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The HS-65643RH and HS-65647RH SRAMs are fabricated
on TSOS4, an advanced 1.25mm dual level metal silicon on
sapphire process. The sapphire substrate used in this pro-
cess is an excellent electrical insulator, and allows the
SRAMSs to operate in a wide variety of extremely severe radi-
ation environments; however, the sapphire is also a good
thermal insulator, which makes dissipation of heat generated
in ESD protection devices difficult. This situation leads to
ESD immunity levels of 1000V - 2000V (HBM testing) for
these SRAMs.

Until recently, the human body model (HBM) was the
accepted standard for the evaluation of a semiconductor’s
susceptibility to electrostatic discharge induced damage.
The charged device model (CDM) was proposed by Speak-
man (1) in 1974 to more accurately model the electrostatic
discharges most commonly resulting in damage to current
generation, small geometry semiconductors; the CDM is
now generally accepted as the best approximation to
charged metal surfaces, the worst case situation generally
encountered. The equivalent circuit for this model is shown
in Figure 1, and a test circuit implementing the model is
shown in Figure 2. The voltage threshold levels at which
damage to semiconductor devices occurs is typically much
lower for CDM than HBM waveforms; the failure modes are
also significantly different.
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During HBM discharges the voltage rise at the stressed pin
is slow enough for active protection devices to turn on. The
failure mechanism is normally metal penetration of the pro-
tection device junctions (2), or melting of the input or output
protection resistors (3). CDM discharges are oscilla- tory,
and have very fast voltage rise times. Active protection
devices do not have time to turn on to their low impedance
state; failure modes are typically punctures of the gate or
field oxides (4).

HBM testing of the SRAMs has shown an immunity level of
1000V for the HS-65643RH and 1200V for the HS-
65647RH. The most sensitive pins are 1/O’s, where the metal
migrates into the source of the N or P channel output device.
(See Figure 3 for input, Figure 4 for /O, protection struc-
tures. Figure 5 shows the gated diodes in cross section.)
This failure mode is consistent with the HBM damage
observed by Pierce (2). Input pins, however, fail at levels
800V to 1000V higher than I/O’s; in these pins melting of the
P+ epi resistor (which is thermally and electrically insulated
in TSOS4) is the failure mode.
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FIGURE 2. CHARGED DEVICE MODEL TEST CIRCUIT PRO-
POSED BY BOSSARD, CHEMELLI AND UNGER
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
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FIGURE 5. TSOS4 GATED DIODE INPUT

CDM testing of the HS-65643RH and 65647RH has not yet
been performed. Failure modes for HBM testing of TSOS4
material are consistent with those already documented for JI
material; results of CDM waveform testing for the TSOS4
devices are also expected to yield correspondingly lower
immunity levels.

The fairly low ESD immunity levels characteristic of these
SRAMs (and consequently, of other circuits produced on
SOS processes) dictate that ESD prevention measures be
scrupulously administered. Precautions related to grounding
personnel and work stations are insufficient; any automated
handling equipment must be carefully evaluated for accumu-
lation of CDM-like static charge. A good static control pro-
gram will allow the use of these high performance, extremely
hard devices while maintaining the highest quality and reli-
ability standards designed and built into them.
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