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Technology Trends Causing Loss of Electrical Access

A Higher speed signaling

A HDI on PCB assembilies

A Area array packaging

A Board miniaturization




The In-circult Test Access Problem

Component

A As density on PCB assemblies have 1
increased, a number of techniques
have been developed to maintain
access to the unit under test :
A Traditional probe technology which - o Gt S
consists of a small probe contacting a
larger target on the Unit Under Test m _ _
(UUT) is restricted to a target diameter F;?gb'?:ém
of about 18 to 20 mils J assemblies

ATraditional test points have limitations
related to probe costs, board real
estate and potential degradation of
high speed signals

AMicro access techniques can help
overcome many of these limitations

Fine point Alignment




Test Access Component (TAC)

AAdd mechanical access to top
and bottom PCB traces
I Small test target (SMT resistor)

placed dlrectly on printed circuit board
(PCB) signal traces

iIPl aced on PCBOs wusi
and mature manufacturing methods

I Uses commercially available probes
and SMT components

-

I Has two shorted contact points
instead of one for increased electrical
reliability (etch runs under part)

Flat Head
Probe

I Negligible effect on signal integrity to
20 GHz (40 GT/sec)

I Developed in 2007

[ Test Access Component
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Mechanical / Electrical Tests: 201 TAC
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Waygood Solder Bump

A Rex Waygood developed the
solder bump micro-access

technol ogy 1 n

A The solder bead test point
was lllustrated in the following
1990 publication:

Surface Mount & Mixed Technology PCB Design

Guidelines
by David Boswell

ISEN 1872422012/9781872422015/1-872422-01-2
Publisher Technical Reference Publications Limited
Language English

Edition Hardcover
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DESIGN FOR ‘IN-CIRCUIT’ ELECTRICAL TESTING

SECTION DESIGN OBJECTIVE—To  specify  accessible
“in-circuit” test points for all components, on one side of the
board wherever practicable, and suitable for wse with robust
probes.

To reduce production costs, circuits containing more than 30
components, or for which a fully diagnostic test is not intended,
should be designed for test probe access to all nodal points on a
1M%  basis, The required nodes should be specified by the
electrical designer and agreed by the test engineer prior to
commencing SM PCB layout (see Section 10.4).

10.1 | Pad Size and Location

(1) All circuits should be designed so that, whenever
practicable, all probe test points should be on one
surface—preferably the side on  which maximum
accessibility is afforded, e.g., the low profile (solder) side
for mixed technology boards.

It is recommended that the only exception to these
points should be cases in which speed/frequency
perf would be ptably degraded

(i) Normally all 1est point areas for ‘in circuit’ probes should
be 140-20 mm ( in.) diameterisquare and
spacings between them should be 225 mm ((-100 in.) or
more. Absolute minimum test pad size is 075 (0030 in.)
diameter/square. Figure 10.5 refers.

(iii) Both filled and unfilled vias are acceptable as test
point sites provided via pad diameter exceeds (075 mm
(0130 in, ) and radial clearance of resist aperture around
the via exceeds 0-15 mm (0-006 in.) Refer to 10.1(ix) for
exceplion,

For special large diameter vias, check that suitable
probe heads are available from the supplier.

(iv) Minimum spacing of any test pad edge from the edge of

any glue placement area is 340 mm (0-120 in.). See b in

Figure 10.1,
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Fig. 10.1  Test pro location proximities.

(v} Minimum spacing of probe test pa
PIH/TH or M componemt body on the same
30 mm ((H120 in.). Refer to ¢ in Figure 10,1,

(vi) Do not use component bodies or their soldered leads/

Jaints as test point sites (sce Figure 10.2).
REASONS

Probe pressure may tempararily close an apen circuitldry
Joint. Also test probes experiencing even slight sideways
force are quickly destroved,

(vii)  Although the normal minimum spacing between separate
test pads is 2-5 mm (0-100 in.). the absolute minimum
spacing s 1-27 mm (0050 in.}—to be used only where
essential,
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Fig. 10.2  Test probe pad locations,

NOTE

This does not mean that test points have fo be sited on a
grid, but the 0-] in. grid approach should be adopied
wherever practicable.
REASON

Probes designed for spacings helaw 2.5 mm (0100 in_)
are necessarily smaller in diameier and therefore more
fragile and prone to damage.

(viii) To reduce the risk of *ringing’, for ifes with power and

ground planes, provide at least one separate lest point to

rcuits, one each per ifc may be needed,
Where the space available for a test pad is restricted to (-5
or 0-7% mm diameter, and reflow soldering is intended, the
“Waygood bump’ method can be applied. This involves
printing sufficient solder paste on the pad to form a bump
after reflow whose height is at least (15 mm (04006 in,)
above the level of surrounding resist. A serrated test
probe larger than 075 mm (0030 in.) can be used to
contact the test point, Figure 10.3 refers.
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Fig. 10.3  The “Waygood bump™ method for small test pads.




Waygood Solder Bump 1 solder bump micro-access

/Where the space available for a test pad is restricted to 0-5 ) .
or 0-75 mm diameter, and reflow soldering is intended, the Waygood method:
‘Waygood bump’ method can be applied. This involves A Open a hole in the
printing sufficient solder paste on the pad to form a bump solder mask over the

after reflow whose height is at least 0-15 mm (0-006 in.)
above the level of surrounding resist. A scrrated test
probe larger than 0-75 mm (0030 in.) can be used to
\contact the test point. Figure 10.3 refers.

desired bump location
Apply solder paste

Reflow the board and
create a solder bump
that rises above the
solder mask

To o

-

Reflow a solder Test probe > 1mm

bead on a PCB
that rises above
the solder mask
\__ for test access

Solder Bump

Dimensions can
easily scale to
meet changes in

technology y

Solder resist

0.5-0.75 mm diameter
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Ray Prasad Solder Bump for Test Points < 30 mils

siiil

......
------
------
......

Surface
Mount
Technology

Principles and
Practice

Second Edition

Copyright © 1997 by Chapman & Hall
Printed in the United States of America

fiszN.o-412-1"2921,-3

T 90000
Ray P. Prasad » ‘| |‘

332 Part Two Designing with Surface Mounting

cannot be accessed manually. Providing the access on both sides requires
additional real estate because the design must include adequate interpack-

age spacing.
Here are some guidelines for usingftest points (TPs)

e  Use on TP for Ground and one TP for Power for every 10 ICs
to reduce risk of ringing.

e  Connectall unused pins to Ground or Power via resistor to improve
quality of testing.

*  Whenever possible, avoid double-sided test probe approach to
reduce fixturing and test cost.

*  One TP is needed for every test node unless 100% diagnostic ..
capability is needed for individual component,

o  Test pomt spacmgs should bc 100 mﬂs whenever poss1ble Reason:

For sma]ler TPs (under 30 rruls dla) deposit solder paste on TPs
to form bumps for ease of probing with serrated test probe. As

is discussed later, use of TP smaller than 0.032 inch increases
the potential for missing the test pad target.

Interpackage spacing also has an impact on the selection of test
probes and the size of the test pads (outer diameter of via pads). The two
types of test probe generally used for in-circuit or bed-of-nails testing in
ATE are 50 and 100 mil probes. The smaller probes allow the use of

smaller (25-40 mils) test pads.
1'5-!‘!.}\I\|3
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Combining TAC / Waygood / Prasad

A Set up PCB artwork and
screen stencil to
accommodate a test
access component

A Do not populate SMT
component

A Two Waygood / Prasad & T
bumps will result on pad % S5 rovoms W awmr ST
locations '

A Contact bumps with large [
flat head or micro-serrated £
fixture probe Z
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Vaucher Micro-Access Technique

A Christophe Vaucher described a technigue of opening up
windows in the solder mask to create test points located
directly on PCB tracks in 1996 at ITC*

Test points

Z-axis anisotropic
conductor

SiNallopEnNgSma. = = @

Lig 8 . New test point definition : on the tracks Fig 9 : Test points along tracks

~ -‘.\\
VAUCHER, C., AAnal og/ Digital Testing of Loaded Board&m\‘ﬁ D e

11 Pointso, Proceedings of the Internati®8hal Test Conf er e nbeagseTestingfater 1 9 ¢




Agli |l ent 0s Bead Probe

APlacesasmalls ol der Nthe eswafalceé of o
the PCB that rises above the solder mask

ASmall beads do not impact waveform fidelity
on todayossignalsgh speed
ABead width can match the width of the line, so

can place on high density interconnect without
need to re-route the etch

AlLicensed technology: Consult Agilent for
licensing details and bead probe use model

APatented in 2007 (US 7,190,157)

AGILENT MEDALIST BEAD PROBE TECHNOLOGY
LICENSE AGREEMENT

Agilent Technologies

w'a-!‘l.rl\la

12 Because Testing Matters



Bead Probe

A Two Types of bead _pmy)
I Solder mask defined

T Etch width or metal defined

A Both are manufactured

the same way:
I Open a hole in the solder mask

over the desired bead location
I Apply solder paste with a stencil

T Reflow the board and create
solder bump that rises above
the solder mask

Graph: Doraiswamy M., Grealish J . Al mpl ement
Solder-bead Probing in High Vol um

SIC (Centered) 1, 2, 3 with and without Beads

Proceedings of the International Test Conference,
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Figure 4. 2.5-inch trace with and without beads at 20 GHz




Summary

A
A
A
A
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Bead Probe, TAC, Waygood, Prasad and Vaucher are all viable micro-
access technologies for high speed and/or HDI PCB assemblies

Waygood, Prasad, Vaucher and TAC are open domain technologies,
while Bead Probe is licensed

Bead Probe, Waygood and Prasad are the most economical to
implement using no extra components

TAC is mechanically the most robust Vaucher
micro access technique

Bead Probe TAC Waygood / Prasad



