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1.

i FA 3B .~ Scope

AKEHRE X Gyrotz >4 TCRG20-011. [CRG20-02] £ & U TCRG20-221 [CDWWTHET H1DTH S,
This specification is mentioned gyro scope “CRG20-01”, “CRG20-02” and “CRG20-22".

Model Bandwidth Digital Rate Range Analogue Rate Range
5.326rad/ 1.309rad/
cres Honz " 757
5.326rad/ 5.326rad/
oo ore " 2007
5.326rad/ 5.326rad/
S 100rz 00se] 0077
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2. {EA%# . Using Conditions

2.1 BERELEE ~ Guarantee Operating Temperature
-40C ~105C

2.2 RTFRFEEE ~ Guarantee Storage Temperature
-60C~150 C

2.3 BIREX .~ Supply Voltage
TRICTENSBEEHAICHDS L E, —REFUEERICHATSINIMEZRIETSILDTH D,
Characteristics mentioned in this specification shall be guaranteed when the supply voltage satisfies
following conditions.

15H REEH e
Item Environmental Condition Note
EREE : :
475V ~ 525V -40 C~ 105 C
Voltage Supply
EIEY v FIL < 5mVpp 100Hz ~ 12kHz
Power Supply Ripple < 2mVpp 12kHz ~ 400MHz

2.4 mKEIMMERE .~ Absolute Maximum Voltage
6V

2.5 EEFERE . Initialize time
500msLL .~ Less than 500ms

2.6 ;EEE R Current Consumption

=] RIBSEH #E
Item Environmental Condition Note
RAB— 7y TERITERL
ERHEER BIRIE AR 500ms LIFE)
< 60mA
Normal Current Consumption After start-up Timing
(500ms after switch on)
RE—+T7 v TER BIRZA®K 500ms £T
<75mA
Start-up Current Within 500ms after switch on

2.7 BIE & F .~ Operation range
1.309rad/s [75deg/s] ELF .~ Not exceeding than 1.309rad/s [75deg/s]
(CRG20-01:7 7+ B % i 51/Analogue Output)
5.326rad/s [300deg/s] LLTF.~Not exceeding than 5.326rad/s [300deg/s]
(CRG20-01:7 ¥ 4 JL i Z1/Digital Output., CRG20-02/22:7 tH 71/Both Output)
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3. EM{LHk.General Specification

3.1 & >H%H A Sensor Output
TCRG201 ETUAINEHETHFATHAOBMAZREBELTEY. EL0LFIAAETH D,
“CRG20” has both digital output and analog output.
And both of them are available.

3.2 #H#h.~Sensing Axis

g
Sensing axis
(Z-axis)

(X-axis)

Fig.3-1 fARE R H .~ Angular Rate Sensing Axis
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4. #A3TE&H1EHEAssembly Specification

4.1 #HES SR Recommended External Circuit Diagram

Analogue_5V Digital_5V Analogue_5V Digital_5V

5y T T o | i1 L cn -v-__l_ c6

100nF I I 100nF 100nF
c8 = = . I
10uF H= Analogue_GND Analogue_GND Digital_GND
< 470h 100 F 22 F
J__ JT 31 4 36 22| 16| 17 o " I L ‘
B - o g ) 3 2 Analogue_GN
Analogue_GND Digital_GND 2 2 & a < a
Q Q = g g g
1 S 8 g > 3
4—RATE!1 = AUX2
E ° 34
Q §, 4+——  RATE2 AUX1
g E 14 9
o5 <4+——BIT_OK VREF1
= L c4
— Blcama I "
Analog;eiGND
21 7
FRB_INT VREF2
Cc9 C3
100nF 10uF
2 esvne " I 1 ‘
Ana_logueiaND
25
RESERVED
27 CRG-20 10
RESERVED CLK_IN
=
28 1 w
RESERVED SPI_OUT——p g ]
32 12 g 8
RESERVED SPI_INd——MMMM— % L
35 13 2
RESERVED SPI_selB 4————
2 29
RESERVED RESET_IN
23 30
RESERVED RESET_OUT
33 » 26
RESERVED = RESET_PROC
< g| OI
Anal GND 24 18
nalogue_! l l l 7J7 s %
22nF
TAnalogu_e GNDT Digital_GND AnalogureiGND
No. Name Value Tolerance Voltage ESR
IC1 Capacitive Gyro Scope CRG20
C1 Tantalum Capacitor 22uF <10% >7V 0.1~0.50hm
C2 Ceramic Capacitor 100nF <10% >16V
C3 Tantalum Capacitor 10uF <10% >16V
C4 Ceramic Capacitor 1nF <10% >16V
C5 Ceramic Capacitor 22nF <10% >50V
C6 Ceramic Capacitor 100nF <10% >16V
C7 Ceramic Capacitor 100nF <10% >16V
C8 Tantalum Capacitor 10uF <10% >10V
C9 Ceramic Capacitor 100nF <10% >16V
C10 Ceramic Capacitor 100nF <10% >16V
R1 Thin Film Resister 470hm <1% >16V

Fig. 4-1 4VER#E#E R~ Circuit Diagram
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4.2 AH AIES_Input and Output Signal

EB4 Pin /o A& fiEZE
Name No. Function Note
==y
VDD5V_0 4 ASICRSVRIRA L +5V£0.25V

5V input for ASIC

— R EIE
VDD5V_1 31 ASIIC?-’V SR THSVERA S +5V40 25V
5V input for Charge pump on ASIC

ASICH3.3VEIREA AN
VDD3V 17 +3.3V+0.2V
3.3V input for ASIC

3.3VEIRE A
VDDA3V 16 o} +3.3V
3.3V output from ASIC

<4 a2 HSVEIR
VDD_D 22 A 1 RSVERAD +5V+0.25V
5V input for Microcontroller

b 5VEIR
VDD_MEMS 36 ,7 ~ 7R ) %E]Uj, ) +5V+0.25V
- 5V input for pickoff amplifier

ASICF ¥ —TRY FHGND

VSS 19 GND ov
GND for Charge pump on ASIC
ASICAHGND
VSSA 6 GND oV
GND for ASIC
<4 32HEGND
GND_D 24 | GND fa~A ov
- GND for Microcontroller
7 > 7HGND
GND_MEMS 8 GND ) i oV
- GND for pickoff amplifier
7FrOJES 1
RATE1 1 0 FR7ESHD Viare: = Veer1£2.3Vmax

Analogue Rate Output 1

BIT "REFIL GND LR

ILEEZEHAN
OyEE = +2. RATE2 is setto VSSifa
RATE2 34 o TrRJESHA2 Vrate2 = VRer122.07Vmax .
Analogue Rate Output 2 VRrate2 = -0.9 X VRrates continuous or
demanded built in test
(BIT) failure occurs.
G =1 High: N |
BIT_OK 14 o) yroB C i i 7 5V CMOS Logic 'gh - Morma
Gyro Self Check Output Low : Failure
High : CBIT on
Gyroz2 Bt A 71 Low : CBIT off
CBITA 15 5V CMOS Logi
Commanded Built in Test Input ogie CBITERAA%(X4.818
Please refer to item 4.8
CLK_IN 10 I R SPItE#H I
= % ILASPI
SPI_OUT 11 0 T IS IVASPIAE S _ 4.418~4.518
Digital SPI Data Input 5V CMOS Logic
SPI_IN 12 | Please refer to
= I and Output

item 4.4 and 4.5

SPI_selB 13




SlLlCON{:} $5JS-0001 rev.3 (8/15)
SENSING. CRG20 Digital Angular Rate Sensor

4.3 #E L A4 72 k. Recommended PCB layout

RESETB_IN

[t
L
—
=T
o

L D

AUX 2
AUY 1 GND

kk.

3
=
=

1.220mm C.800mm

III“IIIM

C3

B./50mm

EERN

= 8.250mm —=

&R &M Layout 4 Hm Layout
Fig. 4-2 ¥% L 4 77 k. Recommended PCB layout
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4.4 SPI@{E L # .~ SPI Communication Configuration

(1 * v+t —L K. Message Length
6 Byte
(2) Y 0y REBIt Rate
1MHz
(3) BIEMRE~ Transmission
Most Significant bit transmitted first
(4) T — AR 85% 2K~ Data Transfer Mode

E# 0y Y (CLKUN)DETIvIOEILHEENY BITIVvIPZIABTYEL, £TT
YO(LBENY I YD)NITAHAER, BTV PEIBTY I VD) THAREZELT
Do

Leading edge of the SPI clock (CLK_IN) is rising edge (positive edge), and trailing edge
is falling edge (negative edge).

Date sampling is done at leading edge, and date latch (data setup) is done at trailing

edge.
Tm
SPISED _\ |t b -t —>{t, [ |t b -t

CONTROL }— RESERVED j}— RESERVED }— RESERVED j}— RESERVED )— CHECKSUM>—

SPLIN
SPI_OUT —< STATUS — DATAO — DATA 1 — DATA 2 — DATA 3 —( CHECKSUM
Tto(
tCLK
-t ty [T |
SPI_SEL
t(]
CLK_IN 1 2 3 4 5 6 7 8 g 41 42 43 44 45 46 47 48
t, ¢

R D0 0 ) ) ) oo o o o G G

’v

’v
se_out ——{wer) eo e Y ar Yora) wrz Y urs Yuro X'~ X o Ycrua s omeap(nms) e o oo

g

Fig. 4-3 SPI@{Et#k.~SPI Communication Configuration

Parameter Min Max Unit Description
toik 0.8 us CLK_IN period.
t4 5 V& SPI_SEL to CLK_IN setup time.
t 0.4 x tcrk us CLK_IN high pulse width.
i3 0.4 X tok VE CLK_IN low pulse width.
t4 1.1 us Delay between successive bytes.
Minimum quiet time required between SPI_SEL
ta 730 s N o
rising and start of next communication (Note 1)
Th 0 us SPI_SELhold time after final clock
Tm 53.5 270 us message duration (note 1)
Tiot 1000 us repetition rate (Note 1)

FR: TnDEHZEBRRTELIICtekZZEL.HHOET Tud Ims EHDHLI Tt ZHRELTLEEL,
BE. IQE+Ta+Th+to=T[FTBELBALLGYET,
Note 1: A quiet time (tq) between messages is required, and t1 + Ty + Th + tq = Tiot. Optimum performance

is achieved with a repetition rate of 1ms. Select an appropriate tcLk to meet the requirements of
Tm, and then adjust tq to give a Tt of Tms
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4.5 HOST>CRG20:&E 4.~ HOST->CRG20 Communication Configuration

Byte Function
Byte-1 Command byte : Fig. 4-4
Byte-2
Byte-3
Byte-4 Spare — Ignored
Byte-5
Byte-6 Checksum : 1byte~5byte®F1M T {1 8bitd 10 ¥k

Checksum value is one’s complement of the least significant 8 bits of the sum of byte 1 to 5

1 byte |—| 2 byte |—| 3 byte |—| 4 byte |—| 5 byte
bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
CLK_IN
SPl_lN —4 Res?rved Reselrved Reserved Reselrved CEIIIT Nex_trsllpe;szage Nex}rsﬂpe;s:age Nex_trsllpe;sgage —
\ ! ' v ' ' A ' v ' ' J
Reserved Next Message Type
Setto 0

000=Basic sensor data with failsafe function
001=Rate / AUX1 sensor date

010=Rate / AUX2 sensor date

011=Rate / Temperature sensor date (Default)

CBIT_A demand
1=Active CBIT_A test

Fig. 4-4 Command Byteft#k.~Command Byte Configuration



SILICON™
SENSING.

SSJS-0001 rev.3 (11/15)

CRG20 Digital Angular Rate Sensor

4.6 CRG20>HOST#@{E# .~ CRG20->HOST Communication Configuration

Byte Function
Byte-1 Status byte : Fig. 4-5
Byte-2

Rate Data byte : Fig. 4-6
Byte-3
Byte-4
See Fig. 4-6

Byte-5
Bvie.6 Checksum : 1byte~5byte MF1D T I 8bit D 1 DHHE

yte-

Checksum value is one’s complement of the least significant 8 bits of the sum of byte 1 to 5

CLK_IN

SPI_OUT—{  Message

&

Message Count

Message c Hosi( ti MSB cMsB Message Message Message
Count 0 Count 0 omr;:z‘::a on ll ' Type 2 Type 1 Type 0
y y T f f T T T
A A J
Y
Message Type
000=Basic sensor data with failsafe function
Host Communication Fault 001=Rate / AUX1 sensor date
1=Communication Fault Detect 010:Rate / AUX2 sensor date
(In case checksum value which 011=Rate / Temperature sensor date (Default)

calculated in CRG20 is not

equal to transmit value from Host) CMSB Ad d
_A deman

1=Active CMSB_A test

Increment each time the host take a message MSB Fault
(Repetition of '00'->'01"->"'10"-> 11" -> ('00")) 0=Gyro output OK

Fig. 4-5 Status Byteft#k.~ Status Byte Configuration

CLK_IN

RN I I —

SPI_OUT—{ wmsB-7

r

Fig.

{ wMmsB-0 ) LSB-7 LSB-0
J
Y
Rate Data

16bit signed number (Two's complement )
Range : -300deg/s to 300 deg/s
Resolution=0.03125(deg/s)/bit

4-6 Rate Data Byte{t#k.~Rate Data Byte Configuration
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4.7 CBIT{E B A%~ Using method for CBIT function
CBITHEEX T O HILET. L LLEICBITANGFICEZR S &L CTHEATAREEGY FT,
CODHEEIL., EICCRG20DMEF vy ELTHWSZ EMNARETT,
CBITR 7V T4 7I2E-TWAEE, TOHIHA, 7HBIJRATEIR A, 7FBJRATE2H D
EAREH AL, $90.175rad/s [10°/s] HAZEAHY . COFEERRA M RATLOATEZSZTSHZ
ET, BEUERNTREIZEVET,
BE. CBITBAT7 I T4 7DEZIEIBIT_OKDO 75U HAONIZHEY FT,
CBIT function can be done using the SPI communications or the CBITA pin.
CBIT is primarily used as a ‘quick test’ to check the functionality of the device.
While CBITA is asserted, an offset is added to the rate sensing loop.

BIT_OK shows a failure while CBIT is active.

5V

CBITA

ov

Rate2 - CRG20-01/02/22 Variant

_ TEfEE _ TEfEE
1 <200ms 1 <200ms

Analogue Rate2 W

Fig. 4-7 CBIT{t#k.~CBIT Configuration

4.8 ') 70— MA#ERELH . Recommended Reflow Soldering Specification
TUE—FEBICRELAVLA, BKY 7 O0—RBEF220C ~235C xMax 60secEHET 5, AH
CHEBTHRZADIBEEEZMMT 5BE8TH. 260 CxMax 10seclF#z LV &,
We don’t have any recommendation for the pre-heat.
Maximum reflow soldering temperature: 220 deg C — 235 deg C, time: max 60 sec.
But peak temperature shall not exceed 260 deg C and time: 10 sec.

Temp(°C)

60sec

235°C

220°C

Time(sec)

Fig. 4-8 ') 7 0 —{t#k.~Reflow Soldering Specification
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5. —#%45 M5 ER.~ Characteristics

5.1 7% )LEEEER .~ Digital Output Characteristics

15H % wE
Parameter Characteristics Note
TORIVEE 1833bit/(rad/s) 0.00055(rad/s)/bit
Digital Scale Factor Nominal [32bit/(°/s)] [0.03125 (°/s)/bit]
TORINERE +0.5% 25°C IZ BT B/ ERE
Digital Initial Scale Factor Error from Typical value at 25°C
TORIWRERE 2.0% 25°C zHE LT L2 EEHETOERILLE
Digital Scale Factor SF variation with over temperature from 25°C
TORIWHENATR +0.0087rad/s 25°C IZH 1 B ER
Digital Initial Bias [£0.5°/s] Error from Typical value at 25°C
TORIWINL TR +0.044rad/s 25°C 2 HE LT L2 REHETOELLE
Digital Bias [£2.5°/s] BIAS variation with over temperature from 25°C
FERME
Non Linearity <0.15% -40°C~105°C
5.2 7+ R4 H MR ERAnalogue Output Characteristics
TRICE&HINDST7TFHOJHAIFRate 1 hDFHEERT,
Below data table is the Rate 1 Characteristics of Analogue Output.
15H % wE
Parameter Characteristics Note
1528mV/(rad/s)
FFOyKRE [26.67mV/(°/s)] CRG20-01
Analogue Scale Factor Nominal 382mV/(rad/s)
(6.67mVICIS)] CRG20-02/22
T oY NERE +0.5% 25°CITBITHHER
Analogue Initial Scale Factor Error from Typical value at 25°C
CRG20-01
2.5V+0.014V 25°C IZHB 1T BEERE
FFagmENA TR Error from Typical value at 25°C
Analogue Initial Bias CRG20-02/22
2.5V+0.004V 25°C IZH 1T B ER
Error from Typical value at 25°C
FERME
<0.15% -40°C~105°C

Non Linearity
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53 T4 -

7 045 # @588 Digital and Analogue Output Characteristics
IHH T %
Parameter Characteristics Note
=40Hz (CRG20-01)
i
=75Hz (CRG20-02) -3dB
Bandwidth
Max. 100Hz (CRG20-22)
fthEh R E

Cross Axis Sensitivity

2%

/4R

Noise

Typ 0.00576rad/sRMs [0-33°/SRMS]
(CRG20-01)

In Band Noise (1~40Hz)

Typ 0.014Orad/sRMS [O.SOO/SRMS:I
(CRG20-02)

In Band Noise (1~75Hz)

Typ 0.0175rad/sRMS [1 .OOO/SRMS:I
(CRG20-22)

In Band Noise (1~ 100Hz)

Typ 0.0122rad/sRMs [0.70°/SR|\/|3]
(CRG20-01)

Broadband Noise

Typ 0.0244rad/sRMS [1 -40°/SRMS]
(CRG20-02)

Broadband Noise

Typ 0.0262rad/sRMS [1 .SOO/SRMS:I
(CRG20-22)

Broadband Noise
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6. 4 H1E#R.Packaging Information

L. ~TOP VIEW {8l B, ~SIDE VIEW
— 3.44 _
0.1 3.34
l 9 - 5 |
1pin &I EN.~Pin 1 identification
\\
Japan O
U2
(4]
[dp]
2
=
[N =)
! nO
(e}
o<
>
T ><
O |O
)

JEEE.~BOTTOM VIEW

8-0.1

36-0.7

Fig. 6 CRG20%}#%.~CRG20 Outline





