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1. Introduction

This report is structured as follows.

Section 2 gives an overview and a short description of relevant ESD protection standards.
Section 3 presents a special rail-to-rail-based diode concept. NXP Semiconductors uses
this concept to achieve ultra low line capacitance for high-speed data interface. Some
basic information about Printed-Circuit Board (PCB) design is documented in Section 4.
Section 6 ends this application note with a brief summary.

2. ESD protection standards

AN11176

2.1

IEC 61000-4-2

Interfaces of consumer electronic equipment are widely specified according to the
International Electrotechnical Commission (IEC) standard IEC 61000-4-2. This standard is
not targeted towards particular devices but towards general equipment, systems and
subsystems that may be involved in electrostatic discharge. The model Figure 1 consists
of a 150 pF capacitor and a 330 Q series resistor representing the counterpart to the
Device Under Test (DUT).

50 MQ to 100 MQ 330 Q
| —

high-voltage
<V> generator }_ buT
150 pF

\4 001aaf202

Fig 1. Test circuit according to IEC 61000-4-2

According to IEC 61000-4-2, an ESD surge can be applied by contact as well as by air
discharge and is classified by the charge voltage of the capacitor (Table 1).

To achieve a reasonable relation between cost and prevention of field returns due to ESD
failures, class 4 is considered as the most appropriate level for consumer products.

Table 1.  IEC 61000-4-2 ESD surge classification[ll

Contact discharge Air discharge

Class Test voltage (kV) |[Maximum current (A) |Class Test voltage (kV)
1 2 7.5 1 2

2 4 15 2 4

3 6 225 3 8

4 8 30 4 15

X special special X special

[1] Xis an open level that must be specified in the dedicated device specification. If higher voltages than
level 4 are specified, special test equipment may be needed.

Figure 2 shows a typical ESD current pulse form generated by an ESD surge according to
IEC 61000-4-2.
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Fig 2. ESD surge according to IEC 61000-4-2

A characteristic of IEC 61000-4-2 ESD pulses is the very short rising edge. The maximum
peak current is reached within 0.7 ns to 1 ns. To avoid severe voltage overshoots at the
protected device, the ESD protection circuit needs a very short reaction time. Therefore, it
is important to put special attention to the selection of the correct protection device. Ultra
low line capacitance devices are recommended, especially for high-speed interfaces such
as High-Definition Multimedia Interface (HDMI), because they react very fast (in the
nanosecond range).

Another issue besides the voltage clamping is the maximum current injected into a device
during an ESD discharge. To withstand a maximum current of 30 A as specified in

IEC 61000-4-2, level 4, careful dimensioning of all conductors and components affected
by an ESD surge is mandatory. Using appropriate structural dimensions helps to obtain
very short reaction times of the ESD protection circuits. It avoids permanent damage
caused by for example, electromigration of aluminum tracks.

Human Body Model (HBM), MIL-883E method 3015.7

The HBM standard simulates an ESD surge generated by human contact to electronic
components.

10 MQ to 100 MQ 1.5kQ
| —

high-voltage
<V> generator buT
100 pF

v 001aaf203

Fig 3. Test circuit according to MIL-883E method 3015.7
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As shown in Figure 3, the model consists of a 100 pF capacitor and a 1.5 kQ serial
resistor to simulate a human body. According to the standard, the ESD surge is applied by
contact and the test is applied in both the positive and negative direction. Table 2 shows
three different classes differentiated by the charge voltage of the capacitor.

Table 2.

MIL-883E method 3015.7 ESD surge classification, contact discharge

Class
0

1A

1B
1C

2

3A
3B

Threshold voltage (V)

<250

250 to 499
500 to 999
1000 to 1999
2000 to 3999
4000 to 7999
> 8000

Maximum current (A)

1.33

2.67
> 2.67

Figure 4 shows a typical ESD current pulse form generated by an ESD surge according to
MIL-883E method 3015.7.

Fig 4.
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ESD surge according to MIL-883E method 3015.7
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001aaf204

The shape of the ESD surge looks similar to an RC-charge/discharge curve. As the
maximum current applied is about a few amperes and the rise time about a few
nanoseconds, the reaction time of an ESD protection circuit is relatively uncritical.

AN11176
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2.3 Comparison of IEC 61000-4-2 to MIL-883E method 3015.7

Direct comparison of both ESD models is difficult due to the differences in the discharge
waveforms. Generally, the maximum injected current and the total load of IEC 61000- 4-2
standard is much higher than those specified in the HBM according to the MIL-883E
method 3015.7.

The rise time of the current waveform is different because the series resistor is 1.5 kQ in
the HBM instead of 330 Q in the IEC 610004-2 model.

While the specified rise time for the IEC 610004-2-compliant current waveform is from
0.7 ns to 1 ns, the HBM waveform has a specified rise time below 10 ns only.

Assuming that the maximum current rating is more stressful to an ESD protection diode
and other affected components than the duration of the current flow, the IEC 61000-4-2
standard is the most stringent of the two tests.

As the surge current is determined by the gradient of charge over time | = %‘) , the
voltage drop across the protection diode can be described as V = R ;insic X a—? , Where

Rintrinsic IS the inner resistance of the diode.

Overshoots occur mostly because of short ESD-surge rise times. Shorter rise times lead
to higher voltage overshoots. This is due to the reaction time of the protection devices.
Even if the test voltage of both methods/standards is similar, IEC 61000-4-2 remains the
most stringent test for a protection circuit because the maximum internal voltage reaches
a higher level during a discharge.

For a high resistor value in the HBM, the maximum current is in the order of a few
amperes. In comparison, the maximum current of an ESD surge according to
IEC 61000-4-2 can reach 30 A.

Integrated components such as resistors and integrated planar aluminum metal wires
have a limited maximum current density. To avoid degradation effects such as
electromigration, it is important to maintain certain design rules. High current densities
might also result in a too high thermal stress in resistors and lead to a permanent shift of
resistance value.

To avoid failure during a nearly unlimited number of ESD surges below the specified
maximum voltage limit, NXP Semiconductors takes electromigration and thermal stress
into account during standard design procedure.
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3. Rail-to-rail concept

In the rail-to-rail concept, a negative ESD strike on the 1/O pin causes one of the rail-to-rail
diodes (the lower diode at the flash-sign in Figure 5, left side) to become forward biased
and transfer the ESD strike through the lower diode to ground.

A positive discharge strike causes the other rail-to-rail diode (the upper diode at the
flash-sign in Figure 5, right side) to become forward biased transferring the discharge to
the V¢ pin of the device. To prevent charging of the supply, an additional Zener diode
between ground and V¢ clamps voltages exceeding the Zener clamping voltage caused
by the ESD strike to ground.

With this concept, ultra low line capacitances can be achieved.

TMDS_DO+ TMDS_CLK+ TMDS_DO+ TMDS_CLK+
TMDS_BIAS ‘ TMDS_BIAS
- Veesvoy I Veesvo)
Al A_‘ JiN A_‘ N 4 Al A_‘ JiN A_‘ A);
N ] N
N N | A A_‘ N A_‘ N AN
I
TMDS_GND TMDS_DO- TMDS_CLK- TMDS_GND TMDS_DO- TMDS_CLK-
001aaf206 001aaf205
a. Negative ESD strike b. Positive ESD strike
Fig 5. Rail-to-rail diode concept

4. PCB design

AN11176

Following ten high-speed and ESD layout considerations are applicable to all high-speed
designs, like for example HDMI, DisplayPort, Serial Advanced Technology
Attachment (SATA).

1. Minimize the differential microstrip or stripline trace lengths: minimize Physical
Layer (PHY) distance to connector and always place the ESD clamp as close as
possible to the connector.

2. Minimize the inductive return parasitic of the ESD ground to the connector / chassis.
Consider the current spreading that occurs when ESD energy is shunted into the
GND planes / traces and must travel back to the chassis ground. This current can
induce spurious voltages nearby unrelated circuitry such as memory or clock lines,
which can cause upset to other system blocks.

3. Some PHY manufacturers recommend ultra low loss PCB dielectric material. This
material is preferred for GHz signaling, but is impractical for very low-cost consumer
or automotive devices. Shorter traces help to offset the shortcomings of cheaper
dielectric PCB material.

4. Keep differential microstrip traces on the same layer and avoid vias. If vias and layer
changes must be used, reserve them for low-speed signals and power traces.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2012. All rights reserved.
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5. Avoid right angles (90°), take two 45° angles instead. It reduces Time-Domain
Reflectometer (TDR) discontinuities and lessens reflections (contributes to
ElectroMagnetic Interference (EMI) and deterministic jitter).

6. Keep traces lengths within intra-pair skew specifications from the PHY manufacturer.

7. Avoid routing signal lines over any ground discontinuities. It can exacerbate EMI and
inhibit ESD or other RF return currents in transmission lines. If intentional RF coupling
is intended, such a configuration can be managed. Nevertheless, it is not
recommended to cut ESD return current path in this manner.

8. Avoid stubs on transmission lines with flow-through routing techniques. Do not route
automatically!

9. Keep out distances and edge limits from PCB.

10. Observe conservatively borders and inner antipads. If the design rule check allows,
attempt a symmetric routing to the connector-side PCB.

AC coupling caps

Consider placing any DC blocking capacitors (AC coupling capacitors) on the connector
side of PESD1LVDS.

Additionally, rather place PESD1LVDS strictly in the bias domain of the local PHY
Application-Specific Integrated Circuit (ASIC), rather than at an unknown bias set by the
transceiver of the peripheral ASIC.

This topology puts the blocking capacitors in series with the ESD current at instantaneous
voltages, obviously exceeding the absolute maximum ratings of these capacitors.
However the ESD energy is concentrated into pulses of very short duration. There is a
great deal of literature about potential degradation over time of ceramic and other
capacitors. Additionally, the repeated pulsing of IEC 61000-4-2 strikes can significantly
charge such capacitors to very high DC voltages, possibly sufficient to arc during an ESD
strike. If these concerns cannot be addressed sufficiently, then place the capacitors
behind the PESD1LVDS, on the ASIC side. In that case, the system is susceptible to DC
shunt faults.

Obviously a balance between a low clamping voltage (protecting ASIC from ESD) and a
medium voltage DC short circuit (TVS) involves some trade-offs between clamping,
protection level and capacitive signal loading.

Geometry of micro striplines (TMDS)

The design of a 100 Q differential impedance has to be optimized for the PCB material
and the number of layers. It is possible to calculate the impedance (Zg) and the differential
impedance (Zgi) using the following equations (see also Figure 6).

60 4h
Z, (Q) = In 1
0 (©) /0,4578r +0,67 % (0,67(0,8W + t)) 1)

(—0,96?\)
The results are valid up to a few GHz.
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Fig 6. Geometric for Transition Minimized Differential Signaling (TMDS) lines
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Solid ground plane underneath the micro striplines is part of the micro stripline design.

Table 3.  Parameters for 2-layer and 4-layer PCB (FR4)

Parameter 4-layer PCB 2-layer PCB Unit
Trace width (W) 5(0.127) 8 (0.203) mil (mm)
Spacing (S) 4 (0.102) 4 (0.102) mil (mm)
Layer height (h) 4.5 (0.114) 63 (1.6) mil (mm)
Relative permittivity (gr) 4.3 4.3 -
Copper thickness (t) 1 (0.0254) 1 (0.0254) mil (mm)
Zgitt 100.37 108.22 Q

As an example, Table 3 shows all parameters which are necessary to design a 2-layer
and a 4-layer board for a differential impedance (Zgi) of 100 Q.

Demonstration versions of simple simulator software are available on the Internet to make

the first steps.
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5. Measurements

To evaluate the influence of PESD1LVDS, PCBs without and with a DUT were used to

perform a TDR and an eye diagram measurement.

5.1 TDR measurement

38895 Wavetorms

Tekmonx | x|

& %MMAW tMode |Avarage j Trig|lntemal Clack ﬂ |2DDkH2
Puse =] [ampituds =] | ] e v | o e ] e | 5= e

M3 Diff 200ps :
- M1-175ps {200ps at DUT] - - - -

L2 &

TDR measurement without DUT

gj 1

|1DDDQM |

Fig 7.

ST

Max  CIGSN,
52.165970
BMin 1 My,
49157490
IMax C2 My,
50.844500
4mMin 2 °y,
49.239140
Shax M1 Sy,
101.0890C

M1 S,

99.513230

IMax Mz R,

10210370

Min M2 S,
98545130

w1l 84560
¥2  114.8Q
Ay 50,000

% @, | @, | [2000000- B |3?.940m@ 328 FM 2/24/2012

2338 Waveforms

Tekonix - | X|

&2 £ || il 2| Run/stop [ Acq Made [tverage || Trig|intemal Clock. =] [200kHz

Pulze [« ||&mplitude |+ J‘LI‘l|I'L|1,|'\| IL||'L|‘L|J'I.I'I_"I.I'I.I'|J1I'U|J'LI1|/L|\r i *|ﬂ;§“ﬁj]|

" M3Diff 200ps”
M1 175 ps [200ps at DUT)

)

M1~ |1DDDQM|

|

B [ran @[ & ]

TDR measurement with DUT

Fig 8.

2 v

IMax  CIGQN,
022255602
amin C1 Sy,
| SwEssing |
3Max 2 N,
48.9976352
amin cz N,
| B b
Shax M1 N,
100070622
BMin M1 1Yy,
| BCE T
Max M2 N,
1071 360922
Win Mz Y,
B8.2981342

w1l 84560
¥2 11480
by 50000

Bee|[ 3aspu 2202m2

Per definition, the impedance of the TDR is 100 Q + 15 % and can fall one time lower than

85 Q. From TDR domain, PESD1LVDS fulfills the requirement.
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5.2 Eye diagram measurement

Fig 9. Eye diagram measurement without DUT

Fig 10. Eye diagram measurement with DUT

The influence of PESD1LVDS is visible but the eye is still not touched. PESD1LVDS
passed all measurements of both tests and meets the requirements for high-speed LVDS
interfaces.
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6. Summary

For high-speed interfaces such as LVDS, the use of high-level ESD protection is highly
recommended. The cost of an application in an automotive environment is too high to risk
field returns. A fail can also damage company brand names and images. The continuous
trend towards submicron CMOS processes at 120 nm, 90 nm, 65 nm and 45 nm
technology nodes also contributes to a very high sensitivity of core ICs, making ESD
protection mandatory.

The high-speed ESD protection devices discussed in this application note fully comply
with both crucial requirements:

* High-level ESD protection according to the international standards for consumer
applications (IEC 61000-4-2 level 4)

¢ Ultra low line capacitance required for LVDS high-speed lines

PESD1LVDS allows and supports optimal routing of the TMDS lines to minimize parasitic
influences.

NXP Semiconductors high-speed ESD protection PESD1LVDS is fully compliant with
AEC-Q101 and supports easy routing and relaxed board layout at highest protection
levels. Therefore, this device is the state-of-the-art protection device to be implemented
on all new customer designs.
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7. Legal information

7.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

7.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product

AN11176
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design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express, implied
or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fithess for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be liable
to customer for any special, indirect, consequential, punitive or incidental
damages (including without limitation damages for loss of business, business
interruption, loss of use, loss of data or information, and the like) arising out
the use of or inability to use the product, whether or not based on tort
(including negligence), strict liability, breach of contract, breach of warranty or
any other theory, even if advised of the possibility of such damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by customer
for the product or five dollars (US$5.00). The foregoing limitations, exclusions
and disclaimers shall apply to the maximum extent permitted by applicable
law, even if any remedy fails of its essential purpose.

7.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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