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MEMS Gyro Market Drivers >Sed §'E%\'f§|ﬂ<'\;'l'

‘Market forces and the high level of investment —
. needed for MEMS mean the relatively small space
%208 market for MEMS gyros is commercially

— 29

o unappealing. The challenge is for the space market

to find a high performance MEMS gyro with a o .
commercial market application.” utomotive
} ! @onsumer

, @ilitary (inc. Aviation)
(—o Ondustrial & Commercial
I I opace

Performance

Cost
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Advantages & Disadvantages of MEMSSed gIEIT\IICsﬁ(N; ]

Mass produceable

Low cost

Small and robust

High reliability

Low power consumption
Ease of integration
Cons -

» Performance.....
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Space Application Requirements > SB3 §'E%\'.§|,c\.’§“

Space Gyro Classes:
Coarse (10%hr)
Medium (1 “hr)
Fine (<<1 %hr)

Functional Requirements: Environmental Requirements:
» 1-10 Hz bandwidth » Radiation Tolerance

» 100 Hz for Landers » TID: 100 Krads
> Rate or incremental angle » SEL: 80 MeV.mg/cm?

» MEMS detector only package ordie > Thermal: -40 to +80°C

» Shock: 2,0009
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Vibrating Structure Gyro Evoluton >SEd §||5|T\|1(5:|C|\|)EM

(Strictly speaking; a Coriolis Shell Resonating solid-state angular rate sensor)

SGHO1

Over 20 million supplied pinpoIint® ofpion
_ SGHO2 CRM100  CMS300

<0.9ppm in 3yr warranty SGH03 CRG20 CRM200 CMS390

VSG 1 VSG 2 VSG 3 VSG 4 VSG5
1985 1995 1998 2006 2010
< Ceramic Cylinder Metal Ring Silicon MEMS Ring >

VSG3 -Inductive | VSG4 - Capacitive VSG5 - PZT
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MEMS Gyro Product Roadmap Ssea N

Optimised products designed to cover a
wide range of automotive, commercial,
industrial and aerospace applications —

3 different MEMS VSG technologies
6 MEMS detector designs

8 Gyro module types

30 different available part numbers
Over 20,000,000 units in service

VSG3 - Inductive

[ ;gt CRS03-7 -

- CRS09

2015
VSG5 — Thin Film PZT

| ' pinpoink
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Capacitive VSG4 Gyro - MEMS >seg g%ﬂ%ﬂg”

* CRG20 Product

* VSG4 technology

* 3mm @ Si resonating ring

» Complete single package digital gyro

 Multi chip ceramic package containing MEMS, ASIC and microprocessor
e QOver 100,000 units sold

 Automotive, aviation and general industrial applications
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Capacitive Gyro - Construction >sed §||§|T\I|(5:|CN)EM

9.5 x 9.0 mm
MEMS AMP
\ \ Screen Layer
~ 3 // — &

3.7 mm

Processor Resin
Pad

ASIC
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Lh
Capacitive Gyro — Block Diagram > SEd ELﬂ%ﬂE

Rate Out
(Analogue)

MEMS On-Chip

Capacitive Pick-off

Resonator Amps the_ Out
(Digital)
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SGH15 Capaciive MEMS Gyro ~ >SP3 JrsNG.

POWER PCB

CONTROL PCB

.

SGH15 MEMS MEMS Rate Sensor

LID

DETECTOR PCBs

» 8mm @ ring resonating ring for > Hermetically sealed
best performance (welded) Kovar base
» Proven architecture - & lid (from VSG3)
o Glass package
o Vacuum sealed
o On chip pick-off amps

BASE

“‘SGH15 is a unique detector design applicable only to the
current space programmes — the latest Inductive VSG3
detector (SGHO03) outperforms SGH15 and has a wider

commercial market beyond space applications”




SGH15 Performance

Requirement

Sensor Type
Mass
Power

Bandwidth

Measurement
Output Rate

Switch-on to
Switch-on
Change

Angular Rate
Bias
Rate Bias Drift

Scale Factor
Linearity
Angular

Random
Walk

Noise Equiv't
Rate

Interface
Rad Tolerance
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3 axis rate sensor
< 0.8kg
5AW

'Allan Variénbé T
| « Bias Instability (Flicker Rate) = 1°/hr
« ARW =0.047°/Nhr

10 Hz {max)

2 - 20 Hz izettable),
0 Hz = no output

=< 10 deg/hr {with off
fime constraints)

10 - 20 degihr o(7)

5 - 10 degihr over 24
hours with £10°C

=< 2000 ppm over &
input range gbisciadaida

0.1 - 0.2 degihr

12

11 t ] : S S
%) 1 T 100

= 1 deg/hr (defined
as flicker rate)

Analogue, R5422
100krads, 18 yr GEO
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Inductive MEMS Gyro Detector >Seda SENSING.

Can Lid

Upper Pole Magnet
Silicon \'__________i/}_‘
.
= E” NN | [ =—
[ ] |
I ]
Pedestal Glass Can Base Support Glass Lower Pole

> 4" x 100um Si Wafer » 10mm sq gyro die
> 52 die per wafer

» 6mm @ ring
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MEMS Gyro Detector Roadmap >sed §'EL|\'1(§|(|3ICN; '

Atmos N, @ 1bar

1999 2009 2014 -~
-\‘\,“_.:
[sGHO1
> Designed for automotive | SGHO2
; (%erﬁ? rg:!gi“tsmduced » Reduced mechanical coupling
: » Reduced thermo-mechanical stress
il i i > | d
> Still in production ; :e:uceg éF o < gg;iizz ﬂSid darmping
- e y TER LR > Reduced ‘intrinsic’ damping
< lmproved g?,'\lns > Improved MEMS mechanical isolation
> én%roved q : to-qai talk » Reduced moisture content
e e Tl CI055-(E > Improved mode frequency matching
VAN DRIE As SGHO1, with As SGH02, with E
5 10mm sq x 100pm 16x Symmetric Slotted ring 5
' 6mm @ ring | Legs :
N 8x Asymmetric Legs Double loops :
E ME_MS Single loops = |
D4 :
L LI T s = = = =~~~ 7 T 7 == = — —  ~ ettt == =~ =~ T T 22T TIIT)
Glass supported As SGHO1 As SGH02, with i
Anodic bonding Octagonal glass .
Permanent magnet Undercut pole support |
Metal poles :
Die bonded E
Wire bonding |
Kovar base & lid As SGHO01 As SGH02, with E
Glass-metal pinouts N, @ high vacuum :
Package Welded hermetic Getter integrated '
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Inductive Gyro Module Roadmap >Sed §'E%\'§"C\|’<'\;W

VSG3 Gyro MEMS | SGHO1 > SGHO2 (NL2T)
T

Control Electronics | A

SIC
(Analogue)

Digital Interface

AV Vs
|_CRS03-7 & RRSO1 7-14/hr >

/N - ¢

CRS39-01/-02

Module =<
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SGHO03- In-run Bias >sed g%&gg‘"

SGH02 SGH03

In Run Stability for CRS39 In Run Stability for CRS39
5 Gyro1 & Gyro2 Gyro1 & Gyro2
10 et i o5 o : 5 o T ST T T

107

10° =

-
U
T T T

In Run Stability in deg/h (one sigma)
In Run Stability in deg/h (one sigma)

-
<
T

10° -

10l Fisin ; \ dadigain o ared 10"

Bias Stability improved from 2°hrto 0.2%hr.  _
(Note scale change). Angular Rate | 10 - 20 degihr

Rate Bias Drift | 5 - 10 deg/hr over 24
hours with 10°C
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SGH03 — Bias Hysteresis >sea gEI_\Il(S:ICN)EM

SGH02 SGH03

G1 Normalised Bias(®hr) vs Temperature (T1 Sensor) G1 Normalised Bias(®hr) vs Temperature (T1 Sensor)
T T T T T T T T
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L
SGHO3 - SF Linearity SEED S

SGH02 SGH03

=T A Non-linearity improved
Applied Rate (°/s) 730 - " Mpﬁ-dﬁma(n’ﬂ * : ’ (<1 ;Oooppm) due to Improved
oL W e S bias stability, lower noise and
i . | ' improved linearity
2,
3 # Appiied Rate (%) ’ ) ’ Applied Rate (°/s) &ﬂh‘ Fm = z-um Ppm over

Linearity |  input range
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SGHO3 — Allan Variance >sed glE%\lfsiuC\I)g“"

Allan Variance for CRS39 Allan Variance for CRS39
Gyro1 & Gyro2 Gyro1 & Gyro2
T T T T

Allan Variance in deg/h (one sigma)
Allan Variance in deg/h (one sigma)

Correlation Time, seconds

Angle Random Walk improved from 0.013%~hr to 0.0083%~hr

Lineaniy i
Bias Instability (NER) improved from 0.2°hr to 0.08%hr Angular | 0.1-0.2 degihr
SGH15 Rancom

« ARW=0.047°Nhr Noi = S
« Bias Instability (Flicker Rate) = 1°/hr oise E"R“ It < fﬁ'i":;m]
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Conclusion SSP3 EIEIT\II(SZICN)CN;

»  The SGH15 Capacitive VSG4 MEMS detector has proved the feasibility of MEMS gyroscope
suitability for space use

»  The roadmap for MEMS space gyros will need to focus on cost reduction, without
compromising performance and functionality

»  Trends and drivers in the MEMS gyroscope market mean there is a weak commercial
argument for investment in a unique space MEMS gyro — the key is to find and adapt a high
performance commercial MEMS gyro for use in space

»  Much has changed in the market since the SGH15 MEMS gyro detector was first conceived,
and other viable alternatives now exist

»  Free of the constraints of the automotive market Silicon Sensing has evolved its Inductive
VSG3 MEMS detector technology and the latest generation (SGH03) could potentially meet
the mid-term performance-v-cost objectives for future space MEMS gyros
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