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1. Funcionamiento y construccién de los giroscopios de Analog Devices.

New IMEMS Angular-
Rate-Sensing Gyroscope

by John Geen [john.geen@analog.com] and
David Krakauer [david.krakauer@analog.com]
ADI Micromachined Products Division

INTRODUCTION

The new ADXRS150 and ADXRS300 gyros from Analog Devices,
with full-scale ranges of 150%s and 200%/4, represent a quantum
jump in gvro technology, The first commercially available
surface-micromachined angular rate sensors with integrated
clectronics, they are smaller—with lower power consumption,
and better immunity te shock and vibration—than any gvros
having comparable functionality, This genuine breakthrough is
possible only because of the Analog Devices proprietary duegrated
micro electro-mechanical system (IMEMS) process, proven by use
in millions of automotive accelerometers.

Product Descrption

Gyroscopes are used to measure angular rate—how guickly an
object tirns, The rotation is typically measured in reference to
one of three axes: vaw, pitch, or roll.

Figure 1 shows a diagram representing each axis of sensitivicy
relative 1o a package mounred to a flat surface, A gvroscope with
ane axis of sensitivity can also be used to measure other axes by
moeuntng the gyre differently, as shown n the right-hand diagram.
Here, a vaw-axis gyro, such as the ADXRS150 or ADXRS300, is
mounted on irs side so that che yaw axis becomes the roll axis.
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Figure 1. Gyro axes of rotational sensitivity. Depending on
how a gyro normally sits, its primary axis of sensitivity can
e one of the three axes of motion: yaw, pitch, or roll. The
ADXRS150 and ADXRS300 are yaw-axis gyras, hut they can
measure rotation about other axes by appropriate mounting
orientation. For example, at the right: a vaw-axis device is
positioned to measure roll,

As an example of how a gyro could be used, a yaw-axis gyro
mounted on a turntable rotating ar 33 13 rpm {revolutions per
minute) would measure a constant rotation of 360° tumes 33 1/3
rpm divided by 60 seconds, or 200%s, The gyro would cutpur
a voltage proportional to the angular rate, as derermined by its
sensitivity, measured in milliveles per degree per second (mV/%/s).
The full-scale voltage determines how much angular rate can
be measured, so in the example of the turntable, a gyro would

need to have a full-scale voltage corresponding to at Jeast 2007,
Full-scale is limited by the available voltage swing divided by the
sensitivity. The ADXRS300, for example, with 1.5 V full-scale
and a sensitivity of 5 mV/ %%, handles a full-scale of 300%s. The
ADXRSI50, has a more limited full-scale of 150°7 but a greater
sensitivity of 12,5 mV/ “/s.

One practical application 1s to measure how quickly a car turns by
mounting a gyro inside the vehicle; if the gyro senses that the car
15 spinning out of control, differential braking engages to bring it
backinw control. The angular rate can also be integrated over ime
1o determine angular position—particularly useful for maintaning
conuinuity of GPS-based navigation when the satellite signal is
lost for shert periods of nme.

Coriolis Acceleration

Analog Devices” ADXRS gyros measure angular rate by means
of Coriolis acceleration, The Cortolis effect can be explained as
follows, starting with Figure 2, Consider vourself standing on
a rotating platforns, near the center. Your speed refative to the
ground 1s shown as the blue arrow lengths in Frgure 2. If vou were
to move w0 a point near the outer edge of the platform, your speed
would increase relative to the ground, as indicated by the longer
blue arrow. The rate of increase of vour tangential speed, caused
by your radial velocity, is the Coriolis acceleration (after Gaspard
G. de Coriolis, 1792-1843 3 French mathemartician).

1£Q is the angular rate and rthe radius, the tangential velocity s
So, if rchanges at speed, o there will be a tangential acceleration
Q. This 1s half of the Coriolis acceleration. There is another half
from changing the direction of the radial velocity giving a total of
280w (see the Appendix). If you have mass, M, the placform must
apply a force, 2MQOo, to cause that acceleration, and the mass
experiences a corresponding reaction force,

v S

Figure 2. Coriclis acceleration example. A person moving
northward toward the outer edge of a rotating platform must
increase the westward speed component (blue arrows) to
maintain a northbound course. The acceleration required is
the Coriolis acceleration,

The ADXRS gyros take advantage of this effect by neing a
resonating mass analogous 1o the person moving out and i on a
rotaring platforn. The mass is micromachined from polvsilicon
and is tethered to a polysilicon frame so that it can resenate only
along ene direction,
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Figure 3. Demonstration of Corlolis effect in response to a resonating silicon mass suspended inside a frame.
The orange arrows indicate the force applied to the structure, based on status of the resonating mass.

Figure 3 shows that when the resonating mass moves toward the
owuter edge of the rotation, 1t 1s accelerared to the right and exerrs
on the frame a reaction force to the left. When 1t moves toward
the center of the rotation, 1t exerts a force to the right, as indicated
by the orange arrows.

Te measure the Coriolis acceleration, the frame containing the
resonaring mass is tethered to the substrate by springs at 90°
relative to the resonating maotion, as shown in Figure 4. This figure
alsa shows the Coriolis sense fingers that are used to capacitively
sense displacement of the frame in responise to the force exerted by
the mass, as described further on. If the springs have a stiffness,
K, then the displacement resulung from the reaction force will
be 2 OoM/K.
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Figure 4. Schematic of the gyro’s mechanical structure.,

- CORIOLIS BENSE FINGERS

Figure 5, which shows the complete structure, demonstrates
that as the resonaring mass moves, and as the surface to which
the gyro 1s mounted rotates, the mass and its frame experience
the Coriclis acceleration and are rranslared 90° from the

vibratory movement. As the rate of rotation wereases, so does
the displacement of the mass and the signal derived from the
corresponding capacitance change,

It should be noted that the gyro may be placed anywhere on the
rotating object and atany angle, so long as s sensing axis 1s parallel
to the axis of rotation, The above explanation 1s intended to give
an intuitive sense of the function and has been sumplified by the
placement of the gvro,

Capacitive Sensing

ADXRS gyros measure the displacement of the resonating mass
and its frame due 1o the Coriolss effect through capacinive sensing
elements arrached to the resonator, as shown in Figures 4, 5, and
6. These elements are silicon beams inter-digitated with rwo
sets of stattonary silicon beams attached to the substrate, thus
forming two pominally equal capacitors. Displacement due to
angular rate induces a differential capacitance 1n this system. Ifthe
total capacitance is C and the spacing of the beats is g, then the
differential capacitance is 2 QodC /R, and is directly proportional
o the angular vave. The fidelivy of this relationship 1s excellent in
practice, with nonlinearity less than 0.1%,

The ADXRS gyro electronics ¢an resolve capacitance changes as
small as 12 » 107 farads {12 zeprotarads) from beam deflections
as small as 0.00016 Angstroms (16 femtometers). The only way chis
can be utihized 1n a practical device is by situanng the electronics,
including amplifiers and filters, on the same die as the mechanical
sensor. The differential signal alternares at the resonator frequency
and can be exrracted from the noise by correlanon.
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Figure 5. The frame and resonating mass are displaced laterally in response to the Coriclis effect. The displacement is deter-
mined from the change in capacitance between the Coriolis sense fingers on the frame and these attached to the substrate,




These sub atomic displacements are meaningful as the average
pasitions of the surfaces of the beams, even though the individual
atoms on the surface are moving randomly by much more, There
are abour 107 atoms on the surfaces of the capacitors, so the
statistical averaging of their individual motions reduces the
uncertainey by a factor of 10° So why can’t we do 100 times
betrers The answer is that the impacr of the 2o melecudes causes
the structure to move—although similarly averaged, their effectis
far greater! So why not remove the air? The device is not operared
in g vacuum because it is a very fine, thin film weighing only 4
micrograms; its fexures, only LT mierons wide, are suspended over
the siticon substrate. Alr cushions the structare, preventing it from
being destroyed by violent shocks— even thase experienced dring firing
of a guided shell from a howatzer (as demonstrated recently).
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Figure 6. Photograph of mechanical sensor. The ADXRS
gyros include two structures to enable differential sensing in
order to reject environmental shock and vibration.

Features

Integration of electronics and mechanical elements is a key feature
of products such as the ADXRE150 and ADKRE300, because it
makes possible the smallest size and cost for a given performance

Jevel. Figure 7 15 a photograph of the ADXRS die.

Figure 7. Photograph of ADXRS gyro die, highlighting the
integration of the mechanical rate sensor and the signal
conditioning electronics.

The ADXRS150 and ADXRS300 are housed in an industry-
standard package that simplifies users’ producr development
and productien, The ceramic package-—a 32-pin ball grid-array,
(BGA)—measures 7 mm wide by 7 nun deep by 3 mm rall, It
ts at least 100 times smaller than any other gyveo having similar
performance. Besides thelr small size, these gyros consume
30 mW, far less power than sinular gyros. The combination of
small size and low power make these products ideally suited
for consumer applications such as toy robots, scooters, and
navigation devices,

Immunity to Shock and Vibration

One of the most important concerns for a gyro user 1s the device's
ability to reliably provide an aceurate angular rate - cutput signal—
even in the presence of environmental shock and vibration, One
example of such an apphication 15 automotive rollover detection,
in which a gyro is used 1o deteet whether or not a car (or UV
it rolling over, Some rollover events are triggered by an impact
with another object, such as a curb, that resuls 1 a shock to the
vehicle, If the shock sarurares the gyro sensor, and the gyro cannor
filter it out, then the awrbags may not deplov. Similarly, if a bump
i the raad results in a shock or vibration that wanslates into o
rotational signal, the airbags might deploy when not needed—a
considerable safety hazard!

As can be seen in Figures 6 and 7, the ADXRS gyros employ a
novel approach to angular rate-sensing that makes it possible
1o reject shocks of up w 1,000g—they use two resonators 1o
differentially sense signals and reject common-mode external
accelerations that are unrelated to angular motion. This approach
is, in part, the reason for the excellent immunity of the ADXRS
gyvros to shock and vibration. The two resonators in Figure 6
are mechanically independent, and rhey operate ant-phase,
As a result, they measure the same magnimde of rotation, bur
give outpurs in opposite directions. Therefore, the difference
between the two sensar signals s used to measure angular rate.
This cancels non-rotational signals thar affect both sensors,
The signals are combined in the nternal hard-wiring ahead
of the very sensitive preamplitiers. Thus, extreme acceleration
overloads are largely prevented from reaching the ¢lectronies—
thereby allowing the signal conditioning o preserve the angular
rate putput during large shocks, This scheme requires that the
two sensors be well-matched, precisely fabricated copies of
cach other.

SUMMARY

Analog Devices has used its iMEMS process to achieve a
breakthrough with the development of the World's first fully
integrated angular rate sensor, Integration yields a revolution in
religbility, size, and price. The resultis a gyro that is suirted for a
much wider range of applications than previonsly thought possible
or affordable. The device’s low power and small size will benefit
small consumer and industrial products that run on batteries,
such as tovs, scooters, and porrable instruments. The tremendous
immunity 1 shock and vibration benefits automotive and other
applications that are subject to harsh environmental conditions.

Looking forward, it is possible to exploir the IMEMS process and
gyro desigh techniques to achieve even higher levels of integration.
Just as Analog Devices has developed dual-axis accelerometers,
it will be possible to produce multi-axis gyroscopes. Irwill even
be possible to integrate both accelerometers and gyros on a single
die. The resultung inertial measurement unit would enable even
tiny vehicles to be stabilized and navigated autonomously. [




2. Caracteristicas técnicas del Microcontrolador PIC 18f4550.

MicrRocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

=

Universal Serial Bus Fealtures:

* USB 2.0 Compliant

* Low Speed (1.5 Mbis) and Fuli Speed {12 Mb/s)
* Supperts Control, Interrupt, isochroncus anc Bulk
Tranafers

Supports up to 32 endpoinis (16 bidirectional)
1-Khyte duel secess RAM for USE

Cn-chip USB ransceiver with on-chiz voltage
regulator

Interface for off-chip USB transceiver

Streaming Parallel Part (SPP} for USE streaming
transfers {40/44-pin devices cnly}

Power-Managed Modes:

* Run; CPU on, peripherals on

+ ldle: CPU off, peripherals on

+ Sleep: CPU off, peripherais off

* lgle mode currents down to 5.8 pa& typical

* Siezp moce curents down to DY pA ypical
* Timer1 ascillator; 1.7 LA typical, 32 kHz 2V
* Watchdog Timer: 2.1 p& typical

+ Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
+ Four Crystal modes including High Precision PLL
for USB
Two External Clock medes, up to 43 M-z
Ieternal ozclliater block:
- Buyser-selectable frequencies, from

21 kHz 10 8 MHz
- User-tunable o compensate for frequency crft
Secondary oscillator using Timer1 & 32 kHz
Duel pscillator cptions allow microcontraller anid
USE module to run at different clock speeds
Fail-Safe Clock RMoenitor
- Allows for safe shutdown if any clock stops

.

Peripheral Highlights:

» High-current sink/source 25 mAIZSE mA

» Three external interrupts

» Four Timer modules {Timerd o Timerd)

- Up to 2 Capure/ComparePWN (CCP) modules:
- Capture is 1€-bit, max. resolution 6.25 ns {TCv/18)
- Compare is 1€-bit, max. resciution 100 ns (TCy)
- PWH cutput: PYWIV resolution is 1 to 10-bit

+ Enhanced Capturs/Compare/PVWhi {ECCP) moduie:

- Multipie outout maodes

- Selectable polarity

- Programmabie dead time

- Auto-Shutdown and Aute-Restart

Enhanced USART modu'e:

- LIN bus support

* Master Synchronous Serial Port (MSSF) madiuie
supporting 3-wire SPI™ (all £ modes) and 1<C™
Master and Siave modes

* 104bi, up to 13-channels Anglog-to-Oigital Conventer

+ Dual analog comparators with input multiplexing

Special Microcontroller Features:

+ C compiler optimized architecture with optional
extended instruction set

+ 100,00C erasefwrite cycle Enhanced Flash
crogram memaory typica

v 4,000,000 erasefwrite cycle Data EEPROM
memory typical

* Flash/Data EEPROM Retention: » 40 years

+ Self-programmable unger 2oftware control

* Frionty levels for interrupts

3 x 8 Single-Cycle Hardwarse Muluplier

Exiended Watchdog Timer (WDT)

- Programmabie pericd from 41 ms 0 1318

Brogrammabie Code Protection

Single-Supply 5V In-Circult Senal

Programming ™ {ICSP™ ) via two pins

In-Cireuit Debug (ICDC} via fwe pins

Cptionel dedicated ICDACSP port {£4-pin devices only)

Wide operating voltage range {2.0% 10 5.5V}

Pragram Memory Data Memory M5SP b 5
Devi . 10-hit |CCPIECCP SPP % E | Timers
evice Flash |# Single-Word| SRAM |EEPROM o AD (chi| (PWM) spm™ Waster ] A 901 G-bit
{bytes}| Instructions | {bytes) | (bytes} Fom % g
PIC18FI455| 24k 12288 2048 258 24 10 20 No Y K3 1 2 3
PICIBF2550| 32K 18RS 2042 268 2a 10 2i0 No Y Y 1 P 3
PIC18F4455| 23K 12288 2048 256 3E 13 W Yes Y Y 1 = 343
PICIEF45E0) 326 18284 | 2048 268 35 132 Wi s % S 1 b2 "3




3. Médulo USB del Microcontrolador PIC 18f4550.

47.0 UNIVERSAL SERIAL BUS
(USB)

This section cdescrbes the detsils of the USE
peripheral. Because of the very specific nature of the
module, knowledge of USBE is expected. Soms
high-level USB information 8  provided in
Section 17.10 “Overview of USB"” only for application
design reference. Designers are encouraged to refer to
the official apecification published by the USE lmple-
menters Forum (USE-IF) for the latest information.
USB Specification Revision 2.0 iz the mest cument
specification at the time of publication of this document.

17.1  Overview of the USB Peripheral

The PIC18FXA455/%550 device family contains & ful
speed and low-speed compatibie USB Serial Interface
Engine (SIE) that aliows fast communications between
any USB host and the PIC* microcontrolier. The SIE

FIGURE 17-1:

USB PERIPHERAL AND OPTIONS

can be interfaced directy o the USB, utiizing the
internal transceiver, or it can be connected through an
external transcejver. An intemal 3.2V reguiator is also
available to power the internal transceiver in &Y
apelications,

Some special hardware features have been included 1o
improve performance. Dual port memory in the
device's data memory space (USE RAM) has been
suppiied to share direct memory access between the
microzontrolier core and the SIE. Buffer cescriplors are
alsg provided, aliowing users to freely progrem end-
point memory usage within the USE RAM space &
Streaming Parallsl Pont has been proviced to supgort
the aninterrupted transfer of large volumes of daia,
such &g isochronous data, to extermnal memory buffers.

Figure 17-1 presents a genreral overview of the USB
peripheral and its features.
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The PPBRST bit (UCON<E8>) controls the Reset status
when Double-Buffering mode (ping-pong huffering) is
used. When the PPERST bitis set, all ping-pong buffer
pointers are set to the Even buffers. PPERST has o be
cieared by firmware. This bit is ignored in buffering
meodes not using ping-pong buffering.

The PKTDIS bit (JCON<4=1is @ flag indicating that the
SIE has disabied packet transmission end reception.
This bit iz set by the SIE when a SETUP token is
received 1o allow selup precessing. This hit cannat ke
st by the micrecontroller, only cleared; clearing it
allows the SIE to continue transmission andfor
reception. Any npending events within the Buffer
Descriptor Tabie will still be gvaiighie, indicated within
the USTAT register's FIFO buffer

The RESUME bit {UCOHN<2Z>) allows the peripheral o
perform a remote wake-up by execuling Resume
signaling. To generate a valid remote wake-up, frm-
ware must set RESUME for 10 ms and then ciear the
bit. For more informatioh on Resume signaling, see
Sections 7.1.7.5, 118 and 1144 in the USBE 2.0
apecification.

The SUSPMND &il (UCON<1s) places the module and
aypporting  circuitry  (ie., vo'tage regulator) in a
low-power mode. The input clock to the SIE is also
disabled. This bit shouid be sel by the software in
response t2 an IDLEIF interrupt. 1t should be reset by
the microcontroller firmware after an ACTVIF interrugt
is observed. When this bit is active, the device remains
affached 1o the bus but the transceiver cutputs remain
idie. The voitage on the WUSB pin may vary depending
on the value of this bit. Sefting this bit before a IDLEIF
request will result in unprediciable bus hehavior.

Note: While in Duspend mode, a iypical bus
. powered USB device is limited to 500 pA
of current. This is the compiste current

- grawn by the PICmicre device and its sup-

_ porting circuitry. Care should be taken to
assure minimum current draw when e

device enters Suspend mode.

T22 USE CONFIGURATION REGISTER
(UCFGE)

Pricr ta communicating ower USB, the module's
aesociated imtemal andior externa hardwars must he
configurad. Most of the configuration s performed with
the UCFG register (Reqgister 17-2). The separate USE
voltage reguiator {see Section 17.2.2.8 “Internal
Regulator”) is controlied through the configuration
registers.

The UFCG register contains most of the bits that
conirol the system leve! behavior of the USB module.
These inclucte:

+ Bus speed {full speed versus low speed)
« On-chip puil-up resistor enahble

« On-chip transceiver enable

+ Ping-pong buffer usage

The UCFG register also contains two bits which aid in
module testing, debugging and USB certifications.
These bits contrel cutput enabie state monitoring and
eye pattern generation,

should only be configured during the mod-

ule setup phase. itis not recommended to

switch these settings whie the module is
 enabled., '

Note: The USB speed, transceiver and pull-up

17.2.21 Internal Transceiver

The USE peripheral has a built-in USB 20 ful speed
and low-speed compliant transceiver, internally con-
nected o the SIE. This feature is useful for low-cost
single chip appiications. The UTRDIS kit (UCFG«=3»}
confrols the transceiver, it is enabled by default
{UTREHS = ¢). The FSEXN bit (UCFZ<2>) controis the
tranzceiver speed; sefting the bit enakles full speed
operation.

The on-chip USE puil-up resistors are controtied by the
UPUEN it (UCFG<d»). They can auly be selacted
when the on-chip transceiver is enabled.

The USB specification requires 3.3\ operation for
communications; however, the rest of the chip may be
running at & higher voltage. Thus, the transceiver is
supplisd power from a separate source, VUSE,

17222 External Transceiver

This moduie provides support for use with an off-chig
fransceiver. The off-chip transceiver is intended for
applications where physical conditions dictate the loca-
tion of the transceiver to be away from the SIE. Feor
example, applications that require isclation from the
USE could use an external transceiver through some
isoiation io the microcontroiler's SIE ([Figure 17-2).
Extemal transceiver operation is enalbiled by setiing the
UTROIS hit.

FIGURE 17-2; TYPICAL EXTERNAL
TRANSCEIVER WITH
ISOLATION
PIC® ue hsnierd 3.3 Derived
Micracontrolier  Tom USE from USEB
— B
Voo
Vass
“,(?g lzsalstion  Transceiver
¥ l
RCY < W b O+
VMO | ﬁ Py L‘v] e
VPO I_ a =
TE
Note: The ashove setting shows & simpufied schematic
for a full speed configuration using a0 external
transceiver with izalation.
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REGISTER 17-2:

UCFG: USB CONFIGURATION REGISTER

RAND RAWD UL RIW.-G RIWN-0 Riw-0 RN RIEY
[ uteve [uoemon™ — Tupuen®I[utrois? [ Fsen™ | prB1 [ PPBO |
bit7 bit 0
Lt T UTEYE: USE Eye Pattern Test Enabie bt
1 = Eye pattern test enabled
0= Eye patiem test gisatled
Lt UOEMOH: USE OE Monitor Enabie bitl!)
1= CE ¢ignal active; it indicates intervais during which the D+/D- lines are driving
0= CE gignal inactive
Lit s Unimplemented: Read as ‘0
bit 4 UPUEN: USB On-Chig Pull-up Enable it
1 = On-chip pub-up engbied {puli-up on D+ with FSEN = 1 or D- with FSEN = Q)
£ = Qn-chip pull-up disabled
bit 3 UTRDIS: On-Chip Transceiver Disable bit?!
1 = On-chip transceiver disabled; digital transceiver interface enabled
© = On-chip ransceiver active
bit 2 FSEN: Fuil Speed Enable itt?!
1 = Full speed device: controls transceiver egge rates; requires input clock at 46 MHz
0= Low-spesd device: controls ransceiver edge rates, requires inpult clock at % Mz
hit -0 PPE1:PPBO: Ping-Pong Buffers Configuration bite
11 = Reserved
10 = EveniCdd ping-pong buffers enabled for &l endpoints
¢l = Even/Odd ping-pang buffer enabiled for CUT Endpeint &
00 = Even/Odd ping-pong buffers disabled
fNote 4: 1f UTRDIS is set, the OE signal will be active independent of the UCEMON bit
setling.

2: The UFUEHN, UTRDIS and FSEN bits shouid never e changed whie the USE
moduie i enabled. These velues must be preconfigured pror w enabibng the
meodule.

3: This bitis ormey valid when the on-chig transceiver is active (UTRDIS = 0); othervise,
it is ignared.

Legend:

R = Readabie bit W = Writable bit U = Upimplemented &it, read as ‘D

-tz = Value a8t POR ‘1" = Bit iz set ‘U = Bitis cleared % = Bit is unknown
There are & signals from the module to communicate The VPO and YMO signals are outputs from the SIE to

with and cortrel an extemal iransceiver;

* UM Ingut from the single-endsd O- jine
WP Input from the single-ended D+ line
RCV: Input from the differential receiver
VD Output to the differential lne driver
WRO: Cutput to the differential line driver
OF: Qutaut enahle

the external transceiver. The RCY signal is the output
from the external transceiver to the SIE, it represents
the differential signals from the serial bus translatec
inte & single gulse train. The WM and VP sigras are
used to regort conditions on the serial bus to the SIE
that cant be caplursd with the RCY signal. The
combinations of states of these sigrals and their
interpretation are listed in Table 17-7 and Tabie 17-2.




TABLE 17-1: DIFFERENTIAL QUTPUTS TO

TRANSCEIVER
VPO | VMD Bus State
0 a Single-Ended Zere
0 1 Differential "0’
1 a Differential ‘1"
1 1 Illegal Cendition

TABLE 17-2: SINGLE-ENDED INPUTS

FROM TRAMSCEIVER
VP Vi Bus State
0 Single-Ended Zerc
0 1 Low Speed
1 3 High Speed
1 1 Error

The CE signal toggles the state of the external trans-
ceiver. This line is pulled low by the device to enabie
the transmission of data from the SIE {0 an external
device.

1#2:23 Internal Full-up Resistors

The PIC18FX435/X550 devices have buit-in pull-up
resistors designed o meet the requiremsnts for
low-speed and ful speed USB. The UPUEN hit
(UCFG<4») enables the internal pull-ups. Figure 17-1
shows the puil-ups and their contrel,

17224 External Pull-up Reszistors

External puil-up may aizo be used. The VUER pin may be
used 0 pull up O+ of D- The pull-up resistor must e
1.5 K€L (25%) a= required by the USE specifications.
Figure 17-3 shows &n example.

FIGURE 17-3: EXTERNAL CIRCUITRY

FIc® o
MDicrocentroller ContrailersHUB

Yiuse _i__
< :_[.:—
15 kD
D+
O-

Mots:  The above selting shows a typical connecton
for @ full speed confguration using an on-chip
regulator and an external pul-up resistor

17225  Ping-Pong Buffer Canfiguration

The usage of ping-pong buffers is configured using the
PPB1:PPBU hits. Refer o Section 17.4.4 “Ping-Pong
Buffering” for a complete sxplanation of the ping-pong
buffers.

17.2.2.6 USE Output Enable Manitor

The USB CE menitor provides indication as to whether
the SIE is listening to the lus or actively driving the bus.
This is enakied by default when using an sxternal
transceiver orwhen UCFG<6> =1,

The OE monitoring is wuseful for initial system
debugging, as weli as scope triggerng during eve
patiern generation fesis.

17227 Eye Pattern Test Enabie

An automatic eye pafter fesf can he generated by the
madule when the UCFZ=7= bit iz set. The eye patiem
output will be observebie based or module settings,
meaning that the user is first responsible for configuring
the SIE clock settings, pull-up resisior and Transceiver
made. In additon, the module has to be enatiled.

Once UTEYE is set, the moduie emulates a switch from
& receive 10 transmit state and will start fransmitting a
J-K-J-K it sequence (K-J-K-J for fuil speed}. The
seguence wil be repeated indsfinitely while the Eye
Pattern Test mode s enabled.

Mot that this bit should never be set while the module
ia connected to an actual USE system. This test mode
is intended for board verification to aid with USE certi-
fication tests. It iz intended (o show a gystem developer
the noise integrity of the US8 signals which can be
affected by boarg traces, imgedance mismatches and
proximity o otner system components. 1 does not
properiy test the transition from a receive to a transmit
state. Although the eye pattem iz not meant w replace
the more comgplex USE certification test, it should aid
curing first order system debuagging.

17222  Internal Reguiator

The PHC 18F X455/ 550 devices have 2 built-in 3 3V reg-
ulator to provide power 12 the interng transceiver and
provide a source for the intemalestemal pull-ups. An
external 220 nF (220%) capacitor is required for siakility.

Mote:  The drive from YUSE is sufficient to only
drive an external pull-up in addition fo the
internal frangceiver.

The reguiator is enahled by default and can be disabied
through the VREGEN configuration bit. When enabled,
the voitage is visivie on pin WUSE. Wnen the regulater
is disahied, a 2.3V source must be providsd through
the YUSE gin for the intermnal transceiver. If the internal
transceiver is disabled, VUSB is not used.

 Note 1: Do not enable the intemnal regulator if an
' exiemal regulator is cannected to VUSE.
2: Yoo must be greater than WUSE at al
fimes, even with the regulator disabled.
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17.2.3 USB STATUS REGISTER (USTAT)

The USE Status register reports the transaction status
within the SIE. When the SIE issues a USE transfer
complete interrupt, USTAT should be read 1o determine
the statue of the transfer. LUSTAT contains the transfer

Clearing the transfer complele fiag bit. TRNIF, causes
the SIE fo advance the FIFO. If the next data in the
FIFQ holding register is valid, the SIE will immeadiately
reassert the interrupt. If no additional data is present,
TRNIF will remain clear; USTAT data will no longer be
reliable.

endpoint number, dirsction and ping-pong  buffer
pointer value (if used). Note: E
= - e e  USBTAT FIFC is full, the SIE will
Note: The dsta.mmeyss Stagﬁzg_r@gmx |svalfd aummltically issue a° MAK back o the
_only when the TRNIF interrupt flag is . post 8
asserted. - _ .

Ifan endpoint request is received while the

The USTAT regicter ie actually @ read window o a
four-byte status FIFG, maintained by the SIE. It allows
the microcontroller to process one transfer while the
SIE processes additional encdpoints (Figurs 17-4).
When the SIE completes using 8 buffer for reading or
. writing data, it updates the USTAT register. If ancther

FIGURE 17-4: USTAT FIFO

LISTAT from SIE

E UZ8 tansfer is performed before a transaciion
‘ complete interrupt is serviced, the SIE will store the 4-byte FIFO Clearng TRHIF
status of the next transfer into the statue FIFO. for USTAT Advances FIFD
Data Bus

REGISTER 17-3: USTAT: USB STATUS REGISTER

u-g R-x R-x R-x R-x R-x R-x U-a
| — | enoez | EnppP2 | ENDP1 | ENDPO DIR preiltl |
bit 7 bit 0
hit 7 Unimplemented: Fead as ‘0

bit £-3 ENDP3:ENDPO: Enceded number of last endpoint activity {regresents the number of the BDT
updated by the lasi USE transfer)

1111 = Endpaint 15
1110 = Endpoini 14

0001 = Endpoint 1

o0ao = Endpaint ©
bit 2 DIR: Last BD Direction Incicator bit

1 = The lgst fransaction was an IN token

0 = The last transaction was an OUT or SETUF token
bit 1 PPBI: Fing-Pong BD Peinter Indicator bitt"!

1 = The last transaction was to the Odg B0 bank

0 = The last transaction was to the Even BD bank

Note 1: This bit is oniy valid for endpoints with available Even anc Cdd BD registers.

it o Unimplemented: Read as ‘¢

Legend:
R = Readable bit
-n = YValue gt PCR

W= writehie bit
' = Bit is set

U = Upimplemented bit, read as 0"
‘0" = Bitis clearsd

x = Bit is unknown




17.2.4 USB ENDFOINT CONTROL

Egch of the 18 possible hidirectional endpoints has its
own independent controi register, UEPH (where 'n’ rep-
resents the endpoint number). Each register has an
identical complement of contro! bits. The prototype is
shown in Register 17-4.

The EFHSHE bit (UEPn<4:=) controls hendshaking for

transactions. For Endaeint 0, this bit shouid always be
cleared since e USB  specifications  identify
Endpecint & as the default control endgoint.

The EPQUTEN bit (UEPNh<2=) is used to enable or dis-
able USB OUT transactions from the host. Setfting this
bit engbles OUT fransactions. Similariy, the EPINEN bit
(UEPNn<1=>) enabies or disables USE IN trensactions
from the hoat.

the endpoint; setting this bit enables USB handshaking.
Typicaily, this bit is always set except when using
isochronous engpoints.

Thie EPCONDIS bt (UEPNR<3>) is used to enshie or
disable USE control operations (SETUP) through the
endpoint. Clearing this bit engbles SETUP fransac-
tions; note that the corresponding ERINEN and
EPOUTEN bit must be set to enable IN and QUT

The EPSTALL bit (UEPR<D=) is used io indicate a
STALL condition for the endpoint. If @ STALL is issued
on a partcular encpoint, the EFSTALL bit for that end-
point pair will he set by the SIE. This bit remains set
until if is cleared through firmware, or unté the SIE is
reset.

REGISTER 17-4: UEPn: USB ENDPCINT n CONTROL REGISTER {UEPO THROUGH UEP15)

U-0 U-0 u-0 RIW-O  RW-D RAW-0  RW-L  RW-D
| — | — [ — [epPHsHk [EPconDIS]EPOUTEN [ ERINEN [EPSTALLM]
bt 7 oit 0
kit 7-5 Unimplemented: Read as 0’
bit 4 EPHSHK: Endpoint Handshake Enable bit

1 = Endpoint handshake enshied
0 = Endpoint handshake disabled {typically used for iscchronous endpoints)
kit 3 EPCONDIS: Bidirectiona! Endpaoint Contra! bit
fEPOUTEN =1 and EPINEN =1
1 = Diegbie Endpeint n from control transfiers; on'y IN and CUT transfers eliowed
0 = Enaile Endpoint n for control (SETUP) transfers; IN and QUT fransfers alzo alowed
hit 2 EPOUTEN: Endpgcint Cutput Enalile bit
1 = Endpoint n cutput enabled
0 = Endgoint n output disabled
kit 4 EPIHEN: Endpomt Input Enavle bit
1 = Endgoint n input enablec
0 = Endgoint n input disabled
it 0 EPSTALL: Endacint Stall Enabie bit!!)
1 = Endgoint n iz stalled
0 = Endgoint n is not stalled

Mote 1: Valid only if Endpoint n is enabled; otherwise, the bit is ignared.

Legend:
R = Readable bit
-n = Yaiue at POR

VW= Writable bit
1" = Bit is set

U = Unimpiemented bit, read as ‘%

‘0" = Bt ig cleared x = Bitiz unknown
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17.2.5 1USB ADDRESS REGISTER
(UADDR)

The USB Address register contans the unique USB
address that the peripheral will decode when active.
UADDR is reset to 00h when a USB Reset is received,
indicated by URSTIF, or when a Reset is received from
the microcontroller. The USE address must be written
by the microcontroller during the USE setup phase
{enumeration) &s part of the Microchip USB firmware
support.

17.26 USE FRAME NUMBER REGISTERS
(UFRMH:UFRML)

The Frame Number registers contain the 11-bit frame
oumper. The low-arder byte is coptained in UFRML,
while the three high-order bits are contained in
UFRME. The ragister pair is updated with the current
frame number whenever a SOF token is received, For
the microcantrolier, these registers are read-only. The
Frame Number register is primarily used for
isochronous transiers,

17.3 USB RAM

1JSAH data moves hetween the micracantroler care and
the SIE through 8 memory space known as the USB
RAM. Thiz is a special dual port memaory, that is
mapped into the normal data memory space in Banks 4
through 7 (400h to TFFh, for a total of 1 Khyte
{Figure 17-5).

Bank 4 (200h through 4FFh) is used specifically for
endpoint buffer control, white Banks 5 through 7 are
available for USB data. Depending on the type of

buffering being used, all but 8 bytes of Bank 4 may also
i>e availakle for use as USB buffer space.

Although USE RAM is available to the microcantroller
as data memory, the sections that are being accessed
by the SIE should not he accessed by the
microcontroller. A semaphore mechanism is used to
determine the access to a particu'ar buffer at any given
time. This is discussed in Section 17.4.1.1 “Buffer
Qwnership”.

FIGURE 17-5:

IMPLEMENTATION OF
USB RAM IN DATA
MEMORY SPACE

Barks 0 |
03

Barks 4
to7
{(USB RAM;

Banks 8
to 14

b
Bark15 {

T s 000h

: 3FFh
Suffer Desariptars, | 400k

USE Dats or User Data | 4peh
- T T T T T 5000

USE Dats or
User Data

TEFh
500h

FOOh
Fecoh
FFFh




The BORSTAT byte of the BOT shouid always be the
izst byte updated when preparing to arm an endpoint.
The SIE will ciear the UCWN bit when a ransaction
has completed. The only excegtion to this is when KEXN
ia enabled andlor BETALL is enabled.

Mo herdware mechanism exisis to block sccess when
the UOWNM bit is setl. Thus, unexpected behavior can
cocur if the microcontroder attempts to modify memaory
when the SIE owns it. Similarly, reading such memory
may procuce ingccurate data untl the USB peripheral
returms ownership 1o the microtontroter,

17.41.2 BONSTAT Register {CPU Mode)

When UOWN = 0, the microcontrolier core owns the
BD. At this poini, the other seven bits of the register
take on control functions.

The Keep Enabile bit, KEM (BOnSTAT <52, determines
if a BD stayes enabled. if the bit is set, once the UOWN
it is set, it will remain owned by the SIE independent
of the endpoint activity. This prevents the USTAT FIFO
from being updated, as well as the fransaction com-
plete interrupt from being set for the endpomt. This fea-
ture should only be enabled when the Streaming
Paraile! Port is selected as the data /O channel instead
of USE RAM.

The Address Increment DCisable bit. INCDIS
(BEnSTAT=4»), contrals the SIE's automatic address
increment function. Sefting INCDIS disables the
auto-increment of the buffer address by the SIE for
each byte transmitied or received. This feature should
only be enabled when using the Streaming Parallel
Fort, where each data byte is processed to of from the
same memory lotation,

The Data Toggle Sync Enable bit, DTSEN
(BONSTAT«3>), controls data toggle parity checking.
Seiting DTSEN enables data tocgale synchronization by

TABLE 17-3:

the SIE. when enabled, it checks the data packet's par-
ity ageinst the vaiue of DTS (BDNnSTAT<E»). If a packet
arrives with an incorrect synchronization, the data will
essentially be ignored; it will not be written fo the USE
RAM and the USS transfer complete interrupt flag will
not be sef. The SIE will send an ACK token back to the
host to Acknowledge receipi, howsver. The effects of
the DTSEN bit on the SIE are summarized in
Takle 17-3.

The Buffer Stall bit, BETALL {BDnSTAT<2>}, provides
support for control transfers, usuglly ons-time stalls on
Endpoint 0. It also provides support for the
SET_FEATURE/CLEAR_FEATURE commancs speci-
fied in Chapter 9 of the USE speciication; typically,
continuous STALLs to any endpoint other than the
default contral endpoint,

The BSTALL bit enables bhuffer stalis. Setting BSTALL
causes the SIE to return @ STALL token to the hostif &
received token wouid use the 5D ir that location. The
EPSTALL bit in the corresponding UEPA contral reges-
ter is set ancd a STALL interrupt is generated when a
STALL s issued 1o the hast, The UOWHN b remaing ost
and the BDs are not changed uniess a SETUP token is
received. In this case, the STALL condition is cleared
and the ownership of the ED is returned o the
microcentroller core.

The BD9:BOS hits (BDOnSTAT<1:0>) stare the two most
significant digits of the SIE byte count; the lower 3 digits
are stored in the corresponding BOnCHT register. See
Section 17.4.2 “BD Byte Count” for more
information.

EFFECT OF DTSEN BIT ON ODIVEVEN (DATAD/DATAT) PACKET RECEPTION

OUT Packet BOnSTAT Settings Device Response after Receiving Packat
Trgm: kst DTSEN DTS | Handshake | UOWN | TRNIF | BDnSTAT and USTAT Status

DATAD 1 o ACK o 1 Updated
DATA1 1 e} ACK 1 O hiot Updated
DATAC 1 1 ACK ] 1 Updated
DATAT 1 1 ACK 1 G Mot Updated
Either 0 x ACK o 1 Updated
Either, with error ® *® MAIK 1 0 Mot Updated 4
Legend: = =don't care
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REGISTER 17.5:

bit 7

hit 8

bit 5

bit 4

bit 3

bit 2

fit 1.0

BONSTAT: BUFFER DESCRIPTOR n STATUS REGISTER (BDOSTAT THROUGH
BD63STAT), CPU MODE {DATA IS WRITTEN TO THE SIDE)

RIAW-x RiV-x BAN-x, RAN-x RN -¥. Raf-x R RAN-x
[uown™ [ pTs*t | kenm [ Incois | DTsen [BSTaLL | BCg | BCE |

Lit 7 kitD

UQWN: USE Own bit"

0 = The micracontrolier core owns the BO and its corresponding buffer

DTS: Data Toggie Synchronization i5itl2]

1= Data 1 packet

0= [Data 0 packet

KEN: BD Keep Enable bit

L= USE wil keea the BD indefinitely ance UOWHN iz et (raquired for SPP endpoint
configuration)

0 = VSB will hand back the BD once a tcken has heen grocessed

INCDIS: sddress Increment Disable bit

1 = Address increment disabled (required for SPP endpoint configuration)

D = Address incremeni enabied

DTSEN: Cata Toggle Synchronization Enable bit

1 = Data toggle synchronization is enabled, data packete with incorrect Sync value wilf be
ignered

0 = Mo data toggle synchronization is performed

BSTALL: Buffer Stall Enable bit

1 = Buffer slall enabled; STALL handshake issued f 2 token is recgived that would use the BD
in the given focation (UOWN bit remains set, BOC value is unchanged}
0 = Buffer stall disabled

BC9:BCA: Byte Count bite 9 and 8

The byte count bits regresent the number of bytes that will be transmitted for an IN token or
recgived during an OUT token. Together with BC«<7:0», the valid byte counis are 0-1023.

Hote 11 This bit must be intislized by the user 1o the desyed value prior o enablng ha USB
module.

2: This bit is ighored unless DTSEN = 1.

Legend:
R = Readable bit W= Writahle bit U = Unimplemenisd hit. read as ‘0’
-n =Value at POR ‘1" = Bitis sst

‘U = Bit is cleareg

¥ = Bitis unknowr:
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17413 BDnSTAT Register (SIE Mode)

When the BD and its buffer are owned by the SIE, most
of the bite in BDNSTAT take cn a different meaning. The
canfiguration is shown it Register 17-6. Once UQWN
is set, any data or control settings previously written
there by the user will be overwritten with data frem the
SIE.

The BOnSTAT register is updated by the SIE with the
token Packet ldentifier (PID), which is stored in
EDnSTAT=5:2=. The transfer count in the
corresponding BOnNCNT register is updated. values
that overfiow the G-bit reqister camy over to the two
most significant digits of the count, stored in
BDNSTAT<1:0>,

1742 BD BYTE COUNT

The byte count represents the iolal number of bytes
that will e transmitted during an IN transfer. After an IN
transfer. the SIE will return the number of bytes sent to
the host,

For an OUT transfer, the byte count represents the
maximum number of bytes that can be receved and
stared in USB RAM, &fter an QUT transfer, the SIE will
return the actual number of bytes received. If the
number of byles received exceeds the correspending
byts count, the data packet will be rejected and & NAK
handshake will be generated. When this happens, the
byie count will not be updated.

The 10-bit hyte count is distributed over twa registers,
The lower 3 bits of the count reside in the BDnCNT
register. The upper two bits reside in BDNSTAT «<1:0=.
This represents a valid byte range of 0 to 1023.

17.4.3 BO ADDRESS VALIDATION

The BD Address reqgister pair contain the starting RAM
address location for the corresponding endpoint buffer
For an endpoint starting location to be valid, it must fall
in the range of the USB RAM, 400h 1o 7FFh. No
mechanism is available in hardware 10 validste the 80
address.

If the value of the BD address does not point to an
address in the USB RAM, or if 1 points to &n address
within another endpoint’s buffer, data is likely to be lost
or overwrittenn. Similarty, overiapping a receive buffer
(OUT endpoint) with a BD lccation in use can yield
unexpacted  results.  When  developing USB
applications, the user may want to consicer the
inclusion of software-based address validation in their
code,

REGISTER 17-6: BDnSTAT: BUFFER DESCRIPTOR n STATUS REGISTER (BDOSTAT THROUGH
BOG3ISTAT), SIE MODE (DATA RETURNED BY THE SIDE TO THE

MICROCONTROLLER}

RIW-x U-x Rivw-x

RAW-x RMVY-x RN - RW-x RIW-x

puown | — ] PiD3 | PiD2 | PiDt | PD0 | BCe | BCR |

hit 7

bit 7 UQWN: USE Cwn bit

bit 0

1 = The SIE owns the BD and its corresponding buffer

bit6 Reserved: Not written by the SIE
bit 5-2 PID3:PID0: Packet Identifier bits

The received token PID value of the last transfer (IN, OUT or SETUP transactions only).

it 1-0 BCH:BCE: Byle Count bits S and &

These bits are updated by the SIE to refiect the actual number of byies received on an OUT
transfer and the actual number of bytes transmitted on an IN transfer.

Legend:
R = Readable bit
-n = Valye at POR

W = Writable bit
‘“1"=Bit 1s set

U = Unimplemented &it, read as ‘0’
‘D = Bitis cleared

x = Bit is unknown
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1744 PING-PONG BUFFERING

An endpeint is defined 1o have a ping-pong bufier when
it has two sets of BD enfries: ong set for an Even
transfer and one set for an Odd transfer. This allows the
CPU to process one BD while the SIE is processing the
other BD. Double-buffering BDs in this way aliows for
maximum threughput toffrom the USB.

The USE madule supparts three modes of operation:
« No ping-pong support

* Ping-pong buffer sugport for OUT Endpoint O only

* Bing-pong buffer support for all endpamts

The ping-pong buffer settings are configured using the
PPB 1:PPBC bits in the UCFG register.

The USE module keeps track of the ping-pang pointer
individually for each endpoint. All pointers are initially
reset to the Even ED when the module is enabled. After
the completion of a transaction (UOWN cleared by the

SIE), the pointer is toggled to the Cdd BD. After the
completion of the next fransaction, the pointer is
toggled back to the Even BD and s¢ on.

The Even/Ocdd status of the last transaction is stored in
the PEBI bit of the USTAT reaister The user can reset
all ping-pong pointers to Even using the PPERST bit.

Figure 17-7 shows the three different modes of
operation and how USB RAM is filled with the BDs.

BDs have a fixed relationship to a particular encpaeint,
depending on the buffenng configuration. The mapging
of BDs to endpeints is detailed in Tabie 17-4. This
relationship also means that gaps may occur in the
BODT if endpoints are not enabled contiguously. This
thecretically means that the BOs for disabled endpoints
could i»e used as buffer space. In practice, users
shouid aveid using such spaces in the EDT unless a
method of velidating BD addresses is implemented.

FIGURE 17-7: BUFFER DESCRIPTOR TABLE MAPPING FOR BUFFERING MQDES
PFPE1:PPBO =00 PPB1:PPB0 =01 PPE1.PPEO =10
No Fing-Pong Buffers Fing-Pong Buffer on EPO OUT Ping-Pong Buffers on all EPs
400h 200R 400h fr
1,5:13 ouT EPJ OUT Even 1}5: 0:: \'Eaer.
[ Descrigtor Desaripter [ Cescripto
_£FOIN |, EP0 OUT Ocd ERmLIT ki
J‘|”'Desac:r-;:f:|:-r [ Descripter Descripior
| EP1OUT e 1_EPO N Even
sorp EPOIN > Descriptor
[ Deserptor Dascripor i pic
1EPTIN , EFD IN Odd
: J Desorptor J"EF"é C?UT Ceserigtor
Cascriptor 2
oy I " |_EP? OUT Even
i ey j EP1 |'§r E’I:f.-s-mptor
e EP1OUT Odd
,}?g::g-[ﬁ.o' pen :-Jﬂ (" Descriptor
£7Fh : L | £P1 N Even
J EP1EIN | Descnpter
£83h ) Descripter !
= B -LEFH N Odd
L ] Cescriptor
fuzilable © :
4 ss b ) [ =
Dats RAM Auabotie :;;L; Hl 3
5 : | EP1E IN Odd
¢ * Descriptor
aFFnl s 4FFn ¢FFn J
Maximum Memory Used: 125 bytes Maximum Memory Used: 132 bytes Maximum Memory Usec: 223 bytes
Maximum EDs: 22 (BDU 1o BD31) Maximum BDs: 33 {(BDD 10 BD32) Mawmum BOs: €4 {200 10 BDSY)
MNate: Memory area not shown to scale
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TABLE 17-4: ASSIGNMENT OF BUFFER DESCRIPTORS FOR THE DIFFERENT
BUFFERING MODES

] | BDs Assigned to Endpoint
Endpoint &%ﬁade 0 ; Mode 1 P Mode 2
(Mo Ping-Pong) (Ping-Pong on EPO OUT) {Ping-Pong on all EPs)
Out In Out In Cut in

L1 ] 1 C{E) 100} 2 G (EJ, 1{0) 2({E}), 3(Q)

4 2 > 3 - ZiEL 510 8 {EyL T Oy

2 4 5 5 ] 2 (E) 3 (D) 10 {E}, 11 {0}
3 5 7 7 3 12 (E), 13 (D) 14 {E}, 15 {C}
4 B 2 ) 10 16 {EL 17 (O) 18 {E}, 19 ()
5 10 11 1 12 20 (E}), 21(0) 22 {E), 23 {C)
€ 12 13 13 14 24 (E), 25 (0) 26 {E), 27 (T}
7 14 1% 15 16 2B (E), 2310 3DIE) 3100
8 18 17 17 18 32 (E), 33 (D) 34 {E}, 35 (0}
g 13 18 19 20 3& {E), 37 (T} 33 {E), 940}
10 20 21 21 22 40 (E), 41 () 42 (E), 43 {3}
11 22 23 23 24 44 (E}). 45 (Q) 43 {E), 47 (G}
12 24 as 25 26 48 (E). 48 (O} 50 {E}, 51 (C)
12 28 37 7 28 52 (E}, 53 () 54 [E}, 55 {0}
14 28 29 29 30 56 {E}, 57 (O} 55 (E), 59 {C}
15 30 31 3 32 80 (E), 81 (D) 2 (E), 83 {C)

Legend: {E) = Even transaction buffer, (C) = Odd transaction buffer

TABLE 17-5: SUMMARY OF USB BUFFER DESCRIPTOR TABLE REGISTERS
Mame Bit7 Bit B Bit s Bit 4 Bit 3 Bit 2 Bit1 Bit0

BOrSTAT LOWN DTS piDaiel zIp2t2) pioq (2 Plna{?? BCE BCS
KENP! | incDis® | DTSENG) | BSTALLE

BORCNT'  [Byte Count
8onabDRLY | Buffer Address Low
BCnaDRAEY [Buffer Address High

Note 1: For buffer descrigtor registers, n may have a value of §to 83, For the sake of brevity, all 84 registers are
shown as ong generic protetype. All registers have indeterminate Reset values ooot oo
2: Bits & through 2 of the BDnSTAT register are ysed by the SIE to return PID3FIDD values once the register
is turned over to the SIE (UCWN bit is set). Once the registers have been under SIE contral, the vaiues
written for KEN, INCDIS, DTSEM and BSTALL are no longer valid.
3:  Prior to turning the buffer descriptor over to the SIE {0OWN bit iz cleared), bits S through 2 of the
BONnSTAT register are used 1o configure the KEN, INCEHS, DTSEM and BSTALL setfings.




17.6 USB Interrupts

The USB module can generate multiple interrupt con-
ditions. To accommodate all of these interrupt sources,
the mecule is provided with its own interrupt logic
structure, similar to that of the microcontroller. USB
interrupis are enabled with one set of control registers
and trapped with a separate set of flag reqgisters. All
sources are funneled into a single USB interrupt
request, USBIF (PIR2<S=), m the microconirolier's
interrupt iogic.

FIGURE 17-8:

Figure 17-8 shows the interrupt logic for the USB
module. There are two layers of interrupt registers in
the USB medule. The top level consists of overall USBE
status interrupts; these are enabled and flagged in the
UIE and UIR registers, respectively. The second level
congists of USE error condtions, which are enabled
and flagged in the UEIR and UEIE registers. An
interrupt condition in any of these triggers & USE Error
Interrupt Flag (UERRIF} in the top level,

Interrupts may be used to frap routine events in a USBE
tranzaction. Figure 17-9 shows some camman events
within & USB frame and their corresponding interrupts.

USB INTERRUPT LOGIC FUNNEL

Second Level USB Interrupts
(USB Error Conditions)

UEIR {Flag) and UEIE (Enable) Registers

Top Level USE Interrupts
{USB Status Interrupts)
UIR {Flag) and UIT (Enable) Registers

SOFIF :E*T__
SCFIE s

BTSEF
BTSEE TRNIF N USEIF
STOEF :[:\ : TRMESL ) r=—=2
BTOEE 3 IDLEIE T
DENEEF N IOLEIE:I:\‘H
DFNREE :[3 L____*’--\_ UERRIF
CRC16EF [ UERRIE-
CRCI1EEE 4
CRCSEF STALLIF B
CRCSEE :13_ ST"L-‘E:E"
PIDEF
o 0 ACTVIF |
AeTViE_
URSTIF 5 '
L.'RE‘-lEj:/
FIGURE 17-9: EXAMPLE OF A USB TRANSACTION AND INTERRUPT EVENTS
Frem Host  From#ost  To Hes:
= |seTFToken]  Dats | 2ok | setTRAF
From Host  To Hos: From Host
USE Reser > NTken [ Das [ ek |e seTRNF
URSTIF
From Host  From Host To Host
o & Ly
STARLSRE M [ ouT Token | EmptyData | acx Set TRNIF
l-l—-—— Transacon ___,_..1 S
Transagticn
Camplee
REIET  SOF DATA  STATUS _ 50F

Differential Data | ' 130

/
[ |
Lh

will spreac across multip'e frames

The comtrol ransfer shown here s only an examce showing #wents Tat can occur for every transaction. Typical control transfers

| 1 ms Fame
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17.5.1 USB INTERRUPT STATUS

Once an interrupt bit has been set by the SIE, i must

REGISTER (UIR) be cleared by software lry writing a "0’. The flag bits

The USB interrupt Status register iRegisier 17-7) con-
taing the flag bits for each of the USE status interrupt

can aiso be set in software, which can gid in firmwsre
dehbugging.

sources. Each of these sources has a corresponding
interrugt enable it in the UIE register. All of the USE
status flags are ORed together 1o genergie the USEIF
interrupt flag for the microcontrolier's inferrupt funnel.

REGISTER 17-7:

bit 7
bit &

hit 5

bit 4

bit 1

Lit 0

UIR: USB INTERRUPT STATUS REGISTER

U-0 RAW-D  RWD  RW-D  RW-D  RW-D R-0 RAN-0
~ — | sorF [stauF [ oiErt [ TRNIFR [AcTviFRT [UERRIF® | URSTIF |
bit 7 bit 0

Unimplemented: Read gs ‘¢’

SOFIF: START-OF-FRAME Token Interrupt bit

1= & START-OF-FRAME token received by the SIE
G = No START-OF-FRAME foken received by the SIE
STALLIF: &4 STALL Handshake interrupt bit

1= 4 STALL handshake was sent by the SIE

U= A STALL hendshake has not been sent

IDLEIF: Idie Detect Interrupt bitt")

1 = idie condition detected (consiant idie state of 3 me or mare}
0 = No ldle condtion detected

TRNIF: Transaction Comglete Interrupt kitl)

1= Processing of pending transaction is complete; read USTAT register for endpoint
information

0 = Pracessing of gending transaction is nat compleis or no tratsaction is pending
ACTVIF: Bus Activity Detect Interrupt it
1 = Activity on the D+/D- lines was detected
0= No gctivity detected on the D+/D- lnes
UERRIF: USB Error Condition Interrupt bith)
= An unmasked error condition has cccurred
0= Nounmasked rmor condition has occurred
URSTIF: USE Reset interrupt bit
= ‘ald USEB Resst occurred, OCh is ivaded inte UADDR register
0= Mo USB Reset has occurred

Note 1: OCnce an ldle state is detected, the user may want o piace the USB moduie in
Suspend mode,

2: Clearing this kit will cause the USTAT FIFO to advance {valiid oniy for IN, OUT and
SETUP tokens).

31 Thizs B is wpically unmesked only following the detection of a UIDLE intenrupt
event.

4: Only error conditions enabled through the UEIE register wil set this bit. This bit s
a status kit only and cannot be set or cleareg by the user,

Legend:

R = Readabie bit W = Writable bit U = Upimplemented &it, regd as 'O
-1 = Value at FOR ‘1" = Bit is set 0 = Bitis cleared ¥ = Bit is unknown




17532 USB INTERRUFPT ENABLE The values in this register oniy affect the propagation
REGISTER {UIE) of an interrupt condition to the microcontrofier's inter-

The USB interrupt Enzble register {Register 17-8) iﬁ?é?g:a ‘E:I:}::ﬁ% bt:i;riosf; Tfj“i;; ';I':;r :ji:?epdg

coniaing the enable bits for the USB status interrupt ity m;; SRS int ' '

scurces, Setling any of these bils wil enable the on Pty BERCIRTR SR IS

respective interrupt source in the UIR register.

REGISTER 17-8: UIE: USB INTERRUPT ENABLE REGISTER

U-0 RW-D  RW-D RW-D  RW-D RWD RWD  RWD
| — | soFiE |sTaLUE | IDLEIE | TRNIE | ACTVIE [ UERRIE | URSTIE
it 7 Bit0

bit T Unimplemented: Read as ‘0’

hit & SOFIE: START-OF-FRAME Token Interrupt Enalile bit

1 = START-OF-FRAME token interrupt enabled
0 = START-OF-FRAME token interrups disabied
bit s STALLIE: STALL Hendshake Interrupt Enalbis bit
1 = S5TALL interrupt enabled
0 = STALL interrupt disakied
bit 4 IDLEIE: id'e Detect interrupt Enable bit
1 = ldle detect interrupt enabled
0 = Idle detect inferrupt disabled
kit 3 TRHIE: Transaction Complete Interrupt Enable it
1 = Transaction interrupt enabled
0 = Transaction interrupt disebied
| bit 2 ACTVIE: Bus Activity Detect Interrupt Enable bit
1 = Bug activity detect interrupt enabled
0 = Bus activity detect interrupt disabled
it 1 UERRIE: USB Error Interrugt Enable bit
1 = USB errar inferrupt enabisd
0 = USB error interrupt disabled
bit 0 URSTIE: USE Resst interrupt Enable bit
i = \U5SB Reset interrupt enabled
0 = IJSB Reset interrupt cisabled

Legend:
R = Readatle bit W= Writable bit U = Unimplemenied bit. read as 'l
-n = Yalue at POR “t'=Bitis set ‘0" = Bit is cleared ¥ = Bit is unknown
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1753 USB ERROR INTERRUPT STATUS
REGISTER (UEIR)

The USE Error Interrupt Status register (Register 17-9
contains the flag bits for each of the error sources
within the USB peripheral. Each of these sources is

Each error bit is set as soon &2 the error condition is
detected. Thus, the interrugt will typically not
correspond with the end of a token being processed.

Once an interrupt 2it has been set by the SIE, & must
e cleared by software by writing a 'o",

controlled by a corresponding interrupt enable ki in
the UEIE register. 4 of the USE error fisge are ORed
together to generate the USEB Error Interrupt Flag
{UERRIF) at the top level of the interrupt fogic.

REGISTER 17-9: UEIR: USB ERROR INTERRUPT $TATUS REGISTER

RIC-0 u-o U-0 RCO  RCO RICO  RICO  RICD
| 61seF | — | — | BTOEF [ DFNBEF |CRC16EF| CRCSEF | PIDEF |
bit7 bit @
bit 7 BTSEF: Bit Siuff Emor Flag it

1= A bit stuff error has been detected
0= No bit stuff error

bit £-5 Unimplemented: Read &s ‘0’
hit4 BTOEF: Bus Turnaround Time-out Error Flag bit
1= Bus wmarcund time-cut has cccurred imore than 16 it times of idie from previous ECP
elapzed)
0= No bus tumaraund time-out
hit 3 DFMBEF: Data Fie'd Size Error Flag bit

1= The data field was not an integral number of bytes
0 = The data fieid was an integral number of bytes
Lit 2 CRC16EF: CRCS Failure Flag it
1= The CRC1E failed
0= The CRC15 passed
bit 1 CRCBEF: CRCS Host Error Flag bit
1= The token packet was rejected due to a CRCS ermror
0 = The token packet was accepted
hit 0 PIDEF: FID Check Failure Flag hit
1= PID check failed
0= PIC check passed

Legend:
| B = Readable bit
-n = Yalue gt POR

C = Clearabie bit
‘1'=Bit is set

U = Unimplemented kii, read as ‘07
‘0" = Bitis clearad

« = Bit 15 unknown
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1754 US8 ERROR INTERRUPT EMNABLE As with the UIE register, the enable bits only affect the
REGISTER {(UEIE} propagation of an interrupt condtion to the microcon-

p ; | 5 trofler’s interrugt lagic. The flag bits are still set by their

The L US!:}_ Error k gnmm Ena_hle FegiEter interrupt conditions, aliowing them io be polied and

{Feagister 17-13} contains the enghle bits for each of serviced with actually generating an interrupt

the USB ermor interrupt sources. Setting any of thess ;

bits wil gnahie the respective error interrupt source in

the UEIR register to propagate intc the UERR bit at

the tog level of the interrupt logic.

REGISTER 17-10: UEIE: USB ERROR INTERRUPT ENABLE REGISTER

RAN-0 -0 -0 RW-0  RMW-0  RW-0  RMW-D  RW-0
[ BTseE [ — | — | BTOEE | DFNSEE |CRC16EE [ CRCSEE | PIDEE |
bit 7 bit 0
| bit 7 BTSEE: Bit Stuff Error Interrupt Enable bit

1 = Bit stuff error interrupt ensbied
0 = Bit stuff error interrupt disabied
bit 8-5 Unimplemented: Reac as 0’
bit 4 BTOEE: Bus Tumaround Time-out Emor Interrupt Enabile bit
1 = Bus turnamund time-out error interrupt enailed
0 = Bus turnarcund time-out érror interrupt disabiled
kit 3 DFM8EE: Data Field Size Error Interrupt Enahble bit
1 = Data field size error interrunt enaltled
0 = Data field size error interrupt disghied
bit 2 CRCHABEE: CRIC18 Failure Interrupt Enable bit
1 = CRC16 faijure interrugt enabled
0 = CRC18 failure interrupt disabled
it 4 CRCEEE: CRCE Host Evor Intermunt Enabie bt
1 = CRCS host error interrupt enabled
0 = CRCS host error interrupt disabled
bit 0 PIDEE: PID Check Failure Interrupt Erable bit
1 = Pz check falure interrupt enabled
0 = PID theck falure interrupt disabied

Legend:
R = Readalile it W= Writable bit U = Unimplemenied bit, read as ‘0’
-n="alue at POR “1' = Bitis set ‘0= Bit is cleared x = Bitis unknown
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17.6 USB Power Modes

Many USE applications will [ikely have several differant
sets of power reguirements and configuration. The
most comwmon powel modes encountered sve Bus
Power Only, Self-Power Only and Dual Power with
Self-Power Doeminagnce. The most common cases are
presented here.

1784 BUS POWER OMLY

I Bus Fower Only mode, gl power for the application
is drawn from the USB (Figure 17-10). This s
effectively the simplest power method for the device,

FIGURE 17-10:

BUS POWER ONLY

v§§3 . Voo

1782  SELF-POWER ONLY

In Self-Fower Only mode, the USBE gpplication provides
ts own power, with very tte power being pulled from
the USB. Figure 17-11 shows an exampie, Note that an
attach ingication is added to indicate when the USBE
has been connecied.

FIGURE 17-11:

SELF-POWER ONLY

Attzch Sense
WEBUS v O pi
i i ' o VO pin
100 k2
VEELF A
=y e
=
100 k2 —{vuse
e )
V5s
.»'l-\. || S—
o v A o

17.6.3 DUAL POWER WITH SELF-POWER
DOMINANCE

Some applications may require & dual powsr aption.
Thig allowe the gpglication to use intemal power grima-
rily, but switch to power from the USE whan no internal
power is available. Figure 17-12 shows g simple Dual
Power with Sef-Powser Dominancs example, which
automatically switches between Selff-Power Only and
USB Bus Power Only modes,

FIGURE 17-12: DUAL POWER EXAMPLE

r
100 kil Astgch Sense
_,__;\,‘I.*(& 0 pin

WBUS i % Voo

~E | A
-
ok = VusE
WBELF | 'S5
hév -:[v“ W

| Note:  Users should keep in mind the limits for
devices drawing power from the USB.
According to USE Specification 2.9, this

~ cannot excesd 100 mA per low-power
 device or 500 A per high-power device.

17.7  Streaming Parallel Port

The Streaming Paralel Port (SPP} is an aiternats route
aptict for data besides S8 RAM. Uswag the SBE, an
endpoini can be configured to send dafa 1o or recsive
data directly from external kardware.

This methodaoiogy présents design possibilities whers
the microcontroller acts as & date manager, allowing
the SPP 1o pass large blocks of data without the micro-
controfier setually processing it An  application
exampie might include a datz acquisition sysiem,
where data is streamed from an external FIFO through
USBB fo the host computer. In this case, endpaint
control is managed by the microcoentroller and raw data
movement is processed sxiernally.

The SPP is enabled a8 & USE endpoint pert through

the associated endpoint buffer deacriptor. The endpoint

must be enabled as follows:

1. St BDOnADRLBDrADRH tc point o FFFFA.

2. Sef the KEN bit (BDnSTAT<E») to et SIE keep
contro: of the buffer.

3. Set the INCDIS bit (BOnSTAT=4=} to disable
automatic gddress increment.

Refer to Section 18.0 “Streaming Parallel Port” for
more information about the SPR.

Note 1: If an endpoint is configured o use the
:_-;_;-:_SPFf;;_j_;.j:.‘-%he SPP --modu_le must ase be

- configured 1o use the USE maduie
Otherwise, unexpected operation may

oocur.

2: Inaddition, if an endpoint is configured to
uge the SPP the data tranefer tyoe of that
endpoint must b iscchronous anly.




17.8 Oscillator 17.9 USB Firmware and Drivers

The USE module has specific clock requirements, For WMicrochip povides a number of applicetion specific
full speed eperation, the clock source must be 43 MHEZ. resources, such as USB firmware and driver suppor.
Ewven so, the microcontrolier core and other peripherals Refer to www.microchip.com for the latest firmware and
are not required to run at that cock speed or even from driver support.

the same clock source. Availahle clocking options ars
| described in detail in Section 2.3 “Osciltator Settings
for USB™.

TABLE 17-6: REGISTERS ASSOCIATED WITH USB MODULE OPERATION'Y

Name Bit7 Bit & I Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 De;”;;"“
INTCOMN | SIEGIEY [ PEEGEL ] THROIE | O MTME ] RBIE | TMROE | INTOIF REIF 54
IPR2 DSCFIE | cMIP UsBI® |  EEIP BoLlP | Hwole | TMRIE | coPar 54
PIR2  DECEIE CMIE | USBIF | EEIF BCUF | HLoiE | TMRUF | corair 54
PIEZ OSCEE CMIE | usBE EEIE | BCLE HLWDIE | TMR3E | CCP2IE 5e
UCOM — | =p@RST TEDT FRTDIS | ussen | REsume | susenp o — 55
UCFG UTEYE | UQEKON — UPUEN | UTRDIS FSEMN PPE1 PFBI 55
; USTAT — | ENDP3 ENDP2 ENGRY ENDFO DIR Fos, - EE
' UADDR o' | ADDRS ADDRE ADDR4 ADDR3 ADDR2 ADDR1 ADDRD §5
| UFRML ERpAT FRIAG FRNE FRMA FRAMZ FRAA2 FRA: FRMD &€
UFRMH - . - - = FRM10 FRAIS FRME 55|
i IR - SOFIF sTaLUF | 1oLEF TRIF actvie | uERRiF | uRsTIE £
UIE - SOFIE | STALLIE | IDLEIE TRINE ACTWIE | UERRIE | URSTIE 56
UEIR BTSEF — — | svosr | oFuesr | CrRoiesr | CRoEEF PIDEF s
UEIE STSEE — | — | STGEE | DFNSEE | CRC1SEE | CRCEEE | PIDEE 5E
UEPD e o — | epuske lepconos | srouten | EPnen | EPsTALL 5
UEPT e —_— — EPKSHK |EFCONDIS | EPOUTEN | EFINEN | EP2TALL 55
UEPZ = = — | ePuskk |erconDis | ePpouTEN | EPINEN | EPSTALL 58
UEPZ2 - — — EPHSHK |EFCONDIE | EPOUTEN | EPINEN | EPSTALL 56
LUEP4 S = ek EPHSHK |zFconDis | ePOUTEN | ERiNEN | EPSTAL. 55
UEPS o= — — EFHSHK |EFCONDIS | EPOUTEN | EPINEN | EPSTALL 55
UEPA . = — | EPHskK |zFconDiz | srouTEN | EPINEN | EPSTALL 58
UEPT L = = EPHSHK |EZFCONDIS | EPOUTEN | EPINEN | EPSTALL 56
UEPE — = EPHGHK |EFPCONDIS | EPOUTEN | ESINEN | EPSTALL 55
UEPS - e — | EPHSHK |EFPCONDIS | BPOUTEN | EPINEN | EPSTALL 58
UEPID o = — | EPHskk |zrconpis | EPouTEN | ERiNEN | EPSTALL 55
UEP11 o = e EPHEHK |EPCONDIS | EPOUTEN | EFINEN | EPSTALL 55
UEP12 = = - EPHSHK |EPCONDIS | EPOUTEN | EPINEN | EPSTALL 58
uEP:2 — = - EPHSHK |sPconDis | ePOUTEN | EPINEN | EPSTALL 5
UEP 14 L - = EPHSHK |EFCONDIS | EPOUTEN | ESINEN | EPSTALL 55
UEFE = I = = EFPHEHK |EPCONDIS | EPOUTEN | EPINEN | EPSTALL s |

Legend: — =unimpiementad, read 35 '0°. Shaded cells ars not used by the USE module.
Motz 1 Thistabls includes on'y those hardware mapped S5FRs located in Bank 15 of the dats memory space The Bufer
Diescripter registers, which are mapped inta Bark 4 ang are net true 5FRs, are sted separately in Tasle 17-5.




4. Resumen del protocolo USB por Microchip.

17.10 Overview of USB

This section presents some of the basic USE concepts
and useful information necessary to design & USBE
device. Although much information is provided in this
section, there is a plsthora of information provided
within the USB specifications and class specifications.
Thus, the reader is encourgged to refer to the USB
specifications for more information (www.ush.org}. If
you are very familiar with the details of USE, then this
section serves as a basic, high-leve! refresher of LISB.

17.101 LAYERED FRAMEWORK

USE device functionality is structured info & ‘avered
framework graghically shown in Figure 17-13. Eack
level is associated with a functional level within the
device. The highest layer, other than the device, is the
configuration. A device may have multiole configura-
fions; for example, & particuiar device may have
muitiple power reguirements based on Self-Power Cnly
or Bus Power Cnly modes.

For each oonfiguration, fhere may be mulliple
interfaces. Each interface could suppeort a particular
meode of that configuration.

Eelow the ineriace e the endpointisl. Dats is directly
moved at this ievel. There can be as many as
16 bidirectonal endpoints. Endpoint 0 is always &
contrel endpeoint and by defauli, when the device is on
the bus, Endpeint 0 must be availaile o configure the
device.

17102 FRAMES

Information commuricated on the bus is grouped into
1 ms time slots referred to as frames. Each frame can
contain many transacticns to varous devices andg
endpeints. Figure 17-8 shows an €xampie of &
transaction within a frame.

FIGURE 17-13: USB LAYERS

17.10.2 TRANSFERS

There are four transfer types defined in the USB
specification.

+ Isochronous: This tyge provides & ransfar
methoc for large amounts of data {up to 1023
bytes) with timsly delivery ensurad; hawever, the
data integrity is not ensured. This is good for
streaming applications where small data loss is
not critical, such as audio.

+ Bulk: This type of transfer method aliows for large
arncunts of data 1 be transierred with ensured
dgata inwegrity, however, the delivery tmeliness s
nat ensured.

» Interrupts This wype of transfer provides fiog
ensured timely delivery for smail tlocks of data.
Fius data integrity is ensurec.

» Controf: This type provides for device setup
contral.

While full speed devices suppert all transfer types,
‘pw-speed devices are limitec o interrupt and control
transfers only.

17.10.4 POWER

Fower is available from the Universa Senal Bus. The
USB specification defines the bus powsr requirements,
Devices may either be self-powered or bus powered.
Self-powered devices draw power from an exiemal
source, while hus powered devices use power supplisd
fram the bus.

Davice

—— To ather Canfigurations {if amy!

Configuraticn

Interface

—

Endpcint

Endpecint Endpcint

....... _] # Tc other Interfaces {if any)

Interface

=T

Endpeint

Endpeint
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The USE specification limits the power taken from the
bus. Each device is ensured 100 ma at gpproximately
5% {one unit load). Additional power may be reguested
ug to 3 maximunt of 500 mA. Note that power above
one unit ioad is & request and the host or hub is not
obligated to provide the extra current. Thus, a device
capabie of conguming more than one unit |[oad must be
able o maintain a low-power configuration of one unit
load or less, if necessary.

The USB specification aiso defines a Suspend mode.
in this situafion, current must be limited to 500 pA,
averaged owver 1 second. A device must enter a
Suspend state afier 3 ms of inactivity (ie., no 8CF
wokens for 3 ms) A device entering Suspend mode
must drop current consumption within 10 ms  after
Suspend. Lkewise, when signaling a wake-up, the
device must signal a wake-up within 10 ms of drawing
current aiyove the Suspend limit.

17.105 EMUMERATION

When the device is initially attached to the bus, the host
eniers an enumeration process in an attempt to identify
the device. Essentiaily, the host interrogates the device,
gathering information such &= power consumplion, data
rates and sizes, prowocol and other descriptive
infornation; descriptors contgin this informaton. &
typical enumeration process would be as follows:

1. USB Reset; Reset the device. Thus, the device
iz not configured and does not have an address
jaddress ©}.

2. Get Device Descriptor: The host requests a
smali portion of the device descriptor,

3. USB Reset: Resel the device again.

4. SetAddress: The host aseigns an address {o the
device.

5. Get Device Descripior: The host retrieves the
device descriptor, gathering info such as
manufacturer, type of device, maximum control
packet size.

5. Get Configuration Descriptors.

7. Getany other Descriptors.

3. Seta Configurstion,

The exact enumeration process depends on the host

17106 DESCRIPTORS

There are sight different standard descriptor types of
which five are most important for this device

17.10.6.1 Device Descriptor

The deviee descrintor proviges general information such
as manufacturer, groduct number, serial numier, the
class of the device and the number of confiqurations.
There is only one device descriptar.

17.10.6.2 Configuration Descriptor

The configuration descristor provides information on
the power reguirements of the device and how many
different interfaces are supported when in this configu-
retion. There may Le more than ane configuration fara
device (i.e., low-power and high-power configurations ),

17.106.3 Interface Descrigior

The interface descripior details the number of ena-
pizints used in this interface, as wel as the class of the
interface. There may be mare than cre interface far a
corfiguration.

17.1064 Endpoint Descriptor

The endpoint descriptor identifies the transfer type
(Section 17.10.3 “Transfers"! and direction, as well
&3 same other specifics far the endpaoint. Thers may he
many endpoints in a device and endpoints may be
shared in diferent configurations.

171065 String Descriptor

Iany of the previous descrigtors reference one or
moare siring descriptors. Sirng descripiors provide
human  readable  information  about  the  lgyer
(Section 17.10.1  “Layered Framework”) ihey
gescribe. Often these strings show uz in the host o
heip the user identify the device. String descripiors are
generally optional 1o save memory and are encoded in
& unicode format.

17.10.7 BUS SPEED

Each USB cevice must indicate its bus presence and
speed fo the host This i3 accomplished through a
1.5 kLd resigtor which is connecteg 0 the bus at the
time of the attachment event.

Cepending on the speed of the device, the resistor
either pulis up the D+ or D- ling to 3.3V For a
low-speed device, the pull-up resistor is connected o
the O- line. For & full speed device, the puil-up resistor
is connected 1o the O+ line.

17.10.8  CLASS SPECIFICATIONS AND
DRIVERS

IUSE specificalions incluge class specifications which
operating system wvendors gptionaly  suppert.
Examples of classes include Audic, Mass Storage,
Comumunications and Human Interface (HID). In most
cases, a eériver is required at the host ide to 1alk’ w the
USE device, In custom applications, a driver may need
to be developed. Fortunately, drivers are available for
most common host systems for the most tommon
classes of devices. Thus, these drivers can be reused.




5. Registros del convertidor ADC del Microcontrolador PIC 18f4550.

21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

inguts for the “B-pfﬁ dew:es ang 12 for the 40}44&@&
devicas. This mosule allows conwersion of an analog
mput signal to 3 cornesponding 10-5it gigtal number
The module has five registers:

+ &0 Resuit High Register [ADRESH]
+ &0 Result Low Reg ster (ADRESL)
« AT Comtrol Register 0 {ADCOME)
+ &0 Comvirol Register 1 JADCONT]
« &0 Conwol Register 2 JADCOM2|

REGISTER 21-1:
-0 RAN-0

The ADCOND register, shown in Regster 2141,
contro's the coperation of the AD medule. The
ADCONA regisier, shoan in Register 71-2, configures
the functiens of the port pins. The ADCOM2 register,
shown in Register 21-3, configures the A/D ciock
source, rogrammead accusiton time and justification.

ADCONO: A/D CONTROL REGISTER 0

RIW-D RIW-0 RAWD AN RAW-0
52

— [ cusa [ cusz [ cHst [ cHso

Bit 7-8  Unimplemented: Read 35 ¢

[ eoBoNE | acon |
T

bit -2  CHSE3:CHS0: Analog Channel Seiact bits

G000 = Channel 0 (ANT)
2001 = Channel © (AN1:
0013 = Channel 2 (ANZ}
G011 = Channel 2 (N3}
0103 = Channel 4 (ANS;
7101 = Channel & (ANS1S
2112 = Channel & (ANg1-2
0111 = Channel 7 (AN7 12
1009 = Channel 8 (ANE;
1001 = Channel 2 (ANZ)
1010 = Channel 12 {&N1T}
1211 = Channel 11 (AN
1100 = Channel 12 (AN1Z
1161 = Unimpiamenteg®™
1113 = Unimg'ementeg™
1111 = Unimg'ementeg’®!

Note 1: Thess channes are notirsg ementsa on 280 devices.
2: Performing a conversicn on unimplemented channels wil return 3 fleating input

measurament.

Bit 1 GOIDONE: 4T Converson Status &1

o f = 7

1= &0 conversicn in progrese
o= ND tdie

bit U ADGN: AT On i

1= AT conyerer module is enabied
o = &0 converter module is disabled

Legend:
R = Seadable bs W = Writae bit o = Unimplemented o1, read 38 0
-n = Yalue at POR 1" =Bitis set ‘T = Bit is cleared ¥ =B s unknpivn




REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1

-0 U-0 RWD W0 mRwo R mawt RtV
[ — | — | wvcret | veeco | pcrea | PoFca | PoFgt | PCFGE
bit 7 ) - ot
bt 7-8 Unimplemented: Sead 35 ¢’
Bt 5 VCFGY: Vorage Refgrence Confguration bt (WREF- source)
1= Vazs- (AND)
o= Vaz
citdg VCFGE: Votage Refgrence Confgurstion bt \VrReEF+ source)
1= Vagr+ (ANI)
&= Voo

gt 20 PCEFGLPCRGO: AD Por Confguration Tontra bits:

PeFcx: | 2.l 2 | 2 : | % |5 y | =
0| 5|2 |2 (2 (8)2(2|8)2 (2828|858
soc™| A | A | A |A|R|A|A|A]A|A|A]A]A
soor | A | A | A | A [A|AJAlaalalalala
010 [ A | A | A |A|A[A[A[A[&][A]A[&]A
po1r | D | A | A |AA|AA]Aa|a]alala
g0 | D | D | A A |A[A]A[A[S[A[a]a]A
pler | D | D |D|a|a|Aalalalalalalala
puo | D | D | D DA |A|alalalalalals
aaa™| D | D |D|[D|D[A|aaa|a]alaln
joco [ D [ D [ D | D |D|D|A|&[&|A|A[A[A
1801 | ]D @D IDIOTAJATAITATALTA
1010 [ D | D | 0[O |D |0 [0 |0 |~ [A[A[A[A
111 | D | D |D|[D|D|D|D|D[D|A&|A[A[A
1100 [ D | D |0 |0 |C[D|D|D[D[D[A[A[A
101 | D | D |0 |0 |D|D|D|0]|D[O[D[A[A
e | D | D |[D|[D|D|D|D|D[D[D[D[D][A
i1 [ D | D |0 |D|D|0[D[D[D[D|D[D]|D
A= fngiog input D = Digita! 110

Hote 1: The POR vaue of the PCFE Gits depencs on the wa us of the PBADEN
oonfiguration bit. When PBADEN = 1, PCFG<2:0> = 10006, when PBADEN = 2,
PCFG<3:0 = 0111

20 ANE though ANT are available only on 40022-pin devices

Legend:
R = Readable b# W = Writaz = bit U = Unimplemented bt read 32 T
-n = Malue at POR 1" = Bit is set 0 = Bit iz gleared % = Bt ig unknown




REGISTER 21-3: ADCONZ: A/D CONTROL REGISTER 2
RAW-D U0  RWL  AWD O RMWD  RWO RWD RWwD
[ apFm | _ [ »ogra [ acart [ acomo | adcsz | Apcst | apcso |

Bit7 bt QO

Bit 7 ADFM: &0 Recut Format Sesct bit
1 = Right justified
o =Lefl justified
mrg Unimplemented: Read 35 ¢
kit £-3 ACOTZ:ACATO: A/D fcquiszion Tome Seect bits
111 =720 Tao
110 =16 Tuo
101 =12 Taz
100 =2 Tao
011 =6 Tan
210 =& Tap
001 =2Tan
o0e =0 Taoh™
kit 2-0 ADCS2:ADCSD: A/D Corveersion Clock S2=ct bits
111 = Fag {clock derved from AD RC osaillator™”
110 = Fooolbd
101 = Fosel/id
100 = Foscd
011 = Fac {clock derved from AMD RC escillator)™!
810 = Foaci3l
a4l = FaaclB
400 = Fosci2
Note 1: if the &0 Fre clock sourze 's selected, 3 delay of ane Tov {instruction cyclel is
Fdoed pefore the &0 clock starts. This dllows the SLEEF nstructon o be exscutes
pefore stavting 2 converson,

Legend:
F = Readable b W = Writaz'= bit U= Unimplemented &2, read as 0
-n = Yalueg &t POR I'=8Bitis set T =PBitizcceared  x =81 s unknown
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2 analog reference voliage is software seiectable to

the devics's postive 302 negative supply voltags

- and Mesz) or the woltage fewel on the

ENGNREF+ and RAZIAMIres-ICWREF pins.

AID converter n3s a unique fesiure of beng soe

while the device is in Sleep mode. To

= in Sleegp, the AD conwerson clock must te

from the A/D's imtemal RC oscillatrn

ousput of the samg's and hold s the inpul inte the
ter, whinh generates the result wa successive

-v'.'

URE 21-1: AD BLOCK DIAGRAM

A device Resst forces all registers to their Reset state.
This forces the A0 module 1o be wmed off and any
COMVErSIoN 0 progress s d,

Each port pin asspciated with the AMD converter can be
ired 35 an @&naog input or &5 3 dgial YO, The
ADR‘E“H and ADRESL reg sters contain the result of
thie AT comyersion, When the &0 conversion is zom-
piete, the result is boadeg into the ADRESHADRESL
register pair, the GQIDTNE it (ADCOND register] is
cleared and AD Intsrrupt Fiag &, ADIF, is set, The
piock diagram of the AD module 5 shown o
Figure 21-1.

CHE3:CHIN
_____ 0 [ 1] T

Waln
Dkt (inpu Woltage)
Ceonvener
AD
WOPGWCFGD
T Voo
P i _ E s P
| Reference |00 2L
| T e A

HWote 1: Channels &NE through ANT are not available on 28-pin devices.
2 |40 pns have diode protection o VoD ang Yaz.
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The valus in the ACRESHADRESL regsters is not
modified for 3 Power-on Reset. The ADRESHADRESL
registers wil contain unknown osia after = Power-on
Resel,
After the &0 module has been configures as desired,
the selected channel must be acquired before the con-
werson is starmed. The snacg input channels must
have ther corespencing TRS bils selected as a0
nout To determine acquisilion time, s8= Section 21.1
A0 Acguisition Requirements” Afer this aoquis-
tion tme has elapsed, the AD conversion can be
staried. An acquisiion fme can be programmed o
ooy between settng the SODONE bit ana the sotus
start of the conversion.
The faliowing steps should be followed o perform an
[C gonvarsion:
Configurs the AT module:
+ Configure analog pins, voltage reference and
digtat WO (ADCOHY)

v Zelect A7D input channel (RDCOND)

+ Sesct A/D acquisizion time [ADCONZ}

« Beect AD conversion clock (ADCOMI)

+ Tum on A0 modue (ADCONDY

2. Configurs &D mterrupt (if desirea
+ Clear ADIF b
v 221 ADIE bit
« Bet GIE bt
2. Was the regursd acousiton tme [ requirsg),

4. Etari conwersion:
+ gl GOIDONE i JADCOND regstar)

FIGURE 21-3: ANALOG INPUT MODEL

5. Wai for AID conversion to complets, by either:

+ Poingfor the GODOMNE bitts be cleared
cR
« Wating for the AT interust

£. Read A/D Resultregisi=s (ADRESH-ADRESL);
clear ot A0IF, if required.

7. For nex: converson, go o step 1or step 2. as
regures, The AD conversion tme per bl is
cefined 33 Tao. A minimum wait of 2 Tag =
requ rag befors the next aoquisiion stars.

FIGURE 21-2: A0 TRANSFER FUNCTION
IFFE i
IFER - :

a g X
P | |
& e : :
i AR
. coh -—:L : 1
i A 1
o F33m e ' 1 1
A I 1 1
A [} 1 [
2314 _;’—/ \ : " |
A ' ] 1 ]
Lf i
2308 Lk ) .
'R E momom @
A8y #uuy
Eorm §d N ul A
= pe o ;? S §
- o i

Anscg Inouwt valage

Vo

PR 0

Zamaing
Ewdizh

b iy .
Rizzis 28 mas

3 . 3 AN

1 e

] L T |+

1 IJ 1

L~ L) ..

VAL Y EpF "[ [\ WY m DY 1\T;
— o " W

Legend: Cin = Inpus Capaciiance

W = Threshgic Uf;ﬂﬁg&_ _

WEskasE = Leakage Carmn 3 ine pin dug o
VBHOUS Jrctiong

Fisz = Infercoares) Restslance

g8 = Samping Switsh

Cwinp = Sampiehcld Capacitance (from DAC)

Rée = Tamping Seiltch Fedeance

Samping Sailch a0y




6. Tiempos de adquisicion del convertidor ADC del PIC 18f4550.

211 A/D Acquisition Requirements

For the &0 converier to meet s speciied scouracy,
the charge holding capacitor (CHOLD) must be 3 owed
to fully charge tc the nput channe voltage fevel. The
analog nput mogel is shown in Figure 21-3. The
source impedance (RE) ang the imermal samoing
switch (RE3) impedance girectly sfect the lime
required o charge the cspacitor CHoUD. The samzling
switeh (RSS) impedance varies over the dewce voltage

To calculate the minimum  acquisition  time,
Eguation 21-1 may be uses. Ths eguation assymes
that 112 La?& error s ueed (1022 steps for the A0 The
112 LSk error = the max mum errer 3 lowed for the AD
o meet s specfies resolution.

Examgple 21-2 shows the calculation of the minimur
reguired acquisition bime TADZ This calculation is
baged on the folowing application  system
assumplions:

{WOD.. The sourze impedance affects the offset woltage CHOLD = 25pF
at the analeg ingut [due to pin leakage currenii. The Hs = 28k
maximum recommended impedance for analog Comversion Emor = 142 LSk
sources is 2.5 kik After the analog mput channel s Voo = BV = Foz=Ik
szlected (changea), the channe! must be samped for Tempsrature = BERC {zystem max.}
&t ‘=ast the minimum scouisiton time befors starting a
LONVErsion.
| Note: When the conversion is started, the

. - h&iﬁtngmpam%mdumnnectedmmw

inpt pin. -

EQUATION 21-1: ACQUISITION TIME

TACG =  Amplifier Seitling Time + Holding Capacitor Cherging Time +~ Temperature Coefficien:

= TAaMp+ TC+ TOOEF

EGUATION 21-2:  AD MINIMUW CHARGING TINE

of

1o = -{CHOZDNRIC  RSS + B8) In(1/2048)

VHAD =  (VREF - (VREF/2048)) » (1 — elF0nounius =R = Rejly

EQUATION 21-3: CALCULATING THE MINIMUM REQUIRED ACQHASITION TIME

TA % = Tane + TC+ TOOFF
Tave =  Dlps
TCOFF = i‘l’mr s ’ME\-'“,[@ o ;w‘*:}

{50°C = 35°C)(0.02 ps°C)

LZps
Temperanues corfficiait is only raguired for temperamires =
e = (CHOLD)(RIC+ B85+ R8) Im{12047) pe

50: pr-
TAG = Dlps+=Sms+llps

Gz

3390, Below 2397, TOOFF = 0 ms,

(25 g {1 kL3 + 2RO+ 2 5 REY) In(0 Q0048830 s




21.2  Selecting and Configuring
Acquisition Time

The ADCIONZ repister aliows the user 10 select an
acguisition time that occurs each time the GO/CONE
bit iz eer It a'sc gives upsers the oplico fo uss an
automatically determined acguisition time,

Apguisition time may be set with the ACOT2ACQTR
bits [ADCOMN2=E:3>!, which provide 3 range of 2 %o
20 TaD When the GQIDIOME ba s sat, the &0 moaule
continues to sample the input for the s= ected acquisi-
ton time, then automatosly begins 3 conversicn.
Since the acquisiinn time = programmed, there may
be no nesd to walt for an acquisition time betwsen
selectng a channel and setiing the GC/DOME oit.

Manual acguisition is zelected when
ACQT2ZACOTE = 000. When the ST/DCNE bit is set,
sampling is stopped =nd 3 conversion begins. The user
iz respons ole for ensuring the required zcguisition tlime
has passed belwesn selecting the oesired input
channs! and setting the GO/CONE hit This option s
also the defaut Reset siate of the ACQTIACOTD bits
and is compaticie with devices that do not offer
programmable aoouisiton tmes,

In either c3se, when the conversion is completed, the
GODONE bit is clesred, the ADIF fiag is set ang the
A0 begins sampling the currently selecied channe!
sgan. If an acguisition tme s programmed, there s
nothing to ndicate if the scouisiton time has ended or
if the conwersion has bagun.

21.3  Selecting the A/D Conversion
Clock

The A/D conversion tme ger bit is definec as TAD. The
&/D conversion requires 11 TAD per 10-Bit convers on.
The source of the AD converson clock s softwars
selectahie, Thers are seven cossble options for TAD:

+ 2 TORC

4 Tosl

« BTpEs

« %68 Tosc

« 32 TO5C

« 64 TO5C

« |nternal RC Qscillaier

For correct A/D conversions, the &0 conversion clock
(TAD) must b= as short as poss ble but greater than the
minmmur Taz (ses parameter 130 in Tabe 28-292 for
mers nformation).

Tabe Z1-1 shows the resultant TAZ times desived from
the device operating fraguencies and the 40 clock
source selected.

TABLE 21-1: TaDR vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency
Jperation ADCS2:ADCS0 PIC13FXXXX PIC1BLEXXXX!

2 Tasc aGe 2,86 MHz 123 kHz

4 Tosc oo 571 MHz 2,56 MHz

2 Tasc (2] e3 A 1143 MHz 572 MHz
16 Tosc 101 22 8% M=z 1143 Mez
32 TosC oLo 400 MHz 22.88 MHz
%4 TOsT 110 40.0 WiHz 22.88 MKz

RCW X11 1.00 NHzT 1.00 MHz!4

Mote 1: Ths AT source has a wpical TAD tme of 4 me.
2: The RC source has a typical TaD tme of & ms.
3:  For devics frequencies above 1 MHz, the device mus: be in Sieep for the entire conversion or the AT
atouracy may be out of specification.
4:  Low-power ceyices anly.




7. Flexor éptico de Zimmerman, Patente 4,542,291

United States Patent [19]

(117 Patent Number: 4,542,291

Zimmerman (45] Date of Patent:  Sep, 17, 1985
[(54] OPTICAL FLEX SENSOR [56] References Cited
U.S. PATENT DOCUMENTS
[75] Inventor: gzh;“'“ G. Zimmerman, Flushing, 4,414,537 1171983 GIIMES wvomesmsrsssecscrs 3407365 R
i Primary Examiner—David C. Nelms
. : Assistant Examiner—J. Gatto
[73] As!;lgnee: VPL Research ll!ﬂ., Palo Alto, Calif, Artﬂrm?y. Agﬂ'ﬂf, or Firm—Richard L. Miller
[21] Appl. No.: 428,322 571 ABSERACK
An optical flex sensor is provided and consists of a
: G flexible tube having two ends, a reficctive interior wall
[22]  Filed: Sep. 29, 1982 within the fiexible tube and a light source placed within
one end of the flexible tube and a photosensitive detec-
[51] Inte CL* i eeesescsiamecosesensnconee. GOIB 5734 tor placed within the other end of the flexible tube to
[(52] UL.S. CL oo 2507231 R; 250/551;  detect a combination of direct light rays and reficcted
340/365 R rays when the flexible tube is bent.
[38] Field of Scarch ................ 73/760, 761, 763, 768,

73/774, 775, 800; 340/365 R; 250/231 R, 551

11 Claims, 7 Drawing Figures

10,24 0r 42
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4,542,291

1
OPTICAL FLEX SENSOR

BACKGROUNID OF THE INVENTION

The instant invention relates generally to position
detectors and more specifically it relates 1o an optical
flex sensor that produces an output signal in response (o
bending,

SUMMARY OF THE INVENTION

A principal object of the present invention is to pro-
vide output signals correlating 1o the position of corre-
sponding joints.

Another object is to provide an optical flex sensor
that is simple, rugged, small and lightweight permitting
unhindered, comfortable and natural movement.

An additiopsl object is 10 pravide ay optical flex
sensor having electrical components that are hermeti-
cally sealed making them waterproof and resistant to
environmental contaminanis.

A further object is ta provide an optical flex sensor
that uses inexpensive common materials and is assem-
bled either by hand or with simple tools,

A still further object is (o provide an optical flex
sensor that can be made in a variety of diameters,
lengths, materials, and with electrical components that
utilize low current and voltage making them safe to use.

Further objects of the invention will appear as the
description proceeds.

To the accomplishment of the above and related
objects, this invention may be embodied in the form
illustrated in the accompanying drawings, attention
being called to the fact, however, that the drawings are
illustrative only and that changes may be made in the

specific construction illustrated and deseribed within

the seope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The figures in the drawings are briefly described as
follows:

FIG. 1 is n longitudinal cross sectional view of the
inventon.

FIG. 2 s a oross sectional view wken along line 22
in FIG. 1.

F1G, 2A 15 a cross sectional view simitar to FiG. 2
illustrating another embodiment of the invention.

FI1G. 3is a cross sectional view of still another em-
badiment of the invention.

FIG. 4 is a plan view of a glove embodiment of the
invention.

FIG. 8 is a perspective view of a body suit embodi-
ment of she invention,

FIG. 6 is a plan view of a elastic bandage embodiment
of the inventon,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning now descriptively to the drawings, in which
similar reference characters denote similar elements
throughout the several views, FIG, 3 illustrates an opti-
cal flex sensor 10, The sensor 10 consists of o flesible
tube 12 that has open ends 14 and 16 a reflective interior
wall 18 within the flexivle wbe 12, a hight source 20
placed within end 14 of the flexible tube 12 and a photo-
sensitive detector, or light transmitting device such as
an optical fiber 22 is placed within end 16 of the flexible
tube 12 so that the intensity of a combination of direct

(¥
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2
light rays and reflecied rays may be detected when the
fexible tube 12 is bent.

The flexible tube 10 may be made of black rubber or
other suitable material while the interior wall 18 may be
coated with aluminum spray paint or other suitable
material or in some instants even left untreated.

In its unflexed position the tube 12 s straight. In this
position the light emitted from the light source 20
strikes the photosensitive detector 22. As the tube 12 is
bent the light received is 3 combination of divect light
rays and reflected rays. The amount of light, reaching
the photosensitive detector 22 decreases until a position
ts reached in which all the light reaching the detector 22
15 reflected.

The nature of the photosensitive detector 22 is o
change its resistance with jight intensily. The combined
effect of the bent tube 12 on the Lght path and the pho-
tosensitivity of the detector produces a device that
changes 11s electrical resistance when flexed.

It is to be further appreciated that detector 22 may be
a phototransistor, photo silicon comrolled rectifier, a
photocell, or in the broad sense an optical fiber which
carries the signal to another location, or any other of
various components which has some output parameter
which changes in response to light intensity.

FIGS. 1 and 2 show another embodiment of an opti-
cal flex sensor 24, The sensor 24 consists of a flexible
tube 26 that has two ends 28 and 30, a reflective interior
wall 32 made out of two different longitudinal colar
areas red 34 and green 36 within the flexible tube 26, a
fight source 38 that may be either light emiuing diodes
or infrared emiters and a photosensitive detector 40
that is a sthcon phototransistor,

FIG. 2A shows another embodiment of an optical
flex sensor 42, This sensor has within the flexible tube 44
a reflective interior wall 46 made out of three different
longitudinal color areas red 40, green 50 and vellow 52,
The two different color areas 34 and 36 0 the sensor 24
and the three different color areas 48, 50 and 52 in the
sensor 42 cause the intensity of light which reaches the
photosensitive detector 40 at the opposite end of the
tube (0 be modified according to whether a light source
of similar color or different color is reflected from this
surface.

I these embodiment the light source 38 would con-
sist of the same multiple number of similar colored
sources as there are color wall areas on wall 46 of 1be

44, These multiple sources would be pulsed on and off
at various intervals of time and the output parameter of
detector 40 weuld accordingly be correspondingly sam-
pled during these time ntervals. In this manner the
information present would allow one to determine nat
only the degree that the device is bent but also a direc-
tion of bending. 11 15 to be uppreciated that the accuracy
obtainable of the direction in which the device is bent js
increased when a larger number of multiple colored
light sources and correspondingly colored walls are
employed. Although only the specific case of one, two,
und three colors are ilustrated in the accompany draw-
ings any number could be chosen and ten for instance
would not be an inconceivable number and certainly
would permit determining this bending direction with a
much higher depree of resolution than three colors
would,

In the same way that there is a Jarger number of
suitable photodetector devices which can be utilized for
elements 40, and 22, there are also a large variety of

a7
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light sources which are suitable for element 38, and 20
not to mention just a few such as light emitting diodes,
incandescent lamps, in the broad sense an optical fiber
carrying light from another source, neon lamps, and
other gaseous sources elc,

The sensors 10, 24 or 42 can be attached to a fabric of
a glove 54 (see FIG. 4), a body suit 56 (see FIG. 5) oran
clastic bandage 58 (see FIG. 6) to be placed on append-
ages of a being or creature to elecirically measure the
position of joints and limbs, or at least obtain informa-
tion about their position, velocity, acceleration, etc. or
other related parameters.

It is to be further appreciated that sensors 10, 24, and
42 can have their information outputs, and their light
solrcé inputs connected by an appropriate network of
electrical wires or (iber optical paths (not shown) as
required by other design considerations.

The means for securing these sensor may be guite

varied depending on their related application they .

might be sewn, cemented, or other wise inserted in
various preexisting tubes ete.

Signals from these sensors can be processed for appli-
cation in kinesiology, physical therapy, computer ani-
mation, remote control and man to machine interface.
The optical flex sensors con be used as digital {on/off)
or analog switches. The optical flex sensors 10, 24 or 42
may also be used to indicate the bend of mechanical
Joints or inclination of platforms, as well as » host of
other applications oo numerous to mentjon.

While certain novel features of this invention have
been shown and described and are pointed out in the
annexed claims, it will be understood that various omis-
sions, substitutions and changes in the forms and details
of the device illustrated and in its operation can be made
by those skilled in the art without departing from the
spirit of the invention.

What is claimed is:

1. An optical flex sensor which comprises:

(a) fabric;

(b} a unitary flexible tube component comprising
derecting means providing output parameters con-
tinuously indicative of the extent of the bending of
said tube;

{c) means for securing said flexible tube ta said fbric;
and

(d) means for transmitting said cutput parameters 10
an external device whereby said external device
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can determine when said fabric and secured flexible
tube are bent.

2. An optical flex sensor as recited in claim 1 wherein
the fabric is the material out of which a garment is made
for a living being.

3. An optical flex sensor as recited in claim 1 wherein
the means for securing said flexible tube to said fabric is
sewing.

4. An optical flex sensor as recited in claim 1 wherein
the means for securing said flexible tube 1o said fabric is
cement.

5. An optical flex sensor as recited in cluim 1 wherein
the means for fransmitting said output parameters 1o an
external device is electrical wires. y

6. An optical flex sensor as recited in claim 1 wherein
the means Jor transmitting said output parameters to an
external device are oplical [ibers.

7. Ap optical flex sensor as recited in claim 2 wherein
the fabric is the material out of which a garment is made
for a being or creature, further comprises a glove with
at least one said flexible tube component secured in
pro’imity (o at least one joint.

8. An optical flex sensor as recited in claim 2 wherein
the fabric is the material out of which a garment is made
for a being or creature, further comprises a body suit
with at least one said flexible tube component secured in
proximity to at least one joint,

9. An aptical {lex sensor as recited in claim 2 wherein
the fabric is elastic material out of which a garment is
made for a being or creature, further Comprises an elas-
tic bandage with at least one said {lexible tube compo-
nent secured thereto.

10 An optical flex sensor as in claim 1, wherein said
flexible tube component comprises an elongated hollow
tube having a pair of opposing ends, a light reflective
material wall within said tube, at least one light source
placed within 2 first end of said tube, and a photosensi-
tive detector placed within a second end of said tube to
detect the intensity of the combination of direct light
rays and reflected light rays impinging thercon and
producing a continuous output indicative of the extent
af beading of the tube component.

11. An optical flex seansor as in ¢laim 10, wherem the
reflective interior wall is coated with a pluraiity of
different colored longitudinal areas, and comprising a
corresponding plurality ol colared light sources. cach
Haht source respectively corresponding 1o a colored
area, whereby said detector can detect the direction of

bending of the tube component,
* % ® A 0w
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KXM52 Series

ccelerometers and Inclinometers
nalog Output

XM52-1048 — Dual-Axis XY
KXM52-1050 — Tri-Axis XYZ

T

8. Hoja técnica de los acelerometros Kionix serie KXM52.

Drop Detection

Gesture Recognition
Inclination and Tilt Sensing
Image Stabilization

Sports Diagnostics

Vibration Analysis

tic or Dynamic Acceleration

rtial Navigation and Ded(uctive) Reckorning

APPLICATIONS

Cefl Phones and Handheld PDAs
Gaming and Game Controllers
Universal Remote Controls
Theft and Accident Alarms

GPS Recognition Assist
Hard-drive Protection
Pedometers

Computer peripherals

Cameras and Video Equipment

FEATURES
flﬁ’a-Sma!I Package — 5x5x1.8mm DFN
Precision Tri-axis Orthogenal Alignment
Lead-free Solderability

h Shock Sarvivability

Excellent Temperature Performance

Low Noise Density

Low Power Consumption

Power Shutdown Pin

;gh-Speed Power-up

User Definable Bandwidth

Factory Programmable Offset
Sensitivity

-test Function

PROPRIETARY TECHNOLOGY

These high-perfarmance silicon micromachined linear
accelercmeters and inclinometers consists of a sensor
element and an ASIC packaged in a 5x5x1.8mm Dual
Flat No-lead (DFN), The sensor element is fabricated
from single-crystal silicon with proprietary Deep Reac-
tive Ion Etching (DRIE) processes, and is protected from
the environment by a hermetically-sealed silicon cap
wafer at the wafer level,

The KXMS52 series is designed to provide a high signal-
to-noise ratio with excellent performance over tempera-
ture. These sensors can accept supply woltages be-
tween 2.5V and 5.5V, Sensitivity is factory programma-
ble allowing customization for applications requiring
+1.0g to £6.0g ranges. Sensor bandwidth is user-
definable.

The sensor element functicns on the principle of
differential capacitance. Acceleration causes displace-
ment of a silicon structure resulting in a change in ca-
pacitance, An ASIC, using a standard CMOS manufac-
turing process, detects and transforms changes in ca-
pacitance into an analog cutput voltage, which is pro-
portional to acceleration. The sense element design
utilizes common mode cancellation to decrease ervors
from process variation and environmental stress.
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PRODUCT SPECIFICATIONS

Factory programima
3.3V

Qver temp range

vﬁaﬁge ble .
Sensitivity *

0g Offset vs. Temp,

Sensitivity ws. Temp Yo +2.0 typical (£3.0 max} Quer temp rahge
Span mv +1320 @33V i
Noise ugiNH 35 (x and y) 65 (z) typical @ 500 Hz ]
IS 0 to 3000 max (x and y)
Bandwidth Hz G to 1500 max () -3dB
Output Resistance * 0 32K typical
Non-Linearity ¢4 of FS +0.1 typical (£0.5max)
Ratiometric Ervor % +1.0 typical {£1.5 max)
Cross-axis Sensitvity %o +2.0 typical {£3.0 max}
v 2.5t05.5°
W -3.3 (min) 7.0 {max Absolute min/max
Power Supply mA 1.5 typical (1.8 max) Current draw @ 3.3V

Skutdown pin connected to GND

CONDITION

Operating Temperature oL -40 fg 125 ' Powered
Storage Tenperature i -55 to 150 Unpowered
Powered ar unpowered,
Mechanical Shack a 4600 56 fsee haloarsine
ESD 4N 3000 el Human bady madel
Notas

! The perfermance parameters are programmed and tested 4t 3.3 velts. However, the device can be powered from 2.5 Ve 5.5V, Parfermance paramaters wil
change with supply voitzge variaticns,

# Custom sensitivites frem 1g e 6g available,
* Temperature range for specified offset,
* Lower bandwidth can be achieved by using the external C, , ©y , and €, (zee application mote or page 3}

* 32K 22 resister connects the cutput amplifier to the output pin, Resistive loading mav reduce sensitivity or cause a shift in offser, Maintaining 2 load resistance at
3.2M o will prevent sppreciable changes.

® The power-up time will increaze or decrease according te bandwidin,

! 0g offzet and zen ty chan
mV ané the maximum 1ens:

Within the exzendec teimperzcure ranges of -40°C to 125%C. the mawmum 0g effser telerance = =167

S R
FUNCTIONAL DIAGRAM 5x5x1.8mm DFN PACKAGE

-—

Cutput X
\2/ I.\ t O
lc.. 2 ¥ E
Seif = 3
Test™

el 2 r————ﬂ—T Dimension] Inches | Millipteters
- -
T I c A 87 J
< X | 8 197 i
’\-'wa LG
[ Ty
GND(2 . =
H0k [J — =i ,—| Note c o
if—@'—{b—{ﬁﬁz{?—k 0 = 5 0 s s £ 1
FS Panly P Semd Matts B 1. when devie iz accelerated in +X, +¥ or +Z £ 2L
direction, the cerresocrding output will increase, G 142
sl 142




APPLICATION SCHEMATIC & PIN FUNCTION TABLES

: ’ 0 one
2 Output X 1 O s 2 Cutput X
3 GHE T Rk 20 3 oD
4 Reserved QT’—T- -;-;—~IP 'Ic S & Reserved
-3 Party 2 £ ] Parity
: KXM52 IR

& Reserved 5 P 6 Reserved
7 | Reserved s 0 i H Reserved
o vidd H i i ] vad
g PS L —yvéd 3 [
10 Self Test = :E:' 10 Sef Test
11 _I— Reserved e s t Raservad
e GHO | -3 12 )
12 Qutputr ¥ I 13 Output ¥
14 THe | 1 Dutput 2

pefinitions

Ca €, C4 An external capacitor is used to set the -3dB filter point for each sensor output.

DNC Do not connect,

fow Sensor bandwidth frequency needed in application {typ. 10Hz to 1500Hz).

Parity Checks EEPROM for pavity ervor.

PS Power shutdown pin, When the PS pin is connected to GND or left fioating, the KXMS52 is shutdown and drawing

very little power, When the PS pin is tied to Vdd, the unit is fully functional.
Reserved For factory use; recommend grounding.

Self Test  The cutput of a properly functioning part will increase by at least 1g when Vdd is applied to the self-test pin (#10].
Application Design Equations

In a typical application, the desired bandwicth will be determined by the fastest signal needing to be measured. Use this equa-
ton to caloulate &, Oy and G, and for the sensor By 1

Notes S 24+ 32000 Fgpr

1. Recommend using 0.1 PF for decoupling capacitor Ci.

2. De not connect pin #14 on the dual-axis device.

3. An evalustion board is available upon request,




9. Hoja técnica del giroscopio ADXR300 de Analog Devices.

ANALOG
DEVICES

+300°/s Single Chip Yaw Rate
Gyro with Signal Conditioning

ADXRS300 |

FEATURES

Complete rate gyroscope on a single dip
Z-axis (yaw rata) response

High vibration rejection over wide frequency
2000 g powered shodk survivability
Self-test on digital command

Temperature sensor output

Precision veltage reference output

Absolute rate output for precision applications
5V single-supply operation

Ultrasmall and light {< 0.15 ¢, < 0.5 gram)

APPLICATIONS

Vehide chassis rollover sensing
Inertial measurement units
Platform stabilization

GENERAL DESCRIPTION

The ADXRS300 1s a complete angular rate sensor (gyroscape)
that uses Analog Devices' surface-micromachining process to
make a functionally complete and Tow cost angular rate sensor
integrated with all of the required electronics on one chip. The
manufacturing technique for this device is the same high
volume BIMOS process used for high reliability automative
airbag accelerometers.

The output signal, RATEOUT (1B, 2A), Is a voltage proportional
te angular rate about the axis normal to the top surface of the
package (see Figure 4). A single external resistor can be used to
lower the scale factor. An external capacitor is used to set the
bandwidth. Other external capacitors are required for operation
(see Figure 5),

A precision reference and a temperature output are also
provided for compensation techniques. Two digital self-test
inputs electramechanically excite the sensor to test proper
operation of beth sepsors and the signal conditioning circuits,
The ADXRS300 is available ina 7 mm » 7 mm = 3 mm BGA
chip-scale package.

FUNCTIONAL BLOCK DIAGRAM

BT1 (60

LELF
e (e TEAT |

T 8

AOXRS5300

Figure 1.




SPECIFICATIONS

@Ta = 25°C, Vs = 3 V, Angular Rate = 0%s, Bandwidth = 80 Hz (Cevr = 0,01 pF), +1g, unless otherwise noted.

Tabkle 1.
[ ADXRS300ABG

Parameter Conditions Mint  Typ Whax! Unit
SEMSITIVITY Clockwise rotation is positive output

Dynamic Range? Full-scale range over specifications range 4300 %s

Initial @25°C 4.6 5 54 mirofs

Over Temperature’ Vs=475V o525V 46 5 54 mv//s

Nonlinearity Best fit straiaht line 0.1 % of FS
NULL

Initial Mull 2.3 250 2.7 v

Over Temperaturs® Vs =475V 10525V 23 27 W

Turn-On Time Power on to £14°/s of final 35 ms

Linear Acceleration Effect Any axis 02 fsig

Voltage Sensitivity Var=475V1to5.25V ] sV
NCISE PERFORMANCE

Rate Noise Density @25 a1 ofefiHz
FREQUENCY RESPONSE

3 dB Bandwidth (User Selectable)® | 22 nF as comp cap (see the Setting Bandwidth section) 40 Hz

Sensor Resonant Fraquency 14 kHz
SELF-TEST INPUTS

ST1 RATEQUT Response® ST1 pin from Logic O to 1 =150 -270  -450 my

ST2 RATEOUT Regponse® 5T2 pin fram Logic 0 to 1 +150 4270 +450 mv

Logic 1 Input Voltage Standard high logic level definition 3.3 W

Loaic & input Voltage Standard howe logic level definition 1.7 W

Inputimpedance To common 50 k{2
TEMPERATURE SENSCR

Voaur at 298°K 250 v

Max Current Load on Pins Source to commaon 50 pA

Scale Factor Proportional to absolute temperature 84 K
OUTPUT DRIVE CAPABILITY

Cutput Voltage Swing lour = 100 pA 0.25 Ve-0.25 '

Capacitive Load Drive 1000 Pk
2.5V REFERENCE

Voltage Value 245 25 255 W

Load Drive to Grournid Source 200 A

Load Regulation 0 < lour = 200 HA 50 v mA

Paower Supply Rejection 475 Vet 525V, 10 v

Temperature Drift Delta from 25°C 5.0 mv
POWER SUPPLY

Operating Voltage Range 475 5.00 5.2% Y

Quiescent Supply Current 6.0 80 mA
TEMPERATURE RANGE

Spedfied Performance Grade A Temperature tested to max and min specfications -40 +85 C

" &l minimum and maximum spedfications are guaranteed. Typical specifications are not tested or guaranteed.
* Dynamic range is the maximum full-scale measurement range possible, including output swing range, initial offset, sensitivity, offset drift and sersitivity driftat

5% supplies,

* Spacification refers to the maximum extent of this parameter a5 & worst-case value of Tyw of Tux.
“Frequency at which responss is 3 dB diwn from di response with spacified compensation capacitor value. Internal pole forming resistar is 180 ki, See the Setting

Bandwidth saction.

* Sieff-ent resporse varies wWith temperature, Sz the S&if-Test Function saction for details,
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ABSOLUTE MAXIMUM RATINGS

Table 2.
Paramoter Rating
Acceleration (Any Axis, Unpowsered, 0.5 ms) | 2000 ¢
Acceleration (Any Axis, Powered, 0.5 ms) 20009
+Vs B3V 4+e0Y
Qutput Short-Circuit Duration Indafininte

(tAny Pin ta Commaen)
Operating Temperature Range =55°C to +125°C
Storane Termperature -55°C 1o +150°C

Stresses above those listed under the Absolute Maximum
Ratings may cause permanent damage to the device, This is a
stress vating only; functional operation of the device at these or
any other conditions above those indicated in the operational
section of this specification is not implied. Expasure to absolute
maximum rating conditions for extended periods may affect
device reliability,

Applications requiring more than 200 cycles to MIL-5TD-883

Methed 1010 Condition B (=55°C to +125°C) require underfill
oy other means to achieve this requirement.

Dwops onte hard surfaces can cause shocks of greater than
2000 g and exvesd the absolute maximum rating of the device.
Care should be exercised in handling to avoid damage.

RATE SENSITIVE AXIS

This is a Z-axis rate-sensing device that s alse called a yaw rate
sensing device. It produges a positive going output voltage fo
clockwise rotation about the axis normal to the package top, i.e.,
clockwise when looking down at the package lid.

RATE
r——
LONGITUDINAL L
RIS
»
LATERSL 4305

GHND s

Figure 2. RATEQUT Signal increases with Clockwise Rotation
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10. Descriptores Guante y Dispositivo de Rastreo Inercial en el firmware.

/** O NS BPANTES *********-k*‘Jr‘***********‘k************************/

fipragma romdata

/* Device Descriptor */
rom USB DEV DSC device dsc=
{

sizeof (USB DEV DSC),

DSC_DEV,

0x0200,

0x00,

0x00,

0x00,

EPO BUFF SIZE,

0x04D8,

Oxdfde,

0x0001,

0x01,

0x02,

0x00,

0x01
}:

// Size of this descriptor in bytes

// DEVICE descriptor type

// USB Spec Release Number in BCD format
// Class Code

// Subclass code

// Protocol code

// Max packet size for EPO, see usbcfg.h
// Vendor ID: Custom

// Product ID: Virtual Glove

// Device release number in BCD format
// Manufacturer string index

// Product string index

// Device serial number string index

// Number of possible configurations

/* Configuration 1 Descriptor */

CFGO1=({

/* Configuration Descriptor */

sizeof (USB_CFG DSC),
DSC CEG,
sizeof (cfg0l),

_DEFAULT| RWU,
225,

/* Interface Descriptor
sizeof (USB_INTF DSC),
DSC_INTF,

HID INTF,
BOOT_INTF SUBCLASS,
HID PROTOCOL MOUSE,
X053

// Size of this descriptor in bytes

// CONFIGURATION descriptor type

// Total length of data for this cfg
// Number of interfaces in this cfg

// Index walue of this configuration
// Configuration string index

// Attributes, see usbdefs std dsc.h
// Max power consumption (2X mA)

*

// 8ize of this descriptor in bytes
// INTERFACE descriptor type

// Interface Number

// Alternate Setting Number

// Number of endpoints in this intf
// Class code

// Subclass code

// Protocol code

// Interface string index
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/* HID Class-Specific Descriptor */

sizeof (USB HID DSC), // Size of this descriptor in bytes
DSC HID, // HID descriptor type
0x0101, // HID Spec Release Number in BCD format
0x00, // Country Code (0x00 for Not supported)
HID NUM OF DSC, // Number of class descriptors, see usbcfg.h
DSC RPT, // Report descriptor type
sizeof (hidl rpt0Ol), // Size of the report descriptor
/* Endpoint Descriptor */
sizeof (USB_EP DSC), // Size of this descriptor in bytes

DSC EP, // Endpoint descriptor type

_EPO1 1IN, // Endpoint 1 IN

_INT, // Interrupt transfers

HID1 INT IN EP SIZE, // Maximum packet size

0x0F, // Polling interval (milliseconds)

/* Interface Descriptor */
sizeof (USB_INTF DSC), // Size of this descriptor in bytes

DSC_INTF, // INTERFACE descriptor type

1; // Interface Number

0, // Alternate Setting Number

25 // Number of endpoints in this intf
HID INTE, // Class code

B // Subclass code

Q, // Protocol code

0x04, // Interface string index

/* HID Class-Specific Descriptor */

sizeof (USB_HID DSC), // Size of this descripter in bytes
DSC_HID, // HID descriptor type
0x0101, // HID Spec Release Number in BCD format
0x00, // Country Code (0x00 for Not supported)
HID NUM OF DSC, // Wumber of class descriptors, see usbcfg.h
DSC RPT, // Report descriptor type
sizeof (hid2 rpt0l), // Size of the report descriptor
/* Endpoint Descriptor */
sizeof (USB_EP_DPSC), // Size of this descriptor in bytes

DSC EP, // Endpoint descriptor type

_EP0OZ_IN, // Endpoint 2 IN

_INT, // Interrupt transfers

HIDZ INT IN EP SIZE, // Maximum packet size

0x0A, // Polling interval (milliseconds)

sizeof (USB EP DSC), // Size of this descriptor in bytes
DSC EP, // Endpoint descriptor type
_EP02_0UT, // Endpoint 2 OUT




INT; // Interrupt transfers

HID2 INT OUT EP SIZE, // Maximum packet size

0x0A // Polling interval (milliseconds)
}i

rom struct{byte bLength;byte bDscType;word string[2];}sd000={
sizeof (sd000),DSC STR, 0x0409};

rom struct{byte bLength;byte bDscType;word string[32];}sd001={
sizeof (sd001) ,DSC STR,
IU|’I'CI',|AI"I‘BI"I:'1,'I!’I'Nl’I'Fl’I'OI’IRI’lerlAlrI’Tl’lIlrlclrIAI',
1] ','Dl,'e','n‘,'n','i',‘s‘,‘ |’I‘E1'I’|e|f'ld‘lr‘el,lrllr‘i'l'lclrlol]J;

rom struct{byte bLength;byte bDscType;word string[24];}sd002={
sizeof (sd002),DSC STR,

!UI’(lSl’I‘B|’l !’IBI’lalritl,1a|’| 1:‘G‘I'l'r‘o'f'vl;‘elf

1 'Ir!&'r,‘l ‘,1T‘,‘r‘;‘a‘;‘cl,'k','e';'r'};

rom struct{byte blLength;byte bDscType;word stringl[15]; }sd003={
sizeof (sd003),DSC STR,
'IMl’ rO'.r 'U', .SII; Iel'rl' rf IIII lnl’ 't','E','r', 'f','a','c’,'e'},‘

rom struct{byte bLength;byte bDscType;word string[20]; }sd004={
sizeof (sd004) ,DSC STR,

1D!;‘a‘; lt|’ 'al"_‘,lGI’llil,IOI’ lvl" 'e';'
','I','1‘1','t','e','l‘_",'f','a','cl,'e'};

rom struct{byte report[HID1 RPT0l SIZE];}hidl rptOl={

0x05, 0x01, /* Usage Page (Generic Desktop) */
0x09, 0x02, /* Usage (Mouse) *if
OxAl, 0x01, /* Collection (RApplication) *
0x09, 0x01, /* Usage (Pointer) #
OxAl, 0x00, /* Collection (Physical) */
0x05, 0x09, /* Usage Page (Buttons) ¥/
0x19, 0x01, /* Usage Minimum (01) *
0x29, 0x03, /* Usage Maximum (03) o
0x15, 0x00, /* Logical Minimum (0) */
0x25, 0x01, /* Logical Maximum (1) */
0x95, 0x03, /* Report Count (3) */
0x75, 0x01, /* Report Size (1) */
0x81, 0x02, /* Input (Data, Variable, Absolute) *f
0x95, 0x01, /* Report Count (1) kL
0x75, 0x05, /* Report Size (5) */
0x81, Ox01, /* Input (Constant) ;5 bit padding */
0x05, 0x01, /¥ Usage Page (Generic Desktop) *f
0x09, 0x30, /* Usage (X) %/
0x09, 0x31, /* Usage (Y) */
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0x15, 0x81, /* Logical Minimuam (-127) */
0x25, Ox7F, /* Logical Maximum (127) */
0x75, 0x08, /* Report Size (8) */
0x95, 0x02, /* Report Count (2) */
0xBl1l, 0x06, /* Input (Data, Variable, Relative) */
0xCO, OxCO  /* End Collection,End Collection */

b3

rom struct{byte report [HID2 RPT01 SIZE];}hid2 rpt0l={ //size 72

0x05, 0x03, //USAGE PAGE (VR Controls)
0x09, 0x04, //USAGE (Glove)
Oxal, Ox01, //COLLECTION (Application)
Oxal, 0x02, //  COLLECTION (Logical)
0x09, 0x03, £ USAGE (Flexor)
: 0x15, 0x00, L LOGICAL MINIMUM (0)
i 0x26; OxLE; “0x03; // LOGICAL MAXIMUM (1023)
: 0x95, 0x05, // REPORT_COUNT (5)

3 0x75, 0x10, /! REPORT SIZE (16)
0x81, 0xOa, // INPUT (Data,Var,Abs,Wrap)
0xcO, //  END COLLECTION

} Oxal, 0x00, 4T COLLECTION (Physical)
0x03, 0x05, // USAGE (Head Tracker)
Ox1b5, 0x00, // LOGICAL MINIMOM (0)
0x26, Oxff, 0x03, 5y LOGICAL MAXIMUM (1023)
0x95, 0x06, // REPORT COUNT (6)
0u75, O, A REPORT SIZE (16)
0x82, Oxle, 0x01, // INPUT (Data,Var,Rel,Wrap,NLin, Buf)
0xc0, //  END_COLLECTION
Oxal, 0x02, //  COLLECTION (Logical)
0x09, 0x03, L USAGE (Flexor)
0x15, 0x00, L LOGICAL MINIMUM (O)
Ox26, Oxff, 0x00, // LOGICAL MAXIMUM (255)
0%95, 0x01, // REPORT COUNT (1)
0x75, 0Ox08, // REPORT SIZE (8)
0x81, 0x0a, /7 INPUT (Data,Var,Rbs,Wrap)

| 0xcO, // END COLLECTION

Oxal, 0x02, //  COLLECTION (Logical)
0x09, 0x00, £/ USAGE (Unidentified)
0x15, 0x00, i LOGICAL MINIMUM (0)
0x26, Oxff, 0x00, /7 LOGICAL MAXIMUM (255)
0x95, 0x01, // REPORT COUNT (1)
0x75, 0x08, // REPORT SIZE (8)
0x91, 0x02, /! QUTPUT (Data,Var,Abs)
0xcO, //  END COLLECTION

0xc0 //END_COLLECTION




11. Descriptores del dispositivo de rastreo mecanico en el firmware.

JFR C O N S T A N T 8 koo hokokok ook ook e ok sk ok skook sk ok ok o ok ke ok okeokok ok sk skok ke ok /
#pragma romdata

/* Device Descriptor */
rom USB DEV_DSC device dsc=
i

sizeof (USB DEV DSC), // Size of this descriptor in bytes
DSC DEV, // DEVICE descriptor type
0x0200, // USB Spec Release Number in BCD format
0x00, // Class Code
0x00, // Subclass code
0x00, // Protocol code
EPO_BUFF_SIZE, // Max packet size for EPO, see usbcfg.h
0=04D3, // Vendor ID: Custom
Oxdedf, // Product ID: Head Tracker
0x0001, // Device release number in BCD format
0x01, // Manufacturer string index
0x02, // Product string index
0x00, // Device serial number string index
0x01 // Number of possible configurations
}i
CFGO01={
/* Configuration Descriptor */
sizeof (USB CFG DSC), // Size of this descriptor in bytes
DSC CEG, // CONFIGURATION descriptor type
sizeof (cfg0l), // Total length of data for this cfg
1, // Number of interfaces in this cfg
1z // Index value of this configuration
@ // Configuration string index
_DEFAULT| RWU, // Attributes, see usbdefs std dsc.h
100, // Max power consumption (2X mA)

/* Interface Descriptor */
sizeof (USB_INTF DSC), // Size of this descriptor in bytes

DSC_INTF, // INTERFACE descriptor type

0, // Interface Number

0 // Alternate Setting Number

24 // Number of endpoints in this intf
HID INTF, // Class code

Q, // SukClass code

0, // Protocol code

Q; // Interface string index




rom

e

/* HID Class-Specific Descriptor */

sizeof (USB_HID DSC), 1/
DSC_HID, //
0x0101, //
0x0Q, !/
HID NUM OF DSC, tf
DSC_RPT, //
sizeof (hid rptll), /7

/* Endpoint Descriptor */

sizeof (USB _EP_DSC), //
DSC_EP, 4
_EP01_IN, //
INT, //
HID INT IN EP SIZE,  //
0x0A, s

sizeof (USB EP DSC),  //

DSC EP, //
_EPQ1_ouT, /!
_INT, //
HID INT QUT EP SIZE, //
OxQA //

3

Size of this descriptor in bytes

HID descriptor type

HID Spec Release Number in BCD format
Country Code (0x00 for Not supported)
Nummber of class descriptors, see usbcfg.h
Report descriptor type

Size of the report descriptor

Size of this descriptor in bytes
Endpoint descriptor type
Endpoint 1 IN

Interrupt transfers

Maximum packet size

Polling interval (milliseconds)

Size of this descriptor in bytes
Endpoint descriptor type
Endpoint 1 OUT

Interrupt transfers

Maximum packet size

Polling interval (milliseconds)

struct{byte report[HID RPTO1 3IZE]; thid rptOl={

0x05, 0x03, A
0x09, 0x04, //
Oxal, 0x01, A
Oxal, 0x02, //
0x09, 0x03, //
0x75, 0x10, //
0x15, 0x00, //
0x26, Oxff, 0x03, //
0x95, 0x06, it
0x82, 0x0a, 0x01, //
0xc0, //
0xc0 2

USAGE PAGE (VR Controls)
USAGE (Glove)
COLLECTION (Application)
COLLECTION (Logical)
USAGE (Flexor)
REPCRT SIZE (16)
LOGICAL MINIMUM (O)
LOGICAL MAXIMUM (1023)
REPORT COUNT (6)
INPUT (Data,Var,Abs,Wrap, Buf)
END_COLLECTION
END COLLECTION
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12. Javadoc tesis.USB.DLLWrapper (Funcionalidad de la libreria USB).

tesis.USB

Class DLLWrapper
java.lang.Object
L—tesis.USE.DLLWrapper

public final class DLLWrapper
extends java.lang.Object

This class is exclusive static content an function a Singleton access to the DLL functions to
comunicate with the USB HID Devices, each method is asociated with a function in the DLL.

boolean
getDeviceDescriptor(java.lang.String devicePath)

Gets the USB HID Device descriptor

jeva lanq ”Lrtng g_tHldDeVlcePath(jdva lang.String vld java. *aog String pid,
‘ |java.lang.8tring intf)

| :g Find the Device path of the USB HID Device.

'Static DQLW__EESE getInstance(;
| Retrieves the Singleton DLLWrapper class the current
instance, if there is no working instance a new one will be
\instantiated.

byte[]'re01eveInterruptReport(jaVc ﬁanq otr rg dijceba1h int Len)}

Sends an output report to the USB HID device.

5sendInterrqEEReg_rt(javd.lang oLrlno deVLCePdLh
‘byte message)

Sends an output report to the USB HID device.

boolean| SwltchMouseModetldua lang. SLrtlg dov1<oPa\h)

Switch the Mouse mode of the gtove ON/OFF.

}sw;tchOffMouseMode(jan lang.String deujoePaLh)
Switch the Mouse mode of the glove OFFE.

swltchOanuseMbdetﬂava laog String dovioePath)
SW|tch the Mouse mode of the glove ON
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getHidDevicePath

public java.lang.String getHidDeviecePath|java.lang.String vid,
java.lang.String pid,
java.lang.String intf)

Find the Device path of the USB HID Device.

Parameters:

vid - The Vendor ID code in a Hex Format.$nbsp;Like "0A12" (2578).
pid - The Product ID code in Hex Format.$nbsp;Like "0A12" (2578).

intf - The Interface of the DEVICE in case it hase more than one, like combo
USB device. coded in Hex Format.$nbsp;Like "OA" (2578) Can by null if the
device has only one known IN interface.

Returns:

java.lang.String wich contains the encoded device path.$nbsp; Wich can later be
used to recieve and send reports with the other methods

switchMouseMode

public boolean switchMouseMode(java.lang.String devicePath)

Switch the Mouse mode of the glove ON/OFF.
Parameters:

devicerath - The encoded device path refrieved with getDevicePath(String,
String, String).

Returns:

false If the request wasn't send. Because the device is not found given the
devicepath or not connected.
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switchOnMouseMode

public boclean switchOnMouseMode (java.lang.3tring devicePath)

Switch the Mouse maode of the glove ON

Parameters:

devicerath - The encoded device path retrieved with getDevicePath(String,
String, String).

Returns:

false If the request wasn't send. Because the device is not found given the
devicepath or not connected.

switchOffMouseMode

public boolean switchOffMouseMode (java.lang.String devicePath)

Switch the Mouse mode of the glove OFF.
Parameters:

devicePath - The encoded device path retrieved with getDevicePath(String,
String, String).

Returns:

false if the request wasn't send. Because the device is not found given the
devicepath or not connected.

sendinterruptReport

public boolean sendInterruptReport({java.lang.String devicePath,
byte message)

Sends an output report to the USB HID device.

Parameters:

devicePath - The encoded device path retrieved with getDevicePath(String,
String, String).

Returns:
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false If the request wasn't send. Because the device is not found given the
devicepath or not connected.

recievelnterruptReport

public byte[] recievelnterruptReport(java.lang.String devicePath,
int len)

Sends an output report to the USB HID device.
Parameters:

devicerath - The encoded device path retrieved with getDevicePath(String,
String, String).

1en - The size of the report. Must match the size of the IN report of the device or
will return a null array.

Returns:

j byte[] an array containig the INPUT report.

getDeviceDescriptor

public boolean getDeviceDescriptor(java.lang.String devicePath)

Gets the USB HID Device descriptor

Parameters:

devicePath - The encoded device path retrieved with getDevicePath(String,
String, String).

Returns:

true if the device has been found.

Retrieves the Singleton DLLWrapper class the current instante.
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13. Ejemplos de uso del API.

El APl desarrollado consiste en una aplicacion controlada por 2 hilos, el primero,
tesis.USB.USBController, que se encarga de transmitir y recibir informacién de los
dispositivos USB haciendo uso de la clase tesis.USB.DLLWrapper y el segundo,
tesis.main.MainLoop, que transforma la informacion recibida por el USBController para
actualizar el estado de los dispositivos, tesis.devices.lnertialTracker,
tesis.devices . Hand, v tesis.device HeadTracker. La comunicacion entre amhos hilos
se realiza mediante las clases tesis. USB.USBPipe y tesis.USB.Packet, estas clases
implementan una variacién del algoritmo productor / consumidor donde no importa que
se sobrescriban los datos. EI USBController genera “paquetes” con la informacién
recibida por los dispositivos y los coloca en un canal o pipe (uno por cada dispositivo)

para luego ser retirados por el MainLoop cuanda este los requiera.

Tomando en cuenta las consideraciones anteriores, es necesario instanciar un canal
(pipe) unico para cada uno de los dispasitivos a utilizar y darle una referencia a ambos

hilos para establecer la comunicacién entre ellos.

La implementacion de la aplicacion permite 2 formas de uso sin necesidad de

sobrescribir clases o la funcionalidad de alguna de ellas.

La primera forma, consiste en preguntar iterativamente al MainLoop por el estado de los
dispositivos (polling) cada vez que se desee utilizar la informacién, como se demuestra

en el siguiente fragmento de codigo e ilustrado en el diagrama de secuencias del Anexo

15.
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/* Instanciamos los canales de comunicacién entre los hilos*/
gloveUSBPipe = new USBPipe():

headUSBPipe = new USBPipe () ;

/* Instanciamos y Ejecutamos un Hilo USBController */

uskController = new USBController (gloveUSBPipe, headUSBPipe):
ushController.start!);

/* Instanciamos y Ejecutamos un Hilo Mainloop */

maintoop = new MainLoop (gloveUSBPipe, headUSBPipe, usbController, null);
mainLoop.start () ;

/* Para utilzar el hilco MainLoop hace disponible los siguientes metodos */
public HandFrameInfo MainLoop.getRandInfo();

public HandTrackerframeInfo Mainloop.getHandTrackerInfo();

public HeadTrackerFrameInfo Mainloop.getHeadTrackerInfo();

Estos 3 métodos retornan clases especiales que contienen toda la informacion y estado

de Jos dispositivos.

Adicionalmente se puede proveer al hilo MainLoop con una referencia de los
dispositivos al momento de instanciarfo y luego utilizar los mismos directamente, fos

cuales se mantendran actualizados en la medida que MainlLoop pueda refrescarlos.

/* RAlternativa de uso de MainLoop */
hand = new tesis.devices.Hand();

handTracker = new tesis.devices.InertialTracker();
headTracker = new tesis.devices.HeadTracker();
mainloop = new MainlLoop (gloveUSBPipe, headUSBPipe, usbController, hand,

handTracker, headlracker, null);
mainlocp.start () ;

De esta forma se ufilizan fuego los métodos de las clases respectivas a los dispositivos,

estos pueden ser consultadas en el APl del proyecto.

La segunda forma de utilizar la aplicacion, es analoga al uso de fisfener y eventos. Para
ello es necesario implementar la interfaz tesis.main.Mainlnterface en una clase que se

comporte como hilo de ejecucion independiente, bien sea extendiendo de fa clase

56



Thread o usando un contenedor Swing o AWT visible y pasar una referencia a los hilos

MainLoop y USBControlfer. Esta forma se encuentra ilustrada en el diagrama de

secuencia del anexo 16 y en el siguiente fragmento de cédigo:

usbController = new USBController (gloveUSBPipe, headUSBPipe, this):;
mainlLoop = new MainLoop (gloveUSBPipe, headUSBPipe, usbController, this);

O

mainLoop = new Mainloop (gloveUSBPipe, headUSBPipe, usbController, hand,
handTracker, headTracker, this);

Si se desea o no la referencia a los dispositivos.

Luego de instanciar y ejecutar los hilo USBController y MainLoop como se menciono
anteriormente, solo es necesario implementar los métodos enunciados en la interfaz

con la funcionalidad deseada.

Esta dualidad en el uso provee al AP| e gran flexibilidad y adaptacién a as necesidades

del usuario.
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/i-c*k

*

Interfaz tesis.main.Mainlnterface.

This interface should be used implemented in the main Interface, it

specifies
* the method that USBController and MainLoop should use to comunicate with

4

@see tesis.USB.USBController USBController

@see tesis.maln.MainLoop

Qauthor Dennis Federico.

@version 1.0

public interface MainInterface {

/**
* Used to notify Glove Attachment to the USB RUS.
* Originated from USBContrcller.
* @see tesis.USB.USBController
*/ )
public void notifyGloveAttached ();
/**
* Used to notify Glove Detachment to the USB BUS
* QOriginated from USBController.
* @see tesis.USB.USBController
*/
public void notifyGloveDetached ();
/**
* Used to notify HeadTracker Attachment to the USB BUS
* Originated from USBController.
* [@see tesis.USB.USBController
Tyl
public void notifyHeadAttached ();
/**
* Used to notify HeadTracker Detachment to the USB BUS
* Qriginated from USBController.
* @see tesis.USB.USRController
*y
public void notifyHeadDetached ()
/**
* Used to notify FingerRefresh.
* Qriginated from MainLoop.
* @see tesis.main.MainLoop
it
public void notifyFingerRefresh ();
Sk
* Used to notify FingerCalibration.
* Originated from MainLoop.
* @see tesis.main.MainLoop
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*‘/

public void notifyFingerCalibration();
/**
* Used to notify GloveTracker Refresh.
* Qriginated from Mainloop.
* (@see tesis.main.MainLoop
wy
public void notifyGloveTrackerRefresh (long timeStamp) ;
/-k-!r
* Used to notify GloveTrackerCalibration.
* Originated from MainLoop.
* @see tesis.main.MainLoop
*yf
public void notifyGloveTrackerCalibration ();
/*Jr
* Used to notify HeadTracker Refresh.
* Originated from MainLoop.
* @see tesis.main.MainLoop
*/
public void notifyHeadTrackerRefresh ();
/-*'k
* Used to notify a String message to the User
* QOriginated from MainLoop and USBController
Kyl
public void logPrint (String value):;
/**

*

Used to notify a String message to the User. Should

carriage return.

* Originated from MainLoop and USBController
*f
public void logPrintln (String value);

insert a
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