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Filtered connectors — -
Increasingly important.

A filtered connector is any type of connector that contains
additional components to attenuate the passage of unwanted
signals through it.

Increasingly used to protect ‘mission critical’ electronic
systems against EMI such as lightning discharges and
unwanted RF transmissions - inward or outward!

Market sector likely to increase further as use of composite
housing or airframe materials increases.

Filtered connectors are an example of a ‘complex passive’ —
apparently simple to test yet requiring careful attention to test
solutions. Correct testing of these parts is not trivial.

A solution is presented for meeting and exceeding these test
challenges.



A typical filtered connector sels
internal circuit. T
e Two main types of filter i NV .
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e The common connection
may be the shell of the ¢ ¢
connector or common to 'Pi' Eilter
one of several logical
groups (e.g. a data bus).
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e Pins may also contain over- P
voltage protection devices d
such as zeners or varistors , :

. : T Filter
connected in various
configurations.




Physical construction Is e
becoming more integrated. :
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e Early filtered connectors were made using PCB-mounted discrete
components — difficult to assembe and less reliable in use.

e Capacitor arrays improved integration and filter performance.

e Combination of capacitor and varistor array is the most highly
Integrated.



The need for a dedicated filter
connector test system.

e The basic tests are simple - Capacitance, IR and DWYV -
relatively easy to measure with discrete equipment - BUT..

e Need to measure these same parameters over many test
routes.

e Measurements are required between pins of the filtered
connector in many different ways.

e Capacitance must be measured accurately to ensure valid
construction and filter performance.

e Test connection to the device can introduce measurement
errors.

e Use of a standard cable test system can seem attractive but
parametric measurement quality is usually insufficient.




The Reflex 950 — a dedicated
filter connector test system.

e Has up to 160 4-wire device connections.

e Test voltage up to 2100V peak, DC or 50-
400Hz AC.

e Measures Cap and DF using LCR meter
(e.g. Agilent) at elevated voltage.

e Measures insulation resistance (leakage
current).

e Measures DWV (breakdown) using pulse
capture and level.

e Measures through pin resistance
(milliohms)

e Measures clamp voltage (zener, varistor).




Tester electrical architecture. |:
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e Flexible 4-wire matrix connects the measure resources and the
device under test.



Fixturing iIs vital for :
measurement performance. :

e Filtered connector test device is
mounted on a removable fixture
module.

e Underside of fixture module is
populated with pairs of connection
‘lands’ which mate with tester
probe ‘nails’.

e Wiring from these ‘lands’ to the
device is internal to the module and
easily customised.

e Solution provides very low stray
capacitance and ease of device
iInterchange.




Fixturing Is vital for

measurement performance. :

e Tester ‘bed of nails’ mates with the fixture module.

e A large test area provides opportunity to test one large connector
or multiple smaller connectors.



Fixturing iIs vital for :
measurement performance. :

e Device site connects almost directly to the switching network.
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Fixturing iIs vital for :
measurement performance. :

e Close physical connection of
the device site and the
switching network.

e Stray capacitance and
crosstalk dramatically
reduced over a cable
solution.
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Test execution — visual
techniques aid clarity.

Reflex950 software, V1.0.41.264" (Administrator)

@

Home page

4

Test data

Device pin map

=

Device
reporting

Hipot Route 3 of 30

Offline " ‘&

DPM155PinConnector

Busy
Tested 1
Passed 0 0.0%
Failed 0 0.0%
Open Part number --
Release fixtur
Test sequence
v 0 Batch definition Test program N
1 Hipot check Route 2 of 30
2 Manual prompt -
3 Leakage currentand IR -----
4 Manual prompt2 -
5 Hipot check pinto pin  -----
6 Hipotcheck(2) -

e Test activity and connections are displayed during test.

e Any test failure can be left visible for clarity.
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Test programming

Reflex950'software, 0.41.264 miistrator)

Home page

&/

Test data

Device pin map

=)
= 4
Device
reporting

Engineering

Ready

Test program : Hipot

| Fie Edt View Run Options Mat Hep | A C R T F & || » I M 8 v x|@] |

C109 User data 9 =

C110 User data 10 -

c30 Small display font = No

2 1~) Bipot check @ i=me=mm

CONDITION LIST

c841 Pins high = 70-74

c842 Pins low = 100-105

c843 Pins grounded =

c844 Pins scan method = High stepped to
Cc833 HV generator mode = DC

Cc280 HV slew rate = 10.0 V per s¢
Cc544 Hipot dwell time = 0.3 s

Cc380 Hipot event threshold = 1.0 mA

C545 Hipot event filter = Longest (1lms)

< | 1l ‘ 2
Last busy: 5024.227 ms 9
Tested 0, passed 0 (0.0%), failed 0 (0.0%), bin 0 ‘ ‘Tw foce s.e . fester . iy
Datalog ON, Last UID: - AGoiln - Eseculiontimes = SEi{ES Ealifai
No remote control

e Test programming uses a ‘menu’

parameters.

structure for setting
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Flexible pin connection editor.

e Architecture maps 4-wire
measurement bus on to
any number of physical
device connections.

e \Working layout can be
any chosen ‘view’, e.g.
actual connector plan
form or a derivative.

1 Routes

DPM155PinConnector

Ref High Low Ground
SHELL 160 A51 AS2 A8 464 465
i S e e e e e e W
A A2 AT 4 135 16 A7 A8 AW
120 m 1;2 (194 (125 120 127 1;8 1;9 130
08 A9 A0 A 2 3 ﬂ4- *15“ 410_ *17—
(%5 (% 97 98 99 A0 01 02 03 04 A0S QS Q7
7‘{3?‘0“471—8157 %\si 877 %37 397 907 £17 szi
PR AFAO A
sl R NN N RoRe Ny
elele e tele e lele e e e Ve
. 337 347 357 537 377 337 397 «wi «n? 427
(R B oM B W W W WA B R
B 127 137 |47 157 457 477 187 497 207
- 5" 64 74 8_‘0;‘10‘ nk
¢
< >

S L R
[EYNON  BF
sord O I

Scan method v| [V] Generate ranges  [¥] Show all routes
[ ok | [ cence | [ Ceaal | [ swopHL | [ Recallast |

140

8 49

43 94

ﬁﬂ

43 44

] (Ghea) [Gexc]
] (Gea) (e
] (Ghes) (G
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Flexible pin connection editor. |

e Architecture maps 4-wire
measurement bus on to
any number of physical
device connections.

e \Working layout can be
any chosen ‘view’, e.g.
actual connector plan
form or a derivative.

o All similar test routes are
visible on one simple
screen.

Ref High Low
2 15 2
3 78 2

DPM155PinConnector

SHELL 460 AS1 52 163 64 55

AR A 144 MG 198 4T 18 190
n; mf mf mﬁ mi neﬁ 1377 1387 mﬁ 140
o »22 114 N8 A8 97 138 'zs 190
108 09 D AN HZ A3 M NS B HT ME 49
95 8B 9T 88 93 00 01 02 03 04 105 408 107
7‘ e_si ‘73‘47 ‘ e‘si a‘si ‘ @ ‘ @ o ? @ ; 9‘17 —9‘27 s;i .
BARBRFBFAATE DS ®
%8 % tp (8 (B (% (85 (B (] (8 (8
:46 S e e e e e e e Ie Ie e B

1"3 34 35 88 7 38 e e e, e e,

22 3 4 25 26 27 28 19 30 3 32

‘lZ ‘|3 ~i4 5 |B 1? ‘18 :19 30 ~21
S 3333 & N

~ ‘ A
< | > - -
Hsh @ [ 101578 v
o O .
T =
Scan method v | [“Generateranges  [¥] Show all routes
Look ] [Lcence ] [ Clearal | [ swopHL | [ Recallast | Help
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Charts are used to enhance

result clarity.

iFiIe Edit View Run Options Maint Help H A CRTF

Inev<@llec #3-3|

g poo [P] Batch definition

Capacitance measurement
Clamp voltage measurement
Test data [P] Hipot functional check
mﬁ Hipot measurement
= Leakage current and IR

Choose a te~*
Distribution chart

Art example test program
256.098 nF to 790.914 nF, spread 534.816 nF
2.6V to 7.9 V; spread 5.3 V
Hipot OK at 500.0 V

512.2 V to 1.6 kv, spread 1.1 kV

256.098 nA to 790.914 nA (1.3 MR to 1.8 MR)

%0 lCap values|

Relative freq (%)
o
2

Min 2.560978639146415E-7
Max 7.90914367556949E-7
Mean 4.98508058741672E-7
std 1.00998923522857E-7
160 points

Value

Last busy: 7.198 ms
Tested 1, passed 1 (100.0%), failed 0 (0.0%), bin 0
Datalog OFF

Engineering

& Applications

e Charts allow large number of routes to be compared, e.g.

Test Cycle sequence Reset all Retest

“boun Execution times Gelftest

for assessing capacitance matching.
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Pin-to-pin test method for fast
device test coverage.

< o Botes e otes —
i e Ty DPMISPinConnector T DPMIS5PinConnector
. P CEEEEE : :30‘?3,"‘;1?: m“a ,(m\ HeLL Ve &FeeeE ' :?«;E?B:?::lﬂx‘u‘w?‘ e VeV
A CECCErVe Y CECCCCee CEVCCCEer
5 s sVSeVee P b gl it STV EEe ey iy
s COFFEFCIEeY 6 ommsies COIFEF G FTEOee ¢ oBneiiss ] XX
1001286558 16412815 Prgtghgtghgghgbghgnghgn 7 mizmesss 16218 prngnghghghghgephpnggn 7 ioumesn 1641291 CET IO
i e g Ry i OIS FET T L CIIII NI EE OO
XXX rrrr XXX Yy ¢ XXX xrl
X R RN CPIFGCdITITEO CIGEEFFIGIEE &
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XXX R E] XXX EXE XX YRy oo XX rrrx
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ded s XXX R deddvdeedad
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Low = Low = Low [ |
o O v (i) (e gerd O ] (Ghes] (Eea) Gord O ] (Ges) (o]
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e ‘Binary-split’ technique is available for applying any test across a
large number of pin connection routes.

e Guarantees test polarity reversal to all adjacent pins (e.g to
confirm absence of solder ‘whiskers’ between pins.

e Technique permits 128-pin connector to be fully tested in only 7
automatic test steps.
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Measuring capacitance at
elevated voltage.

e Few designers using
ceramic capacitors realise

that capacitance can fall Typical Cap. Change vs. D.C. Volts

significantly with rising X7R
voltage.

e Capacitance change affects

o 5
filter cut-off frequency and / \

-2.5 ™.

)

or decoupling performance

e Filter connectors should be

Capacitance Change Percent

tested for this parameter.

e Most industry solutions only 25% 50%
allow capacitance to be Percent Rated Volts
measured with a few tens of
applied volts.

75% 100%
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Measuring capacitance at cece

elevated voltage.

e The Reflex 950 solution
allows the entire applied
voltage range to be used
for capacitance and DF
measurement.

One pin of a
connector under

test (capacitor)

| Test wave
;_ form + high

voltage DC

e Full 4-wire isolation is Capacitance N
achieved. measuremen
AC
+

High-voltage DC
power supply

19



Measuring capacitance at secs

elevated voltage. :

e Valuable engineering
Insight is gained from
elevated voltage P —
measurement.

Leur—— Lpot=—— Hpot—— Hcur —
__CAUTION_ BIAS

ON OFF

DEVICE UNDER TEST

e The technique is

Increasingly popular and | Lar— Lyt Hpot— e
enhances customer { @ @yw
confidence in quality. ; \J =1

ARJ ASYo360

HV Bias module

e Technique is also
applicable to a stand-
alone laboratory LJ |
application. =
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TO C O n C I u d e . www.appliedrelaytesting.co.uk

e Filtered connectors are increasingly important ‘complex
passive’ devices.

e Correct testing of these unique parts is not trivial.

e A dedicated filtered connector test system has been
created which implements novel fixturing, connection
and test techniques to solve the test problems raised.

e Further test insight has been provided with the
capability to measure Capacitance and DF at elevated

voltage.
Thank You.

21



