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PAN3201DH LOW POWER CMOS OPTICAL MOUSE SENSO

R

General Description \ \\

The PAN3201DH is a high performance and low power CMOS process optical’ mo\use\s‘ensor with DSP
integration chip that serves as a non-mechanical motion estimation engme\for 1mp1ement1ng a c\omp\ter mouse.

Features Key Specification \\’\\\\\\ \\ \\ .
i o s L \" .\ o *\
Single power supply EEENRNNER
O Precise optical motion estimation technology ~*|Power Supply L. 73\%1 BN\(VDDD ¥QPA"’V'SD\5X o
_ N 25&&29v\(veq)\ DT,
O Complete 2-D motion sensor S SENESEN
O No mechanical parts N Opt\cél Lens\ 11\ o
0 Accurate motion estimation over a W|de raﬂge Svstem Ciock\ls 432MHz \\ \\ .
of surfaces N y . ,‘"f;z
0O High speed motion detection up to 37 inches/sec Speed \ \ 37 mqheslsee @ P‘ogK ‘_24 576MHz
High resolution up to 1000cpi \..\ RS
Resolution setting by two method ‘l‘ Resolut\a[] 4QO/SQO/\600 /8@ QQ?efaﬂIt)/lOOO P!
< CPI 10 trap select pln (pmJ\S) to 400, 600, F?ame Qﬁte \3 OOO\f\ramE S?/;egf
800 cpi Vi T E
- \\ \\ 45 @Mouse moving (Normal)
kS ?S?'Ster setting to 400, SOQ 600 ‘800, iQO\Operatmg\\ “1600uA @Nouse not moving (Sleepl)
Current\ - |100UA @Mouse not moving (Sleep2)
aQ Power down pin and reglster tmg for low |~ \‘EOUA @Power down mode
ower dissipation. oy RN
P P \ \” Package - \,Shrgunk DIP20
O Power saving mode durlﬁg \tlmes O\\no SN A R
movement . A SN N, T
a Serial Interface \for prograﬁlmmg'\fand data ™ . \\
transfer — ‘\\\ \\ x ''''''' 3
N ‘ e
O SWKINT pinto wake i Hicro- coﬁt\oller when
sensor wakeup from slee ,m\ode\ N SO \\\
\\ M}:“'/‘v
Ordermg n‘formaﬂen R
Order number\ /o \‘ . | Resolution
PAN3201DH CMOS é\utput | 800 cpi
\,
RN y S
\
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PixArt Imaging Inc.

PAN3201DH

CMOS Optical Mouse Sensor

1. Pin Description S“-\_\\
Pin No. |Name Type Definition TN
1 VSS LED |GND LED ground N
2 LED ouUT LED control TN
3 OSCOUT |OUT Resonator output , G
4 OSCIN IN Resonator input Sy ¢ \
5 VDDD PWR Chip digital power, 1.8V SN LY
6 VSSD GND Chip digital ground -, \ B
7 VSSA GND Chip analog ground R } '\-,
8 VDD PWR Chip I/O power voltage, 1.73V~1. 8<7V(Vdd11 or\z 5v~2 9V(vgg,g} ‘
9 VDDA PWR Chip analog power;-1.8V VNS, e N Lo
10 VREF BYPASS  |Analog voltage reference RN \
11 YA OouUT YA quadrature output \\ BT N N sy
12 YB OuUT YB quadrature output SN W d N AN
13 XA ouT XA quadratureoutput % o e S N
14 XB ouUT XB quadrature output _ "\:f\.‘ N N Ty e
CPI 1O trap sélect pin NN D “ 7
s CPI N Pull-high to VCC (\vddl érVd ")\"‘600"@@ N
Pull-low to GND ;800 ¢pi. ~ ™
Floating : 490qp1 RS R
16 NC - No connection. ™ .. ™. . ST T
17 SWKINT |OUT __ . |Sensor wakeup. mterrupt\ e N e )
18 SCLK IN ¢ - -[Serial interface cloek™~. - e e
19 SDIO /0 %  [Serial intetface bl—dlreetfan data -~ o~ L
20 PD IN . [Power down pin, activehigh~, .~ ¢
1 C]o
1 - "
[
] .~ 1g-= 520
= o ,3/ o\\g oo X \ ) g g
— o N = .
e e QU SNy S e B
R = : 3 =
L H ~.ooB

Figure 1. Top view pinout
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Figure 2. Top view of mouse
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PAN3201DH CMOS Optical Mouse Sensor
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2. Block Diagram and Operation

LED LED POWER ON
VSS_LED DRIVER RESET L
CMOS IMAGE
SENSOR

VOLTAGE REGULATOR
AND POWER CONTROI.

QUADRATURE | XA 5
OUTPUT XB ° e
YA <7
o e 5
YB oz (R
5c DIGITAL *,
< SIGNAL ~ “{]w o
PROCESSOR NN \
i N
SERIAL SCLK SERIAL CONTROL i
INTERFACE [ SDIO INTERFACE REGISTER Q\SCI%_TOR"-
\ v \s ’\

Figure3. Block dlagré;m N

\ . s, LR

The PAN3201DH is a high performance and low power CMOS\aprocess @@tlcal m&use&sensor with DSP
integration chip that serves as a non-mechanical motion es\timatlon@ngme\for imp ememmg a eornputer mouse.
It is based on new optical nav1gati6"'ri‘tech\nology, which* measures ch@ges _position. by ‘optically acquiring
sequential surface images (frames).and matheqlatlcally determlnmg the direction- and magmtude of movement.
The sensor is in a 20pin optical pat:kage The* Qutput\ rmat is, \Wo-chann}l qu\adraturg (X and Y direction),
which emulates encoder phototransf%tors The current- and*Y\ lan\rmatlmQare also available in registers
accessed via a serial port. \
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PAN3201DH

CMOS Optical Mouse Sensor

3. Registers and Operation

s’“\

The PAN3201DH can be programmed through registers, via the serial port, and DSP cbnﬁguratlon and motion
data can be read from these registers. All registers not listed are reserved, and should never\Be written by

firmware. S \\
3.1 Registers TN
Address Name R/W | Default Bata Type- \i,ij \\ \
0x00 |Product ID R 0x30 |Eight bits [11:4] number w1th\fhe product 1dent1ﬁer\\
Four bits [3:0] number with the'product identifier .- .
0x01 Product_ID R 0x2N Reserved [3:0] number is reéer\/ed for\ﬁlture \\
0x02 |Motion Status R - Bit field-. SR -
0x03 [Delta X R - Eight brt&Z’scomplement number \\
0x04 |Delta Y R - Eight bits 2’s complement Qumber e N
0x05 |Operation Mode| R/W - |Bit field N \_,: - \ NN
0x06 |Configuration R/W - Bitfield S N T T e e
0x07 |Image Quality R - Elght bits unmgned\;\ntege\r e Ny
3.2 Register Descriptions Q}_‘/ ,\\S\:\_;\_} \\\\ DAY
0X00 Product 1D 0
Bit 7 6 .5 E N S \2 S 0
Field = RN PI'DT\II 4\] \*»l’.ijj\,_:"""
Usage | The value in this reglsté\r can’t cha\nge It\can\be ust tg\verlfy that the\\senal Q@mmumcatlons link is
OK. \\ " \ L . \ /A
0x01 \ ) Product 1D \,
Bit 7 6 \;""3:\ 5 4 \.‘\3\ Y 2/ 1 0
Field PID[3:0]" . U N0t Reserved [3:0]
The value in this reglster ca‘p(t\éhange PID[§\O ].can be uséd to verlfy that the serial
Usage communlca'ﬂons link is OK Rkservad [3:0]is & value b_etwee\n 0x0 and OxF, it can’t be used to
verify that the serjal comm\ﬁﬁmatlons o O
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PixArt Imaging Inc.

PAN3201DH CMOS Optical Mouse Sensor
0x02 Motion_Status 3‘-\ o
Bit 7 6 5 4 3 2 0

Field Motion Reserved[6:5] DYOVF DXOVE . RES[\ELO]

Usage | Register 0x02 allows the user to determine if motion has occurred since the last tlme 1{\\Vas read. If
50, then the user should read registers 0x03 and 0x04 to get the accumulated motr@n It alsQKtells if
the motion buffers have overflowed since the last reading. The &\(rent resolution i I‘SQ\ShOWn

SN \s\ , \\»_
Reading this register freezes the Delta X and Delta Y register Va\Iues \Read this reglét\r before\
reading the Delta_X and Delta_Y registers. If Delta_X and Delta_Y.a are not read befqre thegbt\on\ o
register is read a second time, the data in Delta X and Delta Y wrll be lbst \\ . S “

Notes | Field Name Description "‘\w-f;\,» )

Motion since last repoft\or PD

Motion 0 = No motion (Defaqlt) 5
1 = Motion occurred, data ready for readng rnDel

Reserved[6:5] | Reserved for future \\ g \s \ \\ N Y
Motion Delta Y overflow, AY buffer thas over\ﬂowed\smce 1a§t reportu

DYOVF 0 = No overflow (Default) *, \\ SO Sl Sy
1 = Overflow has occurred, > ™ T \\ R

s g’ -\\_ AN

Motron Deﬁax QVerﬂOWr AX buffer has\c}verﬂowed\smce last report

DXOVF 0 = No overflow’ (DefaUl S ,\ ‘ \\ o
1= Over\ﬂow has occurred e TN S
Resolutlon in. counts per 1nch
0005400

RES[2:0] 001 = goo A ,,
010= "

S Joresoocl o
S 1100 = 1000 M
L o o e
N \‘\,__ \\ ......
0x03 o O -~ Delta_X
Bit . 7 6 S NN 2 1 0

Field |\ X7 | ~X6 o X5 | x4 b x3 X2 X1 X0

Usage . X movement is chunts since last repoﬁ Absaute value is determined by resolution. Reading clears

2. \ -;the register. Report;r\ange 1283 <127, e T

. S T o~ r;
0X04\"“'-< 4'\\ \\\‘\ \ R Delta_Y
B |7 oo [ N[ 3 2 ! 0

Field Y7 1/ Y6 evs. Y4 Y3 Y2 Y1 Y0

Usage |Y movement\rs counts srnce\laskrepOrt Absolute value is determined by resolution. Reading clears
the register. Repdrt range 128~+127
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PAN3201DH CMOS Optical Mouse Sensor
0x05 Operation_Mode '\4;:}\
Bit 7 6 5 4 3 2 [ 0

Field | LEDsht enh | XY enh | Reserved | Slp enh Slp2au\'-:< Slp2mu Slﬁh}m Wakeup

Usage | Register 0x05 allows the user to change the operation of the sensor. ‘Shown belOW are thebﬂ“s, their
default values, and optional values. : 2 ;
Operation_Mode[4:0]
“Oxxxx”=Disable sleep mode
“10xxx"=Enable sleep mode'
“11xxx”=Enable sleep mode®

“1x100”=Force enter sleepZ3 L
“1x010”=Force enter sleep1” ‘-,\,Q:'\
“1x001”=Force wakeup from sleep mode’ L
Notes: T O

1. Enable sleep mode, but disable automat\\en;erlng sleepZ l;node \that 18, 0n1?§ modes\mll bc\flsed
normal mode and sleepl mode. After’ 2\00 ms not moving dupng rnfal mode; \fhe Chlp\ ﬂ,l\enter
sleepl mode, and keep on sleepl mode until moving is detécted\or wakeup is asSerted:~.

2. Enable sleep mode full function, that is 3 modes will 1% usec nonnahnode‘z\slee&node\ anh sleep2
mode. After 200 ms not moving during norrﬁa\l‘ mode;- chlp ilkenter\éleepl mode and keep on
sleep1 mode until moving is detected or wakeup fs sterteﬁ .
And after 30 sec not moving during sleepl mode the- «chip ¥v111 e\ntqr sleep2\ ni@de and keep on

sleep2 mode until detect moving or force wakéup fo.northat mode\ T TR
Mode Samphﬁgrate @3000framé{seg\ A\etlve\du‘[y cycle\@3000fran‘1e/sec
Sleepl 77/séc ) e 38%\ O R
Sleep2 8/sec: " "‘3-}, ‘\S\ 10:4% e e

3. Only one of these three blts slp2mu “enh, skplmii- ~-enh, and\wakeup can’ be et to 1 at the same time,
others have to be set to 0: After a period of

it e, the\blts\whlch Was set\to 1, will be reset to 0 by
internal signal. - . N ya
Notes | Field Name Descr'i”bi'{on \
LED shutter cnable / dlsablq
LEDSht_%:}}l’\l 0 = Disable’, " O \ B by
1= Enable (Default)\\ A A
Xn n‘quadrature ou{put enﬁble/dlsable e
XY enh 0 = Disable-._ \ N
e 1= E\‘ab\e (Default) "‘»\f:«' N
lié)served V\Resqrved for fq,ture ~ \\\ \ )
:: /{ RS x\\\ ‘Sleep ﬁ’lode enab%able ;/
~o-Slp_enh vy 0= Drsabiq '
’ 1\\: Enab1e\(DefauIt) \\
\\ Automatlc\enter\sleepZ mi)de enable/disable
Slp2au . {70 =Disable . i 7
“|\:= Enable (Défault)\ :
Slp2mu Marﬁta}egter sleep‘Z mode, set “1” will enter sleep2 and this bit will be reset to “0”
Slplmu Manual erﬁ”c;f \s'\l':é\epl mode, set “1” will enter sleep2 and this bit will be reset to “0”
Manual wake ﬁp from sleep mode, set “1” will enter wakeup and this bit will be reset
Wakeup to “0”
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PAN3201DH CMOS Optical Mouse Sensor
0x06 Configuration 3"-\ L
Bit 7 6 5 4 3 2 »\ 1 0
Field Reset Reserved Cpimd Swk_enh PD “t.Reserved \CPI [1:0]

Usage | The Configuration register allows the user to change the conflguratlon of the seQ\sor
Shown below are the bits, their default values, and optlong values. - \\ .

Notes | Field Name Description

Full chip reset
Reset 0 = Normal operation mode (Default)
1 = Full chip reset

Reserved[7:4] | Reserved for future . \\
Cpimd Cpi mode select _

Power down mode o N
PD 0 = Normal operation (Defau‘H) Y \s

1 = Power down mode v
Reserved Reserved for future \\

00 = 800

01= 4.bo__

10 =400

CPI[1:0] 11=600 - "

Cpimd =1
00=-1000
01="500 Y,

Sy 10 fsoq \\ T N,

— ..._5:1\:)\ ; \\ Image Quallty

Field o -~ .,_\\: . Imgqa[%O]

LAY / .

U éae -Image Qua,hty 1s\z\qua11ty level of thesensor\n the current frame. Report range 0~255. The
7 g\‘ m‘mlmum level for nbrmally w&klng is 15

Noteﬂs\ [ Fi |eld Name Descnpttan \\ \‘/

.

Im‘g’;qu_a)i:[{;/O]-\: 5 Iﬁiaﬁge \qua}it_y f‘eﬁ@i‘t-fgﬁée: O(worst) ~ 255(best).
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PAN3201DH CMOS Optical Mouse Sensor
4. Specifications W
Absolute Maximum Ratings : \\

Stresses above those listed under "Absolute Maximum Rating" may cause permanent dam@e to the device.
These are stress ratings only. Functional operation of this device at these oiany other conditiong-above those
indicated in the operational sections of this specification is not implied and-exposure to absolute Mmaximum

rating conditions for extended periods may affect device reliability. (g, N
Symbol |Parameter Min Max Unit \ q»Notéfg-.,‘ \\ \,f_:--,
Tsrg Storage temperature -40 85 T . S ' FEEN
TA Operating Temperature -15 55 °C
0.5 | Ve +02 1>V N
Vpe DC supply voltage A —
-0.5 Vel e
Vin DC input voltage -0.5 \Y% AIl I/Q pm\ }
Lead Solder Temp - °C  |For. 10 sbcbn}&\i 6mm bel\\w Seatlﬁg fjtane
ESD ) 5 :‘,‘)kll_pi'” S humén bodymodel\MIL 883 Method
N
Recommend Operating Condition . 'sx""\,
Symbol |Parameter \ ~Min, Notes
Ta Operating Temperature 1‘\,_ G§ . -4 ) . js>
Vaa SN s e g ‘VD@D \VDDA VDD short
Power supply voltage S e
Vn Supply noise \:”"»:;;\ - - 100\ . mV Pealyto peak within 0-100 MHz
c ARSI AN
Z Distance from lens referehc& /7:2.3 2\4\ 2.5 |“.min._[Réfer to Figure 4.
plane to sl\lrface P: " T Y Fe
R Resolution "’:',:\«.\ 400 800 \"l;(-)DG.x_ . 0}31
A Acceleration 1\\ ) \\’ TBD g
SCLK |Serial Port Clock Freﬁemy\ s SNl 40 | MHZ
: R R T 15 pF @ Fc x=24.567MHz
CL Doad capacitance of res&tb A 15 \- 30 pF PF@Fak
e, ,\ . *\: P \-.\ ’\.,_’\ ‘-,\__,_: 30 pF @ FCLK:18.432MHZ
7

432 24.576 | MHz |Set by crystal or ceramic resonator.

Fepk Cloc‘k Frequencyx

N . ’\ _ 1953 frames/s @ Fc x=12.000MHz
FR Frame\Rate 4 ¢ ; 1 4000 |Frames/s|3000 frames/s @ Fc x=18.432MHz
N N ‘\,) B 4000 frames/s @ F¢ x=24.567MHz
- A . .

\\ N 18 inches/s @ Fcx=12.000MHz

S Speed N 1‘8}’ 28 37 | Inches/s |28 inches/s @ Fcrx=18.432MHz

N e 37 inches/s @ Feyx=24.567MHz

AU
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PAN3201DH CMOS Optical Mouse Sensor

’

Package Lid

Lens \@ w S

OBJECT SURFACE

Nl N e TSR

S i .

Figure4. Distance from L. ‘ns‘%Reference\]?-lqne tq\S\Ur@ee_‘*- R

o, o SN T ™ £

41,10
- —
/ nnongpnann ( i)
O T
+Y == S\ &) @
\ J00000000d L ¢
~__ /\
\
ESD LENS RING BASE PLATE
PLASTIC SPRING\
7
o]
53] 58 Q PCB SENSOR BASE PLATE ALIGNMENT POST
ST N
Unit: mm
AN e R
Y o “Figureb. 2D assembly
™, o, et
™ } L
R L
SO
T
-
i
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PAN3201DH

CMOS Optical Mouse Sensor

AC Operating Condition

s’*\

Electrical Characteristics over recommended operating conditions. Typical values at 2:1 C Vpp =1.8 V, pin 5,8,9

short, Fcp x=18.432MHz \\
Symbol |Parameter Min. | Typ. |Max. | Unit w0 Notes ™.
One frame time maximum after\se\tmg bit 3 in
tpDR PD Pulse Register - - 333 |us the Configi t1on reglster\@3000fgime{§ec
(Refer to Fig re 16) . \\ WO
tpp Power Down - 500 - us |From PD1. (Refelﬂ tq‘Elgure\N) . )
: Pulse width to (eset the se\nal 1nferface \i.efer\to
tppw PD Pulse Width 700 - - S\us Figure 14) ) \\ \\» .
A N 'From PDI nﬁj vahd qﬁad SIgna\s A\fter tpL}D, aLl
‘ \ reg\fsters contain. valid: d%t\z fron- ﬁ\rfst Image aftér
Y iy PD|Note t tar; ‘additional TBB frames for
tpupp  |Power Up from PD| TBD| - {"BD | ms Auto- Exppsm AE) s tab1l12a\ton i ange\ -
RN requlre‘d if mouse ,"Qvemen)\%{rred y\\/}nle PD
w\as h1gh (Refér o Figure 14
= IFrom, \o}v lid quad signals. .
thy Power Up from Vpp? TBD| - |TBD| ms . Erom o] ®Qval tquad s gna >
o SOOLKsec +TBD frames \ -
. . {\ :-*1 nim mhol?i‘ tlm For vahd‘data (Refer to
tuorp  |SDIO read hold time ; \— 3 - AU§\ %ureu} P& )
tresyne |Serial Interface RESYNC"‘.-\,_ N s | e Es @QOO\OfralQe/sec\(\Refer to Fi igure 13)
Serial Interface Watchdog 4 N . }
SWIT | Timer Timeout \[\7 R @300@ rame/se} (Reiér to Figure 13)
Sensor wakeup interrupt
SWKINT {20 P P N 160 333 - us
t.,t¢ |Riseand ,3111 Times: SDIO |,
- Rise and Faﬁ"ﬁinq:
T IXA, XB, YA, YBi
t.,t¢ -{Rise and Fall Times: IEFB . s LED bin grade: R; R1=1000hm

LAl

{. .\‘
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PAN3201DH

CMOS Optical Mouse Sensor

DC Electrical Characteristics

o
L N

Electrical Characteristics over recommended operating conditions. Typical Values\"cti‘ii\fuc, Vpp =1.8 V, pin 5,8,9

short, Ferx-18.432MHz

Symbol Parameter Min. | Typ. | Max. | Unit \\
Type: Power s \\
Supply Current 5
Top Mouse moving (Normal) 4.5 mA
Supply Current
Top Mouse not moving (sleepl) 600 uA
Supply Current i
o> |\ fouse not moving (Sleep2) 100 N uA
Supply Current el
Tooro (Power Down) 30 \hA
Type: SCLK, SDIO, PD N
Vi  |Input voltage HIGH 1.25
Vi |Input voltage LOW Vi
Type: LED 7y
VoL |Output voltage LOW TBV
Type: XA, XB, YA, YB « PN
Vou |Outputvoltage HIGH ¢ |12 | L e[y
VoL  |Output voltage LOW \\ o 5, (\)Ei\ \ 1
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PAN3201DH CMOS Optical Mouse Sensor
5. Quadrature Mode S"‘-’_;\»._‘
RS

The quadrature state of the PAN3201DH tells mouse controller which direction the }nausq is moving in. The
output format is two channels quadrature (X and Y direction), which emulates encoder Bhbt({transistors. The
DSP generates the Ax and Ay relative displacement values that are cdm;ie(ted into two channel quadrature
signals. The following diagrams show the timing for positive X motion, to the tight or positive. Y fho@ion, up.

5.1 Quadrature Output Timing AN NN
y <,\ \\ \3 .u‘\\\
o X métionttq the-ight ..
. Yemotion b, \ U

XA/YA : S AN
FOUR 4— 833us —»-4— §33us

XB/YB

XA/YA
THREE <— §33us —»

~ 33{.\@5 @ 3000frames/second — ™
\ ~ o

\\/ \“Fig,l{rgé:;Q,ﬁ'a/ci rature output timing
N _

N N
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PAN3201DH CMOS Optical Mouse Sensor

o
5 \,‘

'\

5.2 Quadrature Output State Machine

The following state machine shows the states of the quadrature output pins. The thrbe “things to note are that
state 0 is entered after a power on reset. While the PD pin is asserted, the state machine is hitted Once PD is de-

asserted, the state machine picks up from where it left off. During tlmes of mouse no movgment will entry

power saving mode, until mouse was moved.

. \.

POWER ON RESET
STATE 0

'\:‘ XY oqu\
X@/y\

XB/YB

"',_\ Fl@ure? Statt—:nmaqhm{,__u
5.3 Quad rature Output Wavefo\m ™ ‘\

the (XA, XB), (YA, YB) will keep\;n final state ach state change Cex STATEZ,—» STATE3) is one count.

\ T '\. S RS
\, B e TN X MOTION TO THE RIGHT
. N - Y MOTION UP
XA/YA el e R (+ DIRECTION )
S IR L —
R e
XB/YB e T
Wy, e \\

STATE3 STATEG™, ™| . ; . sm(}z STATE3 STATEO

o (1,0) (0,0) " T TQ,1) L (1 1y (1,0) (0,0)

5 e e

o \\/‘
. +1  ~a——— MOTION COUNT
7 \ e ™
I - X MOTION TO THE LEFT
\ Y MOTION DOWN
XAYA \ (- DIRECTION )
XB/YB \ DNy
STATEI . STATEO S{}TES . STATE2 STATEI STATEO
(0,1) \(\Q,"GQ_ 1 0)\ .\ (1,1) (0,1) (0,0)
B 1\\ 1 1 .l -~#——— MOTION COUNT
s
Figute8. Quadrature output waveform
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PAN3201DH CMOS Optical Mouse Sensor

. e
6. Serial Interface ‘*_\ )
The synchronous serial port is used to set and read parameters in the PAN3201DH aﬁd can be used to read out
the motion information instead of the quadrature data pins. \\

SCLK: The serial clock line. It is always generated by the host micro-co\r‘ifr\@il»l\er. \\

B ~.

SDIO: The serial data line used for write and read data. e

PD: A third line is sometimes involved. PD(Power Down pin) is usually&ed to pFace the N3\20 1bH ina
low power mode to meet USB suspend specification. PD can also be us?&d to"fo ce ?e ynchron\zahon.%
between the micro-controller and the PAN3201DH in case of an error. ;

,\4‘_ ,\\& .

The transmission protocol is a two-wire link, half (iu lex protocol betwe\e.n The {mérb cont\aler ana

PAN3201DH. All data changes on SDIO are initiated by the faThng edge on ‘SCLK \T he hOSt m1@<0 Comﬁyller

always initiates communication; the PAN3201DH neyer 1n1t1ates dafévtransﬁers AN N N
\\ . . - i

The transmission protocol consists of the two operanonmodes
e

6.1 Transmission Protocol

- Write Operation. N i
- Read Operation. w.,\\ g \S \ .
Both of the two operation modes consist of two bytes. The first byte conta1n§t Ic :\ b
bit7 as its MSB to indicate data direction. The second byte cantams the\ data NS
N
FIRSLEYTE - \\ ::*&ECOND BYT’E\ -.,s: e \_{s
R/W R T \ E
(1BIT) .;fxl;DRE»ss}:?,_g;T> o _-:,\_\ S DATA (x\m:r) \ N
T . l‘,_ .\E:Z-<, T‘\.\,_ f\ N \ \ \\ \ 1\/
.,\ “ R \\K S, ‘\ /
MSB LSB M S N ~., LSB,
6.1.1 Write Operatlon N4 \\

(‘ ~ o ’\
A write operation, Wﬁl(;h means thit: datz} is. gglng from the “micro- cohiroller to the PAN3201DH, is always
initiated by the micro- cenfmller and co sists of two bytes. The- ﬁrst bSIte contains the address (seven bits) and
has a “1” as its MSB to indi afe data dlrectro\n Tht\ﬁﬁcond byte contains the data. The transfer is synchronized
by SCLK. The micro- controller- ﬁanges S\DIO on falL@g ed%es of SCLK. The PAN3201DH reads SDIO on
rising edges of SCLK. o
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6.1.2 Read Operation “‘x_\\._ﬂ
A read operation, which means that data is going from the PAN3201DH to the mﬁcm controller, is always
initiated by the micro-controller and consists of two bytes. The first byte contains the addr\\ss is written by the
micro-controller, and has a “0” as its MSB to indicate data direction. The*second byte contains.the data and is
driven by the PAN3201DH. The transfer is synchromzed by SCLK. SDIO is.changed on falling edgc\s of SCLK
and read on every rising edge of SCLK. The micro-controller must go to a high Z state af‘éep the Last\addre\ss data

bit. The PAN3201DH will go to the high Z state after the last data bit.

SDIO driven by Micro-controller

NéﬁéA \\

B e d

~.
\ :

Note "A" 1. Micro-controller send address to sensor\
2. Micro-controller release and set SDIO to Hl\Z after the lagg ad&ress b1t

e
-~

SCLK

SDIO Ad

| |

5 < tH()LD‘ G
\\ ! 3us,min *,
o | .

Note "B" 1. Sensor send ddta to M1cr0-Ccn¥roller S
2. Sensor release and sqt SDIO to Hi-Z aftq%st déta blt

SCLK 16 ) H Z - \ S, \/
1-/, R o
R R/W bit of next addr% i
SDIO Do O —-SDIO driven by micro- C@ntroner
\ \/ N R
‘g "\ - S s
o P

o o \Flgurell Read Operatlon

has compieted a write to the PA N ZOIDH,\the SDIO\hne is Hl-Z, since the SDIO pin is st111 configured as an
input. Howeyver, if the last operation fron;x the- mlcrbpmcessor was a read, the PAN3201DH will hold the DO
state on-SDIO until a rlsrhg \e%e of SCLK. To plaE:e the SDIO ). pin into the Hi-Z state, first raise the PD line, and
then toggle “the SCLK lme\ﬁfon\l high to'Jow to" hlghx he “SDIO line will now be in the Hi-Z state. The
PAN%Z‘QIDH\an\d the: rmcro C@l:ﬂfroller mlg;]t\ggt out of synehromzatlon due to following condition.

\%“‘w

~lus min )

\\ YOS 1) 2| | 14 [5] 6| |7] [8] |o

=

e
<
.

/—Y ADDRESS(R/W) X DATA

<\'

’ -ff‘ .
Flgure12\F0rcmg PAN3201DH SDIO line to the Hi-Z stat

),/
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6.2.1 USB Suspend O
Termination of a transmission by the micro-controller may sometimes be requlred (fé‘r example, due to a USB
suspend interrupt during a read operation). To accomplish this, the micro-controller sh\ould raise PD. The
PAN3201DH will not write to any register and will reset the serial port* (but nothing else) anQ\be prepared for

the beginning of future transmissions after PD goes low. R e I

6.2.2 Firmware Flaws Error, or Others Error \ “IN

\
The PAN3201DH and the micro-controller might get out of synchronization du@\to mlcx;o—co\troller Qﬂmware

flaws. The PD pin can stay high, with the PAN3201DH in the shutdown state, or, thQPD pﬁl can be\ lowergd R

returning the PAN3201DH to normal operation. ( -\_\ \\ \\ \ % 3 p

If the microprocessor and the PAN3201DH get out of SWC then the data~ ther rittén or read\\fr\(\)\m the,\ Y
registers will be incorrect. In such a case, an easy way to solve\thls is to 1:a1se PDto re@ync the- arts ter an.
incorrect read. The PAN3201DH will reset the serlaL port but wﬂl n({t reset the reglste\rs and b\e\prépared for the
beginning of a new transmission. - , . : . )

6.2.3 Power On Problem ., N N ‘ N
g T
The problem occurs if the PAN3201DH powers up before thP\mlcroproce 'or se‘ﬁs the SCLK an" ‘ \ﬁlo lines to

be output. e \\ LT L
6.3 Collision Detection on SDIO N \ N

The only time that the PAN3201DH dtives the SDIO 11ne*§ d‘\urmg\\a RE)QD operat@n To aV01d ‘data collisions,
the micro-controller should releasémS‘DIG\ before the. fa}ﬁng\ -edge- Of\SCLK after-the last address bit. The
PAN3201DH begins to drive SDIO, after the- 1ext falslmg gdge of SQLK _The PAN 201DH ‘elease SDIO of the
rising SCLK edge after the last data\h\t The micro- trol}er\ca} begin d}ivmg DIO }my time after that. In
order to maintain low power consumptmn in normal ope tion"or Wh*en the PQ\pln is-pulled high, the micro-
controller should not leave SDIO ﬂoﬁung untll the next transmLSg,?n\Calthough that will not cause any

communication difficulties). R SR

. a,\:\ L
. .

"x. s\

6.4 Serial Interface Watchdog '{lmer ‘firneo\ut “:;

When there are onty | two pins to read’ r@gxg’ter from PAN32Q1DH anﬁ\ PD pll’l can’t be used to re-synchronous
function. If the mlcrcpr@cessor and ma PAN32Q1DH get o“ut\ ‘of.. -sync, then the data either written or read from
the registers will be incorrect. In suoh \sgse an” ‘easy way to solve thisicondition is to toggle the SCLK line
from high to low to high a 'j Walt at least. @wn to\k -sync the parts’ after an 1nc0rrect read. The PAN3201DH

1R PBI 4 )6l 17 (8] Pf 311415 16

/—\< ADDRESS(R/W) X DATA

Figurels. Re synchronou5/ser|al interface using watchdog timer timeout
\ ™.
RN

s e
R
i
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o
5 \
'\

RSN

™
There are two different ways to entry power down mode, using the PD line or reglster S‘ettmg
6.5.1 PD Line Power Down Mode BN

To place the PAN3201DH in a low power mode to meet USB suspend spec1ﬁcat10n raise; the PD hne at least
700us. Then PD line can stay high, with the PAN3201DH in the shutdown s%e or the PD an can be IO\Q@red
returning the PAN3201DH to normal operation. . , .

6.5 Power Down Mode

PD (RS
topw RSN
700us,min

ID

PD
PDW
700us;min
SCLK '
SDIO
v‘/x A"(_ o
S
:*/"\,_‘\‘n_.
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6.5.2 Register Power Down Mode S‘*_\\ y
PAN3201DH can be placed in a power-down mode by setting bit 3 in the conﬁguratloh reglster via a serial port
write operation. After setting the configuration register, wait at least 1frame times. To ge@ the chip out of the
power-down mode, clear bit 3 in the conﬁguratlon register via a serial_port write operation,~In power-down
mode, the serial interface watchdog timer is not available. But, The serial intefface still can read/wrlt\ normally
For an accurate report after leave power down mode, wait about 3ms before the micro- cohtrol‘lepls\able ‘{) issue

any write/read operation to the PAN3201DH.

SCLK
Address=0x06
| 0 0 0 0 | | 0 0
SDIO J
IDD

6.6 Error Detection e
ey \\' N

1.The micro-controller can verify success o\f write operatlons by,qlssumg a reanommand\to ‘the same address
and comparing written data to read data -l . -

= S\ R \ B : \ T
2. The micro-controller can verify the\synchronlzhtlon a the ser\lal\port by ﬁemodlcaily readlng the product ID
register N N U S
7. SWKINT Timing \\

When the PAN3201DH is in sleep i’ndde “and the’ mlcro controlle‘\i’\ls al&o in sleep mode, if the PAN3201DH
finds motion occur{gd at this moment;- P‘QNQ\ZOIDH will Wake mlcro-mntroIler up promptly via SWKINT.
Y . i

SWKINT
e N L
RN A - U
R
i e
s tSWKn\;{
r :"“W.\ .
SN FE;NQB SWKINT Timing
RN
SO
T
-
i
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8. Referencing Application Circuit
8.1 2.7V Application Circuit (with Red LED)

z2
com

zZ1

#1. Battery Power Circuit
DC/DC Converter S
VCC 2.7V ™.
BAT_1.5V VCC 2.7V LED 2.7V = ~ENSW1
Q o
L1 220uH Iﬁ-‘ 1N5819 T
LYY YL
Ul
1 c2
;:C sw , vout P
47uF 5 47uF
ELM9327
#2. MCU Circuit u2 o
VCC_2.7V T IDSYNC ERN _v‘"P’!’)\}\ 18
| SWKINT 2 e ‘\,_gso } s
3 o i
TCC 08¢,
2 RESET 4 |RESET oscs‘: -
30K . -
VSS
= S SN P60./INT
0.1uFT z2 7 e
RKEY
= MKEY
#3. Sensor Circuit
LED 2.7V \\SS_LED
= N N
mﬁ\@u
1 -, e
c71130pF L I—'—i oscouT
C8 | 30pF x2 S
1 PF T 18.432MH7 4 asonn

VDDD

VDDA “.

u‘&kEF h

YA

,
3

“PEA15(CP1)

JP1,
open,
short,
open,

R9 10R

JP2
short
open
open

VCC_2.7V
R3
20K
IDSYNC
i s1
control state

=> GND (800CP1)
=> VCC (600CPI)
=> Floating (400CPIl)

=l 1.
c21
0.1u

100pF

CZ3T

L 1oop
Tcz4

.
#4.RE.TX Circuit RN
P \ e ,\/ Clgl
[ REEN "’\_
S C14 _]l A
0: ;{n:
27k R10
GND\
o, 56K
RS 3964,»
RFDATA P
T
10K

Figurel4. Application Circuit for 2.7V (with Red LED)

Q3

3904
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8.2 1.8V Application Circuit (with Red LED) N
#1. Battery Power Circuit -
A. DC/DC Converter B. Regulator U
BC;AT_l.SV VCC_l.{;V U ] ELM9818 Bﬁ‘L}'E’V \ LED_2c;7V
LL 220uH 1N5819 - 2. 220uH _IN5819. "
=™ %- BAT 3.0v L2 > s VCC_1.8V ™ lﬁg‘.x 2N i
U1l T ° N
2
—C1 sw o vout = C3 C4
47uF z 100uF -~ -~
22uF 22uF
ELM9318

«««««« EISRN

i ~

Cfy1spr - vCo Ley

Optional power source: A onB_--\
#2. MCU Circuit T
VCC_1.8V

ua

o IDSYNC 3 [~ | .
SWKINT > P53
R2 3
30K RESET 4] . 15
/RESET OSsco
l 5 VSsS VDD 14
Cz A S 1 P pe7 2
0. 1UFT - P61 Pe6 (2
RKEY 8 11 ’
_I_ P62 P65 .
= —MKEY 9. poa 2 :
#3. Sensor Circuit MCU
A}
B
LED_2.7V !
). R1 Di‘ ey -.\‘/SsiLED
T »/X B 2 |. )
“LED S VCC_1.8V
11 [30pF EII L3 foscour
C12/300F T 1g.43oMi% a| .\ R3
T 20K
= S R, IDSYNC
vss;)\\\\"»._
VCC_1.8v ’ . S1
(o]
7:101“: RN Mnl/'é';(CPl) control state
. 30 T U ya ik IR P2
1 ™ open, short => GND (800CPI)
N ‘-.,\ By short, open => VCC (600CPI)
[ - \“TQ}UF ﬁ)‘\NSZOlDH\ - open, open => Floating (400CPI)
R e SN RN \\ \_x\}

R9 10R
] |
C26
0.1u 1u

100pF l
1 100p
c27T Tczs

3904

Figurelb. Applicatio-n Circuit for 1.8V (with Red LED)
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8.3 1.8V Application Circuit (with IR LED)

#1. Battery Power Circuit

Optional power source: Aor B

A. DC/DC Converter B. Regulator S VCC 1.8V EN@Wl
BAT 1.5V IR_1.8V o ELMoB18 ey N ) - —
? VCC_1.8V [TV PAD N e S
L1 220uH 1N5819 o _ A +
I Iﬁ.‘ 2z 3 \ ENCObEB N
U1l BAT 3.0v L9 > > e
2 T - [l
;:Cl sw a VOouT ey c3
47uF 3 100uF L
T~
22uF
ELM9318
‘»5"'.‘ b
#2. MCU Circuit u3 - \
L -
VCC_1.8V IDSYNC E P@\—“i\———
SWKINT o] § Mgy, REDATA |
R2 R S5 g P
TCC Eu
30K RESET 4
/RESET
l S VSS
C5 Z1 8 peo./INT
0.1uF z2 7| oer
RKEY oo
= MKEY 5

#3. Sensor Circuit

IR_1.8V 4 o VSS_LED
T R1 on s
. 2 [
LED:.
Co 36pF q =) \
|—J__\_\__’__30$COUT
0 e
C1q,30pF
q|| T 18.432MH\>\"‘4 oscin
VCC_1.8V
o
S
ciz |
.
/~ —_-—
10uF

YA

VCC_1.8V

R3

TR A 20K
uYEC@lSV IDSYNC
g /‘T
] S1
L =
control state
JpP2
short => GND (800CPI)
short, open => VCC (600CPI)
open, open => Floating (400CPI)
R9 10R

S ~Jloar  PAN3201DH-
#&RE TX Circuit’ ™, ">
o e Ve

/.' (‘.)4.,‘(.\ '<\)- .
S SREENS 4

\\016\—L s

“ONUF [
R I
= 27K
GND™ "L
004

R5

RFDATA ES

10K

C17

v

o

2
PR c21
RO+ |Foope
cig P
100K _|_ R8
~ =
] 33pF
R PP P

| Lo
czs—J' Tcze

Figurel6. Applicati-on Circuit for 1.8V (with IR LED)
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8.4 Typical Application for RF Receiver :‘{_\._%

c1 II20pF
I
C3  68pF
c2 _1+ ca [
2.2uF 10nF U1
1 ! L ANTINL ANT N2
' }7 AGND .. VNEG
VC%RF i VPOS . MDR
< 5 VCC ‘Axlﬁs
VDIG AGND. |
8 /iJ@ 9SC NS XTAL IN_ VPOS_LO |-
LOuF 1UF 5| XTAL_OUJ" VNEG_LO
u ~u 53 o | YNEG:DIG. | BL
1 =583 - x_f*»i_ ouT
B2 . Y CLK [
Tl TRWQO’&P\NZO N
ci2_l+ |c13 "\\ e )
2. ZUT 10nF :

- XL |
S
U2
AO-. <
A2 sCL |
+ GNDSDA ==
.. 2402 _ \
QS i e vv.a
11 JPL
F’Q.\-,O»». WEG AN
PO.1 \\ . D/SDATA 15 J3
PE)Z . \D#ISCLK 16 s 2
ID SYNC g v (o
PO.3 Y vee 17 GE d 5
mm_s VY —
~ To 1uF TlOuF
VPP 10 USB
vss 2
BN N po.g |22 SDA_
S A :
e X2 XTALIN XTALOUT [F23—x
} 7 CYPRESS CY7C63723

Figurel?. Application circuit for RF Receive
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8.5 PCB Layout Consideration

1. Caps for pins 5, 8,9, 10 MUST have trace lengths LESS than 5mm.
2. The trace lengths of OSCOUT, OSCIN must less than 6mm.

8.6 Recommended Value for R1
8.6.1 Using Red LED

Radiometric intensity of red LED
Bin limits (mW/Sr at 20mA)

LED Bin Grade Min. Typ.
N 14.7 -
P 17.7 -
Q 21.2 -

Note: Tolerance for each bin will be + 15%

Suggested R1:

Red LED Bin Grade | Suggested R1 (ohm)
N 12
P 125
Q 1277
\\\
8.6.2 Using IR LED AN

Suggested R1:

IR LED Bin Grade | Suggested R1 (ohm)

TBD <. 0 f-fix\{\

It is not guaranteed that the\performan(}e\of PXN3201DH w1ﬂ'1 LR LED is as good as PAN3201DH with red
LED. PAN3201DH is des"‘ned to a Verx\good\match with red T.ED, and this combination has the best

erformance. >
perom NN
\» R . - \ S
I — \\ e
8.6.3 Summary N SN
~ . - - - v
nghtSQurce LED.Bin Grade ~-R{1,(ohm)
Re’dLE_D A ._.__‘\.;«\',"_:N{P,\Q\-f_j\-\ 12
IRLED [ TBD,_ 0
R
RN
NN
SO
T
-
I
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9. Package Information N
9.1 Package Outline Drawing )

ARARAAAARAR
I

o
o]
o
a o

pmmm————

—

O

o o o

©0 0O0O0O0OO0
0O 0o0oo0oo0 O

° 0

19.30
0.760

A

N, 1778
*._ 0.070

™,

NOTES:

1. All dimensions in MM/INCH.
2. All dimensions tolerance: +/- 0.10mm
3. Maxmumflash: +0.2mm

5.56
* 0.2189
Figure 18. Package outline drawing
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9.2 Recommended PCB Mechanical Cutouts and Spacing S‘{_’\._u}
o160
%_' S
% il 1&93938 0 et 16.942
i ! 0.667
w5 GO0 00000000

Optical Cent:é;f\_’

Y

!

%--TOOOOOOO

Figure 19. Recommended PCB mechanical cutouts-and spacing.”
N R o,
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