
Thermo Fisher Scientific  Process Instruments Division  One Lowell Research Center (978) 275-0800 www.thermo.com/esd 
  Compliance Test Solutions  Lowell, MA 01852 (978) 275-0850 fax  

1 of 10 

"Study of the Impact of Non-selected I/O Pins during 
HBM Test using ZapMaster Mk.2" 

R.Given (Thermo Fisher Scientific), E.Grund (ESD Consultant), T.Meuse (Thermo Fisher Scientific),  
I.H.Morgan (ESD Consultant), J.Williams (Thermo Fisher Scientific) 

September 2007 
 
We describe the measurement of in-situ Terminal-A (Term-A) and Terminal-B (Term-B) currents during HBM test 
for two different high pin-count devices using the ZapMaster Mk.2 tester to demonstrate the use of thin perforated 
boards, or stencils, to achieve pin isolation. This shows that for a real device load the Term-A waveform displays a 
faster risetime (than s/c) and is relatively unaffected by the number of I/O's contacting the matrix. The Term-B 
current displays a waveform whose risetime and amplitude significantly degrades with I/O count. Using step-stress 
for the same pin-pairs we show that the Term-A waveform is indeed the excitation stimulus and that pin failure as 
indicated by leakage current is unaffected by I/O pins in contact with the matrix. 
 

 

I. Introduction 

The ESDA 1 and JEDEC 2 test methods for HBM are 
based on the earlier MIL SPEC 3 method in which the 
stress test was defined for a selected pin-pair, with all 
other pins floating.  

Figure 1. Simple equivalent circuit for HBM simulator. 

As shown in Figure 1 the stressed pin is connected to 
the excited Term-A and the ground return pin is 
connected to Term-B. Table1 lists the basic pin-pair 
combinations for the above standards. 

 BASIC PIN COMBINATIONS 
TEST 

# 
STRESS PIN 

TERM-A 
GND PIN 
TERM-B 

1 Each I/P, O/P, I/O, 
CLK & PS PIN  

To VSS 
1 

 ditto  To VSS 
N 

2 Each I/P, O/P, I/O, 
CLK & PS PIN  

To VCC 
1 

 ditto  To VCC
N 

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. 

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 Icc 
currents and are ganged by very low resistance metallic 
power planes within a multilayer package; other high 
pin count devices operating at low voltage may use a 
metal ring within the package to minimize DV 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 adds clarity. 
 

 PIN COMBINATION SUPERSET 
TEST 

# 
STRESS PIN 

TERM-A 
GND PIN 
TERM-B 

1 Each NON-PS PIN To VSS 
1 

 ditto  To VSS 
N 

2 Each NON-PS PIN To VCC 
1 

 ditto  To VCC
N 

3 EACH “I/O”  All Other “I/O's"  
4 Each Other PS  PS 1 
 ditto  To PS N 

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

When using a modern relay matrix test simulator, the 
common power pins not-under-test that are left to float 
are in fact connected to the capacitance of the open 
pin-select relays. Since the HBM is a poor current 
source 4 the additional capacitive loading was likely to 
degrade the test waveform.  
In November 2003 Ting 5 showed waveforms at Term-
A when using a DIP socket that were severely 
degraded in both amplitude and risetime by s/c ganging 
other pins that were not selected.  
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Meuse 6 later showed a series of waveforms using a 
256 pin PGA socket with a series of ganged headers 
ranging from 14 to 256 pins for both s/c and 500 ohm 
loads on the ZapMaster Mk.2. His normalized data 
shown below in Figure 2 for s/c load rise-time and 
peak current graphically illustrates the need for power 
pin reduction. 

Figure 2. Effect of Number of ganged Pins upon: 
Left. s/c Peak current:  Right. s/c Rise-time. 

Concerns had also been expressed that excessive 
zapping of all pins in large power groups might lead to 
early failure due to wear-out. 

Thus the several reasons for power pin reduction are:  
1. To avoid zapping all pins in a common shorted 

pin group (a waste of test time), 
2. To maintain HBM stress waveform at Term-A, 
3. To minimize total number of tester channels. 
4. To allow testing of high pin count devices 

exceeding testers capability. 

In addition there have been a few reports of false 
failure attributed to matrix properties. Anderson et al 7 
attributed failure in a small single pin power domain 
with novel protection to inductive coupling in the 
matrix. Kunz et al 8 blamed matrix capacitance at 
unselected pins for failure of a proprietary floating 
base protection cell; however, the capacitance was 
magnified by the presence of an unwanted bipolar 
transistor resulting from layout error 9. 

This study clarifies some of these issues by 
using a specially designed test board to provide for the 
measurement of in-situ currents during HBM test at 
both Term-A and Term-B. We will describe the use of 
spacers - thin perforated boards, or stencils, to achieve 
pin isolation; thus allowing any desired number of 
power pins to be wired at the socket, but isolated from 
the tester matrix. 

The use of such spacers allowed the study of the 
dependence of Term-A/B currents as a function of the 
number of I/O’s in contact with the matrix. 

We further used this method to determine the possible 
impact of the number of I/O’s in contact with the  
matrix upon step-stress-to-failure of a fixed pin-pair, 
but using many devices to produce believable statistics. 

II. The ZapMaster Mk.2 HBM Tester  

Since the advent of the relay matrix HBM tester in the 
mid-80’s the ZapMaster and more recently ZapMaster 
Mk.2 testers have a reputation for reliability in large 
numbers of installations worldwide. We first had 
access to a standard tester, later a newer model fitted 
with a 10KW shunt across the terminals 

The relay matrix is composed of radial wedge boards, 
carrying daughter boards as needed for high pin count, 
with vertical pogo pins off the top edge to contact the 
device test board. A portion of this relay matrix is 
shown in Figure 1 with the shielded cover board 
removed. 

Figure 3. ZapMaster Mk.2 with Shielding Cover Removed. 
Showing Pogo Matrix Wedge boards 

We planned to measure HBM waveforms across the 
matrix both within a wedge board and from wedge to 
wedge to encompass a variety of path lengths. The 
pogo capacitance to ground for these selected pogos 
was first measured using a Quadtech 7000 LCR meter 
with Kelvin cables modified to minimize stray 
capacitance at the sample connection. It should be 
noted that as with other capacitance measuring 
equipment the accuracy of +/- 1.0 pF is specified at the 
instrument terminals. Compensation techniques were 
then used to normalize to the test connectors. 

The next Table lists 3 values for each pogo to GND 
capacitance auto-sampled 10 times. It can be seen that 
a very consistent apparent value of 6.4 +/- 0.8 pF was 
obtained. This value will be increased as shown later 
by the socket pin trace capacitance. However these 
values are measured at 1.0 V pp and real usage is at 
much high voltage, which may reduce the effective 
values obtained. 
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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 s/c and 
500 W loads as direct from the pogo receptacles and 
via a 256 pin PGA socket mounted on the supplied 
evaluation board. 

The resulting data shown in Table 4 does not show any 
significant effects of path length between pogos, nor 
across the 256-pin verification board; however, the 
rise-time for the 500 W load was slower via the socket 
and TB. 

Table 4. Waveforms across Tester Matrix for V = 1,000V. 

Removal of immediately adjacent wedge boards in the 
same octant suggested minimal capacitive coupling via 
channel select relay and HBM bus. A small effect upon 
the waveforms was observed as shown in Table 5.   

Table 5. Wedge boards removed incrementally for 
VCH of 1,000 V. 

There is a monotonic decrease in rise-time as adjacent 
boards were removed in all cases; however, a small 
monotonic increase in peak current IPK was observed 

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

III. Test Boards and Spacers 

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

This approach was utilized to design a test board for a 
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 selected 
Data, Address pins and a single nominal Vcc and Vss 
return path. 

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. 

Table 6. Measurement of Socket Pin to GND 
capacitance. 

  DISCHARGE HEAD 
IN PLACE 

DISCHARGE HEAD 
REMOVED 

POGO 
# 

WEDGE 
# 

GND to nearest Frame GND to connection Inside 
Discharge Head Shield 

  min-max median min-max median 

1 B4 5.8-6.0 5.9 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 
from10 samples 

Range = 5.7 – 7.3 pF 
Median = 6.4 +/- 0.8 pF 

Range = 5.8 – 7.1 pF 
Median = 6.4 +/- 0.7 pF 

 

Channel 
s/c POGO s/c SOCKET 500 WWWW POGOS 500 WWWW SOCKET 

Description IPK  A t R  nS IPK  A tR  nS IPK  A tR  nS IPK  A tR  nS 

Inner to Middle B4 0.720 7.16 0.680 7.7 0.460 17.0 0.444 20.1 

Across Wedge B 
Inner to Outer B4 

0.672 7.80 0.676 8.4 0.460 17.0 0.446 20.1 

Inners: B4 –B20 0.672 9.63 0.690 9.5 0.452 16.4 0.444 20.3 

Other remote; 
to Inner B28 

0.720 7.16 0.670 8.4 0.452 16.7 0.444 19.6 

 

 s/c POGO s/c SOCKET 500 WWWW POGOS 500 WWWW SOCKET 

Description IPK  A t R  nS IPK  A tR  nS IPK  A tR  nS  IPK  A tR  nS 

All wedges 0.658 8.6 0.698 9.4 0.480 16.1 0.454 17.0 

2 removed 0.660 7.8 0.718 8.7 0.472 15.0 0.466 15.8 

4 removed  0.668 7.1 0.740 8.6 0.466 14.2 0.470 15.2 

6 removed  0.724 5.8 0.756 7.8 0.456 13.2 0.454 13.9 

Delta +0.066 -2.8  +0.058  -2.6  +0.024 -2.9  0 -3.1 ns  

 

CPU
TEST

DEVICE
TRACES

VIA’S

SHORT

TEST POINTS

LONG

CPU
TEST

DEVICE
TRACES

VIA’S

SHORT

TEST POINTS

LONG

 MONITORED TEST BOARD 

TRACE #  VALUES  MEDIAN 

A15 13.0 13.1 13.2 13.1 
A19 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 
U1 11.3 11.4 11.2 11.3 

AA1 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 

 



Thermo Fisher Scientific  Process Instruments Division  One Lowell Research Center (978) 275-0800 www.thermo.com/esd 
  Compliance Test Solutions  Lowell, MA 01852 (978) 275-0850 fax  

4 of 10 

The values shown in Table 6 are the sum of pogo to 
ground & trace capacitance. Note the small range of 
11.0 - 14.0 pF, leading to a typical trace capacitance 
of ~ 6.0 pF. 

We measured the s/c waveform for reference purposes 
at 500 V on a pre-selected path with a single CT-1 
probe at the Hi side jumper, in the socket and at the Lo 
side jumper. A consistent set of values were obtained 
of:  

Ipk~350 mA, tr~9.0 nS & td~150 nS.  

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

An example is shown below in Figure 5. This example, 
Spacer -1, isolates all but a very few pogo pins. 

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 pins. One 
I/O of which would connect to excited Term-A to form 
part of a pin-pair with a GND return. A sixth spacer 
without power pins was built to examine a single I/O 
with various degrees of proximity to other I/O’s. 

IV. Terminal –A & B waveforms– First Device 

We studied waveforms for the CPU described above 
using a Tektronix DPO 4104B oscilloscope, multiple 
CT1 current probes and 3db attenuators, using a stress 
value of 500 V so as to avoid device failure. 

First shown in Figure 6 are (+) and (-) waveforms for 
Term-A only without a spacer, thus all 270 wired pins, 
including 7 power pins are connected to the matrix. 

Figure 6. Address Pin-pair to Vcc, but ALL other pins to 
matrix. 

The negative and positive waveforms have the 
identical parameters. However, note the “notched” 
waveform and that risetime for the real device has 
decreased substantially to ~ 5 nS. Removing all other 
pins from matrix by using Spacer-1, removes the 
notch, increases peak current & increases ringing (but 
rapidly damped) as shown in Figure7. 

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

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

The first simultaneous Term-A/B waveforms shown 
next were most interesting as shown in Figure 8. 

Figure 8. Instantaneous Term A & Term B Waveforms for 
Pin-pair D57 to Vss  
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Term-A shows the very fast risetime seen earlier, with 
some initial ringing; the speed-up must be due to the 
device pin capacitance across the dynamic resistance. 
Term-B shows a much slower waveform of reduced 
amplitude flowing in the GND return.  Is this a 
measure of Csocket?  

Measurements were moved to a second tester having a 
10 KW shunt across the terminals and a series of 
TermA/B waveforms of both polarities recorded as a 
function of I/O count in contact with the matrix by 
using spacers 1 through 5. The results are listed in 
Table 7. 

Table 7. Pin-Pair: trr & I pk for D57 to Vss GND; other I/O 
pins Adjusted by Spacer. 

Note the waveform reference parameters for s/c load at 
the socket indicating a risetime of ~ 10 nS. For the 
CPU Term-A, peak current remains almost constant 
with a risetime that is ~50% of reference value.  

Term-B peak current is lower (72% of Term-A) and 
with much slower rise-time, both parameters degrade 
with increasing I/O count in contact with matrix. There 
is no difference between polarities. 

Figure 9. CPU Term A & B Peak Currents. 

The results charted in Figure 9 are the mean pin-pair 
peak currents for D57 to Vss GND; all other pins are 
isolated. 

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.  

Figure 10. I/O to Vss with No Spacer - All other Wired pins 
De-Selected, but in Contact with Matrix. 

It is now clear that the number of I/O’s contacting the 
matrix has only second order effect upon Term-A, but 
directly affects Term-B current.  

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

Figure 11.  CComparison for Single Vcc to Vss Pin-Pair, 
w/wo Spacer. 

The result for the Vcc to Vss pin-pair is defined with 
Spacer-1 with all other (7) power pins pulled from the 
matrix and is similar to the result for an I/O to Vss pin-
pair. Again, the maximum Term-B peak current for 
this TB and device is observed for the pure pin-pair. 

Without the spacer and with all power pin pogos 
replaced; i.e., with 265 I/O’s and 3 each Vcc and Vss 
pins contacting the matrix, the result is almost the same 
as in Figure 10 for I/O to Vss. In agreement with the 
data of Ting and Meuse, this work finds that only 
marginal degradation occurs for a real device with all 
four corner Vcc and Vss pins wired to the matrix. Thus 
a single power pin-pair is adequate. 

TERMINAL -A TERMINAL -B
# I/O’S POL tRR IPK tRR IPK

s/c p 10.7 346 10.4 358
Socket n 10.6 350 10.4 360

1 p 4.2 357 25.1 258
n 5.0 360 23.4 262

11 p 5.5 342 29.7 234
n 4.5 346 33.9 238

61 p 5.9 360 46 208
n 5.8 360 49 206

93 p 5.6 353 43 178
n 4.2 358 53 179

142 p 5.6 361 61 155
n 5.7 357 52 180

271 p 5.6 370 88 106
All n 5.8 370 88 114

TERMINAL -A TERMINAL -B
# I/O’S POL tRR IPK tRR IPK

s/c p 10.7 346 10.4 358
Socket n 10.6 350 10.4 360

TERMINAL -A TERMINAL -B
# I/O’S POL tRR IPK tRR IPK

s/c p 10.7 346 10.4 358
Socket n 10.6 350 10.4 360

1 p 4.2 357 25.1 258
n 5.0 360 23.4 262

11 p 5.5 342 29.7 234
n 4.5 346 33.9

1 p 4.2 357 25.1 258
n 5.0 360 23.4 262

11 p 5.5 342 29.7 234
n 4.5 346 33.9 238

61 p 5.9 360 46 208
n 5.8 360 49 206

93 p 5.6 353 43 178

238
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But which waveform determines failure? 

V. Terminal –A & B waveforms– Second 
Device 

A 160 pin CPLD also using 0.15-micron 
technology but fabricated by another manufacturer was 
obtained as a second device to generalize the observed 
behavior. To avoid the delay in obtaining a second 
specially built TB we used an MK.2 to Verifier 
adapter. To achieve the dependence upon I/O count 
contacting the matrix we started with only two pins 
wired and sequentially added more pins to simulate the 
use of spacer boards. This is shown in Figure 12.  

Figure 12. Use of a VERIFIER Adapter to Simulate 
Spacers for CPLD by Re-Wiring Multiple Times. 

This meant we had to measure waveforms and then 
conduct step-stress-to-failure (see section VI) before 
each rewiring step. 

Since the use of a PLCC package prevented 
measurement of the s/c waveform, the first waveform 
is for the initial I/O to Vss pin-pair as shown below on 
the left. The waveform for 70 I/O’s is to the right. 

Figure 13. I/O to Vss Pin-Pair for CPLD. 

Surprisingly, for this device, the pure pin-pair Term-B 
waveform was of very slightly higher amplitude and 
slightly faster than that for Term-A. Thereafter, 
however, the general behavior with I/O count was 
similar to that described for the CPU. Term-A/B 

currents are shown in Table 8 and compared with those 
for the CPU. 

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

The peak currents shown are the means of negative and 
positive values. While the initial behavior for one I/O 
is quite different the overall trend is very similar to the 
CPU. This is shown in Figure 14 for actual Term-B 
peak currents. 

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, 
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 
measurement that relates to the screen sensitivity 
setting thus the units are unclear.) 

Never the less, it is seen that the Term-A and Term-B 
integrals are identical for both CPU and CPLD 
demonstrating the absence of charge storage. Also note 
that the integrals (energy) for both devices have the 
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20nS / div

70 I/O70 I/O
Half count between Spacer 1 & 3 for PIII

Term ATerm A
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TEST PIII - FCPGA CPLD - PLCC 

SPACER 
# 

# I/O 
Pins 

Term A  
Peak 

Term B 
Peak 

Term A  
Peak 

Term B 
Peak 

1 1 359 259 341 341 

2 11 344 236 - - - - - - 

3 61 360 209 - - - - - - 

(3) 70 - - - - - - 345 200 

4 94 356 179 - - - - - - 

(5) 140 - - - - - - 351 150 

5 151 359 180 (?) - - - - - - 

NONE 160 - - - - - - 356 146 

NONE 271 373 110 - - - - - - 

SOCK 2 348 - - - N/A QFP 

6 I/O’s 348 252 343 341 
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same values for the same 500 V stress as recorded for 
the s/c load across the CPU socket. 

Table 9. Term A/B Waveform Integrals  for CPU & CPLD. 

VI. Step-Stress-to-Failure Results 

Linear step-stress-to-failure was conducted on 
a fixed single pin-pair in order to establish pin failure 
as measure of Term-A, or Term-B waveform.  

Many device samples were used to avoid any issue of 
dispersion within the device pins. A single (+) then (-) 
stress pulse was used as defined in present test 
standards. Having tested one unit to destruction, the 
stressing was implemented from an initial voltage of 
6,500 V using an increment of 100V.  

Failure was determined by using the built in curve 
trace feature of the ZapMaster Mk.2. Curve Trace for 
the CPU showed all pins as having symmetrical high 
initial leakage current; failure was abrupt within 100 V 
increment. Curve trace for the CPLD showed more 
“normal” initial diode leakage current; failure was 
defined by small increase in leakage indicating damage 
threshold.  

Figure 15. Curve Trace Failure Characteristics:  
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 is 
listed in Table 10 with I/O count, Term-A/B currents 
failure level and sample sizes. 

 

Table 10. Single (+/-) Step-Stress-to-Fail for 370 pin CPU. 

Clearly this failure data measured on > 35 units does 
not depend upon Term–B Current. A total of 54 units  
were stress tested. I/O to I/O failures (no power pins in 
contact with matrix), occur at similar stress level as I/O 
to GND.  

Note that results for a very small sample size suggest 
that failure at lower voltage may occur for the old 
(3+/3-) zap stress. 

The results for the CPLD are shown in Table 11. 

Table 11. Single (+/-) Step-Stress-to-Fail for 160 pin CPLD. 

These results also indicate that failure for data pin to 
Vss measured on 18 units does not depend upon Term–
B Current.  

However, the I/O data for CPLD on the Mk.2 tester 
suggests that the Vfail may be lower for this device 
when a power pin is not grounded. 

Thus the Term-A waveform is indeed the 
excitation stimulus and pin failure as indicated by 
leakage current is unaffected by the number of I/O 
pins in contact with the matrix. 

TEST – CPLD 
PQFP 

WAVEFORM STEP STRESS FAILURE - KV 

Spacer  
# 

# I/O 
Pins 

Term A  
Peak 

Term B  
Peak 

VFAIL 
Min  

VFAIL 
Max 

VFAIL 
Median  

Sample 
Size 

(1) 1 341 341 7.3 NO# NNOO##  6 

(3) 70 345 200 NO# NO# NNOO##  3 

(5) 140 351 150 NO# NO# NNOO##  3 

NONE 160 356 146 6.8 NO# NNOO##  3 

(6) I/O’s 343 341 5.9 7.9 66..77  3 

SOCK 2 - - - - - - NO Socket Reference Waveform - PQFP 

# Most NO-FAILS (>8KV) showed very slight degradation  of reverse 
characteristics. 

 

TEST – CPU WAVEFORM STEP STRESS FAILURE - KV 

Spacer  
# 

# I/O 
Pins 

Term A 
Peak 

Term B  
Peak 

VFAIL 
Min  

VFAIL 
Max 

VFAIL 
Median  

Sample 
Size 

1 1 359 259 7.2 7.7 77..44  5 

2 11 344 236 7.4 8.0 77..88  4 

3 61 360 209 7.2 7.9 77..55  3 

4 94 356 179 6.6 7.8 77..55  8 

5 151 359 180 (?) 7.1 7.7 77..55  6 

NONE 271 373 110 7.1 7.8 77..22  9 

SOCK 2 pin 348 - - - Overall  Median  77..55  s=35 

I/O 2 I/O’s 348 252 7.1 7.8 7.5 8 

I/O 4 I/O’s 348 252 6.8 7.3 7.3 4 

3 61 360 3 Zap 6.8 6.9 66..99  2 
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A
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B nVs nVs
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A
Term 

B nVs nVs
Pins Peak Peak A full B full Pins Peak Peak A full B full

1 358 259 47.6 48.0 1 341 341 48.0 47.7
11 344 236 47.8 48.1 11 - - - - - - - - - - - -
61 360 209 45.5 42.7 61 - - - - - - - - - - - -
70 - - - - - - - - - - - - 70 345 200 46.6 46.1
94 356 179 47.3 47.6 94 - - - - - - - - - - - -

140 - - - - - - - - - - - - 140 351 150 46.6 43.4
151 359 180 (?) 46.9 47.1 151 - - - - - - - - - - - -
160 - - - - - - - - - - - - 160 356 146 47.4 43.9
271 373 110 47.7 48.1 271 - - - - - - - - - - - -

SOCK 348 - - - 46.7 - - - SOCK N/A N/A
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VII. Discussion 

Characterization of the relay matrix in the 
ZapMaster Mk.2 HBM tester demonstrates that pogo 
capacitance to GND is very uniform ~ 6.4 pF. For the 
CPU test board, the socket pin to GND capacitance is 
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 ganged 
power supply pins at Term-A reported by Chaine et al 
11.  

A small spread in Ipk, tr, & td was found across path 
lengths, however, the Short / Long path is worse with a 
500 W load, rather than the Long /Short adopted on 
hearsay. 

The invariance of the Term-A waveform with un-
selected I/O count in contact with the matrix is noted 
here for the first time.  

The significant risetime speed up relative to the s/c 
load appears to be due to the device pin input 
capacitance and suggests less of a problem with 
triggering protection devices at the pin than generally 
believed. Thus the Term-A waveform was expected to 
correlate with pin failure. 

A degraded Term-B waveform to the GND pin was not 
un-expected due to complex impedance through the 
device. Figure 16 shows the fast Term-A waveform at 
the excited pin of a CPLD and the slow degraded 
waveform at Term-B.  

Figure 16. Pin-pair for CPLD with All 160 Pins in contact 
with matrix, and showing two additional monitored but un-

selected I/O’s. 

The figure also shows brief a/c current flow in the 
traces and stray capacitance for two un-selected pins.  

The behavior of the Term-B waveform for the CPU is 
compared in Figure 17 with degradation observed 
earlier by Meuse 6 for ganged pins at Term-A. 

Figure 17. Comparison of Ganged Pins at Term-A with 
Term-B Current in this Work. 

It can be seen that although the trend is very similar the 
effect on Term-B current is less severe. 

This degradation presumably occurs due to a 
distributed internal network within the device that is 
analogous to the external network cited by Chaine et al 
11, in accounting for the behavior with ganged power 
pins at Term-A. 

Thus the step stress results, for two different types of 
device and technology, indicate that the Term-A 
waveform is the excitation stimulus resulting in I/O pin 
failure as expected.  

The slower Term-B waveform may however cause 
triggering problems with some designs for power 
supply clamps in high I/O count devices. 

We recommend breaking out all tests between power 
supplies to form an additional test type.  

We also recommend that low impedance ganged power 
groups should contact the relay matrix as little as 
possible; i.e., a single pin. This will avoid stressing 
each pin in a ganged power group 12. 

Where not possible to wire a test board with only a 
single pin per supply group (e.g., because of latch-up 
requirements or need for SDM test), a spacer can be 
used to reduce each power pin group to a single pin 
contacting the matrix during the HBM test. 

In many cases it will be more cost effective to use one 
or more spacers than to opt for split fixtures 13. When 
split signal test fixtures are necessary spacer use can 
reduce multiple pins to a single pin per power group. 

The use of spacers offers a convenient method for test 
houses to blank off various power supply pins as 
needed when using existing standard fixtures. 

It may also be desirable to use a spacer to provide for 
power pins only, or for I/O to all other I/O’s with no 
power pins in the matrix. 
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Spacers also offer an opportunity when testing very 
high pin count devices to form separate I/O pin groups 
by function, or by power supply. 

Having demonstrated that the Term-A waveform 
correlates with device pin failure and is relatively 
unaffected by the number of I/O's contacting the 
matrix, there is no evidence in this work to support the 
justification of a totally new test method. 

 

VIII. Summary  

We describe the simultaneous measurement of 
in-situ Term-A and Term-B currents during HBM test 
for two quite different high pin-count devices using the 
ZapMaster Mk.2 tester. 

A special test board was built for a 370 pin CPU 
having low resistance power planes with minimal 
wiring of Vcc and Vss pins and with the addition of 
jumpers on selected I/O and power pin traces to allow 
insertion of CT1 current probes. 

The use of spacers, thin perforated boards, or stencils, 
to achieve pin isolation was demonstrated to vary the 
number of I/O pins in contact with the matrix.  

By using such spacers, the investigation of the 
dependence of Term-A and Term-B waveforms upon 
the number of un-selected I/O pins contacting the relay 
matrix produced some definitive results. 

These results were confirmed by selecting as a second 
device a 160 pin CPLD with ganged Vcc and Vss pins. 
For expediency a ZapMaster Mk.2 to Verifier adapter 
designed to allow the use of dual CT1 current probes 
was rewired multiple times to simulate spacer use. 

  

IX.  Conclusions 

1. For a real device load, the Term-A waveform 
displays a faster risetime (than s/c load) and is 
relatively unaffected by the number of I/O pins 
contacting the matrix.  

2. The Term-B current displays a waveform whose 
risetime and amplitude significantly degrades 
with I/O count, but has a waveform integral 
(energy) identical to the excitation waveform 
applied on Term-A. 

3. Using step-stress-to-failure (as indicated by 
leakage current) for the same characterized pin-
pairs on large samples of devices, we found that 
failure stress levels are unaffected by the 
number of I/O pins contacting the matrix.  

Thus we conclude that the Term-A waveform is 
indeed the excitation stimulus and that I/O pin 
failure is unaffected by the number of I/O pins in 
contact with the matrix. 

4. The use of spacers, thin perforated boards, or 
stencils can readily be used with any other 
power pin wiring methods to isolate all but a 
single power pin per power group at HBM test.  

This will maintain excitation integrity when testing 
power pin-pair combinations and avoid any wear-
out mechanism caused by over-zapping of power 
supply pins 14. 
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