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ABSTRACT

The method detailed in this report has evolved from studies here at the NPL. Starting from
existing slandards. such as ISO, IPC and Bellcore. We have developed a test that is more
realistic in determining circuit reliability than has hitherto been published by the abcve
organizaions. These organizations are currently reviewing their procedures, and this
document contributes to this advancement.




€ Crown copyright 1999
Reproduced by permission of the Controller of HMSO

ISSN 13611061

National Physical Laboratory
Teddington, Middlesex, UK, TW11 OLW

Extracts from this report mav be reproduced provided the source is
acknowledged and the extract is not taken out of context.

Approved on behalf of Managing Director, NPL, by Dr C Lea,
Head, Centre for Materials Measurement and Technology

WNPLSIRLNA ]




E 28]

5.

CONTENTS

- GENERAL DESCRIPTION

- MATERIALS AND APPARATUS REQUIREMENTS

2.1 BOARDS

2.2 CABLES

2.3 CONNECTORS

2.4 SOLDER WIRE

2.5 DRYING OVEN

2.6 REFLOW OVEN

2.7 SOLDERING IRON

2.8 HUMIDITY CHAMBER
2.9 HIGH RESISTANCE MEASUREMENT SYSTEM
2.10 CALIBRATION BOARD
2.11 TEST BOARD HOLDERS

3. TEST PROCEDURE

3.1 PREPARATION OF THE TEST BOARDS

3.1.1 Preparation of test board for testing different fluves and pasies

3.1.2 The test board for assessing the different production processes
3.2 METHOD FOR CONNECTING THE TEST BOARD TQ THE SIR MEASUREMENT SYSTEM
3.3 SIR MEASUREMENT PROCEDURE

3.3.1 Sample size

3.3.2 SIR measurement for test hoard

4. ASSESSMENT

TEST REPORT

Page

I 12 1

[ PR N

th La

h

=1

AT =

10

10

WNPLSIR LNV




S Repery NINVED A

1. General Description

The Surface Insulavon Resistance (SIR) techmique has been widely used 1o assess the effect of
contammants on the reliabihty of assemblies. The SIR measurement techmique. compared with other
methods, has the advantage that 11 can be used 10 detect localized contamination, and that 1t can be
used to measure the effect of comtammants. both 1omic and non-ionic. on the rehability of the printed
cirewt assernblies. The sensiuvity and the ability to measure at specific locations. allow the SIR
technique to 1denuify the originating process causing the observed contamination. Therefore. on a
single board where there have been several assembly processes, SIR measurements may be able
reveal the eftect of specific assembly processes. The SIR technique is used to characterize the effect
of the different fluxes. pastes. solder wires and production processes on the rehability of the board.
SIR measuremenis are carried out in controlled environments for a specified time, with specified

bias.

There are two different test boards available. depending on the evaluation requirement. The test
board. NPL TB2 (see Figurel} with 1wo comb patterns. can be used for assessing different fluxes.
The same test board can also be used for assessing solder paste. and includes the option of placing

w0 QFPs and seven 0803 capacitors.

For assessing the different production processes. NPL TB2 o5 IVF-2A (see Figure2) can be used. The
boards are then assembled by the company using its own production process. NPL TB2 is a single
sided surface mount assembly and the IVF-2A board is 2 mix technology assembly and can

accommodate reflow soldering. wave soldering and solder wire soldering.

The following SIR measurement procedurs details the steps for assessing the effect of different

fluxes. pastes. and production process on circuit reliability.

2. Materials and Apparatus Requirements

2.1 Boards

a) The test board (NPL TB2) for assessing different fluxes is shown in Figurel. The two comb

patterns in the board shall be fluxed with the test flux.
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by The same board (NP TR can be used tor testmg different pastes. The two QFP and sever

OXOS capacitars fooiprints shall be printed with the test paste

¢} The test board {1VE-2A) 15 shown in Figure 2. The components on the top side of the board
are used to assess the retlow soldenng process. and the components on the bottom side of the
board and the though hote components are used 10 assess the wave soldering process. The

though hole components can also be used 1o assess the solder wire soldering process.

2.2 Cables

Halogen-iree 0.05 in. pirch cable with 34 conductors. Configuration suitable for wiring the
board.

2.3 Connectors

0.1 in. pitch single sided. 32-way goid connector

2.4 Solder wire

very Low flux residue solder wire

2.5 Drying even

Suitable for use up to 130°C =2 °C.

2.6 Reflow oven

Jtis recommended that a reflow oven with temperature profiling capability is used.

2.7 Soldering iron

2.8 Humidity chamber

Capable of programming environments up to 90°C with temperature contro! of + 0.2°C and
relative humidity up to 90% with control of + 5% at a specific RH. The chamber should be
constructed with stainless steel wmner surfaces and be well insulated. The temperature and
humidity measurements should be taken using sensors such as dry and wet bulb thermometers.
Solid siate sensors cannot tolerate high temperature and humidity. The temperature humidity
levels of the test chamber shall be recorded throughout the test, preferably with independent

control sensors.
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2.9 High revistance measurement systom

B m

The measurement system shall comprise

a) A measuring device capable of measuring surface insulation resistance (SIR) in the range of 1

ahms to 10" ohms.

b} A testand bias voltage supply capable of providing 5 volts dc (£ 2%) with a one megohm load.

¢) A sample selection system capable of individually selecting all the test patterns in the
measurement expeniment. The system shall incorporate a one megohm current limiting resistor

in each current pathway,

d) The tolerance of the total measurement system shail be + 5% up to 10" ohms, + 10% between

10" to 10" ohms. and = 20% above 10" ohms.

e} The measurement sysiem shall be calibrated by substituting a calibration beard (2.10} in place of

the test coupons in the chamber at ambient conditicns.

f) The data sampling rate should be EVEry ten minutes.
2,10 Calibration board

Calibration of the complete system using a calibration board with known resistors shall be carried
out every three months, The calibration board is shown in Figure 3. The calibration board shall
be of the same dimensions as the test board with one of each 10°, 10°, 10" and 10" ohm resistors

in specific current pathways.

2.11 Test board holders

There are two types of holders. One is an arrangement of equally spaced (minimum of 15 mm)
edge connectors (2.3) mounted on 4 stainless steel frame for NPL TB2 test boards. The other is a
simple stainless steel frame accommodating IVF-2A test boards with equal spacing (minimum of

15 mm).

WNPLSIRINALY 4
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Figure 3 The canbration board

3. Test Procedure

3.1 Preparation of the test boards

3.1.1 Preparation of test board for testing differsnt fluxes and pastes

a) Clean the test board and assess the cleantiness of the board

(1) Hold the board vertically and spray de-ionized water for 10 seconds, then spray with IPA
for 10

seconds. Bake the test board in the oven for 16 hours at 125°C,

(2) An alternative cleaning method. Place the test board in an ionic contamination tester

containing 75% v/v propan-2-ol, 25% deionized water solution, and process until the

measurement indicates an ionic residue less than 0.1 1,1g/cm2 Na(l equivalent
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{3) Set up clean boards 1 the humidity chamber. by msernon mto the edee conncctor
arrangement
{4) Take anwminal SIR measurement ‘@ 23°C50%RH (room conditions).
(5) Take SIR measurements every 10 minutes during 16h exposure @ 65°C/85%RH.

{6) If the SIR value is stable and greater than 10*' ohms the boards are satisfactory for fluxing

and printing. If the SIR does not meet this crititia. the boards should be rejected,

b) Fluxing the test board

(1} Flux the test board at room temperature with 50 ul fiux. The flux concentration will be

recommended by the flux manufacture. The control board is not fluxed.

&

(2) Dispense the flux slowly in a number of drops initially onto the centre of the comb pattern
and ensure a uniform coverage by dispensing further drops in areas of low coverage. The

aim 1s to achieve a uniform thickness of the flux over the SIR pattern. The flux may spread

outside the pattern.

(3) Flux drying condition. Lay the board flat in a fan ovenat 100 °C for 5 minutes.

C) Printing the test board
(1) Print the board with test paste. The control board is not printed.

(2) Using a 100 um stencil (NPL Sten TB2) print the puste onto the two QFP and seven 0805

capacilors’ footprints.

(3) Solder the test board using a reflow solder oven with a standard temperature profile or a

profile recommended by the paste manufacture.

WONPLSIR LN 6
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P2 Phe test board for assessmg the different produchion processes
The test board for assessing the different production processes. 1s tested directiv m the ax
received conditian. and no preparation is recnnred.

3.2 Method for connecting the test board to the SIR medsurement systemt

The connections from the test patterns which come out on the tabs for NPL TB2 and IVF .24

boards are listed 1n Table 1 and Table 2 ( see Figure 1 and Figure 2 also )

Table 1: Tab connections to board NPL B2

Test pattern Identificati Tab connection
on
Comb pattern 1 SIR1 16
Comb pattern 2 SIR2 i4
QFP {ootprint | Q1 22
QFP footprint 2 Q2 24
0805 capacitor footprint 1 Cli 32
0805 capacitor footprint 2 C2 30
0803 capacitor footprint 3 C3 28
0805 capacitor footprint 4 C4 1
0803 capacitor footprint 5 C5 3
0805 capacitor footprint 6 Cé 3
0805 capacitor footprint 7 C7 7
Bias 9, 11,19, 26
Earth 2.4,6,8,10,12, 13, 15,
17,18, 20. 21,23, 25,2729,
3]
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Two methods can be used for connecting the test board to the SIR measurement system. Do not

Table 2 The connections to IVE.2A board

Test patiern (Connection | Soldering method
Solder pads to PLCC6S& ib reflow
Comb within footprint for PLCC la reflow
Surface mount socket for PLCC 2 reflow
Through hole mount socket for PLCC 3 wave
Solder pads to reflow soldered SO28 4b reflow
without via hole
Comb within footprint for reflow 4a reflow
soldered SO28 without via hole
Reflow soldered 0805 chip capacitors 5 reflow
Solder pads to QFP 6b reflow
Comb within footprint for QFP 6a reflow
S028 with 0.5 mm via hole beneath
Solder pads 1o reflow soldered SO28 7b reflow
with via hole
Comb within footprint for reflow Ta reflow
soldered SO28 with via hole
Axial resistors 9 wave
Via hole section 10 reflow
Through hole mount connector 11 wave
Reflow soldered free comb 13 reflow
Solder pads 10 wave soldered SO28 15b wave
Comb within footprint for wave 152 wave
soldered SO28
Wave soldered free comb 16 wave
Wave soldered 0603 chip capacitor 18 wave
Wave soldered 0805 chip capacitor 19 wave

handle the boards with bare hands. wear clean-room gloves and only i:andle edges.

WNPLSIR LNV
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at Shdde test b cdpe o e COnnECtor (12 %)

by Carefully hand solder the cable (2.2) 10 the lermination of the test patterns on the board The

board should he protected with aluminum foi] dunng soldering. and verv Jow flux residuc

solder wire used. The solder 10inis should be cleaned using a cotton pad with JPA.

3.3 SIR measuremeny procedure

3.3.1 Sample size

Three test boards and one control board for each test. The control board shall be cleaned (3.2.ap

but not fluxed, printed or assembled.

3.3.2 SIR measurement for test board

a) High resistance measurement system calibration. Prior o connecting the test board to the
measurement system. the calibrauon board (2.10) shali be connected to the system and g
measurement taken. if anv channel does not read within the tolerance value of the total
measurement system (= 5% up to 10™ ohms, = 10% batween 10 1o 10" ohms, and £20%
above 10" ohms), then this must be rectified. If the cleanliness of the connector is suspect,
this can be cleaned or replaced. If the accuracy of the instrument Is suspect, calibrate with

standard resistors

b} Test board measurements. Carefully mount the test boards vertically in the humidity chamber

and connect the wiring loom from the boards 1o the outside measuring chamber without bias

A single test voltage of 5V should be used throughout the entire experiment. If an automatic
monitoring system is used. starnt the monitoring at room temperature, and use a 20 Ininute

cycle time.

The tesf conditions should be 65°C ang 85%RH. The temperature should be ramped up first and
allowed to equilibrate, before the humidity is increased. The humidity should be brought up
slowly enough to avoid condensation on the board. This may be best achieved by bringing the
humidity up to 75%RH. with a small hold and then a further increase 1o 85%RH. The
temperature and humidity of the chamber should be checked with calibrated instruments. The
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test pertod 1 1o hours Phe acquired data should be stored for future trend snaivsas and for the

development of pass fl eritena,

Assessmicnt

If a board exhibits intermittent elestnical farlure or anomalous perfarmance during SIR testing.
carry out visual inspection for the presence of dendrite formation or comesion products.

SEM/L DX analysis shall be carried out where necessary. and the following cendinons recorded.

a) Presence of dendrites and corrosion products. If present, count and record the number of
dendrites. A dendritc should only be couried when its length exceeds 200 pm. Muitiple
dendrites in a cluster that are interconnected should only be counted as one dendrite. Record
the percentage of the spacing between the conductors bridged by the worst-case corrosion

products. A picture or SEM image for the 1ested sample shall be taken.

b) Presence of discolouration between conductors {discolouration on conductors is acceptable).

If present. discolouration shall be recorded as a colour image and inciuded in the test report.

If the resistance measurements taken on the control boards fall below 100 G0 and the test boards
with the candidate material fail. 2 new control and 1est boards must be prepared and the test

repeaied.
Any reason for deleting values (scratches. condensation, solder bridged conductors. outlying

points. etc.} must be noted. Rejection of results for more than 2 test pattemns for a given

condition shall require the test to be repeated.

Test Report

Ti.2 test report shall include. as a minimum. the following information:

a) Identification and preparation of the flux and paste samples. The flux concentration must be

recorded.
b) Test conditions; temperature, humidity and bias voltage.

¢} Details of the production process used by the company.

~J
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dr The Indivduad charts or graphs showmg the average log SIR value with tme for three e

Boards and o control board, the standard deviation should be given as well.

e

¢} The number of dendrite and the percentage of corrosion products lormed during the SIR test.

The picture or SEM 1mage of the discolouration between conductors for the test boards.

) Simple explanation and conclusion about the test results.
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