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(This foreword is not part of ESDA/JEDEC Joint Technical Report ESDA/JEDEC JTR001-01-12)

Foreword
The joint ESDA/JEDEC HBM Standard JS-001-2010 merged the JEDEC HBM Standard,
JESD22-A114F, and the ESDA HBM Standard, ANSI/ESD STM5.1-2007, into a single document.
This accomplishment was a significant advance for the industry, since it reduced the confusion
and extra effort for maintaining two standards for the same test. However, JS-001-2010 did not
address several important technical issues. To merge the two documents, a number of technical
challenges involving the HBM test method, which have emerged over the last several years, were
not addressed. The next version of the HBM Standard, JS-001-2011, began to the address these
technical issues. This revision was the most significant update to the HBM test standard in many
years and incorporated several new test strategies. This technical report is a user’s guide
intended to help those familiar with the traditional HBM test method, as documented in JS-0012010, to use the new options available in JS-001-2011 and in the subsequent 2012 version. The
specific changes in the 2012 version are not included in this initial version of the guide but will be
included in the next revision.
There are three significant issues that have been addressed in JS-001-2011:
1. Excessive test time for high pin count devices.
2. Device wear-out due to stressing protection paths hundreds or thousands of times during
test, when the path may only be stressed at most a handful of times, if at all, in a real life
situation.
3. Automated HBM test systems required to test high pin count devices have introduced
test system parasitics that potentially can cause unanticipated failure modes not intended
by the standard HBM test method.
These issues have been addressed with the major changes listed as below (“old” refers to JS001-2010 and “new” refers to the specific changes that were implemented in JS-001-2011).
Non-supply pin to non-supply pin testing has been changed to reduce test time.
Old:
Each non-supply pin was stressed versus all other non-supply pins collectively tied
together to terminal B, the ground. This test seldom created failures and has not been
required in the Japanese HBM standard, EIAJ ED-4701/304-2, since 2001.
New: Non-supply pin to non-supply pin testing is limited to coupled non-supply pin pairs which
present a possible weak non-supply pin to non-supply pin combination.
Non-supply pin testing to all power supplies (cross domains) has been eliminated to reduce
cumulative stress and reduce test time.
Old:
Each non-supply pin was tested to all power supply groups.
New: Each non-supply pin now belongs to or is associated with a supply group that provides
current or voltage to the circuitry connected to that pin. Non-supply pins are directly HBM
stressed only to those assigned supply groups.
Supply to supply testing can be done with a single polarity.
Old:
For supply to supply testing each supply was tested versus all other supplies with both
positive and negative stress. This produced essentially redundant testing in which
positive stress of A versus B is very similar to negative stress of B versus A.
New: All supply to supply testing may be done with a single polarity, reducing the interaction of
the test system parasitics with the device under test (DUT), if the correct polarity is
chosen.
Two pin testing is now permitted
Old:
All testing was defined in terms of a single pin being stressed to a group of other pins.
This requirement could only be met with relay matrix based test systems, which
i
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New:

introduced parasitic capacitances. These capacitances, which appeared even on pins not
being stressed, have been shown to introduce false failures on some products.
All pin combinations may be subdivided into two pin combinations in which a single pin is
stressed versus a single current return pin. Two pin testers can be made with minimal
parasitic tester capacitance which can reduce the unpredictable interactions between the
device under test and the tester parasitics.

In addition to the changes discussed above there were several other important changes.
4. The section on reporting was modified to accommodate the changes in the pin
combinations discussed above.
5. Discussion of current probe specifications and the preference of CT2 over CT1 current
probe with regard to the measurement of the HBM decay time.
6. Change in wording for non-supply pins which are shorted together.
7. Changes to the wording on No Connect Pins.
8. Class 0 has been divided into 2 classes.

ii
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ESDA/JEDEC Joint Technical Report User Guide of ANSI/ESDA/JEDEC JS-001 Human
Body Model Testing of Integrated Circuits
1.0 PURPOSE AND SCOPE
1.1 Purpose
The information and procedures explained in this technical report are intended to help those
familiar with traditional HBM testing use the new options that were introduced in JS-001-2011.
JS-001-2011 has since been superseded by JS-001-2012 but all of the changes discussed in this
guide were retained in the 2012 version.
1.2 Scope
This report describes the technical changes made in ANSI/ESDA/JEDEC JS-001-2011 and
explains how to use those changes to apply HBM (Human Body Model) tests to IC components.
2.0 SIMPLIFICATION OF NON-SUPPLY TO NON-SUPPLY (I/O TO I/O) TESTING
(JS-001-2011 SECTION 6.3.3.1)
In the JS-001-2010 HBM standard, non-supply pins to non-supply pins [I/O to I/O] testing was
accomplished by applying HBM pulses (positive and negative) to each non-supply pin (Terminal
A) with all other non-supply pins tied together to ground (Terminal B). Table 2 defined the
required stress pin combinations and this specific pin combination was defined as Pin
Combination Set N+1.
This one-to-many pin combination method was introduced in the early days of HBM testing as a
convenience for what was then considered to be high pin count devices (> 40 pins). As the
number of pins on an IC component has increased from a few tens of pins to hundreds and now
thousands of pins, this specific pin combination test has not changed. In Japan, the non-supply to
non-supply pin test was removed from JEITA HBM test method (EIAJ ESD-4701/304-2 in 2001).
This one-to-many pin combination method has multiple issues:
1. This pin combination only represents a small fraction of the possible non-supply to nonsupply pin combinations.
2. This procedure does not represent a real ESD pin combination situation, as simultaneous
grounding of all non-supply pins is not realistic.
3. The procedure does not address the potentially real non-supply to non-supply two-pin
stress combinations.
4. Almost all non-supply to non-supply pin combination failures can generally be repeated in
the non-supply pin to supply pin combination test.
As a result, the new HBM Standard JS-001-2011 has given the user the option of doing the
following:
A. Apply the non-supply to non-supply pin test to a set of pins called coupled non-supply pin
pairs as defined in Section 3.0 and JS-001-2011 Table 2A. This test is a set of specific
pin-to-pin tests.
Or
B. Continue to test the non-supply to non-supply pin defined in JS-001-2011 Table 2B,
which is the same as JS-001-2010 Table 2. This test stresses each non-supply pin to the
combined set of all other non-supply pins.
This change allows the user to set-up their HBM test programs so that one pin of the coupled
non-supply pin pair is stressed on Terminal A and the other pin is grounded on Terminal B (Table
2A). Testing these coupled non-supply pin pair combinations is considered to be more vulnerable
since they fail more frequently during the traditional non-supply to non-supply pin combinations.
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Coupled non-supply pins include differential pairs and other special non-supply pin pairs.
Examples of interface pins with differential pairs, which often connect to cables or ports, include
USB and HDMI connectors.
For example, consider an integrated circuit with two USB interface pins and a HDMI interface pin
group. Each USB pin pair is a single differential pair with pins D+ and D-. According to the new
standard, the D+ and D- lines are the only pin pairs that need to be stressed with respect to each
other. The signal pins in the first USB port do not need to be stressed to the other signal pin pairs
in the second USB port.
Most HDMI pin groups include three high speed differential signal pin pairs and a lower speed
differential clock pin pair. The + and – pins within each of the three high speed data lines and the
clock pin pair only need to be stressed with respect to each other. No stress is required between
the different high speed pin pair groups or with respect to the clock pin pairs.
The HBM test engineer needs to work closely with their engineering support team to correctly
identify all coupled non-supply pin pairs. Engineering judgment may be required to determine if
such a pin-pair exists on any given IC component. Pin names can be a guide to identify coupled
non-supply pin pairs. Examples of names used with coupled non-supply pin pairs are:
USB data pins, such as:
o D+ and Do DP and DM
PCI pins, such as:
o TxP and TxN
o RxP and RxN
o DMI_TXN and DMI_TXP
o DMI_RXN and DMI_RXP
A more extensive list of examples of differential pairs is listed in Annex D of the 2011 standard.
Since most non-supply pins do not fit the definition for coupled non-supply pin pairs, significant
amount of ESD test time can be saved by eliminating this pin combination from the test program.
Since each non-supply pin will be stressed to power and ground, the ESD robustness of every
non-supply pin will be fully evaluated.
3.0 NON-SUPPLY STRESS TO ASSOCIATED SUPPLY PIN GROUPS
(JS-001-2011 SECTION 6.5.1.1)
According to HBM Standard JS-001-2010, when an IC component with a large number of power
supply groups is HBM tested, the non-supply pins are stressed to each supply and will
experience a high number of repetitive stress pulses. As a result, the same pin is stressed
multiple times depending on how many independent power supplies are used by the IC
component.
The high number of repetitive stresses on the same pin results in several unwanted side effects.
This includes the following:
1. Internal wear out failures occurring with lower HBM stress voltages.
2. Premature and low voltage failure of the pins primary ESD protection circuits.
3. Excessively long HBM test times.
The new HBM Standard, JS-001-2011, addresses these issues by associating each non-supply
pin with one or more supply pin groups. Section 6.5.1.1 and the Annex C introduce this new
method of HBM stressing non-supply pins (input, output and I/O pins) to their local or primary
power supply group or groups. In JS-001-2011 Definition Section 3.0, an associated non-supply
pin is defined as the supply pin group that directly provides current to the circuits used by those
non-supply pins. Sometimes the current is used by the I/O output drivers or sometimes it is used
as a voltage level of an input receiver circuit. The key concept is that a direct relationship exists
between the pin’s electrical circuits and its power supply pin group or groups.
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In addition in part 2 of the definition, there may also occur in an indirect relationship between the
non-supply pin and another unrelated supply through a parasitic path. A different type of
association between the pad’s active circuits and some other power supply circuitry may occur,
for example, a nearby VCC Nwell guardring or some other parasitic device powered by a different
supply group.
If an IC has multiple power supply groups, specific non-supply pins may only draw power from
one or two of the power supply pin groups. If this is the case, the non-supply pins need to be
stressed to both the power supply groups which directly provide power and to any other unrelated
supply group that may form a parasitic (bipolar) path. This change will greatly reduce the number
of stresses applied to non-supply pin in integrated circuits with multiple power supply pin groups.
The advantage of this new test method becomes important when a set of non-supply pins is HBM
stressed. The HBM test plan is simplified as the set of non-supply pins will have to be directly
stressed only to their associated power and ground pins and not to all power supply groups. For
example, if an IC component has eight different power supply groups, any given I/O pin will have
to be directly stressed to perhaps only two power supply pin groups. This change will reduce the
total number of ESD pulses to the non-supply pins and will prevent any unintended wear out
failure mechanisms.
The new test method also requires that all power and ground supply groups be stressed against
one another. This means that power supply group A will be directly stressed to power supply
group B and then to power supply pin group C and then to the next supply pin group. Sometimes
the package will short together multiple VSS or VDD supply pins, so only one pin out of a group
of pins would need to be stressed or grounded.
To perform this simplified test, additional device information is required which will allow the HBM
test engineer to correctly assign a pin to specific (power/ground) supply pin group(s). This
information is typically provided by the design or product engineering team.
Table A1. Example of Association of the Supply Pin to Non-Supply Pins
NonSupply
Pins

VDDIO1

I/O-A

X

I/O-B
I/O-C

VDDIO2

VDDA

VDDB

VDD

VDDL

VSSIO1

VSSIO2

X
X

X

X
X

X

D1
E1

VSS

X
X

X

X

X

For example in Table A1, if an I/O pin uses VDDIO1 and VSSIO1 supply pins to provide current
to the driver, then these supply pins would be associated with that I/O pin. If VDD supply group
supplies current to other parts of the die but not directly to this I/O circuits, then this non-supply
pin (I/O) pin would not be assigned to this power supply group. Sometimes, the non-supply pin
(I/O-B) has a receiver circuit and the power supply used for this circuit may include both VDDIO2,
and VDD_A. In this case, the non-supply pin would be assigned to both supply pin groups,
VDDIO2 and VDD_A, and to one ground supply group VSSIO2. The HBM test engineer would
need to set-up a table similar to TABLE A1 which consists of non-supply pins and power and
ground supply pin groups. After the table was made, each non-supply pin would need to be
associated or assigned to its unique power and ground supply groups.
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After the non-supply pins have been correctly associated with their supply pin groups, the HBM
test program may now be written. There are three different test programs that must be developed.
They are called the intra-domain test, the inter-domain test, and the non-supply to non-supply
test where in the context of this example a domain is equivalent to a Group in Figure 1.
The intra-domain test is a stress combination where each non-supply pin is directly stressed to
that supply pin group or groups which have been associated to that pin. For example I/O-A pin is
stressed to VDDIO1 and VSSIO1, while IO-B pin is stressed first to VDDIO2, VDDA and then to
VSSIO2. Since I/O-A pin is not associated with the other supply pins, these pin combinations are
not used in the HBM stress program.
The inter-domain test (matrix test) stresses all power supplies and grounds against each other.
For example, the HBM test would stress VDDIO1 to VDDIO2 pins, VDDIO1 to VDDIO3 pins,
VDDIO1 to VDDA pins and again separately to the other supply pins.
The non-supply to non-supply test may use one of two different methods. The first method
uses the 2010 Standard version where each non-supply pin is stressed to all other non-supply pin
that are combined and grounded. The second method reduces the non-supply pins into a much
smaller group of pins called the coupled non-supply pin pairs. This much smaller set of pins is
stressed in a two pin pair combination test.
To make the results easier to interpret, the stress for all three sections can be performed on a
different set of IC components or devices.
4.0 EXAMPLE HBM TEST OF A DEVICE WITH CROSS DOMAINS
A simple example will help introduce how to apply the new changes introduced in the 2011 HBM
standard. The ESD test group is given a new IC component which has 16 pins (Figure 1) with
four different power domains and three different ground domains (a total of seven supply
domains). When the parts are submitted for ESD testing, the engineering group is now required
to provide additional information about the pins on this new IC component. The ESD test group
has written up new requirements that must be provided by the engineering team when they
submit the parts for HBM testing. The HBM test method flow chart shown in JS-001-2011
Annex A was used by the ESD group to collect the following information:
New Required HBM Test Information:
1. List all independent power and ground pins.
2. List all power pins and ground pins that are shorted together in the package.
3. For each non-supply pin assign or associate the power and ground group(s) that provides
current to the electrical circuits that directly connect to that pin.
4. List all coupled non-supply pin pairs.
5. List all pins that are no-connects (NC).
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Figure 1: Illustrates the Ideas of Group, Multiple Power Supplies and Coupled Non-Supply Pin Pairs
The engineering team had access to this new information and filled out the form as follows:
1. VDD1, VDD2A/B, VDD3, VDD4, VSS1, VSS3/4
2. VSS1, VSS2-A and VSS2-B, VSS3/VSS4
3. Supply pins associated to non-supply pins
a) VDD1 (pin 1) I/O-11 (pin 2), I/O-12 (pin 3)
b) VSS1 (pin 4)  I/O-11 (pin 2), I/O-12 (pin 3), I-21 (pin 7), O-21 (pin 8), I/O-21 (pin 9),
I/O-22 (1 pin 0)
c) VDD2-A (pin 5)/VDD2-B (pin 6)  I-21 (pin 7), O-21 (pin 8), I/O-21 (pin 9), I/O-22
(pin 10)
d) VDD4 (pin 15)  I/O-41 (pin 16)
e) VSS3/VSS4 (pin 14)  I/O-41 (pin 16)
4. Coupled non-supply pin pairs: I/O-11 (pin 12), I/O-12 (pin 3) and I/O-21 (pin 9), I/O-22
(pin 10)
5. None
(Note: VDD3 was not associated with any non-supply pin, so it was not assigned).
The ESD test group takes this information and uses it to develop their HBM test program. They
use JS-001-2011 Annex C and carefully categorize each pin on the IC component into nonsupply, supply and NC pins. They follow the flow chart in JS-002-2011 Annex A, page 2 and
create their independent supply pin groups. The engineering data allows the non-supply pins (I/O
or input pins) to be grouped with their associated supply pin groups (VDD and VSS).
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Table A2. Example of HBM Test Plan Example using Table 2A
Pin Combination
Set Number

Pin(s) Connected to
Terminal B

1

VDD1
(pin 1)

2

VDD2-A
(pin 5)

3

VDD2-B
(pin 6)

4

VDD3
(pin 13)

5

VDD4
(pin 15)

6

7

8
(i.e., N+1)

VSS1
(pin 4)*

VSS3/4
(pin 14)

I/O-11 (pin 2)
I/O-12 (pin 3)

9
(i.e., N+1)

I/O-21 (pin 9)
I/O-22 (pin 10)

Pin Connected to Terminal A
(Single Pins, tested one at a time)
VSS1 (pin 4)*, VSS3/4 (pin 14),
VDD2-A (pin 5), VDD2-B (pin 6), VDD3 (pin 13),
VDD4 (pin 15),
I/O-11 (pin 2), I/O-12 (pin 3)
VDD1 (pin p1), VSS1 (pin 4), VSS3/4 (pin 14),
VDD3 (pin 13), VDD4 (pin 15)
I-21 (pin 7), O-21 (pin 8), I/O-21(pin 9), I/O-22 (pin 10)
VDD1 (pin 1), VSS1 (pin 4), VSS3/4 (pin 14),
VDD3 (pin 13), VDD4 (pin 15)
I-21 (pin 7), O-21 (pin 8), I/O-21(pin 9), I/O-22 (pin 10)
VDD1 (pin p1), VSS1 (pin p4)*, VSS3/4 (pin 14),
VDD2-A (pin 5), VDD2-B (pin 6), VDD4 (pin 15)
(No associated non-supply pins)
VDD1 (pin p1), VSS1 (pin p4)*, VSS3/4 (pin p14),
VDD2-A (pin 5), VDD2-B (pin 6), VDD3 (pin 13),
I/O-41(pin 16)
VDD1 (pin 1), VSS3/4 (pin 14),
VDD2-A (pin p5), VDD2-B (pin 6), VDD3 (pin 13),
VDD4 (pin 15)
I/O-11 (pin 2), I/O-12 (pin 3), I-21 (pin 7), O-21 (pin 8),
I/O-21 (pin 9), I/O-22 (pin 10)
VDD1 (pin 1), VSS1 (pin 4),
VDD2-A (pin 5), VDD2-B (pin 6), VDD3 (pin 13),
VDD4 (pin 15)
I/O-41(pin 16)
I/O-12 (pin 3)
I/O-11 (pin 2)
I/O-22 (pin 10)
I/O-21 (pin 9)
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The pin categorization step results in following pin groups:
a. Supply pins: VDD1 (pin 1), VSS1 (pin 4), VDD2-A (pin 5), VDD2-B (pin 6), VDD3 (pin 13),
VDD4 (pin 15), VSS3/VSS4 (pin 14)
b. Non-Supply Pin Groups:
a. Group 1: I/O-11 pin (2), I/O-12 (pin 3)
c. Group 2: I/O-11 (pin 2), I/O-12 (pin 3), I-21 (pin 7), O21 (pin 8), I/O-21 (pin 9), I/O-22 (pin
10), I/O-41 (pin 16)
d. Group 3: I-21 (pin 7), O-21 (pin 8), I/O-21 (pin 9), I/O-22 (pin 10)
e. Group 4: I/O-41 (pin 16)
The next step is to develop the HBM test program. Since all of the additional information required
in JS-001-2011 Table 2A is available, this procedure can now be used. The new test program is
shown in Table A2
*Note: VSS2A and VSS2B are shorted inside the package. Also, VDD2-A and VDD2-B are shorted on the
die but are the same supply pins. The non-supply pins 2 and 3 and 9 and 10 are coupled non-supply pin
pairs.

4.1 Reduction in HBM Test Time
The changes defined so far can save a significant amount of ESD test time as well as reduce the
overstressing of the IC component. The best way to see the advantage of using JS-001-2011
Table 2A instead of Table 2B is to look at another example test case.

VDD1
VSS1
Coupled I/O1-1
pin pair I/O1-2

1
2
3
4

8
7
6
5

VDD2
VSS2
I/O1-4
I/O1-3

Figure 2: Pin out of 8 Pin Example Product
A simple device in Figure 2 is used to illustrate the advantages of reduced pin combinations and
is combined with single polarity stress on supply pins. In this example, an 8-pin device has the
following pinout:
1. Supply pin group 1: VDD1 (pin 1), VSS1 (pin 2)
2. Supply pin group 2: VDD2 (pin 8), VSS2 (pin 7)
3. Coupled non-supply pin pair: I/O1-1 (pin 3) and I/O1-2 (pin 4)
When the device information includes which non-supply pin is associated with which supply pin
groups, stressing of I/O pins can be limited to their associated supplies. For the non-supply to
non-supply pin test only the two coupled non-supply pin pairs are stressed against each other.
The optional Single Polarity supply to supply tests are shown in the last column. Using Table 2A
in JS-001-2011 standard and calculate the number of pulses we obtain the results shown in
bottom of Table A3.
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Table A3. Calculation of Number of HBM Pulses using Table 2A
Pin
Combination
Set Number

1

Pin(s)
Connected to
Terminal B

Pin Connected to Terminal A
(Single Pins, tested one at a
time)

Standard
# of
pulses

Single
Polarity
# of
pulses

VSS1 (pin 2), VSS2 (pin 7),
VDD2 (pin 8)

6

3

I/O1-1 (pin 3), I/O1-2 (pin 4),
I/O1-3 (pin 5), I/O1-4 (pin 6)

8

8

6

3

I/O1-1 (pin 3), I/O1-2 (pin 4),
I/O1-3 (pin 5), I/O1-4 (pin 6)

8

8

VDD1 (pin 1), VSS1 pin),
VDD2 (pin 8)

6

3

(No associated non-supply Pins)

0

0

VDD1 (pin 1), VSS1 (p 2),
VSS2 (pin 7)

6

3

(No associated non-supply Pins)

0

0

VDD1 (pin 1)

VDD1 (pin 1), VSS2 (p7),
2

3

4

VSS1 (pin 2)

VSS2 (pin 7)

VDD2 (pin 8)

VDD2 (pin 8)

5

I/O1-1 (pin 3)

I/O1-2 (pin 4)

2

2

(i.e., N+1)

I/O1-2 (pin 4)

I/O1-1 (pin 3)

2

2

Totals

44

32

If we now calculate the number of pulses used in JS-001-2011 Table 2B, we find that the number
of pulses is significantly higher. This occurs because the stress combination reduction due to
coupled pair information and non-supply pin associations is not available. The Table 2B is the
legacy (JS-001-2010) HBM test method.
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Table A4. Calculation of Number of HBM Pulses using Table 2B
Pin
Combination
Set Number

1

2

3

4

5
(i.e., N+1)

Pin Connected to Terminal A
(Single Pins, tested one at a
time)

Standard
# of
pulses

Single
Polarity
# of
pulses

VSS1 (pin 2), VSS2 (pin 7),
VDD2 (pin 8)

6

3

I/O1-1 (pin 3), I/O1-2 (pin 4),
I/O1-3 (pin 5), I/O1-4 (pin 6)

8

8

VDD1 (pin 1), VSS2 (p7),
VDD2 (pin 8)

6

3

I/O1-1 (pin 3), I/O1-2 (pin 4),
I/O1-3 (pin 5), I/O1-4 (pin 6)

8

8

VDD1 (pin 1), VSS1 (pin2),
VDD2 (pin 8)

6

3

I/O1-1 (pin 3), I/O1-2 (pin 4),
I/O1-3 (pin 5), I/O1-4 (pin 6)

8

8

VDD1 (pin 1), VSS1 (pin 2),
VSS2 (pin 7)

6

3

I/O1-1 (pin 3), I/O1-2 (pin 4),
I/O1-3 (pin 5), I/O1-4 (pin 6)

8

8

I/O1-2 (pin
4),I/O1-3 (pin
5),
I/O1-4 (pin 6)

I/O1-1 (pin 3)

2

2

I/O1-1(pin 3),
I/O1-3 (pin 5),
I/O1-4 (pin 6)

I/O1-2 (pin 4)

2

2

I/O1-1 (pin 3),
I/O1-2 (pin 4),
I/O1-4 (pin 6)

I/O1-3 (pin 5)

2

2

I/O1-1 (pin 3),
I/O1-2 (pin 4),
I/O1-3 (pin 5)

I/O1-4 (pin 6)

2

2

Totals

64

52

Pin(s)
Connected to
Terminal B

VDD1 (pin 1)

VSS1 (pin 2)

VSS2 (pin 7)

VDD2 (pin 8)

The difference in test time for this simple test case shows that the test time is reduced by ~ 30 %.
If single pulses are used, then the test time reduction allows even more savings ~ 39%. The
larger the number of power supply groups the larger the potential improvement in test time.
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5.0 NEW ALLOWANCE FOR SHORTED NON-SUPPLY PINS
(JS-001-2011 SECTION 6.4.2)
The requirement to remove non-supply pins that are shorted to the pin under test during the nonsupply to non-supply stress combination has been in place for several years. This requirement
is necessary to determine the pin-to-pin robustness of shorted non-supply pins, but it can be
difficult to generate automated stress test plans to facilitate this requirement.
For non-supply pin groups that are shorted via a package plane or bonded to a common bond
pad, a single non-supply pin in the group may be selected to represent the group. The other
shorted non-supply pins in the group may be removed from all stress combinations and left
unselected during stress.
For example, if an IC component has 8 voltage reference pins (i.e., non-supply pins) shorted by
a package substrate, then one pin may be arbitrarily selected to represent the group. This pin
would be stressed like all other non-supply pins. The other 7 voltage reference pins would be
left “floating” during the all other HBM tests.
If a relay matrix HBM simulator is used and the shorted pins are placed in the socket, then the
pins do not truly float. Instead they remain connected to open relays and are parasitically
connected to tester. The only way to truly float these pins is to remove their pogo pins or build a
special test fixture board which does not connect these pins to the tester channels.
6.0 STRESS POLARITIES OF SUPPLY PINS
(JS-001-2011 Section 6.5.1.2)
In Section 6.5.1.2 the new standard allows the user to apply a single polarity stress when pins of
a supply pin group are stressed to a different supply pin group. Either positive or negative
polarity may be used. This allowance is limited to supply pins as non-supply pins are still
required to be stressed using both positive and negative polarity.
As supply pins are stressed on both Terminal A and on Terminal B, HBM current will flow in both
directions between the pins, so that ESD weaknesses should be detected even though only one
polarity of stress is performed. This allowance also lowers the risk of cumulative stress on
supply pins as HBM pulses applied directly to these pins will be significantly reduced.
Research papers [3], [6] have shown that the parasitics of some HBM testers, arising from tester
loading of pins that should be floating, can make a difference. These parasitics are recognized in
sections 6.5.1.2 and 6.5.1.3 of JS-001-2011, with allowances that can be used when such
parasitics produce false failures.
A low parasitic tester (Section 11.0) will have nearly identical peak currents and rise times on
Terminal A and Terminal B, when testing devices. Some testers can be shown not to have
significant parasitics and produce stress currents in both directions, meeting the waveform
requirements in Section 5.2.3 of JS-001-2011, on a DUT that interconnects tester channels with
either orientation of Terminals A or B. The DUT used for this test needs to interconnect tester
channels to verify that connection to “floating” tester channels does not affect the HBM current
waveforms. With low parasitic testers the floating channels do not affect the test, so reversing
the Terminals A and B and retesting is redundant when testing a pin pair with both polarities.
Parasitic capacitance in relay based testers is known to adversely affect test results for devices
with multi-pin supply pin groups [6]. The adverse effect is usually more pronounced for one
stress polarity than for the other. For most devices with p-type substrates the adverse effects are
less for positive stress [3]. Other technologies may exist where the negative stress is less
affected by parasitic capacitance. This allowance allows the stress polarity to be chosen such
that tester parasitic effects are minimized.
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7.0 REPORTING
(JS-001-2011 SECTION 6.5)
A new requirement has been added to Section 6.5 titled “Pin Combinations”. In all previous
standards, the user was required to report the HBM test results and the classification level the IC
component achieved. In the 2011 version, the user is now required to keep a record of the pin
combination tests used during the tests. This new requirement is important if the user applies any
of the new pin combination options available.
If Table 2A (Required Pin Combinations Sets) is used, then the non-supply pins must be
associated with their corresponding supply pins. This information must be recorded and is
similar to Table A1 shown previously in Section 3.0 of this User Guide. This list also identifies
those independent supply groups that will be stressed separately during the supply to supply pin
group combination.
In addition, each non-supply pin that meets the coupled non-supply pin pair definition will also
need to be identified and listed. The other pins that do not fit into this group will not be stressed
during the N+1 pin combination tests.
If JS-001-2011 Table 2B (Legacy Pin Combinations Sets equivalent to Table 2 of
ANSI/ESDA/JEDEC JS-001-2010) is used, then this information must be reported in the
classification report.
Sometimes, Tables 2A and 2B can be used in combination. The pin combinations from Table 2A
and Table 2B would have to be clearly identified. For example, if the additional information
required to associate the power supply pin groups to the non-supply pins is not available, but the
coupled non-supply pin pair is available, then the testing of all non-supply pins to all power
supply groups defined in Table 2B would be documented. In addition, the testing of the coupled
non-supply pin pair would also be recorded and referenced from Table 2A. The reporting of this
information will document how the ESD test programs were developed and may be used again
for additional new designs.
8.0 INDUCTIVE CURRENT TRANSDUCER
(JS-001-2011 SECTION 4.1.2)
The 2011 version of the HBM standard encourages the use of probes like the Tektronix CT2
current probe, as the CT2 offers a more accurate representation of the short-circuit waveform on
the scale of 150 nanoseconds and beyond, owing to its superior low-frequency performance [2].
If the decay time is less than 130 nanoseconds when measured with a CT1 probe, the CT2
probe may give a more accurate measurement of the decay time. This is particularly important
at higher voltages (e.g., 4kV and above), because of the heavy dependence on current of the low
frequency cutoff of the current probes.
9.0. NO-CONNECT PIN CHANGES
The basic requirement for no-connect pins is that they must not be stressed and must be left
floating at all times, if verified as not having a connection to the die. However, there are cases
where pins defined as no connects in the data sheet, such as thermal panels, can have a
connection to the die. If such pins exist, then the pin is classified as either a supply pin (if pin is
found to have a metallic connection to a supply pin) or a non-supply pin (if pin is found to have a
connection to any other electrical node on the die). The sections dealing with no-connect pins
are quoted below.
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JS-001-2010 No-Connect Pins Section:
6.4 No-Connect Pins
Pins labeled as no-connect pins but found to have an electrical connection to the die shall be
tested as non-supply pins. Verified no-connect pins must not be stressed and must be left
floating at all times.
JS-001-2011 No-Connect Pins Section:
6.3.1 No-Connect Pins
Verified no-connect pins must not be stressed and must be left floating at all times.
There are some pins which are labeled as no connect, such as thermal panels, which are
actually connected to the die and should be classified either as a supply pin or non-supply pin, as
outlined below.
Pins labeled as no connect but found to have an electrical connection to the die shall be:


Classified as a supply pin, if metallically connected to a supply pin.



Classified as a non-supply pin, if not metallically connected to a supply pin.

10.0 CHANGES IN DEVICE CLASSIFICATIONS
(JS-001-2011 Section 8.0)
The HBM classifications have been modified to take into account the trend towards lower device
thresholds. The Class 0 range is now split into two sub-ranges 0A (< 125 volts) and 0B (125 to
< 250 volts).
All other classes remain the same. These classifications are chosen to be
consistent with the recommended test levels. When testing at lower levels is deemed reliable
and repeatable, the 0A sub-range will be subdivided further. The determination of what controls
are needed to guarantee safe handling of devices is not in the scope of this document.
11.0 TWO-PIN TESTERS
The interactions between ICs and testers have increased due to continued technology scaling,
the decrease in power supply voltages, the trend to higher pin count device and the complexity of
high pin count HBM test equipment. The IC-tester interactions can produce false device failures
causing improper ESD sensitivity classifications.
Today’s large low voltage devices have many power pins connected in parallel to conduct high
supply currents. When these devices are inserted into a relay matrix tester, matrix channels are
connected together by the device under test (DUT) and the parasitic capacitances of tester wiring
and relays provide a load to the pulse that is in parallel with the DUT. When the device
interconnects the HBM tester channels, the tester cannot deliver the standard HBM stress to a
single pin in the group. Such DUT- tester interactions have been shown to change the stress
pulses and can produce either less or more stress than intended by the HBM standard
waveforms. A tester design that eliminates the interconnection of tester channels and provides
the same stress to all DUT pins can provide a more reliable test. Delivering HBM stress pulses
between pairs of pins rather than in groups of pins provides a test with less variability and
therefore can improve test repeatability and reproducibility. The new revision of the HBM
Standard now allows the use of two pin testers to stress any IC component.
HBM testing of two pin in the DUT at a time is not a new concept. The most “idealized” HBM test
would be to stress all two-pin combinations. JS-001-2011 recommends to “test all pairs” pin
combinations for all devices with ten pins or less. However, this approach is not practical for
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large pin count parts. Many changes have been made in JS-001-2011 to reduce the pin
combinations, and these changes make testing using a two-pin simulator more practical. There
are several types of devices that can benefit from testing with two-pin testers, including:
1. Low pin count devices
2. Devices that show questionable results when tested on a relay-based tester, possibly
due to DUT to tester parasitic interactions
3. Bare die or wafer level devices, where test fixtures or sockets are not available or
appropriate
4. Devices with more pins than available relay-based testers have channels, although their
test time will be quite long
A two-pin HBM simulator tests exclusively in pin pair combinations. This can be coupled with
non-socketed testing where probes connect only to the two device pins (or balls, lands, bumps or
pads) being tested. Connecting only to the pins being tested has the advantage that all pins that
should be floating are truly floating and not loaded by tester wiring with unwanted parasitics.
Without a relay matrix and multiple pulse sources, the HBM simulator is simplified to insure that
the specified HBM stress pulse is uniformly delivered to all pairs of pins, balls, lands, or pads of
any device. However, the test time is significantly increased for two-pin testing, as more two-pin
combinations are stressed when testing to all supply pins, instead of groups of supply pins
organized (by relay matrices). Two-pin HBM testing sacrifices testing throughput and speed to
gain testing accuracy. The simplified required pin combinations in the 2011 standard Table 2A
reduce test times on all simulators, and this is especially important for two-pin testers.
JS-001-2011 enables two-pin testing by making these changes to the previous HBM standard:
1. All one-to-many pin combinations described in the HBM standard can be divided into
one-to-one combinations so that all devices can be stressed with two-pin combinations.
All pin combinations with Terminal B supply pin groups larger than a single pin are
subdivided to a set of individual pins, and each Terminal A pin is tested with respect to
every pin of the Terminal B group individually.
2. Waveform verification is easier with two-pin non-socketed testers than with relay-based
testers. There are no test fixture boards and no reference pin pairs. The short circuit
and 500-ohm test loads are placed on a non-conductive surface and connected to the
two tester probes as illustrated in Figure 3, rather than inserted into socket reference
pins. However, the same waveforms are required. A comparison between Socketed
Testers and Non-socketed Testers is shown in Table A5.
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Table A5. Comparison of Routine Verification Requirements
Socketed Testers

Non-Socketed Testers

Routine Waveform
Verification Required?

Yes

Yes

Reference Pairs for each
Test Fixture Board Needed?

Yes. Detailed board design
information is required.

No

Reference Pairs required for
each Socket on the test
fixture board?

Yes. Each socket has at least one
reference pair.

No

Multiple Reference Pairs
needed for each socket?

Usually. A reference pair is
needed for each pulse generator
that connects to the socket.

No

Will changing of test setup
be needed for routine
verification of the
waveforms?

Maybe. Yes, if the test fixture
board on the tester doesn’t have
a positive clamping socket. The
board used also needs to be able
to verify all pulse generators.

Possibly. Needles are placed on a
shorting wire with current sensor. If
the tester has a built-in current
sensor, then the needles need only
be placed on the same pin or ball.

3. Daily relay operation verification is replaced by continuity tests. Verification of the high
voltage discharge paths checks the relay switching matrix and associated wiring which
are not present in a two-pin tester. For two-pin testers utilizing mechanical positioners
instead of relay switching, the connections to pins are verified for each pin combination
during device testing. Continuity measurements can be done immediately prior to stress
pulses with DC parametric testing such as often done with a Source Meter Unit.
Monitoring the HBM pulse current during stress pulse can be directly measured if the
tester has a built-in current probe.
4. Allows testing of devices to be partitioned among different testers. This allows some pin
combination stresses to be delivered on one tester and the remainder on a different
tester. Test optimization is possible when using both a relay matrix based tester and a
two-pin tester.
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Terminal A

Terminal B
Insulator

Figure 3: Example of Waveform Measurement Setup with Evaluation Load at the DUT Location
Using a two-pin tester is similar to using a relay-based HBM tester. The difference between the
two types of testers is summarized in Table A6. With a non-socketed tester the DUT socket, test
fixture board and relay switching is replaced by mechanical positioning. For a manual tester,
probes are positioned by the user. In an automatic two-pin tester, the probe motion is motorized
under computer control. Some new concepts when using a two-pin tester are:
1. In an automatic tester, the relative position of all the pins, balls, lands or pads needs to
be provided to the controlling computer. This is analogous to installing a custom DUT
board for a socketed tester. The relay switching is replaced by mechanical stepping to
directly contact the DUT pins; therefore, knowledge of all pin locations is required.
2. When classifying a device type, it may be discovered that the DUT-tester parasitic
interactions of a relay based tester causes the device to receive a lower classification
level than when it is tested on a two-pin tester. However, if this type of device has a
large number of pins, the test time on a two-pin tester is significantly longer than on the
relay-based tester. If only a section of the device is sensitive to the DUT-tester
interactions, then that section can be stressed on a two-pin tester and the rest of the
device can be stressed on the faster relay-based tester.
3. The issue of getting different results on different testers is addressed by stating that a
component can be classified based on testing with any HBM simulator that meets all the
waveform parameters of Section 5 defined in the 2011 standard. It is recognized that
different testers are allowed to have different characteristics under the HBM Standard,
such as older testers with known anomalies and parasitics. For example, if a device
tests to a lower classification than expected, it could be tested on a low parasitic two-pin
tester, and if the result passes a higher classification, then the higher classification can
be used.
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Table A6. The Differences Between Relay-Based and Two-Pin Testers
Relay-based HBM
Testers

Two-pin HBM Testers

Number of Pulse
Generators

Multiple, eight or more are
common

One

Signal switching from
pulse generator to
DUT pins

A matrix of relays forms
the High Voltage
Discharge and Ground
Return Paths.

Mechanical connections,
made manually by user, or by
robotic motions, provide the
Discharge and Return Paths

Connections to DUT

Socket mounted on a test
fixture board holds DUT.

Two probes contact the DUT
pins, balls, lands, bumps,
pads under test

Pulse Waveform
Verification

Routine verification once
per shift, or on another
schedule. Current
waveforms are measured
from each pulse
generator. This can be
difficult or impossible with
some test fixture boards
which cannot
accommodate the test
load. Verification is done
only in pairs, but testing
uses grounded groups of
pins, so the pulses may
vary. Reference pairs are
tested, which does not
guarantee that all two-pin
combinations will meet
the waveform
requirements.

Routine verification of current
waveforms once per shift, or
on another schedule. The
same test probe configuration
is used during verification and
testing. Verification of proper
contact to each pin pair is
required during testing.
Current transducers may be
embedded into the tester to
monitor all pulses during
testing, which can also detect
a pulse generator or current
path problem before the next
routine verification.

Pin Combinations

Always one pin pulsed
(Terminal A), and one or
more pins connected to
ground (grouped on
Terminal B). When
testing with a group on
Terminal B there is less
stress pulses needed.

Always one pin pulsed
(Terminal A), and one other
pin connected to ground
(Terminal B). If the tester is
low parasitic and symmetrical
the distinction of Terminals A
and B is irrelevant. The
number of pin combinations is
increased when devices have
power pin groups that are not
connected by package planes.

Waveform
Specifications

No difference in
specifications. Pulse
paths vary so worst case
waveform is not always
identified, and some could
not meet all requirements.

No difference in
specifications. Pulse paths
are always the same. Since
only two pins are contacted
parasitics of tester wiring
loading “floating” pins are
avoided.
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11.1 Low Parasitic HBM Tester Verification Procedure
(JS-001-2011 Definitions, Two-pin Tester)
Tester parasitics can vary considerably between different HBM tester designs, but one of the
primary issues is the parasitic capacitance on each channel of automated testers. These
capacitances can become charged during HBM testing, and can produce ringing from the fast
HBM rise times. This is especially true when a high pin count device is inserted into an
automated tester socket since the device under test can connect multiple tester channels
together, increasing the effective parasitic capacitance. The result is that the current that enters
the device from Terminal A (the tester stressing channel) does not match the current leaving the
device on Terminal B (the tester grounding channel).

Figure 4: Illustrates the Tester Parasitic Affects on the Terminal A and Terminal B
Discharge HBM currents.
This is illustrated conceptually in Figure 4. Charge is stored in the parasitic capacitances of “open
channels” so that the peak current leaving the device under test is less than the peak current
entering the device. The decay time for the current leaving the device under test is increased as
the parasitic capacitances slowly discharge. Measuring the difference between the Terminal A
and Terminal B currents is a measure of the amount of tester parasitic.
Verification of a low parasitic tester can be done using a Shorting Test Device as illustrated in
Figures 5. The shorting device is a simple DUT package having 10 or more pins, compatible with
the socket, test fixture, or probes of the tester under consideration. All the pins of the Shorting
Test Device are connected together except for one pin as illustrated for pins 2 through 10 in
Figure 5. The single pin, pin 1 in Figure 5 is connected to one of the grouped pins with a
shorting wire which passes through a current probe. (The shorting wire can also be replaced by
a 500 ohm resistor as will be discussed below.)
We will now consider HBM tests between pins 1 and 10 in Figure 5. Remember that in HBM
testing Terminal A is always considered the stress terminal and Terminal B is always considered
the ground terminal. If pin 1 is stressed (Terminal A) with pin 10 grounded (Terminal B) the
current probe will measure the current in Terminal A of the tester. If pin 10 is stressed (Terminal
A) with pin 1 grounded (Terminal B) the current probe will measure the Terminal B current. The
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Shorting Test Device therefore allows the measurement of either Terminal A or Terminal B
current while a large number of tester channels are tied together at either Terminal A or Terminal
B. The comparison of Terminal A current and Terminal B current is further simplified if the sign of
the stress is reversed when reversing the stress between pins 1 and 10.
The test procedure is then as follows using a Shorting Test Device similar to that in Figure 5.
1. Use a shorting wire inserted through a current probe to connect pin 1 and pin 10 together
2. Stress pin 1 (Terminal A) at +1 kV with pin 10 grounded (Terminal B) and record the
current.


This measures the current in Terminal A.

3. Stress pin 10 (now Terminal A) at -1kV with pin 1 grounded (now Terminal B) and record
the current (note the change of polarity).


This measures the current in Terminal B.

4. Replace the shorting wire with a 500 ohm resistor.
5. Stress pin 1 (Terminal A) at +1 kV with pin 10 grounded (Terminal B) and record the
current.


This measures the current in Terminal A.

6. Stress pin 10 (Terminal A) at -1kV with pin 1 grounded (Terminal B) and record the
current.


This measures the current in Terminal B.

7. If the positive and negative stress waveforms for the short and 500 ohm stress all meet
the HBM waveform requirements the tester can be considered a low parasitic tester.

Figure 5: Shorting Test Device for Low Parasitic Tester Evaluation
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The low parasitic test procedure is demonstrated on an IMCS/Oryx/Thermo Scientific Model 700
socketed manual HBM tester in Figure 6.

Figure 6: HBM Tester being Evaluated for Low Parasitics
A 40 pin DIP header compatible with the tester socket was prepared by soldering a wire loop
connecting pins 2 through 40. A Tektronix CT2 current probe was connected between pins 1
and 40. This Shorting Test Device was inserted into the tester as shown in Figure 7. While as
few as 10 pins are adequate for this test, it is recommended to use as large a Shorting Test
Device as possible.

Terminal B

Figure 7: 40 Pin DIP Shorting Test Device with the Current Probe Connected between the
Unconnected Pin 1 and Group Connected Pin 40
A positive 1 kV pulse was delivered to pin 1 shown as Terminal A while pin 40 is connected to
the ground return path shown as Terminal B. The ‘Short Circuit Terminal A Current’ waveform
was recorded. The pulse and ground pins were then reversed as shown in Figure 8. The current
waveform from negative 1 kV pulse to pin 40 (and by construction also to pins 2 through 39) with
pin 1 grounded was recorded as ‘Short Circuit Terminal B Current’.
The short test load was replaced with a 500-ohm resistor and ‘500-ohm Terminal A Current’ and
‘500-ohm Terminal B Current’ waveforms were captured.
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Terminal B

Terminal A

Figure 8: Applying the Negative Pulse (Terminal A) to Pin 40 with Pin 1 Grounded (Terminal B)
Figure 9 compares the Short Circuit Terminal A and Short Circuit Terminal B Current waveforms
along with the two-pin standard short circuit waveform. The ‘Terminal A’ waveform matches the
standard short circuit measurement, while the ‘Terminal B’ waveform shows minor differences in
the amount of ringing. Figure 10 compares the 500-ohm current waveforms. Using criteria from
JS-001-2011 all short and 500-ohm Terminal A and Terminal B current waveforms meet the 1 kV
current waveform requirements as summarized in JS-001-2011 section 5.3 and Table A3. Thus,
these test results show that this is a low parasitic tester.

Standard Short and Loaded A and B Terminal Waveforms
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Short circuit current
without shorting test
device
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Current (A)

0.6

Short Circuit Terminal A
Current

0.5
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Current
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0.1
0
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Figure 9: Plot of Waveforms from a Low Parasitic Tester
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Standard 500 Ω Test and Loaded A and Terminal B Waveforms
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Figure 10: Plot of 500-Ohm Load Waveforms from a Low Parasitic Tester
Table A7. Measured Parameters of Short Circuit and 500-ohm Load Waveforms
Ring

Ips

tr

td

Short Standard (without the Shorting Device)

8.7%

0.659 A

4.736

132

Short Circuit Current waveform a single pin (DUT A-side)

7.0%

0.672 A

5.362

133

Short Circuit Current waveform pin group (DUT B-side)

14.8%

0.688 A

4.772

134

0%

0.410 A

18.39

-

500 ohm pulse single pin (DUT A-side) current

0.9%

0.391 A

23.44

-

500 ohm pulse pin group (DUT B-side) current

0%

0.404 A

20.02

-

500 ohm Standard (without the Shorting Device)

12.0 CONCLUSION
This technical report is a user’s guide to help those familiar with the traditional HBM test method,
as documented in JS-001-2010, to use the new options available in JS-001-2011. There are
three significant issues that have been addressed in JS-001-2011 which include:
1. Excessive test time for high pin count devices.
2. Device wear-out due to stressing protection paths hundreds or thousands of times during
test, when the path may only be stressed at most a handful of times, if at all, in a real life
situation.
3. Automated HBM test systems required to test high pin count devices have introduced
failure modes that were not the intent of the of the HBM standard test due to test system
parasitics.
These issues have been addressed with the major changes listed as follows:
a. Non-supply pin to non-supply pin testing has been changed to reduce test time.
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b. Non-supply pin testing to all independent power supplies (Cross Domains) has been
eliminated to reduce cumulative stress and reduce test time.
c.

Supply to Supply testing can be done with a single polarity.

d. Two pin testing is now permitted.
e. The section on Reporting was modified to accommodate the changes in the pin
combinations discussed above.
f.

Discussion of current probe specifications and the use of CT1 and CT2 current probes
with regard to the measurement of the HBM decay time.

g. Change in wording for non-supply pins which are shorted together.
h. Changes to the wording on No Connect Pins.
i.

Class 0 has been divided into 2 classes.
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