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CRH03 Series
High Performance Analogue Angular Rate Sensor

CRH03 SERIES 
High Performance Analogue Angular Rate Sensor

	 APPLICATIONS

•	 Aerospace Applications

•	 Platform Stabilisation

•	 Precision Surveying

•	 Maritime Guidance and Control

•	 Gyro-compassing and Heading Control

•	 Autonomous Vehicles and ROVs

•	 Rail Track monitoring

•	 Robotics

•	 Drilling Equipment and Guidance

•	 Inertial Measurement Units

The CRH03 provides an optimal solution when bias 
instability, angle random walk, and low noise levels are 
critical requirements. It uses Silicon Sensing’s proven 
MEMS resonating structure along with an improved balan-
cing technique that optimizes operation in the cos2q 
vibrating mode. This mechanical design and operating 
mode make the CRH03 extremely robust and resistant to 
external vibrations. 
The CRH03 OEM and OEM R versions are designed for 
integration without needing an enclosure. The standard 
OEM uses an internal thermistor to correct for scale factor 
changes as the magnet’s field strength varies with tempe-
rature. The OEM R provides uncompensated raw output, 
allowing temperature compensation by the host system 
using the on-board temperature sensor or the MEMS 
resonant frequency itself as a temperature indicator.
If external calibration and compensation are preferred, the 
OEM R is the optimal choice. It replaces the thermistor 
with a fixed precision resistor. This requires the host to 
compensate for a larger scale factor error but benefits from 
using just one temperature source for compensation 
instead of the three effective sensors in the standard OEM 
- the thermistor, internal temperature sensor, and frequen-
cy output indicating MEMS temperature. During thermal 
transients, differing temperatures between these three 
measurements can cause temporary scale factor errors. 
For multi-axis applications, the OEM versions of the CRH03 
are available in three frequency ranges V, L, and M. This 
minimizes interference between axes. All frequency 
variants have identical functionality, performance, and 
interface. The available OEM variants and their frequency 
outputs are:

	 FEATURES

•	 Fibre Optic Gyro (FOG) like performance

•	 Small size

•	 Proven and Robust silicon MEMS VSG3QMAX vibrating 
ring structure with improved balancing

•	 Five rate ranges available: ±10°/s, ±25°/s, 
±100°/s,±200°/s and ±400°/s

•	 Low bias instability - 0.04°/hr (100°/s)

•	 Excellent angle random walk - 0.006°/√hr (100°/s)

•	 Low noise - 0.12°/s rms (100°/s)

•	 Precision analogue output

•	 High shock and vibration rejection

•	 Precise thermal compensation with non R version

•	 Approximately half noise reduction against previous 
model CRH02

•	 Warm-up drift reduction against previous model 
CRH02

•	 RoHS Compliant

•	 Low current compensation compared to CRH02

CRH03
Housed Version

CRH03
OEM Version
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	 CRH03 FUNCTIONAL BLOCK DIAGRAM

	 2 ORDERING INFORMATION
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	 3 MECHANICAL DETAIL

Figure 3.1 CRH03 (Housed Version)
Overall Dimensions

Figure 3.2 CRH03 (OEM Version)
Overall Dimensions
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	 4 SPECIFICATION

Unless stated otherwise, the following specification values assume Vdd = 4.85 to 5.25V 
and an ambient temperature of +25°C. “Over temperature” refers to the temperature 
range -40°C to +85°C.
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	 4 SPECIFICATION CONTINUED
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	 4 SPECIFICATION CONTINUED

	 5 ABSOLUTE MAXIMUM

	 6 INTERFACE
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	 6 INTERFACE CONTINUED

	 6.1 AUXILIARY OUTPUT SIGNALS
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	 7 TYPICAL PERFORMANCE CHARACTERISTICS

This section shows the typical performance of CRH03, supplied with a 5.0V supply unless  
stated otherwise.

7.1 Bias Characteristics
This section shows typical bias variation over temperature with respect to the bias at +25°C. 
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7.2 Scale Factor Characteristics
This section shows the typical scale factor variation over temperature, with respect to the scale factor at +25°C
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7.3 Reference Performance Data for Allan Variance 
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7.4 Reference Performance Data for 
Bias for R Version 

7.5 Reference Performance Data for Scale 
Factor for R Version 
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7.6 Reference Performance Data for 
Allan Variance for R Version 

	 8 OTHER INFORMATION 

8.1  Supply Voltage
CRH03’s rate output is non-ratiometric meaning that it is 
independent of supply voltage, provided it is operated 
within the specified voltage range.
The minimum supply voltage, including ripple and power 
supply noise, must not fall below 4.85V in order to main-
tain full performance.
The voltage ramp up speed at power up shall be less than 
20ms for voltage ramp up to reach +4.85V. If the voltage 
ramp up time to +4.85V is greater than 20ms, then the 
CRH03 may not start up within specification.
8.2  Mating Cable Assembly
An accessory cable (Figure 3.3) is supplied only with the 
Housed version of CRH03 not the OEM version. For spares, 
or if an accessory cable is required for the OEM version, 
refer to the part number details shown in the Ordering 
Information section. 
8.3  Temperature Sensor
The temperature sensor uses a LM20B device, internally 
connected as shown in Figure 8.1.

The output at 0°C is typically +1.864V with respect to REFL. 
The temperature coefficient is typically -11.77mV/°C.

The output can be measured with respect to REFL or can be 
put through a differential input instrumentation amplifier, 
referenced to the REF pin, in which case the offset at 0°C is 
typically -0.536V. At +25°C, the output is typically -0.830V 
with respect to REF. The temperature sensor is not intended 
for use as a thermometer, since they are not calibrated on 
the Celsius scale. They are intended only as a temperature 
reference for thermal compensation techniques.

Figure 8.1 Temperature Sensor
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	 8.4 RATE AND REF OUTPUTS
Both the Rate and the REF outputs are protected by a 
series resistor before the output pins. The resistor value 
is 510Ω.

It is important to take these resistor values into account 
when calculating the gains of external differential ampli-
fiers. It is also recommended that the REF signal is buffe-
red if it is used as a reference for more than one signal.

It is recommended that the Rate Output is differentially 
sensed using a precision instrumentation amplifier, 
referenced to the REF output. A reference Low (0V), 
REFL is also provided as a ground reference for external 
ADCs (see Figure 6.1).

The Offset of the instrumentation amplifier should be 
derived from the host stage (e.g. derived from the ADC 
REF Voltage) or from the signal ground if the following 
stage is an analogue stage.

	 8.5 FREQUENCY OUTPUTS
This is a CMOS Digital (74HC series) compatible digital 
output running at twice the frequency of the sensor 
head. It is provided to give an indication of the tempe-
rature of the sensor. The nominal frequency is 28kHz 
with a typical temperature coefficient of -0.8Hz/°C. 

The signal is protected with a 1kΩ resistor and It is 
recommended that it is buffered with a CMOS Schmitt 
Gate such as 74HC12, or TC7S14F. By monitoring the 
change in frequency of this signal, an accurate measure 
of the internal temperature of the sensor can be deter-
mined. This can be used for compensation purposes.

An example of measuring the MEMS temperature is to 
use a precision crystal oscillator (operating at a very 
high frequency, for example 20, 40 or 60MHz)  
to measure the frequency of the ring by measuring the 
time (oscillator clock cycles) to count to a defined num-
ber of ring cycles.

	  �8.6 INTERACTION BETWEEN MULTIPLE  
GYROSCOPES

The resonant frequency of the gyroscope is nominally 
14kHz. If multiple gyroscopes are operated together, there 
is the possibility of interaction between them, causing a 
beat frequency to become apparent on their outputs.

	� 8.7 ALLAN VARIANCE CURRENT CONSUMPTION  
WITH TEMPERATURE

This section shows the typical Allan Variance graphs for the 
CRH03s at nominally constant ambient temperature.
Figure 8.2 shows a general Allan Variance graph as a guide 
for calculating bias instability and Angle Random Walk. The 
Angle Random Walk is calculated as follows:

a.	� A line is drawn tangential to the Allan Variance graph at 
a -1/2 gradient (on a log-log plot).

b.	� The line is extrapolated to intercept the 1 second cor-
relation point (tau). The value at the intercept point is 
noted.

c.	� The Angle Random Walk is this value, in units of de-
grees/hour, divided by 60. In Figure 8.2, 
the line intercepts the 1 second correlation time at 
0.57°/hr, giving an Angle Random Walk of 0.01°/√hr.

The bias instability is at the minimum part of the Allan 
Variance plot, usually between correlation times of 10s 
and 100s. In Figure 8.2, the bias instability is approxi-
mately 0.05°/hr.

In multi-axis applications, it is recommended that different 
frequency variants are selected (V, L and M) and that the 
CRH03s are isolated both electrically and mechanically.

Electrical isolation can be achieved by using a separate low 
drop out linear power regulator for each gyroscope.
Mechanical isolation can be achieved by mounting the gy-
roscopes as far apart from each-other as possible or by the 
use of anti-vibration or compliant mounts.
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	� 8.9 RATE OUTPUT WHEN OVER RANGE INPUT
If CRH03 is operated outside of its specified angular 
rate range, the sensor will not be damaged but the 
output will saturate. Once the over range is removed, 
CRH03 will return to its normal operational state within 
2 seconds.

	� 8.10  Soldering
To protect the CRH03 it should not be exposed to tem-
peratures in excess of 100°C.

For re-soldering the following applies: 
150°C to 180°C apply heat for < 120 seconds 
180°C to 220°C apply heat for < 60 seconds 
220°C to 225°C apply heat for < 45 seconds Maximum 
temperature  225°C.

	� 8.11  Input Protection
CRH03 does not have reverse or over voltage protection 
on any input.

	� 8.12  OEM Assembly
The sensor needs to secured down firmly to achieve the 
best performance. 

Recommend M2 screws (> 12mm) with washers. Screw 
head diameter including washer >3.2mm. Recommend 
Torque 0.25Nm; Screw U-0212-S1, material of internal 
thread AC7A-F (anodized).

	� 8.13   Disposal Processing
In the event of scrappage, CRH03 should be disposed 
of as industrial waste and in accordance with local 
regulations. 

	� 8.14  Notice
Specifications are subject to change without notifica-
tion for the purpose of product improvement.

	 Glossary of Terms
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	 10 PART MARKINGS

	 11 SILICON MEMS RING SENSOR (GYRO)
The silicon MEMS ring is 6mm diameter by 100μm 
thick, fabricated by Silicon Sensing Systems using a 
DRIE (Deep Reactive Ion Etch) bulk silicon process. The 
ring is supported in free-space by eight pairs of symme-
trical ‘dog-leg’ shaped legs which support the ring from 
the supporting structure on the outside of the ring.

The bulk silicon etch process and unique patented ring 
design enable close tolerance geometrical properties for 
precise balance and thermal stability and, unlike other 
MEMS gyros, there are no small gaps to create problems 
of interference and stiction. These features contribute 
significantly to CRH03’s bias and scale factor stability over 
temperature, and vibration immunity. Another advantage of 
the design is its inherent immunity to acceleration induced 
rate error, or ‘g-sensitivity’.

Figure 11.2 MEMS VSG3 Sensor
The ring is essentially divided into 8 sections with two 
conductive tracks in each section. These tracks enter and 
exit the ring on the supporting legs. The silicon ring is bon-
ded to a glass pedestal which in turn is bonded to a glass 
support base. A magnet, with upper and lower poles, is 
used to create a strong and uniform magnetic field across 
the silicon ring. The complete assembly is mounted within 
a hermetic can.

The tracks along the top of the ring form two pairs  
of drive tracks and two pairs of pick-off tracks. Each section 
has two loops to improve drive and pick-off quality. 

One pair of diametrically opposed tracking sections, known 
as the Primary Drive PD section, is used to excite the cos2q 
mode of vibration on the ring. This is achieved by passing 
current through the tracking, and because the tracks are 
within a magnetic field causes motion on the ring. Another 
pair of diametrically opposed tacking sections known as 
the Primary Pick-off PP section is used to measure the am-
plitude and phase of the vibration on the ring. The Primary 
Pick-off sections are in the sections 90° to those of the 
Primary Drive sections. The drive amplitude and frequency 
is controlled by a precision closed loop electronic architec-
ture with the frequency controlled by a Phase Locked Loop 
(PLL), operating with a 
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Voltage Controlled Oscillator (VCO), and amplitude con-
trolled with an Automatic Gain Control (AGC) system. 
The primary loop therefore establishes the vibration on 
the ring and the closed loop electronics is used to track 
frequency changes and maintain the optimal amplitude 
of vibration over temperature and life. The loop is desig-
ned to operate at about 14kHz.

Figure 11.3 Primary Vibration Mode
Having established the cos2q mode of vibration on the 
ring, the ring becomes a Coriolis Vibrating Structure 
Gyroscope. When the gyroscope is rotated about its 
sense axis the Coriolis force acts tangentially on the 
ring, causing motions at 45° displaced from the primary 
mode of vibration. The amount of motion at this point 
is directly proportional to the rate of turn applied to the 
gyroscope. One pair of diametrically opposed tracking 
sections, known as the Secondary Pick-off SP section, is 
used to sense the level of this vibration. This is used in a 
secondary rate nulling loop to apply a signal to another 
pair of secondary sections, known as the Secondary 
Drive SD. The current applied to the Secondary Drive to 
null the secondary mode of vibration is a very accurate 
measure of the applied angular rate. All of these signals 
occur at the resonant frequency of the ring. The Secon-
dary Drive signal is demodulated to baseband to give a 
voltage output directly proportional to the applied rate 
in free space.

Figure 11.4 Secondary Vibration Modee
The closed loop architecture on both the primary and 
secondary loops results in excellent bias, scale factor 
and non-linearity control over a wide range  
of operating environments and life. The dual loop 
design, introduced into this new Sensor Head design, 
coupled with improved geometric symmetry results in 
excellent performance over temperature and life. The 
discrete electronics employed in CRH03, ensures that 
performance is not compromised.


