The generally accepted main goal of electrostatic-dis-
charge (ESD) protection is to provide a low-resistance
shunt path to ground (GND) for unwanted voltage
spikes. A key to how well such measures serve their pur-
pose is its dynamic-resistance figure used in the selec-
tion process. Fortunately, there are well-known ways to
calculate the effective dynamic-resistance that protection
devices, such as polymeric ESD suppressors or silicon-
diode arrays, exhibit during an ESD transient.

Logic dictates that the device with the lowest dynamic
resistance should give the best chance of dissipating
spikes. But sometimes it doesn’t. All is not lost, how-
ever, as several techniques help boost the level of ESD
protection.

The challenge
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The four inductances T

v vice to the device itself (L

trace from the junction of the ESD de-
4sp)> and the
trace from the ESD device to ground
(L,yp)- These four parasitic induc-

of an 1/0 port

. ESDentry

tances, LFSD, Loy Liwand L, must
be considered when dec1d1ng on the
placement of the ESD device. L, and

L., tend to raise the clamping voltage

(V) whileL, and L ,work to the de-
signer’s advantage to lower Ve

Shorten traces to lower
L. and L..o

Sometimes a board’s layout pre-
vents an ESD device being placed
directly atop the PCB trace. Reasons
vary, but placing an ESD component

on-chip ESD protection to 500 V, well below the typical
field requirement of 8 kV.

Board designers not only need external ESD protec-
tion, but also need to make sure it’s robust enough to pro-
tect small-geometry chipsets. Just placing an 8-kV rated
ESD protection device on the data lines or I/O pins being
protected does not guarantee the chip set itself will pass
an 8 kV in-system test.

Board layout and device location are crucial for effective
protection from ESD. To that end, the designer must under-
stand the effects that parasitic inductances have at the board
level. For example, an 8-kV ESD strike at the test specifica-
tion of 30 A through a printed-circuit board (PCB) trace
with just I-nH inductance generates a 30-V spike on that
trace. This voltage is calculated using the equation:

L = x dildt

parasitic parasitic

where L parasgic 15 the parasitic inductance of the trace and
VL parasiic is the voltage developed across it with the change

in current over time, di/dt.

In looking at a typical circuit-board layout, the input
trace circuit can be divided into four separate areas: the trace
from the input to the junction of the ESD device (L ), the
trace from the ESD junction to the input of the IC (i,c), the
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The fastrise time of an ESD let
even nanoHenries of inductance
create voltage drops that might
destroy an IC. Here, 1-cm-

long PCB traces create 3 nH of
inductance, producing 90-V
drops across each inductor to
ground. When combined with
the 30-V drop of the ESD device,
approximately 210V appears on
the input to the IC.

even 1 cm away from the data line be-
ing protected can ultimately translate
into tens of volts on the device. The
same is true for ground (GND) buses.
In some designs the ESD device GND
must pass through multiple vias and
may even take a circuitous path to
reach the GND plane. Both of these
inductances create voltage spikes in
addition to the voltage created by the
ESD current flowing through the ESD
device givenby V., =1 xR, .
where V ,, is the voltage drop across
the ESD dev1ce, Ipm, is the peak cur-
rent of the electrostatic event,and R
e 18 the resistance of the ESD device
as it conducts.
The following simplified examples show how L and
Lo affect V, . Common PCB manufacturing processes
give app10x1mately 3 nH/cm for typical microstrip traces
assuming certain widths, thicknesses, and dielectric con-
stants. With that in mind, assume an 8kV ESD pulse is
applied to the input of the I/O pin. The ESD device has
a 1-Q dynamic resistance. The first layout assumes both
and L. equal 1.5nH (0.5-cm spacina):

GND
(LFS[) C\’D> X dl/dt + I eak rl) nemic
v o (UFnH T nH) x 30R/1 nbecs 30 Ax 100
=120V

The second layout doubles the length of the traces, so
each become 1-cm long for 3-nH each:

V.= (3nH +3nH) x 30 A/l nsec + 30 A x 1.0 Q

=210V

This example shows that lengthening the ESD protec-
tor trace from 0.5 to 1 cm increases V, by 75%! So the
rule is to keep the traces connecting the ESD protector as
short as possible.

Shrink theratioof L tolL
Often datasheets for E§D | protectors recommend put-
ting the device as close as possible to the point of ESD
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entry. Manufacturers do this so the ratio ofL toL  isas
smallas possible (L. >>L_ ). The inductance ofL - “will
not necessarily affect the overall ESD performance but
the inductance of L, most certainly will.

The nonlinearity of L, acts as a buffer to the initial
peak of the ESD current pulse This creates a substantial
voltage drop toward the IC. This inductance gets smaller
the closer the ESD device gets to the IC, and the voltage
drop shrinks to the point where it provides no additional
advantage. So it’s in the designer’s interest to make the ra-
tioof L to L, assmall as possible to take advantage of
the pqrasmc nature of the PCB trace.

Use of L, .and L. isa straightforward way to improve
overall ESD performance However, there are designs
that will still fail prematurely no matter how low the
aforementioned ratio. In other words, the value of L,
does not sufticiently buffer the peak ESD current.

Adding a buffer resistor

One problem with the previous techniques is that the
on-chip ESD structures can see too much current. They
then become damaged, shorting the I/O to GNDor V...

The ESD protector and the IC being protected actu-
ally share current from an ESD pulse. For example, a
positive ESD pulse lets the protection device take the
majority of the current, but some current travels into the
IC and is routed out the V_ terminal. The overall circuit
forms a resistive current divider between the ESD pro-
tector and the IC.

The rail diode on the IC is responsible for steering the
remaining or “let-through” current into V,__ where it re-
turns to GND through a bypass capacitor. It’s difficult to
determine the equivalent resistance for the IC’s ESD pro-

Input buffer resistor
limits IC current

ESD entry

tection, but it’s undoubtedly higher than the on-board
ESD device. For example, if the resistance of the on-chip
protection (R, ) is 10 £, and the R(lw”m for the external
ESD protector is 1 Q the peak current seen by the IC is:
il d)mmm +R,. )
N fo/ 1o+1oo) £2.73 A

R681stors added in series between the external ESD
device and the IC help lower peak current flow into the
IC. For this example, adding a 10-) buffer resistance
(R,,.,) reduces the peak current flowing into the IC by
almost 50%

unl i dy: mrm/(Rd)lmmu + RH ffu R )
OA*TQ/1Q+10Q+ 100)—143A

Obvromly, a resistance beyond 10 Q would fur-
ther reduce the let-through current. The details of
the application determines the maximum resistance
permitted.

Care must be taken when employing this technique
in some of the high-speed applications such as high-def-
inition multimedia interface (HDMITM) and USB 3.0.
The R, . resistor could disturb the line impedance and
attenuate the signal beyond the standards’ compliance
specifications. Careful board design can compensate for
any ill effects. Nevertheless, board designers should keep
this technique in their toolbox and apply it in situations
where the board or in-system ESD level falls below their
requirement.

Four simple steps to success
The ESD protection device alone may not be enough

to protect modern chip sets from ESD transients. Fortu-

nately, board designers can use these four strategies to
optimize ESD protection:
1. Reduce the length of the
parasitic stub traceor L .
2.Reduce the length of
v, the GND trace and/or
i) number of vias used to
decrease L.

3. Make the ratio of L . to
L,.as small as possible
on a given design.

4. Use buffering resistors
between the ESD device
and IC if the above are
still insufficient.

—

A buffer resistor
(Rbuﬂw) placed
between the
external ESD
device and the IC
can lower peak
current flow into
thelC. —_=

ESD device
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IC All these practices re-
duce the voltage seen by
the IC, as well as limit the
amount of current the on-
chip ESD structures must
handle. Following these
simple rules will give the
board designer a more ro-
bust ESD solution that ex-
i ceeds industry standards.
- MD




