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i 

FOREWORD 

Transmission Line Pulse (TLP) measurements have become an essential tool in the development 
and analysis of on chip ESD protection devices and networks. In an effort to improve the 
reproducibility between TLP measurements made at different locations and on different TLP 
systems, the Electrostatic Discharge Association (ESDA) Working Group 5.5, Device Testing 
(TLP), has been working toward a standard for TLP testing.  The first stage in that process was 
completed with the issuance of a standard practice, ANSI/ESD SP5.5.1, Electrostatic Discharge 
Sensitivity Testing, Transmission Line Pulse (TLP), Component Level.  During the development 
of the document a great deal of useful information was gathered that did not fit in a standard 
practice. This technical report is a compilation of the information gathered during the writing of 
ANSI/ESD SP5.5.1 and the information gathered in support of moving the standard practice 
toward redesignation as a standard test method. 

This technical report was prepared by the 5.5 Device Testing (TLP) Sub-committee.  The 
following subcommittee members were the authors of this document: 
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Mahadeva Iyer Natarajan 
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Steven H. Voldman, Chairman 
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1 

 

1.0 INTRODUCTION 
Transmission Line Pulse (TLP) techniques were first reported in the study of “on” chip electro 
static discharge (ESD) protection in 1985 with the publication of a paper by T. Maloney et. al.  
The use of TLP increased gradually as a number of TLP systems were developed in different 
companies and institutions.  Today there are several manufacturers of commercial TLP systems 
and many dozens of home-built or custom-built non-commercial systems that are in use.  The 
vast majority of papers being published today in the field of “on” chip ESD protection include TLP 
data.  This widespread use of TLP data and its reporting in the literature, however, necessitates 
that the measurements be performed using a common procedure and that the results from 
different locations and different test systems can be reliably compared.  This led to the 
development of the standard practice ANSI/ESD SP5.5.1, and efforts are ongoing to move the 
standard practice toward a standard test method.  This document includes information collected 
during the development of the standard practice and as part of the ongoing effort to develop a 
standard test method for TLP. 

2.0 CLASSES OF TLP SYSTEMS 
There are a wide variety of TLP systems in use and the various systems can be categorized as 
shown in Figure 1.  The classification of various systems are based on the way with which 
reflections of the pulse are dealt. The nomenclature and pulse matching / termination are outlined 
in Table  1.  Systems that ignore reflections entirely can not be relied on for failure level data 
because the effective stress time is much longer than the pulse length due to multiple reflections. 
(An alternative way of grouping TLP systems by source impedance has been presented in 
“Comparisons of Transmission Line Pulse Configurations” by Evan Grund in the Proceedings of 
8th Forum of the Interessengemienschaft Electro Static Discharge e.V., Munich Germany, Dec. 
2003, pp 87-99.) 

Schematic diagrams of a variety of TLP systems have been included in Section 3.0. 

TLP 

Z-matched unmatched nearly 

hi-Z 50 ohm 
w/attenuator

500 ohm other hi-Z 20 dB other 

VF-TLP long pulses

50 οhm TDT 50 ohm w/PML* 50 / 100 ohm 
TDRT**

 

Figure 1:  Organization Chart of TLP System Types 
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Table 1.  Classification of TLP Systems 

System Nomenclature Matching Method 

Unmatched Systems 

50 ohms TDT 50 ohms Time Domain 
Transmission (TDT) 

No attempt made to reduce reflections and 
is generally considered to be an 
unacceptable design. 

Nearly Matched for Limited Range of Devices 

50 ohms with 
PML 

50 ohms with Polarized 
Matching Load (PML) 

A diode and 50-ohm resistor at far end of 
pulse source transmission line removes 
reflections, but only for devices under 
testing (DUTs) with resistance <50 ohms 

50 / 100 ohms 
TDRT 

50 / 100 ohms Time Domain 
Reflection and Transmission 
(TDRT) 

DUT is placed in line with 50-ohm 
transmission line terminated with 50 ohms. 
For low resistance devices, reflection is 
small and an attenuator in the incident path 
can remove the reflections. 

Matched Load 

High-Z High Impedance (Current 
Source) 

Resistor network at DUT provides a 50 
ohms termination (e.g. within a few ohms) 
and a high impedance resistor to produce a 
current source. Typical pulse delivery 
impedance is 500 ohms, but other 
impedances are possible. 

50 ohms with 
attenuator 
(TDR) 

50 ohms with attenuator (Time 
Domain Reflection or TDR) 

An attenuator is placed between pulse 
source and device. Typical attenuation is 
10x. Stress pulse is reduced by 10x but 
reflections are reduced by 100x of stress 
pulse. 

3.0 TLP SCHEMATICS 
This section includes schematics of some of the major TLP variations.  The diagrams have been 
simplified to make them easy to understand and view.  For example, the grounds on the various 
transmission lines have not been included to keep the figures uncluttered.  Most TLP systems 
have built-in provisions for measuring device leakage after each pulse.  The electronics and 
relays to allow these measurements have also not been included.  In all systems the voltage and 
current probes would be connected to an oscilloscope.  Note that at the time scale of TLP 
measurements there is considerable time delay between voltages and currents sensed at 
different points in the system.  When combining the measurements at different points on the 
system the time delay needs to be taken into account. 

3.1 Unmatched Time Domain Reflection TLP 
A basic unmatched time domain reflection (TDR) TLP system is shown in Figure 2.  The 
transmission line is charged to a voltage and then discharged by the relay (as designated by S in 
Figure 2) to form the TLP pulse.  The pulse travels toward the device under test (DUT) and 
reflects off of the DUT with a voltage and current dependent on the DUT impedance.  The voltage 
and current probes measure the voltage and current of both the incident pulse coming from the 
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pulse source the voltage and current at the device is given by the equations in Figure 2.  Because 
there is no attempt to provide a matching network anywhere in the system the DUT will 
experience multiple reflections.  Measurements from this system are valid but the multiple 
reflections means that the device receives more stress than intended and therefore this system is 
not recommended for use. 

DUT10 - 100 MΩ

HV Power Supply

L S

Current &
Voltage
Probes

Transmission Line Delay
Line

DUT

DUT
DUT

reflectedincident
DUT

reflectedincidentDUT

I
VZ

Z
VVI

VVV

=

−
=

+=

0

 

Figure 2:  Schematic of a Basic Unmatched TLP System (not recommended for use) 

 

3.2 Time Domain Reflection TLP 
The TDR with attenuator TLP system is one of the most common systems in use, especially for 
commercial systems.  It is very similar to the unmatched TDR TLP system except for the addition 
of an attenuator between the pulse source and the rest of the system.  The matched attenuator, 
usually a factor of ten, reduces reflections off of the DUT by a factor of 100 before they reach the 
DUT making them ignorable. 
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DUT10 - 100 MΩ

HV Power Supply

L S

Current &
Voltage
Probes

Transmission Line 20db
(10X)

Attenuator
Delay
Line

DUT

DUT
DUT

reflectedincident
DUT

reflectedincidentDUT

I
VZ

Z
VVI

VVV

=

−
=

+=

0

Figure 3: Schematic of Time Domain Reflectometer TLP System with -20db Attenuator 

 

3.3 Time Domain Reflection TLP with Balun 
One of the challenges of doing TLP testing at wafer level is maintaining 50 ohms impedance to 
the wafer and back to the current and voltage probes.  One way to do this is to use a Balun to 
transform system from a 50-ohm coaxial cable with respect to ground to a balanced 50-ohm 
system.  Such a system is shown in Figure 4.  Operationally this system is identical to a standard 
TDR system. 

DUT
on

Wafer

10 - 100 MΩ

HV Power Supply

L S

Current &
Voltage
Probes

Transmission Line 20db
(10X)

Attenuator
Balun

Balanced
Probe

Needles

 

Figure 4:  Schematic of a TDR TLP with Balun and Wafer Prober 

 

3.4 Time Domain Transmission TLP   
Time domain transmission (TDT) TLP system shown in Figure 5 is another way of making TLP 
measurements.  The voltage across the device is directly measured at the oscilloscope without 
the need for a high bandwidth voltage probe.  The current through the device can be calculated 
since the current through the device is the sum of the incident and reflected current pulses minus 
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the current transmitted to the oscilloscope (I Scope = V Scope / 50 ohms).  The source impedance for 
this system is 25 ohms since the DUT sees two 50-ohm cables. 

DUT10 - 100 MΩ

HV Power Supply

L S Oscilloscope

Transmission Line 20db (10X)
Attenuator

50Ω
Current
Probe

Ω=
−+=

=

50/ScopeScope

ScopeReflectedIncidentDUT

ScopeDUT

VI
IIII

VV

 

Figure 5:  Schematic of a Time Domain Transmission TLP 

 

3.5 Time Domain Reflection and Transmission TLP 
The time domain reflection and transmission (TDRT) TLP places the DUT in line with the 
transmission line as shown in Figure 6.  The current through the DUT is directly measured by the 
oscilloscope, (I Scope = V Scope / 50 ohm).  The voltage across the device is measured by 
measuring the voltage on either side of the DUT, (V DUT = V Incident + V Reflected – V Scope).  With 50-
ohm cables on either side of the DUT the source impedance is 100 ohms. 

DUT

10 - 100 MΩ

HV Power Supply

L S Oscilloscope

Transmission Line 20db (10X)
Attenuator

50Ω

Voltage
Probe

ScopeReflectedIncidentDUT

ScopeDUT

VVVV
VI

−+=
Ω= 50/

 

Figure 6:  Schematic of a Time Domain Reflection and Transmission TLP 
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3.6 Constant Current 
The constant current TLP system, sometimes known as high impedance TLP, removes 
reflections by placing a resistor network at the end of the transmission line along with the DUT as 
shown in Figure 7.  The series resistor is usually in the range of 450 to 1000 ohms.  The exact 
choice of the termination resistor depends on at what DUT state one wants zero reflection.  If 
zero reflection is wanted when the device is in a high impedance state the termination resistor 
should be 50 ohms.  If no reflection is needed at low DUT impedance the parallel combination of 
the termination resistor and the series resistor should be 50 ohms.  For example, for a 500 ohms 
series resistor the termination resistor should be 55.6 ohms.  To minimize the worst case 
reflections back toward the pulse to less than 2.5% of the incident pulse amplitude, a 52.6 ohms 
terminating resistor can be used.  Since the voltage measurement is made at the DUT no 
calculation is needed to obtain the DUT voltage.  Similarly the DUT current can be measured at 
the DUT or it can be calculated from the known resistor values and the known pulse voltage. 
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10 - 100 MΩ

HV Power Supply

L S
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Probe
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Figure 7:  Schematic of a Constant Current TLP System 

 

4.0 TLP PARAMETERS AND THEIR IMPORTANCE 
The objective of the TLP method is to apply a stress pulse to the DUT and measure the response 
of the DUT.  This is done with a rectangular pulse to facilitate measurement.  The nature of the 
pulse influences the electrical characteristics (e.g. current and voltage) as well as the failure level. 
This section will discuss a number of pulse parameters and how their values can influence TLP 
measurements and the conclusions drawn from the measurements. 

The discussion of the pulse terms in this section assumes a DUT whose properties do not change 
significantly during the pulse (time invariant) due to device heating, transistor switching, or 
avalanche breakdown.  The most useful device to evaluate pulse characteristics is a low 
inductance resistor with a large enough physical size so that device heating is negligible during 
the TLP pulse.  The pulse parameters discussed in this section will assume measurements of 
such a resistor. 

4.1 Pulse Width 
The pulse width is defined as the full width half maximum (FWHM) as shown in Figure 8. The 
applied pulse width is an important parameter in TLP testing.  The failure characteristics of the 
device are typically a function of the pulse width and pulse current.  As the pulse width increases, 
the amount of energy delivered to the device at any current level increases, leading to higher 
peak temperatures at any location of the device (additionally, in some structures, the longer pulse 
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