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Description

The ADBS-A320 sensor is a small form factor (SFF) LED
illuminated optical finger navigation system.

The ADBS-A320 is a low-power optical finger navigation
sensor. It has a new, low-power architecture and automatic
power management modes, making it ideal for battery-
and power-sensitive applications such as mobile phones.

The ADBS-A320is capable of high-speed motion detection
- up to 15ips. In addition, it has an on-chip oscillator and
integrated LED to minimize external components.

There are no moving parts which means high reliability
and less maintenance for the end user. In addition, pre-
cision optical alignment is not required, facilitating high
volume assembly.

The sensor is programmed via registers through either a
serial peripheral interface or a two wire interface port. It is
packaged in a 28 I/0 surface mountable package.

The ADBS-A320 is designed for use with ADBL-A321 lens.
The ADBL-A321 lens is the optical component necessary
for proper operation of the sensor.

Theory of Operation

The ADBS-A320 is based on Optical Finger Navigation
(OFN) Technology, which measures changes in position by
optically acquiring sequential surface images (frames) and
mathematically determining the direction and magnitude
of movement.

The ADBS-A320 contains an Image Acquisition System
(IAS), a Digital Signal Processor (DSP), and a communica-
tion system.

The IAS acquires microscopic surface images via the lens
and illumination system. These images are processed
by the DSP to determine the direction and distance of
motion. The DSP calculates the Ax and Ay relative dis-
placement values.

The host reads the Ax and Ay information from the sensor
serial port if a motion interrupt is published. The micro-
controller then translates the data into cursor navigation,
rocker switch, scrolling or other system dependent navi-
gation data.
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Features

e Low power architecture
e Surface mount technology (SMT) device

e Self-adjusting power-saving modes for longer battery
life

e High speed motion detection up to 15ips

e Self-adjusting frame rate for optimum performance

e Motion detect pin output

e Finger detect pin output

e Internal oscillator — no clock input needed

e Selectable 250, 500, 750, 1000 and 1250 cpi resolution
e Dual 2.8V/1.8V or single 2.8V supply options

e Selectable Input/Output voltage at 2.8V or 1.8V
nominal

o Serial peripheral interface (SPI) or Two wire interface
(TWI)

e Integrated chip-on-board LED with wavelength of
870nm

Applications

e Finger input devices

e Mobile devices

e Integrated input devices

e Battery-powered input device

Avago customers purchasing the ADBS-A320 OFN
product are eligible to receive a royalty free license to
our US patents 6977645, 6621483, 6950094, 6172354
and 7289649, for use in their end products.

CAUTION: It is advised that normal static precautions be taken in handling and assembly
of this component to prevent damage and/or degradation which may be induced by ESD.




Pinout of ADBS-A320 Optical Sensor

Pin Name Description Input/Qutput pin Function
1 GND Ground
2 XY_LED XY LED driver connection Must connect to LED- (see schematics fig 7a,7b)
3 MOTION Motion Detect O (CMOS output) Open when not used
(active low output) Default active low signal, can be changed in
Motion_Control register Ox1d
4 GPIO General Purpose Input / O (CMOS output) Pin indicate Finger Presence Detection,
Output for FPD function OFN engine 0x60 must be enabled
(see application note OFN A320 firmware
design guide).
Open when not used
5 VDDIO Voltage supply for I/0 Sets I/0 voltage but not for nDREG_EN
6 IO_MOSI_A0  TWI address set or | (Schmitt trigger input)  SPI: MOSI (Master Out Slave In) signal
Master Out Slave In TWI : address select 0
Open when not used
7 I0_CLK Serial clock input | (Schmitt trigger input)  Serial clock signal
8 IO_MISO_SDA TWI serial data or In SPI - CMOS output.  SPI: MISO (Master Input Slave Out) signal
Master In Slave Out InTWI - opendrainl/O  TWI: serial data signal
9 IO_NCS_A1 TWI address set or | (Schmitt trigger input)  SPI: NCS (chip select) signal
Chip Select TWI : address select 1
Open when not used
Active low signal
10  NRST Hardware Chip Reset | (Schmitt trigger input)  Set to high when not used
Active low signal
1 GND Ground
12 ORIENT Sensor orientation input | (Schmitt trigger input) Set to high when not used
13 SHTDWN Shutdown (active high input) | (Schmitt trigger input) Set to low when not used
Active high signal
14 VDDIO Voltage supply for I/0 Sets I/0 voltage but not for nDREG_EN
15  IO_SELECT SPI/TWI Select | (Schmitt trigger input) TWI: GND or SPI: High
16  DVDD Digital Supply voltage or In regulator disabled, supply 1.8V.
Regulator Output voltage In regulator enabled, do not supply 1.8V.
17 nDREG_EN Digital Regulator enable | (Schmitt trigger input) Tie to VDDA to disable internal regulator or
signal GND to supply 1.8V to DVDD
18 NC No Connect No Connection
19 NC No Connect No Connection
20 VDDA Analog Voltage input
21 GND Ground
22 GND Ground
23 NC No Connect No connection
24 LED- LED Cathode Must connect to XY_LED
25 LED- LED Cathode Must connect to XY_LED
26 LED- LED Cathode Must connect to XY_LED
27  LED+ LED Anode Provide 2.8V supply voltage
28 GND Ground

Note when AQ, A1 is in NC, the sensor will drive the pin to 0 or low.



Overview of Optical Sensor Assembly

Avago Technologies provides an IGES file drawing de-
scribing the cover plate molding features.

The components interlock as they are mounted onto
defined features on the cover plate.

The ADBS-A320 sensor is designed for surface mounting
on a PCB, looking up. There is an aperture stop and
features on the package that align to the lens.
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Figure 1a. Package outline drawing (bottom view)
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Note:

Dimension in millimeters/inches

Coplanarity of pads : 0.08mm

Non Cumulative Pad pitch tolerance : + 0.10mm

Maximum flash : £ 0.2mm

Dimensional tolerance (unless otherwise stated) : £ 0.10mm

All critical dimensions are indicated by number enclosed in a circle.
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Figure 2. Package outline drawing
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The lens provides optics for the imaging of the surface as
well as illumination of the surface at the optimum angle.
Features on the lens align it to the sensor and cover plate.
Contamination must be kept away from the lens. During
assembly process, it is recommended to use a minimum of
a 10K clean room environment or equivalent laminar flow
workbench. See Application note OFN A320 Assembly
Guide for more details on process flow.
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Figure 1b. Package outline drawing (top view)
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P(B Assembly Considerations

1.

Surface mount the sensor and all other electrical
components into PCB.

Reflow the entire assembly in a no-wash solder
process.

. Remove the protective kapton tape from optical

aperture of the sensor and LED. Care must be taken
to keep contaminants from entering the aperture.
Recommend not to place the PCB facing up during the
entire assembly process. Recommend to hold the PCB
first vertically for the kapton removal process.

. Press fit the lens onto the sensor until there is no

gap between the lens and sensor, with force up to
a maximum 2.2kgf. Care must be taken to avoid
contaminating or staining the lens. The lens piece has
alignment posts which will mate with the alignment
holes on the sensor package.

. Place and secure the optical navigation cover onto the

lens to ensure the sensor and lens components are
always interlocked to the correct vertical height. The
cover design has a foolproof feature to avoid wrong
orientation of the cover.

. The optical position reference for the PCB is set by the

navigation cover and lens.

. Install device top casing. There MUST be a feature in

either top casing or bottom casing to press onto the
sensor to ensure the sensor and lens components are
always interlocked to the correct vertical height.

Soldering Profile

The recommended soldering profile is shown below.
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Figure 3a. Recommended reflow profile

Profile Information

Max rising slope max 3°C/sec
Preheat time 150 — 200°C 60 -90 sec

Time above Reflow (220 to 245°C) 50-100 sec
Peak Temperature 225 -260°C
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Figure 3b. Recommended Customer’s PCB PADOUT and spacing
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As ADBS-A320isa QFN package, itis meant to be a contact-
down package. The critical area for soldering ADBS-A320
is on the terminal undersides, while the terminal sides are
deemed as non-critical area, and thus not intended to be
wet-table. The non-wetting of the terminal sides is due to

Terminal Undersides

(Critical area)

Figure 3d. Bottom view of A320 (QFN package)

Terminal Sides

(Non-critical area)

Terminal Sides (Non-critical area)

—Land Pattern

exposed copper on the package side (which is expected
and accepted), occurred after the singulation step, which
is a standard process in QFN assembly. This is in line with
the Industry Standard (for more information, please refer
to IPC-A-610D: Acceptability of Electronics Assemblies).

F
FI
Cross sectional views of one terminal side

Figure 3e. Cross sectional views of A320

Critical and Non-critical areas of QFN soldering in Figure 3d and 3e
Feature Dimension Class 1 Class 2 Class 3
Maximum Side Overhang A 50% W, Note 1 25% W, Note 1 25% W, Note 1
Minimum End Joint Width C 50% W 75% W 75% W
Minimum Side Joint Length D Note 4 Note 4 Note 4
Minimum Fillet Height F Notes 2, 5 Notes 2, 5 Notes 2, 5
Solder Fillet Thickness G Note 3 Note 3 Note 3
Termination Height H Note 5 Note 5 Note 5
Land Width P Note 2 Note 2 Note 2
Termination Width W Note 2 Note 2 Note 2

Notes

1. Should not violate minimum electrical clearance.

2. Unspecified parameter. Variable in size as determined by design.

3. Good wetting is evident.

4. s not a visual attribute for inspection.

5. Terminal sides are not required to be solderable. Toe fillets are not required.
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Figure 6a. Top cover drawing design

Important notes for top cover designs:

The transmissivity of top cover window must be minimum 80% from 800nm to 940nm with a variation of less than 6% across this range of light
spectrum.

The assert/deassert thresholds must be recalculated and set in the sensor accordingly during initialization to address variation of surface reflection
and transmissivity for custom cover designs.

See OFN firmware application note and OFN mechanical guide application note for further details.
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Figure 6b. Example of Transmissivity vs. Wavelength Curve for Standard Avago Cover Material



pajqeus Ag*L 103e[nBaY [euIdIUI YIM [dS BIA JD]|0AU0I0DIW AE PUe 0ZEY-SAaY UdaMIaq depajul 1oy weibelp dieways “e/ anbiy

AND 01 pa31o2uu0d aq ued — awo(J pue =1e1s w_wr_mr_u uolINg 15919p 01 NDN O3 Pa1OaUU0d 9] IsnNW + sawWo(J -: 210N

ON INDON  LSSA TSsh
LSSA
mee bl o O S R S
» " A7 zszzgs
g3
aana -
(43
1sUN

5080

N¥9
La N

£090
L_SSA AL
6y

7 aa

7| @& o [
090 £090 5080
Z_:_me.m.e_ Sonoyansy A9L/ 4 00L; LI 4 L35 £ ssh 7] -an ozey-saay
s w [£3) [13) o NMOLHS [
~ ﬁ: NOLOW [—
E) wl -
s e | ol LY SN
1ndN1 any 3
G S :._| :n_l son| &
0El0  0s6zdl —o o s s 0¥ ISOW [
vn + = +an g g g VaS SN [—
£
I3
O O] zam
. ~ T_ssh
= s
TGl L_SsA
u
g
oL n
: Cl_l :I—l
~ St \—r
8-40SW
sk TSSh oms] T 7aan
090 | €090 Y IN ssh n
qui_] %LaLs —n mis a
= oz
(13} —— 1 N a
1 5080 e n
] +viva
Zcmﬁ_wVR N9a  00Z¢T D8
0 > -vva
L
3

etk
£210S L

s ive
€a

Tssh
lm_w
1SOW/L°€d §
H yoeed  OUVE
T OSIW/Z'ed axy/s'ed [Far—x
7] ey 20N 89L° 2
s = X s
- 2 N |v|._|__”_ o
7102 2
U4 MMU_ g lnox
& 32 g F———
6|LTd 3 9
e t o 10 Oz |
. Z._Iw.w|_ Tooll
wasy [ L —Hools
—710 O3
! e, zaan
[
Zaan .
JuoL
Cl_l
Zssh om0
T %1100
141
70 T
Ms™ LHOW ens
zaan
T T
- s
Ms”L
£090 090
%1LA00L S %L Y 00L
sy Ly
Zaan



P3[qeus Ag' L 10)e[nB3Y [eUIDIUI YIM |S BIA JOJ|0IIU0I0DIW AG' L PUR 0ZEY-SIAY USIMID] 3deyId)ul 10§ Wweibelp d1yewdyds *q/ anbiy

‘AND 01 p21252UU0d 9q ued — awo( pue a1els wmr_mr_u u011Nng 15919p 01 NDIA 03 P=23129UU0d 2q IsNW + WO -: 910N

\ (237
£090 £090 £090 5080 ,
4U00L S aouansy 4U00L a2 SSA
€2 w [13) 073
~ ON ONDON LSS Zssh
] Lssh =
¢ | inam 1ndno - \ g
S MIEE MEASE RS 1S0W/1€d "
TUA 6862d1 ! ne's w el Sle > [= = 5080 T yoied OWVE
sn rm 8 zZ % g82¢2¢2 g NHD Y T oswzed OXUSEd [T
§s °°° ° e Led 2H) 89L° 2
€550 aana -~ T oed = X
m PapRsol £090 DHoed = _”_ zssh
1010 LSsA AL 02 2 g
/\ Zssh 154N oy = Mwn H
[\ e —1
. T T o 0> LU0 A T
0% £0%0 s 5080 Lssh %LWE PSR Sy 1 o
AdL/4u 001 S novansy A9L/AU 00L==A /4N L3 £5sh o R 0zev-saay 8y el wu z ] T oo 7 |
) w) 1 03 “an NMQLHS [ T Tld I 1 t oo 2
"~ 3 NOUOW [— [l 5 wNasy S 9
| 21 Kl J.nwm T
= u .
! £ N S ol 1 ﬁev_ n o pg an D n % ap Fiia
TEID  0s6zdl ” R 9L/ 4oL
w0 £qan s s s OV ISON [— 3)
@ g g g vos s
I3 = 8'LA0A TSSA
Zain
2 | ~ z
= s Ssh uoL
raan LSsh '3
u oL
! any
uoL b [$)
I ant
' l_l s “_ Zssh £090
9 3 T %L 100L
Ty
—7 T
ssn 84O S o M #1700
$'La0A caa T T
090 | €090 S—=—{IN Ssh n j s
up_] %LALS: 1vls ms™ LT
; [24) » Ny
SOT —t— wa M o
] 5080 T 10 N i
> +vva
rouint L N9Q 002208
s n Sér] -tva
A 7 T +A
i >
LN
£2105 T $'L00A
W5 1v8
€0




pajqesip A8’ L 103enB3Y [eUIIIUI YHM [dS BIA JD]|0AU0I0DIW A€ PUB 0ZEY-SGaY U3IMIdQ depdjul 10y weibelp deways -/ anbiy

(431}

ssa——t

7] Isow/L'ed

s 1ve
€a

aN ()
€090 5090 5080
10001 NZnov Ly 4 001 an
T 12) [13}
L wo, N OONDON Z00A zssh
vSsh
s
| na indno - A TI_I ol ls —T o
oo < = NEAS RS
TUAT 686241 I 8 HE Nt = = uln,ss = ) m_q”“
Z g 2¢g 2
sn A & HEIE z e N
aan
£5SA 9 paps 0l | = £090
sTau a0 |- Lssh L
/\ Zssh p— 154N
* |_| 4 0y 5 090. Zaa
LWL
£090 £090 £090 <080 Lssh
A/ 20001 Snovansy A9L/ 20 00L——A 91/ 4N L~ £ssh 57 -an ozey saqy 8
) w) 12y 023 . NMALHS |
~ ﬁn NOLLOW |—
2 ] @
= ! quoL -
8 104N ant, LY N P
T 10410 3] 9y " [
TEID  0sezdl £aan g 8 s Vs
vn +an g g g vososw|—
@ =
Zaan
= |a ~ Z_ssh
H 5
T Lssh
u
" 5T
uoL e 1—\ ]
$
T T
I~ 3 ?r
8-d0SW
TSsh 2SS o] i TG
000 | €090 XN Ssh ul
ui_|%Lals D s L o
soy-T— 0 ——— 1v8 DA -
e @1
1 5080 = 0 N
S +ava
A EMH_WVR NDa 00z D8
@ e vva
L
T ~ 5]
£2108 T

awred
] /e "t
Tl OSWzed OX/SE X
iy (1 Y 89L°2€
s i H _”_: s
s g Nm |1|_ =
% g nox
SO
(1383 S| —
orf LU 5 Il
6|Lad o
T]su 14 oot _
A i oot
24 MH Iw~|_ oo
4 S IWN/SH
A misga
Zssh n : v .
. rm $'L00A
9L/ 3 001,
€
zaan -
oL
:I_l
Zssh £090
T %14 00L
7y
T T
MSTLHON s
zaa
7o T
M1 s
£090 090
%1 %001 < %1001
sy Ly
a0

ol



pajqesip A8’ L 103e[nB3Y |eUIdIUI YHM [dS BIA JD]|0AIU0I0NDIW \G"L PUR 0ZEY-SFAY UIIMII] ddeyId3ul Joj weibelp dnewayds pZ ainbiy

‘AND 01 p2152UU0d 9q ued — awo( pue a1els wmr_mr_u u011Ng 15319p 01 NDIA 03 P=23129UU0d ¢ IsnNW + w0 -: 910N

s 1ve
€a

£090 £090 5080 #S5A
_._mﬁ_,l L/pov/dns'y m___msu, “ﬁfn
© ©o N ONDON - ZA0A [43))
(A =
El a
1ndNI 1nd1no TI_
T T noo ~ 2]z e s = =  ISOWIE  gaped
TN 6862d] 8) i = == $080 T A ores s [o—x
s 0 z 2% zg8 222 2 N R T OSIWTE
gg§ ° ° = ° La arf L& 2H 89L°2€
aana 7T} e = X zssh
9L waps ol | — £090 Hoed 2 0 st
: N f—
sTan o |- L_SSh AL 710U ER
PAN LsN o e £ H
_ [19 B 8 1L |—|—
) 7| o | o> LU0 o CT S |
£090 £090 €090 5080 wLon e 10 o7 1
A/ 20 001 LN ou 4Ly A9L/ 44 00L——A 91/ 4n |3 €550 37| -0 ozev-saa i 24 K vid 10 ©
w) 17 (13] NMALHS Tl I | ¥
© ~ 7 NoLLoW [ wfbd 5 mnasy [ 1295
-an £ T 'L L IMM d
E i - [35) n 3 o 2
oL
e S inaino an. e o €090 3 gLoa
3 I 0 9 " [ 9L/ 3 0oL,
0E10  0s6zdl s s < oY ISON [—5 €
vn g 8 g vsTosw
=l s 3 g T 81000 ssh
N 4 Tssh uoL
(1) L
u
o
uoL e ]
2 Cl_l ¥ TSsA €090
[ w T %L A00L
4]
T T
MS1HOM
Tk TSSA ops TG 9 4 msw Fraom
- #1000 <,
0% T P Ms™L4T s
m. wlh\z i = any
1 T sep] @
5080 *
#
R v wmnSuing
LT E
viva bt o
L
€ { %) 3
£2105 T sLaa




1/0 Voltage options (values listed are typical)

Internal 1/0 pin
regulator  nDREG interface Notes for pin18 & 19
status pin Vopa  DVpp Vbpio voltage Notes for DVpp connection
Enabled GND 2.8V Output 1.8V with  External 1.8V Do not use internal MUST be No Connect
(Fig 7a) bypass capacitor 1.8V or regulator output (NC)
3.3uF orVppa 2.8V voltage as supply
to other circuits.
Disabled  Vppa 2.8V Inputof 1.8V with  External 1.8V Require external Prefer if No Connect.
(Fig 7b) 0.0TuF and 1uF 1.8V or voltage supply. Optional connection
orVppa 2.8V to GND allowed

Regulatory Requirements

e Passes FCC B and worldwide analogous emission limits when assembled following Avago Technologies
recommendations.

e Passes IEC-55024 or CISPR 24 radiated susceptibility level when assembled following Avago Technologies
recommendations.

Absolute Maximum Ratings

Parameter Symbol Minimum Maximum Units Notes
Storage Temperature Ts -40 85 °C
Lead Solder Temp 260 °C For 1.4 seconds
Moisture Sensitivity Level MSL 1 Referring to JEDEC-J-STD-020.
Analog Supply Voltage VppA -0.5 3.6 \%
I/0 Supply Voltage Vbpio -0.5 36 \"
Digital Supply Voltage DVpp -0.5 2 Vv
LED supply voltage VLED+ -0.5 3.6 Y
ESD (sensor only) 2 kv All pins, human body model
JESD22-A114-E
Input Voltage VIN -0.5 Vppa+0.5 \" nDREG_EN pin
Vbpio+0.5 All pins except nDREG_EN pin
Latchup Current lout 20 mA All Pins

Note - Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are the stress ratings
only and functional operation of the device at these or any other condition beyond those indicated may affect device reliability.

At power up, if DVpp is powered up before Vppa, DVpp At power down, if Vppa is powered down before DVpp
should never exceed Vppa by more than 0.7V to avoid  and Vppjo, then DVpp must ramp down to 0V in less than
high inrush current. If DVpp is powered up before Vppa,  1.5seconds. In this case high inrush current of up to 180mA
then Vppa must ramp up to stable voltage in less than  can be observed at DVpp.

1.5seconds. In this case high inrush current of up to

180mA can be observed at DVpp.
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Recommended Operating Conditions

Parameter Symbol Minimum  Typical Maximum  Units Notes

Operating Temperature Ta -20 60 °C

Analog supply voltage Vbpa 2.6 2.8 33 Volts Including Vna noise.

I/0 supply voltage Vbpio 1.65 180r28 33 Volts Including Vna noise. Sets 1/0
voltages but not for nDREG_EN.
See fig 7a, 7b.

Digital supply voltage DVpp 1.65 1.8 1.95 Volts Input voltage supply when nDREG
pin is high. Input voltage supply
not required when nDREG is GND

LED supply voltage VLED+ 2.6 2.8 33 Volts Including Vna noise.

Power supply rise time tvRT 0.001 100 ms 0to 2.8V

Supply noise (Sinusoidal) VNA 100 mVp-p  10kHz-50MHz

Speed S 15 in/sec Using prosthetic finger as surface

AC Electrical Specifications

Electrical Characteristics over recommended operating conditions. Typical values at 25°C, Vppa=2.8V, DVpp=1.8V.

Parameter Symbol Minimum  Typical Maximum  Units Notes

Motion delay after reset tMOT-RST 35 23 ms From Hard or Soft_RESET register
write to valid register write/read
and motion, assuming motion is
present

Shutdown tSHTDWN 50 ms From SHTDWN pin active to low
current

Wake from shutdown TWAKEUP 100 ms From SHTDWN pin inactive to valid
motion. Refer to section “Notes on
Shutdown”, also note tmoT-RST

MOTION rise time tr-MOTION 150 300 ns CL=100pF

MOTION fall time t:-MOTION 150 300 ns CL=100pF

SHTDWN pulse width tp.sytowN 150 ms

NRST pulse width tNRST 20 us From edge of valid NRST pulse

Reset wait time after stable tVRT-NRST 100 ms

supply voltage

Transient Supply Current IppT 75 mA Max supply current for 500 usec

for each supply voltages ramp from
0to 3.3V
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DC Electrical Specifications

Electrical Characteristics over recommended operating conditions. Typical values at 25°C, Vppa=3.3V, DVpp=1.95V at

default LED setting 13mA.

Internal regulator
Enabled

Internal regulator
Disabled

Parameter Typical Max Typical Max Units Notes
DC average I Vppa 1.80 2.50 0.90 1.10 mA GPIO=SHTDWN=pull low,
supply current I0_MISO=NRST=ORIENT=pull high.
inRunmode  \nh 1 130 1.80 1.30 1.80 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
I DVpp 0 0 0.90 1.40 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
Total 3.10 4.30 3.10 4.30 mA
DC average IVbpa 0.20 0.30 0.10 0.15 mA GPIO=SHTDWN=pull low,
supply current I0_MISO=NRST=ORIENT=pull high.
nResttmode o 1gps 020 0.40 0.20 0.40 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
I DVpp 0 0 0.10 0.15 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
Total 0.40 0.70 0.40 0.70 mA
DC average I Vbpa 0.06 0.12 0.03 0.07 mA GPIO=SHTDWN=pull low,
supply current IO_MISO=NRST=ORIENT=pull high.
inRestzmode  \nh 1 epy 0,04 0.08 0.04 0.08 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
I DVpp 0 0 0.03 0.05 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
Total 0.10 0.20 0.10 0.20 mA
DC average I Vppa 0.03 0.12 0.02 0.06 mA GPIO=SHTDWN=pull low,
supply current IO_MISO=NRST=ORIENT=pull high.
inRest3mode " \nh 1 ep 001 0.03 0.01 0.03 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
I DVpp 0 0 0.01 0.06 mA GPIO=SHTDWN=pull low,
I0_MISO=NRST=ORIENT=pull high.
Total 0.04 0.15 0.04 0.15 mA
Analog IDDSHTDWN 17 443 0 2 HA GPIO=pull low, SHTDWN=
shutdown VbpA I0_MISO=NRST=ORIENT=pull high.
supply current
Analog Ipbsutopwn O 0.7 0 0.7 HA GPIO=pull low, SHTDWN=
shutdown VLED+ IO_MISO=NRST=ORIENT=pull high.
supply current
Digital IDDSHTDWN 0 0 3 15 HA GPI1O=pull low, SHTDWN=
shutdown DVpbp I0O_MISO=NRST=ORIENT=pull high.

supply current
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DC Electrical Specifications

Electrical Characteristics over recommended operating conditions. Typical values at 25°C, Vppa=3.3V, DVpp=1.95V at
default LED setting 13mA.

Parameter Symbol Minimum Typical Maximum Units Notes

Vppio DC Supply Current I Vbpio 10 uA Average current Vppio.

Analog peak supply current  Ipgak Vppa 2.5 mA At LED register setting of 40mA.

LED+ peak supply current lpeak LED+ 49,5 mA At LED register setting of 40mA.

Digital Peak supply current  lpeak DVpp 1.5 mA At LED register setting of 40mA.

Input Low Voltage ViL -0.05 0 Vppio*0.35 V I0_MOSI_AOQ, I0_CLK,
IO_MISO_SDA, IO_NCS_A1,
NRST, ORIENT, SHTDWN,
IO_SELECT

Input High Voltage ViH Vopio*0.7  Vppio Vppio+0.05 V I0_MOSI_AO0, I0_CLK,
IO_MISO_SDA, IO_NCS_AT1,
NRST, ORIENT, SHTDWN,
IO_SELECT

Input hysteresis VHys 100 mV

Input leakage current lleak +1 +10 UA I0_MOSI_AO0, I0_CLK,
IO_MISO_SDA, IO_NCS_AT1,
NRST, ORIENT, SHTDWN,
IO_SELECT

Output Low Voltage VoL 0.2 Vv lout=1.2mA

Output High Voltage VoH Vppio-0.2 Vppio-0.1 Y lout=600UA

Input Capacitance Cin 10 pF MOSI, NCS, SCLK, SHTDWN

Notes on Power-up

The ADBS-A320 does not perform an internal power up self-reset; the NRST pin must be toggled every time power is
applied. The appropriate sequence is as follows:

1.

Apply power. See Notes on Power Up sequence
below.

Set NCS pin high if using SPI. If TWI, then NCS_A1 will
follow TWI address. Set Shutdown pin low and Orient.
Set IO_Select pin to low (for TWI) or high (for SPI).

If in TWI mode, set A0 and A1 according to the Table
TWI slave address in datasheet. This step is skipped if
SPI mode is used.

In TWI, drive NRST low then high. This is optional for
SPI. TWI slave address will only be selected after a
NRST toggle is applied when A0 and A1 is set.

If in SPI mode, wait until sensor valid power up by
reading Product ID register. If in TWI mode, skip this
step.

If in SPI mode, perform soft reset by writing 0x5A to
address 0x3a. In TWI mode, this is not required.

7. Write OxE4 to address 0x60.
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Set Speed Switching, write 0x62 with 0x12, 0x63 with
OxOE.

9.

10.

11.

12.

13.

14.

15.

16.

Check registers 0x64 with 0x08, 0x65 with 0x06, 0x66
with 0x40, 0x67 with 0x08, 0x68 with 0x48, 0x69 with
0x0a, 0x6a with 0x50, 0x6b with 0x48.

Check Assert/De-assert registers, 0x6d with 0xc4, 0x6e
with 0x34, 0x6f with 0x3c, 0x70 with 0x18, 0x71 with
0x20.

Check Finger Presence Detect register, 0x75 with 0x50.

IF XY Quantization is used, check 0x73 with 0x99 and
0x74 with 0x02.

Write 0x10 to register 0x1C. This will activate burst
mode. If burst mode not used then skip this step.

Read from registers 0x02, 0x03 and 0x04 (or read these
same 3 bytes from burst motion) one time regardless
the state of the motion pin.

Check Ox1a with 0x00 to set LED drive current to
13mA.

At power down, see Notes on Power Down sequence
below.



Note on register settings

Please refer to the OFN A320 firmware design guide for
tuning best Speed Switching, Assert/Deassert, Finger
Presence Detect and XY Quantisation register settings.

Notes on Power Up sequence

When internal regulator is enabled, nDREG_EN = Ground,
apply Vbpa and Vppjo in any order.

When internal regulator is disabled, nDREG_EN = High,
Vppa must be applied prior to DVpp. The sensor must
power up from Vppa first to a stable voltage. Then apply
DVpp. Vbpio can be applied in any order.

See Absolute Maximum Rating for other condition.

If Vppio is applied before Vppa in internal regulator
enabled or Vppjo is applied before Vppa and DVpp in
internal regulator disabled, while all sensor I/O pins are at
high or low, then a small leakage current of TuA can be
expected at Vppio.

IfVppioisapplied beforeVppaininternal requlator enabled
or Vppio is applied before Vppa and DVpp in internal
regulator disabled, while all sensor 1/0 pins are floating,
then a leakage current of up to TmA can be expected at
Vbpio.

If Vppio is Grounded, then the TWI line will be pulled down
and rendered not operational. Vppjo must be applied for
I/0 pins to be functional.

Notes on Power Down sequence

During power down and internal regulator disabled, it is
a MUST to ramp down DVpp first then followed by Vppa
to OV or all at the same time. Do not power down Vppa
before power down DVpp.

If Vppa is powered down before DVpp, DVpp should never
exceed Vppa by more than 0.7V to avoid high inrush
current.

During power-up there will be a period of time after the
power supply is high but before any clocks are available.
See power sequence chart below reference to “Notes on
Power up” steps.

Vooio

Vooa

DV,
(not toDsDcaIe) V.I
|
|

| tYRT-NRST INRST
| RTARST | NRST,

Hard_reset condition -
NRST signal
Step4
I
| MoT-RST l
Hard reset condition ﬁg
sPI SIg“aI *SPI or TWI transactions
| | ¢ Write address t |
VRT-NRST 0x3 Awith MOT-RST, |
Soft_reset condition 0x5A
SPI signal for soft reset
Step 6 *SPI transaction *SPI transactions
I
SHUTDOWN %g
ORIENT __ !
10_SEL
A1/A0 (TWI) STABLE/CONFIGURED
(nDREG_EN ]
if applicable)

Figure 8. Power up and down sequence
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As in step 4, in TWI mode, the sensor must be toggle with  If SPImode is used, then hard reset is not required. Instead
hard reset. The hard reset via toggling NRST pin hightolow  a soft reset can be employed. Note that time tygT-NrsT and
then high again must observe tyrr-ngsT and tnrsT. Then a  tmoTt-RsT Must be observed before accessing SPI ports.
time of tmoT-rRsT Must be observed before accessing the
sensor registers via SPl or TWI ports. See two graphs for
Hard reset condition.

The Shutdown, Orient, 10_Select and TWI ports are stable
after proper power up procedures.

The table below shows the state of the various pins during power-up and reset.

State of Signal Pins After Vppj is Valid

Pin NCS high before reset NCS Low before reset After Reset
NCS High Low Functional
MISO Undefined Functional Depends on NCS
SCLK Ignored Functional Depends on NCS
MOSI Ignored Functional Depends on NCS
XY_LED Undefined Undefined Functional
MOTION Undefined Undefined Functional
SHTDWN Must be low Must be low Functional
NRST High High High
10_Select SPI: High, TWI:Low SPI: High, TWI:Low SPI: High, TWI:Low
ORIENT High High High

N 55

Top view o @\B UDU (J@ PIN 1 @Q UDU (J@ PIN1 @\X m| [J@

D e (1 De ( |DecC(

X320 @ X320 @ X320 @

XYYWWZ PIN 1 XYYWWZ PIN 1S XYYWWZ PIN 1S
R\ /4
ORIENT Low Low Low
) Z Y
Top view PINS v @ PIN8 \\/ @ PIN8 v @
5 “ % “ % “
< W ( } d < w { } d < W { } d
§ B - d é B - d é 8 | d
N - N - N -
@/\ @ PIN 22 @/\ @ PIN 22 @/\ @ PIN 22
GPIO Undefined Undefined Undefined
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Notes on Shutdown and Reset

The ADBS-A320 can be setin Shutdown mode by asserting
or setting SHTDWN pin high. During the shutdown state,
supply voltages Vppijo and DVpp must be maintained
above the minimum level. If these conditions are not met,
then the sensor must be restarted by powering down
then powering up again for proper operation. Any register
settings must then be reloaded.

During the shutdown state, supply voltages Vppjo and
DVpp must be maintained above the minimum level. For
proper operation, SHTDWN pulse width must be at least
tp-sHTDWN- Shorter pulse widths may cause the chip to
enter an undefined state. In addition, the SPI or TWI port
should not be accessed when SHTDWN is asserted. (Other
ICs on the same SPI bus can be accessed, as long as the
sensor’s NCS pin is not asserted.) The table below shows
the state of various pins during shutdown. After deassert-
ing SHTDWN, wait twakeup before accessing the SPI port.
Reinitializing the sensor from shutdown state will retain
all register data that were written to the sensor prior to
shutdown (see register table page 34 for list of registers). If
the internal regulator is disabled and Vppa is removed but
DVpp is retained, reinitializing the sensor from shutdown
state will retain all register data that were written to the
sensor prior to shutdown. See register table page 34 for
list of registers.

The reset of the sensor via Soft_RESET register or through
the NRST pin would reset all registers to the default value.
Any register settings must then be reloaded.

Power management modes

The ADBS-A320 has three power-saving modes. Each
mode has a different motion detection period, affecting
response time to sensor motion (Response Time). The
sensor automatically changes to the appropriate mode,
depending on the time since the last reported motion
(Downshift Time). The parameters of each mode are
shown in the following table.

Response Time Downshift Time

Mode (nominal) (nominal)
Rest 1 19.5ms 250 ms
Rest 2 96 ms 95s
Rest 3 482 ms 582s
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Pin SHTDWN active
NCS Functional*
MISO Undefined
SCLK Undefined
MOSI Undefined
XY_LED Low current
MOTION Undefined
NRST High
10_Select SPI:High, TWI:Low
ORIENT High
i U g
Top view o @\S 0 (J@
X320 @
XYYWWZ PIN 1S
ORIENT Low
Top view PIN 8 7 \\—/ @\\
5 “
=8 @ o E
S
™~
@m @ PIN 22
GPIO Undefined

*In Regulator disabled mode, NCS pin must be held to 1 (high) if SPI bus
is shared with other devices.

Note: There are long wakeup times from shutdown.These features should
not be used for power management during normal sensor motion.

Motion Pin Timing

The motion pin is a level-sensitive output that signals the
micro-controller when motion has occurred. The motion
pin is lowered whenever the motion bit is set; in other
words, whenever there is data in the Delta_X or Delta_Y
registers. Clearing the motion bit (by reading Delta_Y and
Delta_X, or writing to the Motion register) will put the
motion pin high.

LED Mode

For power savings, the LED will not be continuously on.
ADBS-A320 will flash the LED only when needed.



Serial Peripheral Interface (SPI)

AC Electrical Specifications

Electrical Characteristics over recommended operating conditions. Typical values at 25°C, Vppa=2.8V, DVpp=1.8V.

Parameter Symbol Minimum  Typical Maximum  Units Notes

Serial Port Clock Frequency fsclk 1 MHz Active drive, 50% duty cycle

MISO rise time tr-MISO 150 300 ns CL =100pF

MISO fall time tf-MISO 150 300 ns CL=100pF

MISO delay after SCLK tDLY-MISO 120 ns From SCLK falling edge to MISO
data valid, no load conditions

MISO hold time thold-MISO 0.5 1/fSCLK us Data held until next falling SCLK
edge

MOSI hold time thold-MOSI 200 ns Amount of time data is valid after
SCLK rising edge

MOSI setup time tsetup-MOSI 120 ns From data valid to SCLK rising
edge

SPI time between write tSWW 30 us From rising SCLK for last bit of the

commands first data byte, to rising SCLK for
last bit of the second data byte.

SPI time between write and tSWR 20 us From rising SCLK for last bit of

read commands the first data byte, to rising SCLK
for last bit of the second address
byte.

SPI time between read and tSRW 500 ns From rising SCLK for last bit of the

subsequent commands tSRR first data byte, to falling SCLK for
the first bit of the address byte of
the next command.

SPI read address-data tSRAD 4 us From rising SCLK for last bit of the

delay address byte, to falling SCLK for
first bit of data being read.

NCS inactive after motion tBEXIT 500 ns Minimum NCS inactive time after

burst motion burst before next SPI
usage

NCS to SCLK active tNCS-SCLK 120 ns From NCS falling edge to first
SCLK falling edge

SCLK to NCS inactive (for read  tSCLK-NCS 120 ns From last SCLK rising edge to NCS

operation) rising edge, for valid MISO data
transfer

SCLK to NCS inactive tSCLK-NCS 20 us From last SCLK rising edge to NCS

(for write operation) rising edge, for valid MOSI data
transfer

NCS to MISO high-Z tNCS-MISO 500 ns From NCS rising edge to MISO

high-Z state
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The synchronous serial port is used to set and read para-
meters in the ADBS-A320, and to read out the motion
information.

The port is a four wire serial port. The host micro-controller
always initiates communication; the ADBS-A320 never
initiates data transfers. SCLK, MOSI, and NCS may be
driven directly by a micro-controller. The port pins may be
shared with other SPI slave devices. When the NCS pin is
high, the inputs are ignored and the output is tri-stated.

The lines that comprise the SPI port:

SCLK: Clock input. It is always generated by the master
(the micro-controller).

MOSI: Input data. (Master Out/Slave In)

MISO: Output data. (Master In/Slave Out)

NCS: Chip selectinput (active low). NCS needs to be low
to activate the serial port; otherwise, MISO will be
high Z, and MOSI & SCLK will be ignored. NCS can
also be used to reset the serial port in case of an
error.

NS T\

Chip Select Operation

The serial port is activated after NCS goes low. If NCS is
raised during a transaction, the entire transaction is
aborted and the serial port will be reset. This is true for
all transactions. After a transaction is aborted, the normal
address-to-data or transaction-to-transaction delay is
still required before beginning the next transaction. To
improve communication reliability, all serial transactions
should be framed by NCS. In other words, the port should
not remain enabled during periods of non-use because
ESD events could be interpreted as serial communica-
tion and put the chip into an unknown state. In addition,
NCS must be raised after each burst-mode transaction
is complete to terminate burst-mode. The port is not
available for further use until burst-mode is terminated.

Write Operation

Write operation, defined as data going from the micro-
controller to the ADBS-A320, is always initiated by the
micro-controller and consists of two bytes. The first byte
contains the address (seven bits) and has a“1”as its MSB to
indicate data direction. The second byte contains the data.
The ADBS-A320 reads MOSI on rising edges of SCLK.

[ 8 79 [10 [11 [12 [13 [14 [15 [16 |

2 [ 345767
' ' ' ' '

. ' . ' ' '

Do not care

MOSI Driven by Micro-Controller

Figure 9. Write Operation

Mos| :)(j j(:

tHold,MoSI

>

tsetup, MOSI

Figure 10. MOSI Setup and Hold Time
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Read Operation

A read operation, defined as data going from the ADBS-A320 to the micro-controller, is always initiated by the micro-
controller and consists of two bytes. The first byte contains the address, is sent by the micro-controller over MOSI, and
has a “0” as its MSB to indicate data direction. The second byte contains the data and is driven by the ADBS-A320 over
MISO. The sensor outputs MISO bits on falling edges of SCLK and samples MOSI bits on every rising edge of SCLK.

NCS /
SCLK
Cycle #

L VAVA VA VAVA VA VAVERLVAVAVAVAVAVAYAWY,
Mosl ——) o /he X ks X ha (A3 X Re XM W Ko A
Miso —{ Donpt care M—-{LX e X Ds X D4 ‘X D3

Lt SRAD delay

1 2 3 4 5 6 7 8 9 10 n 12 3 4 15 16

H

™

=
o
>
o
o

Figure 11. Read Operation

SCLK
tHOLD-MISO — NOTE: The 0.5/fscLk minimum high state of SCLK is also the minimum
tor-miso —»> | le— ¢ R MISO ‘data hold time of the ADBS-A320. Since the falling edge of
SCLK is actually the start of the next read or write command, the
MISO ADBS-A320 will hold the state of data on MISO until the falling edge
:>(- Do - '< of SCLK.

tr-miso timiso

Figure 12. MISO Delay and Hold Time

Required timing between Read and Write Commands

There are minimum timing requirements between read and write commands on the serial port.

SCLK
Address Data Address Data
V / \ V
Write Operation Write Operation

Figure 13. Timing between two write commands

If the rising edge of the SCLK for the last data bit of the second write command occurs before the required delay (tsww),
then the first write command may not complete correctly.

< tswr )l
SCLK
Address Data Address
\% / \ \%
Write Operation Next Read

Operation

Figure 14. Timing between write and read commands
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If the rising edge of SCLK for the last address bit of the read command occurs before the required delay (tswr), the write

command may not complete correctly.

tsrw & tsrr
tsraD R
SCLK
Address Data Address
% /N V
Read Operation Next Read or
Write Operation

Figure 15. Timing between read and either write or subsequent read commands

During a read operation SCLK should be delayed at least
tsrap after the last address data bit to ensure that the
ADBS-A320 has time to prepare the requested data. The
falling edge of SCLK for the first address bit of either the
read or write command must be at least tsgg or tspy after
the last SCLK rising edge of the last data bit of the previous
read operation.

Burst Mode Operation

Burst mode is a special serial port operation mode that
may be used to reduce the serial transaction time for a
motion read. The speed improvement is achieved by con-
tinuous data clocking from multiple registers without the
need to specify the register address, and by not requiring
the normal delay period between data bytes.

— — tsmap

Burst mode is activated by writing 0x10 to register Ox1c
IO_MODE. Then the burst mode data can be read by
reading the Motion register 0x02. The ADBS-A320 will
respond with the contents of the Motion, Delta_Y, Delta_
X, SQUAL, Shutter_Upper, Shutter_Lower and Maximum_
Pixel registers in that order. The burst transaction can be
terminated after the first 3 bytes of the sequence are read
by bringing the NCS pin high. After sending the register
address, the micro-controller must wait tsgap and then
begin reading data. All data bits can be read with no delay
between bytes by driving SCLK at the normal rate. The data
is latched into the output buffer after the last address bit
is received. After the burst transmission is complete, the
micro-controller must raise the NCS line for at least tgex|t
to terminate burst mode. The serial port is not available
for use until it is reset with NCS, even for a second burst
transmission.

Motion Register Address Read First Byte
\

/ \

/\ ] aee

%
First Read Operation

Figure 16. Motion Burst Timing
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Two — Wire Interface (TWI)

ADBS-A320 uses a two-wire serial control interface compatible with 12C. The parameters are listed below.

Electrical Characteristics over recommended operating conditions. Typical values at 25°C, Vppa=2.8V, DVpp=1.8V.

Parameter Symbol Minimum Maximum Units Notes
SCL clock frequency fscl 400 kHz
Hold time (repeated) START condition. After this period, tHD;STA 0.6 - us
the first clock pulse is generated

LOW period of the SCL clock tlow 1.0 - us
HIGH period of the SCL clock tHIGH 0.6 - us
Set up time for a repeated START condition tsu;STA 0.6 - us
Data hold time tHD;DAT 0(2) 0.9 us
Data set-up time tSU:DAT 100 - ns
Rise time of both SDA and SCL signals tr 20+0.1Cp4 300 ns
Fall time of both SDA and SCL signals tf 20+0.1Cp 4 300 ns
Set up time for STOP condition tsu:sTO 0.6 - us
Bus free time between a STOP and START condition tBUF 13 - us
Capacitive load for each bus line (@N - 400 pF
Noise margin at the LOW level for each connected device VL 0.1 VDDA - Y
(including hysteresis)

Noise margin at the HIGH level for each connected device ~ VnH 0.2 Vppa "

(including hysteresis)

Notes:
1. All values referred to Viumin and ViLmax levels.

2. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Viymin of the SCL signal) to bridge the undefined

region of the falling edge of SCL.

3. The maximum has typ.pat only to be met if the device does not stretch the LOW period (t_ow) of the SCL signal.

4. (Cg=total capacitance of one bus line in pF.

The ADBS-A320 responds to one of the following select-
able slave device addresses depending on the I0_A0 and
IO_A1 input pin state. These pins should be set to avoid
conflict with any other devices that might be sharing the
bus.

Table 1. TWI slave address
A0 Al Slave Address (Hex)
0 0 33
0 1 37
0 NC 3b
1 0 53
1 1 57
1 NC 5b
NC 0 63
NC 1 67
NC NC 6b
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Serial Transfer Clock and Serial Data signals

The serial control interface uses two signals: a serial
transfer clock (SCL) signal and a serial data (SDA) signal.
Always driven by the master, SCL synchronizes the serial
transmission of data bits on SDA. The frequency of SCL
may vary throughout a transfer, as long as the timing is
greater than the minimum timing.

SDA is bi-directional. The host (master) can read from or
write to the ADBS-A320. The host (typically a microcon-
troller) drives SCL and SDA in a write operation or request-
ing information from the ADBS-A320. The ADBS-A320
drives the SDA only under two conditions. First, when re-
sponding with an acknowledge (ACK) bit after receiving
data from the host, or second, when sending data to the
host at the host’s request. Data is sent in Eight-bit packets.

Start and Stop of Synchronous Operation

The host initiates and terminates all data transfers. Data
transfers are initiated by driving SDA from high to low
while holding SCL high. Data transfers are terminated by
driving SDA from low to high while SCL is held high.



START Conddtion STCP Concition

e —— le

oL civen o |
byhost | |

| |
| |
| |

D& dhiven |
byhost | |

| |
DA fdlls while =DA  rizeswhile
L istich SCL ishich

Figure 17. TWI Start and Stop operation

Acknowledge/Not Acknowledge Bit

After a start condition, a single acknowledge/not acknowledge bit follows each Eight-bit data packet. The device
receiving the data drives the acknowledge/not acknowledge signal on SDA. Acknowledge (ACK) is defined as 0 and not
acknowledge (NAK) is defined as 1.

Packet Formats

Read and write operations between the host and the ADBS-A320 use three types of host driven packets and one type
of ADBS-A320 driven packet. All packets are eight bits long with the most significant bit first, followed by an acknowl-
edge bit.

Slave Device Address (DA)
Command packets contain a 7-bit ADBS-A320 device address and an active low read/write bit (R/W).

First bit of Last bit of
packet packet
Device Address RW
DA[6] DA[5] DA[4] DA[3] DA[2] DA[1] DA[0] Write=0
Read =1

Register Address Packets (RA)

The address packets contain an auto-increment (ai) bit and a 7-bit address. If the ‘ai’ bit is set, the slave will process data
from successive addresses in successive bytes. For example, registers 0x01, 0x02, and 0x03 can be written by setting
the ‘ai’ bit to one with address 0x01. The host would send three bytes of data, and the host would terminate with a P
condition.

First bit of Last bit of
packet packet

Auto

increment Register Address

. Auto RA[6] RA[5] RA[4] RA[3] RA[2] RA[1] RA[0]
increment=1
No
increment=0
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Data Packet (DP)

Contains 8 data bits and may be sent by the host or the ADBS-A320.

First bit of Last bit of
packet packet
Data
DP[7] DP[6] DP[5] DP[4] DP[3] DP[2] DP[1] DP[0]

Host Driven Packets

The host initiates all data transmission with a START
condition. Next, slave address and register address packets
are sent. If there is a device address match, the ADBS-
A320 then responds to each Eight-bit data transmission
with an acknowledge signal (SDA = 0). Data is transmitted
with the most significant bit first.

Start 7 G-1 n] A 7 G -1
SCL ,
ckiven by ,h,l st | S
hiost 1

S WS 10 0 U G B G - 8 &

To terminate the transfer of host driven packets, the host
follows the ADBS-A320’s ACK with a STOP condition. The
host can also issue a START condition after the ADBS-
A320’s ACK if it wants to start a new data transfer.

STOP ar
START
arcw Caondition

1]

Ll PE, 1
2 Host Driven “'ADBS Hiost Diiven ADBS ' Host
Packet Criven P acket Driven Driven

M odule must respond after each Host terminates data

data byte with a 1-hit 0-valued
acknowledoe (ACK)

Mat acknowledging (Mak) STOP condit

signals indicate an error
condition

Figure 18. Host packets

ADBS-A320 Driven Packets

By request of the host, the ADBS-A320 acknowledges a
read request and then outputs a data byte transmitting
the most significant bit (7) first. If the host intends to
continue the data transfer, the host acknowledges the
ADBS-A320. If the host intends to terminate the transfer,
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transmission by following
the ACK with a

ion or another

START condition

it responds with not acknowledge (SDA = 1), and then
drives SDA to generate a STOP condition. The host can
also drive a START condition if it wants to begin a new
data transfer with the same ADBS-A320.



STOP ar
BTA_R_‘T
g Candition

SCL i ;
driven T o S et |
e e 4 K B PR ey oF

o7 OG-0 (n]i] AT K o7 -
DA 1,07 ) . 5:, i D

...... :
ADES Driven |

S Driven ' Host .
AF‘[;E&cet Driven P acket Hast Diiven

If the host responds with an The host terminates data
acknowledge (ACK), the transmission by responding
ADBM sends another with a not acknowledge
data hyte (MAKY, followed by & STOP
candition or another START
condition

Figure 19. Sensor packets

Example: Writing Data to Sensor Registers
The host writes a value of 0x02 to address 0x07 in the following illustration.

The example ADBS-A320 address is 0x57.

ADBS Register
Address Address Data
————— OXS7 o - OXO7 . - oxoz - . a— — — wm— — -
Pac:l(fl:nber _____ | ! |: - ] 2 | - | 3 |_ ................
“we __ | oow [T owm [ T ow | .
7 0 7 0 7 0
SDI}mst | START l1010111 JOL _'J0|0000111 |'_. |00000010 |_._' | STOP | ..... _

Figure 20. TWI write
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Example: Single Byte Read from Sensor Register

The sensor reads a value 0x01from the register address 0x02 in the following illustration. Again, the example ADBS-
A320 address is 0x57.

ADBS Register Address
————— AddreSSOXS7 —oxoz . . E— . E— E—  E—— E——  E—  EE  EE . Gm . Gm— . e
b ___ L L i
S N O T
7 0 7 0
Vo [t Jrowrn Jof  fofoeewrw |
—————— AW A i -
B 0 L ]
ADBS Data 0x 01
————— AddreSSOXS7 . - o — . —. — . — — w— —
Pad:\etfmber _____ L 3 [ - [ 4 ] ................. -
badet | = e i — Hostcould
“ohe oo oo oL 4 _ e
7 0 ———————————————————— START
Phost  [oawr oo [ _ © 7 L eeadata
e RW__ 7 L _ SToP
B . S T N _ conditr

Figure 21. TWI single byte read
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Example: Polling of Status register (X-Y Motion Bit and Button bits)

To poll the STATUS register, the following structure can be used:

ADBS Register
_____ Address 0 x 57 . Addressquz_‘_‘_‘_-_-_-_-_-_
pad:ﬁfmber _____ | 1 [_I 2 1 ................. -
e CTTw [CTw JITIIIIIIC
7 0.—.7 o —————————————————
R | sTart [1010m11 Qo[ Joloooro]
R/W ai

on ——m MW A . -
ADBS . MK AR . _

ADBS Address ADBS ADBS
0x57 STATUS STATUS
register register
Packet = —'— —. — ———— .
umber ___ IER I N N A
Pack Host could
acket T T - T also drive
type _____ | DA I: - ] DP | - | d |_ ....... another
SDA —————————————————— -— START
condition
host  |STRT [aotomt o[ ] _ [ wax | rop | condition
R T S T T N
condition
ADBS B [ack | 00000000 | B | 00010001 |_ _______

Figure 22. TWI polling

In this case, the host read ADBS-A320 data packets until the update bit (bit 4). Then the host could read successive
registers using the ai bit example below.

Note: polling the Status register rather than using the DATA_RDY pin increases power consumption
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Example: Multiple-Byte Read from Sensor Register using ‘ai’ bit

The ai is a useful feature, especially in the case of reading Delta_X, Delta_Y, and Delta_HI in succession once either the
DATA_RDY interrupt pin and/or update bit in the STATUS register bit are set.

Once the ai bit is set, the slave will deliver data packets from successive addresses until the ‘'STOP’ condition from the
host.

In the example below, 3 bytes are read successively from registers 0x03, 0x04, and 0x05.

ADBS Address Register Address
0x57 0x03
R I D N _
Powe __ [ w [T m ]
7 0 . - 7 0 ————————————————— -
Most [ sTART 1010111 Jo] "~ Ti[ooooort |
e -

ADBS Data ADBS Data ADBS Data
ADBS from address from address from address
Address 0 x 57 0x03 0x04 o 0x05 L
Pamber __ [ 3 [ T a4 J"T s | T[ e [_°
e [ [T JTTw T w [T e
7 0 another
SDA M ——— e E— E — - C———_—— - - — - START
O T N I L B I [T IR
o W o1 o .. imteadofa
f\gﬁs ______________ [ Ack [ 10101101 1_. | 00000001 |_._ | 10000101 [._‘_ condition

Figure 23. TWI ai bit
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SCL and SDA Timing

SDa  zampled SD&  driven after
after the rizing edge the falling edge of
of SCL \ / SCL

SCL driven I I
by host

sSpA ——
driven by
host or X
ADB S

Clock Clock
| Lo High
soL | | |
driven
by host

I

S0 T T -
driven by ><
ADBS L .
I I
—-l |-d— —-l |.-_
[rata Hold [rata Propagation

Time Time

Figure 24. TWI SCL and SDA Timing

ADBS-A320 driven SDA

- | | .
Sl driven
by bt

I X
I At

CataSaUp Time DaaHdd Time
(minimum 0 rs) (minimumn 0 ns)

DA, criven
kv bt

Figure 25. Sensor driven SDA
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ADBS-A320 12C communication requirement

There are several 12C timing sequences which must be observed for OFN sensors. They are listed below.

12C during hard reset

During 12C communication and sensor hard reset via NRST, it is suggested to have 12C idle time of 5usec before and after
NRST is released. The 12C lines, I0_MISO_SDA and I10_CLK has to be quiet 5usec before and after NRST is pulled high to
ensure normal operation of the 12C lines. Any 12C communication before and after the 12C quiet time of 5usec period can
continue on the 12C bus. See figure26 for timing diagram.

12C traffic Don’t care )4 12CIdle X Don’t care

|4 ;|4 ;l

|‘ 5us 'r 5us 'l
NRST |

Figure 26. 12C quiet time during NRST

12C during shutdown after hard reset

12C quiet time must be observed if shutdown is used after a hard reset is initiated. When hard reset or NRST is initiated,
figure 26 requirements must be observed where 5usec 12C quiet time must be observed before and after NRST is set to
high. Then if a shutdown is pulled high after NRST is high, another 5usec 12C quiet time is required before 12C bus line
can continue communication. See figure 27 for the timing diagram.

12C traffic Don't care >/ 12C1dle \(" Don'tcare

5us 5us 5us

NRST |
SHTDWN

Figure 27. 12C quiet time for shutdown after hard reset

12C during hard reset after shutdown

An 12C quiet time must be observed when a hard reset NRST is initiated after a valid shutdown. The 12C quiet time re-
quirement for this condition is specified in this section although this operating condition is very unlikely to be used in
most applications as it is not necessary to initiate hard reset after recovery from shutdown.

If NRST is pulled high within or after shutdown, an additional 12C quiet time of 275usec for internal regulator enabled or
490usec for internal regulator disabled, from shutdown being pulled low is needed on top of the 5usec before and after
NRST being pulled high as mentioned earlier in figure 26. See figure 28 and Table for complete timing requirements.

12C traffic Don't care b 12CIdle X Don'tcare

I
| See table

SHTDWN Sus | Sus
-1 Fr=———— Ll el Lkl ikl
L S I

Figure 28. 12C quiet time for hard reset after shutdown

Internal regulator Internal regulator
enabled disabled
Time (usec) 275 490
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Registers

The ADBS-A320 registers are accessible via the serial port. The registers are used to read motion data and status as well
as to set the device configuration.

Read/ Default Read/ Default
Address Register Write Value Address Register Write Value
0x00 Product_ID* R 0x83 0x40-0x5f Reserved
0x01 Revision_ID* R 0x01 0x60 OFN_Engine* R/W 0x00
0x02 Motion R/W Any 0x61 Reserved
0x03 Delta_X R Any 0x62 OFN_Resolution* R/W Ox1a
0x04 Delta_Y R Any 0x63 OFN_Speed_Control* R/W 0x04
0x05 SQUAL R Any 0x64 OFN_Speed_ST12* R/W 0x08
0x06 Shutter_Upper R Any 0x65 OFN_Speed_ST21* R/W 0x06
0x07 Shutter_Lower R Any 0x66 OFN_Speed_ST23* R/W 0x40
0x08 Maximum_Pixel R Any 0x67 OFN_Speed_ST32* R/W 0x08
0x09 Pixel_Sum R Any 0x68 OFN_Speed_ST34* R/W 0x48
0x0a Minimum_Pixel R Any 0x69 OFN_Speed_ST43* R/W Ox0a
0x0b Pixel_Grab R/W Any Ox6a OFN_Speed_ST45* R/W 0x50
0x0c CRCO* R 0x00 0x6b OFN_Speed_ST54* R/W 0x48
0xod CRC1* R 0x00 0x6¢ Reserved
0x0e CRC2* R 0x00 0xé6d OFN_AD_CTRL* R/W Oxc4
ox0f CRC3* R 0x00 Ox6e OFN_AD_ATH_HIGH* R/W 0x34
0x10 Self_Test w 0x00 ox6f OFN_AD_DTH_HIGH* R/W 0x3c
0x11 Configuration_Bits* R/W 0x00 0x70 OFN_AD_ATH_LOW* R/W 0x18
0x12-0x19 Reserved 0x71 OFN_AD_DTH_LOW* R/W 0x20
Ox1a LED_Control* R/W 0x00 0x72 Reserved
0x1b Reserved 0x73 OFN_Quantize_CTRL* R/W 0x99
0x1c I0_Mode* R/W 0x00 0x74 OFN_XYQ_THRESH* R/W 0x02
Ox1d Motion_Control w 0x00 0x75 OFN_FPD_CTRL* R/W 0x50
Ox1e-0x2d  Reserved 0x76 Reserved
Ox2e Observation R/W Any 0x77 OFN_Orientation_CTRL* R/W 0x01
0x2f-0x39 Reserved
0x3a Soft_RESET w 0x00
0x3b Shutter_Max_Hi* R/W 0x0b
0x3c Shutter_Max_Lo* R/W 0x71
0x3d Reserved
0x3e Inverse_Revision_ID* R OxFE
0x3f Inverse_Product_ID* R 0x7C

* Note - Registers with * will retain the same register values before and after shutdown if the supply voltages remain above their minimum values.
In any case where there is a need to disable VDDA during shutdown, it is advisable that the register values are reloaded after VDDA is enabled to
prevent any loss in register settings during VDDA cycling.
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Product_ID Address: 0x00

Access: Read Reset Value: 0x83
Bit 7 6 5 4 3 2 1 0
Field PID7 PIDg PIDs PID4 PID3 PID, PID;4 PIDg

Data Type: 8-Bit unsigned integer.

USAGE: This register contains a unique identification assigned to the ADBS-A320. The value in this register does not
change; it can be used to verify that the serial communications link is functional.

Revision_ID Address: 0x01

Access: Read Reset Value: 0x01

Bit 7 6 5 4 3 2 1 0
Field RID7 RIDg RIDs RID4 RID3 RID, RIDq RIDg

Data Type: 8-Bit unsigned integer.

USAGE: This register contains the IC revision. It is subject to change when new IC versions are released.
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Motion Address: 0x02

Access: Read/Write Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field MOT PIXRDY PIXFIRST OVF Reserved Reserved Reserved GPIO

Data Type: Bit field.

USAGE: Register 0x02 allows the user to determine if motion has occurred since the last time it was read. If the MOT bit is
set, then the user should read registers 0x03 and 0x04 to get the accumulated motion. Read this register before
reading the Delta_Y and Delta_X registers.

Writing anything to this register clears the MOT and OVF bits, Delta_Y and Delta_X registers. The written data
byte is not saved.

Internal buffers can accumulate more than eight bits of motion for X or Y. If either one of the internal buffers
overflows, then absolute path data is lost and the OVF bit is set. This bit is cleared once some motion has been
read from the Delta_X and Delta_Y registers, and if the buffers are not at full scale. Since more data is presentin
the buffers, the cycle of reading the Motion, Delta_X and Delta_Y registers should be repeated until the motion
bit (MOT) is cleared. Until MOT is cleared, either the Delta_X or Delta_Y registers will read either positive or
negative full scale. If the motion register has not been read for long time, at 500 cpi it may take up to 16 read
cycles to clear the buffers, at 1000 cpi, up to 32 cycles. To clear an overflow, write anything to this register.

The PIXRDY bit will be set whenever a valid pixel data byte is available in the Pixel_Dump register. Check that
this bit is set before reading from Pixel_Dump. To ensure that the Pixel_Grab pointer has been reset to pixel 0,0
on the initial write to Pixel_Grab, check to see if PIXFIRST is set to high.

Field Name Description
MOT Motion since last report
0= No motion

1 = Motion occurred, data ready for reading in Delta_X and Delta_Y registers

PIXRDY Pixel Dump data byte is available in Pixel_Dump register
0 = data not available
1 = data available

PIXFIRST This bit is set when the Pixel_Grab register is written to or when the complete
pixel array has been read, initiating an increment to pixel 0,0.
0 = Pixel_Grab data not from pixel 0,0
1 = Pixel_Grab data is from pixel 0,0

OVF Motion overflow, AY and/or AX buffer has overflowed since last report
0 =no overflow
1 = Overflow has occurred

GPIO Reports GPIO status (read only)
0=low
1 =high
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Delta_X Address: 0x03

Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field Y7 Yo Ys Yaq Y3 Yy 0 Yo

Data Type: Eight bit 2's complement number.

USAGE: X movement is counts since last report. Absolute value is determined by resolution. Reading clears the register.

Motion -127 -2 -1 0 +1 +2 +126 +127

| (1 | | | L (g |

) | | | | | ) ) | |

Delta_X 81 FE FF 00 01 02 7E 7F

Delta X

ORIENT PIN HIGH Maximum +127
Minimum -127
ORIENT PIN LOW Maximum +127
Minimum -127

NOTES: Avago RECOMMENDS that registers 0x03 and 0x04 be read sequentially.

Delta_Y Address: 0x04

Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field X7 X6 Xz Xa X3 X2 Xq Xo

Data Type: Eight bit 2's complement number.

USAGE: Y movement is counts since last report. Absolute value is determined by resolution. Reading clears the register.

Motion -127 -2 -1 0 +1 +2 +126 +127

| 1 | | | L (g |

) | | | | | ) ) | |

Delta_X 81 FE FF 00 01 02 7E 7F

DeltaY

ORIENT PIN HIGH Maximum +127
Minimum -127
ORIENT PIN LOW Maximum +127
Minimum -128

NOTES: Avago RECOMMENDS that registers 0x03 and 0x04 be read sequentially.
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SQUAL Address: 0x05

Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field SQy SQg SQs SQs4 SQs3 SQ; SQq SQo

Data Type: Upper 8 bits of a 9-bit unsigned integer.

USAGE: SQUAL (Surface Quality) is a measure of the number of valid features visible by the sensor in the current frame.
The maximum SQUAL register value is 167. Since small changes in the current frame can result in changes in
SQUAL, variations in SQUAL when looking at a surface are expected.

Shutter_Upper Address: 0x06
Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field S15 S14 S13 S12 S11 S10 Sg Sg
Shutter_Lower Address: 0x07
Access: Read Reset Value: Undefined
Bit 7 6 5 4 3 2 1 0
Field Sy Se Ss Sq S3 Ss Sq So

Data Type: Sixteen bit unsigned integer.

USAGE: Units are clock cycles. Read Shutter_Upper first, then Shutter_Lower. They should be read consecutively. The
shutter is adjusted to keep the average and maximum pixel values within normal operating ranges. The shutter
value is automatically adjusted.

Maximum_Pixel Address: 0x08

Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field MP> MPg MPs MP4 MP3 MP> MP4 MPg

Data Type: Eight-bit number.

USAGE: Maximum Pixel value in current frame. Minimum value = 0, maximum value = 254. The maximum pixel value can
vary with every frame.
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Pixel_Sum Address: 0x09

Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field AP; APg APs5 APy4 AP3 APy AP APg

Data Type: High 8 bits of an unsigned 17-bit integer.

USAGE: This register is used to find the average pixel value. It reports the seven bits of a 16-bit counter, which sums all
pixels in the current frame. It may be described as the full sum divided by 512. To find the average pixel value,
use the following formula:

Average Pixel = Register Value * 128/121 = Register Value * 1.06

The maximum register value is 240. The minimum is 0. The pixel sum value can change every frame.

Minimum_Pixel Address: 0x0a

Access: Read Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field MP5 MPg MPs5 MP4 MP3 MP, MP; MPgo

Data Type: Eight-bit number.

USAGE: Minimum Pixel value in current frame. Minimum value = 0, maximum value = 254. The minimum pixel value can
vary with every frame.

Pixel_Grab Address: 0xOb

Access: Read/Write Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field PD; PDg PDs PD4 PD3 PD> PD1 PDg

Data Type: Eight-bit word.

USAGE: For test purposes, the sensor will read out the contents of the pixel array, one pixel per frame. To start a pixel
grab, write anything to this register to reset the pointer to pixel 0,0. Then read the PIXRDY bit in the Motion
register. When the PIXRDY bit is set, there is valid data in this register to read out. After the data in this register
is read, the pointer will automatically increment to the next pixel. Reading may continue indefinitely; once a
complete frame’s worth of pixels has been read, PIXFIRST will be set to high to indicate the start of the first pixel
and the address pointer will start at the beginning location again. The pixel map address and corresponding
sensor orientation is shown below.
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18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19
56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38
75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57
94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
13 112 (111 |110 109 |108 |107 |106 |105 |104 [103 |102 |101 |100 |99 98 97 96 95
132 131 130 |129 (128 |127 (126 (125 [124 123 [122 |121 120 |119 (118 |117 (116 |115 |114
151 |150 [149 |148 (147 |146 |145 |144 [143 |142 |[141 |140 (139 [138 |137 [136 |135 |134 |133
170 |169 [168 |167 |166 |165 |164 |163 [162 |161 160 |159 |158 |157 |156 |[155 |154 |153 |152
189 |188 [187 |186 (185 |184 |183 |182 |181 |180 (179 |[178 (177 |176 |175 (174 |173 |172 |171
208 |207 |206 [205 |204 (203 [202 |201 |200 |199 [198 [197 |196 |195 |194 |193 [192 |191 |190
227 226 225 |224 (223 |222 221 220 |219 |218 (217 |216 |215 |214 (213 (212 |211 |210 |209
246 |245 |244 243 |242 (241 |240 |239 (238 |237 |236 [235 |234 (233 |232 |231 |230 |229 |228
265 |264 |263 (262 |261 |260 |259 |258 |257 |256 |255 |254 253 |252 |251 |250 |249 (248 |247
284 283 282 281 |280 (279 |278 |277 (276 |275 |274 |273 |272 (271 |270 |269 |268 |267 |266
303 |302 [301 |300 [299 |298 |297 |296 |295 (294 |293 |292 [291 |290 |289 |288 |287 |286 |285
322 321 |320 (319 |[318 (317 |316 |315 |314 [313 |312 311 |310 |309 [308 |307 |306 |305 |304
341 |340 (339 |338 (337 |336 |335 [334 |333 (332 |331 |330 (329 (328 |327 |326 |325 324 |323
360 |359 |358 |357 |356 |355 [354 |353 |352 |351 |350 [349 |348 (347 |346 |345 |344 |343 |342
Figure 29. Top view of pixel map address without lens
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Sensor orientation mounted without lens
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342 343 344 |345 |346 |347 |348 |349 |350 |351 |352 |353 |354 |355 |356 |357 |358 |359 |360
323 324 325 |326 |327 |328 |329 |330 |331 |332 |333 |334 |335 |336 |337 |338 |339 |340 |[341
304 |305 |306 |307 [308 (309 (310 311 |312 |313 |314 |[315 |316 (317 |318 |[319 |320 |321 |322
285 |286 (287 |288 |289 |290 |291 (292 |293 |294 |295 |296 |297 |298 |299 |300 |301 |302 |303
266 |267 (268 |269 |270 |271 |272 |273 |274 |275 |276 |277 |278 |279 |280 |281 |282 |283 (284
247 248 249 |250 |251 |252 |253 |254 |255 |256 |257 |258 |259 |260 |261 |262 |263 |264 |265
228 229 230 |231 |232 |233 |234 |235 |236 |237 |238 |239 |240 |241 (242 (243 |244 |245 |246
209 1210 (211 |212 |213 |214 |215 (216 |217 |218 |219 |220 |221 |222 (223 |224 |225 |226 |227
190 191 192 |[193 (194 |195 |196 |197 [198 |199 |200 |201 |202 |203 |204 |205 |206 |207 |208
171|172 (173 (174 175 (176 177 178 |[179 180 |181 |182 |183 |184 |185 |186 |187 |188 |189
152|153 |154 |155 |156 |157 |158 |159 |160 |161 |162 |163 |164 |165 |166 |[167 |168 |169 |170
133 134 135 |[136 (137 138 |139 |140 [141 (142 |143 |144 |145 |146 |147 |148 |149 |150 |151
114 115 116 [117 (118 |119 120 121 [122 123 |124 |125 |126 |127 |128 [129 |130 |131 |132
95 96 97 98 99 100 |101 102 |103 |104 |105 |106 |107 |[108 |109 |110 |111 [112 |113
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

Figure 30. Top view of pixel map address with lens
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CRCO Address: 0x0c

Access: Read Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field CRCO7 CRCO¢ CRCOs CRCO4 CRCO3 CRCO, CRCO1 CRCOg
Data Type: Eight-bit number
USAGE: Register 0x0c reports the first byte of the system self test results. See Self Test register 0x10.
CRC1 Address: 0x0d
Access: Read Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field CRC17 CRC1 CRC15 CRC14 CRC13 CRC1; CRC14 CRC1g
Data Type: Eight-bit number
USAGE: Register 0x0d reports the second byte of the system self test results. See Self Test register 0x10.
(RQ2 Address: 0x0e
Access: Read Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field CRC27 CRC2¢ CRC25 CRC24 CRC23 CRC2; CRC24 CRC2g
Data Type: Eight-bit number
USAGE: Register 0x0e reports the third byte of the system self test results. See Self Test register 0x10.
(RG Address: 0x0f
Access: Read Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field CRC3y CRC36 CRC35 CRC34 CRC33 CRC3; CRC34 CRC3p

Data Type: Eight-bit number
USAGE: Register 0x0f reports the fourth byte of the system self test results. See Self Test register 0x10.
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Self Test Address: 0x10

Access: Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field Reserved Reserved Reserved Reserved Reserved Reserved Reserved TESTEN

Data Type: Bit field

USAGE: Set the TESTEN bit in register 0x10 to start the system self-test. The test takes 250ms. During this time, do not
write or read through the SPI port. Results are available in the CRCO-3 registers. After self-test, reset the chip to
start normal operation.

The procedure to start self test is as follows:-

Write 0x5a to register Ox3a to initiate soft reset. Do not load OFN registers.
Write data 0xF6 to register 0x60.

Write data OxAA to register 0x73.

Write data 0xC4 to register 0x63.

Write 0x01 to register 0x10 to initiate self test.

Wait 250mes.

Read from CRCO from address 0x0c, CRC1 from address 0x0d, CRC2 from address 0x0e, CRC3 from address
0xOf.

No v A~ wN =

The results are as follows.

CRG# Orient=1 Orient=0
CRCO 0x36 0x33
CRC1 0x72 Ox8E
CRC2 Ox7F 0x24
CRC3 0xD6 0x6C
Field Name Description
TESTEN Enable System Self Test
0 =Disable
1 =Enable
Configuration_bits Address: 0x11
Access: Read/Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field RES Reserved Reserved Reserved Reserved Reserved Reserved Reserved

Data Type: Bit field

USAGE: Register 0x11 allows the user to change the configuration of the sensor. The RES bit allows selection between
500 and 1000 cpi resolution.

Field Name Description

RES Sets resolution
0=500
1=1000
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Reserved Address: 0x12-0x19
LED_Control Address: Ox1a
Access: Read/Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field Reserved Reserved Reserved Reserved Reserved LED2 LED1 LEDO
Data Type: Bit field
USAGE: Register Ox1a allows the user to change the LED drive current of the sensor.
Field Name Description
LED2:0 0x00=13mA
0x03 =40mA
0x05 =9.6mA
Reserved Address: 0x1b
10_Mode Address: 0x1c
Access: Read/Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field Reserved Reserved Reserved Burst Reserved SPI Reserved TWI

Data Type: Bit field

USAGE: Register Ox1c allows the user to read the Input or Output mode of the sensor.

Field Name

Description

Burst

Burst mode
0 =not in burst mode
1 =In Burst mode

SPI

SPI mode
0=notin SPI mode
1=1InSPI mode

TWI

TWI mode
0=not in TWI mode
1=InTWI mode
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Motion_Control Address: 0x1d

Access: Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field Control Reserved Reserved Reserved Reserved Reserved Reserved Reserved

Data Type: Bit field

USAGE: Register 0x1d allows the user to control and read the Motion pin state.

Field Name Description

Control Motion control pin

0 = set Motion pin active low. Motion pin will go low when motion is present.
1 = set Motion pin active high

Reserved Address: 0x1e-0x2d
Observation Address: 0x2e
Access: Read/Write Reset Value: Any
Bit 7 6 5 4 3 2 1 0
Field MODE; MODEg Reserved Reserved Reserved Reserved Reserved Reserved

Data Type: Bit field

USAGE: Register 0x2e provides bits that are set every frame. It can be used during ESD testing to check that the chip is
running correctly. Writing anything to this register will clear the bits.

Field Name Description
MODE - Mode Status: Reports which mode the sensor is in.
00 =Run
01 =Rest1
10 = Rest2
11 =Rest3
Reserved Address: 0x2f-0x39
Soft_RESET Address: 0x3a
Access: Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field RSTy RSTe RSTs RST4 RST3 RST, RST, RSTo

Data Type: 8-bit integer
USAGE: Write 0x5A to this register to reset the chip. All settings will revert to default values.
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Shutter_Max_Hi Address: 0x3b

Access: Read/Write Reset Value: 0xOb
Bit 7 6 5 4 3 2 1 0
Field SMH7 SMHg SMH5 SMH4 SMH3 SMH, SMH; SMHg

Data Type: 8-Bit integer

USAGE: This value is the upper 8-bit of shutter maximum open time. Shutter value represents pixel array exposure time
in multiples of internal clock cycles with maximum value at 2929decimal.

Shutter_Max_Lo Address: 0x3c¢

Access: Read/Write Reset Value: 0x71

Bit 7 6 5 4 3 2 1 0
Field SML7 SMLg SML5 SML4 SML3 SML; SML4 SMLg

Data Type: 8-Bit integer

USAGE: This value is the lower 8-bit of shutter maximum open time. Shutter value represents pixel array exposure time
in multiples of internal clock cycles.

Reserved Address: 0x3d

Inverse_Revision_ID Address: 0x3e

Access: Read Reset Value: OxFE

Bit 7 6 5 4 3 2 1 0
Field NRID7 NRIDg NRIDs5 NRID4 NRID3 NRID> NRID; NRIDg

Data Type: Inverse 8-Bit unsigned integer

USAGE: This value is the inverse of the Revision_ID. It can be used to test the SPI port.

Inverse_Product_ID Address: 0x3f

Access: Read Reset Value: 0x7C

Bit 7 6 5 4 3 2 1 0
Field NPID; NPIDg NPIDs NPID4 NPID3 NPID, NPID;, NPIDg

Data Type: Inverse 8-Bit unsigned integer

USAGE: This value is the inverse of the Product_ID. It can be used to test the SPI port.
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Reserved Address: 0x40-0x5f
OFN_Engine Address: 0x60
Access: Read/Write Reset Value: 0x00
Bit 7 6 5 4 3 2 1 0
Field Engine Speed Assert/ XYQ Reserved Finger XY_Scale Reserved
Deassert

Data Type: Bit field

USAGE: This register is used to set several properties of the sensor.

Field Name Description
Engine Sets optical finger navigation properties.
0 = Disable properties
1 = Enable properties
Speed Sets speed switching
0 = Disable speed switching
1 =Enable speed switching
Assert/Deassert Sets Assert/Deassert mode
0 = Disable Assert/Deassert
1 =Enable Assert/Deassert
XY Q Sets XY quantization
0 = Disable quantization
1 = Enable quantization
Finger Sets finger presence detection
0 = Disable finger presence detection
1 =Enable finger presence detection
XY_Scale Sets scaling factor for XY

0 = Disable scaling
1 = Enable scaling
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Reserved

Address: 0x61

OFN_Resolution
Access: Read/Write

Address: 0x62
Reset Value: Ox1a

Bit 7

6 5 4 3 2

Field Reserved

Reserved WakeRES, WakeRES, WakeRESq RES>

RESq

Data Type: Bit field

USAGE: This register is used to set several properties of the sensor.

Field Name

Description

WakeRES).o

Sets resolution when sensor wakes up from rest modes. Effective is speed

switching is enabled.
0x01 : 250c¢pi

0x02 : 500cpi

0x03 : 750c¢pi

0x04 : 1000cpi

0x05 : 1250cpi

RES2.0

Reads resolution of sensor
0x01 : 250c¢pi

0x02 : 500cpi

0x03 : 750c¢pi

0x04 : 1000cpi

0x05 : 1250cpi
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OFN_Speed_Control Address: 0x63

Access: Read/Write Reset Value: 0x04
Bit 7 6 5 4 3 2 1 0
Field Y_scale X_scale Reserved Reserved SP_IntVal1 SP_IntVal0  Low_cpi Hi_cpi
Data Type: Bit field
USAGE: This register is used to set several properties of the sensor.
Field Name Description
Y_scale Sets scaling factor for Y axis
0 = Disable
1 =Enable scale of Y * 2
X_scale Sets scaling factor for X axis
0 = Disable
1 =Enable scale of X * 2
SPIntVal 1:0 Speed switching checking interval
0x00: 4ms
0x01: 8ms (default)
0x02: 12ms
0x03: 16ms
Low_cpi Sets low cpi when in speed switching mode
0 = Disable
1 = Enable 250cpi
Hi_cpi Sets high cpi when in speed switching mode
0 = Disable
1 = Enable 1250cpi
OFN_Speed_ST12 Address: 0x64
Access: Read/Write Reset Value: 0x08
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST

Data Type: Bit field

USAGE: This register is used to set several speed switching properties of the sensor.

Field Name Description

ST7:.0 Sets resolution switching from step 1 to 2. Write in hexadecimal value.
Formula (in decimal) = Velocity (inch per second) * 8
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OFN_Speed_ST21 Address: 0x65

Access: Read/Write Reset Value: 0x06
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST
Data Type: Bit field
USAGE: This register is used to set several speed switching properties of the sensor.
Field Name Description
ST7:0 Sets resolution switching from step 2 to 1. Write in hexadecimal value.
Formula (in decimal) = Velocity (inch per second) * 8
OFN_Speed_ST23 Address: 0x66
Access: Read/Write Reset Value: 0x40
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST
Data Type: Bit field
USAGE: This register is used to set several speed switching properties of the sensor.
Field Name Description
ST7:0 Sets resolution switching from step 2 to 3. Write in hexadecimal value.
Formula (in decimal) = Velocity (inch per second) * 8
OFN_Speed_ST32 Address: 0x67
Access: Read/Write Reset Value: 0x08
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST

Data Type: Bit field

USAGE: This register is used to set several speed switching properties of the sensor.

Field Name Description

ST7:0 Sets resolution switching from step 3 to 2. Write in hexadecimal value.

Formula (in decimal) = Velocity (inch per second) * 8
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OFN_Speed_ST34 Address: 0x68

Access: Read/Write Reset Value: 0x48
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST
Data Type: Bit field
USAGE: This register is used to set several speed switching properties of the sensor.
Field Name Description
ST7:0 Sets resolution switching from step 3 to 4. Write in hexadecimal value.
Formula (in decimal) = Velocity (inch per second) * 8
OFN_Speed_ST43 Address: 0x69
Access: Read/Write Reset Value: 0x0a
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST
Data Type: Bit field
USAGE: This register is used to set several speed switching properties of the sensor.
Field Name Description
ST7:0 Sets resolution switching from step 4 to 3. Write in hexadecimal value.
Formula (in decimal) = Velocity (inch per second) * 8
OFN_Speed_ST45 Address: 0x6a
Access: Read/Write Reset Value: 0x50
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST

Data Type: Bit field

USAGE: This register is used to set several speed switching properties of the sensor.

Field Name Description

ST7:0 Sets resolution switching from step 4 to 5. Write in hexadecimal value.

Formula (in decimal) = Velocity (inch per second) * 8
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OFN_Speed_ST54 Address: 0x6b

Access: Read/Write Reset Value: 0x48
Bit 7 6 5 4 3 2 1 0
Field ST ST ST ST ST ST ST ST
Data Type: Bit field
USAGE: This register is used to set several speed switching properties of the sensor.
Field Name Description
ST7:0 Sets resolution switching from step 5 to 4. Write in hexadecimal value.
Formula (in decimal) = Velocity (inch per second) * 8
Reserved Address: 0x6¢
OFN_AD_CTRL Address: 0x6d
Access: Read/Write Reset Value: Oxc4
Bit 7 6 5 4 3 2 1 0
Field 1 1 Reserved Reserved Reserved ST_HIGH>» ST_HIGH; ST_HIGHg
Data Type: Bit field
USAGE: This register is used to set Assert De-assert control. Must write 1 to bit 7 and 6.
Field Name Description
ST_HIGH>. 0x01 = lowest cpi setting (if lowest resolution is on then is 250cpi or else
500cpi)
0x02 = low cpi setting
0x03 = middle cpi setting
0x04 = higher cpi setting (default)
0x05 = highest cpi seting (if highest resolution is on then is 1250cpi or else
1000cpi)
OFN_AD_ATH_HIGH Address: 0x6e
Access: Read/Write Reset Value: 0x34
Bit 7 6 5 4 3 2 1 0
Field ATH_H ATH_H ATH_H ATH_H ATH_H ATH_H ATH_H ATH_H

Data Type: Bit field
USAGE: This register is used to set HIGH speed Assert shutter threshold.

Field Name Description

ATH_H7:0 Sets HIGH speed assert threshold. Write in hexadecimal value.

Formula (in decimal) = Shutter value / 8.

It is recommended to have hysteresis of 60 to 100 between assert and

de-assert threshold.
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OFN_AD_DTH_HIGH
Access: Read/Write

Address: 0x6f
Reset Value: 0x3c

Bit 7 6 5 4 3 2 1 0
Field DTH_H DTH_H DTH_H DTH_H DTH_H DTH_H DTH_H DTH_H
Data Type: Bit field
USAGE: This register is used to set HIGH speed De-assert shutter threshold.
Field Name Description
DTH_H 7:0 Sets HIGH speed de-assert threshold. Write in hexadecimal value.
Formula (in decimal) = Shutter value / 8.
It is recommended to have hysteresis of 60 to 100 between assert and
de-assert threshold.
OFN_AD_ATH_LOW Address: 0x70
Access: Read/Write Reset Value: 0x18
Bit 7 6 5 4 3 2 1 0
Field ATH_L ATH_L ATH_L ATH_L ATH_L ATH_L ATH_L ATH_L
Data Type: Bit field
USAGE: This register is used to set LOW speed Assert shutter threshold.
Field Name Description
ATH_L 7:0 Sets LOW speed assert threshold. Write in hexadecimal value.
Formula (in decimal) = Shutter value / 8.
It is recommended to have hysteresis of 60 to 100 between assert and
de-assert threshold.
OFN_AD_DTH_LOW Address: 0x71
Access: Read/Write Reset Value: 0x20
Bit 7 6 5 4 3 2 1 0
Field DTH_L DTH_L DTH_L DTH_L DTH_L DTH_L DTH_L DTH_L

Data Type: Bit field

USAGE: This register is used to set LOW speed De-assert shutter threshold.

Field Name

Description

DTH_L 7:0

Sets LOW speed de-assert threshold. Write in hexadecimal value.
Formula (in decimal) = Shutter value / 8.

It is recommended to have hysteresis of 60 to 100 between assert and

de-assert threshold.
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Reserved Address: 0x72

OFN_QUANTIZE_CTRL Address: 0x73
Access: Read/Write Reset Value: 0x99
Bit 7 6 5 4 3 2 1 0
Field YQ_ON YQ_DIVg YQ_DIVs YQ_DIVy XQ_ON XQ_DIV, XQ_DIV, XQ_DIVyp

Data Type: Bit field

USAGE: This register is used to set quatization for DeltaX and DeltaY. If both X and Y quantization modes are on, then

only largest quantized X or Y will be reported.

Field Name Description
YQ_ON 0 =Y quantization off
1 =Y quantization On
YQ_DIVe.4 Quantization factor 2YQ_DIV Reported YQ = DY / 2YQ.DIV
XQ_ON 0 = X quantization off
1 =X quantization On
XQ_DIVayg Quantization factor 2XQ_DIV Reported XQ = DX / 2XQ_DIV |
OFN_XYQ_THRESH Address: 0x74
Access: Read/Write Reset Value: 0x02
Bit 7 6 5 4 3 2 1 0
Field Reserved Reserved Reserved Reserved Reserved XYQ_M XYQ_C4 XYQ_Co

Data Type: Bit field
USAGE: This register is used to set quatization gradient for DeltaX and Delta.

Field Name Description
XYQ_m Gradient of linear region
0 = Gradient 1
1 = Gradient 2
XYQ_Cq Indicates the offset of linear region (max of C = 3 or 0x03)
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OFN_FPD_CTRL
Access: Read/Write

Address: 0x75
Reset Value: 0x50

Bit 7 6 5 4 3 2 1 0
Field Reserved FPD_POL  FPD_TH FPD_TH FPD_TH FPD_TH FPD_TH FPD_TH
Data Type: Bit field
USAGE: This register is used to set finger presence detection control.
Field Name Description
FPD_POL 0 =GPIO is active LOW
1 =GPIO is active HIGH (default)
FPD_THs. Sets FPD threshold based on shutter value. Write in hexadecimal value.
Formula (in decimal):- Shutter value / 32.
Reserved Address: 0x76
OFN_ORIENTATION_CTRL Address: 0x77
Access: Read/Write Reset Value: 0x01
Bit 7 6 5 4 3 2 1 0
Field XY_SWAP Y_INV X_INV Reserved Reserved Reserved ORIENT; ORIENT(

Data Type: Bit field

USAGE: This register is used to set sensor orientation control after ORIENT pin is set.

Field Name Description
XY_SWAP 0 = Normal sensor reporting of DX, DY. (default)
1 = Swap data of DX to DY and DY to DX.
Y_INV 0 = Normal sensor reporting of DY. (default)
1 = Invert data of DY only.
X_INV 0 = Normal sensor reporting of DX. (default)
1 = Invert data of DX only.
ORIENT1:0 Read only bits of Orient pin state

0x00 = mounted 90deg clockwise (Orient pin is low)
0x01 = mounted Odeg (default, Orient pin is high, Figure 27)
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Packing information

Packaging tape, reel and packing information.

EMBOSSED LETTERING NO. | COLOUR SURFACE RESISTIVITY
T ———=;4_16.0mm HEIGHT x MIN. 0.4mm THICK. 1. | PANTONE 285U | ANTISTATIC COATED
=% 0329.0+1.0 DARK BLUE 106 - 1011 PER OHMS SQUARE
DA;'E E(;DE HUB 2. |BLACK CONDUCTIVE <106 PER OHMS
‘/ 0100.0+0.5 SQUARE
3. | WHITE ANTISTATIC COATED
// 106 - 10" PER OHMS SQUARE
/ 4. | PANTONE 3295C | ANTISTATIC COATED
DARK GREEN 106 - 1011 PER OHMS SQUARE
5. | BLACK ANTISTATIC COATED
/ 106 - 1011 PER OHMS SQUARE
6. | PANTONE 278c ANTISTATIC COATED
i LIGHT BLUE 106~ 1011 PER OHMS SQUARE
|
\ 7. | WHITE ANTISTATIC COATED
106 - 1011 PER OHMS SQUARE
8. | NATURAL ANTISTATIC COATED
106 - 1011 PER OHMS SQUARE
> 9. | PANTONE 186C | ANTISTATIC COATED
$~ DARK RED 106 - 1011 PER OHMS SQUARE
Note: X in Part Numbering denotes colour code.
EMBOSSED LETTERING
7.5mm HEIGHT +05
EMBOSSED LETTERING ) 913.0 3
7.5mm HEIGHT 20.2(MIN.)
FRONT VIEW <
EMBOSSED LINE (2x) N
89.0mm LENGTH LINES 147.0mm ':’
AWAY FROM CENTER POINT 016.0 15.9-19.4%* T
2.0% Detail "X"
164750
n e
S v
1+
[— )
- 4 8 3
1l s 8
Notes:-
1. * —Measured at hub area.
SLOT 2. ** —Measured at outer edge.
7.0+0.5(3x) 3. Flange and hub ultrasonic welded.
R20.0+0.5 4, SAe::itzrr:}al Control 213.0+0.2 for ON
013.0£0.5(3x) v
BACK VIEW
22.4 MAX.*
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Reel information

4.00£0.10 SEE NOTE# 2

RO.40TYP. #1.55+0.05
\ 2.00+0.10
R0.30 ) Q} @ @ {§ Q} Q} oj
MAX: |_I ——4.88—= 5 ©
1.58 Hooo
7 . S
3 1 < o "M
) | f r ~ S
S
i . NENRFI RN L g
] IR i
o i A & J i
2 i \
175 B—>l ~—8.00£0.10— \—M.SO(MIN.)
— Ko l=— 0
ECTION BB 3
- H
o
i Ao
Cf Ao: 6.4
! = Bo:  6.40
! | Ko:  2.25

Pitch: 8.00
Notes:- Width: 16.00
1. Ao &Bo measured at 0.3mm

above base of pocket.
2. 10 pitches cumulative tol. £0.2mm.

3. () Reference dimensions only.
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