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We describe the measurement of in-situ Terminal-érifn-A) and Terminal-B (Term-B) currents during HBbt
for two different high pin-count devices using th@pMaster Mk.2 tester to demonstrate the use ofgkiforated
boards, or stencils, to achieve pin isolation. Hhiews that for a real device load the Term-A warefdisplays a
faster risetime (than s/c) and is relatively unetée by the number of I/0O's contacting the matfike Term-B

current displays a waveform whose risetime and énuja

significantly degrades with I/O count. Usstgp-stress

for the same pin-pairs we show that the Term-A @we is indeed the excitation stimulus and that faiture as
indicated by leakage current is unaffected by Iit@ in contact with the matrix.

|. Introduction

The ESDA® and JEDEC test methods for HBM are
based on the earlier MIL SPEGnethod in which the
stress test was defined for a selected pin-path =il
other pins floating.
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Figure 1. Simple equivalent circuit for HBM simudat

As shown in Figure 1 the stressed pin is connettied
the excited Term-A and the ground return pin is
connected to Term-B. Tablel lists the basic pim-pai
combinations for the above standards.

BASIC PIN COMBINATIONS
TEST STRESS PIN GND PIN
i TERM-A TERM-B
1 Each I/P, O/P, 110, | ToVss®
CLK & PS PIN
ditto To Vss N
2 Each I/P, O/P, 110, | ToVec'
CLK & PS PIN
ditto To VCCN
3 Each “I/O” All Other “I/O's"

Table 1. Basic Pin-Pair Combinations per existing
Standards; all Other Pins are Left to Float as n/c.

Thermo Fisher Scientific Process Instruments Division

Compliance Test Solutions

One Lowell Research Center
Lowell, MA 01852

In many present high pin-count devices both the Vcc
power and Vss ground pins are ganged in common
both on the die and in the package. Devices such as
today’s micro-processors and chip sets draw high Ic
currents and are ganged by very low resistancellineta
power planes within a multilayer package; otherhhig
pin count devices operating at low voltage may ase
metal ring within the package to minimiB/ across
the die core. The number of ganged pins that are
shorted together in parallel may be of the order of
hundreds. These are listed together with “generic”
I/O’s in Table 1 and may conceal the cause of I/O
failure and particularly failures in the die core.

The pin-pair superset shown in Table 2
separates supply-to-supply-pin testing and addsgycla

PIN COMBINATION SUPERSET
TEST STRESS PIN GND PIN
i TERM-A TERM-B
1 Each NON-PS PIN To Vss®
ditto To VSSN
2 Each NON-PS PIN To Ve
ditto To Vel

3 EACH “I/O” All Other “l/O's"

4 Each Other PS PS*’

ditto ToPS ™"

Table 2. Super-set with Separate PS Pin-Pairs.

When using a modern relay matrix test simulatoe, th
common power pins not-under-test that are leftdatf
are in fact connected to the capacitance of then ope
pin-select relays. Since the HBM is a poor current
source’ the additional capacitive loading was likely to
degrade the test waveform.

In November 2003 Ting showed waveforms at Term-
A when using a DIP socket that were severely
degraded in both amplitude and risetime by s/c gang
other pins that were not selected.
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Meuse® later showed a series of waveforms using aWe further used this method to determine the piessib
256 pin PGA socket with a series of ganged headersnpact of the number of I/O’s in contact with the
ranging from 14 to 256 pins for both s/c and 50hoh matrix upon step-stress-to-failure of a fixed pairp
loads on the ZapMaster Mk.2. His normalized databut using many devices to produce believable $itzis
shown below in Figure 2 for s/c load rise-time and

peak current graphically illustrates the need fower Il. The ZapMaster Mk.2 HBM Tester

pin reduction. Since the advent of the relay matrix HBM testethia
mid-80’s the ZapMaster and more recently ZapMaster

s T 1 Reforence Rictime 8318 Mk.2 testers have a reputation for reliability arde
g o = numbers of installations worldwide. We first had
S ENE £y - access to a standard tester, later a newer matks fi
5 08 o LS imm with a 10KW shunt across the terminals
N o5 E 3
gm a 32 . The relay matrix is composed of radial wedge bqgards
O @ m m m 2 | o w 10 1 2 2 carrying _daughter bqards as needed for high pimtgcou
Nurnber of Garged Pins Nurrber of Genged Pins with vertical pogo pins off the top edge to contémt
Figure 2. Effect of Number of ganged Pins upon: device 'gest poard. A portlon of 'FhIS relay matrec i
Left. s/c Peak current: Right. s/c Rise-time. shown in Figure 1 with the shielded cover board

.removed.
Concerns had also been expressed that excessive

zapping of all pins in large power groups mightl¢a - —
. POGO'S CHANNEL
early failure due to wear-out. FOR COVER POGO'S

GID SHIELD VISIBLE
Thus the several reasons for power pin reductien ar
1. To avoid zapping all pins in a common shorted 4/
pin group (a waste of test time),
2. To maintain HBM stress waveform at Term-A,
3. To minimize total number of tester channels. WEDGE BOARD
4. To allow testing of high pin count devices
exceeding testers capability.

DAUGHTER BOARD

In addition there have been a few reports of false
failure attributed to matrix properties. Andersdrak’ Figure 3. ZapMaster Mk.2 with Shielding Cover Re®y
attributed failure in a small single pin power dama Showing Pogo Matrix Wedge boards

with novel protection to inductive coupling in the
matrix. Kunz et al® blamed matrix capacitance at "€ planned to measure HBM waveforms across the

unselected pins for failure of a proprietary flogti matrix both within a wedge board and from wedge to

base protection cell; however, the capacitance wa¥/edge to encompass a variety of path lengths. The
magnified by the presence of an unwanted bipolafP®9° capacitance to ground for these selected pogos
transistor resulting from layout errdr was firstmeasured using a Quadtech 7000 LCR meter

with Kelvin cables modified to minimize stray
This study clarifies some of these issues bycapacitance at the sample connection. It should be
using a specially designed test board to provideHe ~Noted that as with other capacitance measuring
measurement of in-situ currents during HBM test ateduipment the accuracy of +/- 1.0 pF is specifiethe

pin isolation; thus allowing any desired number of The next Table lists 3 values for each pogo to GND
power pins to be wired at the sockedt isolated from  capacitance auto-sampled 10 times. It can be $een t
the tester matrix. a very consistent apparent value of 6.4 +/- 0.8vaB

The use of such spacers allowed the study of th@btained. This value will be increased as shower lat

dependence of Term-A/B currents as a function ef th by the socket pin trace capacitance. However these
number of I/O’s in contact with the matrix. values are measured at 1.0 V pp and real usage is a
much high voltage, which may reduce the effective

values obtained.
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DISCHARGE HEAD DISCHARGE HEAD
IN PLACE REMOVED
roco |wepce [ oNDionearestrrame | St et
min-max median min-max median
1 B4 5.8-6.0 59 5.8-6.0 5.8
2 B4 6.2-6.5 6.4 6.0-6.2 6.1
3 B4 6.3-6.4 6.4 6.2-6.3 6.2
7 B3 5.7-6.0 5.9 5.7-5.9 5.9
8 B3 6.9-7.2 7.2 7.1 7.1
9 B4 6.1-6.2 6.1 5.9-6.0 5.9
10 B3 6.2-6.4 6.4 6.4 6.4
11 B4 6.5-6.7 6.7 6.7-6.8 6.7
4 B20 6.2 6.2 6.4 6.4
5 B20 6.2-6.3 6.2 6.3-6.4 6.4
6 B20 7.1-7.3 7.2 6.7-6.8 6.7
3 values each Range =5.7 - 7.3 pF Range =5.8 - 7.1 pF
from10 samples Median = 6.4 +/- 0.8 pF Median = 6.4 +/- 0.7 pF

Table 3. Pogo to ground Capacitance.

The HBM waveforms were then recorded for these
path lengths using a Tektronix 3504B oscilloscope
CT1 current probe and 3db attenuator for both stt a
500 W loads as direct from the pogo receptacles a
via a 256 pin PGA socket mounted on the supplie

evaluation board.

The resulting data shown in Table 4 does not show a
significant effects of path length between pogas, n
across the 256-pin verification board; however, the
rise-time for the 50@V load was slower via the socket

only for s/c load conditions. However this result does
not preclude coupling during actual operation ahhi
voltage and with discharge current of the order of
amperes.

lll. Test Boards and Spacers

A member of the ESDA Standards Sub-Committee
ESD Device Test Working Group 5.1 had described in
2001 ™ achieving substantial power pin reduction for
very high pin-count devices hyiring only the power
pins at corners of the major power planes in aimult
layer package. These four pins (each Vcc and Mss) a
the corners of the package were retained to altmw f
currents during latch-up test of ~10 Amp.

This approach was utilized to design a test boardf
modern 370 pin CPU (0.15 micron technology with
internal power planes) in an FC-PGA package, with

'test points for current monitoring added for seddct
jData, Address pins and a single nominal Vcc and Vss

eturn path.

VIA'S

TEST POINTS

CPU
TEST
DEVICE

TRACES

and TB.

Channel slc POGO slc SOCKET 500 WPOGOS 500 W/SOCKET
Description ek A tr NS lpk A tr NS lex A tr NS ek A tr NS
Inner to Middle B4 0.720 | 7.16 | 0680 | 7.7 | 0.460 | 17.0 | 0.444 | 20.1
ﬁcnfsrstso\'gﬁgrea 0.672 | 7.80 | 0676 | 84 ] 0460 | 17.0 | 0.446 | 20.1
Inners: B4 -B20 0.672 | 9.63 ] 0690 | 95 | 0452 | 164 | 0444 | 203
Other remote; 0.720 | 7.16 | 0670 | 84 | 0452 | 16.7 | 0.444 | 19.6

to Inner B28

SHORT®

LONG

Table 4. Waveforms acro3esterMatrix for V = 1,000V.

Removal of immediately adjacent wedge boards in th
same octant suggested minimal capacitive coupliag v

channel select relay and HBM bus. A small effeairup
the waveforms was observed as shown in Table 5.

s/c POGO slc SOCKET 500 wPOGOS | 500 wsockeT
Description | | A | tgns | 1k A | tans | 1k A | tans | 1k A | tans
Allwedges | 0.658 | 86 | 0.608 | 9.4 | 0480 | 161 | 0454 | 17.0
2 removed 0660 | 7.8 | o718 | 87 | 0472 | 150 | 0466 | 158
4 removed 0668 | 7.1 | 0740 | 86 | 0466 | 142 | 0470 | 152
6 removed 0724 | 58 | o756 | 7.8 | o4se | 132 | 0454 | 130

Delta +0.066 | -28 |+0.058 | -26 |+0.024| -2.9 0 |-31ns

Table 5. Wedge boards removed incrementally for
V., 0f 1,000 V.

There is a monotonic decrease in rise-time as edfac
boards were removed in all cases; however, a small

monotonic_increasén peak current;| was observed

Thermo Fisher Scientific

Process Instruments Division
Compliance Test Solutions

One Lowell Research Center
Lowell, MA 01852

Figure 4. Experimental CPU Test Board with In-situ
Current Monitoring Locations.

The measured capacitance to ground through these 11

€monitored socket pins is shown in Table 6.

MONITORED TEST BOARD
TRACE # VALUES MEDIAN

Al5 13.0 13.1 13.2 13.1
Al19 14.0 14.0 14.0 14.0
B6 12.6 12.8 12.8 12.8
D2 11.1 11.1 11.0 11.1
Ul 11.3 114 11.2 11.3
AAl 11.3 11.3 11.3 11.3
AE1 11.0 11.0 11.0 11.0
AP2 13.3 13.2 13.2 13.2
AT6 13.0 13.0 13.0 13.0
AT34* 12.0 12.0 12.0 12.0
A36 13.1 13.3 13.4 13.3
pF 12.40

Table 6.Measurement of Socket Pin to GND
capacitance.
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The values shown in Table 6 are the sum of pogo td-irst shown in Figure 6 are (+) and (-) waveforros f
ground & trace capacitance. Note the small range offerm-A only without a spacer, thus all 270 wiredsi
11.0 - 14.0 pFleading to a typical trace capacitance including 7 power pins are connected to the matrix.
of ~ 6.0 pF.

We measured the s/c waveform for reference purposes’ (e5.6nS

at 500 V on a pre-selected path with a single CT-1

probe at the Hi side jumper, in the socket andhatiib

side jumper. A consistent set of values were obthin () 8

of: t;=5.3n5  A33/Vee A33 Ve

ka~350 mA, £~9.0 nS & §~150 nS.

20 nSs/div

Figure 6. Address Pin-pair to Vdayt ALL other pins to
matrix.

_ o , The negative and positive waveforms have the
An example is shown below in Figure 5. This example jgentical parametersHowever, note the “notched”
Spacer -1, isolates all but a very few pogo pins. waveform and that risetime for the real device has
decreased substantially to ~ 5 i€emoving all other
pins from matrix by using Spacer-1, removes the
P ELECTED POBOS | notch, increases peak current & increases rinding (
rapidly damped) as shown in Figure?.

A series of thin perforated boards, or stencils
were built from 10 mil FR-4 to act as spacer bodods
achieve pin isolation.

tg=6.8nS
NO NOTCH

DAMPED RINGING

REGISTRATION TO COVER

BOARD & POGO PINS tg=6.7nS

20 nS/div

Figure 7. Pin-pair D57 @ Ch 202 to Vss @Ch 196

In this case (and others) it was convenient to imp
remove the other 7 “unwanted” power pin pogos from
the matrix.

Figure 5. Spacer Board -1 on top of Cover Board.

Five spacer boards provided the following number of
I/O’s; 1, 11, 61, 94, 151 and all 271 wired pin1eO
I/0O of which would connect to excited Term-A torfor

part of a pin-pair with a GND return. A sixth space _ _
without power pins was built to examine a singl@ I/ The first simultaneous Term-A/B waveforms shown

with various degrees of proximity to other I/O’s. next were most interesting as shown in Figure 8.

00010.TIFF

IV. Terminal —A & B waveforms— First Device

We studied waveforms for the CPU described above

using a Tektronix DPO 4104B oscilloscope, multiple Term-A 344 mA
CT1 current probes and 3db attenuators, usingeasstr

value of 500 V so as to avoid device failure.

Term-B 280 mA

1
| tpg=44nS

NOTE 100 nS/div

Figure 8. Instantaneous Term A & Term B Waveforors f
Pin-pair D57 to Vss

Thermo Fisher Scientific Process Instruments Division One Lowell Research Center (978) 275-0800 www.thermo.com/esd
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Term-A shows the very fast risetime seen earliéh w The results charted in Figure 9 are the mean pin-pa
some initial ringing; the speed-up must be duehto t peak currents for D57 to 4 GND; all other pins are
device pin capacitance across the dynamic resitancisolated.

Term-B shows a much slower waveform of reduced
amplitude flowing in the GND return. Is this a
measure of Csocket?

In Figure 10 the No-Spacer case with 271 pins
connected to the matrix is shown, since this is the

_ closest to past test practice.
Measurements were moved to a second tester having a

10 KW shunt across the terminals and a series of Pins = 264 1/0O’s 32%
TermA/B waveforms of both polarities recorded as a & 7 PWR Pins
function of 1/O count in contact with the matrix by
using spacers 1 through 5. The results are listed i 380 mA
Table 7.
TERMINAL -A TERMINAL -B
#10's | POL teg Ipic tre o 122 mA
slc D 10.7 346 10.4 358
Socket | n 10.6 350 10.4 360
1 D 4.2 357 25.1 258 156 nS
n 5.0 360 23.4 262
11 p 5.5 342 29.7 234
n 4.5 346 33.9 238 NO SPACER 100 nS/div
61 p 5.9 360 46 208
5 n g-g ggg :g igg Figure 10. I/O to Vss with No Spacer - All otherrdd pins
B _ i , : )
o 2> o8 =3 79 De-Selected, but in Contact with Matrix.
142 2 5.6 361 61 155 It is now clear that the number of 1/O’s contactihg
n 5.7 357 52 180 trix h | d order effect T A b
271 D 56 370 88 106 matrix has only second order effect upon Term-A, bu
All n 5.8 370 88 114 directly affects Term-B current.

Table 7. Pin-Pairyt & I pk for D57 to \esGND; other 1/O
pins Adjusted by Spacer.

Note the waveform reference parameters for s/c &ad

Similar behavior is found for power pin combinason
as seen in Figure 11.

the socket indicating a risetime of ~ 10 nS. Fa th over peak Damped
. 348 mA ingi
CPU Term-A, peak current remains almost constant ngg 36°"i/v3.§53?§f’m
with a risetime that is ~50% of reference value. w/ Spacer wo/ Spacer
Term-B peak current is lower (72@f Term-A) and 280 mA 122 mA

with much slower rise-time, both parameters degrade
with increasing 1/O count in contact with matrixhére

is no difference between polarities. 100nS / div 100nS /div
o Figure 11 Comparison for Single §¢to Vss Pin-Pair,
550 — w/wo Spacer.
£ 200 Term-A The result for the Vcc to Vss pin-pair is definedhw
£ 250 BN Spacer-lwith all other (7) power pins pulled from the
< 200 B N T matrix and is similar to the result for an 1/0 tg3fpin-
8 T Term-B . . .
o 150 3:' pair. Again, the maximum Term-B peak current for
100 this TB and device is observed for the pure pim-pai
50 . . .
. Numbbr of jO's Without the spacer and with all power pin pogos
0 25 50 75 100 125 150 175 200 225 250 275 300 replaced; i.e., with 265 1/0’s and 3 each Vcc arss V

pins contacting the matrix, the result is almostshme
as in Figure 10 for 1/0O to Vss. In agreement wihb t
data of Ting and Meuse, this work finds that only
marginal degradation occurs for a real device \ith
four corner Vcc and Vss pins wired to the matrikug

a single power pin-pair is adequate.

Figure 9. CPU Term A & B Peak Currents.
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But which waveform determines failure? currents are shown in Table 8 and compared witbetho

. for the CPU.
V. Terminal —A & B waveforms— Second — —
DeVICe TEST Plll - FCPGA CPLD - PLCC
A 160 pin CPLD also using 0.15-micron SPSERL Pie | e | Theae | Theak | Theak
technology but fabricated by another manufacturas w 1 1 359 259 341 341
obtained as a second device to generalize the aaser 2 11 344 236
behavior. To avoid the delay in obtaining a second 3 61 360 209
specially built TB we used an MK.2 to Verifier ®) 70 345 200
adapter. To achieve the dependence upon I/O count 4 94 356 179
contacting the matrix we started with only two pins ®) 140 351 150
wired and sequentially added more pins to simufate 5 151 359 | 180 | ---
use of spacer boards. This is shown in Figure 12. NONE 160 356 146
NONE 271 373 110 -
SOCK 2 348 === N/A QFP
6 1/0’s 348 252 343 341

Table 8. Peak Currents for CPU and CPLD Compared
as Function of /O Count in Matrix Contact.

The peak currents shown are the means of negatire a
positive values. While the initial behavior for ol®

is quite different the overall trend is very simita the
CPU. This is shown in Figure 14 for actual Term-B
peak currents.

Note Wire Jumper

Term B Peak Current
Figure 12. Use of a VERIFIER Adapter to Simulate 350 3D Dalal- Mbdined MG
Spacers for CPLD by Re-Wiring Multiple Times. w00 ( ’ i
%

This meant we had to measure waveforms and then | _ = | NGl Pl Datal | Modified MK2
conduct step-stress-to-failure (see section Vlotsef o S SunEEERyypy
each rewiring step. E meulRne=NEE
Since the use of a PLCC package prevented o
measurement of the s/c waveform, the first waveform %
is for the initial I/O to Vss pin-pair as shown del on \ i o I
the left. The waveform for 70 I/O’s is to the right > d ad

Figure 14. CPLD and CPU Term-B Peak Currents
for Pin-pair “Data” w/ Single Vss Pogo.

Use of the Tektronix DPO 4104B oscilloscope enabled

the measurement of the integral under the waveform,

ferm A o & representing the energy in the discharge, for both
Term—A and Term-B for the CPU and for the CPLD.

A summary of the integral under the waveform is

shown in Table 9. (There is a known bug in this

Figure 13. I/0 to Vss Pin-Pair for CPLD. measurement that relates to the screen sensitivity
setting thus the units are unclear.)

Term B

Term A

Surprisingly, for this device, the pure pin-pairifeB o
waveform was of very slightly higher amplitude and Never the less, it is seen that the Term-A and TBrm
slightly faster than that for Term-A. Thereafter, integrals are identical for both CPU and CPLD
however, the general behavior with /O count wasdemonstrating the absence of charge storage. Ao n
similar to that described for the CPU. Term-A/B that the integrals (energy) for both devices hawe t
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same values for the same 500 V stress as recooded f | _TEsT-cry WAVEFORM STEP STRESS FAILURE - KV
Spacer #1/0 Term A Term B VFAIL VFAIL VFAIL Sample
the S/C Ioad across the CPU SOCket # Pins Peak Peak Min Max Median Size
INTEGRAL SUMMARY 1 1 359 259 7.2 7.7 7.4 5
MK-2 CPU _|Energy|Energy|| MK-2 CPLD |Energy|Energy 2 11 S 236 74 8.0 78 4
#1/0 | Term | Term #1/0 | Term | Term 8 61 =00 209 72 79 75 8
A B | nvs [ nvs A B | nvs | nvs 4 94 E50 179 66 78 75 8
Pins | Peak | Peak | Afull |Bfull [ Pins | Peak |Peak | Afull |B ful 5 151 ) 59 |180(%) ) 7.1 7 w5 6
1 | 358 | 259 | 476 [ 480 |[ 1 [ 341 | 341 | 48.0 | 477 NONE [ 271 SIS 110 7l '8 72 9
11 344 236 478 | 481 11 N o L N SOCK 2 pin 348 --- Overall Median 7.5 s=35
61 360 209 455 | 42.7 61 - I I I 110 21/0’s 348 252 7.1 7.8 73 8
70 - . coo || cos 70 345 | 200 | 46.6 | 46.1 1/0 41/0's 348 252 6.8 7.3 7.3 4
94 356 179 47.3 47.6 94 --- --- --- --- 3 61 360 3 Zap 6.8 6.9 6.9
140 | --- | --- | --- | --- ] 140 [ 351 | 150 | 46.6 | 43.4
151 | 359 |180(»| 469 | 471 || 150 [ --- | --- | --- ] --- . i
160 | -o | - | --- | -~ |[ 160 | 356 | 146 | 474 | 439 Table 10. Single (+/-) Step-Stress-to-Fail for i CPU.
271 [ 373 | 110 | 477|482 || 272 | --- | --- [ --- | --- . . .
T — ——— — Clearly this failure data measured on > 35 unitesdo

not depend upon Term—B Current. A total of 54 units
Table 9. Term A/B Waveform Integralisr CPU & CPLD.  \yere stress tested. 1/O to 1/O failures (no powies jn

. contact with matrix), occur at similar stress leaell/O
VI. Step-Stress-to-Failure Results to GND.

Linear step-stress-to-failure was conducted onNgte that results for a very small sample size esgg

a fixed single pin-pair in order to establish pailire 4t fajlure at lower voltagenay occurfor the old
as measure of Term-A, or Term-B waveform. (3+/3-) zap stress.

Many device samples were used to avoid any iSSue Ofpg resylts for the CPLD are shown in Table 11.
dispersion within the device pins. A single (+)rthe)

stress pulse was used as defined in present tedt TEST CPLD WAVEFORM STEP STRESS FAILURE - KV
standards. Having tested one unit to destructiba, t
. . R Spacer #1/0 Term A Term B VFAIL VFAIL VFAIL Sample

stressing was implemented from an initial voltage o | # | pins | Peak | Peak | win Max | Median | size
6,500 V using an increment of 100V. & 1 341 | 341 7.3 NO® | NO* 6

. . . o ®3) 70 345 200 NO* NO* NO* 3
Failure was determined by using the built in curve [ 5 [ 10 | 31 | 10 | no' | not | no 3
trace feature of the ZapMaster Mk.2. Curve Trage fo [~none | 160 | ss6 | 146 6.8 NO' | NO' 3
the CPU showed all pins as having symmetrical high| © | vos | 343 | 34 5.9 7.9 6.7 3
initial leakage current; failure was abrupt witdid0 V sock | 2 == | == ] no socket Reference waveform - PQFP

increment. Curve trace for the CPLD showed more #Most NO-FAILS (>8Kv)shor:/ved \t/erytslightdegradation of reverse
e ey . . characteristics.
“normal” initial diode leakage current; failure was
defined by small increase in leakage indicatinga@gen  Table 11. Single (+/-) Step-Stress-to-Fail for 1o CPLD.
threshold.

These results also indicate tlfature for data pin to
Vss measured on 18 units does not depend upon Term—

FAIL \ i_c?a: /: LLakage B Current.
indicates damage
- e However, the I/O data for CPLD on the Mk.2 tester
\‘ \ suggests that the fyj| may be lower for this device
! when a power pin is not grounded.
Initial
odifpnrictied Thus the Term-A waveform is indeed the
CPU <7 Characteristic CPLD excitation stimulus and pin failure as indicated by

leakage current is unaffected by the number of I/O

Figure 15. Curve Trace Failure Characteristics: pins in contact with the matrix.

Left for CPU: Right for CPLD.

Both device pins were surprisingly rugged. The CPU
step-stress-to-failure for Data pin (57) to Vss GND
listed in Table 10 with I/O count, Term-A/B current
failure level and sample sizes.
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VII. Discussion

11

# 1/0’s Contacting Matrix on  Terminal —B|Peak| Current

Characterization of the relay matrix in the Lo Referénce Peak B = 075 % Peak A
ZapMaster Mk.2 HBM tester demonstrates that pogo > £ i il
capacitance to GND is very uniform ~ 6.4 pF. Fa th o7 =
CPU test board, the socket pin to GND capacitasce i o6 ]

05
I e

also very uniform ~ 12.4 pF. Hence typical trace
capacitance is ~ 6.0 pF. It is unclear how these

measured results relate to the simulations for gdng o Reférence Curjent 467 Amp
power supply pins at Term-A reported by Chainelet a o BT S

0 50 100 150 200 250 300

0.4

03

Effect of Ganded Pins at| Terminal -A on S/C|Peak Current

0.2

Normalized Peak HBM Current

Figure 17. Comparison of Ganged Pins at Term-A with

A small spread ingk, tr, & td was foundacross path Term-B Current in this Work.

lengths, however, the Short / Long path is worgé @i

500 W load, rather than the Long /Short adopted onlt can be seen that although the trend is verylairttie
hearsay. effect on Term-B current is less severe.

The invariance of the Term-A waveform with un- 1hiS degradation presumably occurs due to a
selected 1/O count in contact with the matrix ideap  distributed internal network within the devickeat is

here for the first time. analogous to thexternal networlcited by Chaine et al

o o _ 1 in accounting for the behavior with ganged power
The significant risetime speed up relative to the s pins at Term-A.

load appears to be due to the device pin input _

capacitance and suggests less of a problem witdUus the step stress results, for two differenesypf
triggering protection devices at the pin than gatyer device and technology, indicate that the Term-A
believed. Thus the Term-A waveform was expected igvaveform is the excitation stimulus resulting i@ pin
correlate with pin failure. failure as expected.

A degraded Term-B waveform to the GND pin was not 1€ slower Term-B waveform may however cause

un-expected due to complex impedance through th&i9gering problems with some designs for power

device. Figure 16 shows the fast Term-A waveform aSUPPIY clamps in high I/O count devices.

the excited pin of a CPLD and the slow degradedwWe recommend breaking out all tests between power
waveform at Term-B. supplies to form an additional test type.

We also recommend that low impedance ganged power
groups should contact the relay matrix as little as
Term B possible; i.e., a single pin. This will avoid sBieg
each pin in a ganged power grodp

Where not possible to wire a test board with only a
single pin per supply group (e.g., because of fagch

2 Un-Selected I/O’s requirements or need for SDM test), a spacer can be
used to reduce each power pin group to a single pin
Term A contacting the matrix during the HBM test.
40ns / div

In many cases it will be more cost effective to ase
or more spacers than to opt for split fixtut&sWhen
split signal test fixtures are necessary spacercase

Figure 16. Pin-pair for CPLD with All 160 Pins iomtact reduce multiple pins to a single pin per power grou
with matrix, and showing two additional monitoreat loin- The use of spacers offers a convenient methodefir t
selected 1/O's. houses to blank off various power supply pins as

The figure also shows brief a/c current flow in the Neéeded when using existing standard fixtures.
traces and stray capacitance for two un-selectesl pi It may also be desirable to use a spacer to prdwide
The behavior of the Term-B waveform for the CPU is Power pins only, or for /O to all other I/O’s witho
compared in Figure 17 with degradation observedPOWer pins in the matrix.

earlier by Meusé for ganged pins at Term-A.
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Spacers also offer an opportunity when testing very IX. Conclusions
high pin count devices to form separate 1/O pirugso
by function, or by power supply. 1. For a real device load, the Term-A waveform

Having demonstrated that the Term-A waveform displays a faster risetime (than s/c load) and is

correlates with device pin failure and is relatyel relatlve!y unaffecte(_ll by the number of I/O pins

unaffected by the number of I/O's contacting the  contacting the matrix.

matrix, there is no evidence in this work to suppoe 2. The Term-B current displays a waveform whose

justification of a totally new test method. risetime and amplitude significantly degrades
with 1/0O count, but has a waveform integral
(energy) identical to the excitation waveform

VIII. Summary applied on Term-A.

_ _ 3. Using step-stress-to-failure (as indicated by
We deSCI‘Ibe the S|mu|taneous measurement Of |eakage Current) for the same Characterized pin_
in-situ Term-A and Term-B currents during HBM test pairs on |arge Samples of deviceS, we found that
for two quite different high pin-count devices ugithe failure stress levels are unaffected by the
ZapMaster Mk.2 tester. number of 1/0 pins contacting the matrix.

A special test board was built for a 370 pin CPUThys we conclude that the Term-A waveform is
having low resistance power planes with minimaljndeed the excitation stimulus and that /O pin

wiring of Vcc and Vss pins and with the addition of fajjure is unaffected by the number of 1/0 pins in
jumpers on selected I/O and power pin traces mall cgontact with the matrix.

insertion of CT1 current probes. 4. The use of spacers, thin perforated boards, or

The use of spacers, thin perforated boards, ocitden stencils can readily be used with any other
to achieve pin isolation was demonstrated to vhey t power pin wiring methods to isolateall but a
number of I/O pinS in contact with the matrix. Single power p|n per power group BMBM test.

By using such spacers, the investigation of theThjs will maintain excitation integrity when testing
dependence of Term-A and Term-B waveforms uponpower pin_pair combinations and avoid any wear-

the number of un-selected I/O pins contacting #i@r  out mechanism caused by over-zapping of power
matrix produced some definitive results. supply pins“.

These results were confirmed by selecting as anseco

device a 160 pin CPLD with ganged Vcc and Vss pins.
For expediency a ZapMaster MKk.2 to Verifier adapter
designed to allow the use of dual CT1 current psobe
was rewired multiple times to simulate spacer use.
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