVM analysis
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The problem with RF automotive connectors for FCT for ingun

common USB and other protocols.... The plastic housing!

Plastic housing does not allow the use

of standard test plugs. ©
Plugs need to be extended versions.

28



The problem with RF automotive connectors for FCT for ingun
common USB and other protocols.... The plastic housing!

P a USB 3.1C Schnitistelle
USB 3.1C Interfoce

USB 3.1C
112622

Standard version.
@ Would collide with housing.

26.5

31.4

-—® Extended version
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Test plugs - electrical performance

Measured with TotalPhase signal analyzer. “Pre-compliance” test

Eye diagram for USB3.1C, 5 Gbit/s and 10 Gbit/s, & USB3.0A, 5 Gbit/s

USB3.1C (112622) - 5 Gbit/s USB3.1C (112622) - 10 Gbit/s
TX1 5000.65 Mbps X1 10001.29 Mbps

USB3.0A (112624) - 5 Gbit/s
X1 5000.65 Mbps
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Preventive maintenance and parts replacement

Look out for options with field replaceable components

) L ©
&)
!
Replaceable head
- 13,1 -
| 1
l | | IJ/ A probe is a consumable item!
N | 7 Side loading etc. can contribute to higher wear and tear.
|

|
| @ If possible, look out for options that are field replaceable

6.6 2:1 and serviceable.



RF connector installation on the probe

Here: Threaded connection

Photo shows tightening of the coupling nut of an
SMA connector when used on an RF probe.

32

SMA cable connector

1. Hold probe at the flats
with an open-end wrench

2. Use a torque wrench (45
Ncm for SMA to tighten the
coupling nut

Always tighten the nut, do
not use the open-end wrench
to hold the nut while trying
to tighten the probe body
“into” the male SMA.

(as a safety feature this probe
has 7mm flats whereas the
SMA nut has 8mm width-
across-flats, to prevent a mix-
up, however not all probes
across manufacturers may
have that specific feature)



Cable and adapter choices

fMoat /'y

Application; Usage of a probe with
built in float that

retracts in z-axis during compression.
Note the float to the side to catch
misaligned connectors

2. Wrong cable type (to0
thick, cable dia > probe dia.
Also: Avoid use of adapter)

33

1. Right cable type and size
(fMlexible wiring, thin)

2. Wrong cable type (hand
formable semi rigid)

imgumM
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Cable routing (1)

)

plate

\ Two-piece guide

(

Mounting screws, Guide plates
secured with probe J put together
plate

~ Outline of RF connector
2. which is larger than guide hole

Guided (coaxial) :.%r ﬂ
cable

Please note; Do not squeeze cable ;

: - keep clearance to allow probe to
| | | I retract in z-axis

Q
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Cable routing (2)

Hole size not

much bigger
than cable dia. Standoffs
Use multi-piece Spaced apart from probe
Plates if plate
) necessary preferably 1" / 2.54 cm or

maore

266
273

B
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Hi pot and 4 wire testing

Maximizing the use of dielectric
insulators for hi-pot testing. Here:
Transition zone (front plunger
area) of a coaxial probe for testing
a FAKRA connector

Additional
insulation center
conductor

Additional
insulation outer
conductor

i

L5

Lav4
Y p—

Dielectric of DUT
(here FAKRA
connector)

v.'l‘ 1
LIS~ PN — G — N ]
AT
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Automotive harness testing

Cable harness connectors are
tested

on cable harness test tables
(automated testing of the

complete assembly)

b. with hand-plugs (testing of
individual plugs)

+ Sealed FAKRA -

Different connector types amongst the same connector series: here: Regular FAKRA vs. sealed/
insulated versions.

The sealed types can make test probe connections very difficult.

37
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Automotive harness testing, professional test plug

Typical automotive connectors on
harnesses, with or without RF

Ruggedized 3D printed
or machined housing

Spring loaded probes,
Can be DC types or RF,
Thread mount preferred

Retention mechanism
of the “fixture” (hand plug) to
secure the connector
while testing by hand

38
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Continuity testing

RF connector outer conductor Probe outer conductor / gnd contact App“cation:
< / - Test if dielectric is protruded
(faulty RF connector)
SIS LSS LSS
ws AL, Reason:
- Some stamped and formed
probe center conductor / depicted in green connectors have poor tolerances
RF connector slotted
center conductor dielectric flush with front of center conductor Test method°
- Coaxial probe, made for that
Dielectric protruding x pa rticular connector type
- Continuity tester to check if center

conductor makes contact.
W%k - If contact is made, dielectric is
o ; flush or within tolerance.

Gap - no conta

39
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Test plug options for “continuity only”-testing

From the INGUN Fixtures Catalog. Here #17826 RJ45 test plug

Mating portion:
Reinforced contacting head,
with thicker BeCu strings

for repeated contact (low ’ Tail: Cable is soldered to plug
wear)

« Those plugs are specifically made for repeated,
automated continuity testing on a connector.

e Those options maybe used for some ”at-speed”
applications as well, but high-speed performance is
typically not guaranteed on those.

e “at speed” performance is also dependent on the
40 wiring job (shielding, soldering etc.)
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Questions & remarks?

brian.annino@de.ingun.com
(sales & account management for USA North & South East)
Located in Massachusetts

matthias.zapatka@us.ingun.com
(technical support USA/Canada)

Located in Nevada
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