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- Navigation system using MEMS Inertial sensors
greatly suffers from temperature change
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- For example, position error of one of the best MEMS Challaner PLANS 2014

gyroscopes, Challoner PLANS 2014, is < 1m at 100s
at RT, while 1t increased to > 50m at 100s with
3°C/min thermal shock
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- Other Inertlal sensors show much degraded

performances with thermal shock " " Time (sec) . -
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- Temperature of inertial sensors is controlled at 90°C at all time using a micro- lout Driving Voip(t)
machined glass isolation platform o Circuit
- A heater and an RTD sensor are fabricated on the isolation platform - -
: : v £ -
- Lease mean square (LMS) and random forest (RF) compensation algorithms s 2 l
are used to minimize residual bias errors Z3 TP L Keelt)
- Thermal circuit analysis Is conducted to minimize power consumption
Temp. e(t {
K, e(t)dt
Hermatic-Packaged 6-axis IMU
\ ) — K,de(t)/dt
HC-40 Package ) e — 2D i - 0
conduct IMU Temp. Sensm; t " = - g -
onductive nterconnects ation Suspensior .
e Q‘ie Attach _ "3 == { ) L Compensation - 3
%Au Heatefe = U 1 ILW 1 N Algorithm QO E
HE Isolation Platform _B= ol | i m El- a
k SUpport Spring _ 1 | = Hermetic-Packaged Ambient T E Q
6-axis IMU GlassWig  Feedthrough pramton Plaform —— | ||\ _ 6-axis IMU \ o 0
(Invensense MPU-GOSO) | FETOIERT M I M _ _ _Temp' SEI‘ISOI" i Q‘
Thermal Circult Analysis T e Sy ot e _ven-ControI System
s EEEEE = Rror = Reopy + (Rsors 1/ Rius5) | | ol Se— =t :%Eﬁiuuuuﬁ# a7
Solid Conduction = Fw || s - T =
Self-Heating — =T aat Saure
Heater Source Gas Conduction - ”””” oo
— e —— E
+ Isolation Platform - E Hadiation %
il ii il 1 |‘_‘.- i":
AMAAAAA ]
TFﬂfﬁmgf
Heat Sink
Test Results Bias Drift Over Temperature |
. . . . . - 150
| - Summary & Conclusion
Thermal Resistance _ {100 _
~8— Measured Ryo; &~ Calculated Ryor using Eq. (1) E Mo —mnen 50 = - RSS bias changes of the three gyroscopes and the
__ 2500 o , o three accelerometers were reduced by 345 times (from
E 5000 a s 0 S 21645°hr to 62.71°hr) and 97 times (from 185.9mg to
3 S j= 1.920mgq), respectively during the thermal-cycle test
2 1500 o —— S50 = over 125°C surrounding temperature changes, from -
S T R, .. = 40°C to 85°C with a 1°C/min rate of change.
2 1000 o -100= = - The platform has a thermal impedance of ~2,000°C/W.
;ﬂ | | | s - Low power consumption of < 100mW over temperature
= 500 -1 D,Dﬂﬂ_‘iu E*ﬂ é n 4iu - 31'5 40 30 & o a0 0 so -150 range from -40 to 85°C is achieved.
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