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2.4.2 Conductive Materials
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1,000,000,000 10*
10,000,000,000 100
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Information Summary of

Static Losses By Level

Static Losses Reported

Description Min,Loss Max,Loss Est. Avg, loss
Component 4% 97% 16-22%
Manufacturer

Subcontractor 3% 70% 9-15%
Contractor 2% 35% 8-14%
User 5% 70% 27-33%
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Class Voltage Range
Class 0 <250 volts
Class 1A 250 volts to <500 volts
Class 1B 500 volts to < 1000 volts
Class 1C 1000 volts to <2000 volts
Class 2 2000 volts to <4000 volts
Class 3A 4000 volts to < 8000 volts
Class 3B > = 8000 volts

a13197 2.6 Juuua huesginsaidemsmeseq luiheadta lunssl MM

Class Voltage Range
Class M1 <100 volts
Class M2 100 volts to <200 volts
Class M3 200 volts to < 400 volts
Class M4 > or =400 volts

a13197 2.7 guuuanu hesglnssidenmsaelsyy lvliheada lunsdl com

Class Voltage Range
Class C1 <125 volts
Class C2 125 volts to <250 volts
Class C3 250 volts to < 500 volts
Class C4 500 volts to < 1000 volts
Class C5 1000 volts to < 1500 volts
Class C6 1500 volts to <2000 volts
Class C7 >=2000 volts
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(This foreword is net part of ESD Asscciation Standard Test Method ANSI/ESD STMS.1-2001)
Foreword

To characterize a component's electrostatic discharge (ESD) susceptibility fully, it should be tested to the
following three ESD test standards:

+ Human Body Model (HBM)
¢ Charged Device Model (CDM)
+ Machine Model (MM)

Requirements for MM and CDM testing are contained in ESD Association Standard Test Methods STM
5.1 and STM5.3.1 respectively.

Users of this standard test method should understand that the data obtained when classifying
components does not necessarily mean that the components will be unaffected if subjected to a lower
level of actual electrostatic discharge (ESD). ESD from a human being varies considerably, and depends
on many factors. Some of these variable factors include: the characteristics of the individual human
body; proximity to a ground plane or other objects; whether the discharge occurs from a finger or a hand-
held metal object; and tShe coupling between the component and ground.

The waveform specified in this standard test method is similar to that of MIL-STD-8830 Method 3015.7,
but the characteristic and ESD stress test method is further defined. Existing data, generated with testers
meeting the waveform specifications contained here, shall be considered valid ESD stress test data in
accordance with this standard test method.

This updated standard test method contains non-technical changes and is an updated version of the ED-
STM5.1-1998 that was originally approved on February 8, 1998. This standard test method was
processed and approved for reaffirmation to the ESD Asscciation Standards Committee (STDCOM). At
the time that this standard test method was approved the working group had the following members:

Mike Chaine, HBM Chairman
Micron Technologies, Inc.

John Barth Tilo Brodbeck Bob Carey

Barth Electronics Infineon Technolgies AG Agere Systems
Vaughn Gross Leo G. Henry Hugh Hyatt

IBM Microelectronics lon Systems Hyger Physics
Natahan Mahadeva lyer Mark Kelly Tom Meuse

IMEC Delphi Delco Thermokey Tek
John Mick lan Morgan Larry Ting

Intel AMD Texas Instruments

Koen Verhaege
Sarnoff Europe
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ESD Association standards and publications are designed to serve the public

2 interest by eliminating misunderstandings between manufacturers and purchasers,
Caution facilitating the interchangeability and improvement of products and assisting the
Notice purchaser in selecting and obtaining the proper product for his particular needs.
The existence of such standards and publications shall not in any respect preclude
any member or non-member of the Association from manufacturing or selling
products not conforming to such standards and publications. Nor shall the fact that
a standard or publication is published by the Association preclude its voluntary use
by non-members of the Association whether the document is to be used either
domestically or internationally. Recommended standards and publications are
adopted by the ESD Association in accordance with the ANSI Patent policy.

Interpretation of ESD Association Standards: The interpretation of standards in-
so-far as it may relate to a specific product or manufacturer is a proper matter for
the individual company concern and cannot be undertaken by any person acting
for the ESD Association. The ESD Association Standards Chairman may make
comments limited to an explanation or clarification of the technical language or
provisions in a standard, but not related to its application to specific products and
manufacturers. No other person is authorized to comment on behalf of the ESD
Association on any ESD Association Standard.

Published by:

Electrostatic Discharge Association
7900 Turin Road, Building 3, Suite 2
Rome, NY 13440-2069

Copyright © 2001 by ESD Association
All rights reserved

No part of this publication may be reproduced in any form, in
an electronic retrieval system or otherwise, without the prior
written permission of the publisher.

Printed in the United States of America

ISBN: 1-58537-036-3
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ESD Association Standard Test Method

ANSIESD-STMS.1-2001ESD

ESD Association Standard Test
Method for electrostatic discharge
sensitivity testing.

HUMAN BODY MODEL (HBM) -
Component Level

1. Scope and purpose

11 Scope

This standard establishes the procedure for
testing, evaluating, and classifying the
electrostatic discharge (ESD) sensitivity of
components to the defined human body model
(HBM).

1.1.1 Existing data

Data previously generated with testers meeting
all waveform criteria of this standard shall be
considered valid test data.

1.2 Purpose

The purpose of this standard is to establish a
test method that will replicate HBM failures and
provide reliable, repeatable results from tester to
tester, regardless of component type.
Repeatable data  will allow  accurate
comparisons of HBM ESD sensitivity levels.

2. References

ESD ADV. 1.0 Glossary of Terms'
EOS/ESD - S 5.1 (previous HBM issues)
EOS/ESD - § 5.2 Machine Model (MM)
ESD - 85.2 MM

3. Definitions
The following definitions are in addition to those
in the EOS/ESD Glossary of Terms.

3.1 Component

An item such as a resistor, diode, transistor,
integrated circuit or hybrid circuit.

T ESD Association, 7900 Turin Road, Bldg 3,
Ste 2, Rome, NY 13440, 315-339-6937

3.2 Component failure

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

3.3 Data sheet parameters

Static and dynamic component performance
data supplied by the component manufacturer or
user.

3.3.1 Static parameters are those measured
with the component in a non-operating condition.
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.

3.3.2 Dynamic parameters are those
measured with the component in an operating
condition. These may include, but are not limited
to full functionality, output rise and fall times
under a specified load condition, and dynamic
current consumption.

3.4 Electrostatic discharge sensitivity
(ESDS)

The ESD level that causes component failure.

3.5 ESD withstand voltage

The maximum ESD level that does not cause
component failure.

3.6 Human body model (HBM) ESD

An ESD event meeting the waveform criteria
specified In this standard, approximating the
discharge from the fingertip of a typical human
being.

3.7 Machine Model (MM) ESD

An ESD event meeting the criteria specified in
the Machine Model standard S5.2.

3.8 HBM ESD tester

Equipment (referred to as "tester" in this
standard) that applies Human Body Model ESD
to a component.
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3.9 Ringing

High frequency oscillation superimposed on the
waveform.

3.10  Step stress test hardening

This occurs when a component subjected to
increasing ESD voltage stresses is able fo
withstand higher stress levels than a similar
component stressed at a single lower voltage
level. For example: a component may fail at
1000 volts if subjected to a single stress, but fail
at 3000 volts if stressed incrementally from 250
volts.

4. HBM ESDS Component
classifications

ESD sensitive components are classified

according to their HBM ESD withstand voltage,

regardless of polarity. The HBM ESDS

component classification levels are shown in

Table 1.

Table 1 HBM ESDS Component Classification

Class Voltage Range
0 < 250
1A 250 to < 500
1B 500 to < 1000
1C 1000 to < 2000
2 2000 to < 4000
3A 4000 to < 8000
3B = 8000

5. Required equipment

51 HBM ESD tester

An acceptable ESD tester is composed of
equipment meeting the requirements of this
standard. (Schematically represented in Figure
1, producing pulses meeting the waveform
characteristics specified in Figures 2 and 3.)

52 Waveform verification equipment

Equipment capable of verifying the pulse
waveforms defined in this standard include but is
not limited to an oscilloscope, two evaluation
loads, and a current transducer.

5.21 Oscilloscope requirements:

a. Minimum sensitivity of 100 milliampere
per major division (typically one
centimeter) when used in conjunction

53

with the current transducer specified in
Section 5.2.3.

b. Minimum single shot bandwidth of 350
megahertz.

c. Minimum writing rate of one major
division per nanosecond.

§.2.2 Evaluation loads. Two evaluation loads
are necessary to verify tester
functionality:

a. Load 1. A solid 18-24 AWG (0.83 fo
0.21 mm? 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.

b. Load 2: A 500 ohm, +1%, 1000 volt, low
inductance, sputtered film resistor
(Caddock Industries type MG 714 or
equivalent).

523 Current transducer requirements:

a. Minimum bandwidth of 350 megahertz.
Peak pulse capability of 12 ampere.
Rise time of less than 1 nanosecond.
Capable of accepting a solid conductor
of 1.5 millimeters in diameter.

e. Provide an output voltage per
milliampere as required in section
5.21.a. (Usually between one and five
millivolt per milliampere.)

o o T

A Tektronix CT-1 or equivalent with a maximum
cable length of 1 meter meets these
requirements.

6. Equipment and waveform
requirements

6.1 Equipment calibration

All equipment used to evaluate the tester shall
be periodically calibrated in accordance with the
manufacturer's recommendation. This includes
the oscilloscope, current transducer, and high
voltage resistor load. Maximum time between
calibrations is one year. Calibration shall be
traceable to national standards, such as the
National Institute of Standards and Technology
(NIST) in the United States, or comparable
international standards.



6.2 Tester qualification and
requalification

HBM ESD tester initial qualification in
accordance with Section 7 shall be performed as
part of the acceptance testing when the ESD
tester is delivered or first used.

Perform the HBM ESD tester requalification
described in Section 7.1 in accordance with the
manufacturer's recommendation. Maximum time
between full requalification tests is one year.
Perform tester verification in accordance with

Section 7.3 following repairs or servicing that
could affect the waveform. Use the highest pin
count test fixture board with a positive clamp
socket for the waveform verification. All other
test fixture boards shall be checked routinely
when they are used in accordance with Section
8.1.2
Note 1. 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.

6.3 Tester waveform records

6.31 Tester
equipment

waveform records: new

Record positive and negative waveforms (using
either photographs or digitized waveforms)
during the tester initial gualification procedures.
Test each socket in accordance with Section
7.1. Use the voltage levels defined in Section
7.2. Retain the waveform records until the next
calibration or for the duration specified by the
internal record keeping procedures.

6.3.2 Tester waveform records: old
equipment. Record positive and negative using
both the short circuit wire and the 500 ohm load
resistor as defined in Section 7.1. Use the
highest pin count test fixture with a positive
clamp socket Perform these tests as
recommended by the eguipment manufacturer
or during the yearly calibration cycle. Retain the
waveform records until the next calibration or for
the duration specified by the internal record
keeping procedures.
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7. Qualification and verification
procedures

71 HBM ESD tester and test fixture
board qualification procedure

HBM ESD tester qualification shall ensure
waveform integrity of the peak current into a
short (Ips) as specified in Figures 2a, 2b and 3.
For initial qualification, qualify each socket on
the test fixture board.

For tester requalification, it is only necessary to
use the highest pin count text fixture board with
a positive clamp socket. All other positive clamp
test fixture boards shall be checked when they
are used in accordance with Section 8.1.2.

711 Verify electrical continuity for all pins on
the test fixture board.

7.1.2 Qualification of new test fixture boards

7.1.2.1 For each socket identify the socket pin
with the shortest wiring path to the pulse
generation circuit. Connect this pin to Terminal
B. Connect each of the other pins in turn to
Terminal A. Apply a + 1000 volt pulse using the
shorting wire. All waveform parameters shall be
within the limits specified in Figure 2a and
Figure 3.

7.1.3 Qualification of existing test fixture
boards

7.1.3.1 Define the reference pin pair for each
test socket on the test fixture board. Identify the
socket pin with the shortest wiring path from the
pulse generation circuit to the test socket
Connect this pin to Terminal B. Identify the pin
with the longest wiring path from the pulse
generator circuit to the ESD stress socket.
Connect this pin to Terminal A.

Alternatively, the reference pin pair previously
identified during MM testing may be used. (Refer
to ESD-S5.2)

7.1.3.2 Attach the shorting wire between the
reference pin pair connected to Terminal A and
Terminal B. Place the current transducer around
the shorting wire, as close to Terminal B as
practical, observing the polarity shown in
Figure 1.
a. For positive clamp sockets, insert the
shorting wire between the socket pins
connected to Terminals A and B.

b. For non-positive clamp sockets, attach
the shorting wire to the wiring of the test

3
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fixture between the socket pins
connected to Terminals A and B. The
connection points shall be as close as
possible to the test socket pins.

7.1.3.3 Apply 5 positive and 5 negative pulses.
Observe waveforms at 1000 volts, 2000 volts,
and 4000 volts. Verify that the waveforms meet
all parameters specified in Figure 2a.

7.1.3.4 Replace the shorting wire with the 500
ohm resistor. Pass the wire end of the resistor
that will be connected to Terminal B through the
current transducer observing the polarity shown
in Figure 1.

7.1.3.5 Observe waveforms at 1000 and 4000
volts, both positive and negative polarities.
Verify that the waveforms meet all parameters
specified in Figure 3.

7.1.3.6 Set the horizontal time scale of the
oscilloscope to one millisecond per division.
Using the shorting wire, initiate a pulse and
verify that any spurious pulse is less than 15%
of the amplitude of the main pulse.

7.2 Waveform verification procedure

Use the following procedure to verify the
waveforms.

7.21 Verify electrical continuity for all pins on
the test socket fixture board.

7.2.2 Attach the shorting wire between the
reference pin pair. Place the current transducer
around the shorting wire, as close to Terminal B
as practical, observing the polarity shown in
Figure 1.

7.23 Use the shorting wire to verify the
waveforms at 1000 and 4000 volts (or for the
stress level to be tested), for both positive and
negative polarities. Verify the waveforms at
8000V if testing will be performed above 4000V.
Verify that the waveforms meet all parameters
specified in Figure 2a.

7.24 Set the horizontal time scale of the
oscilloscope to one millisecond per division.
Initiate a pulse and verify that any spurious
pulse is less than 15% of the amplitude of the
main pulse.

73 Waveform verification following
servicing

Verify the waveforms meet all parameters
specified in Figure 2a after any repairs or

4
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servicing of the tester following manufacturer's
recommendations and Section 7.1.

8. ESDS testing requirements and
procedures
8.1 Test requirements

8.1.1 Handiing of components. Use ESD
damage prevention procedures when handling
components before, during and after testing.

8.1.2 Required waveform check Verify
waveform integrity (described in Section 7.2)
using the shorting wire at £1000 volts, or the
stress level to be tested Waveform integrity
shall be checked for the reference pin pair as
designated in Section 7.1.3.

The waveform check is required for positive
clamp sockets each time the test fixture board is
changed. The waveform check is recommended
for all other socket types.

Verify the waveform at least once per shift. If
necessary, remove the test fixture board being
used and replace with a positive clamp socket
test fixture board to facilitate waveform
measurements. Longer periods between
waveform checks may be used if no changes in
waveforms are observed for several consecutive
checks. However, If the waveforms no longer
meet the specified limits, all ESD stress tests
subsequent to the previous satisfactory
waveform check shall be considered invalid.

If ESD stress testing is performed in consecutive
shifts, waveform checks at the end of one shift
may also serve as the initial check for the
following shift.

8.1.3 High voltage discharge path check.
Test the high voltage discharge path and all
associated circuitry at the beginning of each day
during which ESD stress testing is performed.
Use the tester manufacturer's recommended
procedure. If any failure is detected, do not
perform testing with the sockets that use the
defective discharge paths. Repair the tester and
then requalify it in accordance with Section 7.3.

8.1.4 Component static and dynamic tests.
To determine whether components have failed,
perform static and dynamic testing to all data
sheet parameters before and after ESD testing.
Pin leakage current may only be used as guides
in determining the component ESD withstand



voltage. It is not sufficient, especially for
complex integrated circuits, to use pin leakage
as the only criterion for component failure.

8.1.5 Pincombinations.

The pin combinations to be used for ESD
stressing of all integrated circuit components are
given in Table 2 and Section 8151 Pin
combination (n) is the total number of pin
combinations. This varies from component to
component depending on the number of power
pin groups with the same name. Vps(i) in table
2, is any set of like named power supply or
ground pins (e.g., Vce, Vss, Vdd, analog GND,
digital GND, etc.) which are metallically
connected (within 2 ohms) on the chip or within
the package. Like named pins that are
resistively connected via the chip substrate or
wells, or are electrically isolated from each other
(more than 2 ohms), are considered separate
sets for the purpose of these tests. (i.e, iIf two
pins are labeled Vce, but are not metallically
connected within 2 ohms within the
chip/package, they shall be treated as distinct
and separate Vps(i) sets.) Only those pins that
supply current to or interface to other pins shall
be considered to be power pins. Ping such as
Vee, Vdd, GND, Vss, Vee, +Vs and -Vs are
considered power supply pins. These pins
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supply current to input and output buffers in
such a way as to interface closely with the
environment through other pins.

Pins such as offset adjust, compensation,
clocks, controls, address, data, Vref, no
connects (NC), output and input pins are

considered non-power supply pins. For example,
a programming power pin, usually called Vpp,
shall be considered to be a non-power supply
pin because it does not supply current to or
interface with any other pins, and is not a diode
drop away from any non-power pins.

For further clarification on pin combinations, see
example in Appendix A.

Pin combinations to be used for ESD stressing
of all active and passive discrete components
and component arrays are given in Section
8.1.5.1.

8.1.51 Pin combinations for all discrete
components and component arrays (including
both passive and active components).

All possible pin pair combinations (one pin to

terminal A, another to terminal B) regardless of
pin function.

Table 2-Pin combinations for all digital, analog and hybrid integrated circuits

Pin Combination Set

Connect to Terminal B

Connect Individually

Floating Pins

atatime.

pins, except the pin
connected to terminal A.

to Terminal A (Ground) {(unconnected)
1 All pins one at a time, Vps(1) All pins except pin
except the pin(s) [First power pin(s)] under test (PUT) and
connected to terminal B Vps(1) [First power pin]
2 All pins one at a time, Vps(2) All pins except PUT and
except the pin(s) [Second power pin(s)] Vps(2)[Second power
connected to terminal B pin]
i All pins one at a time, Vps(i) All pins except PUT and
except the pin(s) [ith power pin(s)] Vps(i)
connected to terminal B 2, ]
n-1 All pins one at a time, Vps(n-1) All pins except PUT and
except the pin(s) Vps(n-1)
connected to terminal B
n All hon-Vps(i) pins one All other non-Vps(i) All Vps(i) pins
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8.2 HBM classification and ESD stress
testing procedure

Classify components according to their HBM
ESD withstand voltage. Perform ESD stress
testing at room temperature in accordance with
the procedure below. It is permissible to use any
voltage level in Table 3 as the starting stress
level. 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 on power pins.
However, if a single set of three components is
stressed at each level, then fo avoid missing
possible ESD wvulnerability windows, it is
recommended not to miss any stress step.

ESD classification testing shall be considered
destructive to the component, even if no
component failure occurs.

Table 3 HBM ESD Stress Levels

Stress Level Equivalent Charging (£)
voltage

Vp (volt)

250

500

1000

2000

4000
8000 (optional)

(o] (8] NN {01 8] B

Note 2: A component may pass at 4000V but
fail at 2000V; this is called a
component fail window. To avoid this
fail window, it is recommended that
components are tested at each
classification level defined in Table 3.

Use the following procedure to classify
components:

821 Test a minimum of three samples of the
component to all specified static and dynamic
data sheet parameters.
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8.2.2 Determine the starting stress voltage
level from Table 3. Select the first pin
combination to be tested as stated in Section
8.1.5.

8.23 Apply one positive and one negative

pulse to the component. Allow at least a 0.3

second interval between pulses. Repeat this

process using all other pin combinations

specified in Section 8.1.5.

Note 3: One pulse per polarity is a significant
change from previous 51 HBM
standards (1991, 1993), which were
three pulses per polarity.

8.2.4 Test the components to full static and
dynamic data sheet parameters and record the
results for each component. Parametric and
functional testing shall be performed at room
temperature. If testing is required at multiple
temperatures, testing shall be performed at the
lowest temperature first.

If all three components pass the specified data
sheet parameters, repeat steps 8.2.3 through
8.2.4, using the next higher stress level of Table
3. Three new components may be used at each
voltage level or pin combination if desired.

8.25 If one or more components fail, repeat
the ESD stress test using three new
components starting at the next lower stress
level. If the components continue to fail,
decrease the stress voltage until level 1 is
reached in Table 3. If any additional failures are
observed at level 1, stop all testing at this level.

9. Failure criteria

A component is considered an ESD failure if it
fails the data sheet parameters as specified in
section 8.2.4,
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EVALUATION LOADS
DUAL POLARITY IA — —_—
PULSE GENERATOR Ri
. -
10K- | COMPONENT E o
10M UNDER @] S o
(NOMINALLY TEST %
100 pF and 1.5K) Swi I
v B E—
' [

HBM ESD TESTER
CURRENT TRANSDUCERS

Figure 1-ESD stress test (HBM)

Requirements:

1

2,

o

. The current transducers are specified in 5.2.3

The shorting wire and 500 ohm resistor R2 are specified in 5.2.2

. Reversal of Terminals A and B to achieve dual polarity performance is not permitted.

SWA1 is closed 10 to 100 milliseconds after the pulse delivery period to ensure the socket is not
left in a charged state. It should be opened at least 10 milliseconds prior to the delivery of the
next pulse. The resistance R1 in series with the switch ensures a slow discharge of the device,
thus avoiding the possibility of a charged device model discharge.

The Dual Polarity Pulse Generator shall be designed to avoid recharge transients and double
pulses.

Piggybacking of test sockets (the insertion of secondary sockets into the main test socket) is
allowed only if the secondary socket waveform meets the requirements of this standard.

Measure the current waveform as described in Section 7.2.
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_7““"—-.__ ____L
I / \ 1 r H‘\"‘“\-‘
ps —
7 E _——
9% / ﬂ\hl‘_‘“
; Tt
/ : | ]
|
10% | 4 X
- t R S Nanoseconds per division
Figure 2a-Current pulse through a shorting wire
Parameter Value
lpg for 250V stress (ampere) 0.17 (+10%)
lpg for 500V stress (ampere) 0.33 (£10%)
lps for 1000V stress (ampere) 0.67 (£10%)
lps for 2000V stress (ampere) 1.33 (£10%)
Ipg for 4000V stress (ampere) 2.67 (£10%)
lpg for 8000V stress (ampere) (4) 5.33 (+10%)
t, (pulse rise time) 2 to 10 nanoseconds
Ir (peak to peak ringing) < 15% of Ips. No ringing 100
nanoseconds after start of pulse

Note 4: Optional, only needed if testing performed above 4000V.

Requirement:

8. I The maximum allowable peak-to-peak ringing must be less than 15% of s, when measured
parallel to the current waveform, with no observable ringing 100 nanoseconds after the start of
the pulse.
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36.8%

Bt

-— td — 100 Nanoseconds per division

Figure 2b-Current waveform through a shorting wire (tq)

Parameter

Value

tq (pulse duration)

150 nanoseconds + 20
nanoseconds

60
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90%

10% —

5 Nanoseconds per division

Figure 3- Current waveform through a 500 ohm resistor

Parameter

Value

lpr (amMpere)

375 mA — 550mA for 1000 volt pre-charge

lpr (@ampere)
lpr/lps

1.5 A—-2.2 A for 4000 volt pre-charge
> 83%

Requirement:

9.

Notes:

10

The current pulse shall meet the following characteristics:

Pulse rise time 5 nanoseconds to 25 nanoseconds.
r The maximum allowable peak-to-peak ringing must be less than 15% of 'pr when
measured parallel to the current waveform, with no observable ringing 100

nanoseconds after the start of the pulse.

| Peak current through the 500 ohm resistor shall be between 375mA and 550mA for a

pre-charge voltage of 1000 Volts and between 1.5A and 2.2A for a pre-charge
voltage of 4000V. I, shall not be less than 63% of the previously measured |

for the same stress level.

The peak current and risetime into the 500 ohm resistor will vary, depending upon the capacitive

loading of the socket and peripheral wiring.

It is not necessary to measure td, pulse decay time of the current through the 500 ohm resistor,

as this will vary, depending upon how the tester forms the pulse.

The 500 ohm waveform standard is intended to assure that socket capacitance is limited. But
for a given component, socket capacitance within those limits could still influence ESD withstand

voltage.
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Appendix A: Example of pin combinations using Table 2.

The following example is intended to clarify the pin combinations given in Table 2. The example is for a
10 pin device with 2-Vdd, 2-Vss, 2-Vee, 2-input and 2-output pins. It is assumed that the like-named
power supply pins are metallically connected. If not, each should be treated as an individual supply pin.

Sequence # | Pin comb. | Connectto A Connect to B Float Pins
1 1 1st input pin 2-Vdd all other 7 pins
2 1 2nd input pin 2-Vdd all other 7 pins
3 1 1st output pin 2-\Vdd all other 7 pins
4 1 2nd output pin 2-Vdd all other 7 pins
5 1 1st Vee pin 2-Vdd all other 7 pins
6 1 2nd Vee pin 2-Vdd all other 7 pins
7 1 1st Vss pin 2-Vdd all other 7 pins
8 1 2nd Vss pin 2-Vdd all other 7 pins
9 2 Repeat 1-8 but swap Vdd and Vss
10 3 Repeat 1-8 but swap Vdd and Vce
11 4 1stinput pin | output 1,2 and input 2 | all Vdd, Vss and Ve pins
12 4 2nd input pin | output 1,2 and input 1 | all Vdd, Vss and Vcc pins
13 4 1st output pin | input 1,2 and output 2 | all Vdd, Vss and Vce pins
14 <1 2nd output pin | input 1,2 and output 1 | all Vdd, Vss and Vcc pins
Notes:

8. Power supply and ground pins include Vdd, Vece, Vss, GND, Grd, +Vs, -Vs, etc. as defined in
8.1.5. Pins such as offset adjust, compensation, clocks, controls, address, data and input shall
be considered non-power supply pins. For each combination sequence, follow the procedure
established in Section 8.2.

9. The sequence # noted, refers to the sequence of pin combinations for stressing.

11



ANSI/ESD STM5.1-2001

Appendix B: HBMSTM5.1 Procedure Flow

Procedure

Is Equipment

N—P Qualification & Verification Procedure
Qualified?

Section 7.

v

Record Waveforms

Has Equipment Y_. Manufacturer's Recommendation

Section 7.3

New Shift?
or

’ Waveform Verification Procedure
Y Section 8.1.2

Fixture board

Daily
Tester Diagnostics

High Voltage Discharge Path Check
% ) Section 8.1.3

needed?

Component Pre-ESD test
Section 8.1.4 (8.2.1)

v

ESD Stress Procedure
Section 8.2

Component Post-ESD test
Section 8.1.4 (9.0)

v

Component Classification
Section 4

12
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SURFACE RESISTANCE CHECKER

Model: SURPA-385

SURFACE RESISTANCE CHECKER

Model: SURPA-385

Product Description

The pocket resistivity Meter,with specifications from10°Ohms per square to 10"°Ohms per
square,with accuracy+orl/2 Decade.The meter can be supplied with a certificate of Calibration
upon request.The meter measures both surface resistivity and resistance to ground.TO measure
surface resistivity,simply place the meter on the material that requires measuring,and press the
green test button.The meter will then light the appropriate LED from10°-10"> Ohms per square or
insulative.To measure resistance to ground,repeat this process and insert the earth leakage lead in
the earth socket attaching the croc clip to your ground point.

SIZE: 130mm x 70mm x 25mm

POWER: 9 volt PP3 Battery

Used in anti-static workshop, testing room.

Test voltage:10v

Test range:10e3-10e12

Packing:Shielding bag and leather bag
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Viodel 520 Series

Hand-Held Electrostatic Voltmeters

The Trek Madel 520 series Hand-Held Electrostatic Voltmeters provide
accurate, noncontacting measurements of electrostatic surface voltage
for ESD applications in either ionized or non-ionized environments.
Industrial applications include measuring charge accumulation in the
LCD manufacturing process or measuring static charge in
semiconductor production. The Model 520 series voltmeters utilize a
new measurement technique that overcomes the disadvantage of the
typical hand-held fieldmeter by providing surface voltage
measurements which are essentially independent of the sensor probe-
to-measured surface spacing.

Model 520

Over a spacing range of 5 mm to 25 mm, the 520 voltmeter provides
better than a 5% voltage measurement accuracy, while the typical
fieldmeter provides a voltage measurement error in excess of 50%. An
optional voltage monitor output is available.

Model 523

Over a spacing range of 30 mm to 60 mm, the 523 voltmeter provides
greater than a 5% voltage measurement accuracy, while the typical
fieldmeter provides a voltage measurement error in excess of 50%.

The 520 series provides a measurement system which complies with
standardized calibration equipment traceable to the National Institute
of Standards and Technology. The 520 series hand-held voltmeters
employ a slender sensor probe design that provides flexibility to make
measurements in many locations which are impossible to reach using
the large, bulky sensing surfaces of the typical hand-held fieldmeter.
The slender design also allows for higher spatial resolution capability
by allowing the measurement of small surface areas. A "hold"
pushbutton retains the displayed measured voltage value for recording
purposes.

CONTROL WITHOUT COMPROTI @_ .

Model 520 Measurement
Range: 0 to #2 kV DC

Model 523 Measurement
Range: 0 to #20 kV DC

Accurately measures
surface voltage at a wide
range of spacings

No need to maintain a
fixed spacing

Inspect small spots for
charge accumulation

Measure charge
accumulation in difficult-
to-reach locations

Chopper stabilized for
drift-free operation in
ionized environments

Low cost

C€ compliant

created with

nitro™" professional

riew=inar the froe tial nelies at nampdl come pedess onal
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Model 520 Series General Specifications

All Model 520 specifications are with a probe-to-surface separation of 15 mm, £10 mm.
All Model 523 specifications are with a probe-to-surface separation of 45 mm, £15 mm.

Viodel 520
Performance

Measurement Range
0to +2 kV DC.

Accuracy
Better than £5% of full scale over the
entire recommended probe-to-
surface separation range of
5 mm to 25 mm.

Model 520 Compared to Typical Fieldmeter
Displayed Voltoge vs. Probe-to-Surfoce Separation

Model 523
Performance

Measurement Range
0 to +20 kV DC.

Accuracy
Better than 5% of full scale over
the entire recommended probe-to-
surface separation range of
30 mm to 60 mm.

Model 523 Compared to Typical Fieldmeter
Displayed Voltoge vs. Probe-fo-Surfoce Separation

Vx2 Vx2q
Displayed | \ isplayod | ] \
voltage V7] Voliaga V]
ov T T T T T T T av TTT T[T T T T T T T T[T TT T 7T
4] 10 20 30 40 50 1] 20 40 60 80 100
Probe-to Surface Separation (mm) Probe-to Surface Separation (mm)

------- Surface Voitage weesnss Surface Voltage
m— 520 Performance w523 Perlormance
—— Typcal Fioldmater —— Typical Fieldmater

Dimensions Dimensions

31 mmHXx59 mmWx 173 mm D
(1.2"Hx2.3"Wx 6.8"D).

Weight
200 g (7 oz), with battery.

Model 520-2 Voltage Monitor Output
A 1.3 mm jack provides a low-voltage
replica of the measured voltage.
Ratio

1/1000th of the measured
voltage.

Speed of Response (10% to 90%)
Less than 25 ms for an input step
change of 2 kV.

Output Impedance
47 Q,

For more information about these or

3ImmHx59 mmWx 183 mm D
(L.2"Hx2.3"Wx 7.2"D).

Weight
200 g (7 oz), with battery.

Common Features

Power On/Off
A push-button switch.

Stability
Drift with Time
Less than 600 ppm/hour,
noncumulative.
Drift with Temperature
Less than 600 ppm/“C.

Common Features
(cont.)

Operating Time
8 hours with a new battery.

Hold
A push-button switch that, when
pressed, commands the voltage
display to hold the value displayed
until the switch is released.

Voltage Display
3 "2 digit liquid crystal display.

Range (Model 520)
Oto £1999 V.

Range (Model 523)
0 to £19.99 kV.

Resolution (Model 520)
1V

Resolution (Model 523)
10 V.

Sampling Rate
2.5 readings per second.

Zero Offset
Less than +£4 counts.

Power Requirements
One (1) 9-volt NEDA 1604 battery,
IEC 6R61 battery, or equivalent.

Ground Receptacle
Snap-on connector.

Operating Conditions
Temperature
15 °Cto 35 °C.
Relative Humidity
To 85%, noncondensing.

other products, contact TREK, INC. Copyright @ 2003 TREK, INC. All specifications are subject to change. 0042/JNC

Ordering Information
Model 520 Series Accessories Supplied

Item Part No. ltem Part No
Hand-held Electrostatic Voltmeter (O to £2 kV DC).....520-1-CE Operating Instructions (Model 520).....cccciiievininiieainnans 23100
Hand-held Electrostatic Voltmeter with Operating Instructions (Model 523).....ccccciiiinsiniinninnnns 23099
Voltage Monitor Output (0 to £2 KV DC)..ceeveneenens 520-2-CE Voltage Monitor Output Cable Assembly (Model 520-2) B6005
Ground Reference Cable Assembly.....cccueveeviicriccinnannes N9079
Hand-held Electrostatic Voltmeter (O to +20 kV DC)..523-1-CE 9-volt NEDA 1604 Battery, IEC 6R61 Battery, or
equivalent F1003
TREK, INC. 11601 Maple Ridge Road * Medina, NY 14103 « 800-F( created “;‘I;F )
585-798-3140 * 585-798-3106 (fax) » www.trekinc.com * sales@tre nitro professmnal

download the free trial online at naropdf comypealemions



AC Current Probes
CT1+CT2+CT6 Data Sheet

CT6. Current Probe

69

Features & Benefits

= High Bandwidth

= Ultra-low Inductance

= Very Small Form Factor

= Characterize Current Waveforms up to <200 ps Rise Times
= Very Low Loading of Circuit Under Test

= Fits Into Dense, Closely-spaced Circuit Designs

Applications

= Data Storage Read Channel Design

= Silicon Characterization

= High-frequency Analog Design

= ESD Testing

= Signal Injection

= Differential Current Measurements

= Single-shot Low Rep-rate Pulse Measurements

= Propagation Delay Measurement

Tektronix-
s



Data Sheet

CT1/CT2. Current Probes with PE041 BNC Probe Cable.

CT6 Current Probe

The CTG is the newest addition to the Tektronix portfolio of high-frequency
current probes. Itis designed to meet the needs of high-speed circuit
design and test applications which require ultra-high bandwidth, low
inductance, and extremely small form factor. The CT6 provides up to

2 GHz bandwidth when used with high-bandwidth oscilloscopes such as
the Tektronix TDS694C, TDS794D, and TDS7000 Series oscilloscopes or
with other compatible 50 Q input measuring instruments. Low inductance
(<3 nH) assures that the loading effect of the CT6 on the circuit-under-test
will be negligible, which is especially important for today's low-amplitude,
high-speed circuit designs such as disk drive read/write preamplifiers. The
probe is a closed-circuit design which will accept uninsulated wire sized
up to 20 gauge. This product is exempt from CE mark by virtue of its 30 V
voltage limit.

CT1/CT2 Current Probes

The CT1 and CT2 Current Probes are designed for permanent or
semi-permanent in-circuit installation. Each probe consists of a current
transformer and an interconnecting cable. The current transformers have
a small hole through which a current carrying conductor is passed during
circuit assembly.

2 www.tektronix.com
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The P6041 Probe Cable provides the connection between the CT1 and CT2
Current Transformers and a BNC oscilloscope input. A 50 Q termination

is required to terminate the cable when connected to a high-impedance

(1 MQ) oscilloscope input. One probe cable can be used to monitor several
current transformers that have been wired into a circuit.

Miniature Construction

The CT1 and CT2 detachable cable design enables one or more probes to
be located on circuit boards or in other limited space areas.

The CT6 offers the smallest form factor available, for measurement on
ever-shrinking circuit boards and components. Itis designed for temporary
installation and does not incorporate removable cables, as the CT1 and
CT2 do.

Extendible Probe Length

Specified rise time and bandwidth are obtained when using the probe
cables provided: The P6041 cable used with the CT1 and CT2 is 42 inches
nominal. If additional length is required, the cables can be extended by
using high-quality 50 () cable and suitable interface connectors. (Also see
Special Probe Cables, Optional Accessories.) Long cables may degrade
high-frequency response.

High Sensitivity

The CT1 and CT6 provide an output of 5 mV for each milliamp of input
current when terminated in 50 Q. The CT2 provides 1 mV per milliamp when
terminated in 50 Q.

Typical Systems

The CT1, CT2, and CT6 high-frequency current transformers are dynamic
(i.e., non-DC) current measuring devices. They are typically used in
conjunction with compatible high-bandwidth oscilloscopes and other
instruments to observe and/or record high-frequency current waveforms.
The CT1, CT2, and CT6 normally operate directly into 50 (2 scopes and
other measuring device inputs.

The CT1 or CT2 can be used with 1 MQ input systems; use the P6041
probe cable and terminate the output with a 50 Q feed-through termination
(see Optional Accessories).

In all cases, the CT1, CT2, and CT6 must work into 50 Qs to obtain
specified performance and sensitivity.



Typical Measurement Applications

Differential Current Measurements

Most true-differential voltage amplifiers have a maximum bandwidth

of about 100 MHz. The CT1 or CT6 can make differential current
measurements to 1 GHz and 2 GHz, respectively, by passing two wires
carrying opposing currents through the same core. The displayed resultis
the difference current. The CT2 can perform the same function to 200 MHz.
In all cases, Derating with Frequency and Amp-second Product
{Current-time Product) guidelines should not be exceeded. (See
Characteristics.)

Single-shot and Low Rep-rate Pulse Measurements
These common measurements are easy to make with the CT1, CT2, or CT6
provided that your signal fits within the Max Pulse Current and Amp-second
Product (Current-time Product) guidelines for the specific current probe
characteristics.
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AC Current Probes — CT1+CT2+CT6

For example, the CT2 is rated at 36 A peak, with an Amp-second Product
of 50 x 105 seconds (50 Amp-microseconds), therefore the CT2 can safely
handle a 36 A peak pulse with a maximum width of 1.39 microseconds or
lower amplitude pulses for longer pulse widths. The CT1, CT2, and CT6
all have low-frequency roll-off characteristics, Low-frequency "droop” will
exhibit itself when the pulse width approaches the L/R time constant of the
specific transformer.

Propagation Delay Measurements

Two CT1 ar CT2 Current Transformers with matching probe cables can
be used to measure propagation delay (transit time) between the input
and output currents of high-frequency devices. The probe outputs are
connected to the inputs of dual-channel real-time or sampling scopes.

Verification of any Probe/Cable/Scope System mismatch can be obtained
by passing the same signal current through both probes and observing total
system delay difference, if any.

www tektronix.com 3
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Data Sheet
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1 “’f‘“l‘F oo e 1oz \omRz - 18% - ©T4,CT2, and CT6 Characteristics
G4 Tyl Fraquency Respooes. Characteristic cTi cT2 cTs
Bandwidth (typical) 25kHzto 1 GHz 1.2kHzto 200 MHz 250 kHz to 2 GHz
Rise Time 350 ps 500 ps 200 ps
Sensitivity 5 mVimA 1 mVimA 5 mVimA
100% e T T T T ay (into 50 ()
/ /’ \ Accuracy +3% +3% £3%
Magnetizing 6 pH 7 pH 1H
80% / '{} Inductance
Leakage 24 nH 1 nH 15nH
/ A75AMP DC Inductance
% Insertion Impedance:
/ at 10 MHz <10 010 110Q
7o A at 100 MHz 20 050 130
/ / at1GHz 1190
) Max. Bare Wire #14 wire #16 wire #20 wire
60% Size 1.78mm (0.070in.) 1.32mm (0.052in.) 0.8 mm (0.032in.)
Max. Bare Wire Voltage:
RMS 175 Viuis CAT | 175 Vs CAT | 30 Vs CAT |
Peak 1000 V*1 1000 V*t 30V
nc 175 V 175V 30V
1 KHz 10 KHz 100 KHz 100 MHz Max. Peak Pulse 12A BA 6A
2 Typical F R Curont
C12: Typicel Ereeiency Resporme Max. Continuous 450 mA 25A 120 mA
Current (RMS)
Amp-second 1x 105 A*Sec 50 x 105 A'Sec 0.25 x 106 A*Sec
Product
L/R Time Constant >6.35 ps >160 ps 0.4 ps
(droop)
Propagation Delay 325 ns 6.1 ns 52ns
Safety UL3111-2-032, UL3111-2032, NA
CSA1010.2.032, CSA1010.2.032,
ENG1010-2-032,  EN61010-2-032,
IEC61010-2-032  |EC61010-2-032
*1{(<3.25% Duly Factor)
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Ordering Information

CT1

High-frequency Current Probe.

Includes: Manual and P6041 Interconnect Cable.
CT2

High-frequency Current Prabe.

Includes: Manual and P6041 Interconnect Cable.

CTé
High-frequency Current Probe.
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AC Current Probes — CT1+«CT2+CT6

CT1 or CT2 Recommended Accessories
Feed-through 30 () Termination — Order 011-0049-02,

Service

Opt. C3 - Calibration Service 3 Years

Opt. C5 - Calibration Service 5 Years

Opt. D1 - Calibration Data Report (CT6 only)

Opt. D3 - Calibration Data Report 3 Years (with Opt C3)
Opt. D5 - Calibration Data Report 5 Years (with Opt C5)
Opt. R3 - Repair Service 3 Years

Opt. R5 - Repair Service 5 Years

CT6 Standard Accessories
SMA to BNC Adapter — Order 015-0572-xx.
User Manual - Order 071-0453-xx.

Color Cable Marker Bands —

Probe Holder — Order 015-0682-x0¢.
Certificate of Traceable Calibration -
Warranty — One Year,

180 9001 Product{s) are manifactured in 150 registered fadiliies
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Contact Tektronix:

ASEAN | Australasia (55) 6356 3900

Austria +41 52 675 3777

Balkans, Israel, South Africa and other ISE Countries +41 52675 3777
Belgium 07 81 60165

Brazil +55 (1) 40668400

Canada 1 (B00) 681-5625

Central East Europe, Ukraine, and the Baltics +41 52 675 3777
Central Europe & Greece +41 52675 3777

Denmark «45 80 B8 1401

Finland +41 52 675 3777

France +33 (0) 1 698681 &1

Germany 489 (Z21] 84 77 400

Hong Kong (252) 258565528

India {21 &0-42922600

Italy +39 (02) 25086 1

Japan 81 (3) 5714-3010

Luxembourg +44 () 1344 392400

Maxico, Contral/South America & Caribbean 52 (55) 54247900
Middie East, Asia, and North Africa +41 52 675 3777
The Netherlands 050 02 021757

Norway 800 16008

People’s Republic of China 56 (10) 6235 1230
Poland +41 52 675 3777

Portugal &0 08 12370

Republic of Korea A2 (2) 6317-5000

Russia & CIS +7 (485) 7484500

South Africa +27 11 206 8380

Spain (+34) 901 883 054

Sweden (20 08 80371

Switzerland +41 52 675 3777

Taiwan 886 (2) 2722-9622

United Kingdom & Irefand +44 (0] 1344 392400

USA 1 (A00) 426-2200

For other aress contact Tekironix, Inc at 1 (503) 827.7111
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&National Semiconductor

LM321
Low Power Single Op Amp

General Description

The LM321 brings performance and economy to low power
systems. With a high unity gain frequency and a guaranteed
0.4V/ys slew rate, the quiescent current is only
430pAfamplifier (5V). The input common mode range in-
cludes ground and therefore the device is able to operate in
single supply applications as well as in dual supply applica-
tions. It is also capable of comfortably driving large capaci-
tive loads.

The LM321 is available in the SOT23-5 package. Overall the
LM321 is a low power, wide supply range performance op
amp that can be designed into a wide range of applications
at an economical price without sacrificing valuable board
space.

April 2001

Features
(Voo = 5V, T, = 25°C. Typical values unless specified).

® Gain-Bandwidth product 1MHz
m Low supply current 430pA
® Low input bias current 45nA
m Wide supply voltage range +3V to +32V

m Stable with high capacitive loads
m Single version of LM324

Applications

® Chargers

Power supplies

Industrial: controls, instruments
Desktops

n
n
"
® Communications infrastructure

Connection Diagram

Application Circuit

S50T23-5 DC Summing Amplifier
Vins 2 0 Vpe and Vg = Vpe)
L) s (Vins bc oZ Vpe
+IN = — Vv
v
-IN 2 = QUTPUT
20007801
Top View
20007607
Where: Vg = Vq + V- V3 - Vi, (Vq+ Va) = (V3 + V) to keep Vo = 0 Vpe
Ordering Information
Package Part Number Package Marking Transport Media NSC Drawing
5-Pin 50T-23 LM321MF AB3A 1k Units Tape and Reel MFO5A
LM321MFX 3k Units Tape and Reel
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Absolute Maximum Ratings (note 1) Junction Temperature (Note 3) 150°C
If Military/Aerospace specified devices are required, Mounting Temperature

please contact the National Semiconductor Sales Office/ Lead Temp (Soldering, 10 sec) 260°C
Distributors for availablllly and speciﬁcaﬂons. infrared (10 sec) 215°C
Differential Input Voltage +Supply Voltage Thermal Resistance to Ambient (6,,) 265'C/W
Input Current (V;, < -0.3V) (Note 6) 50mA ESD Tolerance (Note 10) 300V
Supply Voltage (V* - V") 32v

Input Voltage “03Vie 32V Qperating Ratings (note 1)

Output Short Circuit to GND, ' '
V* <15V and T, = 25°C (Note 2) Continuous Temperature Range -40Cto85C
Storage Temperature Range -65C to 150°C Supply Voltage 3V to 30V

Electrical Characteristics unless otherwise specified, all limits guaranteed for at T, = 25°C: V* = 5V, V™ =
0V, V5 = 1.4V. Boldface limits apply at temperature extremes,

Symbol Parameter Conditions Min Typ Max Units
(Note 5) | (Note 4) | (Note 5)
Veas Input Offset Voltage (Note 7) 2 7 my
9
los Input Offset Current 5 S0 nA
150
g Input Bias Current (Note 8) 45 250 nA
500
Veu Input Common-Mode Voltage Range V* = 30V (Note 9) 0 V' -15 \"
For CMRR > = 50dB vt -2
A, Large Signal Voltage Gain (V" =15V, R = 2kQ 25 100 Vimv
Vo = 1.4V to 11.4V) 15
PSRR Power Supply Rejection Ratio Rs < 10k, 65 100 dB
V* < 5V to 30V
CMRR Common Mode Rejection Ratio Rg < 10k} 65 85 dB
Vo Output Swing Veou |VF =380V, R = 2kQ 26 v
V' =30V, R, = 10kQ 27 28
Voo | V" =5V, R = 10kQ 5 20 mvV
lg Supply Current, No Load V= 5v 0.430 1.15 mA
0.7 1.2
V=30V 0.660 285
1.5 3
lsource | Output Current Sourcing Vi = +1V, V" =15V, 20 40 mA
Vo =2V 10 20
Ik Output Current Sinking Vip = -1V 10 20
V' =15V, Vg = 2V 5 8 mA
Vg ==1V
V' =18V, Vg = 0.2V 12 100 pA
lo Qutput Short Circuit to Ground V' =18V 40 85 mA
(Note 2)
SR Slew Rate V' =15V, R = 2kQ,
Vi = 05t0 3V 0.4 Vips
C_ = 100pF, Unity Gain
GBW Gain Bandwidth Product V* = 30V, f = 100kHz,
Vi = 10mV, R = 2k, 1 MHz
C_ = 100pF
m Phase Margin 60 deg
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