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BW10980AK Revision History:

Date Revision Reason for Change Changes Implemented
10/21/2019 Initial release
11/27/2019 [BW10980BC_ROMOEO -> BW10980BC_RIMOEL 1) Decoupling capacitors too close to OV9282 camera module body 1) Moved C7, C8, C9 and C12 a bit farther from the J3 (Left) camera module. Moved C23 and C25 a bit

) Overlay on OV/9282 camera module body too wide and should match outline
lof module bod
3) Left/Right camera convention doens't match verbiage in schematic

farther away from J9 (Right) camera module.

2) Updated the overlay for right and left OV9282 camera modules so that it outlined the 3D Body layer. This

should match the camera module body outline and make it easier to mount and aligne the modules.

3) Corrected wording

2) Update sync circuitry

2) Updated sync circuitry

106/04/2020 EW109805C7R1M0E1 ->BW10980BC_R2MOE2 1) Add ideal diodes to USB and barrel jack for OR power 1) Removed R5 and R6 0ohm 0603 resistors from barrel jack and USB power inputs and added 2x LM66100
[2) Shutter sync config needs to be FSIN1/FSIN2 ideal diodes to USB side and 1uF C40
3) Need more room for labeling 2) Removed R23 and R28 from BOM and added R24 and R26 (same PN)
3) Reduced labeling on frontside to allow for stickers and future labeling
109/17/2020 EW109805C7R2M0E2 ->BW10980AK_ROMOEO 1) Add IMU circuitry, configured for SPI 1) BNOOSS circuitry added, configured for 1.8V 10 SPI interface w/ SPIO bus
12) Improve ESD protection on USB 2) Added ESD protection on USB
[3) Aux RST circuit pads no longer needed 3) Removed Aux RST circuit from design
14) Some users accidentially plugin >5V barrel Jack 14) Added 3W, 5.6V zener to design for ESD and input prmecnon
feautres to fit 5) Added 2.1mm locating holes on each arm and used board: rather than thy ing
screw mounts. These slots are board- defined, so the deleted from the sch
(0472172021 [(BW10980AK_ROMOEO --> RIMOEL 1) Slow plug issue with USB type-C 1. Added 1uF capacitor to VBUS_DET updated PCB and fabrication files
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SMT mounting standoffs for module
M2, 3MM steel spacer on M2.5 mounting pad

H1 H2 H3 H4
VDD_5V
QO GND  GND

GND GND
Yl Y I"VDD_5V drawn by BW1099 can be up to 1A WIPI Lanes:
VBUS DPHYV1.2
'VBUS on BW1099 is only sense input Max 2.1 Gbps / lane
i V4
‘ GND 1 D Parameter Set
‘7 MIPI_CAM_A J
S A MIPI RX4 C N ; GND GND § BNOO08x BOOTN 1V8
MIPI_RX4_C_N CAMA_CLKN UART_RX BNO08X_BOOTN_1V8
MIPI_RX4_C_P MIPIIRX4TCEP S CAMA CLKP UART_TX -8 ENCOSXERSTRBIVE BNOOBX_RSTn_1V8 ;
VDD_5V VDD_5V =C=  MIPLRX4 DO N
B MIPI_RX4_DO_N —_— S CAMA DO_N —
MIPI_RX4_DO_P CAMA DO_P GND D o~
{MIPLCAM A —— GND USB_RX_P USB_RX_P
e MIPI_RX4_D1_N ALLC B CAMA_D1_N USBRX N USBERXEN USB_RX_N
MIPI_RX4_D1_P CAMA D1 P USB D P £
2 GND USB_D_P USB_D_P USB
MIPI_RX5_DO_N T CAMA_D2_N USB DN USBEDIN USB_D_N
m MIPI_RX5_DO_P CAMA D2 P GND — -
REDI060S 2 GND USB_TX P USB_TX_P
MIPI_RX5_D1 N i CAMA D3 N USB_TX N USE TX N USB_TX N
MIPI_RX5_Di_P CAMA D3 P GRD
GND
’—301 CAM A CLK OUT CTL_CAM_A
CAMA CLK —CAM_/
o[ Isz 261 25D :58 256 253 CAMASIDCESDA GIND) D _HSTO D3 | CAM A CLK OUT
met {_ tecisct CAMA_I2C_SCL SD_HSTO_D3 e o3 T— CAM_A_CLK_OUT
CAMA RST LM L CAM_A_PWDN_N (CTLCAM A >
SD_HSTO_D2
1 2485 PGOOD kil o DT D HST0 DL
GND e — MODULE 1RST 391 Pooy e D HST0 DO
Mark "'5V* on PCB 2485AVAKEDR AL WAKEUP COM_AUX_102 OMFALAI02 * COM_AUX_102 >
3
’ 3 6N oND 2 4
veD v 5] Sno o VDD 5V
VDD_5V/ INote on silk that this button I 5V 5V ' |
only resets the BW109 5v 5V
veus [ o B |
R33 5V BV 2 e—
1K 0402 GND GND 20— ™5 SO,
GND GND GND
D3 R SD_HST0_CD SPICS 1 = .
ORANGE 0603 CTL_CAM_ B s SD_HSTO_CLK SPISICD SO REEAD D_HSTO D1
SD_HSTO_CMD 4 SI0 D_HSTO D2
ATIBAEY SD_HSTO_CMD SPI_SIOL e SPICS 1 Ll
CAM_B_D_PWM CAM_B_D_PWM SPI_SI02 SPI_SI00 oD
CTINCANID CAM_B_PWDN_N CAM_B PWDN N CAM_B_PWDN_N SPI_SI03 e SPITSIOL {MXSPI0 ) DpsTo: e
covsuTe \ CAM_B_CLK_OUT [ BNOUBX INT 18 AUXTI0_IRQ SPICS 0 SPI_SCK e
2485 _PGOOD REL UNTCL GND 5H ot
CAM B CLK OUT RE CAMB_CLK SPI_SCK SPI_SCK vy - D CD
e o IMU SPI s length matched between
connector and IMU. QSPlbusis |  —--------mo--—o
length matched between connector
GND 12c2 f 12C2_ScL :ggg gg'; ;; CAMB._I2C_SCL 12C3_SCL —;g :ggg gg; 11\\’,88 TP28 ardbezderpacs)
Mark "2485_PGOOD" on PCB 12C2 122 5DA CAMB_12C_SDA 123 spA 20— P29
8 MIPI_CAM_C
GND GND _CAM_
MIPI RX2 1N 84 MiPl RX3 Bi N
MIPI_RX2_D1_N CAMB_D1_N CAMC_D1_N MIPI_RX3_D1_N
VbR SV MIPI_RXZ_DI_P MIPIRX2EDINE CAMB_D1_P camc_pip £ MIBIERXSIDINE MIPI_RX3_D1_P
2 GND GND [ e 2
Rad MIPI_RX2_DO_N e CAMB_DO_N CAMC_DO_N et MIPI_RX3_DO_N {MIPL_CAM C >
% 0402 MIPLCAM B MIPI_RX2_DO_P CAMB_DO_P CAMC_DO_P MIPI_RX3_DO_P
— GND GND —
MIPI_RX2_C_N e CAMB_CLKN CAMC_CLKN —_ MIPI_RX3_C_N
MIPL_RX2_C_P CAMB_CLKP CAMC_CLKP MIPI_RX3_C_P
D4 MIPI_CAM_B d) GND GND
YY) ORANGE 0603 1 DFAOHC(3.0)-100D5-04V_BW1089G2 Receptace |
Parameter Set GND 3mm GND Parameter Set
i MIP| CAM_B MIPI_CAM_C
@
RELCO02UNTCL
&b SPIHEADER 3.3V SD HEADER
Mark "'nRST" on PCB
= SPI SCK SPISI00 SD _HSTO CLK SD_HSTO D
2485_PGOOD and MODULE_nRST both SPISIOL _ SD_HSTO D
have pull ups o 1.8V on 1099 module. SPI CS 0 SPI 5102 sp HsTo cvp & SD_HSTO D
2485_PGOOD is held low by open-drain SPICS L SPI SI03 SD HSTO D SD_HSTO D!
output on 1099 PMIC until power is good. e
MODULE_nRST rises with 1.8V at POR,
butcan be held low by user button or 1099 1
ITAG. N GND S
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3 4 5 6
3v3
o)
3v3
1v8
Q
1V8
(G0 me-foND
3v3
B
* For the switching sequence of power supply VDD and Loy Loy =
VDDIO it is mandatory that VDD is powered on and driven 10uF 0603 0.1uF 0402 *BNOO08x_BOOTN_1V8 is sampled at reset. If low, the 1v8
to the specified level before or at the same time as VDDIO Tov 10V BNOO8X will enter bootloader mode.
is powered ON. Otherwise there are no limitations on the b D *BNO08x_BOOTN_1V8 should be pulled high through a
voltage levels of both pins relative to each other as long as 0 use the device firmware update capability,
Itage levels of both pins rel h other as long 10KR. To use the device fi pdate (DFU) capability, R35
they are used within the specified operating range. s iit's recommended to connect Pin 4 to a GPIO pin on the i 0102
external uC.
B R36
DD can be powered from 2.4V - 3.6V ‘ 1 L = BNO0BX_BOOTN_IV8_]
can be powered from 1.7V - 3. = 0 selects external . Pin has internal pul
VDDIO can be p d from 1.7V - 3.6V our 0503 MO 002 CLKSELO = 0 sel I XTAL. Pin h 1 pull O0R0603
Tov 1ov down, butis connected to GND explicitly. ~
GND GND
U12
NRST is the reset line for the BNOOEX and can be either GND| 31 vop BoOTN [ 5NOOSx_BOOTN_LVE L 26
driven by the application processor or the board reset. 0402 VDDIO
v A CLKSELD (e GND
CAP
=
“The H_INTN pin is the application interrupt line that | TP No08X RSTH 1V8 u SAOH MOsI [ ENOOEXSCORIR1VE
indicates the BNOO8X requires attention. This should be BNOO08x_RSTn_1V8 RST 27 XIN
tied to a GPIO with wake capability. The interrupt is active BNOO8X CS 1V8 18 — XIN32
low. On the BNOOBS, if the host fails to respond to the X HCTS 2% xOUT ) Y1 i
assertion of H_INTN within approximately 10 ms, the | BNOOBX INT 1V8 1 XOUT32/CLKSEL1 ’
BNOO8S5 will timeout, deassert H_INTN and retry the < BNODBX_INT_1V8 HINTN J—ow ABS06-127-32.768KHZ-T 48
Cperalion] 18pF0201  20ppm T 18pFo201
R Lef HscLsCK/RX Reserved [~ e lzippp Pl
Reserved [—5>¢ 32.768kH
BNO08x_CIPO_1V8 20 H SDA/H MISO/TX Reserved % GND - iz
1ve Re 1
. . - 6 eserved @
Pin 5 (PS1) and Pin 6 (PSO/WAKE) are the host interface PSO/WAKE Reserved o7 S
protocol selection pins. For SPI selection, both pins must be 5 Reserved ?< The BNOO8X can operate from an internal oscillator, an
high (from before reset until after the first assertion of PSL Reserved 7 external 32.768 kHz clock or an external 32.768 kHz crystal.
H_INTN to select the SPI interface. Pin 5 may be tied to Reserved If an external clock is used it must be connected to pin 27.
'VDDIO. Pin 6 must be connected to a GPIO so that the — 2:2K0402 ENVASCE 15, ENV SCL Reserved 2 Hillcrest recommends a tolerance of 50ppm. If a crystal is
WAKE functionality can be performed. used it must be connected across pins 26 and 27. Hillcrest
£ recommends using a crystal with tolerance 50ppm wit
R6 2.2K 0402 ENV_SDA 16, ENV SDA 7 ds usi tal with tol 50, ith
After reset the PSO/WAKE signal is used as a ‘wake’ signal S GND 55 12.5pF capacitor loading.
taking the BNOO8X out of sleep if the host wants "The BNOO8X supports environmental sensors (e.g. pressure GND
to initiate communication with the BNOO8X. sensors, ambient light sensors) on a secondary BNO0SS GND
I12C interface. This interface should be pulled up via
resistors regardless of the presence of the external Iy
sensor as the SW polls for sensors at reset. H_I2C ADDR:
SAOD = 0 = 0x4A (default)
SA0 =1=0x4B
g BNOOBX CS 1v8 BOOIMODE
SPICS_1 SA0=0=0x28 (default)
SPI_SI00 ENOOy COPL 1vE SA0 = 1= 0x49
< MX_SPI0 ) < = BNOO8X_CIPO_1V8
Sl sioL BNOOBX_SCK_1V8
SPI_SCK
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Place FBs and caps close to their
associated camera connector.
On the BW1097, the IMX378 camera module is hardi

ed into the “Cam-A" logical position. This means the logic which used to
2v8 2V8_IMX378 A be required to support the module being plugged into different physical connectors (and different logical positions) is no
O 4 Bl -0 Supply Information Ton ded and b d
8 SooTy Nane ger needed and can be removed.
Voltage Max Current
600R/100MHz Sensor
e , FB2 1\’8—'(5")(378 VANA 2.8V £ 0.1 55mA Note: It is st a limitation that the clock source for the cameras must be shared between CAMA/C and CAMB/D.
[1ve VIF 1.8V 0.1 2.5mA
600R/100MHz
wos o 1V05_IMX378 VDIG | 1.08V + 0.1 446mA
[1vos - Y
600R/100MHz
[CGND — D==—{eND
WODULE & SENSOR_INFORMATION
VODULE AT2NOZA-201 C Clock Rate 1000 Kz ax
SENSOR TNX378-AAQH5-C T2C Address (8 bits) 0x34_(Sensor)
12.3 Mega pixel CNOS 0x18 (VCM driver)
1/2.3 inch OxAO_(EEPROM driver)
MIPI Lanes: VAX RESOLUTION | _4056x3040 Sensor_Clock Input 6 - 27 Whz
DPHYV1.2
Max 2.1 Gbps / lane
MIPI_CAM_A 2
MIPLRX4_C_N MIPI RX4 C N L [— VoK -2 CAM A CLK OUT
MIPI_RX4 C P MIPI_RX5 D1 N = 9
MIPI_RX4_C_P MDN3 DGND (5=
MIPI_RX5 D1 P bt Mo |28 cN 12C1
MIBIIRG PO MiPT o B MIPLRx4 DO N 5| DGND mcp |5 or oy p2cisser
MIPI_RX4_D0_P MDNO MDN1 —=S=m——— 2C1_SDA {2cD
MIPI_RX4_DO_P iDED) Wibe D1 P J
MIPI RX4 D1 N
MIPLR® DLN MIPI_ RX4 D1P MIPLRX5 DO N =5 | DOND DOND 157 cAm A PwON N__RL In
MIPI_RX4_DI_P MDN2 XSHUTDOWN |- GND
EICATTR MIPI_RX5 DO_P \ibE2 Ne -2 10K0402 I CTL_CAM_A
LIALGRE E ] MR DIP | 25D NC 55X 121 ScL CAM A CLK oUT
MIPI_RX5_DO_P 2V8_IMX378 AVDD SCL BCI oA —CAMATPWDN N CAM_A_CLK_OUT
MIPLRXS DL N f==-—"— AGND SDA ———————————— CAM_A_PWDN_N CTL_CAM_A
MIPI_RX5_D1_N MIENRAGIDIE 1V8_IMX378 DOVDD AF-VDD 2V8_IMX378 /
MIPI_RX5_DI_P =2 CTYPE AF-GND
1V05_IMX378 DVDD NC
24-5804-030-000-829+
GND GND
Power_trace Power_trace Power_trace
Parameter Set Parameter Set Parameter Set
1V05_IMX378 1V8_IMX378 2V8_IMX378
-5 O] - ® -y ®
==C1 =C2 ==C3 ==C4 ==C5 —C6
0.1uF0402 | 10uF0603 0.1uF0402 | 10uF0603 0.1uF0402 | 10uF 0603
10v 10V 10V 10V 10V 10V
AC
GND
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WODULE & SENSOR_TNFORWATTON
WODULE ___TG161B-201 OR ANO1V32-03G T2C Clock Rate 700 Kz lax
a8, SENSOR 0V09282-GA4A 12C Address (8 bits) | OxCO(W) OXCL(R)
[ et V2 oovs L B&Y 1 Mega pixel CMOS
600R/100MHz - /4 Inch
1vs FBS 1280X800 Sensor_Clock Input 6 - 64 MHz (24 MHz typ.)
[ive I~ 2 |
600R/L00MHz upply Informatio
1v2 Supply Name Vol t: Max C t
L P 2 .l Wodule| Sensor| ol tooc o urren
600R/L00MHz = DOVDD | VDD-10[ 1.8V 2.5mA
DVDD VDD-D 1.2v 52mA
GND AVDD VDD-A 2.8V 24mA
MIPI_CAM_B
MIPI_RX2_DO_N MIPLRX2_DO_N
MIPI_RX2_DO_P 12C2
MIPL_RX2_D0_P
K c 12€2 SCL 12C2_ScL
MIPL RX2 C N Mark “LEFT" on PCB 12C2_SDA -
MIBIECAMES X C N T miPrRx2 C P Place so that is the module’s left camera. ER R ), 2e2
MIPI_RX2 D1 N 1v8 L B
MIP_RX2_D1_N -
MIPRXZ DI_P MIPI_RX2_DI_P Q DOVDD Yok |24 CAM_B_CLK_OUT
V2 Lo DVDD DGND (5= CAM B PWON N R2 ) COM_AUX_I02 oM AUX 62
DGND XSHUTDOWN |
MIPI RX2 D1 P Tibe ol 12C2 SCL 10K 0402
MIPI_ RX2 DL_N MDNL DA 12C2_SDA
MIPIL_RX2_DO_P CED DGND 739 FSINL IN R3 FSINL
MIPTRSCIB0IN MDPO FSIN CTL_CAM_B
MDNO AGND (== O0R0402 CAM B D PWM
DGND AVDD 2v8_L CAM_B_D_PWM
MIPI RX2 C P o) e == CAM B PWDN N o'
MIPI RX2 C_ N et ShEEE STROBEL P21 CAM B CLK OUT__ oy g CLK GUT (CTLCAM B »
DGND DGND (e
1L BBR43-24KB533 for camera module TG161B{201
GND GND
2 Power_trace Power_trace Power_trace
2 Parameter Set Parameter Set Parameter Set
V2 L 1v8_L 2v8 L
9
2 B c7 8 J—c9 ==Cc10 = =C12
9 9| 01uF0402 | 10uF0603 0.1uF0402 | 10uF0603 | 0.1uF0402 | 10uF0603
10V 10V 10 10V
] Jg
GND GND GND
R24 R26
0R0603 0R0603
(EXT STROBE)
Com Aux 102 R4
10K 0402
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POWER INPUT

Power_trace Power_trace Power OF Supply Informatio
VBUS a7 Parameter Set Parameter Set Supply Name "
BT Q PIOSOAHOrNEB2IR 0 o 10 TIP7 or]  ortase fax Current
Cﬂ ; — 21 VIN  vouT g OVDD_5V 2.8V 1 g& gﬁx’*
VDD_5V ::2 GNDF 5 GND ST > Vo 2
) | CE NIC P24
VDD 5V
3v3 15Aideal diode GND C13 Cl4 1.8V
0 22uF0603 | 22uF0603
b 0v 0v
Gl GND GND
2v8 1.0v
1. AVDD rising can occur before or after DOVDD rising as long as they are
- rising before XSHUTDOWN rising
1v8 minidns |2 XSHUTDOWN is pulled up after AVDD and DOVDD are stable
- - Y .
T 3. DVDD rises after DOVDD, but before XSHUTDOWN is pulled high
Power_trace
2 1pg Paramefer Set
V2 u9
1v05 VBUSO . —— v vour £
G 2 GND—Z- GND ST IMX378 POWER REQUIREMENTS
[ Ce NIC TP20
Input C for USB power on USB
GRD] D schematic. 15Aideal diode GND
Power OFF Hardware Standby
Voltage Max Current
2.8V £ 0.1 S5mA
Z2Y 1.8V + 0.1 2.5mA
1.08V + 0.1 446mA
1.8v Slew Rate Constraint
(VANA, VIF, VDIG)
VDD
POWER SUPPLIES FOR CAMERA MODULES
No power supply sequencing is needed
ov. Max Slew Rate: 50 mV/us
=
us TP10 POWER SEQUENCING REQUIREMENTS:
1 5 . .
VDD_5V O IN out 1v2 The BW1099 module handles it's own power sequencing on-board.
jcaa LI‘L EN 2 —Lc39 VOUT= 1.2V
10UF 0603 <= NC GND 10uF 0603 I0UT= 200mA The came_ramodules have their own power sequencing requirements. The OV9282 have requirements for sequencing, and the IMX378 has a max slew
Tov TIV70012DCK 10V Slew Rate: 18 mV/us rate requirement. See above.
GND GND
w TIPll
voD_5v i our |2 we 3.3V USB SW POWER
Lo B2en . e VOUT= 18V
>=— NC GND 10UT= 200mA
10uF 0603 L~ P 10uF 0603 Slew Rate: 18 mV/us
10V TLV70018DCK 10v . = TPY
GND GND VDD_5V u1 3v3
4N out |2 !
3 Leis A* P
c16 EN a TouF o603 | * For the switching sequence of BNOOSS power
us TP12 TUF 0402 GND — Tov supply VDD and VDDIO it is mandatory that VDD
a 5 | 25v TPAD ﬂ is powered on and driven to the specified level
VDD_5V IN  ouT 2v8 b = before or at the same time as VDDIO is powered
Loy E=3ien a . VOUT=28V UEEEEEY oD ON. Otherwise there are no limitations on the
T0uF0603 <] NC  GND TOUF 0603 10UT=200mA ) voltage levels of both pins relative to each other as
0v T INT0028DGKS lov Slew Rate: 28 mV/us longas they are used within the specified operating
GND GND fane
VDD_5V
[ea o
! B FAN CONTROLLER
c21 Ll en vin |-£ P13
10uF 0603 ) 7 L1 |
GNDmv GND —=— GND sw T, 5 IA 207 1V05 .
GND—2 GND Pe o VOUT= 1.065V
a g 10UT= 1200mA VDD_5V Oemme
FB o Vos VOUT= 0.45x(R2+R3)/R3
&
TLV62080DSG R7
53.6k 0402
GND =—c22
22UF 0603 TP14 TPIS TP16  TPI7
RE 10v
39.2k 0402 J_ J_ J_ J_
GND GND GND  GND Luxonis Holding
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WODULE & SENSOR _TNFORWATTON
WODULE____TG161B-201 OR_ANO1V32-03G T2C Clock Rate 700 Kiz_lax
L R SENSOR 0V09282-GA4A 12C Address (8 bits) | OxCO(W) OXCL(R)
Q1 2 BAW 1 Mega pixel CHOS
[ =l V2 g L
600R/100MHz - /a8 Inch
E =
1vs s FB8. . Place FBs and caps close to thei 1280X800 Sensor_Clock Input 6 - 64 MHz (24 MHz typ.)
1V 1v8_R -
[iv8 A v 8_R | associated camera connecto Supoly Infornation
vz | F8Y " Su Voltage Max Current
_—!—’1VZ 0 1V2_R
600R/L00MHz - =5 =
. m
[GND — Dm=—enD 2.8 2nk
MIPI_CAM_C
e » MmO o
MIPI_RX3_C_N
e o0 PG 000
< MIPLCAM_C > MIPI_RX3_DO_N
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DPHYv1.2 Place so that this is the module’s right camera. 12C2_SCL. 12C2 ScL
Max 2.1 Gbps / lane 12C2_SDA =
12C2_SDA 12C2)
-
1v8 R »
EED s I CAM B CLK_OUT rL cav B
V2 R DVDD DGND (5o R B R9 ) —CAM
mip Rxs D1 p__ ™ 2| DOND PELLIDOWN 12C2 SCL R IGD CAM B D _PWM CAM_B_D_PWM
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Because the stereo pair of 0v9282 modules hard wired to CAM_B (below) no additional reset cirucitry is required to
account for different conditions. This means that "CAM1" (Left) is reset via CAM_PWDN, and "CAM2" (Right)

via CAM_PWM. This also means that the signal CAM_AUX_I01 is no longer required here, as that was only possible if tI
stereo pair were connected to CAM_C or CAM_D

, is reset

0v9282 sensor 12C address may be changed via 12C protocol. Therefore, in order to assign different 12C address to tI
sensors on the same 12C bus, one needs to hold the reset the all sensors except one and assign a unique 12C address
to the active sensor. This routine should be applied for all sensors in the initialization routine.

CAMERA CONNECTOR RESET CONNECTION TABLE

CAM NO

CAMERA CONNECTOR
CAM B

CAN_A I CANM D
CAW 1 CAV_PWDN | CAM_PWDN | CAN_PWDN CAV_PVWDN
CAV 2 CAM_PWM TCAM_P | CAN_AUX_TO1_| CAW_AUX_TOL
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