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Reliability Testing of SIDM Actuators for Optical Alignment
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Abstract

An SIDM (smooth impact drive mechanism) actuator is
used in a synthetic green laser module to optimally control
the optical coupling between an infrared semiconductor and
an SHG (second harmonic generation) waveguide crystal. To
evaluate the reliability of the actuator, environment tests and
operation-life tests were carried out. Various environment
tests were carried out based on the U.S. military standards. As
a result, it was shown that the actuator satisfied the pre-
scribed failure rate. In the operation-life tests, an original and
appropriate accelerated condition was identified. Initially it
was found that accelerated testing employing continuous
high-speed driving was inaccurate in estimating operation
life because that condition caused a pseudo-degradation of
the actuator’s features. To rectify this and to approach real-
world conditions, we adopted intermittent high-speed driv-
ing. As a result, a Weibull analysis of the amount of time it
took for the actuator to fail estimated that the failure rate of
the actuator was extremely low even as an accumulated fail-
ure rate after operation during the expected lifetime.
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Fig. 1 Schematic of SIDM actuator, consisting of a piezoelectric element, a
driving rod, and a moving body. The moving body slides over the rod
with a slip-stick motion produced by the triangular vibration motion
of the rod. A cycle of stick-slip motion is achieved by application of
an electrical pulse to the piezoelectric element achieving expan-
sion and contraction.
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Fig. 2 Schematic of 2D implementation of an SIDM. Moving bodies are
not shown. In the lower left is a corresponding photograph.
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Table 1 SIDM environment test results. Damp heat, high temperature
storage, low temperature storage, heat cycle, thermal shock, me-
chanical vibration, and mechanical shock tests were performed
on predetermined numbers of the sample actuator. They passed
the test in terms of LTFR of 20% at a 90% confidence level.

Pass

Test items & specifications Sample IFail Comment
Damp heat | 56/930,RH, specified period 35/36 | Pass | MIL 202G
storage g
High temp " 3
storage 85C, specified period 22/22 Pass | N/A
Low temp _ ) 3
storage 40C, specified period 22/22 Pass | N/A
Storage
environment | Heat cycle -40~85C, specified cycles 22/22 | Pass | MIL883F

test

-32~70C, specified cycles,

S . 22/22 Pass | MIL-202
temperature ramp rate within 1min

Thermal shock

Mechanical

vibration 20Hz~2kHz, random, 22/22 | Pass | MIL 810F

Mechanical 3000G, duration

shock 6 faces x 5 times each 2222 | Pass | MIL 883F
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Fig. 3 Displacement change for 11 samples over heat cycle test. (a) Dither
motion, 2-pulse drive displacement, change from the initial value,
(b) Scan motion, 20-pulses drive displacement, change from initial
value. Two curves are at 50th or 100th cycles of the heat cycle. The
changes are contained within +/-50% criteria.
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(a) Dither operation test flow with a rest time and scan

Scan for 24secs
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(b) Scan operation test flow with a rest time

Fail

Fig. 4 Measurement flow chart for (a) SIDM dither operation mode and
(b) scan operation mode. Each procedure contains a rest period
long enough to avoid spurious failure and short enough to accel-
erate the test.
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Fig. 5 Dither (2-pulse displacement) or scan (20-pulse displacement) is
plotted as monitored during the operational test. Each graph has
12 curves for 12 axes tested. The operation period was 12 times
the specification fixed lifetime. All samples’ variations from initial
displacement were within +/-50%.
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Table 2 Accelerated operation life test results of SIDM actuators. Scan
motion and dither motion tests in Fig. 4 are performed on prede-
termined numbers of samples. Corresponding plots are in Fig. 5.

Test items & specifications Sample 7:;7 Comment

Scan life test | 60C, 24s-drive & 600s- -
at 60C rest until 12 x lifetime 12/12 | Pass | Per application note
High-temperature

operation life

60C, 0.1 Mpulses-drive,
30s-rest & 3 scan until 12/12 | Pass | Per application note
12 x lifetime

Dither life test
at 60C
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Fig. 6 Friction change versus operation time and the friction level’s re-
covery after operation stop. The friction increases as the SIDM is
continuously operated, but the friction level recovers to its starting
value when SIDM is stopped for 10mins. If friction continues to
increase, the SIDM stalls suddenly at its critical friction value.
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1) Initial lubrication condition 2) Condition after long duration scanning

Lubricant

Moving body

Moving body

Real Long duration scanning
contact N : Real
" Lubricant between rod Lubricant depleted  ¢ontact
point -
and moving body between rod point

and moving body

/

Rest helps
to recover the lubricant via
capillary action.

Fig. 7 Schematics of lubricant depletion model. Viscous lubricant layer is
gradually depleted at the real contact points over the course of long,
continuous scanning motion, leading to frictional increase and
eventual failure such as stall. The proper rest time during scan mo-
tion helps lubricant recover its lubricity through capillary action.
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(a) Comparison of dither operation failure time between continuous and
intermittent operation test. In terms of MTTF, 20-time fold improvement
by the intermittent condition was achieved.
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(b) Comparison of scan operation failure time between continuous and
intermittent operation test. In terms of MTTF, 30-time fold improvement
by the intermittent condition was achieved.

Fig. 8 Weibull plots for dither and scan operation life test with two drive
conditions, continuous and intermittent as defined in Fig. 4. In
both dither and intermittent, life-time improved by a factor of ap-
prox. 30. This was due to avoidance of spurious failure mode by
the introduction of rest time.
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