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Federal Communications Commission (FCC) Statement
You are cautioned that changes or modifications not expressly approved by the part
responsible for compliance could void the user’s authority to operate the equipment

FCC-ClassB

This equipment has been tested and found to comply with the limits for a class B

digital device, pursuant to part 15 of the FCC Rules. These limits are designed to

provide reasonable protection against harmful interference in a communications.

However, there is no guarantee that interference will not occur in particular

installation. If this equipment does cause harmful interference to radio or television

reception, which can be determined by turning the equipment off and on, the user is

encouraged to try to correct the interference by one or more of the following

measures:

- Reorient or relocate the receiving antenna.

- Increase the separation between the equipment and receiver.

- Connect the equipment into an outlet on a circuit different from that to which the
receiver is connected.

- Consult the dealer or an experienced radio/TV technician for help.
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Document Version Information

Document Version
Functional Requirement Specifications T8500053%,. Re
Hardware Specifications 782002163, Rev. A

Firmware

Organization of this Document
This document outlines the TripStripll’s specificais in detail. It describes each aspect of th8auni
functionality and how the hardware is configured.

Executive Summary

The TripStrip Il is a handheld thermal printer whis capable of portable or desktop use. This Qagr
model supersedes the previous TripStrip platforth wiany functional enhancements such as it witivell
the download of 16K TempTale data loggers, TempWite and all TempTale variants. An integral
monochrome 4 inch LCD was added to provide the witbra quick view of the monitor data such as
display summary and graph as well as menu navig#&biounit functionality. The TripStrip Il also has
USB host and client to allow further communicatabrannels.

Device General Description

Functional Description

The following is an overview of the TripStrip |l diits features.
Note: Input voltage range is 12VDC — 24VDC.

The TripStrip Il remote data printer generates gsafpom all TempTale 4 variants (2k and 16k) and
TempTale Mini 2k. To be specific, TT4 Ambient, TFHumidity, TT4 Probe and Dual Sensor, TT4 BIO,
TT4 Dry Ice Probe, TT4 Probeless Dry Ice, and TH Rhe TripStrip Il is available as a Li-ION
rechargeable battery-powered unit, shipped fulbrghd and ready for use. The battery may be rgebar
by the 15VDC switcher adapter, 12VDC automobileadapter, or 24VDC Trailer Truck adapter.
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User Interface

Power Charge Paper Out  LBatt

User presses the Power Button and the unit is peev®N and the Power LED is ON. The
Sensitech application program appears momentditilg.user is now able to download any TT4 (2k/16k)
or TTmini; except TT4 USB. To download a TT4 utlite user may place a TT4 on the optical interface
and press START. To download a TTmini, the user ommnect the TTmini to the RS232 DB9 connector
and press START.

Once the user presses START, the TSIl auto-detdtth UART to begin downloading from.
The summary data will appear first and the unit lagigin printing (if option is enabled via Menu)en the
user will have an option of displaying the graphtloe LCD by pressing the ENTER key which defaudts t
Auto Scale Mode. The user will have the abilityZmom In/Out of the graph. Zoom interval will be Max
Trip Length / 5, regardless of the EEPROM size onitor type.

Please note: For the ZOOM feature, no matter wipeet bf monitor or EEPROM size, the TSI
will take the max trip length and divide it by 5owever, please note due to the resolution, if tbeitor
data size is less than (approximately) 512K thénwiil not apply. The user will only see the gragdreen
and will not be able to ZOOM. (If the EEPROM hasrethan or equal to 64 points then it will have the
zoom feature).
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Operation procedure

Page 4/7
Home Page
“BACK' \
\
i Summary ScreenJ > “ENTER' "BACK"
\ I
¥
B Graphic Display
with auto-scale
Printing |

)

‘ ‘BACK'
h 4 i

Home Page
A 4
More graphic display
function
Zoom in/out,Pan/scroll
54
Pan/scroll function: L | | 2
A
Zoom infzoom out:
v
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FRS in brief

To re-design the current TripStrip TempTale Renfriater that provides hardcopy printouts of
time/temperature data and related information fi@mpTale monitors.

The current version of the product, while suitablenany applications for most customers has
several deficiencies that impede further adoptiohesmpTale monitoring programs. In addition, the
product is RoHS compliant.

The TripStrip is an ancillary product, designedghyas an accessory in support of in-bound and
closed loop TempTale monitoring programs, primarilyhe food and supermarket segments. In many
cases the product is offered to customers as afréeeply discounted instrument in support ofdarg
volume TempTale programs. Within this context pidwlumes are anticipated to be in the 100-500
units/year range.

The objectives of this project are:

« Eliminate the current TripStrip deficiencies andjtgale the product feature set per the
requirements described below.

¢ Maintain or reduce product costs at/from currenele

« Provide product/system “architectural” featuressistent with current and potential future
product line strategies.

¢ Minimize development and tooling/capital expense (iroduct is low-volume, with in-direct ROI
potential)

© SENSITECH INC. CONFIDENTIAL — CONTROLLED DOCUMENT Page 12 of 83
A Carrier Corp. Company
PART NUMBER T82002163

REV A



Device Hardware Structure

General Hardware Information

Electrical Specification

1.1 SWITCHING POWER SUPPLY
Input Voltage: AC 100~240V
Frequency:50/60Hz
Input Current: 1500mA.
Output Voltage: DC 15V
Output Current: DC 4000mA
1.2 DC Input: 12-24V
* 15VDC Wall Adapter
* 12 VDC automobile DC adapter
* 24 VDC trailer truck DC adapter
1.2.1 Input current: 2-5A
1.2.2Power Consumption: approximately 15W
1.3. Charging
Max Charging Current:3A
Charging Voltage: 8.4V +/- 0.1V
Charging Time: 3.5hr
Discharging current: 2-6A
Discharging time: 3hr/2A
Environment Specification
Operating Temperature: 0-45°C
Storage Temperature: 0-45°C
Operating Humidity: 0-99%
Mechanical Specification
Cabinet Size: 270(L)*135(W)*110(H) mm
Weight: Approximately 1100g

Color: Grey

Mode of Operation

The user presses the platen release button omiti® load a 50mm paper roll into the frontendho#
TripStripll unit. The user will then Power ON degiasing the POWER button on the Keypad.
SENSITECH, INC. window appears. Now, the user ig &b navigate through the menus or
download/print a TempTale 4 monitor or TempTale iMihand strap located on the rear of the unit
provides the user optimal portability support.LBBtss indicators are visible on the front end &f tinit or

Power, LowBatt, Charging, and Paper out.
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Main Settings menu comprises other 4 menus
used to change different settings like printer on/off,
[Power on] time zone change, binary image update, etc

ﬁ

[Enter]

Display Menu

[Start button pressed]

[Paper out or batter very low]

Use up and down arrow [Download error]
keys to scroll vertically

\
.
\ [Back]

\
\
\

[Print complete]

Display Summary screen

[Back]

[Print error]
[Back] [Enter button pressed] [Enter/Back]
Display Error
—(Display Graph (Compact view)
[Down arrow] [Up arrow]

4(Display Graph (Enlarged view)

Use left and right arrow
keys to scroll horizontally

2k monitor = 11 seconds to download the data arabditional 49 seconds to print
16k monitor = 1 minute to download and an additidgheinutes to print
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Power Save Mode “Suspend State”

Suspend state is the PXA270 SOM's hardware powendstate, allowing for lower power consumption.
The Suspend state is designed to reduce power imtisun while the PXA270 is waiting for an event kuc
as a keyboard input. The suspend state is entsied Logic BSP’s by asserting the nSUSPEND signal o
through software. The PXA270 processor is put 8temdby Mode. All power supplies remain active.
System context is retained. Internal clocks arpptd except RTC. An internal or external wakeumeve
can cause the processor to transition back to RoheM

IMPORTANT NOTE: Although Suspend consumes less power than Rus gtabnsumes more power
than the Standby state. Thus, on a power failbeePXA270 system will actually leave the Suspeatkst
and transition to the Standby state (the same thisgrs on a SW_nRESET).

During suspend state, the unit powers OFF the L&gklght, printer head, and printer control board.
When user reinitiates activity, the unit returnguib active state of all devices.

If needed, user may engage the Reset Button locatdde right-side of the unit.

Power Supply

The following are methods a user is able to supplyer to the TripStripll device to charge/operate:
1. Dual Voltage 120/60 Hz (220/50 Hz) — 15VDC Whsdlapter

2.12 VDC automobile DC adapter

3. 24 VDC trailer truck DC adapter

Internally, the TripStripll power supply consists o

1.LT4356-1, Overvoltage Protection Regulator and shruimiter IC

¢ The LT4356-1 surge stopper protects loads from kigtage transients.

¢ It regulates the output during an overvoltage ev&mnth as load dump in automobiles, by
controlling the gate of an external N-Channel MOSFE

¢ The output is limited to a safe value thereby ailmithe loads to continue functioning.

¢« The LT4356-1 also monitors the voltage drop betwtberl/CC and SNS pins to protect against
overcurrent faults.

« Aninternal amplifier limits the current sense agjée to 50mV.

¢ In either fault condition, a timer is started insely proportional to MOSFET stress.

¢ If the timer expires, the /FLT pin pulls low to wanf an impending power down. If the condition
persists, the
MOSFET is turned off.

2. LTC4006, 4A, High Efficiency, Standalone Li-I&attery Charger

e The LTC4006 is a complete constant-current/constalthge charger controller for 2-, 3- or 4-cell
lithium batteries.

¢« The PWM controller is a synchronous, quasi-condt@ojuency, constant off-time architecture
that will not generate audible noise even whengisgramic capacitors.

e Charging current is programmable with a single sersistor to +4% typical accuracy.

¢ Charging current can be monitored as a represeatatiltage at the IMON pin.

¢ Atimer, programmed by an external resistor, detstdtal charge time or is reset to 25% of total
charge time after C/10 charging current is reached.

¢ Charging automatically resumes when the cell veltadjs below 3.9V/cell.
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«  Fully discharged cells are automatically tricklerded at 10% of the programmed current until
the cell voltage exceeds 2.5V/cell.

¢ Charging terminates if the low-battery conditiomgigts for more than 25% of the total charge
time.

¢ The LTC4006 includes a thermistor sensor input $apends charging if an unsafe temperature
condition is detected and automatically resumesgihg when the battery temperature returns to
within safe limits.

¢ The LTC4006 charges a 7.4VDC/6A battery pack.

¢ The battery pack contains 6 Li-ION cells (2S3P togg).

¢ The battery pack internally contains a Li-ION paiten circuit.

Design Note:
Note during prototype testing, we supplied 15VD@uit to the TSIl and the L105 inductor on the

LTC4006 Charger Circuit reaches approximately 6@-62ring charging (in open air). We will look
into adding a passive heat sink to dissipate sdrtigecheat. This was also the case when we supplied
24VDC input to the TSII.

After charge is complete, the L105 inductor wélach 29-30 degrees C (in open air). An NTC
Thermistor was used to measure the temperatuteedf105 inductor.

3. LM339 Low Power Low Offset Voltage Quad ComparafLow-battery detection):
¢ The circuit is comprised of two Compartors. If ¥ie(+) terminal is Low and the Vin(-) terminal
is High, then the output is Low (current will flowlowever if the Vin(+) terminal is High and the
Vin(-) terminal is Low, then the output is High ¢cent will not flow).

Therefore, If the Load in the variable input (5A/DC) is <= 6.5VDC, then the Low Batt LED will be
ON. However, if the variable input is >6.8VDC, thiie Low Batt LED is OFF. The other input VB =
3.3VDC, which is a fixed voltage input.
4. Battery Pack Protection Circuit (model: 033A-BXA
* Function: Over charge detection, Over dischargedfiein, Over current detection, Short
detection.
¢ ELECTRIC CHARACTERISTICS (@ 25C)
1) Over charge detection voltage: 8.5V +/- 50mV
2) Over charge release voltage: 8.1V +/- 100mV
3) Over discharge detection voltage: 4.8V +/- 160mV
4) Over current detection: 4.00A ~ 7.00A
5) Over charge detection delay time: 0.55S~2.06S
6) Over discharge detection delay tin@%~141ms
7) Over current detection delay time: 6.3~14.7ms
8) Consumption current

— Operating mode : Max 14yA
— Power - saving mode : Max@.2.
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PARTS LIST

Location Description Specification Size | Qty Vendor
ur | PROTECTION s go3onBFT-T2| TSsoPg 1 SEIKO
Q1 N-CH FET FTD2017A TSSOP-§ 1 SANYO
R1, R2R CHIP .
3Ra RESISTOR 1Kohm (J) 1608 Size 4
' YAGEO, TAMA,
KAMAYA,
ROHM ,SEM ,
CHIP . Any Approved Vendor
RESISTOR 4.7Mohm (J) 1608 Sizs 1
POWER R0200hm 6331 Size 1 !
RESISTOR ROHM ,SEM,
Any Approved Vendor
YAGEO,PHYCOMP,
CHIP . KYOCERA,ROHM,
C1,c2,C3 CAPACITOR 0.1uF 25V (Z) | 1608 Size 3 SAMWHA,SEM,
Any Approved Vendor
FR-4,10z,0.6t, 407 1
2Layer

5. LM25116 Wide Range Synchronous Buck Controller

The LM25116 is a synchronous buck controller inehébr step-down regulator applications
from a high voltage or widely varying input supply.

The control method is based upon current mode cbuititizing an emulated current ramp.
Current mode control provides inherent line feexdvlrd, cycle by cycle current limiting and ease
of loop compensation.

The use of an emulated control ramp reduces neisstsvity of the pulse-width modulation
circuit, allowing reliable control of very small ucycles necessary in high input voltage
applications.

The LM25116 drives external high-side and low-$idOS power switches with adaptive dead-
time control.

A user-selectable diode emulation mode enablesniisrious mode operation for improved
efficiency at light load conditions.

A low quiescent current shutdown disables the @iletrand consumes less thanuAQof total

input current.
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Additional features include a high voltage biasutatpr, automatic switch-over to external bias
for improved efficiency, thermal shutdown, frequgsgnchronization, cycle by cycle current
limit and adjustable line under-voltage lockout.

The device is available in a power enhanced TSSOpPa2kage featuring an exposed die attach
pad to aid thermal dissipation

7-42VDC input voltage and converts it to 6.25VDC/7A

This voltage output is for the Print Head.

6. LT1940, Dual Monolithic 1.4A, 1.1MHz Step-Dowmviching Regulator

The LT1940 is a dual current mode PWM step-down¢onverter with internal 2A power
switches.

Both converters are synchronized to a single 1.1Mstzllator and run with opposite phases,
reducing input ripple current.

The output voltages are set with external residitdders, and each regulator has independent
shutdown and soft-start circuits.

Each regulator generates a power-good signal whkeutput is in regulation, easing power
supply sequencing and interfacing with microcomérsland DSPs.

The LT1940’s 1.1MHz switching frequency allows tiee of tiny inductors and capacitors,
resulting in a very small dual 1.4A output solution

Constant frequency and ceramic capacitors combipeaduce low, predictable output ripple
voltage.

With its wide input range of 3.6V to 25V

Converts it to 3.3V/1.4A and 1.45V/1.4A. 1.45V @& ¥ CORE which is the processor’s core
voltage.

3.3V is for the remaining voltages such as I/O pedpheral supply voltage.

7. LM2940, 1A Low Dropout Regulator

The LM2940 positive voltage regulator featuresahdity to source 1A of output current with a
dropout voltage of typically 0.5V and a maximumildf over the entire temperature range.
Furthermore, a quiescent current reduction circas been included which reduces the ground
current when the differential between the inputagé and the output voltage exceeds
approximately 3V.

The quiescent current with 1A of output current andnput-output differential of 5V is therefore
only 30 mA.

Higher quiescent currents only exist when the ragulis in the dropout mode (VIN - VOUT
3v).

The linear regulator (LDO) take a maximum of 26VID@ut voltage and converts it to 5V/1A.
This voltage output is for printer control boardimand boost converter.

8. LM2733, 0.6/1.6 MHz Boost Converters With 40¥eimal FET Switch in SOT-23

The LM2733 switching regulators are current-modedb@onverters operating fixed frequency of
1.6 MHz (“X” option).

The use of SOT-23 package, made possible by thiemaipower loss of the internal 1A switch,
and use of small inductors and capacitors resutiérindustry's highest power density.
Protection is provided through cycle-by-cycle catrémiting and thermal shutdown.

Internal compensation simplifies design and redeoesponent count.

Boost Converter takes 3.3VDC from the Buck Conveatel boosts the voltage output to
17.8VDC to 25.5VDC.
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9.The CAT5113 is a single digitally programmable liiitentiometer designed as a electronic
replacement for mechanical potentiometers.

The CAT5113 contains a 100-tap series resistoy @wanected between two terminals RH and
RL.

An up/down counter and decoder that are contrddiethree input pins, determines which tap is
connected to the wiper, RW.

The wiper setting, stored in nonvolatile memorynas lost when the device is powered down and
is automatically reinstated when power is returned.

The wiper can be adjusted to test new system vadithsut affecting the stored setting.
Wiper-control of the CAT5113 is accomplished witinete input control pins, /CS, U/D, and /INC.
The /INC input increments the wiper in the direntishich is determined by the logic state of the
U/D input.

The /CS input is used to select the device andsitse the wiper position prior to power down.
The digitally programmable potentiometer can balasea three-terminal resistive divider or as a
two terminal variable resistor.

During the event of transitioning the Chip Seleoni a low to a high state, this will Store the LCD
Contrast Voltage in Memory.

During the event of transitioning the Chip Seleohf a low to a high state and Increment low, thilswot
store the value and return to standby.

(J1C.23 Card Engine) GPIO 99 = Up/Down
(J1C.88 Card Engine) GPIO 36 = Chip Select
(J1C.25 Card Engine) GPIO 27 = Increment

Voltage Input Transient Voltage Li-ION Battery
12-26VDC Suppression IC clamps Charger IC
voltage at 27VDC

See block diagram below:

LT4356

7.4V/6A Li-ION
Battery Pack w/
Protection Circuit

[

Low-Battery Op-Amp
Circuit
<= 6.8V LED ON
> 6.9V LED OFF

Linear Regulator LT1940 Dual Buck

LM25116H Buck LM2940S — 5.0 Converter , -
Converter (LDO) Voutl = 3.3V/1.4A SOM and LCD Logic/Back Light
Vout = 6.25V/7A Vout = 5V/1A Vout2 = 1.45V/1.4A

Printer Control LM2733X
Board Logic Boost Converter LCD Contrast
Vout = 21.5V — 24V

100 Tap
CAT5113
Potentiometer

Printer Head

REV A
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P11

Trip Strip Il voltage of power supply & battery

TPV~ 20V (30

charge circuit (Reference: SCH REV3.4.8)
P12

TP1=ZV- 20V (013V)

uto7

Over voltage protection
Clamped voltage 27V

(+1-0.3V)

Q124

Battery charge LED|
T

harge shut down

U106 Battery.

TP8 input = 5.7V-

TPomeV— sV (v 10

Battery Temp >70c]

u7
Buck controller

Detect
26,5V

IF load <=6.7V (+/-0.1V), v IF Load <=6.0V (+/-0.1V),

Low battery.

Very low battery
Q107 will be

TPe=s.26v (+10.26v)

Note1: All the ve
Note2: When battery voltage is below 6.7V, TP6 voltage will not be kept at 6.25V.

07/30/08

itage will be DC only.

Som card

a|

U104 Vcore veeo

us
3.3V_UP_BATT LCD contrast control

Printer control board
Power supply +5V.

TPa s a1y

Logic/Printer motor

Paper out LED
per e

+5v_LCD
Qs
LCD backlight

}

Low battery LED "ON"

~
.

—wZ

Initial Power Up:

Enabled 1°

“Note3:

Logie diagram for G124

Extrnal Power Source {

Losd
Battery (een charged)

Losd

N

Battery

1.3.3V_uP_BATT, VCORE "

Trip Strip Il Power UP / Down Sequence

Initial Power Down:

Shut Down 1°:
Internal

Pows

Power Up from Sleep Mode:

Enabled 1°

s mvs0v (w020

pply for print
+6.25V.

V1.0 06-10-2008

Power Down after Inactivity

System will be turned off if the SOM does not
sense any user activity after 120s.

Enabled 2" :
The following power supply will be
controlled by the SOM card.

2. 3.3V, 3.3V_uP_SDRAM. "'

3, 45V, .
4, +6V_PRINT,+6.25V power supply.
5, +5V_LCD.

Note: 2,3,4,5 will be turned on by the SOM
card via GPIOs which are logic high active.

Note:
*1, Powered up simultaneously.
*2, Powered down simultaneously.

The following power supply will be
controlled by the SOM card.
1, +5V_LCD.

2. +5V_PRINT,+6.25V power supply.?

3, 46V,

4. 3.3V, 3.3V_uP_SDRAM. 2

Note: 1,2,3,4 will be powered down by the
SOM card via GPIOs which are fogic low
active.

Shut Down 2™ :
1.3.3V_uP_BATT, VCORE 2

SOM Card

1. VCORE, VCC_SRAM recovery. Shut Down 15

Enabled 2" :
The following power supply will be
controlled by the SOM card.

The following power

1, #6V_LCD

supply will be
controlled by the SOM card.

2. +5V_PRINT,+6.25V

2. 3.3V,3.3V_uP_SDRAM
3, +6V

3, 46V
4. 3.3V, 3.3V_uP_SD

4. +6V_PRINT+6.25V
5, +6V_LCD

SOM card via GPIOS
Note: 2,3,4,5 will be turned on by the SOM active.
card via GPIOs which are logic high active.
Shut Down 2™ :

RAM?

Note: 1,2,3,4 will be powered down by the
which are Jogic low

1.3.3V_uP_BATT, VCORE

Key Pad GPIO hiad
y GPIO | 13.3v_uP. BATT H S8 Vit b
| avcorg 2
Gpiol H]
) n
R S
o
Main DC Input Battery
12v to 24v Charger e D =
Sequencing Printer
Circuit »| & Volt supply sy

7.4 volt :

& PRINTER_MFP9. 2

Liton E

Battery L
L~ ssvicD
VLCD Boost
I
Y Converter e e
Printer Supply

e b
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Li-ION Charging

1.Charging cycle evaluation (Battery is empty befihiis charge) Chager IC is 4006 and CHG indicator

available only

Conditions: Fully Discharge the battery before tharging cycle test. The input power supply is s

charging current is 3A

Charging cycle evaluation

CHARGE BAT
TIME CURRENT VOTAGE(
(Hour) ( A) V) CHG LED
Start charging 00:00 3 7.1 ON
00:10 2.98 7.86 ON
00:30 2.96 8.05 ON
01:00 2.93 8.19 ON
01:30 2.65 8.38 ON
01:40:00 2.42 8.41 ON
02:00 1.16 8.42 ON
02:10:00 0.98 8.42 ON
02:30 0.56 8.42 ON
02:40 0.44 8.42 ON
Trickle charge 02:50 0.32 8.42 ON
at 1/10 € ;Then the
timer auto reset to 1/4T 03:00 0.25 8.42 ON
03:10 0.18 8.42 ON
03:20 0.14 8.42 ON
03:30 0.1 8.42 ON
Charging
completed 03:32 0 8.41 OFF
Total time 3:32 Hours

Remark: The Max. charging time is around 3 hourokding to specification the charging time is tieci
to 3 hours ,when charge current is 1/10c thentither is auto reset ¥2 T; So the total time mag:45

hours ;and the CHG LED will turn off when chargicgmpleted.
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Charging Current Vs time . 0000
——00:10
35 ——00:30
3 ——01:00
v*\ ——01:30
25 —6—01:40:00
< \’\ —4—02:00
z 2 \ —6—02:10:00
[
2 .
5 15 ——02:30
o \\‘ —6—02:40
1 —&—02:50
\ —e— 03:00
05 —6—03:10
0 —6—03:20
00:00 01:00 02:00 02:40 03:10 03:32 03:30
——03:32
Battery Voltage During charging
& 00:00
9 ——00:10
—4—00:30
S 8.5 ——01:00
g 8 —4—01:30
3 // ——01:40:00
375 ——02:00
> / —&— 02:10:00
g 79
£ ——02:30
o ——02:40
6.5
—&—02:50
6 . . . . . . L —4—03:00
o o o o o o o o ——03:10
S 1%} 5] S 1%} Ire] - 1%}
S S - N N N 5o} o —4—03:20
o o o o o o o o
—4—03:30
——03:32
1) Power suppply efficiency evaluation
Input Voltage (V) Input Current (A) Input PD(W) Output Voltage (V) Output Current(A) Output PD(W) Efficiency(%)
12 2.630 31.56 7.2 3.88 27.936 88.51711027
CHARGE 24 1.400 33.6 7.5 3.8 28.5 84.82142857
8.4 3.530 29.652 7.14 4 28.56 96.31728045
7.2V Output
(LM3075) 24 1.330 31.92 7.14 4 28.56 89.47368421
5V 7.13 1.120 7.9856 4.98 1 4.98 62.36225205
output(LM2940s-
7.14 0.550 3.927 4.98 0.5 2.49 63.40718105
7.08 0.300 2.124 3.29 0.5 1.645 77.44821092
3.3v
Output(LT1940) 7.06 0.570 4.0242 3.28 1 3.28 81.50688336
7.09 0.162 1.14858 1.44 0.5 0.72 62.68609936
1.45V0utput(LT1|
940) 7.08 0.304 2.15232 1.436 1 1.436 66.71870354

NOTE: THIS WILL NEED TO CHANGE BECAUSE THE LM3075BCK CONVERTER HAS BEEN REPLACED.
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2) External Power adapter loading evaluation

Charging3A+Loading1.|Charging3A+Loading1.| Charging3A+Loading3.3V| Charging3A+Loading3.3
Charging at 3A only 45v&0.5A 45v&0.5A+3.3V&0.5A &1A+7.2V&3.0A V&1A+7.2V&3.3A
AC/DC Adapter

Outpout Voltage(V) 14.9 14.770 14.89 14.71 14.58
AC/DC ADAPTER
OUTPUT CURRENT]

(A) 2.32 2.390 2.56 4.58 4.74

PD(W) 34.568 35.300 38.1184 67.3718 69.1092

Note:The adapter 's max PD is 70W.

LogicPD Card Engine

Memory Controller Reset and Initialization

The SDRAM interface is disabled on reset. Resetesfor the boot ROM are determined by BOOT_SEL.

BOOT ROM is immediately available for reading upedit from reset, and all memory interface control
registers are available for writing.

Memory Controller

The internal and external memory-interface striegdor the PXA27x processor will be described itaidle
below. Memory-related registers that configurentemory controller for data transfers to and froatist
and dynamic memory devices are also described.

The external memory-bus interface for the PXA27ocpssor supports SDRAM, synchronous, and
asynchronous burst-mode and page-mode flash mepagg-mode ROM, SRAM, variable latency
1/0 (VLIO) memory, PC Card, and CompactFlash exmansiemory. Memory types are
programmable through the memory-interface confiomaregisters (see Table 6-44).

Memory requests are placed in a four-deep proagsgirue and processed in the order they are
received.

Features

The memory controller provides the following feaisir

« Interfaces to internal synchronous flash and SPR¥evices

« Interfaces to four partitions of SDRAM

« Interfaces to up to 1.0 Gbytes of SDRAM

« Supports 1.8-V JEDEC LP-SDRAM operation at 104 MH

« Interfaces to six partitions of static memoryuFof these six partitions can be synchronous
flash memory.

« Interfaces to up to 384 Mbytes of flash memory

« Interfaces to two sockets of PC Card memory

« Allows an alternate bus master to take contrahefbus

« Places the SDRAMs into self-refresh mode befoteréng sleep, standby, deep-sleep, and
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frequency-change modes

« Provides signals and controls for fly-by DMA teders

« Supports non-volatile memory configured as baftofh either 16- or 32-bit devices

« Provides three independent output clocks (SDCLRx=Pthat can be turned on/off separately
and can be programmed to be free-running. The sloak be the same frequency or half the
frequency of the input clock, CLK_MEM. One clockX6LK<0>) can also be programmed

as one quarter of the input-clock frequency. A fowutput clock (SDCLK<3>) depends on
configuration bits used to control SDCLK<0>.

« Provides a programmable power-down mode for sppower

Memory Controller Operation

The processor has three different memory spaceRASD static memory, and PC Card space.
SDRAM has four partitions, static memory has sigtipans, and PC Card space has two partitions
(or sockets). When user software performs a mefnorst across the boundary between any two
adjacent partitions, the configurations for eachifpan must be identical. They must have the
same external bus width, burst length, and so forth

In theory, the partitions can be different typesngfmory sharing the same configuration
characteristics. In practice, cross-partition mgnimursts are conducted only when the two
partitions hold the same memory type. A typicakcasa transfer across two SDRAM partitions, 0
and 1, which are mandated to have the same chasticte

Figure 6-1 is a block diagram of the maximum coumfégion of the memory controller.

Stacked SDRAM and Flash Memory

This section describes memory types that may bpamsted in the PXA271 and PXA272
processors.

Stacked SDRAM

On the Intel® PXA271 processor, SDRAM is stacked eonnected to SDRAM partition 0. On
systems using the Intel® PXA271 processor, extBR¥RAM memory chips must not exist within
the same SDRAM partition pair as that of the indéstacked SDRAM. This could cause negative
signal reflection to the stacked SDRAM device.

For the Intel® PXA271 processor stacked SDRAMItitel® PXA27x processor memory
controller must be programmed to multiplex the SDMRAddress lines out differently because the
address lines to the stacked SDRAM are not condéotthe usual MA<24:10> lines. The
MDCNFG[STACKX] field on a Intel® PXA271 processowust be programmed to 0b01 to send the
SDRAM address out on MA<24:23,13:1> for stackedit@SDRAM of this product.

For a non stacked part (Intel® PXA270 processofjash only stacked part (Intel® PXA272
processor) the MDCNFG[STACKX] field must be prograed to Ob00 to send the SDRAM
address out on MA<24:10>.

Stacked Flash Memory

A fourth SDCLK, SDCLK<3> is driven by the memoryrtmller, to be used in the PXA271 and
PXA272 processors containing stacked flash devBBELK<3> is a buffer duplicate of
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SDCLK<0> and does not have any control bits obits to turn it on or off. Use the buffer

strength field associated with SDCLK<3> to turn 8CLK<3> if there is no stacked flash in the

system. This buffer strength setting is locatethe/\BSCNTR2 register.

Static partitions 0 and 1 may contain stacked flasie memory controller must be aware of which
static memory partitions contain stacked flashsThiprogrammed in the SA1111[SXSTACK]
field. When a flash device is being written to, tf@&S and nWE signals swap functionality from a redrm

flash write to an off-chip
device. This is shown by timing diagrams in theel® PXA27x Processor Family EMTS

Figure 6-1. General Memory Interface Configuration
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Synchronous Dynamic Memory (SDRAM) Interface

The processor supports the JEDEC synchronous dgnmaminory (SDRAM) interface. The
SDRAM interface supports four 16-bit or 32-bit wigartitions of SDRAM. Each partition is
allocated 64 or 256 Mbytes of the internal memoapniThe actual size of each partition depends
on the SDRAM configuration used. The four partiS@re divided into two partition pairs: the 0/1
pair and the 2/3 pair. Both partitions in a pairstrioe identical in size and configuration. Paits 0/
and 2/3 can be different. For example, the 0/1 gairbe 100-MHz SDRAM on a 32-bit data bus,
while the 2/3 pair can be 50-MHz SDRAM on a 16dsta bus.

The SDRAM interface includes the following:

« Four partition selects, nSDCS<3:0>

 Four byte mask signals, DQM<3:0>

¢ 15 multiplexed bank/row/column address signal&<24:10>, MA<24:23,14:2>, or
MA<24:23,13:1>, depending on the MDCNFG[STACKX]ts&g

* One write enable, nWE

* One column-address strobe (nSDCAS)

* One row-address strobe (nSDRAS)

« One clock enable (SDCKE)

« Two clocks (SDCLK<2:1>)

The processor performs auto-refresh (CBR) durimgnaboperation and supports self-refreshing
SDRAM during sleep, deep-sleep, standby, and frecjpehange modes. An SDRAM autopower-
down mode bit (MDREFR[APD]) can be set so thattthe clocks (SDCLK<2:1>) and the
clock-enable signal (SDCKE) to SDRAM are automdijcde-asserted whenever none of the
corresponding partitions is being accessed.

Each possible SDRAM section of the memory mapferred to as a partition, to distinguish them
from banks internal to SDRAM devices.

Maximum Row Active Time (TRAS)
The maximum amount of time that any SDRAM row caraebtive is defined as TRASMAX. When

programming MDREFR[DRI], ensure that the refrestbleyime is less than TRASMAX because it is

not monitored by the memory controller.

Programmable Larger SDRAM Memory Space

The read/write MDCNFG register contains contra fir configuring the SDRAM for larger
SDRAM configurations than fit in the 64-Mbyte SDRApArtitions. Refer to Table 6-23 for
configuration programming. Figure 6-2 shows thegpapmamable option for the SDRAM memory
space.
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Programmable SDRAM Memory Map Options (Figure below:

OxBCO00_0000

0xB800_0000

0xB400_0000

oxBO00_0000

0xAC00_0000

0xAB00_0000

OxA400_0000

0OxA000_0000

0x9C00_0000

0x9800_0000

0x9400_0000

0x9000_0000

0Ox8C00_0000

0x8800_0000

0x8400_0000

0x8000_0000

Normal 256-Mbyte Memory Map

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

SDRAM Partition 3 (64 Mbyte)

SDRAM Partition 2 (64 Mbyte)

SDRAM Partition 1 (64 Mbyte)

SDRAM Partition 0 (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbyte)

Reserved (64 Mbvyte)

SDRAM State Machine

Figure 6-4 shows the SDRAM controller states aadditions associated with powering on the
PXA27x processor and the SDRAMs properly. Transgiare determined by the overall memory
controller state and a few SDRAM power-down, seffesh status, and control bits. The states that
involve multiple SDRAM devices are self-refresh aack-stop, self-refresh, SLFRSH,

PWRDNX, power-down, power-down and clock-stop, PWRPALL, and MRS. The states that
involve single SDRAM partitions are ACT, PRE, REAAhd WRITE. The MRS command is sent
once to configure partition pair 0/1 and a sepawRsS command is sent only once to configure
partition pair 2/3. The auto-refresh command iséssto memory in the same partition pair at the
same time. Therefore, the chip-select signals sgmting the partition pair are asserted at the same
time when the MRS command and auto-refresh is tsfoen the memory controller to a specific

partition pair.

0xB000_0000

0xA000_0000

0x9000_0000

0x8000_0000

Large 1-Gbyte Memory Map

SDRAM Partition 1
(256 Mbyte)

SDRAM Fartition O
(256 Mbyte)

SDRAM Partition 3
(256 Mbyte)

SDRAMN Partition 2

{256 Mbyte)
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SDRAM Power-ON State Machine (figure below):

Reset (Hardware or Sleep)

Enter_Sleep OR
'KnRUN

Enter_Sleep OR
SLFRSH

!Enter_sleep AND
KnRUN

!Enter_Sleep AND
KnRUN AND
ISLFRSH

Enter_Sleep OR
SLFRSH

'KnRUN OR
APD

PWRDNX

Power-down

E1PIN AND
KnRUN AND
(Auto_Power _Up OR
Enter_Sleep OR

SLFRSH)

KnRUN AND
(Auto_Power_Up OR
Enter_Sleep OR
SLFRSH)

!E1PIN OR
APD

1Enter_Sleep AND
1SLFRSH

New_MRS OR
REFRESH OR
!E1PIN OR
APD OR
Enter_Sleep OR
SLFRSH

REFRES

Read/write 1 Normal operation refers to

the SDRAM state machine issuing
the commands ACT, PRE,
READ, and WRITE.

normal
operationt

Sleep, deep-sleep, standby, or frequency-changestxicause the SDRAM state machine to enter

the self-refresh and clock-stop state. Softwaret ties complete the appropriate reset proceduearidlg
MDREFR[E1PIN] and MDREFR[KnRUN] provides softwarentrol of the SDRAM memory system low-
power modes.

Note: (1) Use these modes with extreme caution, becégseesulting states prohibit automatic toggles
from mode register set, read, write, and refreshroands.

The Auto_Power_Down and Auto_Power_Up transitionade possible by setting the APD bit in
MDREFR) provide a completely automatic alternafimeminimizing power consumption in the
SDRAM system.

(2) Some companion chips require the clock to lesgmt at all times.

Use the following prioritization scheme for traiits out of the NOP state. If enabled with the

APD bit, the Auto_Power_Down transition occurs wineme of the higher priority transitions are
asserted. The Auto_Power_Up transitions occur waBesh, New_MRS, or read/write is asserted
during the Power_Down state.

© SENSITECH INC. CONFIDENTIAL — CONTROLLED DOCUMENT
A Carrier Corp. Company
PART NUMBER T82002163

REV A

Page 28 of 83



Highest Priority- "Enter Sleep”

“Set_SLFRSH”

“Clear_E1PIN”

“Refresh”

“New_MRS”

“Read/Write”

Lowest Priority - “Auto_Power_Down”

KnRUN = MDREFR[K1RUN] OR MDREFR[K2RUN]

Auto_Power_Down = MDREFR[APD]

Clear_E1PIN = ((MDREFR[E1PIN])

Set_SLFRSH = MDREFR[SLFRSH]

Enter_Sleep = Sleep/Deep-Sleep/Standby/ Frequehayde Request and no more
transactions to process

Auto_Power_Up = Read/Write is asserted during thegr-down state OR New_MRS
OR Refresh OR |(MDREFR[APD])

Synchronous, Static, and Variable-Latency I/O (VLIO )

Interfaces

The static memory and VLIO interfaces have six dgfects (nCS<5:0>) and 26 bits of byte
address (MA<25:0>) for accesses of up to 64 Mbgteaeemory in each of six banks. Alternately,

a mode is available to support up to two 128-Mluytip selects (nCS<1:0>) with 26 bits of halfword
address (MA<0>, MA<25:1>) and two 64-Mbyte chipesté (nCS<5:4>) with 25 bits of

byte address (MA<25:0>). This programmable optiesides in the Static Memory Configuration
register SA1110[SXENX]. Each chip select is indixadly programmed to select one of the
supported static memory types.

* Non-burst ROM or flash memory (Section 6.4.3923upported on each of

nCS<5:0>

« Burst ROM or flash memory with non-burst writ&e€tion 6.4.3.2) is

supported on each of nCS<5:0>

* SRAM is supported on each of nCS<5:0>

« Variable-latency I/O is supported on each of nE8x=

« Synchronous flash memory is supported on eaciC&<3:0>

The four synchronous-flash memory partitions (nC8s=Bare divided into two partition pairs: the
0/1 pair and the 2/3 pair. Both partitions in arpaiist be identical in size and configuration. The
two pairs can be different. For example, the 0/t gan be 66-MHz synchronous flash memory on
a 32-bit data bus while the 2/3 pair is 33-MHz $ywaous flash memory on a 16-bit data bus.

The VLIO interface differs from SRAM in that it alivs the use of the data-ready input signal,
RDY, to insert a variable number of wait states. &bstatic memory types, each chip select can be
configured individually to a 16-bit or 32-bit widkata bus. The nOE signal is asserted on reads, the
nPWE signal is asserted on writes to VLIO deviees] the nWE signal is asserted on writes to all
other static devices, both synchronous and asynolo For SRAM and VLIO, DQM<3:0> are
byte enables for both reads and writes. When tbegssor comes out of reset, it begins to fetch
and execute instructions at address 0x00, whictesponds to memory selected by nCS<0>,
which is the required location of the boot ROM. B@OT_SEL pin determines the width of the
boot memory.

Asynchronous Static Operation
The static-memory interface is comprised of sipdelects, nCS<5:0>. These six chip selects are

© SENSITECH INC. CONFIDENTIAL — CONTROLLED DOCUMENT
A Carrier Corp. Company
PART NUMBER T82002163

REV A

Page 29 of 83



configurable for the following:

« Non-burst ROM or flash memory

* Burst ROM or flash memory

* SRAM

* VLIO devices

The VLIO interface differs from SRAM in that it allvs the use of a data-ready input signal, RDY,
to insert a variable number of memory-cycle watest. The data bus width for each chip-select
region can be programmed to be 16- or 32-bit. T8<8:0> signals are also configurable for
synchronous static memory. The following list déses the use of nOE,

nWE, and nPWE:

* nOE is asserted for all reads.

* nWE is asserted for flash memory and SRAM writes.

* NnPWE is asserted for VLIO writes.

For SRAM and VLIO implementations, DQM<3:0> are difer the write byte-enables, where
DQM<3> corresponds to the MSB. The processor sagb bits of byte address for access of up
to 64 Mbytes per chip select. This byte addresgi out on the 26 external address pins. If the
byte address is unimportant for an application |dkeer bit must be truncated for 16-bit systems
and the lower two bits must be truncated for 3%p#tems. For reads, the byte address bits is 0.
For writes, the byte addrebits are summarized in Table 6-10 and Table 6-11.

Table 6-10. 32 Bit Byte Address Bits MA <1.0>
for Writes Based on DQM <3.0>

Transaction DQM<3:0> MA<1:0>
Word 0b0000 0b00
Byte 0 0b1110 0b00
Byte 1 0b1101 0b01
Byte 2 0Ob1011 0b10
Byte 3 0b0111 Ob11

Lowsr half 0b1100 0b00
Upper hal 0b0011 0b10

Table 6-11. 16-Bit Byte Address Bit MA <0> for Writes Based on DQM <1.0>

Transaction DQM<1:0> MA<0>
Half word 0b00 0b0
Byte O 0b10 0b0
Byte 1 0b01 Ob1

The MSCx[RTX] fields specify the type of memory:
« Non-burst ROM or flash memory

* SRAM
*VLIO

 Burst-of-four ROM or flash memory
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« Burst-of-eight ROM or flash memory

The MSCx[RBWYX] fields specify the bus width for themory space selected by nCS<5:0>. If a
16-bit bus width is specified, transactions ocatroas data pins MD<15:0>. Use the BOOT_SEL
pin or SXCNFG register to configure nCS<3:0> fonayronous static memory.

Asynchronous Flash Memory Interface

The MSCx[RDFx] bit fields define the latency forckaread access of non-burst flash memory or
the first read access of burst flash memory. Theeshit field also controls the nWE de-assertion

time during a write cycle to flash memory. The M$RRN] field controls subsequent read access

times to burst flash memory. The MSCx[RRR] bitdieklculates the minimum period from the
nCS signal de-assertion following a read or writd before the start of the read from a different
memory.

The following requirements apply to reads fromlilasemory:

« Because flash memory defaults to read-array mwast reads from it are permitted, which
allows instruction caching and burst reads (DMA &/&B host) from flash memory.

* Some areas of flash memory might not permit baatls. When attempting to read from these
areas, do not attempt burst reads. Consult the-ftemmory data sheet for more information.
Table 6-10. 32-Bit Byte Address Bits MA<1:0> for Wites Based on DQM<3:0>

Transaction DQM<3:0> MA<1:0>

Word 0b0000 0b00

Byte 0 Ob1110 Ob00O

Byte 1 0b1101 0b01

Byte 2 0b1011 Ob10

Byte 3 0b0111 Ob11l

Lower half word Ob1100 Ob00

Upper half word 0b0011 0b10

Table 6-11. 16-Bit Byte Address Bit MA<O> for Writes Based on DQM<1:0>

Transaction DQM<1:0> MA<0O>

Half word 0b00 0b0

Byte 0 Ob10 0bO

Byte 1 0b01 Ob1

Memory Controller

« Software must partition commands and data, theéte the commands to flash memory before
a read. The memory controller does not insert amymands before flash-memory reads.

The following requirements apply to writes to flasemory:

« Flash memory space must be uncacheable and enbdff

« Burst writes to flash memory do not exist. Writedlash memory must be exactly the width of
the populated flash devices on the data bus ant lmus burst length of one write (for

instance, no byte writes to a 32-bit bus, no woridles to a 16-bit bus, no writes of 2 bytes to a
32-bit bus, no writes of 1 byte to a 16-bit bus)eTallowable writes are 2 bytes to a 16-bit bus
and 4 bytes to a 32-bit bus.

« For writes to flash memory, the command and daiat be given to the memory controller in
separate write instructions. The first instructéamries the command; the next carries the data.
« Software must partition commands and data antbwhiem to flash memory in the appropriate
sequence. The memory controller does not insercamymands before flash-memory writes.

« Because burst writes to flash memory cannot q¢berDMA controller and USB host
controller must never write to flash memory. Buwrsites to flash memory are not performed.
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Synchronous Flash Memory

This section describes how to interface with syanbus flash memory. Synchronous flashmemory
operation resets to asynchronous mode (page modeaids and asynchronous singleword

writes). The only way the system can enter synatuermode (burst-timing synchronous

reads and asynchronous single-word writes) is titidhe Read Configuration register (RCR).
Therefore, at boot time, synchronous flash memgerates the same as asynchronous boot ROM.
Table 6-12 shows sample programming values foRBR Synchronous Flash Memory register to
ensure proper operation of synchronous flash memory

Use the values in Table 6-12 as a reference ongsdt the data sheet for the actual part being
used. Determine the frequency-configuration codebtan the CLK-to-output delay, the CLK
period, and the nADV-to-output delay timing paraenstfor the flash device.

Table 6-12. Sample Read Programming Values for Syhoonous Flash Memory (Sheet 1 of 2)

Bits Field Name Value to Programt
2:0 | BURST LENGTH 0b010 = 8-word burst
5:3 reserved 0b000

6 CLOCK CONFIGURATION| 0Ob1 = Use rising edge of clock

7 BURST SEQUENCE 0bl = Linear burst order (Intel burst order is not
supported)

Not applicable—The processor ignores nWAIT from

8 WAIT CONFIGURATION the flash device.

DATA OUTPUT _
9 | CONFIGURATION 0bO0 = Hold data for one clock
10 | reserved 0b0

Tt for configuration register

Table 6-12. Sample Read Programming Values for Syhmonous Flash Memory (Sheet 2 of 2)

Bits Field Name Value to Programt

0b010 -> Code 2 (CAS latency 3)
0b011 -> Code 3 (CAS latency 4)
0b100 -> Code 4 (CAS latency 5)
1311 FREQUENCY 0b101 -> Code 5 (CAS latency 6)
’ CONFIGURATION
0b110 -> Code 6 (CAS latency 7)

Choose this value based on the “AC Charactesistic
Read-Only

Operation” section of the flash-memory deviceadat
sheet.

14 reserved 0b0

0b0 = Synchronous operation 0b1 = Asynchronous

15 READ MODE ;
operation

Tt for configuration register

ROM Interface
The processor provides programmable timing for lmettst and non-burst ROMs. The value of
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MSCx[RDF] defines the latency (in memory clock @glfor the first and all subsequent data
beats from non-burst ROMs and the first data beet fa burst ROM. The value of MSCx[RDN]
defines the latency for the burst data beats #ieefirst for burst ROMs. Specifying the
MSCx[RRR] value allows a delay on the next accessdifferent memory space to allow time for
the current ROM to three-state the data bus. MSRKRmust be programmed with the maximum
TOFF value divided by two, as specified by the R@®isihufacturer.

MSCO0<15:0> is selected when the address spacespomding to nCS<0> is accessed.

SRAM Interface Overview

The processor provides a 16- or 32-bit synchroi8RBM interface that uses the DQM pins for
byte enables on writes. Bits nCS<5:0> select thaMRank to be used. nOE is asserted on reads
and nWE is asserted on writes. Address bits MA<2&ibw up to 64 Mbytes of SRAM per bank
to be addressed.

The RDF fields in the MSCx registers define thenaies for a read access. The MSCx[RDN] field
controls the nWE low time during a write cycle. MGRRR] is defined as the minimum time from
nCS de-assertion to the beginning of a read oevaictess of any memory bank

Any DMA mode that does not increment the addreseisupported for SRAM reads or writes.
DCMDxX[INCSRCADDR] and DCMDx[INCTRGADDR] clear caugke address not to be
incremented. This DMA mode is not supported for 8RAhe only valid memory types for this
mode are VLIO and PC Card/CompactFlash devices.

Variable-Latency I/O Interface Overview

When a companion chip is used as a VLIO devicduitstionality is similar to that of an SRAM
with the additional ability to insert a variablember of wait states through the RDY pin. VLIO
can be used in the memory space for any of thstatic memory locations (nCS<5:0>) by
programming the corresponding MSCx[RTx] to 0b100.

13:11 FREQUENCY CONFIGURATION

0b010 -> Code 2 (CAS latency 3)

0b011 -> Code 3 (CAS latency 4)

0b100 -> Code 4 (CAS latency 5)

0b101 -> Code 5 (CAS latency 6)

0b110 -> Code 6 (CAS latency 7)

Choose this value based on the “AC CharacteristRead-Only

Operation” section of the flash-memory device dditeet.

14 reserved 0b0

15 READ MODE 0b0 = Synchronous operation

0b1 = Asynchronous operation

Table 6-12. Sample Read Programming Values for Syhmonous Flash Memory
Bits Field Name Value to Program

Memory Controller

VLIO read accesses differ from SRAM read accessésat nOE toggles for each beat of a burst.
The first nOE assertion occurs two CLK_MEM cyclégathe chip select, nCSx, is asserted. For
VLIO writes, nPWE is used instead of nWE, whicloals SDRAM refreshes to execute while
performing the VLIO transfers.
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For both reads and writes from and to VLIO, clegidCMDx[INCSRCADDR] and
DCMDX[INCTRGADDR] causes the source and target adses not to be incremented to the
VLIO interface, which allows port-type VLIO chips interface with the processor. The only valid
memory types for this DMA mode are VLIO and PC G@ampactFlash devices.

For writes to VLIO, if all byte enables are turneffl (masking out the data, DQM = 0b1111), then
the write enable is suppressed (nPWE = 1) forwhite-beat to VLIO. This suppression can cause
a period when nCS is asserted but neither NOE P&/ is asserted, which would happen if there
is a write of one beat to VLIO with all byte enabterned off. In this case, the memory controller
ignores the RDY signal. The RDY signal must noabserted late if it is to still be asserted, which

could interfere with any following transfers. Ife/LIO device does not see an nOE or a nPWE, it

must not change the state of RDY, keeping it eitsserted or de-asserted.
With the exception of the case above, and wheniagta frequency change, the memory
controller indefinitely waits for the RDY signal te asserted, which can hang the system if the

external VLIO is not responding. To prevent ind&érhangs, set the watchdog timer when starting

a VLIO transfer; a watchdog reset occurs if no oese is received from the VLIO device.
Figure 6-5. Variable-Latency I/O Diagram

External System

Processor
nCsS<5:0> -
-
nOE
o
nPWE
Processor -
MA=<25:0=
Memory DQM<3:0> - Companion
Controller Chip
MD<31:0>
T
RDY
UARTSs

This chapter describes the universal asynchroreneiver/transmitter (UART) serial ports
included in the PXA27x processor. The serial parescontrolled using direct-memory access
(DMA) or programmed 1/O. The PXA27x processor Haeé UARTSs: full-function (FFUART),
Bluetooth (BTUART), and standard (STUART). All UARTise the same programming model.

Overview

Each serial port contains a UART and a slow infiieransmit encoder and receive decoder that
conform to the IrDA serial-infrared specification.1

Each UART performs serial-to-parallel conversiondata characters received from a peripheral
device or a modem and parallel-to-serial conversiodata characters received from the
processor. The processor can read a UART’s comgtates during functional operation. Status
information includes the type and condition of sfem operations and error conditions (parity,
overrun, framing, or break interrupt) associatethuhe UART.

Each serial port operates in either FIFO or noncFiRode. In FIFO mode, a 64-byte transmit
FIFO holds data from the processor until it is sraitted on the serial link, and a 64-byte receive
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FIFO buffers data from the serial link until itrisad by the processor. In non-FIFO mode, the
transmit and receive FIFOs are bypassed.

Each UART includes a programmable baud-rate gemettaat can divide the input clock by 1 to
(216 — 1). This produces a 16X clock that can leslue drive the internal transmit and receive
logic. Software can program interrupts to meetdtpuirements, which minimizes the number of
computations required to handle the communicaftimks Each UART operates in an environment
that is either controlled by software and can bieedaor is interrupt-driven.

All three UARTSs support the 16550A and 167502 fiowd, but are slightly different in the features
supported.

Full-Function UART
The FFUART supports modem-control capability. Theeximum baud rate is 921,600 bps.

Bluetooth UART

The BTUART is a high-speed UART that supports baaids up to 921,600 bps and can be

connected to a Bluetooth module. It supports tietions in the feature list, but supports only two
modem control pins (nCTS and nRTS).

1. Infrared Data AssociatioSerial Infrared Physical Layer Link Specificatjdbctober 17, 1995, Version
1.1

2. The 16550A was originally produced by Nationahfconductor Inc. The 16750 is produced as the
TL16C750 by Texas Instruments.

The STUART supports all functions in the featusg, Ibut does not support modem-control
capability. The maximum baud rate is 921,600 bps.

Compatibility with 16550A and 16750

The UARTSs are functionally compatible with the 16B85and 16750 industry standards. Each
UART supports most of the 16550A and 16750 funaj@s well as the following features:

« DMA requests for transmit and receive data sesvic

« Slow infrared-asynchronous interface

« Non-return-to-zero (NRZ) encoding/decoding fuanti

« 64-byte transmit/receive FIFO buffers

« Programmable receive FIFO trigger threshold

« Auto baud-rate detection

* Auto flow

Features

The UARTS share the following features:

« Functionally compatible with the 16550A and 16750

« Ability to add or delete standard asynchronousmuinication bits (start, stop, and parity) in
the serial data

« Independently controlled transmit, receive, lat&tus, and data-set interrupts

« Programmable baud-rate generator that allowintieenal clock to be divided by 1 to (216 — 1)
to generate an internal 16X clock

« Modem control functions (nCTS, nRTS, nDSR, nDTIR}, and nDCD)

« Auto-flow capability controls data I/O without gerating interrupts:

— nRTS (output) controlled by UART receive FIFO

— nCTS (input) from modem controls UART transmitter

« Fully programmable serial interface:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, and no-parity detection
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— 1, 1%, or 2 stop-bit generation

— Baud-rate generation up to 921 kbps for all UARTs

— False start-bit detection

* 64-byte transmit FIFO

* 64-byte receive FIFO

« Complete status-reporting capability

« Ability to generate and detect line breaks

« Internal diagnostic capabilities that include:

— Loopback controls for communications-link fadblation

— Break, parity, and framing-error simulation

« Fully prioritized interrupt system controls

» Separate DMA requests for transmit and receiva slervices

« Slow infrared asynchronous interface that con®tatthe Infrared Data Association (IrDA)
specification

Signal Descriptions

Table 10-1 lists and describes each external sihasis connected to a UART module. The pins
transmit digital CMOS-level signals and are coneéd¢b the PXA27x processor through GPIOs.
Refer to Section 24, “General-Purpose 1/0 Controfier details on the GPIOs.

Table 10-1. UARTSs I/O Signal Descriptions (Sheet df 2)

Name

Type

Description

RXD

Input

Serial Input- Serial data input to the receive
shit register. In infrared mode, it is connected
to the infrared receiver input. This signal is
present on all three UARTS.

TXD

Output

Serial Output—Serial data output to the communications-link pleeiral, modem, or
data set. The TXD signal is set to the logic lestgion a reset operation. It is connected
to the output of the infrared transmitter in infdmode. This signal is present on all
three UARTS.

nCTS

Input

Clear to Send—When low, indicates that the modem or data sedddy to exchange
data. The nCTS signal is a modem status inputjtarmndition can be tested by reading
bit 4 (CTS) of the Modem Status register (MSR). NISRS] is the complement of the
nCTS signal. MSR[DCTS] indicates whether the nCij8ut has changed state since the
last time MSR was read. nCTS has no effect onrtmesinitter. This signal is present on
the FFUART and BTUART. When MSR[CTS] changes staité the modem-status
interrupt is enabled, an interrupt is generadmh-Auto-Flow Mode—When not in auto-|
flow mode, MSR[CTS] indicates the state of nCTS.R{I3CTS] indicates whether the
nCTS input has changed state since the previodsngaf MSR. nCTS has no effect on
the transmitter. The user can program the UARTterfupt the processor when DCTS
changes state. Software can then stall the outglateystream by starving the transmit
FIFO or disabling the UART with the IER registBlOTE: If UART transmission is
stalled by disabling the UART, no MSR interruptéseived when nCTS reasserts,
because disabling the UART also disables interrdmiget around this, either use autor
CTS in auto-flow mode or program the nCTS GPIOtpimterrupt.Auto-Flow Mode—
In this mode, the UART transmit circuity checks $tate of nCTS before transmitting
each byte. IF nCTS is high, no data is transmitted.
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Data Set Ready—When low, indicates that the modem or data setddy to establish a
communications link with a UART. The nDSR signahisnodem-status input. Its
condition can be tested by reading MSR[DSR], wiiécthe complement of nDSR.
MSR[DDSRY] indicates whether the nDSR input has gedrstate since MSR was last
read. This signal is present only on the FFUART eWMSR[DSR] changes state, an
interrupt is generated if the modem-status intdrisipnabled.

nDSR | Input

Data Carrier Detect—When low, indicates that the data carrier has lietected by the
modem or data set. The nDCD signal is a modemsstaput. Its condition can be tested
by reading MSR[DCD], which is the complement of tH2CD signal. MSR[DDCD]
nDCD | Input indicates whether the nDCD input has changed state the previous reading of MSR.
nDCD has no effect on the receiver. This signgkésent only on the FFUART. When
the DCD bit changes state and the modem-statusuptes enabled, an interrupt is
generated.

Table 10-1. UARTSs I/O Signal Descriptions (Sheet @f 2)

Name | Type Description

Ring Indicator—When low, indicates that the modem or data setéeeved a telephone
ringing signal. The nRI signal is a modem-statymitnlts condition can be tested by readi
MSR[RI], which is the complement of the nRI signdiSR[TERI] (trailing-edge-of-ring
indicator) indicates whether the nRI input has gfeghfrom low to high since MSR was last
read. This signal is present only on the FFUART eWthe RI bit of the MSR changes fron
a high to low state and the modem-status inteisuphabled, an interrupt is generated.

«

nRI Input

Data Terminal Ready—When low, signals the modem or the data set H&atJART is
ready to establish a communications link. To agbernDTR output (active low), set
nDTR | Output | MSR[DTR], which is the complement of the outputrgify A reset operation deasserts this
signal (high). Loopback-mode operation holds nDHasserted. This signal is present onl
on the FFUART.

Request to Seng-When low, signals the modem or the data set H&at#ART is ready to
exchange data. To assert the nRTS output (active &8t MSR[RTS], which is the
complement of the output signal. A reset operatieasserts this signal (high). Loopback-
mode operation holds nRTS deasserted. This signalad by the FFUART and BTUART.
Non-Auto-Flow Mode—To assert the nRTS output (active low), set MSR3RAuto-Flow
Mode—nRTS is automatically asserted by the auto-flowwtry when the receive buffer
exceeds its programmed trigger threshold. It issleded when enough bytes are removed
from the buffer to lower the data level back to tigger threshold.

nRTS | Output

Operation

Figure 10-1 shows the format of a UART data frame.
Figure 10-1. Example UART Data Frame
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Start | Data | Data | Data | Data | Data | Data | Data | Data | Parity | Stop | Stop
Bit <0= | <1z | <2> | <3> | <4> | <b> | <G> | <7> Bit | Bit1 | Bit2
TXD or RXD Pin

LSB MSB

f

The receive-data sample counter frequency is 1éstitine value of the bit frequency. The 16X
clock is created by the baud-rate generator. Eddh $ampled three times in the middle. Shaded
bits in Figure 10-1 are optional and can be prognechby software.

Each data frame is between 7 and 12 bits long,raBpe on the size of the data programmed,
whether parity is enabled, and the number of sitsp A data frame begins by transmitting a start
bit that is represented by a high-to-low transitibhe start bit is followed by from 5 to 8 bits of
data that begin with the least significant bit ()SBhe data bits are followed by an optional parity
bit. The parity bit is set if even-parity is enabknd the data byte has an odd number of onek, or i
odd parity is enabled and the data byte has anmwemer of ones. The data frame ends with 1,
1%, or 2 stop bits, as programmed by software.sttye bits are represented by 1, 1%, or 2
successive bit periods of logic 1.

Each UART has two FIFOs: one transmit and one vecédihe transmit FIFO is 64 bytes deep and
8 bits wide. The receive FIFO is 64 bytes deepXnbits wide. Three bits are used for tracking
errors.

The UART can use non-return-to-zero (NRZ) codingearesent individual bit values. To enable
NRZ coding, set IER[5]. A bit value of Ob1 is repeated by a line transition, and 0b0 is
represented by no line transition. Figure 10-2 shtive data byte 0b0100_1011 in NRZ coding.
The byte’s LSB is transmitted first.

Figure 10-2. Example NRZ Bit Encoding—0b0100_1011

LSB MSBE
Bit 1 1 0 1 0 | 0 1 0 |
Value

Digital

Data

NRZ |

Data

Reset

The UARTSs are disabled on reset. To enable a UARTware must program the GPIO registers
(see Section 24, “General-Purpose 1/0 Controlleéhgn set IER[UUE]. When the UART is
enabled, the receiver waits for a frame-start it the transmitter sends data if it is availabléhe
Transmit Holding register. Transmit data can betemito the Transmit Holding register before the
UART unit is enabled. In FIFO mode, data is trarigedifrom the FIFO to the Transmit Holding
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register before it goes to the pin.

When the UART unit is disabled, the transmitteremeiver finishes the current byte and stops
transmitting or receiving more data. Data in thE@Is not cleared, and transmission resumes
when the UART is enabled.

USB Client Controller:

Overview

The UDC supports 24 endpoints (endpoint O plusrdgnammable endpoints). The UDC is a USB
Revision 1.1-compliant, full-speed device that epes half-duplex at a baud rate of 12 Mbps (as a
slave only, not as a host or hub controller).

The serial information transmitted and receivedh®yUSB client controller contains layers of
communications protocols as definedWyiversal Serial Bus SpecificatipRevision 1.1the most
basic of which are fields.

« USBfieldsinclude: sync, packet identifier, address, endpdiame number, data, and CRC.
Fields are used to produce packets. Dependingeopabket function, a different combination

and number of fields can be used.

« Packettypes include: token, start of frame, data, andibhake. Packets are assembled into
groups to produce transfers, transactions, andesam

« Transferdfall into four groups: bulk, control, interrupt, @msochronous.

« Transactiondall into four groups: IN, OUT, SOF, and SETUP. ®é#bw is relative to the

USB host controller. IN packets represent data fiemm the USB client controller to the host
controller. OUT packets represent data flow froet/6B host controller to the client

controller.

Figure 12-1 graphically represents the communioatlayers in the protocol. See ttriversal
Serial Bus SpecificatigiRevision 1.Xor more details on USB protocol.

The UDC uses single-ported memory to support FIB€rations. Bulk, isochronous, and interrupt
endpoint FIFO structures can be double-buffereghtble the endpoint to process one packet
while assembling another. Use either DMA or thellScale® core to fill and empty the FIFOs.
An interrupt, DMA service request, or polling camised to detect packet receipt.

The USB host controller referenced in this chaptéers to any USB host controller that is
compliant to theJniversal Serial Bus SpecificatipRevision 1.lincluding the PXA27x
processor’s internal USB host controller.

Figure 12-1. Communications Protocol Layers in th&JSB Client Controller

Fields

e, | | | |
Sync Identifier Address Endpoint

rome | [omm | [eme |

| Token | | Start-of-Frame | | Data | | Handshake |

v

Transactions Transfers | Frames

g
Interrupt

lsochronous

«—
‘_

ol lol]-
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Features

« USB Revision 1.1, full-speed compliant device

« 23 programmable endpoints

— Type: bulk, isochronous, or interrupt

— Direction: in or out

— Maximum packet size

— Programmable configuration, interface and altermaterface setting numbers
« Endpoint O for control IN and OUT

« Four configurations:

— Three programmable configurations with up to sewmterfaces with seven alternate
interface settings

— Default configuration 0 with one interface anchtol endpoint O

« Configurable 4-Kbyte memory for endpoint dataage

Signal Descriptions
This section describes the signals used by the ¢Ji8Bt controller (See Table 12-1).

Table 12-1. USB Client Controller Interface 1/O Sigial Descriptions

Name Type Description
USBC_P Input/Output USB client port positive pin of differential pair
USBC_N Input/Output USE client port negative pin of differential pair

Bidirectional Signals

USBC_P and USBC_N are the differential lines of tI1®&B cable. Using differential signaling
allows transmitting multiple states on the serig bl hese states are combined to transmit data as
well as various bus conditions, including: idlesume, start-of-packet (SOP), end-of-packet
(EOP), disconnect, connect, and reset. Four distiates are represented using differential data by
decoding the polarity of the USBC_P and USBC_N piivgo of the four states are used to
represent data. A one is represented when USBChiBhisand USBC_N is low; a zero is
represented when USBC_P is low and USBC_N is Higk.remaining two states and pairings of
the four encodings are decoded further to reprebenturrent state of the USB. Table 12-2 shows
how seven different bus states as well as one arare represented using differential signaling.

Table 12-2. USB States Using Differential Signaling

Bus State USBC_P Pin Level USBC_N Pin Level
1 High Low
0 Low High
e High from EOP to SOP Low from EOP to SOP
(Held by bus termination resistors) (Held by bus termination resistors)
Resume Low High
Start-of-Packet (SOFP) Transition from idle to resume
Low for 2 bit-times followed by an idle for 1 bit-time |Low for 2 bit-times followed by an idle for 1 bit-time

End-of-Packet (EOP) e
(Low, Low, High) (Low, Low, Low)

Below single-ended low trigger threshold for more than 2.5 yus.

Disconnect N N
(Disconnect is the static bus condition that results when no device is plugged inte a hub port.)

Caonnect USBC_P OR USBC_N high for more than 2.5 ps
Reset Low for more than 2.6 ps |L0w for mare than 2.5 ps,
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Operation

The UDC consists of four major components: theglenial bus interface, endpoint memory,
endpoint control, and USB interface. The periphbte interface contains the UDC control and
status registers for the endpoint configuratiormdatd provides the interface between the PXA27x
processor and the USB data. The endpoint memayH&byte SRAM used for USB endpoint
data storage. It has 32 bytes dedicated to endPpaitowing the remainder of its memory to be
allocated to any of the 23 programmable endpoifite. endpoint control and USB interface blocks
provide the USB functionality. Figure 12-2 is adKaliagram of the USB client controller and its
dedicated /0.

Figure 12-2. USB Client Controller Block Diagram

Internal
Peripheral Bus

_____ USB Device Controller 1 T 7 Padunmt ~ 7

Peripheral
Bus Interface Endpoint

;i A

aﬁ?’é}‘!ﬁﬂs g—— Endpoint |g | use J|_ uDC d—l—bussc_P
Regist[-em) | | Control | gl Interface | | j| Transceiver <= USBC_N

Peripheral Bus Interface and Control/Status Registe  rs

The UDC is a slave peripheral device that is coteteto the internal peripheral bus. All useriniit
accesses to the UDC registers and endpoint mememgoapleted using the internal

peripheral bus. The control and status registelsd registers for frame-number storage, UDC
top-level control and status, interrupt control atetus, endpoint control, status, and data transfe
The UDC Control register (UDCCR) provides contmotiastatus of internal UDC functions. The
UDCCR status bits indicate the current USB configion, interface, and alternate interface setting
numbers assigned the UDC by the USB host contrdilee UDCCR also contains a status bit to
indicate if the UDC is actively communicating oetdSB, and a status bit to indicate an unusable
endpoint memory configuration. The UDCCR also a#ieselection of UDC enable for USB
operation, UDC resume, and endpoint memory conditipm control

Either processor interrupts or polling can be usetetermine whether USB activity occurs. The
Frame Number register (UDCFNR) holds the frame nemabntained in the last received start-offrame
(SOF) packet.

Although the UDC can generate only a single intgrta the processor’s interrupt controller, there
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are 53 sources for this interrupt. Each of therdpeints (0 and A—X) has two interrupts: packet
complete and FIFO error. In addition, the UDC has interrupts that can be generated based on
USB activity. The interrupt sources are shown mttDC Interrupt Status registers, which must be
read to determine the cause of the interrupt bgémgrated. In addition, USB activity can be
determined by reading the UDC Interrupt Statusstegs. If polling is used, the Endpoint Control/
Status registers can be read to determine activitthe USB.

The UDC Interrupt Control registers contain intptrenable bits that enable the generation of the
UDC interrupt. When an interruptible event occting, appropriate status bit in the Endpoint
Control/Status register is set, and if the corresiig interrupt-enable bit in the Interrupt Control
register is set, then the appropriate bit in therhupt Status register is set and an interrupt is
generated. An interrupt is cleared by setting fyrepriate bit in the Interrupt Status registers
Endpoint 0 is the only control endpoint and theydstirectional endpoint in the UDC, and has
characteristics different from the programmablepaints A—X. Key characteristics of endpoint 0
include the following:

« Control/Status, Byte Count, and Data registers

« Configuration is fixed and does not use a confijan register

« Enabled for every USB configuration and interface

« Bidirectional endpoint with 32 bytes of USB datarage space allocated in the endpoint
memory: 16 bytes of FIFO memory are used for INadatd 16 bytes are used for OUT data

« USB data space is not double-buffered.

« Only endpoint configured and available for USB@ion after USB reset, and before the

USB host controller has enumerated the UDC

The Endpoint 0 Control/Status and Byte Count regssprovide the status of the endpoint O IN and
OUT buffers. The Receive FIFO Not Empty bit (UDCGBRNE]) and OUT Packet Complete bit
(UDCCSRO[OPC]) are set when a complete data pdasbeen received from the USB host
controller. If the packet is part of a SETUP tranigm, the Setup Active bit (UDCCSRO[SA]) is
also set. The endpoint 0 transmit FIFO is flushgthie UDC after receiving an OUT data packet
from the USB host controller. The Byte Count regrigtDCBCRO) indicates the number of bytes
of data that need to be unloaded from the recaiffeb As data is read from the endpoint O receive
buffer using the Endpoint 0 Data register UDCDR@, Byte Count register value is decremented
to indicate the number of bytes remaining in th#dsuWhen all of the data has been unloaded
from the receive buffer, UDCCSRO[RNE] is clearedthy UDC to indicate the receive buffer is
empty. After reading all of the data from the endp0 receive buffer, software must clear
UDCCSRO[OPC] to enable the buffer to receive anotleB data packet.

Loading a maximum packet size of 16 bytes intoah@point O transmit FIFO automatically sets
UDCCSROJIPR]. If less than 16 bytes are loaded theoendpoint 0 transmit FIFO,
UDCCSRO[IPR] must be explicitly set to indicatecanplete packet has been loaded. When the
data has been transmitted to the USB host contrtiie UDC clears UDCCSRO[IPR] to indicate
the packet has been sent

Each of the 23 programmable endpoints, referrexstendpoints A-X, has a Configuration
register, Control/Status register, Byte Count tegisand a Data register. The Configuration
registers set the configuration, interface, alterrs@tting and endpoint numbers, and maximum
packet size, as well as enable double-bufferingémh endpoint. The Configuration registers can
be written only when the UDC is not enabled (UDCGRE] is clear). When UDCCR[UDE] is
set, the endpoint configurations are loaded inéoUBB interface block and are set to read-only
access.

The Control/Status, Byte Count, and Data registerdrol the operation of each endpoint after
enumeration. If an endpoint has double-bufferirgabied, the Control/Status and Byte Count
registers provide the status of the endpoint buffehe endpoint is configured as an OUT
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endpoint, the FIFO Service (FS) and Packet ComR bits in the Endpoint Control/Status
register are set when a complete data packet leamsrbeeived from the USB host controller.

The Byte Count register of each endpoint indicttesnumber of data bytes that need to be
unloaded from the buffer. As data is read fromRHeO memory using the Data register, the
corresponding Byte Count register value is decréeteto indicate the number of bytes remaining
in the buffer. When all of the data has been urédddom the FIFO memory, the FS and Buffer
Not Empty/Buffer Not Full (BNE/BNF) bits in the Ctrol/Status register and the Byte Count (BC)
in the Byte Count register are cleared by the UB@dicate the current buffer is empty. After
reading all of the data from the endpoint buffeffware must clear the PC bit in the corresponding
Control/Status register.

If an OUT endpoint has double-buffering enabled, @ontrol/Status and Byte Count registers
provide the status of the endpoint buffer thatisently active. The FS, PC, and BNE/BNF bits in
the Endpoint Control/Status register are set wherfitst buffer has received a complete data
packet. The short-packet (SP) bit indicates a gamkaller than the maximum packet size has been
received and is ready for unloading, or has beaddd and is ready for transmission. The Data
register unloads data from the first buffer. Thenttal/Status and Byte Count registers continue to
hold the status of the first buffer until softwalears the PC bit in the Control/Status register.

As the data is read from the first receive bufflee, value in the Byte Count register is decremented
and indicates the number of data bytes that stédnto be read from the first buffer in the FIFO
memory. When all of the data in the first buffesteeen read, the Byte Count register and the
BNE/BNF bit in the Control/Status register are obeh If a second packet is received before all of
the data has been read from the first buffer, BdiEcontinues to be set after the first buffer is
been read, but the second packet of data doeenittesPC bit until after software has cleared the
PC bit.

The status of the second buffer cannot be detedninél the PC bit is cleared. The PC bit must be
set to update the Control/Status and Byte Counsterg with the status of the second buffer. If the
PC bit is set before reading all of the data infite receive buffer, the data in the first reaeiv
buffer is lost.

If the second buffer has received a complete datiet, the PC bit is again set to indicate that the
endpoint FIFO has data ready to be unloaded, anBME/BNF and Byte Count registers indicate
the amount of data present in the second buffethi&tpoint, the Data register unloads data from
the second buffer. The Control/Status and Byte €oegisters continue to hold the status of the
second buffer until software again clears the ROOnily after all of the data has been read from
the second buffer must the PC bit be set. Doingpstates the Control/Status and Byte Count
registers to reflect the status of the first buffer

Suspend and Resume

If idle persists on the USB for more than 3 ms,W¥C detects the suspend state, and (if the
suspend interrupt is enabled) an interrupt is etite processor. When the UDC enters the
suspend state, the processor stops the 48-MHz tdatie UDC and enables the UDC pins
USBC_P and USBC_N to detect the resume statee Iptbcessor does not enter sleep mode, the
state of the UDC is preserved and is ready formesdetection.

Note: The presence of SOF packets prevents the UDC fraarieg suspend mode.

The UDC can exit suspend in three ways:

* Resume initiated by the UDC

« Resume initiated by the USB host controller

* USB reset

If the USB host controller has executed the SET_FHBRE command and enabled the device
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remote wake-up feature of the UDC, after the UDE ératered the suspend state, sending a wakeup
signal to the USB host controller is performed bitisg UDCCR[UDR]. Doing so forces the

UDC to drive a non-idle state (K state) onto theBU8r 3 milliseconds without further user
intervention. The UDC hardware then clears UDCCRR]Drhe UDC waits for the resume signal
to be reflected back to it by the USB host conémland when the resume state is detected on the
USB, if the resume interrupt is enabled, an infgtrisi sent to the processor.

The USB host controller can wake up the UDC byidg\the non-idle state (K state) either by
driving a resume or USB reset onto the USB. WhenibC pads detect this non-idle state on the
USB, they signal the processor clock manager moduéart the 48-MHz clock to the UDC, and
(if the resume interrupt is enabled) an interrgpent to the processor. Software must take the
appropriate action to resume activity.

Sleep Mode Operation

If the UDC has entered the suspend state beforeX#&7x processor is in sleep mode, the UDC
pins USBC_P and USBC_N are used to detect the estate on the USB and resume operation
while the processor is in sleep mode. If the USBtleontroller tries to access the UDC when the
processor is in sleep mode, the USBC_P and USBG@ndNdetect the resume state and signal the
processor to begin the wake-up sequence. The Ull®avie lost all state information and the
UDC Configuration registers must be reloaded poosetting UDCCR[UDE]. The USB host
controller must issue a USB reset and re-enuménate/DC.

If the UDC has been disconnected from the USB hagtocessor is in sleep mode, a GPIO pin
must be programmed to detect connection to the &lI8Bto signal the processor to begin the
wake-up sequence. The GPIO pin must be conneatedgh a level-shifter to the USB power
signal to detect connect/disconnect to the USB.UBE will have lost all state information and
users must load the UDC Configuration register emable the UDC before the UDC is ready for
USB operation.

USB On-The-Go Operation

The processor USB device and host controllers eamsled to provide A- and B-device On-The-Go
(OTG) operation as specified in tBm-The-Go Supplement to the USB 2.0 Specificafiba onchip
OTG transceivers provide on-chip pull-up and pullth resistors as specified in tRall-up/
Pull-down Engineering Change Notice to the USBSp@cificationOTG operation requires user
intervention but interrupts are provided to notife user of OTG activities including Vbus
changes, session detection, and OTG ID changesugdremust use these interrupts along with the
OTG control and status registers to operate asTaa @evice. The UDC OTG support includes the
following:

» Decoding of SET_FEATURE commands with OTG sped#lector values

« Control for on-chip OTG transceiver with multigleg between UDC and USB host controller
(UHC) port 2

« Control for multiplexing between UDC, UHC porad UHC port 3 data through GP10s

« Control, status and interrupt registers for ifgteing to off-chip OTG transceivers

« Control, status and interrupt registers for ifgteing to off-chip charge pump devices

* OTG ID support

Figure 12-15 shows each of the configurations ghedito support OTG operation. Each of these is
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discussed in detail.
Note: The processor does not provide direct connectiar tmwntrol of the USB Vbus.

Figure 12-15. USB OTG Configurations
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On-Chip OTG Transceiver Operation

The USB host port 2 transceiver is designed in@zme with théPull-up/Pull-down Resistors
Engineering Change Notice to the USB 2.0 Specifinab provide on-chip resistors and OTGcompliant
transceiver operation. The USB host controller gamultiplexor is a bidirectional I/O

multiplexor that connects to the USB host portahséceiver and the single-ended I/O through the
GPIO. The port 2 multiplexor provides an interféleat allows the UDC port or UHC port 2 to
connect to the UHC port 2 transceiver for diredifgictional connection to the USB. The port 2
multiplexor also provides an interface that allatvs UDC port, UHC port 2, and the UHC port 3
to connect to single-ended 1/O through the GPIOs.

The OTG transceiver contains two pull-up resistord one pull-down resistor on each D+ and D—
that can be enabled using the USB Port 2 Outputr@dRegister (UP20CR) pull-up/pull-down
enable bits (DPPUBE, DMPUBE, DPPUE, DMPUE, DPPDE|RDE). Figure 12-16 illustrates
the on-chip host port 2 transceiver pad with thikaiand pull-down resistors.

« Enable SW3 for both D+ and D— when host port2ei;ig used for USB host controller data.

« Enable SW1 on the D+ pad and disable SW1 on thpdd when host port 2 is being used for
USB device controller data.

« Disable SW2 on the D+ and D- pads when hostd@teing used for USB device controller
data.

* SW2 is enabled and disabled by hardware wheb € is idle and receiving data from an
upstream device as specified in #l-up/Pull-down Resistors Engineering Change bioti

to the USB 2.0 Specificatiofable 12-9 lists the switch settings used forlflsB host and

USB device controller I/O.
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Figure 12-16. Host Port 2 OTG Transceiver
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Interface to External OTG Transceiver

In the case where the user does not use the ihtefif@a transceiver, the UDC contains control,
status, and interrupt registers to provide seanmgsgacing to external transceivers. External
transceivers can be used to provide D+, D—, ands\dbiver to the USB. In this mode, the USB D+
and D- signals are output through GPIO pads witBQPBR[SEOS] used to control multiplexors
to select between UDC and USB host controller D+, &nd transmit enable signals. In addition,
the USB Port 2 Output Control Register (UP20CR)tes the external transceiver suspend
(EXSUS) and external transceiver speed (EXSP) abatitput bits, and the external transceiver
interrupt input to interface to the external tragiger. Figure 12-17 illustrates the OTG connection

to an external transceiver.

Figure 12-17. Connection to External OTG Transceive
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Note: For Figure 12-17, UP20CR[SEOS] = 4 for USB cliemi &/ P2OCR[SEOS] = 5 for USB host.

Interface to External Charge Pump Device

In addition to the interface options described éct®n 12.5.4, the UDC provides control outputs
and interrupt inputs to drive and monitor an exaéaiharge pump device. To do so, the USB D+
and D- signals can be output using the on-chip @&@sceiver and the Vbus interface provided
by an external charge pump device. In this mod€QER[HXS] is used control multiplexors to
select between UDC and USB host controller D+, &€ transmit enable signals to be output
through the USB host controller port 2 transceilreaddition, USB Port 2 Output Control
Register (UP20CR) provides the charge pump Vbuble{€PVEN) and charge pump Vbus
pulse enable (CPVPE) control output bits used abknthe driving of Vbus and to enable the
driving of pulses on Vbus, respectively. AdditidgalUSB Port 2 Output Control Register
(UP20CR) provides the Vbus valid 4.0-V, Vbus vaid-V, session valid, and session request
protocol detected interrupt inputs to interfacéhi® external charge pump device. Figure 12-18
illustrates the OTG connections to an externalgdaump device.

Figure 12-18. Connection to External OTG Charge Puim
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Memory Stick

Overview

The Memory Stick is a medium for storing and trenshg data. In its simplest form, the Memory
Stick is a small, pluggable card containing flashdther similar) memory. This memory can store
multiple content types—for example, audio datatoresl image data. In addition to this basic
form, other devices are available that use thedst@hMemory Stick definition (for example,
camera modules). The memory stick host controlievides the interface between the PXA27x
processor and one Memory Stick.

Note: The Sony Memory Stick Standard, Format Specificatiorside 1.3(the Sony MS standard)
defines the Memory Stick interface and providestthsis for this chapter. For all details of
Memory Stick operation, refer to this Sony standard

Features

* Compliance with the Sony Memory Stick standard

* Built-in transmit and receive FIFO buffers

* Built-in CRC calculation and checking

* Transfer clock up to 20 MHz

* Data transfer using programmed 1/O, interrupt twcpssor, and DMA

* Automatic command execution when an interrupt from the Memory Stick is detected

Signal Descriptions
Table 17-1 summarizes the signals used by the mestick host controller.

Name Type Description
MSBS Output Serial protocol bus state signal
MSSDIO Bidirectional Serial protocol data signal
nMSINS Input Stick insertionfremoval detect terminal
MSSCLK Output Serial protocol clock signal
Operation

The memory stick host controller communicates g Memory Stick using a half-duplex serial
protocol. This section presents an overview offffeocol. Always refer to the Sony MS standard
for details.
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Functional Description

The Memory Stick system, depicted in Figure 17ehsists of the memory stick host controller
and an attached Memory Stick card.
Figure 17-1. Memory Stick System Block Diagram

Frocessor
MSSCLK
Application Memory MSBS Memory
- Stick Host L Stick
Interface Controller | g MSSDIO
Interrupt nMSINS
Controller [~

The memory stick host controller interfaces wit Memory Stick using a 32-bit internal
application interface. It allows:

* Sending otransfer protocol command3PCs) to the Memory Stick using the MSHC
Command register.

* Data transfer using the two separate receive (R¥)tensmit (TX) FIFOs (this data can be
transferred using polling, interrupts to the preaoesor DMA).

* Responding directly to Memory Stick interrupts bguing a predefined command, the
AutoCommangACD).

* Placing the card into a low-power mode.

Interrupts

The memory stick host controller generates a simgérupt to the interrupt controller. The cause
of the interrupt can be determined by reading titertupt and Status register.

Status bits in this register indicate which evenised the interrupt to be generated. Interrupts can
be disabled (either individually or in total) byttseg bits in the Interrupt Enable register.

To process an interrupt, MSINTEN[INTEN] must be, setd the enable bit for the specific
interrupt in register MSINTEN must be set.

It is possible for multiple secondary interruptoteur if more than one MSINTEN register bit
besides INTEN are set. To determine the specifisea®f the interrupt, read the Interrupt and
Status register, MSINT. To handle more than oneriopt at a time, set MSINTEN[INTEN] and
the specific MSINTEN interrupt enable bits.

Memory Stick Insertion and Removal

The nMSINS signal indicates the insertion and reaho¥ a Memory Stick. NMSINS is connected
to the interrupt controller, but not to the memestigk host controller. Thus, the interrupt contoll
must be programmed to generate an nMSINS interrupt.

© SENSITECH INC. CONFIDENTIAL — CONTROLLED DOCUMENT Page 49 of 83
A Carrier Corp. Company
PART NUMBER T82002163

REV A



Software must monitor the nMSINS interrupt. Wherirgarrupt occurs due to the removal of the
memory stick, the software must halt all MHSC atgiand reset the memory stick host controller.

Reset
The memory stick host controller is reset in eitbietwo ways:
* Any PXA27x processor reset causes all of the MSelfisters to be reset.
* Setting MSCRSR[RST] causes the memory stick hastratler to enter and remain in reset
until MSCRSR[RST] is cleared. In this case, althe# registers except for tiRSThit are
reset, and the output signals BS, SDIO, and SClekdawven low. Any currently-executing
protocol is terminated when MSCRSR[RST] is asserted
These methods do not cause a reset TPC to beostbret Memory Stick.
Note: Before writing any of the control registers for@wnbus protocol, always set MSCRSR[RST] and
then clear it.

Power-Save Mode

When the memory stick is not being used, softwaag optionally place it into a low-power mode.
This is controlled entirely by software and is related in any way to the PXA27x processor lowpower
modes.

Figure 17-2 shows how to enter and exit the Men8iigk power-save mode. To maximize overall
system power saving, software must place the Mer8tick in power-save mode prior to entering
any of the system low-power modes.

Power-Save Mode Cancel the Power-Save Mode

Execute SLEEP TPC
command to place the
Memory Stick into sleep mode

v Y

Set MSCMR[PWS] Perform wake-up operations
for the Memory Stick

Clear MSCMR[PWS]
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LogicPD Card Engine:

144 Pin SODIMM

‘ EXP CONNECTOR #1 | ‘ EXP CONNECTOR #2 | Card Engine CPLD Provides Windows® CE 5.0 BSP provides:
‘ ‘ + CF card support (memory-mode only) - 10/100 SMSC 91C111 Ethernet driver
‘ « ISA-like bus interface » PXAZ270 integrated graphics controller
PERIPHERALS b * SMSC LAN91C111 wired LAN bus driver
ACST/’S o M interface and power +* USB host & device driver
Touchscreen | A + Buffer control logic » CF card block driver (memory-mode only)
+Audio Codec | (4 i + Chip select decoder logic « Touch sereen driver
o PXA270 2 « Flash program confrol logic * Audio driver
o] & RESETS & * Processor mode control logic * Serial driver
A | POWER « EEprom register » Remote update support via Ethemet
L = MONITORING + Flash control
AN S RN REAC + IC code revision register Windows CE 5.0 BSP is a collection of
‘ « PCMCIA support logic the peripheral device drivers, OAL (OEM
[ [ 1 Adaptation Layer), and build environment
‘ CPLD ‘ BUFFERS ‘ ‘ SDRAM ‘
The binary CPLD and binary Windows CE BSP are available free of charge for cusiomers
PORER | INoR or NAND AL designing the Card Engine info their final product or for purchase if implementing a custom
FLASH {nplioniT)EL board solution

Please contact Logic Sales at product sales@logicpd com for more information.

Actual size (2.37"x 2.677)

= Standard System on Module Configuration

Logic Model Number Speed SDRAM NOR Flash NAND Flash  Ethernet Audio Touch  Temp. Rating
(MHz) (MB) (MB) (MB)

CENGPXA270-312-10-440EC(R) 312 32 0 32 i Y Oto70deg C

CENGPXA270-416-10-550EI(R) 416 64 0 i Y -40to 85deg C

CENGPXA270-520-10-504HC(R)’ 520 64 32 0 14 Y Oto70degC

CENGPXA270-520-10-850HCR 520 64 0 Y Y Oto70degC

(R) An R in the model number denotes a RoHS compliant configuration.

(1) Development Kit Configuration (SDK-PXA270-520-10-6432)
*Please contact Logic for custom configurations and availability.
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10 Controller Block Diagram

Figure 2.1: 10 Controlier Block Diagram
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Connector

Connector

PXA270

CODEC

SDRAM

SUPPLIES

SDRAM

POWER I

I
BUFFERS

10/100
ETHERNET

CPLD || FLASH

FLASH

SODIMM Connector

Note: Our current Card Engine does support Ethernet

Card Engine:

Recommended Opeorating Conditions

Parameter Min Typical Max Unit Notes
\Ef)gtlaféeand Peripheral Supply 30 33 36 v
DC 3.3V Active Current 110 278 mA 5.6
DC 3.3V Suspend Current 56 220 mA 2
DC 3.3V Standby Current 6.6 mA
DC Core Voltage 1.40 1.45 1.7 Vv
DC Core Active Current 260 422 mA 56
DC Core Suspend Current 6 mA
DC Core Standby Current 2 mA
oA oPerating o 25 | o
e Qe > = | o >
Storage Temperature -40 25 85 °C
Dimensions 235x26 Inches
Weight 17 Grams 4
Connector Insertion/removal 50 Cycles
Input Signal High Voltage 0.8 x VCC vV
Input Signal Low Voltage 0.2 x VCC \4
Output Signal High VVoltage VCC —03 VCC \4
Output Signal Low Voltage GND GND + 0.3 v
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TempTale Mini

During normal monitor operation, communications mdldisabled. In order to enable the
communications mode by means of the communicatoasle pin on the RS232 connector located
inside the monitor. This pin must be held during éntire communications session. The monitor
communicates via a standard RS232, 9600 baud&aig,No Parity, 2 Stop bit protocol. (9600,8,N,2)

Once the monitor has entered communications mbedehast PC is responsible for establishing a
connection with the monitor. If the host PC doesestablish a connection within one minute’s time,
the microcontroller within the monitor will disabd®@mmunications mode thus terminating
communications. If this occurs, it will be neceyda re-enable the communications mode by re-
triggering the communications enable line.

To establish a connection with the monitor, thetlRC must send a sequence of

Bytes to the monitor and receive the correct respstack from the monitor. This sequence is dedigm
give the monitor time to wake-up and allow the Hodbg in. If any of the bytes are sent or recdive
incorrectly or at the wrong time during the conmattattempt, both the host and monitor should
assume bad communications and return to their pus\étates. The following table shows the steps
that are taken to connect to the monitor:

Table 1
| Step | Host PC’s Action Monitor’s Action Description
# Action
1 Toggle Detect Com Line Wake-up Monitor via RS232 line toggle
Communications  toggle and enter in
Enable Line Comm. Mode
(DTR)
2 Send 00h Rcv 00h and Host send 00h
Send Product ID of Monitor replies by sending 2 byte Produgt
02h to host ID of 02h, low byte 02h, high byte 00h,
LSB first
8 Rcv ID and set-up fo Rcv command Host determines monitor type via ID value
correct protocol from host and act and sends next action command.
Send Next Comman accordingly

As can be seen in Table 2 above, the first thingafgpen is the monitor enters communications masla v
change in state in the “detect” line from the RS28@nector. (“Detect” = Pin 4 (DTE Ready) of the
DB9 connector)

The host PC initiates communications by transngtanl-byte hex value of Oh to the monitor.

When the monitor is able to respond, it will replytransmitting a 2-byte (16 bit) protocol ID hexlwe of
2h back to the host computer. It does this by isenithe low byte first and the high byte second.

The host PC then looks at the value that it goklhacthe protocol ID and determines what command
protocol to use for communicating with the monitor.

Once the host PC has successfully logged in anéstablished a connection with the monitor. Th&t ho
PC may now send predefined commands to the momitach allows it to do things such as, configure
the monitor or download the data. The commandogaitand a list of the commands with their
definitions are described in a later section s llso important to note that once a connectiorbkas
established, a 3-minute timeout timer is estabtishi¢hin the monitor in place of the 1-minute tinsto
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timer. This timer is used as a count down timat tfetermines the timeout period for communications
between the monitor and host PC. Effectively whi mmeans is that as long as this timer is refréshe
and not allowed to expire, communications mode stédly active allowing commands to be sent. The
monitor refreshes this timer any time valid commansent, so as long as commands continue to be
sent, the monitor will continue to refresh the tim# no commands are sent to the monitor within 3
minutes, communications mode within the monitot v terminated. The reason for the 3-minute
timeout timer is to maximize the battery life oktmonitor. Because of the power drain associated
with the communications mode, if the communicatiorle were allowed to continue indefinitely,

the battery would be drained very quickly.

Once the parameters or the Oh have been recehedydnitor will then internally execute the command
and return a status byte followed by any additiatzé.

A status byte is always returned from the monifmwrucompleting a command whether or not thereys an
additional data. The status byte is always a sibgte value. A Oh value indicates successful
completion of the command while a non-zero valuahcates an error. A list of valid status codes with
their names and descriptions are in the table helow

Status name Code Description

CMD_SUCCESSFUL 0x00| Returned upon successful caioplef command.

CMD_UNKNOWN 0x02 | The requested command is not pathe unit's API. This is returned
when a command does not exist.

PARAMETER ERROR 0x03 | Parameter errors which aréfsem the PC

BAD_TEMP 0x04 | When an immediate temperature is estpd, this value will be returned|i
the conversion process did not complete succegsfull

RESERVED (UNUSED) 0x05

BAD_INIT 0x07 | The unit can not be initialized duedrroneous information having been
stored in its configuration pages.

UNIT_NEW O0xO0A | The unit is newly manufactured andaonfigured.

UNIT_SLEEPING 0x0B [ The unit is sleeping prior tdigation.

UNIT _SDELAY 0x0C | The unit has been activated andasting through the startup delay.

UNIT_RUNNING 0x0D | The unit has completed the stpriielay and is actively recording data.

UNIT_STOPPED OxO0E [ The unit has been stopped aftaring.

Depending on the command that was sent, the mamagror may not send data after the status code. F
instance, if the high-speed download command istsethe monitor, the monitor will send all of the
temperature data after the status code has been sen

The ULCM also supports a packet based commandqoioichich uses the same basic structure as the
ULCM standard commands with the exception thattiremand parameters and return data are in
packet form with a checksum attached. If the condrizas parameters then the host sends the
command parameter packet just after the monitooexback the command value. If the command
returns any data, then the monitor will returndlaéa packet just after the status is sent. The
following figure illustrates this:
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Figure 1

ULCM PACKET

HOST PC COMMAND MONITOR
PROTOCOL

Command - .

Echo back command————
-

0x00 or

Parameter Packet——m8 —
Executes Command

-

4_/—Status—/—

</ﬂaa—gaeket//

Note: All data packets will consist of a 3 byte checksum position followed by
the requested data ending with a Checksum

The command parameter packet and data packeteisanhe packet format, which is shown
below:

Packet Data Checksum
3 byte count of the number of
parameters or data bytes to Parameter or Data bytes
follow
BO [B1 [B2 DO,D1,D2,D3, .......... Dn 1Byte

For instance if a ULCM command to download all tle¢a is sent to the monitor, the monitor will send
(after the status byte) a packet containing a &bwgtue representing the number of data bytes to
follow, the data (which includes summary informatend temperature data), and a checksum.

For any packet, the checksum is the least sigmifibgte of the sum of all the data in the packeliding
the 3-byte checksum position. This is shown ingkample below:

© SENSITECH INC. CONFIDENTIAL — CONTROLLED DOCUMENT
A Carrier Corp. Company
PART NUMBER T82002163

REV A

Page 57 of 83



If the packet contains 1120 data bytes and theevaflu
all the bytes is a hex 76 then the sum of the cbyts
and data bytes is as follows:

Count Byte 0 0x6q 460 P
Count Byte oxo4| H a
Count Byte 2 oxod (112 c
0D) Kk
Data Byte 0 0x76 ?
Data Byte . Ox7¢€ D
Data Byte . Ox7¢€ D a
’ : at t
a a
Data Byte 111 Ox7€
Data Byte 1120 O0x74
Sum equals> 0x208A0 Sum

Once the sum has been calculated, only the least
significant byte, in this case 0xAO, is used as the
checksun
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TempTale 4 (Epson TT4)

_{ Deleted: Rs232
Command Transmission Paradigm .

vy - - - " - =" _ " -39 _ _ _ _ _
As a method of ensuring data integrity, the unit alivays echo commands back to the host
computer as it receives them. In this way the esledevice will know that the unit received a
specific command correctly. This method allowes llost computer to respond in the fastest way.

thereby forcing the unit to timeout while waitingr fa go signal.

If the command is to be followed by a series oadattes, such as when the host computer is
writing to the Scratchpad, that data is sent byhitst computer upon receiving the echoed back
command. Otherwise a 0 is sent by the host tasetgo command. The unit will then perform
the requested action and return an action staties #ny data or information as required by the
requested action will follow this byte.

External

Device TempTale

\

command

S

I
echo back command

-

_
0x00 or parameters

e

execute
command

S

/command status

any additional response data

Status Byte Definitions

A status byte is always returned from the unit upompleting a command. This is a single byte
value. A '0'value indicates successful completidnile a non-'0' indicates an error code. Certain
commands require the unit to be in a specific dpgganode. If that condition is not satisfied, the
present mode is sent back as an error code. Siytiess are listed in the table below.

Status name Code Description
| CMD_SUCCESSFUL | 0x00| Returned upon successful cdinplef command.
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CMD_UNKNOWN 0x02 | The requested command is not pathe unit's API. This is returned
when a command does not exist. This error codescsreturned if a
command that is sent requires a higher accesstleaelthe user is
presently in.

BAD_PASSWORD 0x03 | During the course of logging itlie unit, the supplied password is
incorrect.

BAD_TEMP 0x04 | When an immediate temperature is estpd, this value will be returned|i
the conversion process did not complete succegsfull

IIC_TIMEOUT 0x05 | During the course of accessingititernally paged memory, either a real
or write time out occurred.

BAD_INIT 0x07 | The unit can not be initialized duedrroneous information having been
stored in its configuration pages.

UNIT_NEW 0x0A | The unit is newly manufactured andaonfigured.

UNIT_SLEEPING 0x0B | The unitis sleeping prior tdiaation.

UNIT_SDELAY 0x0C | The unit has been activated andasting through the startup delay.

UNIT_RUNNING 0x0D | The unit has completed the stprtielay and is actively recording data.

UNIT_STOPPED OXOE | The unit has been stopped aitaring.

Communication Layer Descriptions

The unit utilizes a layered communications protocthe default layer is no-communications or
Data Recorder mode (unit recording temperature) dathe host computer moves from layer 0 to
layer 1 and succeeding layers by successfully sgnttie appropriate command or sequence of
commands. Presently there are a total of 5 lay@tse following table lists the layers by name

and description.

Layer #

0

Layer Name
Data Recorder

Layer Description
No communications - Awaiting comization
initialization sequence.

1

Identification/
Networking

Communications Established — Awaiting unit
identification/networking commands.

2

Login/Status

Unit Identified - networking issuemndled - awaiting
user login.

Customer Login
(password

disabled.)

Logged in Customer privilege - all general user
commands available.

Sensitech login
(password req.)

Logged in with Sensitech privilege. All unit comnaks
available including test and general commands.

Data Recording Layer

There is no way of telling what the unit may bendpivhen the host computer tries to initiate
communications. It may be recording data in whiake communications are disabled. It may be
in sleep mode, in which case waking up can takerilleconds. One last issue that the unit has
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to deal with erroneous communication attempts. &hoent from layer O to layer 1 is designed to
eliminate these issues.

Communication is initiated by transmitting a stareequence of bytes to the unit. This sequence
is designed to give the unit time to wake-up, resh@nd synchronize to the host computer’s baud
rate. Unless all steps are performed correcthy uthit will assume bad communications and return
to what it was doing. The bytes transmitted arfobews.

The host computer initiates communications by tratisig a 0x00 to the unit. When the unit is
able to respond to the attempt it will reply bynsanitting a 0x00 back to the host computer. At
this point the baud rate has not been establishedtize computer will receive back garbage.
Possibly more than one byte. Even though the ctenpwill probably not receive a 0x00, any
returned value(s) should be accepted as an indicadicontinue.

The unit having sent the 0x00, then sets up toivece 0x55 hex value from the host computer.
The host computer having received the acknowled@x@D (or the best approximation thereof)
will have =500msec to transmit the next byte in the sequemterd the unit terminates the
communications attempt. The host then transmits5®.0 The unit will use this pattern of 0's and
1's to lock onto the host computer's baud rate. afy other value is received the unit will
terminate communications and return to what it deisg previously. Communications will then
be disabled until the next temperature is takehis prevents the unit from constantly responding
to a bad communications attempt.

Having received the 0x55 correctly the unit wilspend by again transmitting a 0x00 back to the
host. This time the baud rate is correct and th& homputer should correctly receive the 0x00.
The host uses this received 0x00 as an indicatidrahsmit the final 4-byte sequence. Again the
host must transmit the final 4 bytes in less tRAr0 second or the unit will terminate what it
thinks is a bad communications attempt. The faeguence of 4 bytes is 0x7A, Ox5E, 0x8A, and
0xAl. This last action accomplishes two goalsveltfies that the unit has indeed locked onto to
the correct baud rate and it acts as a simple padsagainst a bogus communications attempt. If
the unit does not receive the correct 4-byte serpiezither due to bad communications or
improper baud rate, it will again end communicagiand return to what it was doing previously.

The unit having received the final four-byte seqeenorrectly responds by transmitting a 0x00
for a third and final time to the host. The usitnow set to the Network/Identification or layer 1
communications.

The table below shows the sequence of events eghtarinitiate communications with the unit.

| Computer Action | Unit Response | Action Description |
xmit 0x00 Reply 0x00 Get unit's attention
Rcv something - signal to xmit next byte within .5 seconds
xmit 0x55 Reply 0x00 Unit establishes baud rate m@sgponds
rcv 0x00 signal to xmit final 4 byte sequence within 1 setdn
xmit OX7A - Sanity check on baud rate detection
xmit OX5E -
xmit Ox8A -
xmit OxA1 Reply 0x00 Sanity check successful — respond
rcv 0x00 -
© SENSITECH INC. CONFIDENTIAL — CONTROLLED DOCUMENT

A Carrier Corp. Company

PART NUMBER T82002163

REV A

Page 61 of 83



TempTale 4 (OKI TT4)

Communications

The Monitor has an Infrared optical interface agpiimary means for communication to
the outside world. There are also provisions nmdthe PCB for a hard-wired
asynchronous 0 to +3 volt logic level output. @e optical port, an infrared
phototransistor is used to sense data being iopiietdevice and an infrared LED is
used to transmit data out of the device. This fater will be used for communicating
between an external device (PC w/Interface PlusTaip®trip) and the Monitor. The
hard-wired connection is currently not used bwavailable for future peripherals.
Any peripheral device that plans to use this cotioeavill be responsible for any
added circuitry that may be required such as veltagel translation, static
protection, drivers, etc. It will also be the péréral devices responsibility to supply
any power that is needed to operate the addeditcyrcu

On both interfaces, the data will be transmitteghaBronously using standard RS232
serial protocol. This allows the monitor to connieca standard RS232 serial port
with very little effort. The monitor UART is setup receive/transmit data at 9600

Baud with 8 data bits, no parity bit and two stdg.bThis can be seen in the diagram
below.

Timing Diagram of Omegal using
9600 Baud Communications

Marking Start Data Byte (no parity| Stop Marking
Logic 1 0 - o« Bits 1 Bit 8 Bits 2 Bits 0 - o0 Bits
(+3 volts)
Logic 0
(0 volts) |
104us 832us 208us
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Establishing a Connection

During normal monitor operation, communications méldisabled. There are two
ways to enable the monitor's communications mobee first method is for an
external device to trigger the monitor’s interregd switch by means of a magnet. If
this approach is used, the magnet must keep tleswiéch triggered during the
entire communications session. The second methtodeisable the communications
mode by means of the communications enable pim®d2 connector located inside
the monitor. This pin must be pulled to ground helil there during the entire
communications session.

Once the monitor has entered communications mbdeydst PC is responsible for
establishing a connection with the monitor. If Huest PC does not establish a
connection within one minute’s time, the microcofiar within the monitor will
disable communications mode thus terminating comeations. If this occurs, it
will be necessary to re-enable the communicatioogenby either re-triggering the
reed switch by removing it from the magnet for apgmately 500msec and then
placing it back near the magnet or by pulling tbenmunications enable pin high for
approximately 500msec and then back to ground.

To establish a connection with the monitor, thet iR must send a sequence of

Bytes to the monitor and receive the correct resesitpack from the monitor. This
sequence is designed to give the monitor time tcewg and allow the host to log in.
If any of the bytes are sent or received incoryeatlat the wrong time during the
connection attempt, both the host and monitor ghassume bad communications
and return to their previous states. The followtmigie shows the steps that are taken
to connect to the monitor:
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Step | Host PC’s Action Monitor's Action Description
# Action
1 Send 00h Rcv 00h and Wake-up Monitor by sending 1 byte
discard
2 Rcv Protocol ID | Send Protocol ID,| Acknowledge wake-up by sending back g 2
and set-up for | low byte 01h, high byte protocol ID of 1
correct protocol byte 00h
3 Send 55h Rcv value and Send 1-byte value so monitor can verify
verify it is a 55h correct baud rate.
4 Rcv 00h byte or | Send 00h byte or| If check for 55h is good, acknowledge by
timeout and start| terminate login sending back a 00h, otherwise terminatg
over process login process and start over.
5 Send 4 byte login| Rcv 4 byte login Send 4-byte login value.
value value and verify | 7Ah, 5Eh, 8Ah, Alh to verify access to the
monitor
6 Rcv 00h byte or | Send 00h byte or If check for login values is good,
timeout and start| terminate login acknowledge by sending back a 00h,
over process otherwise terminate login process and stfrt
over.

As can be seen in Table above, the first thingaigplen is the host PC initiates

communications by transmitting a 1-byte hex valti@loto the monitor. This byte is
sent to generate an interrupt in the monitor causito wake up. When the monitor
is able to respond, it will reply by transmittin@dyte (16 bit) protocol ID hex value
of 1h back to the host computer. It does thisdnding the low byte first and the
high byte second. At this point, the host PC laatkihe value that it got back for the
protocol ID and determines what command protocoist® for communicating with
the monitor.

Next, the host PC sends a 1-byte hex value of Sthilgtononitor. The monitor then

receives the value from the host computer andiesrithether it received a 55h or
not. If it determines that the 55h was receivedemily, it will send back a 1-byte
value of Oh. If it does not receive the 55h cdiyethen it will terminate the login
process, return to what it was doing, and waitlierhost to start over. If the host
does not retry, then the monitor will timeout afteminute and the monitor will
ignore any attempts to communicate with it. If imeeout occurs it will be necessary
to re-enable the communications mode and stasvbitde connection process over
again. The purpose of sending a 55h to the moisitior verify the baud rate is
correct by letting the host PC know that it undsrstwhat was sent.
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In the case above where the host computer cornestives a Oh back from the monitor,
the host will then send the final 4-byte login sexage to the monitor. The final
sequence of 4 bytes is 7Ah, 5Eh, 8Ah, and Alh.mbeitor should receive the 4
values from the host computer and verify whethanairthey are correct. If it
determines the values were received correctlyilitsend back a 1-byte value of Oh.
If the monitor receives any of the bytes incorrgdtiwill terminate the login process,
return to what it was doing, and wait for the htosstart the whole login process over.
If the host does not retry, then the monitor witieout after approx. 1 minute and
will ignore any attempts by the host to communicaith it. At this point it would be
necessary to re-enable the communications modstartthe whole connection
process over again. This last action of sendingnéecutive bytes accomplishes two
goals. It again verifies that the unit is indeedaiving data at the correct baud rate
and it acts as a simple password against any bmgosunications attempts.

Once the host PC has successfully logged in anégstablished a connection with the
monitor. The host PC may now send predefined camdséo the monitor, which
allows it to do things such as, configure the mamitr download the data. The
command protocol and a list of the commands widir ttiefinitions are described in a
later section. It is also important to note that@a connection has been established,
a 15-minute timeout timer is established within thenitor in place of the 1-minute
timeout timer. This timer is used as a count dévwer that determines the timeout
period for communications between the monitor amst PC. Effectively what this
means is that as long as this timer is refreshdchahallowed to expire,
communications mode will stay active allowing conmaigto be sent. The monitor
refreshes this timer any time valid command is,semtis long as commands continue
to be sent, the monitor will continue to refrest timer. If no commands are sent to
the monitor within 15 minutes, communications madin the monitor will be
terminated. The reason for the 15-minute timeibogrt is to maximize the battery
life of the monitor. Because of the power drainoagsted with the communications
mode, if the communications mode were allowed tttinoe indefinitely, the battery
would be drained very quickly. A battery that wabldst a year under normal
operation may only last a few days if the commuiiices mode were enabled
continuously.

Command Protocol

The Omega TT4 command protocol is based on a CouhiRasponse type architecture.
This approach works on the principle were the fo#t charge of the
communications session and issues commands fondhéor to act on. The Omega
TT4 supports all of the same commands as its pesdec the TT4 (which will be
referred to as “Omega TT4 Standard Commands”) dsas@ew commands
(referred to as “Omega TT4 Extended Commands”)cwhise the same basic format
with the exception that the command parametersetodn data are in packet format
with a checksum. This packet format was implenitencrease the speed of the
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communications. The figure below illustrates adgpOmega TT4 Standard
Command exchange between the host and monitor:

TT4 PLUS
HOST PC STANDARD MONITOR

COMMAND

PROTOCOL

_ =
Command \»

I
- Echo back command
\
0x00 or parameters _—
Executes
Command
S
Status
«—
I

- Any additional data

As can be seen in the diagram, the host initiatasranand by sending a command value
to the monitor. The monitor then echoes back #mescommand value. This way
the host device will know that the unit receivespacific command value correctly.
If the unit echoes back the wrong command valuehtist computer merely ends
communications, thereby forcing the monitor to tme

If the host receives the correct command value ffrack the monitor, the host will send
either a Oh or command parameters. If a commaauines parameters, such as the
“Write Scratchpad” command, the host computer ugaeiving the echoed back
command would send the parameters at this time.céfamands that do not require
any parameters, the host will send a Oh to actgassagnal.

Once the parameters or the Oh have been recehedydnitor will then internally
execute the command and return a status byte fetldsy any additional data.

A status byte is always returned from the monifmsrucompleting a command whether
or not there is any additional data. The statie ls/always a single byte value. A
Oh value indicates successful completion of thernanmd while a non-zero value
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indicates an error. A list of valid status codethwiheir names and descriptions are in
the table below:

Status name Cods Description
CMD_SUCCESSFUL 0x00| Returned upon successful caioplef command.
CMD_UNKNOWN 0x02 | The requested command is not pathe unit's API. This is returned
when a command does not exist.
BAD_INIT 0x07 | The unit cannot be initialized duedooneous information having been
stored in its configuration pages.

Depending on the command that was sent, the mamigror may not send data after the
status code. For instance, if the high-speed doathtommand is sent to the
monitor, the monitor will send all of the temperatdata after the status code has

been sent.

The Omega TT4 also supports a new packet based andprotocol which uses the
same basic structure as the Omega TT4 standard aodsmvith the exception that
the command parameters and return data are infpackewith a checksum
attached. If the command has parameters therodtesbnds the command parameter
packet just after the monitor echoes back the camdmalue. If the command
returns any data, then the monitor will returndiaéa packet just after the status is
sent. The following figure illustrates this:

HOST PC PACKET MONITOR

- Echo back command

-

«——— Status

<« DataPacket With -

TT4 Plus

COMMAND
PROTOCOL

Command @——M —

.

0x00 or
Parameter Packet with —————
Checksum
Executes
Command

[

Checksum
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The command parameter packet and data packeteisaitie packet format, which is
shown below:

Packet
Packet Data Checksum
byte count of the number
parameters or data bytes t Parameter or Data bytes
follow
BO [B1 [B2 DO,D1,D2,D3, .......... Dn 1Byte

For instance if a Omega TT4 command to downloatheldata is sent to the monitor,
the monitor will send (after the status byte) akghcontaining a 3-byte value
representing the number of data bytes to follow,data (which includes summary
information and temperature data), and a checksum.

For any packet, the checksum is the least sigmifibgte of the sum of all the data in the
packet including the 3-byte count. This is showthie example below:

If the packet contains 1120 data bytes and thesvaflu
all the bytes is a hex 76 then the sum of the cbytds
and data bytes is as follows:

Count Byte 0 ox6q - o
Count Byte 1 0x04 § §
Count Byte 2 oxoq <
Data Byte O 0x76 %
Data Byte 1 0x74 [a}
Data Byte 2 0x76 E
1 € |8
8 o
Data Byte 1119 0x7¢
Data Byte 1120 0x74
IS
Sum equals> 0x208A0 a

Once the sum has been calculated, only the least
significant byte, in this case 0xAQ, is used as the
checksum.
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TT4 Optical Interface Circuit
The circuit consists of a NAND gate IC which ingettte TX signal (input).

The input UP_UARTC_TX (B) is High and the input (&)High, then the output is Low and the LED
will not conduct. However, when the TX line traimits from a High to Low state, then the NAND

gate output is High which the LED will begin to clret.

The UP_UARTC_RX line is Low when light turns thed®transistor ON. However, when there is no

light, the Phototransistor is OFF; therefore, tHe UARTC_RX line is High.

LCD

The Trip Strip Il will incorporate a monochrome A$3820 x 240 Transflective LCD display which will

allow the user to display the temperature/humidigph of a downloaded monitor.

LogicPD Evaluation
EDT LCD Board (J11)

VDD 1 4 3.3V
VSS 2 1 DGND
VLCD 3 Booster Power Supply VLCD (boost/pot output)
FLM 4 28 LCD_VSYNC

n/c 5 n/c

CL1 6 30 LCD_HSYNC
CL2 7 32 LCD DCLK

DO 8 26 B4

D1 9 24 B3

D2 10 23 B2

D3 11 22 Bl

DISPOFF 12 35 LCD MDISP

VLED 13 3 5V
VLSS 14 1 DGND
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Interface Signals:

Pin No. Symbol Function
1 VDD POWER SUPPLY FOR LOGIC CIRCUIT
2 VSS GROUND
3 VLCD POWER SUPPLY FOR LCD DRIVING VOLTAGE
4 FLM THE FLM SIGNAL INDICATING THE BEGINNING OF
EACH DISPLAY CYCLE
5 N/C N/C
6 CL1 DISPLAY DATA LATCH
7 CL2 DISPLAY DATA SHIFT
8 DO DISPLAY DATA
9 D1 DISPLAY DATA
10 D2 DISPLAY DATA
11 D3 DISPLAY DATA
CONTROL LCD ON/OFF
12 /IDISPOFF “L”: DISPLAY OFF,
“H” DISPLAY ON
13 VLED POWER SUPPLY FOR LED B.L
14 VLSS POWER SUPPLY FOR LED B.L

Switching Characteristics:

PARAMETER SYMBOL MIN. TYP. MAX UNIT
CL1 PULSE twl 30 - - ns

WIDTH

CL2 PULSE tw 51 - - ns
RISE, FALL tr, tf - - 50 ns

TIME

DATA SETUP tDSU 30 - - ns

TIME

DATA HOLD tDHD 40 - - ns

TIME

CL1 SETUP TIME| tLSU 51 - - ns
CL1to CL2 TIME | tLC 51 - - ns
FLM SETUP tsetup 30 - - ns
TIME

FLM HOLD TIME | thold 50 - - ns

LCD Power ON Sequencing:

1. Logic Circuit Power Supply 3.3VDC (no GPIO)

2. Data Signals (no GPIO)

3. LED Back Light Power Supply 5VDC (GPIO 22, LCDL EEN)

4. LCD Contrast Power Supply 3.3VDC (GPIO 12, VLEN)

5. LCD Enable Signal “CONTROL LCD ON/OFF” (GPIO AZCD_MDISP)
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BUTTONS FUNCTIONS
1. BACK 1. Navigate to previous window or selection. Cancel
2. ENTER 2. Execute command/entry. Executes menu structure.
3. UP Arrow 3. Navigate up
4. DOWN Arrow 4. Navigate down
5. LEFT Arrow 5. Navigate left
6. RIGHT Arrow 6. Navigate right
7. START 7. Download TT4 or TTmini and Print data
8. POWER 8. Initiate power to the unit or power OFF

Keypad

The keypad will consist of 8 buttons which will pide control of the following functions. There &e

keys that will be dedicated to the navigation & HCD selections consisting of an up, down, ri¢gft,and
OK or select. The three remaining keys will contt@ power (ON/OFF), Print (START), and BACK. The
method of communication with the Logic PD from #eypad will be in the form of GPIO interrupts. See

the chart below for clarification:

TSIl Keypad rows0-2 and columnsO0-2 identificatidia/08

Reference: Schematics V3.4.7

KEY IDs:

BACK
PRINTER

UP
DOWN
ENTER/OK

LEFT
RIGHT

“azp”
©

Power
Rev 5.27.08

Charge Paper Low Batt

row X, column Y

row 0, column 1
row 0, column 2

row 1, column O
row 1, column 1
row 1, column 2

row 2, column 0
row 2, column 1
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9.0 Battery Low Alert Function:
The Trip Strip Il has a LED indicator which willdicate a low battery condition by steady red LED.

The circuit is comprised of two Comparators. If ¥ia(+) terminal is Low and the Vin(-) terminal kisigh,
then the output is Low (current will flow). Howeviéthe Vin(+) terminal is High and the Vin(-) ternal
is Low, then the output is High (current will ndaw).

Therefore, If the Load in the variable input (5A/DC) is <= 6.5VDC, then the Low Batt LED will be
ON. However, if the variable input is >6.8VDC, thiie Low Batt LED is OFF. The other input VB =
3.3VDC, which is a fixed input.

If the variable input voltage (Load) is <=6.0VD@en the Q107 FET (P-Channel) will close.

10.0 Line Thermal Head Printer:
Citizen model # MLT-289 50mm thermal print headhwitt the paper cutting functionality.

Head Temperature Detection Thermistor

Paper End Detection Photointerruptor (LED Indication)
Head-Up Detection Mechanical Switch

Vp =6.25VDC

Vdd = 5VDC

The thermal head is comprised of heating elememiglze head drivers that drive the heating elements
Serial print data, fed to the Sl input, is shifteth the register synchronized with the Shift clottlen is
latched into the latch register at the active esfgae LATCH signal. The Head Drive signal (Print
commands STR1-6) opens the gate to energize thimpedements reflecting the print data.
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Timing Chart Diagram

1./11

CLOCK ~

SI

JLATCH ]
High: HOLD
AT o
[IPR < - S - 2|
/STRORE —M
18 18

T T
0a

N
—
]

13

+—— Q%

r 10%
19 110

T

Motor driving pulse rate:
Motor driving speed varies with driving voltageid determined with the following formula:
Motor driving speed (pps) = [200 * (Vp) — 600]

Therefore, for our application Vp = 6.25VDC.
As a result, [200 * (6.25) — 600] = 650 pps

11.0 Control Board

Dip Switch Setting:

Pin No. Function ON OFF
DS1-1 Auto Cutter X
1-2 CR Selection X
1-3 Print Density X
1-4 DTR/XON-XOFF X
1-5 Baud Rate X
1-6 Baud Rate X
1-7 Baud Rate X
1-8 Baud Rate X
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Note: 1-5 to 1-8 configurations (above) indicate 19,pp8 Baud Rate.

Explanation of Input/Output Signals

DATAO~7

STE

RESET

ACK

BUSY

FAULT

PE

When BUSY signal is “LOW”, data from the host canreceived. During a “HIGH” state, data cannot be

received.

This control board incorporates a 2K byte buffdrefiefore, large amount of data can be bufferedputi

: 8 bit parallel signal (Positive logic)

signal (Negative logic)

(Positive logic)

: Signal which is made

(Negative logic)

: Signal to indicate BUSY state of the printer.

: Strobe signal to read 8 bit data (Negative logic)

: Signal to reset control board (Negative logic)

“LOW?™ when printer is in alarm state.

: 8 bit data request signal. Pulse signal output at the end of the BUSY

Input new data for “LOW™

In this case all the control logics within the printer stop functioning.

buffer and the Host side can be released immedliatel

Cutter

ry

: Signal which is output when paper runs out. (Positive logic)

OSC 16 0MIEL

FLASH
M EM O R ™Y

5 H || AN |
Diriver - | T
-
— o Gira -
P i
—_—— o—
Driver
Timing
*~ | Driver
Pt
4
j -

Operation Pancl
Parallel
(Centronics)
Serial
(RS-2324")

Power Supply

Stepping
MMoter

Paper End
Head Up

Print Head
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Printer Control Board Pinouts:

Pin No. | Signal Name Lo Function
1 Ve — Power supply for circuit (5V)
2 Ve — Power supply for circuit (5V)
3 GND — GND
4 GND» — GND
5 Vp — Power supply for operation
& Vp — Power supply for operation
7 Vp — Power supply for operation
8 Vp — Power supply for operation
] Vp — Power supply for operation
1m0 Vp — Power supply for operation
11 P-GND — GND for operation
12 P-GND — GND for operation
13 P-GND — GND for operation
14 P-GND — GND for operation
15 P-GND — GND for operation
16 P-GND — GND for operation
17 LF-5W Input LF Switch input
18 ERROR Output ERROR LED output {Can be connected directly)
19 PEout Output PE LED output (Can be connected directly)
20 DTR Cutput Serial Intzrface DTR
21 TXD Output Serial Interface TXD
22 RXD Input Serial Interface RXD
23 DSE Input Serial Interface DSR
24 DATAD Output Parallel Interface DATAQ
25 DATAL Output Parallel Interface DATAL
26 DATAZ Cutput Parallel Interface DATAZ
27 DATAS Output Parallel Interface DATAZ
28 DATA4 Output Parallel Interface DATAS
20 DATAS Output Parallel Interface DATAS
an DATAG Output Parallel Interface DATAG
3l DATAT Output Parallel Interface DATAT
32 STB Output Parallel Interface STB
a3 BUSY Cutput Parallel Interface BUSY
3 FAULT Output Parallel Interface FAULT
a5 SELECT Output Parallel Interface SELECT
36 PE Cutput Parallel Interface FE
7 NC Output Parallel Interface ACK
38 NC — No Connection
39 SELECTIN — No Connection
40 RESET Inpui Parallel Interface RESET

Printer Logic 5¥ NODE

Printer Logic GND NODE

Print Head €.25¥DC NODE

pin 7 RTS

— pin 2 RxD

pin 3 TxD

|——— pin 4 DTR

Print Head GND NODE

< Not used
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Device System Configuration Information

LogicLoader (LoLoTM)

LogicLoader Overview

The LogicLoader (LoLo) is a bootloader/firmware-riton program developed by Logic Product
Development. LogicLoader is designed to initialiae embedded device, load and bootstrap an
operating system, and provide a low-level firmwam@nitor with debugging functionality.

LogicLoader Basics

Most operating systems rely on an underlying baatés to initialize a device from its reset conditidn
general, operating systems are designed with thengstion that the system will be in a specific pre-
defined state before the operating system is staBeme example assumptions might be that system
RAM has been initialized and cleared, processoeriopts are disabled, and a timer has been
initialized to provide a system tick for the OS.eThogicLoader program initializes Logic Product
Development’'s SOM platforms and prepares themderhy an operating system.

Another basic function of LogicLoader is the cafigbto upgrade device software (flash memory, CPLD
firmware, serial EEPROM contents) after deploymerttis “in-field upgrade” ability requires a
bootloader program that is capable of loading saféwimages from various sources as well as
committing loaded images to non-volatile memorygichoader implements this by giving the system
the ability to load system software from flash meyn@a CompactFlash storage card, a Local Area
Network, or even from a device attached to theesyt serial port. LogicLoader also has the abtlity
upgrade an existing operating system residing stesy flash.

LogicLoader was developed to fulfill the need for @S and processor independent bootloader that can
interface with a variety of hardware transportse TBNU development tool chain used to build
LogicLoader is cross-platform capable.

Using LogicLoader for Debugging

LogicLoader implements a feature-rich firmware ntonilncluded with LoLo is the LogicLoader shell,
also known as “losh.” Losh is a command interprgteviding control over system state prior to
loading an OS image. It has features such as coohmeeall, command-line editing, automated
control via scripting, and diagnostic routines.

Losh includes many commands designed specificallyelp software and hardware engineers debug low-
level interfaces. For example, formatted data initeary memory locations can be read from, and
written to, by using the 'x' and 'w' commands. ®tt@mmands run specific tests designed to verify
Logic’s SOM hardware platforms. All commands retarmalue to the command line that can be used
to conditionally evaluate the command result. Reédehe LogicLoader Command Description Manual
on Logic’s downloads page for a complete descniptibavailable commands.

Developers may code their own test programs usiagtovided GNU development tool chain and use the
LogicLoader to load and run their software. Thisyies the ability to verify and debug hardware
interfaces without the overhead of building, dovalimg, and running large operating system images.

Manufacturing Advantages with LoLo

LogicLoader can be used with a desktop softwartyutio load a device's system software on the
manufacturing line. This utility is customizabledgoit your desired transfer mechanism and additiona
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needs. LogicLoader can also be augmented with iuradttest software to completely verify a device
before it leaves the manufacturing line. Here iseaample scenario: LogicLoader could launch a
device’s final functional test at the end of a nfacturing line, and then load the device’s final
software image before packaging. Contact Logic f@re information on using LogicLoader to

streamline manufacturing.

The LogicLoader Shell (loshTM)

Losh Overview

Losh is a command interpreter similar to those &bun Unix environments. Losh implements a
rudimentary network and file system command sehaaned with custom diagnostic and memory
manipulation commands for debugging hardware.

Developers familiar with a Unix-like command lingerface should find the losh implementation faanili
and easy to work with. Many of losh’'s commandspatterned after their Unix counterparts and share
the same syntax.

Losh Basics

Losh uses a standard output stream (stdout). Byuttefstdout refers to a SOM’s debug serial pohte T
output of any command that displays informationstdout (i.e. the ‘cat’ command) can be viewed
using the terminal emulation program connectedh® $OM’'s debug serial port. Likewise, the
standard input stream (stdin) by default also sefetthe SOM's debug serial port.

The LogicLoader Shell includes a virtual file systéhat uses standard Unix path names. The higbest-|
(or root) directory is designated by the identifierA special sub-directory of the root with tthame
‘dev’ is used to enumerate and interact with sy&erarious peripherals and their associated device
drivers.

Using Losh

The losh shell includes a basic command line eglfisature and a command history feature. This pesvi
users with a quick way to repeat commands. Usieguih and down arrow keys, the user can scroll
through the list of previously executed commandsieWa desired command is displayed, press the
return key to repeat the command. The right andalebw keys allow a user to position the cursor as
desired on the current line so that text can beifiedd deleted, or inserted at the appropriate tioca
without having to “backspace” the entire line tc@gs the portion of the command or command set
being entered.

Losh includes a user help feature through the 'rmdmmand. Typing ‘help’ followed by any command
name at the losh prompt will display the commarsl/atax, usage, and an example. This may be
especially helpful to users who are just becomangifiar with the LogicLoader shell.

Commands may be run in the background by addigg suffix.

Program Loading

Using LogicLoader to download any application, @piexgy system, or update to a device requires an
understanding of the interaction between the ‘lpadurn’, ‘jump’, and ‘exec’ commands. The
purpose of this section is to explain the inteacf these commands.
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4.1 Understanding the Load Command

The purpose of the ‘load’ command is to transfelegecutable image to a device. The image must be in
one of the following supported formats: ELF, SRERAW, or BIN. The ‘load’ command uses
information inherent to the supported formats @eatered as part of the command for RAW format)
to determine where in the device’s memory the doaadd image should be stored. The image must

be destined to run from either flash memory, sysR&iv, or on-chip SRAM.

If an image is destined for system RAM or on-chipA®/, the ‘load’ command stores the image direotly t
its run-time location. Refer to Figure 4.1: Dowrdogy to RAM for a graphic representation of this

process.

If a downloaded application is destined for flasemmory, the ‘load’ command transfers the file into a
temporary RAM buffer on the device. The transferiredge may be programmed into flash using the
‘burn’ command after the transfer is complete. RéfeFigure 4.2: Downloading to Flash for a graphic

representation of this process.
Figure 4.1: Downloading to RAM

Open RAM

~

end of LoLo

Lolo code, vaiiable
and sluck Space

System RAM
external to the SoC

reserved memory (code, variable or stack Space). Logicl

When using the ‘load’ command to transfer an application destined for RAM, LoLo arranges
the sections of the image directly in system memory. LoLo uses the application's file format
record Information to determine where the sections should be placed. Sections are placed In
the memory location the file records spscify. If the destination address overlaps LogicLoader

Host PC

Loader will abort the load.

Figure 4.2: Downloading to Flash
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YAFFS (Yet Another Flash File System)

8.1 YAFFS Overview

The acronym YAFFS stands for the phrase "Yet Armoltlesh Filing System." YAFFS was developed by a
company named Aleph One Limited and incorporatetidnic Product Development into the LogicLoader
(LoLo) software program.

Logic selected YAFFS to fill its file system regainents due to the flexible nature of the progras, i
licensing scheme, and the fact that it is availdbleLinux, Windows CE, and other operating systems
YAFFS also allows LogicLoader and an RTOS to viewd anodify the same partition. It also makes it
easier for customers to work with embedded flashrielogy and perform in-field updates.

Note: The partition entries for YAFFS partition® arot persistent -- they must be restored on each b
However, the partitions and data remain persistent.

8.2 Working with YAFFS in LogicLoader

8.2.1 Developing a Partition Scheme

The LogicLoader may mount up to four YAFFS partisaat a time. Customers should design a partitgpnin
scheme which suits their individual needs. Theofeihg limits are imposed on partitions:

« Each partition must have a unique name.

« Each partition must exist on local flash accdsditom LogicLoader’s /dev/flashx' device file
(where ‘X’ is an instance index). For example: /flagh0 or /dev/flashl.

 Each partition must span at least 4 physicahflascks.
* A partition must not overlap the flash blocksttbantain LogicLoader or its configuration block.
For information about the location of these iteof®ck the LogicLoader User's Manual

addendum for your hardware.

For the remainder of this document, the followiragtptioning scheme for demonstration purposes bell
used:

« A partition named 'boot' which contains a bitnaayal operating
system image and spans the address space below:
* start: 0x000C0000
* length: 0x00800000 (8 MBytes)

« A partition named 'data’ which contains custospercific data.

* start: 0x00900000
* length: 0x00400000 (4 MBytes)
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8.2.2 Formatting YAFFS Partitions

All file systems need to be formatted before thay be mounted. Because YAFFS was designed from the
ground up to work with embedded flash technologtasyderstands an 'erased' flash device to be both
formatted and empty. To prepare your partitionmfmunting, simply use LogicLoader's ‘erase' comntand
erase the area of flash where the partition isstbated.

Using the example partition scheme in the “Deveigm Partition Scheme” section, above, the pamstio
could be prepared for initial use by erasing thgaes of the flash device spanned by them.

For example (LH7A404-11 system address used): leshse 0x000C0000 0x00800000

losh > erase 0x00900000 0x00400000

Warning: Erasing flash blocks that will be used Y&FFS partitions will erase everything in thoseas of
flash. It is not required to format the partitioreey time the device is rebooted. The partitionsti@nly

be formatted when an entirely new YAFFS partitisrcieated, or when the data on a stored partigeds
to be completely erased.

8.2.3 Adding YAFFS Type Partitions

LogicLoader maintains a partition table in RAM. Bef a YAFFS partition can be mounted, it must be
added to the partition table. To do this, the 'gdffs' command is used. The ‘add-yaffs' commanestae
following arguments:

* <name> a unique string which identifies the piarti

« <type> type of flash device the partition resides

« <start> the physical starting address of theitamt

« <length> the length (in bytes) of the partition
Continuing with the example partitions above, Lagiader can be instructed to add the partitions by
executing the commands as shown below (LH7A404y&tesm address used):
losh> add-yaffs boot nor 0x000C0000 0x00800000
losh> add-yaffs data nor 0x00900000 0x00400000
Note: The above steps must be performed every ltiogécLoader boots. Because LogicLoader keeps the

partition table in RAM, the existence and locatiafisYy AFFS partitions does not persist across resets
power cycles.

8.2.4 Mounting the Partition

To mount a partition in the partition table, theimt' command is used. That command takes thenfiitp
arguments:

« <fstype> the type of filesystem being mountedffg’ here)
« [drive addr] not used when mounting a YAFFS iai
* <point> the name of the YAFFS partition

For example:
losh> mount yaffs /boot
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losh> mount yaffs /data

Of note is that the 'drive addr' argument is n&dushen mounting a YAFFS partition. Also of notehat
the 'point' argument needs to correspond to theenafmthe partition (as defined by the add-yaffs
command) preceded by a forward slash. LogicLoadeds to mount all YAFFS partitions at the root-
directory level. Thus, a partition added using:

‘add-yaffs boot ...'

will be mounted using:

'mount ... /boot'.

Note the absence of the '/' character during tie:yaffs' command and its presence during the 'thoun
command.

8.2.5 Accessing YAFFS Partitions in an OS

A key advantage of the read/write YAFFS filesystempability at the LogicLoader level is the ability
share data stored in the filesystem with an OSrenmient. If an OS environment (e.g. Linux, WinCE,
VxWorks) implements YAFFS as an OS-accessibledyistem, any files available to LogicLoader are
also available to the OS, and vice-versa.

This contributes to significant benefits in theaw®f system software upgrades (including OS uggad
splash screen changes, script modifications, amer dtoot-time data that may need to be updated.

8.3 Summary

To use the YAFFS file system within LogicLoadei|dw these steps:

1) Decide on a partitioning scheme.

2) Format the partitions by erasing the associfidsth blocks.

3) Add the partitions to LogicLoader using the ‘a@dfs' command.

4) Mount the partitions using the 'mount’ command.

Steps 3 and 4 must be repeated every time thensyistéooted. If the YAFFS partitions are frequently
accessed, consider implementing steps 3 and 4 b@script. Step 2 only needs to be performednwhe
creating a brand new partition or when the conteh& existing partition need to be completelysech
Note: a partition is persistent. Re-adding a partiit boot-time restores access to previously Galeta.
Flash blocks must be erased to permanently rempeagttion; otherwise, it can be recovered acraxss
Keep in mind the following when working with YAFFS and LogicLoader:

« Ensure that a partition name does not begin avith LogicLoader’s virtual filesystem uses the
forward slash to indicate the root directory.

« Ensure partitions do not overlap each other, tlogider, or the configuration block.

« Ensure that a partition is erased before it isimted for the first time.
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Explanation of Script

losh> erase B10 B256 /dev/nandO

Purpose of erase command:

This command erases non-volatile <device>. Whemgusimemory mapped device (such as NOR flash)
the <start address> and <length> parameters irdibatmemory address and the length in bytes. When
using a block device (such as NAND flash) the ¢dilrck> and <number of blocks> indicate the first
block number and the number of blocks to eraseejNmme devices, such as NAND flash, are marked
with bad blocks by the device manufacturer, thésekis will not be erased and the erase command will
indicate which blocks have been marked bad.

losh> add-yaffs boot nand B10 B256\

Purpose of add-yaffs command:

This command adds a YAFFS partition into LoLo'stiian table. You must execute this commdredore
attempting to mount the YAFFS partition itself. Wihereating a partition in a NOR flash device, ttats
location is a memory address and the length iyiesh When creating a partition in a NAND flash idey
the start location is the start block and the lengtlicates the number of blocks.

This command must be called after a reset in dalarake LoLo aware of a YAFFS partition. To create
new YAFFS partition, use the erase command to ¢hesenge of addresses containing the YAFFS file
system in flash memory before calling add-yaffs.

losh> mount yaffs /boot

Purpose of mount command:

This command mounts a filesytem of type <fstypetodroLo's root filesystem at point <point>. If the
mount command is successful, you may use otherahmmands to access the new filesystem.

losh> erase B267 B128 /dev/nandO

Purpose of erase command:

This command erases non-volatile <device>. Whemngusimemory mapped device (such as NOR flash)
the <start address> and <length> parameters irdihatmemory address and the length in bytes. When
using a block device (such as NAND flash) the 4silrck> and <number of blocks> indicate the first
block number and the number of blocks to eraseejNmme devices, such as NAND flash, are marked
with bad blocks by the device manufacturer, thésekis will not be erased and the erase command will
indicate which blocks have been marked bad.

losh> add-yaffs data nand B267 B128

Purpose of add-yaffs command:

This command adds a YAFFS partition into LoLo'stiian table. You must execute this commdredore
attempting to mount the YAFFS partition itself. Wih&eating a partition in a NOR flash device, ttaets
location is a memory address and the length igies When creating a partition in a NAND flash idey
the start location is the start block and the lengtlicates the number of blocks.

This command must be called after a reset in dalarake LoLo aware of a YAFFS partition. To create
new YAFFS partition, use the erase command to éheseange of addresses containing the YAFFS file
system in flash memory before calling add-yaffs.

losh> mount yaffs /data

Purpose of mount command:

This command mounts a filesytem of type <fstypetodroLo's root filesystem at point <point>. If the
mount command is successful, you may use otherahmmands to access the new filesystem.
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losh> mount fatfs /cfs

Purpose of mount command:

This command mounts a filesytem of type <fstype> onto LoLo's root filesystem at point <point>. If the
mount command is successful, you may use other shell commands to access the new filesystem.

losh> cp /ctf/NK.BIN /boot/NK.BIN
Purpose of cp command:
This command is used to copy a file.

losh> config CREATE

Purpose of Config command:

This command saves and/or displays configuration information in the config device. The config device
starts at offset 0x40000 in the boot flash device. The config device may be used to store a boot script, the
debug port baud rate settings, user defined video settings, and the debug Ethernet settings. Please consult
the LogicLoader User's Manual for a full explanation of the config block device.

Create creates a new config block

losh> echo "VOLOadd-yaffs boot nand B10 B256;mount yaffs /boot;add-yaffs data nand B267 B128;
mount yaffs/data;load bin /boot/NK.BIN;
exec rte:rte_pxa270:disp_num:0;exit;\n" /dev/config

Purpose of echo command:

This command echoes a string to standard output or to a file.

Note:

This command sets $@ to the number of characters written when no failure occurs.

Purpose of the exec command:

This command allows the processor to jump to an OS image loaded in memory or to a given address.
Before the jump, interrupts, memory caching, and mapping are disabled.

Note:

Returns the return value of the executed code and sets $@ to the jump address when no losh errors occur.

The disp_num: value correlates to the LCD model being used. In this case, the disp_num is 0 for the EDT
LCD. However, for the LogicPD evaluation board LCD, the value is 3.

losh> VOLOadd-yaffs boot nand B10 B256;mount yaffs /boot;add-yaffs data nand B267 B128; mount
yaffs /data;load bin /boot/NK.BIN;exec rtc:rtc_pxa270:disp_num:0;exit;

This device complies with Part 15 of the FCC Rules.

Operation is subject to the following two conditions:

(1) This device may not cause harmful interference. and

(2) This device must accept any interference received, including interference that may cause undesired
operation
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