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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 26: Electrostatic discharge (ESD) sensitivity testing —
Human body model (HBM)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obj
international co-operation on all questions concerning standardization in the elecifi

this end and in addition to other activities, IEC publishes International Stangd i € ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d IEC
Publication(s)”). Their preparation is entrusted to technical committees; apy g nittee interested
in the subject dealt with may participate in this preparatory work. ioh 3
governmental organizations liaising with the IEC also participate in thi . |E aborates closely
with the International Organization for Standardization (ISO) in &dccorda al
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

IEC Publications have the form of recom

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

International Standard IEC 60749-26 has been prepared by IEC technical committee 47:
Semiconductor devices in collaboration with technical committee 101.

This third edition cancels and replaces the second edition published in 2006. This edition
constitutes a technical revision. This standard is based upon ANSI/ESDA/JEDEC JS-001-
2010. It is used with permission of the copyright holders, ESD Association and JEDEC Solid
state Technology Association.

NOTE ANSI/ESDA/JEDEC JS-001 resulted from the merging of JESD22-A114F and ANSI/ESD STM5.1.

This edition includes the following significant technical changes with respect to the previous
edition:

a) descriptions of oscilloscope and current transducers have been refined and updated;
b) the HBM circuit schematic and description have been improved;
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c) the description of stress test equipment qualification and verification has been completely
re-written;

d) qualification and verification of test fixture boards has been revised;
e) a new section on the determination of ringing in the current waveform has been added;
f) some alternate pin combinations have been included;

g) allowance for non-supply pins to stress to a limited number of supply pin groups
(associated non-supply pins) and allowance for non-supply to non-supply (i.e., I/0 to 1/0)
stress to be limited to a finite number of 2 pin pairs (coupled non-supply pin pairs);

h) explicit allowance for HBM stress using 2 pin HBM testers for die only shorted supply
groups.

The text of this standard is based on the following documents:

A\
FDIS Report on voting <
47/2160/FDIS 47/2167/RVJ2/\

Full information on the voting for the approval of this sta
voting indicated in the above table.

This publication has been drafted in accordance i

A list of all parts in the IEC 60749 sg(i
devices — Mechanical and climatic test

the stability date indicate
related to the specific

* reconfirmed,
* withdrawn, Q
* replaced by a révi

¢ amended.

colour printer.
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 26: Electrostatic discharge (ESD) sensitivity testing —
Human body model (HBM)

1 Scope

This standard establishes the procedure for testing, evaluating, and clag g components
and microcircuits according to their susceptibility (sensitivity) to da gradation by
exposure to a defined human body model (HBM) electrostatic dischgr

The purpose (objective) of this standard is to establish a test at will replicate HBM
failures and provide reliable, repeatable HBM ESD te ¢ 3 to tester,
regardless of component type. Repeatable data will 2
comparisons of HBM ESD sensitivity levels.

ESD testing of semiconductor devices is selected i d, the machine model
(MM) test method (see IEC 60749-27) or othe 3 3 in the IEC 60749 series.
The HBM and MM test methods producesi i ical results; unless otherwise

The following documents, In S iny matively referenced in this document and
are indispensable for its ication. ) ferences, only the edition cited applies. For

undated references, the referenced document (including any
amendments) a.

IEC 60749-27, Serh i — Mechanical and climatic test methods — Part 27:

3.1
associated non-supply pin
non-supply pin (typically an I/O pin) associated with a supply pin group

Note 1 to entry: A non-supply pin is considered to be associated with a supply pin group if either:

a) The current from the supply pin group (i.e., VDDIO) is required for the function of the electrical circuit(s) (I/0
driver) that connect (high/low impedance) to that non-supply pin.

b) A parasitic path exists between non-supply and supply pin group (e.g., open-drain type non-supply pin to a
VCC supply pin group that connects to a nearby N-well guard ring).

3.2
component
item such as a resistor, diode, transistor, integrated circuit or hybrid circuit
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3.3

component failure

condition in which a tested component does not meet one or more specified static or dynamic
data sheet parameters

3.4

coupled non-supply pin pair

two pins that have an intended direct current path (such as a pass gate or resistors, such as
differential amplifier inputs, or low voltage differential signaling (LVDS) pins), including
analogue and digital differential pairs and other special function pairs (e.g., D+/D-,
XTALin/XTALout, RFin/RFout, TxP/TxN, RxP/RxN, CCP_DP/CCN_DN etc.)

3.5

data sheet parameters
static and dynamic component performance data supplied by the co
supplier

acturer or

3.6
withstand voltage
highest voltage level that does not cause device failure

Note 1 to entry: The device passes all tested lower voltages (see fai

3.7

failure window
intermediate range of stress voltages th
the device type can pass some stress

3.8

human body model e
HBM ESD
ESD event meeting/tk

discharge from th

S
peak current value determined by the current at time t.,,, on the linear extrapolation of the
exponential current decay curve, based on the current waveform data over a 40 nanosecond
period beginning at ¢,

SEE: Figure 2 a).

3.11

Ipsmax

highest current value measured including the overshoot or ringing components due to internal
test simulator RLC parasitics

SEE: Figure 2 a).

3.12
no connect pin
package interconnection that is not electrically connected to a die Documents
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EXAMPLE: Pin, bump, ball interconnection.

Note 1 to entry: There are some pins which are labelled as no connect, which are actually connected to the die
and should not be classified as a no connect pin.

3.13

non-socketed tester

HBM simulator that makes contact to the device under test (DUT), pins (or balls, lands, bumps
or die pads) with test probes rather than placing the DUT in a socket

3.14
non-supply pins
all pins not categorized as supply pins or no connects

Note 1 to entry:  This includes pins such as input, output, offset adjusts, compensation)\¢ trols, address,
data, Vref pins and VPP pins on EPROM memory. Most non-supply pins transmit g i \ ion such as
digital or analog signals, timing, clock signals, and voltage or current reference leve

3.15

package plane
low impedance metal layer built into an IC package co i ) of bumps or pins
(typically power or ground)

Note 1 to entry:  There may be multiple package planes (someti ands) for each power and
ground group.

3.16

pre-pulse voltage
voltage occurring at the device underte D prior to the generation of the HBM
current pulse

SEE: Clause C.2.

3.17

pulse generation sircu

dual polarity puo Qrkvthat produces a human body discharge current
waveform

Note 1 to entry:
contact pad of thé€

cludes a pulse generator with its test equipment internal path up to the
cuit is also referred to as dual polarity pulse source.

3.18
ringing
high frequens tion/superimposed on a waveform

3.19
shorted non-supply pin

any non-supply pin (typically an 1/O pin) that is metallically connected (typically < 3 Q) on the
chip or within the package to another non-supply pin (or set of non-supply pins)

3.20
spurious current pulses
small HBM shaped pulses that follow the main current pulse, and are typically defined as a

percentage of /gmay

3.21

socketed tester

an HBM simulator that makes contact to DUT pins (or balls, lands, bumps or die pads) using a
DUT socket mounted on a test fixture board
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3.22
static parameters
parameters measured with the component in a non-operating condition

Note 1 to entry: These may include, but are not limited to, input leakage current, input breakdown voltage, output
high and low voltages, output drive current, and supply current.

3.23

step stress test hardening

ability of a component subjected to increasing ESD voltage stresses to withstand higher
stress levels than a similar component not previously stressed

EXAMPLE: A component may fail at 1 000 V if subjected to a single stress, but fail 000 V if stressed

incrementally from 250 V.

3.24

supply pin
any pin that provides current to a circuit

treated as supply pins.

3.25

test fixture board

specialized circuit board, with one or pfoxe co
the HBM simulator

3.26

fmax . . ,
time when 7,5 is at its may

SEE: Figure 2a).

3.27 <}
trailing current pwis

current pulse that o urrent pulse has decayed

SEE: Clause

Note 1 to ent ent pufse is a relatively constant current often lasting for hundreds of microseconds.

3.28
two pin tester
A low parasitic simulator that tests DUTs in pin pairs where floating pins are not
connected to the simulator thereby eliminating DUT-tester interactions from parasitic tester
loading of floating pins

4 Apparatus and required equipment

4.1 Waveform verification equipment

All equipment used to evaluate the tester shall be calibrated in accordance with the
manufacturer's recommendation. This includes the oscilloscope, current transducer and high
voltage resistor load. Maximum time between calibrations shall be one year. Calibration shall
be traceable to national or international standards.

Equipment capable of verifying the pulse waveforms defined in this standard test method
includes, but is not limited to, an oscilloscope, evaluation loads and a current transducer.
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4.2 Oscilloscope

A digital oscilloscope is recommended but analogue oscilloscopes are also permitted. In order
to ensure accurate current waveform capture, the oscilloscope shall meet the following
requirements:

a) Minimum sensitivity of 100 mA per major division when used in conjunction with the
current transducer specified in 4.4;

b) Minimum bandwidth of 350 MHz;

c) For analogue scopes, minimum writing rate of one major division per nanosecond.

4.3 Additional requirements for digital oscilloscopes
Where a digital oscilloscope is used the following additional requiremenis

a) Recommended channels: 2 or more;
b) Minimum sampling rate: 109 samples per second;
¢) Minimum vertical resolution: 8-bit;

d) Minimum vertical accuracy: £ 2,5 %;
e) Minimum time base accuracy: 0,01 %;
f)  Minimum record length: 10 k points.

4.4 Current transducer (inductiv
a) Minimum bandwidth of 200 MHz;
b) Peak pulse capability of 12 A;

c

c) Rise time of less than 1
d) Capable of accepting @
e) Provides an output|ve

(This is usua@
f) Low-frequenc E

z (e.g., Tektronix CT2) for measurement of decay
ote below).

a) Load 1: A solid8"— 24 AWG (non-US standard wire size 0,25 to 0,75 mmZ2 cross-section)
tinned copper shorting wire as short as practicable to span the distance between the two
farthest pins in the socket while passing through the current probe or long enough to pass
through the current probe and contacted by the probes of the non-socketed tester.

b) Load 2: A 500 Q, £ 1 %, minimum 4 000 voltage rating.
4.6 Human body model simulator

A simplified schematic of the HBM simulator or tester is given in Figure 1. The performance of
the tester is influenced by parasitic capacitance and inductance. Thus, construction of a tester
using this schematic does not guarantee that it will provide the HBM pulse required for this
standard. The waveform capture procedures and requirements described in Clause 5
determine the acceptability of the equipment for use.
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Dual polarity
pulse source
A —
/ \ Terminal
R1>1MQ S1 R2~15000 "
—\\\~ ? |
Dual polarity OEJ)T%S = 2D i ""- S —— )
o 2a® Py
HV supply C1~100 pF g g g 38 2 g . g 8

]
Terminal

— B

]_-Ifi: Short
\ :

Current

Figure 1 — Simplified HBM simulator circuit wi

avoiding the possibility of a charged device model discharg€\A simg pleMs a 10 kQ or
i i ith ixture board. This

pulses. It should be noted that reversal of term B to“achieve dual polarity
performance is not permitted. Stacking~f DU piggybacking or insertion of

NOTE 1 The current transducers (probes) are (specified in % 4.

Some HBM SI tg” falsely classify HBM sensitivity levels due to
parasitic artifacts™ d woltages unintentionally built into the HBM simulators.

Methods for determin c are present and optional mitigation techniques are
described in Anne . i and non-socketed testers may have smaller parasitic
capacitances ~ he effects of tester parasitics by contacting only the pins being
stressed.

5 Stres 1 nt qualification and routine verification

5.1 Overview of réquired HBM tester evaluations

The HBM tester and test fixture boards shall be qualified, re-qualified, and periodically verified
as described in this clause. The safety precautions described in 5.8 shall be followed at all
times.

5.2 Measurement procedures
5.2.1 Reference pin pair determination

The two pins of each socket on a test fixture board which make up the reference pin pair are
(1) the socket pin with the shortest wiring path of the test fixture to the pulse generation circuit
(terminal B) and (2) the socket pin with the longest wiring path of the test fixture from the
pulse generation circuit (terminal A) to the ESD stress socket (See Figure 1). This information
is typically provided by the equipment or test fixture board manufacturer. If more than one
pulse generation circuit is connected to a socket then there will be more than one reference

in pair.
Pin P Documents
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It is strongly recommended that on non-positive clamp fixtures, feed through test point pads
be added on these paths to allow connection of either the shorting wire or 500 Q load resistor
during waveform verification measurements. These test points should be added as close as
possible to the socket(s), and if the test fixture board uses more than one pulse generator,
multiple feed through test points should be added for each pulse generator’s longest and
shortest paths.

NOTE A positive clamp test socket is a zero insertion force (ZIF) socket with a clamping mechanism. It allows the
shorting wire to be easily clamped into the socket. Examples are dual in-line package (DIP) and pin grid array
(PGA) ZIF sockets.

5.2.2 Waveform capture with current probe

5.2.21 General

5.2.2.2 Short circuit current waveform

Attach the shorting wire between the pins to be measured. > 2 W probe around the
shorting wire, as close to terminal B as practical, by shown in Figure 1.
Apply an ESD stress at the voltage and polarj

a) For positive clamp sockets, insert PQrii i e the socket pins connected to
terminals A and B and hold in place b i

b) For non-positive clamp sockets, | att horting wire between the socket pins
connected to terminal i iblée to make contact within the socket,
connect the shorting e/pin pair test points or socket mounting
holes, if available.N\The\desig is important as some socket types may
include contact spring gn. These springs can add more parasitic

minimize the
keeping their leng

isvrecommended, but if this is not possible, then
iple is recommended.

c) For non-sockete ne shofting wire with the inductive current probe is placed on

Figure 1. Attach the 500 Q resistor between the pins to be measured. The current probe shall
be placed around the wire between the resistor and terminal B. Apply an ESD stress at the
voltage and polarity needed to execute the qualification, re-qualification or periodic
verification being conducted.

a) For socketed testers, follow procedures according to socket type as described in 5.2.2.2.

b) For non-socketed testers, place the test load and current probe on an insulating surface
and connect the tester’s probes to the ends of the test load.

5.2.3 Determination of waveform parameters
5.2.31 Use of waveforms

The captured waveforms are used to determine the parameter values listed in Table 1.
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5.2.3.2 Short circuit waveform

Typical short circuit waveforms are shown in Figures 2a), 2b) and 4. The parameters Ips (peak
current), ¢, (pulse rise time), ¢4 (pulse decay time) and Iy (ringing) are determined from these
waveforms. Ringing may prevent the simple determination of Is. A graphical technique for
determining /5 and I is described in 5.2.3.4 and Figure 4.

5.2.3.3 500 Q load waveform

A typical 500 Q load waveform is shown in Figure 3. The parameters /, (peak current with
500 Q load) and ¢, (pulse rise time with 500 Q load) are determined from this waveform.

/N
Ipsmax =q4====i==—=-on A (AN
[ps-___-___ ____l <‘
N S
T >
1 : e
S 5 < b
~ : X \ v
c '
o : ‘
' ™

T~D

_ NN
B NN

10%1ps---%

/A o\

\/ Time (ns)
40 ns 1
\\) 5,08 per division
IEC 894/13
gh a shorting wire (Ipsmax)
N RN
o 1
5 |
(@] , \
36,8 % Ips \\X
. -
' 1 \
, I ‘—‘—h____\-__\_\-
0 I : —
0. : Time (ns)
L
g g ——-— 100 ns per division
fmax IEC 895/13
b) Current waveform through a shorting wire (z,)
Figure 2 — Current waveform through shorting wires Documents
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IEC 897/13
5.2.4 High vol
This testis only r g dMesters. This test is intended to ensure that the tester
high voltage relays, & 3 efays that connect pulse generator(s) (i.e. terminal A)

and current retuy
manufacturer
and softwaref

| B) to the DUT are functioning properly. The tester
mended procedure and if needed, a verification board

5.3 Hi
5.3.1 HBM ESD tester qualification requirements
HBM ESD tester qualification as described in 5.3 is required in the following situations:

a) Acceptance testing when the ESD tester is delivered or first used.

b) Periodic re-qualification in accordance with manufacturer’'s recommendations. The
maximum time between re-qualification tests is one year.

c) After service or repair that could affect the waveform.
5.3.2 HBM tester qualification procedure
5.3.2.1 Test fixture board, socket and pins for socketed testers only

Use the highest pin count test fixture board with a positive clamp socket for the tester
waveform verification or the recommended waveform verification board provided by the
manufacturer.

The reference pin pair(s) of the highest pin count socket on the board shall tQ
waveform capture. Waveforms from every pulse generating circuit are to b& record .ﬁﬁments
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Electrical continuity for all pins on the test fixture board shall be verified prior to qualification
testing. This can typically be done using the manufacturer’'s recommended self-test.

5.3.2.2 Short circuit waveform capture

a) For socketed testers, configure the test fixture board, shorting wire, and transducer for the
short circuit waveform measurement as described in 5.2.2.2.

For non-socketed testers, configure the test fixture board, shorting wire, and transducer
for the short circuit waveform measurement as described in 5.2.2.2 c).

b) Apply five positive and five negative pulses at each test voltage. Record waveforms at
1 000, 2 000 and 4 000 V. Verify that the waveforms meet all parameters specified in
Figures 2a) and 2b) and Table 1.

5.3.2.3 500 Q load waveform capture

5.3.2.4

Secondary pulses after the HBM puls e discharge relay. Using the
shorting wire configuration, initiate a 1000 V p erify that any pulses after the initial
HBM pulse are less than 15 pulse.

For analogue oscilloscqpe e basejto 1 millisecond/division can detect these
types of pulses. For digital 9 pulses after the initial current pulse can be
observed, but advan iggeri furnctiogs such as sequential triggering or delayed
triggering may @ s€s are not missed due to low sampling rates.

5.4 Test fixture board\gqus

e/0ne in which it was originally qualified. The procedure shall be
pairs on all sockets of the new test fixture board. If there is not
adequate physica ssfo the socket, follow the guidance of 5.2.2.2 b).

a) Configure the tegst fixture board, shorting wire, and current probe for the short circuit
waveform measurement as described in 5.2.2.1 with a qualified tester.

b) Apply at least one positive and one negative 1 000 V pulse. All waveform parameters shall
be within the limits specified in Figures 2a) and 2b) and Table 1.

c) Configure the test fixture board, 500 Q resistor, and transducer for the 500 Q load
waveform measurement as described in 5.2.2.2.

d) Apply at least one positive and one negative 1 000 V pulse. All waveform parameters shall
be within the limits specified in Figure 3 and Table 1.

e) Repeat for all additional reference pin pairs of all pulse generating circuits and sockets.
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Table 1 — Waveform specification

Voltage ek for Lo ak for Rise time for | Rise time for Decay time Maximum
level short, 500 Q for short, ringing
short, 500 Q ¢ ¢ t current
1 I r rr d
ps pr IR
V) (A) (A) (ns) (ns) (ns) (A)
125
) 0,075-0,092 N/A 2,0-10 N/A 130-170 15 % of I
(optional) ps
250 0,15-0,19 N/A 2,0-10 N/A 130-170 15 % of I,
500 0,30-0,37 N/A 2,0-10 N/A 130-170 15 % of I
1000 0,60-0,74 0,37-0,55 2,0-10 5,0-25 130/1’7N 15 % of I
2 000 1,20-1,48 N/A 2,0-10 N/A gé‘c\w(o\ 15 % of I
4000 2,40-2,96 15-2,2 2,0-10 5025 |/\30-170 "\ 18% of I,
& 00 4,80-5,86 N/A 2,0-10 N/A 139-1 N of 1
(optional) ps
N\

5.5 Routine waveform check requirements

5.5.1 Standard routine waveform check des

) on the reference pin pair
ay be removed and replaced

5.5.2

The waveforms
stress testing is perfo

also serve as the ig

test data collected_supsequent to the previous satisfactory waveform check shall be marked
invalid and shall not™be used for classification.

If the tester has multiple pulse generation circuits, then the waveform for each pulse
generation circuit shall be verified with a positive clamp socket test fixture board. The
recommended time period between verification tests is once per shift. However, a rotational
method of verification may be used to ensure all pulse generation circuits are functioning
properly. For instance, on day 1, pulse generation circuit 1 would be tested. On day 2, pulse
generation circuit 2 would be tested and on day 3, pulse generation circuit 3 would be tested,
until all circuits have been tested, at which time circuit 1 would again be tested. The
recommended maximum interval between tests of any one pulse generator is two weeks.
However, if a pulse generation circuit fails, then all ESD stress tests subsequent to the
previous satisfactory waveform check of that pulse generation circuit shall be marked invalid
and shall not be used for classification.
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5.5.3 Alternate routine waveform capture procedure

As an alternative to the detailed routine waveform analysis, a quick pass/fail waveform
capture process can be instituted for routine verification. This method may be used in
combination with 5.5.1 as described above.

a) Capture a waveform using a shorting wire evaluation load at +1 000 V.

b) Measure Tosmax (without adjustment for ringing) and ensure that it is between 0,60 A and
0,74 A.

c) Repeatat-1000V.

d) If the tester has multiple pulse sources, choose a pin pair combination from a different
pulse source each day, rotating through each pulse source in turn as dessetibed in 5.5.2.

If Ipsmax is within the values specified for both polarities and the wayefo
the tester is considered ready to use.

the upper or lower specification limits, a complete
performed.

qualified ESD simulators. Test fixture b
using the test method in 5.3.1 before

5.6 High voltage discharge path che
5.6.1 Relay testers

This test is required for_either routine ch 5.5). Test the high voltage discharge and
current return paths and\all s at the beginning of each day during which

ESD stress testing.is perfor N\The period between self-test diagnostic checks
may be extende idi the increased interval. If any failure is detected,
do not perform device™testi

paths. Repair the

kets that are connected to the defective discharge
at the failed pins pass the self-test before resuming

For testers utilizir ecklanical switching instead of relay switching, the connections to pins
ch pin combination during the test. Making continuity measurements
immediately prior toStress pulses or monitoring the ESD pulse current during stress pulse are
examples of connection verification methods. This practice replaces the daily high voltage
discharge path verification.

5.7 Tester waveform records
5.71 Tester and test fixture board qualification records

Retain the waveform records until the next re-qualification or for the duration specified by the
user’s internal record keeping procedures.

5.7.2 Periodic waveform check records

Retain the periodic waveform records at least one year for the duration specified by the user’s
internal record keeping procedures.
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5.8 Safety
5.8.1 Initial set-up

During initial equipment set-up, a safety engineer or applicable safety representative shall
inspect the equipment in its operating location to ensure that the equipment is not operated in
a combustible (hazardous) environment.

5.8.2 Training

All personnel shall receive system operational training and electrical safety training prior to
using the equipment.

5.8.3 Personnel safety

The procedures and equipment described in this document
hazardous electrical conditions. Users of this document are

Electrical hazard reduction practices td G
for equipment shall be followed.

6.1

The devices u ation\{esting ‘shall have completed all normal manufacturing
operations. Tesf rformed ysing7an actual device chip. It is not permissible to use
a test chip represen e actyal ship or to assign threshold voltages based on data
compiled from a desig ‘ oftware simulations. ESD classification testing shall be
considered destrd e ent, even if no component failure is detected.

NOTE Test chip 3D test structure.

6.2

Prior to ESD s , parametric and functional testing using conditions required by the

applicable part draw ng or test specification shall be performed on all devices submitted.
Parametric and functional test results shall be within the limits stated in the part drawing for
these parameters.

6.3 Device stressing

A sample of three devices for each voltage level shall be characterized for the device ESD
failure threshold using the voltage levels shown in Table 4. Finer voltage steps may optionally
be used to obtain a more accurate measure of the failure threshold, and to improve detection
of devices exhibiting failure windows. ESD testing should begin at the lowest level in Table 4
but may begin at any level. However, if the initial voltage level is higher than the lowest level
in Table 4, and the device fails at the initial voltage, testing shall be restarted with three fresh
devices at the next lowest level (e.g. if the initial voltage is 1 000 V and the device fails,
restart the test at 500 V.) The ESD test shall be performed at room temperature.

It is recommended to verify continuity between device pins and the socket after inserting
devices to be tested. Leakage measurements or curve tracing may be used. Documents
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For each voltage level a sample of three devices shall be stressed using one positive and one
negative pulse with a minimum of 100 ms between pulses per pin for all pin combinations
specified in Table 2 and Table 3. Separate samples may be used for different polarities.

NOTE In some ESD simulators, a charge removal circuit is not present. For these simulators, increasing the time
between pulses to prevent a charge build-up is one method to reduce the risk for subsequent pin overstress.
Alternatively, curve trace leakage tests after each pulse for all pins in the DUT will also remove this excess charge
stored in the test fixture board or socket.

Three new components may be used at each voltage level or pin combination if desired. This
will eliminate any step-stress hardening effects, and reduce the possibility of early failure due
to cumulative stress. Due to potential failure windows, low ESD performance may not be
detected if levels specified in Table 4 are skipped during testing. It is recommended not to
skip any levels specified in Table 4.

least one sample of three devices.

6.4 Pin categorization

6.4.1 General

for this categorisation process is give
test all of the major HBM current paths.

or non-supply pin. These pin cal [ ined’in 6.4.2 — 6.4.3. Additionally supply pins
shall be grouped mto i cribed in 6.5.1. With this basic knowledge

testing may be do i ) \With additional knowledge of the device to be tested,
associated supa be d f|n asndesg 'ed |n 6.6.2. 2 With assomated supplies defined
lines 1 to N of Table 2 g

major current pathg %o itihfewer pin combinations saving test time and reducing

potential overstre 2 also elinfinates non-supply to non-supply testing (i.e. 1/0 to 1/0)
except for spesi '

There are some pins which are labelled as no connect, such as thermal panels, which are
actually connected to the die and should be classified a supply pin or non-supply pin as
outlined below.

Pins labelled as no connect but found to have an electrical connection to the die shall be:

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

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

6.4.3 Supply pins

6.4.3.1 Supply pin categorisation

A supply pin is any pin that provides current to the circuit. While most supply pins are labelled
such that they can be easily recognized as supply pins (examples: VDD, VDD1, VDD2,

VDD_PLL, VCC, VCC1, VCC2, VCC_ANALOG, GND, AGND, DGND, VSS, VSS1, VSS2,
VSS_PLL, VSS_ANALOG, etc.), others are not and require engineering judamenD@etdimnents
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their function in the normal circuit operation (examples: Vbias, Vref, etc.). Supply pins
typically transmit no information such as digital or analog signals, timing, clock signals, and
voltage or current reference levels.

An example of a pin that appears to be a supply pin but may be treated as a non-supply pin is
the VPP pin on EPROM memories. The VPP puts the memory into a special, rarely used,
programming state and supplies the high voltage needed for programming the memory.

6.4.3.2 Other supply pin types

Any pin that is intended to be pumped above the positive supply or below the negative supply
of its circuit block shall be treated as a supply pin (for example: positive and negative terminal
pins connected to a charge pump capacitor).

Any pin that is connected to an internal power bus (or a power pin
6.4.3 shall be treated as a supply pin (for example: a Vdd sensing ph

as a supply pin. However, if a pin is intended to supply pa
not to any circuit on the same chip, it may be treated as s

6.4.4 Non-supply pins
6.4.4.1 Non-supply pins categorjsation

All pins not categorized as supply pins ORNO 9 upply pins. This includes pins
i cks, controls, address, data, Vref pins

6.4.4.2 Direct couple

A coupled non- i i aye \q potential ESD current path that does not involve

power/supply rai ‘o gue and digital differential pairs and other special

function  pairs S i ,  RFin/RFout TxP/TxN RxP/RxN

CCP_DP/CCN_DH e d nongsupply pin pairs are device specific and not all devices

will have them,. E

e Any noq-supply pl p t may have current paths between them that does not involve
the rails\ This path may be through functional devices or through parasitic

e Non-supply pi girs directly interfacing with each other, such as differential inputs or
differential outputs.

e Non-supply pin pairs that have a current path between them that consists of a single
transistor or capacitor.

Engineering judgment should be used to identify all coupled non-supply pin pairs. See Annex
D for a more extensive list of examples for coupled non-supply pins.

6.5 Pin groupings
6.5.1 Supply pin groups
6.5.1.1 Supply pin categorisation

The supply pins are partitioned into supply pin groups with each supply pin defined as a
member of one and only one supply pin group. A supply pin that is not connected by metal to
any other pin forms a single pin supply pin groups. Supply pins that are interconnected by
metal on the chip or within the package form a supply pin group. The metal mPQments
should be verified through reliable device documentation. However, excescive
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resistance in the die interconnect associated with grouping these pins could lead to masking
an ESD protection weakness in HBM testing.

If the pin inter-connect design is unknown, either measure the resistance between supply pins
to determine the supply pin groups or treat each pin as a separate group.

If the resistance between any two pins is greater than 3 Q, the pins should be placed into
separate supply pin groups. The resistance is measured between any two supply pins with the
same name. If there are more than two pins, then the worst case resistance should be
determined by measurement.

6.5.1.2 Partitioning supply pin groups

Pins of a supply pin group may be divided into two or more subgroups ch p|n is a

subgroups, all the subgroups remain part of their supply pin grQup and\arg no tes

each other.

ed against

6.5.1.3 Supply pins connected by package plane

If a set of supply pins are connected by a pz s few as one pin (selected
e set as a supply pin group.

by metal only at the die level and 12 a i pins cennected with one package plane and
another with eight pins connected
represented by the five die<level ¢ ! dvat least one pin from each package

custom board has bee

6.5.2 Shorte@

common bond y, this™s s fdrms a non-supply pin group. One pin of this non-supply
pin group (se S i nay be used to represent the entire set of shorted non-supply

NOTE This configuration s uncommon as non-supply pins typically are isolated from other pins in the package.

6.6 Pin stress combinations
6.6.1 Pin stress combination categorisation

Table 2 lists the preferred set of pin combinations required for device classification.
Alternatively, Table 3 can be used. Furthermore, device stressing can be done using a
combination of Table 2 and Table 3. For example, one could use pin combination set 1
through N from Table 2 and set N+1 from Table 3. Additional information and guidance on the
use of the pin combinations are given in Annex A and Annex C. The test results and actual pin
combinations sets used shall be recorded and maintained according to company record
keeping procedures.

Active discrete devices (FETs, transistors, etc.) shall be tested using all possible pin-pair
combinations (one pin connected to terminal A, another pin connected to terminal B)
regardless of pin name or function. Integrated circuits with 10 pins or less may be tested with
all pin-pair combinations.
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Device stressing can be divided between two or more simulators if all simulators meet the
requirements of Clause 5 and all intended pin combinations are stressed.

Table 2 — Preferred pin combinations sets

.P'n. Pin(s) connected to terminal B Pin connected to terminal A
combination set . A .
number @ (ground) (single pins, tested one at a time)
every supply pin except pins of supply pin
group 1 ¢ ¢
1 supply pin group 1 2 ¢ /7 N\

every nopfsypply pin
associated with ply pin group ™ (see
(A%Q C)
prly pin
2 d

every supply pi
ro
2 supply pin group 2 b ¢ <\ x
very non-supply pin

ith supply pin group 2 (see
x C)

every supgly pin except pins of supply pin
group N ¢ d
N supply pin grodp N &-¢

every non-supply pin
associated with supply pin group N (see
N \\/ Annex C)
N1 one pi ch coupled no my/ the other pin of the coupled non-supply pin
/ pin patl, oge pair at\a tim pair
{ ot c

neWeither terminal A or terminal B shall be left unconnected
o connect pins are unconnected at all times.

2 In all combinatio pin
(floating pins) du

ther as a single group, or divided into subgroups. Subgroups can
be individuahpins. E sonnected to terminal A is stressed to each of these subgroups (see
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Table 3 — Alternative pin combinations sets

Pin
combination
set number °

Pin connected to terminal A

Pn) GErneeiEe] (o il 2 (single pins, tested one at a time)

every supply pin except pins of supply pin

group 12
1 supply pin group 12
every non-supply pin
every supply p| pt ins™af supply pin
2 supply pin group 2

on -sup Iy pin

@ pply pin except pins of supply pin
group N
N

N supply pin gro
every non-supply pin
N1 aII on>su pins, ex ptt pi each non-supply pin
+ st ( (as the PUT)

\r\c;gups known to be interconnected by a package plane.

B can be divided into subsets, such that each of these pins is a
ry terminal A pin is stressed to each of these subsets.

Non-supply pi te

terminal A or terminal B shall be left unconnected (floating pins) during
ct pins are unconnected at all times.

N
6.6.2 Nmnd supply to supply combinations (1, 2, ... N)

6.6.2.1 Use of Tables 2 and 3

Table 2 and Table 3 are organized by the DUT’s N supply pin groups. The first N rows of
these tables have one unique supply pin group tied to terminal B. When pins are not
connected by a package plane, pins within a supply pin group shall be stressed individually
(when connected to terminal A). When tied to terminal B, as shown in tables, these pins shall
all be connected either individually, or in groups, or tied together at the test board level.

6.6.2.2 Association of non-supply pins with supply pin groups (Table 2 only)

Each non-supply pin is associated with one or more supply pin groups (see 6.6.2). For
example, for an 1/O pin, the output drivers of the pin connect to the VCCIO supply group while
the input receiver of the same pin connects to the VCC supply group. Additionally, this 1/O pin
may be connected to one or more grounds (e.g., VSS, VSSIO). This information is typically
provided by the design team.

Full document details: IEC 60749-26 2013

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-60749-26-2013
http://www.avadocuments.com/doc/iec-60749-26-2013

60749-26 © IEC:2013 - 25—

A non-supply pin is associated with a supply pin group if either:

a) The connection to that supply pin group is necessary for the function of the circuit.

b) A parasitic path exists between non-supply and supply pin group (e.g., open-drain type
non-supply pin to a VCC supply pin group that connects to a nearby N-well guard ring).

In the testing described in Table 2, non-supply pins are only stressed against the supply pin
groups with which they are associated. If the information on the association with supply pin
groups for each non-supply pin is known, then non-supply pins may be stressed only to their
associated supply pin groups (see Annex C). Stressing to supply pin groups not associated
with a non-supply pin is not required. If this information is not available, then every non-
supply pin shall be tested to each supply pin group as specified in lines 1 to N of Table 3.

NOTE Pin combinations 1 to N in Table 3 treats all non-supply pins as being &
group.

6.6.2.3 Stress polarities of supply pins (Tables 2 and

When pins of supply pin groups are stressed to other st
perform all stresses with a single polarity.

and anomalous test results. Since every supp S respect to every other supply on
terminal B, all supply pairs are normally tested twjce. F S e_powey supply busses the positive stress of
power group 1 on terminal A versus power supply & eSsentially redundant to negative stress
of Power supply group 2 on terminal A vergus power SUpp eup 1 on terminal B. Removing this testing

redundancy allows testing only with the polarity whi inimNzes er parasitic. For most technologies, such as
CMOS circuits on p substrates, positive o i & or’some technologies negative only testing may
be preferred.

6.6.2.4 Alternative pin s n-supply pins (Tables 2 and 3)

A non-supply to@o gplaced by its corresponding supply pin to non-
supply pin stress. i stress is being replaced, the opposite polarity stress
shall be used. As nQ i are _typically not tied to other pins, this will require each

supply pin of th N grQup to/be stressed to each non-supply pin individually. If the
non-supply pind i i

parasitic tester capacitances.

NOTE 2 |If this alternatiVe test method is used on a supply pin group that has more than a small number of pins,

tester parasitic capacitance will increase (i.e., slow down) the rise time of the signal. Longer rise times may cause
dynamic ESD protection circuits not to function properly (See Clause C.3).

6.6.3 Non-supply to non-supply combinations
6.6.3.1 Use of Tables 2 and 3

Pin combination set N+1 in Table 2 specifies to stress each coupled non-supply pin pair.

6.6.3.2 Alternative non-supply to non-supply combinations

If information on non-supply pins to determine coupled pairs is not available, the pin
combination set N+1 in Table 3 shall be used. This specifies to stress each non-supply pin
individually (terminal A) with all other remaining non-supply pins tied together and connected
to terminal B, except for those shorted non-supply pins that are metal connected to the pin
under stress on the die, which will be left open as specified in 6.5.2.
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6.6.3.3 Shorted non-supply pins (Table 3 only)

If using Table 3 for a device that has shorted non-supply pins that are connected on the die
only and bonded out to multiple separate pins, then these pins shall be stressed individually
according to combination set N+1 with the remainder of these connected pins left floating. If
using Table 3 for a device that has shorted non-supply pins that are connected by a package
plane or share a common bond pad, one of these pins (selected arbitrarily) may be used to
represent the entire set of shorted non-supply pins. The remaining pins in the set need not be
stressed nor grounded and should be left floating during all testing.

6.6.3.4 Partition allowance for non-supply pins (Table 3 only)

When using Table 3 it is permitted to partition the non-supply pins be connected to
terminal B into two or more subsets, such that each of these pins is a
subset. The subsets may be single pins. The pin connected to termina

6.7 Testing after stressing

If a different sample group is tested at each stress leve
parametric and functional testing after all sample groupsha

7 Failure criteria

A part is defined as a failure if it Te
functional testing. If testing is required a
the lowest temperature first.

asheet parameters using parametric and
peratures, testing shall be performed at

8 Component classificatio

ESD sensitive cqm 1 S according to their HBM withstand voltage,
regardless of p i i /A component can be classified based on testing
with any HBM simyfate S Il the parameters of Clause 4. If a component tests to a
higher classificatio e/ NKE simulator than another, it is assigned the higher

classification.

If different
investiga

are seen from multiple testers, it is recommended to

able’4 — HBM ESD component classification levels

Classification Voltage Range (V)
0A <125
0B 125 to < 250
1A 250 to < 500
1B 500 to < 1 000
1C 1 000 to < 2 000
2 2 000 to < 4 000
3A 4 000 to < 8 000
3B > 8 000
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Annex A
(informative)

HBM test method flow chart

HBM classification
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.
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Component
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