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Disclaimer

Himax Imaging reserves the right to modify this documentation without prior notice. The information
appearing in this publication is believed to be accurate and reliable. However, Himax Imaging makes
no warranty for any errors which may appear in this document. Contact Himax Imaging to obtain the
latest version of product specifications before placing your order. No responsibility is assumed by
Himax Imaging, Ltd. for any infringement of patent or other rights of third parties which may result from
its use. Products described herein are intended for use in normal commercial applications. Please note
that application circuits illustrated in this document are for reference purposes/only.

All Rights Reserved

The following are trademarks of Himax Imaging Ltd.: Himax Imaging, BrightSense, ClearSense, the Himax
Imaging logo symbol. The use of any trademark, trade name, or service mark found in this document without the
owner’s express written consent is strictly prohibited.

Himax Imaging strives to produce quality documentation and welcomes'your feedback. Please send comments or
suggestions to hi_marketing@himaximaging.com.
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1. Sensor Specification

The HMO01BO is an Ultra Low Power Image Sensor (ULPIS) that enables the integration
of an “Always-on” camera for computer vision applications such as gestures,
intelligent ambient light and proximity sensing, tracking and object identification. The
unique architecture of the sensor enables the sensor to consume very low power of
<4mW at QVGA 60FPS, <2mW at QVGA 30FPS, and <1.1mW at:QQVGA 30FPS.

The HMO1BO contains 324 x 324 pixel resolutions and supports a-324 x 244 window
mode which can be readout at a maximum frame rate of ‘60FPS, and a 2x2
monochrome binning mode with a maximum frame rate of 120FPS. The video data is
transferred over a configurable 1-bit, 4-bit or 8-bit video interface with support for
frame and line synchronization. The sensor integrates a black level calibration circuit,
automatic exposure and gain control loop, self-oscillator and.motion detection circuit
with interrupt output to reduce host computation-and commands to the sensor to
optimize the system power consumption.

The sensor is available in a Chip Scale/Package (CSP) or Bare Die and measures less
than 5mm?2. The sensor supports single;-dual or triple power supply configuration and
requires only 3 passive components” enabling a_highly-compact camera module
design for devices such as loT,-wearable, smart building, smart phone, tablets and
slim notebooks.
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Features
Ultra Low Power Image Sensor designed for Always-on vision devices and
applications
High sensitivity 3.6y BrightSense™ pixel technology
324 x 324 active pixel resolution with support for QVGA window, vertical flip and
horizontal mirror readout
<1.1mW QQVGA resolution at 30FPS,
< 2mW QVGA resolution at 30FPS
Programmable black level calibration target, frame size, frame rate, exposure,
analog gain (up to 8x) and digital gain (up to 4x)
Automatic exposure and gain control loop with support for 50Hz. /“60Hz flicker
avoidance
Flexible 1-bit, 4-bit and 8-bit video data interface with video frame and line sync
Motion Detection circuit with programmable ROI and detection threshold with digital
output to serve as an interrupt
On-chip self oscillator
I2C 2-Wire serial interface for register access
CSP and Bare Die sensor package option
High CRA for low profile module design

1.2 Application

Cellular and mobile phones
Digital video camcorders
PC multimedia

Tablets
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1.3 Key parameters

DATASHEET Preliminary V01

Module Parameters Value
Image sensor part number HMO1BO0-ANA
Pixel Array (Active/ Effective) 324 x 324 / 320 x 320
Pixel Size 3.6um x 3.6um
Image Diagonal 1.63mm

Optical Format

Full frame 1/11”; QVGA 1/13”

Color Filter Array

Monochrome

Shutter Type

Electronic Rolling Shutter

Frame Rate (Max.)
(8-bit interface)

8-bit, 320p 45FPS @ 6MHz

8-bit, QVGA 60FPS @ 6MHz

Frame Rate MAX
(4-bit interface)

8-bit, 320p 45FPS @ 12MHz

8-bit, QVGA 60FPS @ 12MHz

Frame Rate MAX
(1-bit interface)

8-bit, 320p 30FPS@ 36MHz

8-bit, QVGA 45FPS @ 36MHz

S/N Ratio MAX 38.7dB
Dynamic Range (1x/ 8x) 64dB / 70dB
Sensitivity @ 530nm 5.6 V/ Lux-sec
Pixel CRA MAX 30°
AVDD 2.8V
Supply Voltage (Typ.) DVDD 1.5V (Internal LDO)
IOVDD 1.8V /2.8V
Input Reference Clock 3 — 36MHz
Serial Interface 12C, 400kHz max.
: 8-bit, 4-bit,-1-bit data output
Video Data Interface FVLD, LVLD, PCLK
Pixel Clock (PCLK) (MAX.) 36MHz
Output Format 6-bit/ 8-bit RAW
Digital Output Motion Interrupt (Active High)
Control Loop Black Level, Exposure’/ Gain
8-bit, QQVGA 30FPS 1.1mW
Power Consumption (Typ.) 8_b!t’ QVQANEPS <2mW
8-bit, QVGABOFPS <4mW
Standby 200pW
Temperature Operating -20 °C to 85 °C
Stable Image 0 °C to 60 °C
Construction 3P+1RCF
EFL 0.66 mm * 5%
BFL 1.04 mm
Image circle 1.83 mm
Focus distance 35cm
Depth of Field 30 cm ~ infinite
F/No 2.4
TV distortion under 4.3%
Horizontal 87°
Field of view Vertical 87°
Diagonal 115°
Relative illumination Over 35%: y=1.0d
Chief ray angle 30°
Barrel size M3.5 x P0.20
Holder size 5.0mm x 5.0mm

Total track (Barrel to image)

Y=2.80 + 0.1 (at inf.)

Himax Imaging, Ltd. Confidential
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1.4 QVGA window readout

The QVGA sensor window with an active resolution of 324 x 244 pixels is programmed
by setting register 0x3010[0] to 1. The location of the windows fixed such that the
coordinate of the first pixel read out location is 0, 0.

1 pixel Set QVGA
':“f“'l‘t‘ 324 x 324 Sensor
(default) AN Window

Figure 1.1: QVGA resolution pixel readout
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1.5 Electrical specification

1.5.1 Operating ratings

DATASHEET Preliminary V01

Spec. .
Parameter Symbol Min. Typ. Max. Unit
Analog supply voltage Vbp-A 2.6 2.8 3.0 V
Digital supply voltage Vbbb 1.35 1.5 1.65 \Y
10 supply voltage Vbp-10 1.7 1.8 3.0 V
Table 1.1: Operating ratings
1.5.2 DC characteristics
The power consumptions are measured in sense (C. = 5pF).
e Spec. .
Parameter Symbol Condition Min. | Typ. Max. Unit
Average Current Consumption
. External Internal LDO Mode, . 271 . A
POAYDDT |8 it RAW, QVGA @ 60FPS, H
Active current 1 Ibp-DVDD1 PCLKO gated, - 1201 - MA
Vbp-a = 2.8V,Vop-p'=.1.5V,
IpD-10VDD1 Vobao = 1.8V - 287 - MA
Internal LDO.Mode,
. loo-avon2 g it RAW, QUGA @ 60FPS,| 278 - bA
Active current 2 PCLKO q
Ipp-10vDD2 gated, - 1746 - MA
Vop-a = 2.8V, Vbpio = 2.8V
External Internal LDO"Mode,
Standby current 1 Ipo-stanpey1 | Mop:a = 2.8V, Vopo = 1.5V, - 105.7 - MA
Vop-10="1.8V;"MCLK on
External Internal LDO.Mode,
Standby current 2 Ipp-stanpey2 | Vooa= 2.8V, Voop.= 1.5V, - 3 - MA
Vop-io= 1.8V, MCLK off
Internal LDO Mode,
Standby current 3 Iop-sTanpey3 | Vop-a =2.8V, Vop.o = 2.8V, - 142.3 - MA
MCLK on
Internal LDO Mode,
Standby current 4 Iop-stanbBY4 | Vbp-a= 2.8V, Vop-o = 2.8V, - 251 - MA
MCLK off
| Digital Inputs (MCLK, TRIG, SCL)
Input voltage low Vi - G’S‘g B - 0.3Vop-o | V
Input voltage high Vi - 0.7Vop-0 - VD(;)",; Ty
Input capacitance Cin - 4 - pF
| Digital Output
Output voltage low VoL - - - 0.2Vop-o | V
Output voltage high Von - 0.8Vbp-i0 - - V
Output capacitance Cour - - 4 - pF
Output resistance Rout - - 1 - Q
Tri-state leakage current loz - - - 10 A
Table 1.2: DC characteristics
Himax Imaging, Ltd. Confidential -P11-
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1.5.3 Master clock input (MCLK)

DATASHEET Preliminary V01

.- Spec. .
Parameter Symbol Condition Min. Tvp. Max. Unit
Input frequency MCLK - 3 - 36 MHz
Input clock duty cycle MCLKbuty - 45 - 55 %
Table 1.3: Master Clock (MCLK) timing
Himax Imaging, Ltd. Confidential -P12-
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1.6 Power up sequence

Power Off

AVDD
I0VDD (LDO_IN)

DVOD

MCLK

S/W Standby Stream

DATASHEET Preliminary V01

JIANAAMAMARARALY - AAAN - AARRANL
GATE MCLK | :] ﬂﬂﬂﬂﬂ

....... ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

AV

R UCULIEENHEERI RIS

12C | | Rsgister Valid | Register Valid
(Iﬂ = 0)(2431) A Host Initialization Ay regislers can be acces2ad during this pericd
Tron Pahiim=cinsil
: et g plsk e i o a1 e e e ek o
. f‘e_ﬂa(l far
s e S s Sl el — — — _.._.._..___.._.._.._.._:.._.._.\.‘[s;nu_.._.._:__.._.. B L P, I, i s, st B i ™t s e
PCLKO (8b) High-Z : ‘High-Z or Low (programmable)! HHI {
programmable polarity I 2 5 ] LbELY
{default pos.) G t H e ( ; 3 1’ PGkl :
i . igh-Z or Low (pro ble) : Yod4dz1:1e 567 A j
o7l : : 13 G PR L0000
5 _--_;C_LP:O_(:D}_ i ""E‘ S i St "_‘_""‘;,"ﬁ.zk'a‘._@},-,"'"'"""""""“_““""f""
High-Z { ‘High-Z or Low mimable) ;
progammati oz S OOz
polarity (default pos.) : ! : SRR :
D[2:0] Programmable i : : EERTRNE :
nibble order Tiiiig :
SCK_Master (Out} High-Z ! :High-Z or Low {programmable); i
(PCLKO pad) I - : .
: : : B, progracmabia big /litthe endian, Gb 41 MSE with O ;i
Data pad closest to High-Z . ‘High+Z or Low (programmable)’
PCLKO T : 7
High-Z éHigh—Z of Low (programma ble}é
HSYNC L ; :
High-Z High-Z or Low (programmabile) T | S()
VSYNC L :
Program by 130
Figure 1.2: Power.up sequence
Spec. .
Parameter Symbol - p Unit
Min. Typ. Max.
AVDD to IOVDD t1 0 - © S
I0VDD to DVDD t2 0 - © S
Power On Resettime tror 50 - - us
Table 1.4: Power up sequence timing
Himax Imaging, Ltd. Confidential -P13-
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2. Camera Module Specification

2.1 Pin map and description of camera module

DATASHEET Preliminary V01

Pin no. Pin name Type Description
1 AGND Ground Analog ground.
2 AVDD Power Analog power. (2.8V)
3 DGND Ground Digital ground.
4 TRIG In Frame trigger input. (Internal pull down / Active high)
5 FLVD Out Frame valid output.
6 LVLD Out Line valid output.
7 SCL In 12C serial clock.
8 SDA In/Out Serial data I/O. (Open drain)
9 INT Out Interrupt output. (Active high)
10 DGND Ground Digital ground.
11 I0VvDD Power 10 power. (1.8V)
12 DVDD Power Core digital power: (1.5V)
13 DGND Ground Digital ground.
14 MCLK In Master clock input.
15 DGND Ground Digital ground.
16 PCLK Out Pixel clock
17 DO Out Data 0.output.
18 D1 Out Data‘1 output.
19 D2 Out Data 2-output:
20 D3 Out Data 3 output:
21 D4 Out Data 4 output.
22 D5 Out Data 5 output.
23 D6 Out Data 6 output.
24 D7 Out Data 7 output.

Note: (1) HMO1BO0 sensor default slave address: 0x24.

Table 2.1: Pin map and description of camera module

Himax Imaging, Ltd. Confidential
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2.2 Mechanical drawing of camera module
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Figure 2.1: Mechanical drawing of camera module
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2.3 Application schematic of camera module

2.3.1 Reference circuit

|::-x(-'?|:-::- J
AGND = & 24
VDD - ap—
DGND-| THIG 4 55 oz}
FiD & ™
LVLL [] 15 L
SUL T iE] 5]
=LA 8 17 LHs
THT 9 18 POCLK
M q T r
SO TN, | DGND|| 10 15 ||DEND
SOA [ iovoo 4 —
—a - [F3 i3 -
—_— DVD D = || DEND
L —l
CONN SOCKET 12x2
AVDD DVDD IGVDD
]

—| =

— c2 ——c3 C# et cs
0.1uF [ 10uF 0.1uF [ 10uF 0.1uF | 10uF

il — —

AGND DGND DGND

Figure 2.2: Reference circuit of camera module

2.3.2 Layout consideration

A. In order to reduce power noise to the.camera module, it is suggested that a 0.1pF
capacitor and a high value decoupling capacitor (10uF or above) be placed across
every power line (AVDD & DVDD' & IOVDD) and corresponding ground pin. Try to
place these capacitors close~t{o.the module connector. The power noise will
contribute to image noise and. it is necessary to reduce them as much as possible.

B. In order to reduce interference and-noise caused by the high frequency clocks. It is
suggested that'the master-and pixel clocks be surrounded with ground shielding
pins.

C. In orderto-avoid the ground/loop, it is recommended that the sensor analog ground
be.connected to sensor-digital ground through a point or 0ohm resistor. Then the
sensor-digital ground‘should be connected to system ground through a point or a 0
ohm resistor.

D. Invorder to reduce EM radiation, it is recommended that ground pins be assigned to
the edge of the module connector.

Himax Imaging, Ltd. Confidential -P16-
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3. Optical Lens Specification

3.1 Mechanical drawing of optical lens

DATASHEET Preliminary V01

_| FBL:0.69

TTL:28:00
50005 =
I \ g .. = 4
/7,\"\.
I I.:"L‘_:: I.-" ‘4,
=1 = |
L§ f § BJ_:ll il | :.
Nl
| 049ME)" S
! 0.86(0P)
4‘5!0.05 < 1 ==
2-4.0) cav mark 2.96:0.10
_ 20fs
9403, 134005
8R03/ 17t/ \ 9191\ -0 6(EP) lan
MAQ.05mm

Figure 3:1: Mechanical drawing of optical lens

Module Parameters Value
Construction 3P+ IRCF
EFL 0.66 mm = 5%
BFL 1.04 mm
Image circle 1.83 mm
Focus distance 35cm
Depth of Field 30 cm ~ infinite
F/No 24
TV distortion under 4.3%
Horizontal 87°
Field of view Vertical 87°
Diagonal 115°
Relative illumination Over 35%: y=1.0d
Chief ray angle 30°
Barrel size M3.5 x P0.20
Holder size 5.0mm x 5.0mm
Total track (Barrel to image) Y=2.80 + 0.1 (at inf.)

Himax Imaging, Ltd. Confidential
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4. Image Quality Specification

No.| Test Item Diagram Test Condition Standard
Test Chart: 1/8 N Center(0% field) : >=0.8
E Pattern Chart Corner(65% field) : >=0.6
: Distance : 35cm
1| mTF | 8 Full Image Size
e
Ee
Without ISP (raw >=30%
image)
Distance : 1cm
Light condition : 1500
+/- 300 lux ,
2 | Shading 5100+/-300K
AOI:32x32 pixel
Shading Ratio=
Ycorner(min) / Ycenter
A Without ISP (raw The liminance difference
[ image) between each block and the
Distance : 1cm adjacent block should be less
JLight condition : 1500|than 3%
. +/- 300 lux ,
3 | Blemish | —  — 5100+/-300K
A : 324pixel
B : 324pixel
Block Size : 9x9 pixel
The sensor is Within a color plane, each pixel
illuminated to is compared to the mean of the
. midlevel : neighboring 40 x 40 pixels.
Dark Pixel Defect ~ 400 LSBs to 700 | Ifthe pixel value is 40 percent
LSBs. or more below the mean, it is
considered a dark pixel defect.
The sensor is Within a color plane, each pixel
illuminated to is compared to the mean of the
midlevel : neighboring 40 x 40 pixels.
. . ~ 400 LSBs to 700 | If the pixel value is 40 percent
4 Defect Bright Pixel Defect LSBs. or more above the mean, it is
pixel (Analog gain = 1; considered a dark pixel defect.
exposure time =
10ms)
By "Bright Pixel The defects within each color
Defect" Result plane are examined. If any two
Bright Cluster adjacent pixels that are
Defect No. : 10 considered bright pixel defects
are detected, they are then
defined as a bright cluster.
Dark Cluster By "Dark Pixel The defects within a color
Defect No. : 10 Defect" Result plane are examined. If any two
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adjacent pixels that are
considered dark pixel defects
are detected, they are then
defined as a dark cluster.

Table 4.1: Image Quality Specification
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5. Reliability Test Conditions

5.1 Test Unit:
Reliability test Q'ty : 35 pcs

5.2 Test Condition

DATASHEET Preliminary V01

No. Test Item Test Conditions Judgement
1 |High Temperature test 60°C /48 hrs
60°C /90%RH
2 |High Temperature & Humidity test
48hrs
3 |Low Temperature test -20°C /48 hrs
4 Thermal Shock test -20°C /30min~60°C /30min
(No-Operating) 32 cycles
5 ESD test Contact discharge: £2.0 KV / 10 times, to USB The difference of
(No-Operating) connector Human Body Mode MTF(%)
(o]
5Hz~350Hz~500Hz -
6 Mechanical Vibration test Center <=5
0.21 Grms.
(No-Operating,No packaging) Corner(0.71)
Vibrate X,Y, and Z axis, 60min per axis. <=10
. Mechanical Vibration test 5Hz~55Hz; -6dB,;
(No-Operating, packaging) Acc 3G, Vibrate X,Y, and Z axis, 60min per axis.
8 Drop test 80cm height free fall for 10 times per unit
(No-Operating, No packaging) base material: concrete floor
100cm height free fall for 10 impacts per unit (1
Drop test
9 . ) corner, 3 edges, 6 faces)
(No-Operating, packaging) )
base material: concrete floor

Table 5.1: Reliability test condition
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