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This document is provided as a supplement to the DRV8821/DRV8823 datasheet. It details the hardware
implementation of the CPG003 DRV8821-23EVM-001 Customer Evaluation Module (EVM).
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1 Block Diagram

1.1 Power Connectors

The DRV8821/DRV8823 Customer EVM offers access to VM (Motor Voltage) power rail via a terminal
block (J1). A set of test clips in parallel with the terminal block allows for the monitoring of the input power
rail.

User must apply VM according to datasheet recommended parameters.

NOTE: VDD for logic and microcontroller is derived from USB interface.

1.2 Test Stakes

Every pin on the DRV8821/DRV8823 device has been brought out to a test stake. A label on the
silkscreen identifies each signal.

For those pins that change functionality depending on device flavor, a table is provided with corresponding
function name on its particular column.
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1.3 Jumpers

There are two styles of jumpers on the DRV8821-23EVM: two pin jumpers (JP3 and JP4) and three pin
jumpers (JP1 and JP2).

Two pin jumpers are used to set AB DECAY or CD DECAY HI or LO.

Three pin jumpers are used to select the VREF from a pot or from the microcontroller’s DAC outputs.

1.3.1 VREF Select Jumpers (JP1 and JP2)

Figure 1. VREF Select Jumpers (JP1 and JP2)

To configure the VREF select (either AB or CD) jumper, (a) Use position JPx-1:2 to select the MSP430
DAC output (default). (b) Use position JPx-2:3 to select the respective variable resistance potentiometer.
These jumpers should not be left open as a lack of a reference voltage on the device will minimize current
sourcing into the respective H Bridge, resulting in very poor motion or no motion at all.

1.3.2 DECAY Select Jumpers (JP3 and JP4)

Figure 2. DECAY Select Jumpers (JP3 and JP4)

To configure the DECAY select jumper: (a) place a jumper to set the respective DECAY signal HI. (b)
remove the jumper to use internal pull down resistor and set the DECAY signal to LO.

1.4 Motor Outputs

There are three ways of connecting the bipolar stepper motor (for DRV8821) or the dual DC motors (for
DRV8823) into the CPG003_DRV882123EVM-001 evaluation module: four pin header (J4 and J5), four
position terminal block (J2 and J3) and test clips. We do not recommend the connection of a stepper
motor into the test clips as these are Kelvin connections and not rated for high current output.
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2 Installing Drivers And Software

2.1 Installing the FTDI USB Driver

Instructions on how to install the FTDI USB driver on a Windows based computer are detailed in the
“USB_Drivers_Install_Readme.pdf” file supplied with the CD inside the USB_Driver folder.

2.2 Installing the CPG003_DRV882123-001 Evaluation Board Windows Application
Software

Copy the contents of the “WindowsApplication” folder provided within the CD, into your hard disk.

2.3 Running the Windows Application Software

To run the application, double click the CPG003_DRV8821-23EVM-001_R1p0.exe application icon found
on the same folder the application was extracted into.
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3 The Windows Application

The CPG003_DRV8821-23EVM Windows application is the software counterpart for the
CPG003_DRV8821-23EVM-001 EVM. It allows the PC computer to connect to the MSP430F1612
microcontroller though an USB interface chip. Once connection is established and commands are sent,
microcontroller takes care of configuring control signals and administering certain levels of automation,
such as STEP generation (for DRV8821) or SPI communications (for DRV8823).

The graphical user interface (GUI) has been designed to allow for all of the DRV8821/DRV8823 device’s
functionality to be tested without having to intervene with the hardware, except for the proper configuration
of jumpers, when needed.

Figure 3 and Figure 4 show the CPG003_DRV8821-23EVM-001_R1p0.exe main screen. The application
is divided into two tabs: One for the DRV8821 and one for the DRV8823. The menu contains items to
configure and enable/disable the serial port.

The DRV8821 tab contains frames with GPIO control for DRV8821’s control signals, speed, acceleration
and number of steps control for both stepper motors AB and CD, and current control through the
microcontroller’s DACs.

Figure 3. CPG003_DRV8821-23EVM-001_R1p0.exe Main Screen (DRV8821)

The DRV8823 tab contains two frames with the bits that make up the 16-bit serial registers which contain
the control signals to properly articulate each motor. Also GPIO signals such as Reset and SLEEPn are
made accessible through check boxes. Finally, two sliders adjust the reference voltage through the
microcontroller’s DAC outputs.
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Figure 4. CPG003_DRV8821-23EVM-001_R1p0.exe Main Screen (DRV8823)

3.1 The Menu

3.1.1 SETUP Register

The menu at the top of the application offers a series of quick options for how the COM port is to behave.

File → Exit - Terminates the application.

Settings → Port - Selects from COM1 to COM4. Default is COM4.

The Serial Port actual port number defaults to what we have specified on the
“USB_Drivers_Install_Readme.pdf”. However, any port between COM 1 and COM 4 are equally usable.

Connect – Opens the Serial Port. When this menu item is pressed, its caption changes to “Disconnect”.

Disconnect – Closes the Serial Port. When this menu item is pressed, its caption changes to “Connect”.

After opening the application, the order of events should be:

1. Go to Settings → Port and choose the COM port where the FTDI device has been configured to work.
If the COM port is 4, then this step can be skipped, as application defaults to COM4.

2. Press Connect. If the port is available, the menu changes the “Connect“ caption to “Disconnect“. Press
Disconnect in order to disable the serial communications.

3. <1><0><0> should return on the text box as an acknowledge. The text box also changes from red to
green, as shown in Figure 5.

4. The application is ready for use.
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Figure 5. Acknowledgement Text Box

3.2 DRV8821 GPIO Control Signals

Once the application is communicating with the interface board, the control signals can be actuated by
checking or un-checking check boxes on the Control Signals frame.

Figure 6. Control Signals Frame

A checked checkbox translates to a HI level on the respective control signal. Un-checked checkboxes
translate to a LO level on the respective control signals.
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3.3 Updating DAC Output for Current Control (VREF)

If the DRV8821 has been configured to accept VREF analog voltages through the microcontroller DAC
outputs (refer to Jumpers section), then the slider bar on the Current Control frame can be used to set the
VREF voltage.

Figure 7. Current Control Frame

The 12-bit DAC channels, 0/1, are connected to the DRV8821/DRV8823 VREF analog inputs ABVREF
and CDVREF. Changing the DAC digital value from 0 to 4095 changes the analog voltage at the
respective VREF pin from 0 V to 2.5 V respectively, following Equation 1.

(1)

Where:

1. VREF is the output voltage.
2. DAC_VALUE is a number from 0 to 4095.

3.4 Operating the Stepper Motor (DRV8821)

3.4.1 Turning the Stepper Motor

The Windows application, in conjunction with the MSP430F1612 microcontroller, utilizes a series of timers
to coordinate the rate of steps sent to the device. Once all the control signals are configured accordingly,
(ENABLEn = LO, SLEEPn = HI, RESETn = HI; DIR, USM0 and USM1 can be HI or LO depending on
preferred mode of operation; SRn must be L, if external diodes are not populated), the motor is ready to
be turned.

The DRV8821-23EVM-001 customer EVM allows for the possibility of coordinating step rates such that
accelerating and decelerating profiles are achieved. Both acceleration and deceleration are controlled by
the same parameters, acceleration rate and time base.

When the motor starts, it always starts at the slowed PPS speed (62 pulses per second). The controller
will accelerate the motor in order to reach the PPS speed. Acceleration rate is an 8-bit number (0 to 255)
that gets added to the current PPS speed and time base is an 8-bit number (0 to 255) that specifies how
many milliseconds will elapse from one speed increase to the next. Once the specified PPS has been
achieved, the acceleration stops.

The inverse of the above described will command the motor to stop.
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Figure 8. Turning the Stepper Motor

The Windows application frame to control speed, acceleration and deceleration, as well as motor start and
stop is shown in Figure 9.

Figure 9. Speed cnotrol Frame

Pressing the “Start Steps” button, will start the timer and pulses will be generated at the rate specified by
the decimal number at the PPS text box. Once the “Start Steps” button is pressed it becomes the
“Stepping” button. Press the “Stepping” button to stop the stepper motion.

When the motor is stepping, the “Update Speed” button becomes enabled. Speed can be updated by
modifying the PPS text box and then pressing the “Update Speed” button. The “Speed" button is disabled
every time the motor is not turning because the stepping has been halted by pressing the “Stepping”
button.
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3.4.2 Step by Step control

The Step Control frame has a series of tools to control the stepping of the motor on a predetermined
number of steps fashion.

The “Pulse Step” button allows for a single step to be issued. Remember that a STEP takes place when
STEP goes from LO to HI.

Figure 10. Step Control Frame

To move the motor a number of steps and then stop, fill the # of Steps text box with a decimal number
from 0 to 65535 and the motor will move that number of steps at the speed specified on the PPS text box.
No acceleration or deceleration takes place under this function.
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3.5 Operating the Motors (DRV8823)

The Windows application gives access to both serial registers on the DRV8823 bit by bit, very similar to
the GPIO section on the DRV8821 tab. If the “Auto Update” checkbox is checked, checking any of the
checkboxes on the respective frame, will update the serial register. If the “Auto Update” checkbox is
unchecked, the button “Write Motor x” must be pressed for these bit states to be transmitted to the device.

Figure 11. Motor A and B Frame

A checked checkbox translates to a 1 on the respective serial register bit. Un-checked checkboxes
translates to a 0 on the respective serial register bits.
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3.6 Updating DAC Output for Reference Voltage

If the DRV8823 has been configured to accept VREF analog voltages through the microcontroller’s DAC
outputs (refer to Jumpers section), then the slider bar on the Reference Voltage frame can be used to set
the VREF voltage.

Figure 12. Reference Voltage Frame

The 12-bit DAC channels, 0/1, are connected to the DRV883 VREF analog inputs ABVREF and CDVREF.
Changing the DAC digital value from 0 to 4095 changes the analog voltage at the respective VREF pin
from 0 V to 2.5 V respectively, following Equation 2.

(2)

Where:

1. VREF is the output voltage.
2. DAC_VALUE is a number from 0 to 4095.
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4 Schematic

A schematic is available in the form of a PDF file (“CPG003_Schematic.pdf”) inside the EVM_Related
folder on the supplied CD.
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ABSTRACT
The PowerPAD™ thermally enhanced package provides greater design flexibility and increased thermal
efficiency in a standard size device package. The PowerPAD package’s improved performance permits
higher clock speeds, more compact systems and more aggressive design criteria. PowerPAD™ packages
are available in several standard surface mount configurations. They can be mounted using standard
printed circuit board (PCB) assembly techniques, and can be removed and replaced using standard repair
procedures. To make optimum use of the thermal efficiencies designed into the PowerPAD™ package,
the PCB must be designed with this technology in mind. In order to leverage the full thermal performance
benefits offered from the PowerPad™ package, the exposed pad must be soldered to the board. This
document focuses on the specifics of integrating a PowerPAD™ package into the PCB design.
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1 Introduction



The PowerPAD™ concept is implemented in a standard epoxy-resin package material. The integrated
circuit die is attached to the leadframe die pad using a thermally conductive epoxy. The package is
molded so that the leadframe die pad is exposed at a surface of the package. This provides an extremely
low thermal resistance (qJP) path between the device junction and the exterior of the case. Because the
external surface of the leadframe die pad is on the PCB side of the package, it can be attached to the
board using standard reflow soldering techniques. This allows efficient attachment to the board, and
permits board structures to be used as heat sinks for the IC. Using vias, the leadframe die pad can be
attached to an internal copper plane or special heat sink structure designed into the PCB. Check the
respective product data sheet to verify which signal, power, or ground plane the device should be soldered
to. For the first time, the PCB designer can implement power packaging without the constraints of extra
hardware, special assembly instructions, thermal grease or additional heat sinks.



Figure 1. Cross Section of PowerPAD™ Package Mounted to PCB and Resulting Heat Transfer



Because the exact thermal performance of any PCB is dependent on the details of the circuit design and
component installation, exact performance figures cannot be given here. However, representative
performance is very important in making design decisions. The data shown in Table 1 is typical of the
performance that can be expected from the PowerPAD™ package.



PowerPAD is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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Table 1. Typical Power-Handling Capabilities of
PowerPAD™ Packages (1)



POWER HANDLING (W)
PACKAGE PIN COUNT STANDARD PowerPAD™TYPE



PACKAGE PACKAGE



SSOP 20 0.75 3.25



TSSOP 24 0.55 2.32
(1) Assumes +150°C junction temperature (TJ) and +80°C ambient



temperature. Values are calculated from qJA figures shown in
Appendix A.



For example, the user can expect 3.25 W of power-handling capability for the PowerPAD™ version of the
20-pin SSOP package. The standard version of this package can handle only 0.75 W. Details for all
package styles and sizes are given in Appendix A.



The standard package used in this example is a fully encapsulated device, whereas the PowerPAD™
package has an exposed die mounting pad which is soldered directly to the PCB. The PowerPAD™
package is not designed to be used without the exposed pad being soldered to the PCB.



2 Installation and Use



2.1 PCB Attachment



Proper thermal management of the PowerPAD™ package requires PCB preparation. This preparation is
not difficult, nor does it use any extraordinary PCB design techniques, however it is necessary for proper
heat removal. The PowerPAD™ package with exposed pad down is designed to be soldered to the PCB.
Texas Instruments does not recommend the use of a PowerPAD™ package without soldering it to the
PCB due to the risk of lower thermal performance and mechanical integrity.



Pad-Up PowerPAD™ packages should have appropriately designed heat sinks attached. Because of the
variation and flexible nature of this type of heat sink, additional details should come from the specific
manufacturer of the heat sink.



Figure 2. Bottom and Top View of the 20-Pin TSSOP Figure 3. 64 Pin, 14 × 14 × 1.0 mm Body TQFP
PowerPAD™ Package PowerPAD™ Package



All of the thermally enhanced packages incorporate features that provide a very low thermal resistance
path for heat removal from the integrated circuit - either to and through a printed circuit board (in the case
of zero airflow environments), or to an external heatsink. The TI PowerPAD™ implementation does this by
creating a leadframe where the bottom of the die pad is exposed, as opposed to the case where a heat
slug is embedded in the package body. (See Figure 2 and Figure 3).
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2.2 PCB Design Considerations



The printed-circuit board used with PowerPAD™ packages must have features included in the design to
create an efficient thermal path to remove the heat from the package. As a minimum, there must be an
area of solderable copper underneath the PowerPAD™ package. This area is called the thermal land. As
detailed below, the thermal land varies in size depending on the PowerPAD™ package being used, the
PCB construction and the amount of heat that needs to be removed. In addition, this thermal land may or
may not contain thermal vias depending on PCB construction. The requirements for thermal lands and
thermal vias are detailed below.



2.3 Thermal Lands



A thermal land is required on the surface of the PCB directly underneath the body of the PowerPAD™
package. During normal surface mount reflow solder operations, the leadframe on the underside of the
package is soldered to this thermal land creating a very efficient thermal path. Normally, the PCB thermal
land has a number of thermal vias within it that provide a thermal path to internal copper planes (or to the
opposite side of the PCB) that provide for more efficient heat removal. The size of the thermal land should
be as large as needed to dissipate the required heat.



For simple, double-sided PCBs, where there are no internal layers, the surface layers must be used to
remove heat. Shown in Figure 4 is an example of a thermal land for a 24-pin package. Details of the
package, the thermal land and the required solder mask are shown. Refer to the device-specific data
sheet for detailed dimensions of the exposed pad on the package. If the PCB copper area is not sufficient
to remove the heat, the designer can also consider external means of heat conduction, such as attaching
the copper planes to a convenient chassis member or other hardware connection.



Figure 4. Package and PCB Land Configuration for a Single Layer PCB



In the PWP-24 example shown in Figure 4, the copper area is maximized on the surface of the board with
a soldermask defined pad designed onto the copper area. The PCB’s solder mask defined pad should be
designed to the maximum exposed pad size shown in the respective device’s product data sheet.



NOTE: Refer to the device-specific data sheet for the exact pad dimensions for the used device.



For multilayer PCBs, the designer can take advantage of internal copper layers (such as the ground
plane) for heat removal. Check the respective device’s product data sheet to verify which signal, power, or
ground plane the device should be soldered to. The external thermal land on the surface layer is still
required, however the thermal vias can conduct heat out through the internal power or ground plane.
Shown in Figure 5 is an example of a thermal land used for multilayer PCB construction. In this case, the
primary method of heat removal is down through the thermal vias to an internal copper plane.
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Figure 5. Package and PCB Land Configuration for a Multi-Layer PCB



NOTE: The dimensions of the 24-pin PWP package shown in Figure 5 is for reference only. Refer
to the device-specific data sheet for exact package dimensions for your device.



The details of a 64-pin TQFP PowerPAD™ package are shown in Figure 6 . The recommended PCB
thermal land for this package is shown in Figure 7. The maximum copper land size for TQFP packages is
the package body size minus 2.0 mm. A solder mask defined pad is then placed onto the copper land
sized to the maximum exposed pad size listed in the respective product data sheet.



Note that the PowerPAD™ package land patterns are device specific with the exposed pad size shown in
the product data sheet. This land is normally attached to the PCB for heat removal, but can be configured
to take the heat to an external heat sink. This is preferred when airflow is available.
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Figure 6. 64-Pin TQFP Package with PowerPAD™ Implemented, Bottom View



Figure 7. PCB Thermal Land Design Considerations for Thermally-Enhanced TQFP Packages
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Table 2. Center PowerPAD™ Solder Stencil Opening



PLANE COORDINATESTENCIL
THICKNESS (mm) X X



0.1 5.55 5.55



0.127 5.19 5.19



0.152 4.90 4.90



0.178 4.60 4.60



(A) All linear dimensions are in millimeters.
(B) This drawing is subject to change without notice.
(C) Customers should place a note on the circuit board fabrication drawing not to alter the center solder



mask defines pad.
(D) This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief,



PowerPAD™ Thermally-Enhanced Package, Texas Instruments Literature Number SLMA004, and also
the product data sheets for specific thermal information via requirements and recommended board
layout. These documents are available at http:\\www.ti.com. Publication IPC-7351 is recommended fro
alternative designs.



(E) Laser cutting apertures with trapezoidal walls and also rounded corners offer better past relief.
Customers should contact their board assembly site for stencil design recommendations. Example
stencil design based on 50% volumetric metal load solder paste. Refer to IPC-7525 for other stencil
recommendations.



(F) Contact the board fabrication site for recommended soldermask tolerances.
(G) Copper area under soldermask can be altered to accommodate via requirements for signal leads.



NOTE: The dimensions of the 64-pin PAP package shown in Figure 6 and Figure 7 are for
reference only. Refer to the device-specific data sheet for exact package dimensions for your
device.



2.4 Thermal Vias



Thermal vias are the primary method of heat transfer from the PCB thermal land to the internal copper
planes or to other heat removal sources. The number of vias used, the size of the vias and the
construction of the vias are all important factors in both the PowerPAD™ package thermal performance
and the package-to-PCB assembly. Recommendations and guidelines for thermal vias follow.



Shown in Figure 8 and Figure 9 are the effects on PCB thermal resistance of varying the number of
thermal vias for various sizes of die for 2- and 4-layer PCBs. As can be seen from the curves, there is a
point of diminishing returns where additional vias does not significantly improve the thermal transfer
through the board. For a small die, having from five to nine vias should prove adequate for most
applications. For larger die, a higher number may be used simply because there is more space available
under the larger package. Shown in Figure 10 are examples of ideal thermal land size and thermal via
patterns for PowerPAD™ packages using 0.33 mm (13 mil) diameter vias plated with 1 oz. copper. This
thermal via pattern set represents a copper cross section in the barrel of the thermal via of approximately
1% of the total thermal land area. Fewer vias may be used and still attain a reasonable thermal transfer
into and through the PCB as shown in Figure 8 and Figure 9.



The number of thermal vias varies with each product being assembled to the PCB, depending on the
amount of heat that must be moved away from the package, and the efficiency of the system heat removal
method. Characterization of the heat removal efficiency versus the thermal via copper surface area should
be performed to arrive at an optimum value for a given board construction. Then the number of vias
required can be determined for any new design to achieve the desired thermal removal value.



The incorporation of thermal vias in the PCB is intended for efficient heat removal from the device
package. The effectiveness of the thermal vias depends on soldering the exposed pad of the package to
the PCB. Failure to solder the package to the PCB results in insufficient heat removal and therefore
negatively impacts device performance and reliability.
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JEDEC 2-LAYER BOARD THERMAL RESISTANCE JEDEC 4-LAYER BOARD THERMAL RESISTANCE
COMPARISON COMPARISON



Figure 8. Impact of the Number of Thermal Vias vs Figure 9. Impact of the Number of 0.33 mm (0.013
Chip Area (Die Area) inch) Diameter Thermal Vias vs Chip Area (Die Area)



Figure 10. Example Thermal Land Size and Thermal Via Patterns for PowerPAD™ Layout
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NOTE: Check the device-specific data sheet for exposed pad dimensions and for thermal via
recommendations. The maximum exposed pad size listed in the data sheet should be used
to design the solder mask defined pad. Solder mask defined pads are recommended to
prevent shorting between exposed pad and package leads.



Thermal vias connect the thermal land to internal or external copper planes and should have a drill
diameter sufficiently small so that the via hole does not wick excessive solder volume from the solder
deposited on the thermal pad. Minimizing the via hole size reduces the amount of solder wicking away
from the interface between the package body and the thermal land on the surface of the board during
solder reflow. The experiments conducted jointly with Solectron Texas indicate that a via drill diameter of
0.33 mm (13 mils) or smaller works well when 1 ounce copper is plated at the surface of the board and
simultaneously plating the barrel of the via. As an alternative, if the thermal vias are not plugged when the
copper plating is performed, then a solder mask material should be used to cap the vias on the
component side with a dimension equal to the via diameter + 0.1 mm minimum. If vias are tented from the
opposite side of the board instead of the preferred component side, an increase in the amount of voiding
is seen in x-ray inspection due to flux out gassing and air entrapment post reflow. In addition, by tenting
vias from the component side the solder is prevented from being wicked through the thermal via and
potentially creating a solder void in the region between the package bottom and the thermal land on the
surface of the PCB due to insufficient metal fill.



To assure the optimum thermal transfer through the thermal vias to internal planes or the reverse side of
the PCB, the thermal vias used in the thermal land should not use web construction techniques also called
a thermal relief via design which resembles a wagon wheel. Thermal relief construction on PCB vias is a
standard technique used in most PCBs today to facilitate soldering, by constructing the via so that it has a
high thermal resistance. This is not desirable for heat removal from the PowerPAD™ package. Therefore
it is recommended that all vias used under the package make internal connections to the planes using a
continuous connection completely around the hole diameter. Thermal relief construction for thermal vias is
not recommended.
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2.5 Solder Stencil Determination



The Joint Electronic Devices Engineering Council (JEDEC) specification for the standoff height of TSSOP
and TQFP is in the range of 0.05 to 0.15mm (1.97 to 5.91mils), and is an acceptable range to successfully
process PowerPad™ devices.



When a stencil thickness of 5 mils is designed, a 1:1 stencil aperture ratio to board pad must be used to
maximize available paste to promote a complete solder joint to form. Thinner stencils may require growing
the aperture size to increase the amount of the metal fill possible. Without adequate metal fill, an increase
in the amount of voiding may result. In the example given in Figure 11, a solder paste with metal loading
of 50% by volume was used. This is a typical land pattern and stencil design for the center thermal pad.
Note that the exposed pad geometries may change between different devices. Therefore, consult the back
of the datasheet for specific land pattern geometries because this document is intended to familiarize the
reader to the standard format.



Figure 11. Sample Land Pattern and Stencil Design for Thermally Enhanced TQFP Packages
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3 Assembly



3.1 Introduction



Solder joint inspection in the attachment area of the thermal pad of the thermally enhanced packages to
the thermal land on the PCB is difficult to perform with the best option to date being x-ray inspection.
Tests performed within Texas Instruments and during the joint PCB experiments with Solectron-Texas
indicate that x-ray inspection allows detection of voiding within the solder joint and could be used either in
a monitor mode, or for 100% inspection if required by the application.



Based on experimental and modeling data (Figure 12 and Figure 13), Texas Instruments recommends a
minimum solder joint area of 50% of the package thermal pad area when the part is assembled on a PCB.
The results of the PCB assembly study conducted with Solectron-Texas indicate that standard board
assembly processes and materials normally achieves greater than 80% solder joint area without any
attempt to optimize the process for thermally enhanced packages. A characterization of the solder joint
achieved with a given process should be conducted to assure that the results obtained during testing
apply directly to the customer application, and that the thermal efficiency in the customer application is
similar to the thermal test board results for the power level of the packaged component. If the heat
removal is not at the efficiency desired, then either additional thermal via structures needs to be added to
the PCB construction, or additional thermal removal paths needs to be defined (such as direct contact with
the system chassis).



Should a nonsolder attach method be used, the customer must validate the performance of the package
by collecting empirical data for the device.



2-Layer PCB With Vias 4-Layer PCB With Vias



Figure 12. Thermal Modeling of 20 DWP Effects of Figure 13. Thermal Modeling of 100 PZP Effects of
Varying Solder Coverage and Standoff Height on qJA Varying Solder Coverage on qJA
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3.2 Solder Reflow Profile Suggestion



The reflow profile for board assembly using the Texas Instruments PowerPAD™ packages does not have
to change from that used with conventional plastic packaged parts. The construction of the package does
not add thermal mass, and the only new thermal load is due to the increased solder area between the
package thermal pad and the thermal land on the PCB. A typical reflow oven profile for fine pitch surface
mount packages is shown in Figure 14. Nitrogen purged, convection reflow is advantageous for this part to
PCB assembly to minimize the possibility of solder ball formation under the package body.



Figure 14 represents JSTD-020 range of reflow profiles which are compatible with TI components. Peak
temperatures can be located on the respective device’s moisture sensitivity label. TI recommends
following the solder paste supplier's recommendations to optimize flux activity and also to achieve proper
melting temperatures of the alloy within the guidelines of J-STD-20 and not exceeding the devices
moisture sensitivity level. Figure 14 of this document illustrates a range of temperatures that our packages
are capable of withstanding without risk to package reliability but TI prefers parts to be processed with the
lowest peak temperature possible. The exact profile would depend on the solder paste manufacturer's
recommendation, complexity of the PWB, and capability of the reflow equipment to be confirmed by the
SMT assembly operation.



Figure 14. Range of Reflow Temperatures per JSTD-020C
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Table 3. Classification Reflow Profiles (1)



Profile Feature Sn-Pb Eutectic Assembly Pb-Free Assembly



TS(max) to TP Maximum average ramp-up rate 3°C/second 3°C/second



PREHEAT



TS(min) Minimum temperature +100°C +150°C



TS(max) Maximum temperature +150°C +200°C



ts(min) to ts(max) Preheat time 60 - 120 seconds 60 - 180 seconds



TIME MAINTAINED



TL Temperature +183°C +217°C



tL Time 60 - 150 seconds 60 - 150 seconds



TP Peak/classification temperature



Maximum ramp-down rate 6°C/second 6°C/second



Maximum time +25°C to peak 6 minutes 8 minutes
temperature



(1) All temperatures refer to the topside of the package, measured on the package body surface.



Figure 15. Moisture Sensitivity Labeling



3.3 Installation and Assembly Summary



The PowerPAD™ package families can be attached to printed circuit boards using conventional solder
reflow techniques that are standard in the industry today without changing the reflow process used for
normal fine pitch surface mount package assembly. A minimum solder attachment area of 50% of the
package thermal pad area is recommended to provide efficient heat removal from the semiconductor
package, with the heat being carried into or through the PCB to the final thermal management system.
This attachment can be achieved either by the use of solder for the joining material. Typical PCB thermal
land pattern definitions have been provided that have been shown to work with 4 and 8 layer PCB test
boards, and can be extended for use by other board structures.
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4 Repair



4.1 Overview



Reworking thermally enhanced packaged semiconductors that have been attached to PCB assemblies
through the use of solder can present significant challenges, depending on the point at which the re-work
is to be accomplished. Tests of re-work procedures to date indicate that part removal from the PCB is
successful with all of the conventional techniques used in the industry today. The challenge is part
replacement on the board due to the combined thermal enhancement of the PCB itself, and the addition of
thermal removal enhancement features to the semiconductor package. The traditional steps in the rework
or repair process can be simply identified by the following steps for solder attached components:



1. Unsolder old component from the board
2. Remove any remaining solder from the part location
3. Clean the PCB assembly
4. Tin the lands on the PCB and leads, or apply solder paste to the lands on the PCB
5. Target, align, and place new component on the PCB
6. Reflow the new component on the PCB
7. Clean the PCB assembly



4.2 Part Removal From PCBs



Almost any removal process works to remove the device from the PCB, even with the thermal pad of the
package soldered to the PCB. Heat is easily transferred to the area of the solder attachment either from
the exposed surface thermal land of the PCB (single layer example), or through the thermal vias in the
PCB (multi-layer example) from the backside of the PCB.



Re-work has been performed for both the TSSOP and TQFP PowerPAD™ style packages using METCAL
removal irons and hot air. The specific example of a 20-pin TSSOP PowerPAD™ part removal is
discussed in detail.



A 750-W METCAL removal iron was used in conjunction with hot air to verify the removal method
efficiency to take 20-pin PowerPAD™ TSSOP packages off of assembly test boards. The hot air method
is recommended as it subjects the PCB and surrounding components to less thermal and mechanical
stress than other methods available, and has been proven to be much easier to control than some of the
hot bar techniques. Use of the hot air method may require assemblers to acquire tools specifically for the
smaller packages since most assemblers use a hot bar method for packages of this size. (Note: This
same tool is also needed for part re-attachment to the PCB when the hot air method is employed). A tool
with an integrated vacuum pick up tip is an advantage in the part removal process so the part can be
physically removed from the board as soon as the solder reaches liquidus. Preheating of the local area of
the PCB to a temperature of approximately 160 degrees centigrade can make the part removal easier.
This is especially helpful in the case of larger packages such as 56-pin TSSOP or 100-pin TQFP style
packages. This preheat is required in the thermal removal method if the semiconductor package is a heat
slug package rather than the TI PowerPAD™ package version. Some experimentation is required to find
the optimum procedure to use for any specific PCB construction and thermally enhanced package version.



After the part has been removed from the PCB, conventional techniques to clean the area of the part
attachment - such as solder wicking - is needed to prepare the location for subsequent attachment of a
new component.



4.3 Attachment of a Replacement Component to the PCB



Preparation of the PCB for attachment of a new component follows normal industry practice with respect
to the lands on the board and the leads of the package. Both may be tinned, and/or solder paste applied
to the lands for new component attachment. In addition, when solder is used to re-attach the thermal pad
of the package to the thermal land on the PCB, solder paste needs to be applied to the surface of the
thermal land on the board. This may be in the form of stripes of solder paste with sufficient volume to
achieve the desired solder coverage, or a solder preform may be applied to the location for attachment. In
a factory environment, the component is then placed in the desired location and alignment, and processed
through a reflow oven to re-establish the desired solder joints. This is the most desirable process and is
normally the easiest to accomplish.
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When a manual or off-line attachment and reflow procedure is to be used, the challenge of supplying
sufficient heat to the components and solder becomes a greater concern. In most cases, the corner leads
of the package being attached is tack soldered to hold the component in alignment so the balance of the
leads and the thermal pad to thermal land solder reflow can be accomplished without causing part
movement from its desired location. As in the part removal case, it is advisable to pre-heat the board or
the specific device location to a temperature below the melting point of the solder to minimize the amount
of heat that must be provided by the reflow device as the part is being attached. A good starting point is to
pre-heat to approximately 160°C. A hot gas reflow tool can then be used to complete the solder joint
formation both at the leads and for the connection of the thermal pad to the thermal land of the PCB. Care
must be taken at this operation to avoid blowing solder out from the thermal pad to thermal land interface
and causing solder balling under the package or creating lead to lead or thermal land to lead shorts. The
thermal enhancement of the package and the PCB requires a higher temperature gas or higher gas flow
to reach solder liquidus than would be needed with an assembly lacking these enhancements. The tool
should be specifically sized to the part being reworked to minimize possible damage to surrounding
components or the PCB itself.



Note that Texas Instruments PowerPAD™ packages are easier to rework at the board level than other
semiconductor packages utilizing metal slugs for the thermal path between the chip and the PCB. This is
due to the additional requirement for heating the total mass of the slug to reflow temperatures versus
heating the thermal pad of the PowerPAD™ package. The hot gas temperature and/or flow becomes
critical for effective joining of the components without causing damage to the adjacent components or the
PCB. In either case, the use of flux paste makes the rework task easier and more reliable to perform in a
manual repair environment.



During solder joint repair and/or device replacement, Device MSL Floor life and maximum temperature
exposures need to be considered.



5 Summary



An overview of the design, use and performance of the Texas Instruments PowerPAD™ package has
been presented. The package is simple to use and can be assembled and repaired using existing
assembly and manufacturing tools and techniques. Package performance is outstanding. By exposing the
leadframe on the package bottom, extremely efficient thermal transfer between the die and the PCB can
be achieved.



The simplicity of the PowerPAD™ package not only makes for a low cost package, but there is no
additional cost in labor or material for the customer using standard surface mount assembly techniques.
The only preparation needed to implement a PowerPAD™ design is at the PCB design stage. Simply by
including a thermal land and thermal vias on the PCB the design can use the PowerPAD™ package
effectively.
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Appendix A Definitions and Modeling



A.1 Thermal Resistance Definition



Thermal Resistance is defined as the temperature drop from the packaged chip to it's primary heat sink
per watt of power dissipated in the package. The primary heat sink may be the ambient air, the PWB itself,
or a heat sink that is mounted on the package. Thermal resistance is denoted by the symbol qJx (or
Theta-Jx) where 'x' denotes the external reference point where the temperature is measured



• qJA is junction-to-ambient air thermal resistance
• qJC is junction-to-case thermal resistance
• qJP is junction-to-pad thermal resistance
• qJB is junction-to-board thermal resistance



Thermal Parameter is different from a thermal resistance in that the referenced external temperature is
not the ultimate heat sink for the package. A thermal parameter can be used to estimate junction
temperatures for a device in its end-use environment. A thermal parameter is denoted by the symbol yJx



(or Psi-Jx) where 'x' denotes the referenced point where the temperature is measured. The thermal
parameters are measured during the yJA test only. Currently defined thermal parameters include the
following:



• yJT is the junction-to-package top center thermal parameter. A thermocouple is attached to the top
center of the package in order to measure the surface temperature



• yJB is the junction-to-board thermal parameter. A thermocouple is attached to a trace on the board at
the middle of the long side of the package to measure the PWB temperature.



Common Uses
• qJA rough comparison
• qJB, qJC, qJAP system model
• yJB, yJT probing on board



Figure 16. Thermal Resistance Diagram



where



• TA is the ambient temperature
• TJ is the device junction temperature
• TC is the case temperature
• TB is the board temperature at lead
• TP is the exposed pad temperature
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Table 4. Thermal Modeling of PowerPAD™ and Standard (non-PowerPAD) Packages on TI
Recommended Board vs. JEDEC Low-K Board (1)



Standard Package
on TI



PowerPAD™ soldered to TI Recommended Standard Package on JEDEC
Package Description Recommended Board Board Low-k Board



qJP qJA yJT qJA yJT qJP qJA yJTPackage Package
Type Designator (°C/W) (°C/W) (°C/W) (°C/W) (°C/W) (°C/W) (°C/W) (°C/W)



SSOP DWP20 0.37 21.46 1.617 43.91 6.03 16.58 92.95 2.212



DWP24 0.27 20.77 1.507 38.43 4.88 13.49 80.49 1.959



DWP28 0.22 19.52 1.337 33.92 4.109 11.24 69.73 1.641



TVSOP DDP80 0.21 19.88 0.196 32.64 0.359 4.69 65.53 0.353



. DDP100 0.17 18.35 0.182 28.45 0.313 3.73 54.55 0.297



DGP20 2.46 37.92 1.074 95.88 3.318 28.85 192.65 1.054



DGP24 2.46 36.87 1.056 89.5 3.176 28.41 179.97 0.999



DGP48 0.72 27.35 0.45 52.82 1.138 12.32 107.49 0.58



DGP56 0.58 25.42 0.406 46.69 0.98 10.4 95.48 0.526



TSSOP DCA48 0.32 22.3 0.22 40.27 0.443 6.63 84.04 0.434



DCA56 0.27 21.17 0.212 36.42 0.401 5.81 75.5 0.395



DCA64 0.21 19.89 0.196 32.52 0.357 4.69 65.7 0.35



DAP28 0.45 25.1 0.244 51.28 0.556 8.96 110.6 0.548



DAP30 0.45 24.2 0.233 48.34 0.551 8.73 103.45 0.486



DAP32 0.32 23.51 0.233 44.32 0.468 7.32 95.63 0.478



DAP38 0.31 22.41 0.219 41.18 0.444 6.57 87.32 0.454



DCP28 0.94 30.62 0.534 63.99 1.424 16.13 133.67 0.707



DCP30 0.94 30.55 0.532 63.32 1.408 16.05 131.23 0.695



DCP38 0.72 27.41 0.447 52.93 1.13 12.42 109.55 0.598



DCP44 0.58 25.57 0.406 47.18 0.982 10.47 97.13 0.538



DCP50 0.51 24.1 0.369 43.76 0.892 9.34 89.53 0.5



PWP14 2.07 37.47 0.851 97.65 2.711 26.86 195.35 1.047



PWP16 2.07 36.51 0.848 90.26 2.6 26.56 182.31 0.964



PWP20 1.4 32.63 0.607 74.41 1.777 19.9 151.89 0.77



PWP24 0.92 30.13 0.489 62.05 1.263 14.83 128.44 0.665



PWP28 0.72 27.87 0.446 56.21 1.169 12.41 115.82 0.623



TQFP PHP48 1.14 29.11 0.429 64.42 1.262 18.18 108.71 0.511



PGP52 0.38 21.61 0.192 42.58 0.391 7.83 77.15 0.353



PBP64 0.12 17.46 0.155 28.04 0.252 3.12 52.21 0.267



PAP64 0.38 21.47 0.19 42.2 0.386 7.8 75.83 0.347



PFP80 0.17 19.04 0.174 31.52 0.29 4.2 57.75 0.297



PZP100 0.12 17.28 0.154 27.32 0.247 3.11 49.17 0.252



PNP128 0.12 17.17 0.152 27.07 0.244 3.11 48.39 0.248



PRP144 0.13 15.68 0.199 27.52 0.346 4.62 47.34 0.288
LQFP



PYP208 0.1 10.96 0.139 21.48 0.258 3.66 39.18 0.235
(1) The above thermal data uses the largest available leadframe and die size for the given package. Therefore, it may not be



accurate in applications with smaller leadframe pads and/or die sizes. Please consult the product datasheet for your specific
device thermal data.
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A.2 General Information



Thermal modeling is used to estimate the performance and capability of device packages. From a thermal
model, design changes can be made and thermally tested before any time is spent on manufacturing. It
can also be determined what components have the most influence on the heat dissipation of a package.
Models can give an approximation of the performance of a package under many different conditions. In
this case, a thermal analysis was performed in order to approximate the improved performance of a
PowerPAD™ thermally enhanced package to that of a standard package.



A.3 Modeling Considerations



Only a few differences exist between the thermal models of the standard packages and models for the
PowerPAD™ package. The geometry of both packages was essentially the same, except for the location
of the lead frame bond pad. The pad for the thermally enhanced PowerPAD™ package is deep downset,
so its location is further away from the lead fingers than a standard package lead frame pad. Both models
used the maximum pad and die size possible for the package, as well as using a lead frame that had a
gap of one lead frame thickness between the pad and the lead fingers. The lead frame thickness was:



• TQFP/LQFP: 0.127 mm, or 5 mils
• TSSOP/TVSOP/SSOP: 0.147 mm, or 5.8 mils



In addition, the board design for the standard package is different from that of the PowerPAD™ package.
One of the most influential components on the performance of a package is board design. In order to take
advantage of the PowerPAD™ package’s heat dissipating abilities, a board must be used that acts
similarly to a heat sink and allows for the use of the exposed (and solderable) deep downset pad. This is
Texas Instruments’ recommended board for the PowerPAD™ device (see Figure 17). A summary of the
board geometry is included below.



A.4 Texas Instruments Recommended Board for the PowerPAD™ Package
• 0.622" thick
• 3” x 3” (for packages <27 mm long)
• 4” x 4” (for packages >27 mm long)
• 2 oz. copper traces located on the top of the board (0.071 mm thick)
• Copper areas located on the top and bottom of the PCB for soldering
• Power and ground planes, 1 oz. copper (0.036 mm thick)
• Thermal vias, 0.3 mm diameter, 1.5 mm pitch
• Thermal isolation of power plane



Figure 17. Texas Instruments Recommended Board (Side View)
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The standard packages were placed on a board that is commonly used in the industry today, following the
JEDEC standard. It does not contain any of the thermal features that are found on the Texas Instruments
recommended board. It only has component traces on the top of the board. A summary of the standard is
located below:



A.5 JEDEC Low Effective Thermal Conductivity Board (Low-K)
• 0.062” thick
• 3” x 3” (for packages <27 mm long)
• 4” x 4” (for packages >27 mm long)
• 1 oz. copper traces located on the top of the board (0.036 mm thick)



These boards were used to estimate the thermal resistance for both PowerPAD™ and the standard
packages under many different conditions. The PowerPAD™ package was modeled on the JEDEC low-k
board for comparison purposes only. It is recommended that it be used on the Texas Instruments heat
dissipating board design. It allows for the exposed pad to be directly soldered to the board, which creates
an extremely low thermal resistance path for the heat to escape.



A general modeling template was used for each PowerPAD™ package, with variables dependent on the
package size and type. The package dimensions and an example of the template used to model the
packages are shown in Figure 17 and Table 5. While only 1/4 of the package was modeled (in order to
simplify the model and to lessen the calculation time), the dimensions shown are those for a full model.



Figure 18. Thermal Pad and Lead Attachment to PCB Using the PowerPAD™ Package
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Table 5. PowerPAD™ Package Template Description



Component Component Size (mm)
Designator Description



A PCB Thickness 1.5748



PCB Length 76.2 (1)



PCB Width 76.2 (1)



B Chip Thickness 0.381



Chip Length (2)



Chip Width (2)



C Die Attach Thickness 0.0127



D Lead Frame Downset (3)



Tie Strap Width (3)



E PCB to Package Bottom 0.09



G Shoulder Lead Width (3) (4) (5)



H Shoulder Lead Space (3) (5)



J Shoulder to PCB Dist. (6)



K Package Thickness (3)



Package Length (3)



Package Width (3)



L Pad Thickness 0.147 (7)



Pad Length (3)



Pad Width (3)



PCB Trace Length 25.4



PCB Trace Thickness 0.071



PCB Backplane Thickness 0.0 (8)



PCB Trace Width 0.254



M Foot Width (4)



N Foot Length on PCB (3)



(1) 99.6 mm for packages > 27 mm maximum length
(2) Chip size is 10 mils smaller than the largest pad size (5 mils from



each side)
(3) Dependent on package size and type
(4) Foot width was set equal to shoulder lead width for model efficiency
(5) Lead pitch is equal to the shoulder lead width plus the shoulder lead



space (pitch = G + H)
(6) The shoulder to board distance is equal to the downset plus the



board to package bottom distance (J = D + E)
(7) The pad thickness for TQFP/LQFP is equal to 0.127 mm
(8) The recommended board requires the addition of two internal copper



planes, solder pads, and thermal vias
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In addition to following a template for the dimensions of the package, a simplified lead frame was used. A
description of the lead frame geometry is seen in Figure 19.



Figure 19. General Leadframe Drawing Configuration



NOTE: The leadframe downset bend area = 20 mils (leadframe thickness). For SSOP, TSSOP, and
TVSOP packages, add the bend area to the width of the pad. For TQFP and LQFP, add the
bend area to both the width and length of the pad.
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A.6 Boundary Considerations



The junction-to-ambient (qJA), junction-to-pad (qJP), and junction-to-top of package (yJT) thermal
resistances were calculated using a Texas Instruments finite difference program. This program uses
assumptions in order to simplify the calculation time, but is still accurate to within 10% of the actual
measured number. Of course, the model conditions must be approximately the same as the test
conditions for this to be true. Below is a summary of the analysis boundary conditions.



Junction-to-ambient (qJA)
❏ Software calculated convection coefficients
❏ No radiation inputs
❏ +25°C ambient temperature



Junction-to-top of package (yJT)
❏ (Highest Device Temp. – Highest Package Surface Temp.)/Power
❏ Extracted graphically from qJA solution



Junction-to-pad (qJP)
❏ For the PowerPAD™ package, the board was removed and the bottom of the pad set to a fixed



temperature of +25°C. (See Figure 20).



Figure 20. PowerPAD™ qJP Measurement



For the standard package, the board was removed and the top of the package was set to 25°C. (See
Figure 21).



Figure 21. Standard Package qJC Measurement
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A.7 Results



The purpose of the thermal modeling analysis was to estimate the increase in performance that could be
achieved by using the PowerPAD™ package over a standard package. For this package comparison,
several conditions were examined.



1. PowerPAD™ package soldered to the TI-recommended board.
2. A standard package configuration on a Low-K board
3. A standard package on the TI recommended board



The first two cases show a comparison of PowerPAD™ packages on the recommended board to standard
packages on a board commonly used in the industry. The results are shown in Table 4. From these
results, it was shown that the PowerPAD™ package, as soldered to the TI recommended board,
performed 73% cooler than a standard package on a low-k board.



For the final case, a separate analysis was performed in order to show the difference in thermal resistance
when the standard and the thermally enhanced packages are used on the same board. The results
showed that the PowerPAD™ package, as soldered, performed an average of 44% cooler than the
standard package (See Figure 22).



Figure 22. Comparison of qJA for Various Packages



A.8 Conclusions



The deep downset pad of a PowerPAD™ package allows for an extensive increase in package
performance. Standard packages are limited by using only the leads to transport a majority of the heat
away. The addition of a heat sink improves standard package performance, but greatly increases the cost
of a package. The PowerPAD™ package improves performance, but maintains a low cost. The results of
the thermal analysis showed that the PowerPAD™ package directly to a board designed to dissipate heat,
thermal performance increased approximately 44% over the standard packages used on the same board.
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Appendix B Rework Process for Heat Sink TQFP and TSSOP PowerPAD™ Packages - from
Air-Vac Engineering



B.1 Introduction



The addition of bottom side heat sink attachment has enhanced the thermal performance of standard
surface mounted devices. This has presented new process requirements to effectively remove, redress,
and replace (rework) these devices due to the hidden and massive heat sink, coplanarity issues, and
balance of heat to the leads and heat sink. The following is based on rework of the TQFP100 and
TSSOP20/24 pin devices.



Figure 23. DRS22C Reworking Station



B.2 Equipment



The equipment used was the Air-Vac Engineering DRS22C hot gas reflow module. The key requirements
for the heat sink applications include: stable PCB platform with sufficient bottom side preheat, alignment
capabilities, very accurate heat control, and proper nozzle design.



PCB support is critical to reduce assembly sagging and to provide a stable, flat condition throughout the
process. The robust convection-based area heater provides sufficient and accurate bottom side heat to
reduce thermal gradient, minimize local PCB warpage, and compensate for the heat sink thermal
characteristics. The unique pop-up feature allows visible access to the PCB with multiple easy position
board supports.
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Figure 24. Reworking Nozzles of Various Sizes Figure 25. Reworking Nozzles of Various Sizes



During removal, alignment, and replacement, the device is held and positioned by a combination hot
gas/hot bar nozzle. Built-in nozzle tooling positions the device correctly to the heat flow. A vacuum cup
holds the component in place. Hot gas is applied to the top of the device while hot gas/hot bar heating is
applied to the component leads. The hot bar feature also insures bonding of the fine pitch leads.



Figure 26. Nozzle Configuration



B.3 Profile



The gas temperature, flow, and operator step-by-step instructions are controlled by an established profile.
This allows complete process repeatability and control with minimal operator involvement. Very accurate,
low gas flow is required to insure proper temperature control of the package and to achieve good solder
joint quality.
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B.4 Removal



The assembly is preheated to 75°C. While the assembly continued to preheat to 100°C, the nozzle is
preheated. After the preheat cycle, the nozzle is lowered and the device is heated until reflow occurs.
Machine settings: TSSOP 20/24 - 220°C at 0.39 scfm gas flow for 50 seconds (preheat) above board
level, 220°C at 0.39 scfm for 10 seconds. TQFP 100 - 240°C at 0.10 scfm for 60 seconds (preheat) above
board level, 250°C at 0.65 scfm for 15 seconds. The built in vacuum automatically comes on at the end of
the cycle and the nozzle is raised. The time to reach reflow was approximately 15 seconds. The
component is released automatically allowing the part to fall into an appropriate holder.



B.5 Site Redress



After component removal the site must be cleaned of residual solder. This may be done by vacuum
desoldering or wick. The site is cleaned with alcohol and lint-free swab. It is critical that the heat sink area
be flat to allow proper placement on the leads on new device. Stenciling solder paste is the preferred
method to apply new solder. Solder dispensing or reflowing the solder bumps on the pads for the leads
may also be an alternative, but reflow (solid mass) of solder to the heat sink is not.



Figure 27. Air-Vac Vision System



B.6 Alignment



A replacement device is inserted into the gas nozzle and held by vacuum. The device is raised to allow
the optical system to be used. The optical system used for alignment consists of a beam-splitting prism
combined with an inspection quality stereo microscope or camera/video system. the leads of the device
are superimposed over the corresponding land pattern on the board. This four sided viewing allows quick
and accurate operator alignment.
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B.7 Replacement



Once aligned, the x/y table is locked and the optical system retracts away from the work area. The
preheat cycle is activated. The device is then lowered to the board. An automatic multi-step process
provides a controlled reflow cycle with repeatable results. Machine settings for TSSOP 20/24: 160°C at
0.39 scfm gas flow for 40 seconds (preheat), 220°C at 0.39 scfm for 60 seconds above board level, 220°C
at 0.39 scfm for 10 seconds. For TQFP 100: 100°C at 0.78 scfm for 40 seconds (preheat), 240°C at 0.10
scfm for 90 seconds above board level, 250°C at 0.65 scfm for 15 seconds (2 stages).



B.8 Conclusion



Rework of heat sink devices, TQFP and TSSOP, can be successful with attention to the additional issues
they present. With respect to proper thermal profiling of the heat sink, die, and lead temperatures, the
correct gas nozzle and profile can be developed to meet the requirements of the device and assembly.
Existing equipment and nozzle design by Air-Vac can provide the tools and process knowledge to meet
the heat sink TQFP and TSSOP rework application.



NOTE: This process was provided by one supplier. Texas Instruments encourages the user to work
with other rework equipment suppliers to get their recommendations as well.
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Appendix C PowerPAD™ Process Rework Application Note from Metcal



C.1 Introduction



The following report references six of Texas Instruments’ fine pitch, surface mount prototype packages
(TSOP20, TSOP56, TSOP24, TQFP100, and TQFP64). The shapes and sizes are not new to the circuit
board industry. Normally, you could use Metcal conduction tools to simply remove and replace these
components. However, these packages are unique because all packages include a ‘dye lead’ on the
underside of the package. This dye lead cannot be accessed by contact soldering. Therefore, convection
rework methods are necessary for component placement.



NOTE: Conduction tools can be used for removal. But convection rework techniques are required
for placement, and recommended for removal.



C.2 Removal



Conduction (optional): All packages can be removed with Metcal conduction tips. Use the following tips.



Table 6. Metcal Conduction Tips



Component Metcal Tip Cartridge OK Nozzle



TSOP20 SMTC-006 N-S16



TSOP56 SMTC-166 N-TSW32



TSOP24 SMTC-006 N-S16



TQFP100 SMTC-0118 N-P68



TQFP64 SMTC-112 N-P20



The dye lead, which is not in contact with the Metcal tip, easily reflows as heat passes through the
package.



C.3 Conduction Procedure
1. Tin the tip, contact all perimeter leads simultaneously, and wait 3-5 seconds for the leads to reflow
2. Lift the package off the board (surface tension holds it in the tip cartridge). Dislodge the component



from the tip by wiping the tip cartridge on a damp sponge.



C.4 Convection Procedure
1. Flux the leads. Preferably, use a liquid RMA/rosin flux. Pre-heat the board at 100°C. Use a convection



or IR preheater, like the SMW-2201 from OK Industries. The settings 2-4 generally heats a heavy
board to 100°C in 60 seconds.



2. Remove the component with the OK Industries FCR hot air system. Use a nozzle that matches the
size and shape of the component (see above). With the preheat still on, heat the top of the board for
30-45 seconds on a setting of 3-4 (depending on board thickness and amount of copper in board).



Since convection is necessary for placement, convection is recommended for removal.
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C.5 Placement Procedure
1. Pads can be tinned by putting solder paste on the pads and reflowing with hot air. Simply apply a fine



bead of solder paste (pink nozzle, 24AWG) to the rows of pads. Be sure to apply very little paste.
Excessive paste causes bridging, especially with fine pitch components.



2. Once the pads are tinned, apply gel flux (or liquid flux) to the pads. RMA flux is preferable. Be sure to
apply gel flux to the dye pad as well. It is important that your pads not be OVER tinned. If too much
solder has formed on the dye pad, the component sits above the perimeter leads, causing co-planarity
problems. The gel flux is tacky and helps with manual placement. The joints require very little solder,
so stenciling is not necessary. The pads are so thin that a minimal amount of solder is needed to form
a good joint. Use a hot air nozzle for the FCR system. Pre-heat the board and (setting 3 to 5). Use low
air flow (5 to 10 liters/minute) and topside heat (setting 3-4) for about 30 to 45 seconds.



NOTE: The quality of the dye lead’s solder joint cannot be visually inspected. An X-ray machine,
cross sectioning, or electrical testing is required. The vias on the test board are not solder
masked very well which causes some bridging and solder wicking.



Specific board and component temperatures varies from board to board and from nozzle to
nozzle. Larger nozzles require a higher setting because the heat must travel farther away
from the heat source. There is a slight convection cooling effect from pushing hot air through
long flutes, and depending on how wide the nozzle is. However, as a rule, keep the board
temperature at 100°C (as thermocoupled from the TOP). You can regulate the board
temperature by setting the temperature knob on the bottom side pre-heater. Apply a
HIGHER topside heat from the FCR heating head. As a rule, use a maximum of 200°C to
210°C for a short peak period (10 seconds). Look for the flux to burn off. For board profiling
purposes, you can visually inspect the condition of the solder joints during the removal
process. Note the time allotted for reflow and set the system to Auto Remove or Auto Place
at the same time designation for good repeatability. Be sure not to overheat the joints.
Excessive heat can cause board delamination and discoloration. Alignment self-corrects
once all the solder has reflowed. Tap board lightly. Remove any solder bridges with solder
braid. Also, limit the board’s heating cycles to a minimum. Excessive heat shock may warp
the board or cause cracking in the solder joints.
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DUAL STEPPER MOTOR CONTROLLER/DRIVER
Check for Samples: DRV8821



1FEATURES • Simple Step/Direction Interface
2• Dual PWM microstepping motor driver • Fully Protected Against Undervoltage,



Overtemperature, and Overcurrent– Built-In Microstepping Indexers
• Thermally Enhanced Surface Mount Package– Up to 1.5-A Current Per Winding



– Three-Bit Winding Current Control Allows
APPLICATIONSup to Eight Current Levels
• Printers– Low MOSFET On-Resistance
• Scanners



– Selectable Slow or Mixed Decay Modes
• Office Automation Machines



• 8-V to 32-V Operating Supply Voltage Range • Gaming Machines
• Internal Charge Pump for Gate Drive • Factory Automation
• Built-in 3.3-V Reference • Robotics



DESCRIPTION/ORDERING INFORMATION
The DRV8821 provides a dual microstepping-capable stepper motor controller/driver solution for printers,
scanners, and other office automation equipment applications.



Two independent stepper motor driver circuits include four H-bridge drivers and microstepping-capable indexer
logic. Each of the motor driver blocks employ N-channel power MOSFETs configured as an H-bridge to drive the
motor windings.



A simple step/direction interface allows easy interfacing to controller circuits. Pins allow configuration of the
motor in full-step, half-step, quarter-step, or eighth step modes, and the selection of slow or mixed decay modes.



Internal shutdown functions are provided for over current protection, short circuit protection, under voltage
lockout and overtemperature.



The DRV8821 is packaged in a 48-pin HTSSOP package (Eco-friendly : RoHS & no Sb/Br).



ORDERING INFORMATION (1)



TA PACKAGE (2) ORDERABLE PART NUMBER TOP-SIDE MARKING



Reel of 2000 DRV8821DCAR
–40°C to 85°C PowerPad™ (HTSSOP) - DCA DRV8821



Tube of 40 DRV8821DCA



(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the TI
web site at www.ti.com.



(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.



1



Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.



2PowerPad, PowerPAD are trademarks of Texas Instruments.



PRODUCTION DATA information is current as of publication date. Copyright © 2009–2010, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.





http://focus.ti.com/docs/prod/folders/print/drv8821.html


https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&reLogonURL=SCSAMPLogon&URL=SCSAMPSBDResultDisplay&GPN1=drv8821


http://www.ti.com


http://www.ti.com/packaging








Charge
Pump and



Gate Drive
Regulator



Thermal
Shut down



AOUT1



AOUT2



BOUT1



BOUT2



GND



ABVREF



0.1µF



16V



0.01µF
35V



+24



Step
Motor



VM



CP1



CP2



VCP



AISEN



BISEN



VCP
+24



OCP



VM



+24



Oscillator



COUT1



COUT2



DOUT1



DOUT2



Step



Motor



VM



CISEN



DISEN



VM



+24



+24



UVLO
RESET



VGD



ABSTEP



ABDIR



ABENBLn



ABUSM0



ABUSM1



Dig.



VCC



V3P3 3.3V



Regulator0.47µF
6.3V



CDVREF



PWM H-bridge



driver A



PWM H-bridge



driver B



PWM H-bridge



driver C



PWM H-bridge
driver D



Indexer
Logic



ABDECAY



CDSTEP



CDDIR



CDENBLn



CDUSM0



CDUSM1



CDDECAY



ABRESETn



CDRESETn



DRV8821



SLVS912E –JANUARY 2009–REVISED AUGUST 2010 www.ti.com



FUNCTIONAL BLOCK DIAGRAM
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TERMINAL FUNCTIONS
NAME NO. I/O (1) DESCRIPTION EXTERNAL COMPONENTS OR CONNECTIONS



POWER AND GROUND



VM 1,2, Connect all VM pins together to motor supply voltage.- Motor supply voltage (multiple pins)(4 pins) 23, 24 Bypass to GND with several 0.1-mF, 35-V ceramic capacitors.



V3P3 16 - 3.3 V regulator output Bypass to GND with 0.47-mF, 6.3-V ceramic capacitor.



GND 10-15, - Power ground (multiple pins) Connect all PGND pins to GND and solder to copper heatsink areas.34-39



CP1 7 IO
Charge pump flying capacitor Connect a 0.01-mF capacitor between CP1 and CP2



CP2 8 IO



VCP 9 IO Charge pump storage capacitor Connect a 0.1-mF, 16 V ceramic capacitor to VM



MOTOR AB



ABSTEP 45 I Motor AB step input Rising edge causes the indexer to move one step.



ABDIR 43 I Motor AB direction input Level sets the direction of stepping.



ABUSM0 44 I Motor AB microstep mode 0 USM0 and USM1 set the step mode - full step, half step, quarter
step, or eight microsteps/step.ABUSM1 41 I Motor AB microstep mode 1



ABENBLn 42 I Motor AB enable input Logic high to disable motor A outputs, logic low to enable.



Active-low reset input initializes the indexer logic and disables theABRESETn 40 I Motor AB reset input H-bridge outputs for motor A.



ABDECAY 6 I Motor AB decay mode Logic low for slow decay mode, high for mixed decay.



Motor AB current set referenceABVREF 17 I Sets current trip threshold.voltage



AOUT1 5 O Bridge A output 1
Connect to first coil of bipolar stepper motor 1, or DC motor winding.



AOUT2 3 O Bridge A output 2



AISEN 4 - Bridge A current sense Connect to current sense resistor for bridge A.



BOUT1 48 O Bridge B output 1 Connect to second coil of bipolar stepper motor 1, or DC motor
winding.BOUT2 46 O Bridge B output 2



BISEN 47 - Bridge B current sense Connect to current sense resistor for bridge B.



MOTOR CD



CDSTEP 33 I Motor CD step input Rising edge causes the indexer to move one step.



CDDIR 31 I Motor CD direction input Level sets the direction of stepping.



CDUSM0 32 I Motor CD microstep mode 0 USM0 and USM1 set the step mode - full step, half step, quarter
step, or eight microsteps/step.CDUSM1 29 I Motor CD microstep mode 1



CDENBLn 30 I Motor CD enable input Logic high to disable motor Boutputs, logic low to enable.



Active-low reset input initializes the indexer logic and disables theCDRESETn 28 I Motor CD reset input H-bridge outputs for motor B.



CDDECAY 19 I Motor CD decay mode Logic low for slow decay mode, high for mixed decay.



Motor CD current set referenceCDREF 18 I Sets current trip threshold.voltage



COUT1 27 O Bridge C output 1
Connect to first coil of bipolar stepper motor 2, or DC motor winding.



COUT2 25 O Bridge C output 2



CISEN 26 - Bridge C current sense Connect to current sense resistor for bridge C.



DOUT1 22 O Bridge D output 1 Connect to second coil of bipolar stepper motor 2, or DC motor
winding.DOUT2 20 O Bridge D output 2



DISEN 21 - Bridge D current sense Connect to current sense resistor for bridge D.



(1) Directions: I = input, O = output, OZ = 3-state output, OD = open-drain output, IO = input/output
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DCA PACKAGE



ABSOLUTE MAXIMUM RATINGS (1) (2)



over operating free-air temperature range (unless otherwise noted)



VM Power supply voltage range –0.3 to 34 V



VI Logic input voltage range (3) –0.5 to 5.75 V



IO(peak) Peak motor drive output current, t < 1 ms Internally limited



IO Motor drive output current (4) 1.5 A



PD Continuous total power dissipation See Dissipation Ratings Table



TJ Operating virtual junction temperature range –40 to 150 °C



TA Operating ambient temperature range –40 to 85 °C



Tstg Storage temperature range –60 to 150 °C



(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute–maximum–rated conditions for extended periods may affect device reliability.



(2) All voltage values are with respect to network ground terminal.
(3) Input pins may be driven in this voltage range regardless of presence or absence of VM.
(4) Power dissipation and thermal limits must be observed.



DISSIPATION RATINGS
DERATING FACTORBOARD PACKAGE RqJA TA < 25°C TA = 70°C TA = 85°CABOVE TA = 25°C



Low-K (1) 75.7°C/W 13.2 mW/°C 1.65 W 1.06 W 0.86 W



Low-K (2) 32°C/W 31.3 mW/°C 3.91 W 2.50 W 2.03 W
DCA



High-K (3) 30.3°C/W 33 mW/°C 4.13 W 2.48 W 2.15 W



High-K (4) 22.3°C/W 44.8 mW/°C 5.61 W 3.59 W 2.91 W



(1) The JEDEC Low-K board used to derive this data was a 76-mm x 114-mm, 2-layer, 1.6-mm thick PCB with no backside copper.
(2) The JEDEC Low-K board used to derive this data was a 76-mm x 114-mm, 2-layer, 1.6-mm thick PCB with 25-cm2 2-oz copper on back



side.
(3) The JEDEC High-K board used to derive this data was a 76-mm x 114-mm, 4-layer, 1.6-mm thick PCB with no backside copper and



solid 1-oz internal ground plane.
(4) The JEDEC High-K board used to derive this data was a 76-mm x 114-mm, 4-layer, 1.6-mm thick PCB with 25-cm2 1-oz copper on back



side and solid 1-oz internal ground plane.
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)



MIN NOM MAX UNIT



VM Motor power supply voltage range 8 32 V



IMOT Continuous motor drive output current (1) 1 1.5 A



VREF VREF input voltage 1 4 V



(1) Power dissipation and thermal limits must be observed.



ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)



PARAMETER TEST CONDITIONS MIN TYP MAX UNIT



POWER SUPPLIES



IVM VM operating supply current VM = 24 V, no loads 5 8 mA



IVMSD VM shutdown supply current VM = 24 V, ABENBLn = CDENBLn = 1 2.5 mA



VUVLO VM undervoltage lockout voltage VM rising 6.5 8 V



VCP Charge pump voltage Relative to VM 12 V



VV3P3 VV3P3 output voltage 3.20 3.30 3.40 V



LOGIC-LEVEL INPUTS



VIL Input low voltage 0.7 V



VIH Input high voltage 2 V



VHYS Input hysteresis 0.3 0.45 0.6 V



Input currentIIN VIN = 3.3 V 100 mA(internal pulldown current)



OVERTEMPERATURE PROTECTION



tTSD Thermal shutdown temperature Die temperature 150 °C



MOTOR DRIVER



VM = 24 V, IO = 0.8 A, TJ = 25°C 0.25Motor #1 FET on resistanceRds(on) Ω(each individual FET) VM = 24 V, IO = 0.8 A, TJ = 85°C 0.31 0.37



VM = 24 V, IO = 0.8 A, TJ = 25°C 0.30Motor #2 FET on resistanceRds(on) Ω(each individual FET) VM = 24 V, IO = 0.8 A, TJ = 85°C 0.38 0.45



IOFF Off-state leakage current ±12 mA



fPWM Motor PWM frequency (1) 45 50 55 kHz



tBLANK ITRIP blanking time (2) 3.75 ms



tF Output fall time 50 300 ns



tR Output rise time 50 300 ns



IOCP Overcurrent protect level 1.5 3 4.5 A



tOCP Overcurrent protect trip time 2.5 ms



tMD Mixed decay percentage Measured from beginning of PWM cycle 75 %



VREF INPUT/CURRENT CONTROL ACCURACY



IREF xVREF input current xVREF = 3.3 V –3 3 mA



xVREF = 2.5 V, derived from V3P3; –5 5 %71% to 100% current
ΔICHOP Chopping current accuracy



xVREF = 2.5 V, derived from V3P3; –10 10 %20% to 56% current



(1) Factory option 100 kHz.
(2) Factory options for 2.5 ms, 5 ms or 6.25 ms.
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TIMING REQUIREMENTS
over operating free-air temperature range (unless otherwise noted)



MIN MAX UNIT



1 fSTEP Step frequency 200 kHz



2 tWH(STEP) Pulse duration, xSTEP high 2.5 ms



3 tWL(STEP) Pulse duration, xSTEP low 2.5 ms



4 tSU(STEP) Setup time, command to xSTEP rising 200 ns



5 tH(STEP) Hold time, command to xSTEP rising 200 ns



6 tWAKE Wakeup time, SLEEPn inactive to xSTEP 1 ms
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FUNCTIONAL DESCRIPTION



PWM Motor Drivers



The DRV8821 contains four H-bridge motor drivers with current-control PWM circuitry. A block diagram showing
drivers A and B of the motor control circuitry (as typically used to drive a bipolar stepper motor) is shown below.
Drivers C and D are the same as A and B (though the Rds(on) of the output FETs is different).



Figure 1. Block Diagram



Note that there are multiple VM motor power supply pins. All VM pins must be connected together to the motor
supply voltage.
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Current Regulation



The PWM chopping current is set by a comparator which compares the voltage across a current sense resistor
connected to the xISEN pins, multiplied by a factor of 5, with a reference voltage. The reference voltage is input
from the xVREF pin.



The full-scale (100%) chopping current is calculated as follows:



(1)



Example:



If a 0.22-Ω sense resistor is used and the VREFx pin is 3.3 V, the full-scale (100%) chopping current is
3.3 V/(5 * 0.22 Ω) = 1.875 A.



The reference voltage is also scaled by an internal DAC that allows torque control for fractional stepping of a
bipolar stepper motor, as described in the "microstepping indexer" section below.



Decay Mode



During PWM current chopping, the H-bridge is enabled to drive through the motor winding until the PWM current
chopping threshold is reached. This is shown in Figure 2 as case 1. The current flow direction shown indicates
positive current flow in the step table below.



Once the chopping current threshold is reached, the H-bridge can operate in two different states, fast decay or
slow decay.



In fast decay mode, once the PWM chopping current level has been reached, the H-bridge reverses state to
allow winding current to flow in a reverse direction. As the winding current approaches zero, the bridge is
disabled to prevent any reverse current flow. Fast-decay mode is shown in Figure 2 as case 2.



In slow-decay mode, winding current is re-circulated by enabling both of the low-side FETs in the bridge. This is
shown in Figure 2 as case 3.



Figure 2. Decay Mode



8 Submit Documentation Feedback Copyright © 2009–2010, Texas Instruments Incorporated



Product Folder Link(s): DRV8821





http://focus.ti.com/docs/prod/folders/print/drv8821.html


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS912EE&partnum=DRV8821


http://focus.ti.com/docs/prod/folders/print/drv8821.html








DRV8821



www.ti.com SLVS912E –JANUARY 2009–REVISED AUGUST 2010



The DRV8821 also supports a mixed decay mode. Mixed decay mode begins as fast decay, but after a period of
time (75% of the PWM cycle) switches to slow decay mode for the remainder of the fixed PWM period.



Mixed decay mode is only active if the current through the winding is decreasing (per the indexer step table); if
the current is increasing, then slow decay is always used.



Slow or mixed decay mode is selected by the state of the xDECAY pins - logic low selects slow decay, and logic
high selects mixed decay operation.



Blanking Time



After the current is enabled in an H-bridge, the voltage on the xISEN pin is ignored for a fixed period of time
before enabling the current sense circuitry. This blanking time is fixed at 3.75 ms. Note that the blanking time also
sets the minimum on time of the PWM.



Microstepping Indexer



Built-in indexer logic in the DRV8821 allows a number of different stepping configurations. The xUSM1 and
xUSM0 pins are used to configure the stepping format as shown in the table below:



xUSM1 xUSM0 STEP MODE



0 0 Full step (2-phase excitation)



0 1 ½ step (1-2 phase excitation)



1 0 1/4 step (W1-2 phase excitation)



1 1 Eight microsteps/steps



The following table shows the relative current and step directions for different settings of xUSM1 and xUSM0. At
each rising edge of the xSTEP input, the indexer travels to the next state in the table. The direction is shown with
the DIR pin high; if the xDIR pin is low the sequence is reversed. Positive current is defined as xOUT1 = positive
with respect to xOUT2.



Note that the home state is 45 degrees. This state is entered at power-up, during sleep mode, or application of
xRESETn.



Motor AB and motor CD act independently, and their indexer logic functions identically.
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AOUTx BOUTxFULL STEP ½ STEP 1/4 STEP 1/8 STEP STEP ANGLECURRENT CURRENTxUSM = 00 xUSM = 01 xUSM = 10 xUSM = 11 (DEGREES)(% FULL-SCALE) (% FULL-SCALE)



1 1 1 100 0 0



2 98 20 11.25



2 3 92 38 22.5



4 83 56 33.75



1 2 3 5 71 71 45 (home state)



6 56 83 56.25



4 7 38 92 67.5



8 20 98 78.75



3 5 9 0 100 90



10 –20 98 101.25



6 11 –38 92 112.5



12 –56 83 123.75



2 4 7 13 –71 71 135



14 –83 56 146.25



8 15 –92 38 157.5



16 –98 20 168.75



5 9 17 –100 0 180



18 –98 –20 191.25



10 19 –92 –38 202.5



20 –83 –56 213.75



3 6 11 21 –71 –71 225



22 –56 –83 236.25



12 23 –38 –92 247.5



24 –20 –98 258.75



7 13 25 0 –100 270



26 20 –98 281.25



14 27 38 –92 292.5



28 56 –83 303.75



4 8 15 29 71 –71 315



30 83 –56 326.25



16 31 92 –38 337.5



32 98 –20 348.75



xRESETn and xENBLn Operation



The xRESETn pin, when driven active low, resets the step table to the home position. It also disables the
H-bridge drivers. The xSTEP input is ignored while xRESETn is active. Note that there is a separate xRESETn
pin for each motor; each acts only on one of the two motor controllers.



The xENABLEn pin is used to control the output drivers. When xENBLn is low, the output H-bridges are enabled.
When xENBLn is high, the H-bridges are disabled and the outputs are in a high-impedance state.. Note that
there is a separate xENBLn pin for each motor; each acts only on one of the two motor drivers.



Note that when xENBLn is high, the input pins and control logic, including the indexer (xSTEP and xDIR pins) are
still functional.



Driving both ABENBLn and CDENBLn high will put the device into a low power sleep state. In this state, the
H-bridges are disabled, both indexers are reset to the home state, the gate drive charge pump is stopped, and all
internal clocks are stopped. In this state all inputs are ignored until one or both of the xENBLn pits return active
low.
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Protection Circuits



The DRV8821 is fully protected against undervoltage, overcurrent and overtemperature events.



Overcurrent Protection (OCP)



All of the drivers in DRV8821 are protected with an OCP (Over-Current Protection) circuit.



The OCP circuit includes an analog current limit circuit, which acts by removing the gate drive form each output
FET if the current through it exceeds a preset level. This circuit will limit the current to a level that is safe to
prevent damage to the FET.



A digital circuit monitors the analog current limit circuits. If any analog current limit condition exists for longer than
a preset period, all drivers in the device will be disabled.



The device is re-enabled upon the removal and re-application of power at the VM pins.



Thermal Shutdown (TSD)



If the die temperature exceeds safe limits, all drivers in the device will be shut down.



The device will remain disabled until the die temperature has fallen to a safe level. After the temperature has
fallen, the device may be re-enabled upon the removal and re-application of power at the VM pin.



Undervoltage Lockout (UVLO)



If at any time the voltage on the VM pins falls below the undervoltage lockout threshold voltage, all circuitry in the
device will be disabled. Operation will resume when VM rises above the UVLO threshold. The indexer logic will
be reset to its initial condition in the event of an undervoltage lockout.



Shoot-Through Current Prevention



The gate drive to each FET in the H-bridge is controlled to prevent any cross-conduction (shoot through current)
during transitions.
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THERMAL INFORMATION



Thermal Protection



The DRV8821 has thermal shutdown (TSD) as described above. If the die temperature exceeds approximately
150°C, the device will be disabled until the temperature drops to a safe level.



Any tendency of the device to enter thermal shutdown is an indication of either excessive power dissipation,
insufficient heatsinking, or too high an ambient temperature.



Power Dissipation



Power dissipation in the DRV8821 is dominated by the power dissipated in the output FET resistance, or RDS(ON).
Average power dissipation when running a stepper motor can be roughly estimated by Equation 2.



(2)



where PTOT is the total power dissipation, RDS(ON) is the resistance of each FET, and IOUT(RMS) is the RMS output
current being applied to each winding. IOUT(RMS) is equal to the approximately 0.7x the full-scale output current
setting. The factor of 4 comes from the fact that there are two motor windings, and at any instant two FETs are
conducting winding current for each winding (one high-side and one low-side). Remember that the DRV8821 has
two stepper motor drivers, so the power dissipation of each must be added together to determine the total device
power dissipation.



The maximum amount of power that can be dissipated in the DRV8821 is dependent on ambient temperature
and heatsinking. The thermal dissipation ratings table in the datasheet can be used to estimate the temperature
rise for typical PCB constructions.



Note that RDS(ON) increases with temperature, so as the device heats, the power dissipation increases. This must
be taken into consideration when sizing the heatsink.



Heatsinking



The PowerPAD™ package uses an exposed pad to remove heat from the device. For proper operation, this pad
must be thermally connected to copper on the PCB to dissipate heat. On a multi-layer PCB with a ground plane,
this can be accomplished by adding a number of vias to connect the thermal pad to the ground plane. On PCBs
without internal planes, copper area can be added on either side of the PCB to dissipate heat. If the copper area
is on the opposite side of the PCB from the device, thermal vias are used to transfer the heat between top and
bottom layers.



For details about how to design the PCB, refer to TI application report SLMA002, " PowerPAD™ Thermally
Enhanced Package" and TI application brief SLMA004, " PowerPAD™ Made Easy", available at www.ti.com.



In general, the more copper area that can be provided, the more power can be dissipated. Figure 3 shows
thermal resistance vs. copper plane area for both a single-sided PCB with 2-oz copper heatsink area, and a
4-layer PCB with 1-oz copper and a solid ground plane. Both PCBs are 76 mm x 114 mm, and 1.6 mm thick. It
can be seen that the heatsink effectiveness increases rapidly to about 20 cm2, then levels off somewhat for
larger areas.



Six pins on the center of each side of the package are also connected to the device ground. A copper area can
be used on the PCB that connects to the PowerPAD™ as well as to all the ground pins on each side of the
device. This is especially useful for single-layer PCB designs.
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Figure 3. Thermal Resistance vs. Copper Plane Area
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PACKAGING INFORMATION



Orderable Device Status (1) Package Type Package
Drawing



Pins Package Qty Eco Plan (2) Lead/
Ball Finish



MSL Peak Temp (3) Samples



(Requires Login)



DRV8821DCA ACTIVE HTSSOP DCA 48 40 Green (RoHS
& no Sb/Br)



CU NIPDAU Level-3-260C-168 HR Request Free Samples



DRV8821DCAR ACTIVE HTSSOP DCA 48 2000 Green (RoHS
& no Sb/Br)



CU NIPDAU Level-3-260C-168 HR Purchase Samples



 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.



 
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)



 
(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.



 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.



 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.



 





https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=DRV8821DCA
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TAPE AND REEL INFORMATION



*All dimensions are nominal



Device Package
Type



Package
Drawing



Pins SPQ Reel
Diameter



(mm)



Reel
Width



W1 (mm)



A0
(mm)



B0
(mm)



K0
(mm)



P1
(mm)



W
(mm)



Pin1
Quadrant



DRV8821DCAR HTSSOP DCA 48 2000 330.0 24.4 8.6 15.8 1.8 12.0 24.0 Q1
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*All dimensions are nominal



Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)



DRV8821DCAR HTSSOP DCA 48 2000 346.0 346.0 41.0
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IMPORTANT NOTICE



Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.



TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.



TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.



TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.



Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.



Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.



TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.



TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.



TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.



Following are URLs where you can obtain information on other Texas Instruments products and application solutions:



Products Applications



Amplifiers amplifier.ti.com Audio www.ti.com/audio



Data Converters dataconverter.ti.com Automotive www.ti.com/automotive



DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom



DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals



Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps



Interface interface.ti.com Energy www.ti.com/energy



Logic logic.ti.com Industrial www.ti.com/industrial



Power Mgmt power.ti.com Medical www.ti.com/medical



Microcontrollers microcontroller.ti.com Security www.ti.com/security



RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense



RF/IF and ZigBee® Solutions www.ti.com/lprf Video and Imaging www.ti.com/video



Wireless www.ti.com/wireless-apps



Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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4-BRIDGE SERIAL INTERFACE MOTOR DRIVER
Check for Samples: DRV8823



1FEATURES • Serial Digital Control Interface
2• PWM motor Driver with Four H-Bridges • Fully Protected Against Undervoltage,



Overtemperature, and Overcurrent– Drives Two Stepper Motors, One Stepper
and Two DC Motors, or Four DC Motors • Thermally Enhanced Surface Mount Package



– Up to 1.5-A Current Per Winding
APPLICATIONS– Low On-Resistance
• Printers– Programmable Maximum Winding Current
• Scanners



– Three-Bit Winding Current Control Allows
• Office Automation Machinesup to Eight Current Levels
• Gaming Machines



– Selectable Slow or Mixed Decay Modes
• Factory Automation



• 8-V to 32-V Operating Supply Voltage Range
• Robotics



• Internal Charge Pump for Gate Drive
• Built-in 3.3-V Reference



DESCRIPTION/ORDERING INFORMATION
The DRV8823 provides an integrated motor driver solution for printers and other office automation equipment
applications.



The motor driver circuit includes four H-bridge drivers. Each of the motor driver blocks employ N-channel power
MOSFETs configured as an H-bridge to drive the motor windings.



A simple serial interface allows control of all functions of the motor driver with only a few digital signals. A
low-power sleep function is also provided.



The motor drivers provide PWM current control capability. The current is programmable, based on an externally
supplied reference voltage and an external current sense resistor. In addition, eight current levels (set via the
serial interface) allow microstepping with bipolar stepper motors.



Internal shutdown functions are provided for over current protection, short circuit protection, under voltage
lockout and overtemperature.



The DRV8823 is packaged in a 48 pin HTSSOP package (Eco-friendly : RoHS & no Sb/Br).



ORDERING INFORMATION (1)



TA PACKAGE (2) ORDERABLE PART NUMBER TOP-SIDE MARKING



Reel of 2000 DRV8823DCAR
–40°C to 85°C PowerPad™ (HTSSOP) - DCA DRV8823



Tube of 40 DRV8823DCA



(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the TI
web site at www.ti.com.



(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.



1



Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.



2PowerPad, PowerPAD are trademarks of Texas Instruments.



PRODUCTION DATA information is current as of publication date. Copyright © 2009–2010, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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FUNCTIONAL BLOCK DIAGRAM
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TERMINAL FUNCTIONS
NAME NO. I/O (1) DESCRIPTION EXTERNAL COMPONENTS OR CONNECTIONS



POWER AND GROUND



VM 1, 2, Connect all VM pins together to motor supply voltage.- Motor supply voltage (multiple pins)(4 pins) 23, 24 Bypass to GND with several 0.1-mF, 35-V ceramic capacitors.



V3P3 16 - 3.3 V regulator output Bypass to GND with 0.47-mF, 6.3-V ceramic capacitor.



GND 10 - 15, - Power ground (multiple pins) Connect all PGND pins to GND and solder to copper heatsink areas.34 - 39



CP1 7 IO
Charge pump flying capacitor Connect a 0.01-mF capacitor between CP1 and CP2



CP2 8 IO



VCP 9 IO Charge pump storage capacitor Connect a 0.1-mF, 16 V ceramic capacitor to VM



MOTOR DRIVERS



Bridge A & B current set referenceABVREF 17 I Sets current trip threshold.voltage



AOUT1 5 O Bridge A output 1
Connect to first coil of bipolar stepper motor 1, or DC motor winding.



AOUT2 3 O Bridge A output 2



ISENA 4 - Bridge A current sense Connect to current sense resistor for bridge A.



BOUT1 48 O Bridge B output 1 Connect to second coil of bipolar stepper motor 1, or DC motor
winding.BOUT2 46 O Bridge B output 2



ISENB 47 - Bridge B current sense Connect to current sense resistor for bridge B.



Bridge C & D current set referenceCDVREF 18 I Sets current trip threshold.voltage



COUT1 27 O Bridge C output 1
Connect to first coil of bipolar stepper motor 2, or DC motor winding.



COUT2 25 O Bridge C output 2



ISENC 26 - Bridge C current sense Connect to current sense resistor for bridge C.



DOUT1 22 O Bridge D output 1 Connect to second coil of bipolar stepper motor 2, or DC motor
winding.DOUT2 20 O Bridge D output 2



ISEND 22 - Bridge D current sense Connect to current sense resistor for bridge D.



SERIAL INTERFACE



SDATA 31 I Serial data input Data is clocked in on rising edge of SCLK.



SCLK 33 I Serial input clock Logic high enables serial data to be clocked in.



SCS 45 I Serial chip select Logic high latches serial data.



SSTB 30 I Serial data strobe Active low resets serial interface and disables outputs.



RESETn 43 I Reset input Active low input disables outputs and charge pump.



SLEEPn 42 I Sleep input



TEST PINS



19, 28,TEST I Test inputs Do not connect these pins - used for factory test only.29, 32



(1) Directions: I = input, O = output, OZ = 3-state output, OD = open-drain output, IO = input/output, PU = internal pullup



Figure 1. Logic Inputs
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DCA PACKAGE



ABSOLUTE MAXIMUM RATINGS (1) (2)



over operating free-air temperature range (unless otherwise noted)



VM Power supply voltage range –0.3 to 34 V



VI Logic input voltage range (3) –0.5 to 5.75 V



IO(peak) Peak motor drive output current, t < 1 ms Internally limited



IO Motor drive output current (4) 1.5 A



PD Continuous total power dissipation See Dissipation Ratings Table



TJ Operating virtual junction temperature range –40 to 150 °C



TA Operating ambient temperature range –40 to 85 °C



Tstg Storage temperature range –60 to 150 °C



(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute–maximum–rated conditions for extended periods may affect device reliability.



(2) All voltage values are with respect to network ground terminal.
(3) Input pins may be driven in this voltage range regardless of presence or absence of VM.
(4) Power dissipation and thermal limits must be observed.



DISSIPATION RATINGS
DERATING FACTORBOARD PACKAGE RqJA TA < 25°C TA = 70°C TA = 85°CABOVE TA = 25°C



Low-K (1) 75.7°C/W 13.2 mW/°C 1.65 W 1.06 W 0.86 W



Low-K (2) 32°C/W 31.3 mW/°C 3.91 W 2.50 W 2.03 W
DCA



High-K (3) 30.3°C/W 33 mW/°C 4.13 W 2.48 W 2.15 W



High-K (4) 22.3°C/W 44.8 mW/°C 5.61 W 3.59 W 2.91 W



(1) The JEDEC Low-K board used to derive this data was a 76-mm x 114-mm, 2-layer, 1.6-mm thick PCB with no backside copper.
(2) The JEDEC Low-K board used to derive this data was a 76-mm x 114-mm, 2-layer, 1.6-mm thick PCB with 25-cm2 2-oz copper on back



side.
(3) The JEDEC High-K board used to derive this data was a 76-mm x 114-mm, 4-layer, 1.6-mm thick PCB with no backside copper and



solid 1-oz internal ground plane.
(4) The JEDEC High-K board used to derive this data was a 76-mm x 114-mm, 4-layer, 1.6-mm thick PCB with 25-cm2 1-oz copper on back



side and solid 1-oz internal ground plane.
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)



MIN NOM MAX UNIT



VM Motor power supply voltage range 8 32 V



IMOT Continuous motor drive output current (1) 1 1.5 A



VREF VREF input voltage 1 4 V



(1) Power dissipation and thermal limits must be observed.



ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)



PARAMETER TEST CONDITIONS MIN TYP MAX UNIT



POWER SUPPLIES



IVM VM operating supply current VM = 24 V, no loads 5 8 mA



VUVLO VM undervoltage lockout voltage VM rising 6.5 8 V



VCP Charge pump voltage Relative to VM 12 V



VV3P3 VV3P3 output voltage 3.20 3.30 3.40 V



LOGIC-LEVEL INPUTS (INTERNAL PULLDOWNS)



VIL Input low voltage 0.7 V



VIH Input high voltage 2 V



VHYS Input hysteresis 0.3 0.45 0.6 V



Input currentIIN VIN = 3.3 V 100 mA(internal pulldown current)



OVERTEMPERATURE PROTECTION



TTSD Thermal shutdown temperature Die temperature 150 °C



MOTOR DRIVERS



VM = 24 V, IO = 0.8 A, TJ = 25°C 0.25Motor #1 FET on resistanceRds(on) Ω(each individual FET) VM = 24 V, IO = 0.8 A, TJ = 85°C 0.31 0.37



VM = 24 V, IO = 0.8 A, TJ = 25°C 0.30Motor #2 FET on resistanceRds(on) Ω(each individual FET) VM = 24 V, IO = 0.8 A, TJ = 85°C 0.38 0.45



IOFF Off-state leakage current ±12 mA



fPWM Motor PWM frequency (1) 45 50 55 kHz



tBLANK ITRIP blanking time (2) 3.75 ms



tF Output fall time 50 300 ns



tR Output rise time 50 300 ns



IOCP Overcurrent protect level 1.5 3 4.5 A



tOCP Overcurrent protect trip time 2.5 ms



tMD Mixed decay percentage Measured from beginning of PWM cycle 75 %



CURRENT CONTROL



IREF xVREF input current xVREF = 3.3 V –3 3 mA



xVREF = 2.5 V, derived from V3P3; 71% - –5 5100% current
ΔICHOP Chopping current accuracy %



xVREF = 2.5 V, derived from V3P3; 20% - –10 1056% current



(1) Factory option 100 kHz.
(2) Factory options for 2.5 ms, 5 ms or 6.25 ms.
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TIMING REQUIREMENTS
over operating free-air temperature range (unless otherwise noted)



MIN MAX UNIT



1 tCYC Clock cycle time 62 ns



2 tCLKH Clock high time 25 ns



3 tCLKL Clock low time 25 ns



4 tSU(SDATA) Setup time, SDATA to SCLK 5 ns



5 tH(DATA) Hold time, SDATA to SCLK 1 ns



6 tSU(SCS) Setup time, SCS to SCLK 5 ns



7 tH(SCS) Hold time, SCS to SCLK 1 ns
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FUNCTIONAL DESCRIPTION



PWM Motor Drivers



The DRV8823 contains four H-bridge motor drivers with current-control PWM circuitry. A block diagram showing
drivers A and B of the motor control circuitry (as typically used to drive a bipolar stepper motor) is shown below.
Drivers C and D are the same as A and B (though the rds(on) of the output FETs is different).



Figure 2. Block Diagram



Note that there are multiple VM motor power supply pins. All VM pins must be connected together to the motor
supply voltage.
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Bridge Control



The xENBL bits in the serial interface registers enable current flow in each H-bridge when set to "1".



The xPHASE bits in the serial interface registers control the direction of current flow through each H-bridge. The
following table shows the logic:



xPHASE xOUT1 xOUT2



1 H L



0 L H



Current Regulation



The motor driver employs fixed-frequency PWM current regulation (also called "current chopping"). When a
winding is activated, the current through it rises until it reaches a threshold, then the current is switched off until
the next PWM period.



The PWM frequency is fixed at 50 kHz. It may also be set to 100 kHz via factory option.



The PWM chopping current is set by a comparator which compares the voltage across a current sense resistor
connected to the xISEN pins, multiplied by a factor of 5, with a reference voltage. The reference voltage is input
from the VREF pin.



The full-scale (100%) chopping current is calculated as follows:



(1)



Example:



If a 0.5-Ω sense resistor is used and the VREFx pin is 2.5 V, the full-scale (100%) chopping current is
2.5 V/(5 * 0.5 Ω) = 1 A.



Three serial interface register bits per H-bridge (xI2, xI1 and xI0) are used to scale the current in each bridge as
a percentage of the full-scale current set by the VREF input pin and sense resistance. The function of the bits is
shown below:



Relative Current
xI2 xI1 xI0 (% full-scale chopping



current)



0 0 0 20



0 0 1 38



0 1 0 56



0 1 1 71



1 0 0 83



1 0 1 92



1 1 0 98



1 1 1 100



Blanking Time



After the current is enabled in an H-bridge, the voltage on the xISEN pin is ignored for a fixed period of time
before enabling the current sense circuitry. This blanking time is fixed at 3.75 ms. Note that the blanking time also
sets the minimum on time of the PWM.
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Decay Mode



During PWM current chopping, the H-bridge is enabled to drive through the motor winding until the PWM current
chopping threshold is reached. This is shown in Figure 3 as case 1. The current flow direction shown indicates
positive current flow in the step table below.



Once the chopping current threshold is reached, the H-bridge can operate in two different states, fast decay or
slow decay.



In fast decay mode, once the PWM chopping current level has been reached, the H-bridge reverses state to
allow winding current to flow in a reverse direction. As the winding current approaches zero, the bridge is
disabled to prevent any reverse current flow. Fast-decay mode is shown in Figure 3 as case 2.



In slow-decay mode, winding current is re-circulated by enabling both of the low-side FETs in the bridge. This is
shown in Figure 3 as case 3.



Figure 3. Decay Mode



The DRV8823 supports slow decay and also a mixed decay mode. Mixed decay mode begins as fast decay, but
at a fixed period of time (75% of the PWM cycle) switches to slow decay mode for the remainder of the fixed
PWM period.



Slow or mixed decay mode is selected by the state of the xDECAY bits in the serial interface registers. If the
xDECAY bit is 0, slow decay is selected. If the xDECAY bit is 1, mixed decay is selected.
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Protection Circuits



The DRV8823 is fully protected against undervoltage, overcurrent and overtemperature events.



Overcurrent Protection (OCP)



All of the drivers in DRV8823 are protected with an OCP (Over-Current Protection) circuit.



The OCP circuit includes an analog current limit circuit, which acts by removing the gate drive form each output
FET if the current through it exceeds a preset level. This circuit will limit the current to a level that is safe to
prevent damage to the FET.



A digital circuit monitors the analog current limit circuits. If any analog current limit condition exists for longer than
a preset period, all drivers in the device will be disabled.



The device is re-enabled upon the removal and re-application of power at the VM pins.



Thermal Shutdown (TSD)



If the die temperature exceeds safe limits, all drivers in the device will be shut down.



The device will remain disabled until the die temperature has fallen to a safe level. After the temperature has
fallen, the device may be re-enabled upon the removal and re-application of power at the VM pin.



Undervoltage Lockout (UVLO)



If at any time the voltage on the VM pins falls below the undervoltage lockout threshold voltage, all circuitry in the
device will be disabled. Operation will resume when VM rises above the UVLO threshold. The indexer logic will
be reset to its initial condition in the event of an undervoltage lockout.



Shoot-Through Current Prevention



The gate drive to each FET in the H-bridge is controlled to prevent any cross-conduction (shoot through current)
during transitions.



Serial Data Transmission



Data transfers consist of sixteen bits of serial data, shifted into the SDATA pin LSB first.



On serial writes to DRV8823, additional clock edges following the final data bit will continue to shift data bits into
the data register; therefore, the last 16 bits presented will be latched and used.



One of two registers is selected by setting bits in an address field in the four upper bits in the serial data
transferred (ADDR in the tables below). One 16-bit register is used to control motor #1 (bridges A & B), and a
second 16-bit register is used to control motor 2 (bridges C & D).



Data can only be transferred into the serial interface if the SCS input pin is active high.



Data is initially clocked in to a temporary holding register. This data is latched into the motor driver on the rising
edge of the SSTB pin. If the SSTB pin is tied high at all times, the data will be latched in after all 16 bits have
been transferred.
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Data Format



Table 1. Motor 1 Command (Bridges A & B)



D15 -Bit D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0D12



ADDRName BDECAY B12 B11 B10 BPHASE BENBL ADECAY A12 A11 A10 APHASE AENBL(= 0000)



Reset x 0 0 0 0 0 0 0 0 0 0 0 0Value



Table 2. Motor 2 Command (Bridges C & D)



D15 -Bit D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0D12



ADDRName DDECAY D12 D11 D10 DPHASE DENBL CDECAY C12 C11 C10 CPHASE CENBL(= 0001)



Reset x 0 0 0 0 0 0 0 0 0 0 0 0Value



Serial Data Timing



Figure 4. Serial Data Timing Diagram



Note 1: Any amount of time is allowed between clocks, or groups of clocks, as long as SCS stays active. This
allows 8- or 16-bit transfers.



Note 2: If more than 16 clock edges are presented while transferring data (while SCS is still high), data will
continue to be shifted into the data register.
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THERMAL INFORMATION



Thermal Protection



The DRV8823 has thermal shutdown (TSD) as described above. If the die temperature exceeds approximately
150°C, the device will be disabled until the temperature drops to a safe level.



Any tendency of the device to enter thermal shutdown is an indication of either excessive power dissipation,
insufficient heatsinking, or too high an ambient temperature.



Power Dissipation



Power dissipation in the DRV8823 is dominated by the power dissipated in the output FET resistance, or RDS(ON).
Average power dissipation when running a stepper motor can be roughly estimated by Equation 2.



(2)



where PTOT is the total power dissipation, RDS(ON) is the resistance of each FET, and IOUT(RMS) is the RMS output
current being applied to each winding. IOUT(RMS) is equal to the approximately 0.7x the full-scale output current
setting. The factor of 4 comes from the fact that there are two motor windings, and at any instant two FETs are
conducting winding current for each winding (one high-side and one low-side). Remember that the DRV8823 has
two stepper motor drivers, so the power dissipation of each must be added together to determine the total device
power dissipation.



The maximum amount of power that can be dissipated in the DRV8823 is dependent on ambient temperature
and heatsinking. The thermal dissipation ratings table in the datasheet can be used to estimate the temperature
rise for typical PCB constructions.



Note that RDS(ON) increases with temperature, so as the device heats, the power dissipation increases. This must
be taken into consideration when sizing the heatsink.



Heatsinking



The PowerPAD™ package uses an exposed pad to remove heat from the device. For proper operation, this pad
must be thermally connected to copper on the PCB to dissipate heat. On a multi-layer PCB with a ground plane,
this can be accomplished by adding a number of vias to connect the thermal pad to the ground plane. On PCBs
without internal planes, copper area can be added on either side of the PCB to dissipate heat. If the copper area
is on the opposite side of the PCB from the device, thermal vias are used to transfer the heat between top and
bottom layers.



For details about how to design the PCB, refer to TI application report SLMA002, " PowerPAD™ Thermally
Enhanced Package" and TI application brief SLMA004, " PowerPAD™ Made Easy", available at www.ti.com.



In general, the more copper area that can be provided, the more power can be dissipated. Figure 5 shows
thermal resistance vs. copper plane area for both a single-sided PCB with 2-oz copper heatsink area, and a
4-layer PCB with 1-oz copper and a solid ground plane. Both PCBs are 76 mm x 114 mm, and 1.6 mm thick. It
can be seen that the heatsink effectiveness increases rapidly to about 20 cm2, then levels off somewhat for
larger areas.



Six pins on the center of each side of the package are also connected to the device ground. A copper area can
be used on the PCB that connects to the PowerPAD™ as well as to all the ground pins on each side of the
device. This is especially useful for single-layer PCB designs.



12 Submit Documentation Feedback Copyright © 2009–2010, Texas Instruments Incorporated



Product Folder Link(s): DRV8823





http://focus.ti.com/docs/prod/folders/print/drv8823.html


http://www.ti.com/lit/SLMA002


http://www.ti.com/lit/SLMA004


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS913D D &partnum=DRV8823


http://focus.ti.com/docs/prod/folders/print/drv8823.html








20



25



30



35



40



45



50



55



60



65



70



0 10 20 30 40 50 60 70 80 90



Backside Copper Area - cm
2



T
h



e
rm



a
l 
R



e
s
is



ta
n



c
e
 (



R
) 



- 
°C



/W
q
J
A



Low-K PCB (2 layer)



High-K PCB (4 layer with ground plane)



DRV8823



www.ti.com SLVS913D –JANUARY 2009–REVISED JANUARY 2010



Figure 5. Thermal Resistance vs. Copper Plane Area
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PACKAGING INFORMATION



Orderable Device Status (1) Package
Type



Package
Drawing



Pins Package
Qty



Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)



DRV8823DCA ACTIVE HTSSOP DCA 48 40 Green (RoHS &
no Sb/Br)



CU NIPDAU Level-3-260C-168 HR



DRV8823DCAR ACTIVE HTSSOP DCA 48 2000 Green (RoHS &
no Sb/Br)



CU NIPDAU Level-3-260C-168 HR



(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.



(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)



(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.



Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.



In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION



*All dimensions are nominal



Device Package
Type



Package
Drawing



Pins SPQ Reel
Diameter



(mm)



Reel
Width



W1 (mm)



A0
(mm)



B0
(mm)



K0
(mm)



P1
(mm)



W
(mm)



Pin1
Quadrant



DRV8823DCAR HTSSOP DCA 48 2000 330.0 24.4 8.6 15.8 1.8 12.0 24.0 Q1
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*All dimensions are nominal



Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)



DRV8823DCAR HTSSOP DCA 48 2000 346.0 346.0 41.0
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IMPORTANT NOTICE



Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.



TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.



TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.



TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
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by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.



Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.



TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.



TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
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COMM.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

char SerialPointer;
char SerialBuffer[SERIAL_BUFFER_LENGTH];
char SerialOutBuffer[3];
char SerialOutPointer;
bool MessageComplete;
int  CommTimeOut;

#pragma vector=USART0TX_VECTOR
__interrupt void USART0_Transmit(void)
{
SerialOutPointer += 1;
TXBUF0 = SerialOutBuffer[SerialOutPointer];
if (SerialOutPointer == SERIAL_OUT_LENGTH - 1)
    {
    IE1 &= ~UTXIE0;
    }
}

#pragma vector=USART0RX_VECTOR
__interrupt void USART0_Receive(void)
{
SerialBuffer[SerialPointer] = RXBUF0;
SerialPointer += 1;
if (SerialPointer == SERIAL_BUFFER_LENGTH)
    {
    SerialPointer = 0;
    MessageComplete = true;
    }
}
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ISR.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

#pragma vector=DACDMA_VECTOR
__interrupt void DigitalToAnalog_DMA(void)
{

}

#pragma vector=PORT2_VECTOR
__interrupt void Port2_Change(void)
{

}

#pragma vector=USART1TX_VECTOR
__interrupt void USART1_Transmit(void)
{

}

#pragma vector=USART1RX_VECTOR
__interrupt void USART1_Receive(void)
{

}

#pragma vector=PORT1_VECTOR
__interrupt void PORT1_Change(void)
{

}

#pragma vector=TIMERA1_VECTOR
__interrupt void TimerA1(void)
{

switch (TAIV)
{
case TACCR1_CCIFG_SET:
  break;
case TACCR2_CCIFG_SET:
  break;
case TAIFG_SET:
  break;
}

}

#pragma vector=ADC12_VECTOR
__interrupt void AnalogToDigitalConverter(void)
{

}



#pragma vector=WDT_VECTOR
__interrupt void Watchdog_Timer(void)
{

}

#pragma vector=COMPARATORA_VECTOR
__interrupt void ComparatorA(void)
{

}

#pragma vector=TIMERB1_VECTOR
__interrupt void TimerB1(void)
{
switch (TBIV)
{
case TBCCR1_CCIFG_SET:
  TBCCR1 += Frequency[1];
  if (ABMoveSteps && (P4IN & 0x02))
  {
    ABStepsToMove -=1;
    if (!ABStepsToMove)
    {
    TBCCTL1 &= 0xFF0F;
    ABMoveSteps = false;
    }
  }
  break;
case TBCCR2_CCIFG_SET:
  TBCCR2 += Frequency[2];
  if (CDMoveSteps && (P4IN & 0x04))
  {
    CDStepsToMove -=1;
    if (!CDStepsToMove)
    {
    TBCCTL2 &= 0xFF0F;
    CDMoveSteps = false;
    }
  }

  break;
case TBCCR3_CCIFG_SET:
  TBCCR3 += Frequency[3];
  break;
case TBCCR4_CCIFG_SET:
  TBCCR4 += Frequency[4];
  break;
case TBCCR5_CCIFG_SET:
  break;
case TBCCR6_CCIFG_SET:
  break;
case TBIFG_SET:
  break;
}
}

#pragma vector=TIMERB0_VECTOR
__interrupt void TimerB0(void)
{
TBCCR0 += Frequency[0];
}

#pragma vector=NMI_VECTOR
__interrupt void NonMaskableInterrupt(void)
{

}
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main.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"
//#include <math.h>
int TaskPointer;
int TStatePointer[8];
int TDelay[8];
int main()
{
int i;

// Basic Clock Control Registers
DCOCTL = DCO_CONF + MOD_CONF;
BCSCTL1 = XT2OFF_CONF + XTS_CONF + DIVA_CONF + RSEL_CONF;
//BCSCTL2 = SELM_CONF + DIVM_CONF + SELS_CONF + DIVS_CONF + DCOR_CONF;

do
  {
  IFG1 &= ~OFIFG;                           // Clear OSCFault flag
  for (i = 0xFF; i > 0; i--);               // Time for flag to set
  }
while ((IFG1 & OFIFG));                   // OSCFault flag still set?

// Ports 1 through 6 Direction Select
P1DIR = (P1DIR7 << 7) + (P1DIR6 << 6) + (P1DIR5 << 5) + (P1DIR4 << 4) + (P1DIR3 << 3) + (P1DIR2 << 2) + (P1DIR1 << 1) + P1DIR0;
P2DIR = (P2DIR7 << 7) + (P2DIR6 << 6) + (P2DIR5 << 5) + (P2DIR4 << 4) + (P2DIR3 << 3) + (P2DIR2 << 2) + (P2DIR1 << 1) + P2DIR0;
P3DIR = (P3DIR7 << 7) + (P3DIR6 << 6) + (P3DIR5 << 5) + (P3DIR4 << 4) + (P3DIR3 << 3) + (P3DIR2 << 2) + (P3DIR1 << 1) + P3DIR0;
P4DIR = (P4DIR7 << 7) + (P4DIR6 << 6) + (P4DIR5 << 5) + (P4DIR4 << 4) + (P4DIR3 << 3) + (P4DIR2 << 2) + (P4DIR1 << 1) + P4DIR0;
P5DIR = (P5DIR7 << 7) + (P5DIR6 << 6) + (P5DIR5 << 5) + (P5DIR4 << 4) + (P5DIR3 << 3) + (P5DIR2 << 2) + (P5DIR1 << 1) + P5DIR0;
P6DIR = (P6DIR7 << 7) + (P6DIR6 << 6) + (P6DIR5 << 5) + (P6DIR4 << 4) + (P6DIR3 << 3) + (P6DIR2 << 2) + (P6DIR1 << 1) + P6DIR0;

// Ports 1 through 6 Alternate Peripheral Function Enable
P1SEL = (P1SEL7 << 7) + (P1SEL6 << 6) + (P1SEL5 << 5) + (P1SEL4 << 4) + (P1SEL3 << 3) + (P1SEL2 << 2) + (P1SEL1 << 1) + P1SEL0;
P2SEL = (P2SEL7 << 7) + (P2SEL6 << 6) + (P2SEL5 << 5) + (P2SEL4 << 4) + (P2SEL3 << 3) + (P2SEL2 << 2) + (P2SEL1 << 1) + P2SEL0;
P3SEL = (P3SEL7 << 7) + (P3SEL6 << 6) + (P3SEL5 << 5) + (P3SEL4 << 4) + (P3SEL3 << 3) + (P3SEL2 << 2) + (P3SEL1 << 1) + P3SEL0;
P4SEL = (P4SEL7 << 7) + (P4SEL6 << 6) + (P4SEL5 << 5) + (P4SEL4 << 4) + (P4SEL3 << 3) + (P4SEL2 << 2) + (P4SEL1 << 1) + P4SEL0;
P5SEL = (P5SEL7 << 7) + (P5SEL6 << 6) + (P5SEL5 << 5) + (P5SEL4 << 4) + (P5SEL3 << 3) + (P5SEL2 << 2) + (P5SEL1 << 1) + P5SEL0;
P6SEL = (P6SEL7 << 7) + (P6SEL6 << 6) + (P6SEL5 << 5) + (P6SEL4 << 4) + (P6SEL3 << 3) + (P6SEL2 << 2) + (P6SEL1 << 1) + P6SEL0;

// Ports 1 through 6 Output Init
P1OUT = P1OUT_INIT;
P2OUT = P2OUT_INIT;
P3OUT = P3OUT_INIT;
P4OUT = P4OUT_INIT;
P5OUT = P5OUT_INIT;
P6OUT = P6OUT_INIT;

// Ports 1 and 2 Pin On Change Interrupt Enable
P1IE = (P1IE7 << 7) + (P1IE6 << 6) + (P1IE5 << 5) + (P1IE4 << 4) + (P1IE3 << 3) + (P1IE2 << 2) + (P1IE1 << 1) + P1IE0;
P2IE = (P2IE7 << 7) + (P2IE6 << 6) + (P2IE5 << 5) + (P2IE4 << 4) + (P2IE3 << 3) + (P2IE2 << 2) + (P2IE1 << 1) + P2IE0;
P1IES = (P1IES7 << 7) + (P1IES6 << 6) + (P1IES5 << 5) + (P1IES4 << 4) + (P1IES3 << 3) + (P1IES2 << 2) + (P1IES1 << 1) + P1IES0;
P2IES = (P2IES7 << 7) + (P2IES6 << 6) + (P2IES5 << 5) + (P2IES4 << 4) + (P2IES3 << 3) + (P2IES2 << 2) + (P2IES1 << 1) + P2IES0;

P1IFG = 0;
P2IFG = 0;
IFG1 &= ~UTXIFG0;
IFG2 &= ~UTXIFG1;
UCTL0 &= ~SWRST;                          // Initialize USART state machine

// Interrupt Enable Register 1 and 2
IE1 = (WDTIEEN & WDTIE) + (OFIEEN & OFIE) + (NMIIEEN & NMIIE) + (ACCVIEEN & ACCVIE) + (URXIE0EN & URXIE0) + (UTXIE0EN & UTXIE0);
IE2 = (URXIE1EN & URXIE1) + (UTXIE1EN & UTXIE1);

// Module Enable Register 1 and 2
ME1 = (URXE0EN & URXE0) + (UTXE0EN & UTXE0) + (USPIE0EN & USPIE0);
ME2 = (URXE1EN & URXE1) + (UTXE1EN & UTXE1) + (USPIE1EN & USPIE1);

// USART Control Register
U0CTL = PENA0_CONF + PEV0_CONF + SPB0_CONF + CHAR0_CONF + LISTEN0_CONF + SYNC0_CONF + MM0_CONF + SWRST0_CONF;
U1CTL = PENA1_CONF + PEV1_CONF + SPB1_CONF + CHAR1_CONF + LISTEN1_CONF + SYNC1_CONF + MM1_CONF + SWRST1_CONF;

// USART Transmit Control Register
U0TCTL = CKPH0_CONF + CKPL0_CONF + SSEL0_CONF + URXSE0_CONF + TXWAKE0_CONF + STC0_CONF;
U1TCTL = CKPH1_CONF + CKPL1_CONF + SSEL1_CONF + URXSE1_CONF + TXWAKE1_CONF + STC1_CONF;

// USART Receive Control Register
U0RCTL = URXEIE0_CONF + URXWIE0_CONF;
U1RCTL = URXEIE1_CONF + URXWIE1_CONF;

// USART BAUD Rate Control Register
UBR00 = BAUD_RATE0_LO;
UBR10 = BAUD_RATE0_HI;
UMCTL0 = BAUD_RATE0_MOD;

UBR01 = BAUD_RATE1_LO;
UBR11 = BAUD_RATE1_HI;
UMCTL0 = BAUD_RATE1_MOD;

// Watchdog Timer Control Register
WDTCTL = WDTPW + WDTHOLD_CONF + WDTNMIES_CONF + WDTNMI_CONF + WDTTMSEL_CONF + WDTCNTCL_CONF + WDTSSEL_CONF + WDTIS_CONF;

// Timer A Configuration
TACTL = TASSEL_CONF + TA_ID_CONF + TAIE_CONF; //TA_MC_CONF occurs below in order to start Tasks after Init
TACCTL0 = TA_CM0_CONF + TA_CCIS0_CONF + TA_SCS0_CONF + TA_CAP0_CONF + TA_OUTMOD0_CONF + TA_CCIE0_CONF + TA_OUT0_CONF;
TACCTL1 = TA_CM1_CONF + TA_CCIS1_CONF + TA_SCS1_CONF + TA_CAP1_CONF + TA_OUTMOD1_CONF + TA_CCIE1_CONF + TA_OUT1_CONF;
TACCTL2 = TA_CM2_CONF + TA_CCIS2_CONF + TA_SCS2_CONF + TA_CAP2_CONF + TA_OUTMOD2_CONF + TA_CCIE2_CONF + TA_OUT2_CONF;

// Timer B Configuration
TBCTL = TBCLGRP_CONF + TB_CNTL_CONF + TBSSEL_CONF + TB_ID_CONF; // TB_MC_CONF occurs below in order to start Tasks after Init
TBCCTL0 = TB_CM0_CONF + TB_CCIS0_CONF + TB_SCS0_CONF + TB_CLLD0_CONF + TB_CAP0_CONF + TB_OUTMOD0_CONF + TB_CCIE0_CONF + TB_OUT0_CONF;
TBCCTL1 = TB_CM1_CONF + TB_CCIS1_CONF + TB_SCS1_CONF + TB_CLLD1_CONF + TB_CAP1_CONF + TB_OUTMOD1_CONF + TB_CCIE1_CONF + TB_OUT1_CONF;
TBCCTL2 = TB_CM2_CONF + TB_CCIS2_CONF + TB_SCS2_CONF + TB_CLLD2_CONF + TB_CAP2_CONF + TB_OUTMOD2_CONF + TB_CCIE2_CONF + TB_OUT2_CONF;
TBCCTL3 = TB_CM3_CONF + TB_CCIS3_CONF + TB_SCS3_CONF + TB_CLLD3_CONF + TB_CAP3_CONF + TB_OUTMOD3_CONF + TB_CCIE3_CONF + TB_OUT3_CONF;
TBCCTL4 = TB_CM4_CONF + TB_CCIS4_CONF + TB_SCS4_CONF + TB_CLLD4_CONF + TB_CAP4_CONF + TB_OUTMOD4_CONF + TB_CCIE4_CONF + TB_OUT4_CONF;
TBCCTL5 = TB_CM5_CONF + TB_CCIS5_CONF + TB_SCS5_CONF + TB_CLLD5_CONF + TB_CAP5_CONF + TB_OUTMOD5_CONF + TB_CCIE5_CONF + TB_OUT5_CONF;
TBCCTL6 = TB_CM6_CONF + TB_CCIS6_CONF + TB_SCS6_CONF + TB_CLLD6_CONF + TB_CAP6_CONF + TB_OUTMOD6_CONF + TB_CCIE6_CONF + TB_OUT6_CONF;

// Digital to Analog Converter Configuration
DAC12_0CTL = DAC12SREF0_CONF  + DAC12RES0_CONF + DAC12LSEL0_CONF  + DAC12IR0_CONF + DAC12AMP0_CONF + DAC12DF0_CONF + DAC12ENC0_CONF + DAC12GRP0_CONF;
DAC12_1CTL = DAC12SREF1_CONF  + DAC12RES1_CONF + DAC12LSEL1_CONF  + DAC12IR1_CONF + DAC12AMP1_CONF + DAC12DF1_CONF + DAC12ENC1_CONF + DAC12GRP1_CONF;

// Analog to Digital Converter Configuration
ADC12CTL0 = SHT1_CONF + SHT0_CONF + MSC_CONF + REF2_5V_CONF + REFON_CONF + ADC12ON_CONF + ADC12OVIE_CONF + ADC12TOVIE_CONF + ENC_CONF + ADC12SC_CONF;
ADC12CTL1 = CSTARTADD_CONF + SHS_CONF + SHP_CONF + ISSH_CONF + ADC12DIV_CONF + ADC12SSEL_CONF + CONSEQ_CONF;
ADC12MCTL0 = SREF_CONF + INCH_CONF;

//RTOS Specific Initialization
TACCR0 = TASK_TIME;

for (i = 0; i<8; i++)
{
TStatePointer[i] = 0;
TDelay[i] = 0;
}
TaskPointer = 0;
SerialPointer = 0;
TACTL |= TA_MC_CONF;                        // Timer A Counter Starts as configured
TBCTL |= TB_MC_CONF;
__bis_SR_register(GIE);                     // Enable all Interrupts

//Application Specific Initialization

if (P5IN & DEV_SELECT)
    {//DRV8821 Selected when DEV_SELECT = HI; Indexer Mode; Port4 is TIMER FUNCTION
      P4SEL |= BIT1 + BIT2;             //Timer 1 and Timer 2 are STEP generators
    }
else
    {
      P4SEL &= ~(BIT1 + BIT2);          //Timer 1 and Timer 2 are GPIO for SPI Communications
    }

while (1)
{
    _BIS_SR(CPUOFF);                        // Enter LPM0
switch (TaskPointer)
{
case 0:
  Task0();
  break;

case 1:
  Task1();
  break;

case 2:
  Task2();
  break;

case 3:
  Task3();
  break;

case 4:
  Task4();
  break;

case 5:
  Task5();
  break;

case 6:
  Task6();
  break;

case 7:
  Task7();
  TaskPointer = -1;
  break;
default:
  break;
}
TaskPointer += 1;
}

}

#pragma vector=TIMERA0_VECTOR
__interrupt void TimerA0(void)
{
TACCR0 += TASK_TIME;
_BIC_SR_IRQ(CPUOFF);                   // Clear LPM0
CommTimeOut += 1;
}
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Task0.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

char StatusLED;
int Frequency[5];
int GPIODirection;
int MicrosteppingIndex;
int ABAccelRate, ABDesiredStepperSpeed, ABtmpAccelTimeBase, ABAccelTimeBase, ABAccelerateState, ABStepsToMove;
int CDAccelRate, CDDesiredStepperSpeed, CDtmpAccelTimeBase, CDAccelTimeBase, CDAccelerateState, CDStepsToMove;
bool ABMoveSteps, CDMoveSteps;

void Task0(void)
{
if (MessageComplete)
    {
      SerialOutBuffer[0] = 1;
      SerialOutBuffer[1] = 0;
      SerialOutBuffer[2] = 0;
      switch(OPCODE)
      {
// Write GPIO Data [ OPCODE = 1 ] [ PORT1 DATA ] [ PORT4 DATA ] [ Not Used ] [ Not Used ]
// GPIO DATA = P13/P12/P11/P10/P47/P46/P45/P44
      case (WRITE_GPIO):

            P1OUT = SerialBuffer[1];
            P4OUT = SerialBuffer[2];
            break;
// DAC 0 Config and Write [ OPCODE = 2 ] [ Config HB ] [ Config LB ] [ Data HB ] [ Data LB ]
      case (DAC0_UPDATE):
            DAC12_0CTL = 0;
            DAC12_0CTL = (SerialBuffer[1] * 256) + SerialBuffer[2];
            DAC12_0DAT = (SerialBuffer[3] * 256) + SerialBuffer[4];
            break;
// DAC 1 Config and Write [ OPCODE = 3 ] [ Config HB ] [ Config LB ] [ Data HB ] [ Data LB ]
      case (DAC1_UPDATE):
            DAC12_1CTL = 0;
            DAC12_1CTL = (SerialBuffer[1] * 256) + SerialBuffer[2];
            DAC12_1DAT = (SerialBuffer[3] * 256) + SerialBuffer[4];
            break;
// Pulse Timer Output [ OPCODE = 4 ] [Timer Used] [ Pulse Length Hi ] [ Pulse Length Lo ] [ Not Used ]
      case (PULSE_TMR):
        TBCTL &= ~TB_CNTL_08;                //Configure Timer to run up to FFFF (16 bit FRC)
        switch (SerialBuffer[1])
        {
        case 0:
            TBCCTL0 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL0 |= TB_OUT_HIGH;                                     //Set the output (pulse start)
            TBCCTL0 |= TB_OUTMOD_RESET;                                 //Configure the timer to reset
            TBCCR0 = TBR + ((SerialBuffer[2] * 256) + SerialBuffer[3]); //Configure the pulse reset time (pulse end)
          break;
        case 1:
            TBCCTL1 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL1 |= TB_OUT_HIGH;                                     //Set the output (pulse start)
            TBCCTL1 |= TB_OUTMOD_RESET;                                 //Configure the timer to reset
            TBCCR1 = TBR + ((SerialBuffer[2] * 256) + SerialBuffer[3]); //Configure the pulse reset time (pulse end)
          break;
        case 2:
            TBCCTL2 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL2 |= TB_OUT_HIGH;                                     //Set the output (pulse start)
            TBCCTL2 |= TB_OUTMOD_RESET;                                 //Configure the timer to reset
            TBCCR2 = TBR + ((SerialBuffer[2] * 256) + SerialBuffer[3]); //Configure the pulse reset time (pulse end)
          break;
        case 3:
            TBCCTL3 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL3 |= TB_OUT_HIGH;                                     //Set the output (pulse start)
            TBCCTL3 |= TB_OUTMOD_RESET;                                 //Configure the timer to reset
            TBCCR3 = TBR + ((SerialBuffer[2] * 256) + SerialBuffer[3]); //Configure the pulse reset time (pulse end)
          break;
        }
        break;

// Send DRV8821 SPI [ OPCODE = 5 ] [ Data Hi ] [ Data Lo ] [ ENG MODE ] [ Not Used ]
      case (DRV8821_SEND_SPI):

            P4SEL &= (char)~(DRV8821_SCLK | DRV8821_SDATA | DRV8821_STRB | DRV8821_SCS);          //Configure SPI pins as General Purpose I/O
            P4OUT &= (char)~(DRV8821_SCLK | DRV8821_SDATA | DRV8821_STRB | DRV8821_SCS);         // Clear SPI channel

            int DRV8821_SPI_Data, i;

            P4OUT |= (char)(DRV8821_SCS);
            DRV8821_SPI_Data = (SerialBuffer[1] * 256) + SerialBuffer[2];

            for (i = 0; i<16;i++)
                {
                P4OUT &= ~DRV8821_SCLK;                                       //The clock starts LO. Data is latched on Rising Edge

                if (DRV8821_SPI_Data & 0x0001)                           // Determine if Data Bit is High or Low
                {
                    P4OUT |= DRV8821_SDATA;                                // Write a 1
                }
                else
                {
                    P4OUT &= ~DRV8821_SDATA;                               // Write a 0
                }
                P4OUT |= DRV8821_SCLK;                                      // CLK goes HI. Data is latched

                DRV8821_SPI_Data >>= 1;                                  // Shift Right SPI Data Out Register (MOSI)
                }

            P4OUT &= ~DRV8821_SCLK;
            if (SerialBuffer[3] & 0x01)
                P4OUT |= DRV8821_SDATA;                                // Write a 1
            else
                P4OUT &= ~DRV8821_SDATA;                                // Write a 0

            if (SerialBuffer[3] & 0x02)
            {
             P4OUT |= DRV8821_SCLK;                                      // CLK goes HI. Data is latched
             P4OUT &= ~DRV8821_SCLK;                                       //The clock starts LO. Data is latched on Falling Edge
            }

            P4OUT |= DRV8821_STRB;                                       // Strobe Action
            P4OUT &= ~DRV8821_STRB;

            if (SerialBuffer[3] & 0x01)
            {
                for (i = 0; i <16; i++)
                {
                    P4OUT |= DRV8821_SCLK;                                      // CLK goes HI. Data is latched
                    P4OUT &= ~DRV8821_SCLK;                                       //The clock starts LO. Data is latched on Falling Edge
                }
            }

            P4OUT &= ~ (DRV8821_SCLK | DRV8821_SDATA | DRV8821_STRB | DRV8821_SCS);         // Clear SPI channel
            P4SEL |= (char) (DRV8821_SCLK | DRV8821_SDATA | DRV8821_STRB | DRV8821_SCS);          //Configure SPI pins as General Purpose I/O
        break;

// START STEPPER AB[ OPCODE = 6 ] [ Frequency Hi ] [ Frequency Lo ] [ Accel Rate ] [ Accel Time Base ]
      case (START_STEPPER_AB):
            TBCCTL1 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL1 |= TB_OUTMOD_TOGGLE + CCIE;                         //Configure the timer to reset
            ABDesiredStepperSpeed = (SerialBuffer[1] * 256) + SerialBuffer[2];   //Configure the Frequency Rate
            ABAccelRate = SerialBuffer[3];
            ABAccelTimeBase = SerialBuffer[4];
            ABtmpAccelTimeBase = ABAccelTimeBase;
            Frequency[ABSTEP_TIMER_NUMBER] = 0xFFFF;                                       //Slowest Startup Speed
            TBCCR1 = Frequency[ABSTEP_TIMER_NUMBER];
            ABAccelerateState = ACCEL;
        break;
// STOP STEPPER AB[ OPCODE = 7 ] [ Frequency Hi ] [ Frequency Lo ] [ Not Used ] [ Not Used ]
      case (STOP_STEPPER_AB):
            ABAccelerateState = STOP;
            ABDesiredStepperSpeed = 0xFF00;                               //Speed to stop at
            ABtmpAccelTimeBase = ABAccelTimeBase;
      break;
// STEPPER_SPEED AB[ OPCODE = 8 ] [ Frequency Hi ] [ Frequency Lo ] [ Accel Rate ] [ Accel Time Base ]
      case (STEPPER_SPEED_AB):
            TBCCTL1 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL1 |= TB_OUTMOD_TOGGLE + CCIE;                         //Configure the timer to reset
            ABDesiredStepperSpeed = (SerialBuffer[1] * 256) + SerialBuffer[2];   //Configure the Frequency Rate
            ABAccelRate = SerialBuffer[3];
            ABAccelTimeBase = SerialBuffer[4];
            ABtmpAccelTimeBase = ABAccelTimeBase;
            if ((unsigned int)ABDesiredStepperSpeed < (unsigned int)Frequency[ABSTEP_TIMER_NUMBER])
            {
                ABAccelerateState = ACCEL;
            }
            else
            {
                ABAccelerateState = DECEL;
            }
      break;
// MOVE_STEPS AB[ OPCODE = 9 ] [ Frequency Hi ] [ Frequency Lo ] [ STEPS Hi ] [ STEPS Lo ]
      case (MOVE_STEPS_AB):
            TBCCTL1 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL1 |= TB_OUTMOD_TOGGLE + CCIE;                         //Configure the timer to reset
            Frequency[ABSTEP_TIMER_NUMBER] = (SerialBuffer[1] * 256) + SerialBuffer[2];   //Configure the Frequency Rate
            ABStepsToMove = (SerialBuffer[3] * 256) + SerialBuffer[4];   //Configure the Frequency Rate
            TBCCR1 = Frequency[ABSTEP_TIMER_NUMBER];
            ABMoveSteps = true;
            break;

// START STEPPER CD[ OPCODE = A ] [ Frequency Hi ] [ Frequency Lo ] [ Accel Rate ] [ Accel Time Base ]
      case (START_STEPPER_CD):
            TBCCTL2 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL2 |= TB_OUTMOD_TOGGLE + CCIE;                         //Configure the timer to reset
            CDDesiredStepperSpeed = (SerialBuffer[1] * 256) + SerialBuffer[2];   //Configure the Frequency Rate
            CDAccelRate = SerialBuffer[3];
            CDAccelTimeBase = SerialBuffer[4];
            CDtmpAccelTimeBase = CDAccelTimeBase;
            Frequency[CDSTEP_TIMER_NUMBER] = 0xFFFF;                                       //Slowest Startup Speed
            TBCCR2 = Frequency[CDSTEP_TIMER_NUMBER];
            CDAccelerateState = ACCEL;
        break;
// STOP STEPPER CD[ OPCODE = B ] [ Frequency Hi ] [ Frequency Lo ] [ Not Used ] [ Not Used ]
      case (STOP_STEPPER_CD):
            CDAccelerateState = STOP;
            CDDesiredStepperSpeed = 0xFF00;                               //Speed to stop at
            CDtmpAccelTimeBase = CDAccelTimeBase;
      break;
// STEPPER_SPEED CD[ OPCODE = C ] [ Frequency Hi ] [ Frequency Lo ] [ Accel Rate ] [ Accel Time Base ]
      case (STEPPER_SPEED_CD):
            TBCCTL2 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL2 |= TB_OUTMOD_TOGGLE + CCIE;                         //Configure the timer to reset
            CDDesiredStepperSpeed = (SerialBuffer[1] * 256) + SerialBuffer[2];   //Configure the Frequency Rate
            CDAccelRate = SerialBuffer[3];
            CDAccelTimeBase = SerialBuffer[4];
            CDtmpAccelTimeBase = CDAccelTimeBase;
            if ((unsigned int)CDDesiredStepperSpeed < (unsigned int)Frequency[CDSTEP_TIMER_NUMBER])
            {
                CDAccelerateState = ACCEL;
            }
            else
            {
                CDAccelerateState = DECEL;
            }
      break;
// MOVE_STEPS CD[ OPCODE = D ] [ Frequency Hi ] [ Frequency Lo ] [ STEPS Hi ] [ STEPS Lo ]
      case (MOVE_STEPS_CD):
            TBCCTL2 &= 0xFF1F;                                          // Clear OUTMODx bits; 3 MSB on lower byte; Timer configured to output mode
            TBCCTL2 |= TB_OUTMOD_TOGGLE + CCIE;                         //Configure the timer to reset
            Frequency[CDSTEP_TIMER_NUMBER] = (SerialBuffer[1] * 256) + SerialBuffer[2];   //Configure the Frequency Rate
            CDStepsToMove = (SerialBuffer[3] * 256) + SerialBuffer[4];   //Configure the Frequency Rate
            TBCCR2 = Frequency[CDSTEP_TIMER_NUMBER];
            CDMoveSteps = true;
            break;

// Read Memory [Opcode = 0xE0 ] [ Address Hi ] [ Address Lo ] [ Not Used ] [ Not Used ]
      case (READ_MEM):
       int * MyPointer;
       int Address;

       Address = (SerialBuffer[1]*256 + SerialBuffer[2]);
       MyPointer = (int *) Address;
       SerialOutBuffer[1] = (*MyPointer & 0xFF00) >> 8;
       SerialOutBuffer[2] = (*MyPointer & 0xFF);
      break;
// Write Memory [Opcode = 0xE1 ] [ Address Hi ] [ Address Lo ] [ Data Hi ] [ Data Lo ]
      case (WRITE_WMEM):
        int Data;

        Address = (SerialBuffer[1]*256 + SerialBuffer[2]);
        Data = (SerialBuffer[3]*256 + SerialBuffer[4]);
        MyPointer = (int *) Address;
        *MyPointer = Data;
        break;

// Write Byte Memory [Opcode = 0xE2 ] [ Address ] [ Address Lo ] [ Data ] [Not Used ]
      case (WRITE_BMEM):
        char BData;
        char * MyPtr;

        Address = (SerialBuffer[1]*256 + SerialBuffer[2]);
        BData = SerialBuffer[3];
        MyPtr = (char *) Address;
        *MyPtr = BData;
        break;

      case (RESET_MCU):
        WDTCTL = 0x00;
        break;
      case (SHOW_CLKS):
        P5SEL |= SerialBuffer[1] & 0xF0;
        break;
      }
    MessageComplete = false;
    SerialOutPointer = 0;
    TXBUF0 = SerialOutBuffer[SerialOutPointer];
    IE1 |= UTXIE0;
    }
}
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Task1.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task1(void)
{

  switch (ABAccelerateState)
  {
  case (NOACC):
    break;
  case (ACCEL):
    if (ABtmpAccelTimeBase > 0)
        {
        ABtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if ((unsigned int) Frequency[ABSTEP_TIMER_NUMBER] < (unsigned int)ABDesiredStepperSpeed)
        {
          Frequency[ABSTEP_TIMER_NUMBER] = ABDesiredStepperSpeed;
          ABAccelerateState = NOACC;
        }
        else
        {
          Frequency[ABSTEP_TIMER_NUMBER] -= ABAccelRate;
        }
        ABtmpAccelTimeBase = ABAccelTimeBase;
        }
    break;

  case (DECEL):
    if (ABtmpAccelTimeBase > 0)
        {
        ABtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[ABSTEP_TIMER_NUMBER] + (unsigned int) ABAccelRate) < ABDesiredStepperSpeed)
        {
          Frequency[ABSTEP_TIMER_NUMBER] += ABAccelRate;
        }
        else
        {
          ABAccelerateState = NOACC;
        }
        ABtmpAccelTimeBase = ABAccelTimeBase;
        }
    break;

  case (STOP):
    if (ABtmpAccelTimeBase > 0)
        {
        ABtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[ABSTEP_TIMER_NUMBER] + (unsigned int) ABAccelRate) < ABDesiredStepperSpeed)
        {
          Frequency[ABSTEP_TIMER_NUMBER] += ABAccelRate;
        }
        else
        {
          TBCCTL1 &= 0xFF0F;                                          //Disable CC and Interrupt
          ABAccelerateState = NOACC;
        }
        ABtmpAccelTimeBase = ABAccelTimeBase;
        }
    break;
  }
}
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Task2.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task2(void)
{

  switch (CDAccelerateState)
  {
  case (NOACC):
    break;
  case (ACCEL):
    if (CDtmpAccelTimeBase > 0)
        {
        CDtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if ((unsigned int) Frequency[CDSTEP_TIMER_NUMBER] < (unsigned int)CDDesiredStepperSpeed)
        {
          Frequency[CDSTEP_TIMER_NUMBER] = CDDesiredStepperSpeed;
          CDAccelerateState = NOACC;
        }
        else
        {
          Frequency[CDSTEP_TIMER_NUMBER] -= CDAccelRate;
        }
        CDtmpAccelTimeBase = CDAccelTimeBase;
        }
    break;

  case (DECEL):
    if (CDtmpAccelTimeBase > 0)
        {
        CDtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[CDSTEP_TIMER_NUMBER] + (unsigned int) CDAccelRate) < CDDesiredStepperSpeed)
        {
          Frequency[CDSTEP_TIMER_NUMBER] += CDAccelRate;
        }
        else
        {
          CDAccelerateState = NOACC;
        }
        CDtmpAccelTimeBase = CDAccelTimeBase;
        }
    break;

  case (STOP):
    if (CDtmpAccelTimeBase > 0)
        {
        CDtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[CDSTEP_TIMER_NUMBER] + (unsigned int) CDAccelRate) < CDDesiredStepperSpeed)
        {
          Frequency[CDSTEP_TIMER_NUMBER] += CDAccelRate;
        }
        else
        {
          TBCCTL2 &= 0xFF0F;                                          //Disable CC and Interrupt
          CDAccelerateState = NOACC;
        }
        CDtmpAccelTimeBase = CDAccelTimeBase;
        }
    break;
  }
}
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Task3.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task3(void)
{

}
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Task4.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task4(void)
{

}
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Task5.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task5(void)
{

  switch (ABAccelerateState)
  {
  case (NOACC):
    break;
  case (ACCEL):
    if (ABtmpAccelTimeBase > 0)
        {
        ABtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if ((unsigned int) Frequency[ABSTEP_TIMER_NUMBER] < (unsigned int)ABDesiredStepperSpeed)
        {
          Frequency[ABSTEP_TIMER_NUMBER] = ABDesiredStepperSpeed;
          ABAccelerateState = NOACC;
        }
        else
        {
          Frequency[ABSTEP_TIMER_NUMBER] -= ABAccelRate;
        }
        ABtmpAccelTimeBase = ABAccelTimeBase;
        }
    break;

  case (DECEL):
    if (ABtmpAccelTimeBase > 0)
        {
        ABtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[ABSTEP_TIMER_NUMBER] + (unsigned int) ABAccelRate) < ABDesiredStepperSpeed)
        {
          Frequency[ABSTEP_TIMER_NUMBER] += ABAccelRate;
        }
        else
        {
          ABAccelerateState = NOACC;
        }
        ABtmpAccelTimeBase = ABAccelTimeBase;
        }
    break;

  case (STOP):
    if (ABtmpAccelTimeBase > 0)
        {
        ABtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[ABSTEP_TIMER_NUMBER] + (unsigned int) ABAccelRate) < ABDesiredStepperSpeed)
        {
          Frequency[ABSTEP_TIMER_NUMBER] += ABAccelRate;
        }
        else
        {
          TBCCTL1 &= 0xFF0F;                                          //Disable CC and Interrupt
          ABAccelerateState = NOACC;
        }
        ABtmpAccelTimeBase = ABAccelTimeBase;
        }
    break;
  }
}








Task6.cpp




    
    
    Task6.cpp
    
    


Task6.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task6(void)
{

  switch (CDAccelerateState)
  {
  case (NOACC):
    break;
  case (ACCEL):
    if (CDtmpAccelTimeBase > 0)
        {
        CDtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if ((unsigned int) Frequency[CDSTEP_TIMER_NUMBER] < (unsigned int)CDDesiredStepperSpeed)
        {
          Frequency[CDSTEP_TIMER_NUMBER] = CDDesiredStepperSpeed;
          CDAccelerateState = NOACC;
        }
        else
        {
          Frequency[CDSTEP_TIMER_NUMBER] -= CDAccelRate;
        }
        CDtmpAccelTimeBase = CDAccelTimeBase;
        }
    break;

  case (DECEL):
    if (CDtmpAccelTimeBase > 0)
        {
        CDtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[CDSTEP_TIMER_NUMBER] + (unsigned int) CDAccelRate) < CDDesiredStepperSpeed)
        {
          Frequency[CDSTEP_TIMER_NUMBER] += CDAccelRate;
        }
        else
        {
          CDAccelerateState = NOACC;
        }
        CDtmpAccelTimeBase = CDAccelTimeBase;
        }
    break;

  case (STOP):
    if (CDtmpAccelTimeBase > 0)
        {
        CDtmpAccelTimeBase -= 1;                  //Wait until delay expires
        }
    else
        {
        if (((unsigned int) Frequency[CDSTEP_TIMER_NUMBER] + (unsigned int) CDAccelRate) < CDDesiredStepperSpeed)
        {
          Frequency[CDSTEP_TIMER_NUMBER] += CDAccelRate;
        }
        else
        {
          TBCCTL2 &= 0xFF0F;                                          //Disable CC and Interrupt
          CDAccelerateState = NOACC;
        }
        CDtmpAccelTimeBase = CDAccelTimeBase;
        }
    break;
  }
}
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Task7.cpp//******************************************************************************
//  Jose I Quinones
//  Texas Instruments Inc.
//  June 2009
//  Built with IAR Embedded Workbench Version: 3.42A
//******************************************************************************
#include "Config.h"

void Task7(void)
{
StatusLED += 1;
if (!StatusLED)
    {
    P6OUT ^= StatusLEDPin;
    }
}








AppDef.h


//******************************************************************************

//  Jose I Quinones

//  Texas Instruments Inc.

//  June 2009

//  Built with IAR Embedded Workbench Version: 3.42A

//******************************************************************************

//***********************************************************************************

// App Extern Globals                                                               *

//***********************************************************************************

extern int Frequency[5];

extern int MicrosteppingIndex;

extern int ABAccelRate, ABDesiredStepperSpeed, ABtmpAccelTimeBase, ABAccelTimeBase, ABAccelerateState, ABStepsToMove;

extern int CDAccelRate, CDDesiredStepperSpeed, CDtmpAccelTimeBase, CDAccelTimeBase, CDAccelerateState, CDStepsToMove;

extern bool ABMoveSteps, CDMoveSteps;

//***********************************************************************************

// Firmware Revision                                                                *

//***********************************************************************************

#define     FIRMWARE_REVISION   1

//***********************************************************************************

// Application Specific Hardware Definitions                                        *

//***********************************************************************************

#define     StatusLEDPin    0x20

#define     SPI_MISO        (0x04)      //PORT5.2 //DataIN

#define     SPI_MOSI        (0x02)      //PORT5.1 //Data_AB

#define     SPI_CLK         (0x08)      //PORT5.3

#define     SLAVE_SEL       (0x01)      //PORT5.0

#define     DRV8821_SDATA   (0x40)      //PORT4.6

#define     DRV8821_SCLK    (0x04)      //PORT4.2

#define     DRV8821_STRB    (0x10)      //PORT4.0

#define     DRV8821_SCS     (0x02)      //PORT4.1

#define     DEV_SELECT      (0x20)      //PORT5.5



#define     P1OUT_INIT  0

#define     P2OUT_INIT  0

#define     P3OUT_INIT  0

#define     P4OUT_INIT  0

#define     P5OUT_INIT  0

#define     P6OUT_INIT  0



//***********************************************************************************

// Application Specific Definitions                                                 *

//***********************************************************************************

#define     OPCODE      SerialBuffer[0]



#define     DRV8821         0x00

#define     DRV8823         0x01



#define     NOACC       0

#define     ACCEL       1

#define     DECEL       2

#define     STOP        3



#define     ABSTEP_TIMER_NUMBER   1

#define     CDSTEP_TIMER_NUMBER   2

//***********************************************************************************

// Application Specific Opcodes                                                     *

//***********************************************************************************

#define     WRITE_GPIO          0x01

#define     DAC0_UPDATE         0x02

#define     DAC1_UPDATE         0x03

#define     PULSE_TMR           0x04

#define     DRV8821_SEND_SPI    0x05

#define     START_STEPPER_AB    0x06

#define     STOP_STEPPER_AB     0x07

#define     STEPPER_SPEED_AB    0x08

#define     MOVE_STEPS_AB       0x09

#define     START_STEPPER_CD    0x0A

#define     STOP_STEPPER_CD     0x0B

#define     STEPPER_SPEED_CD    0x0C

#define     MOVE_STEPS_CD       0x0D



//Memory Access Opcodes

#define     READ_MEM        0xE0

#define     WRITE_WMEM      0xE1

#define     WRITE_BMEM      0xE2



// System Opcodes

#define     RESET_MCU       0xF1

#define     SHOW_CLKS       0xF2



//***********************************************************************************

// Application Specific Externs                                                     *

//***********************************************************************************



extern char StatusLED;











COMM.h


//******************************************************************************

//  Jose I Quinones

//  Texas Instruments Inc.

//  June 2009

//  Built with IAR Embedded Workbench Version: 3.42A

//******************************************************************************

//***********************************************************************************

// Communication Engine Globals                                                     *

//***********************************************************************************

#define SERIAL_BUFFER_LENGTH    5

#define SERIAL_OUT_LENGTH       3

extern char SerialPointer;

extern char SerialBuffer[SERIAL_BUFFER_LENGTH];

extern char SerialOutPointer;

extern char SerialOutBuffer[SERIAL_OUT_LENGTH];

extern bool MessageComplete;

extern int CommTimeOut;











Config.h


//******************************************************************************

//  Jose I Quinones

//  Texas Instruments Inc.

//  June 2009

//  Built with IAR Embedded Workbench Version: 3.42A

//******************************************************************************

#include <msp430x16x.h>

#include "main.h"

#include "AppDef.h"

#include "COMM.h"



//***********************************************************************************

// Internal Time References                                                         *

//***********************************************************************************



#define     XT1_CLK_SPEED       8000000

#define     ACLK_SPEED          XT1_CLK_SPEED



//***********************************************************************************

// Multi Tasking and RTOS Related Variables                                         *

//***********************************************************************************



#define     NUMBER_OF_TASKS     8

#define     TIME_PER_TASK       250         // in us

#define     TASK_TIME           (XT1_CLK_SPEED * TIME_PER_TASK / 1000000)



//***********************************************************************************

// Basic Enable Disable Definitions                                                 *

//***********************************************************************************

#define     ENABLE          (0xFF)

#define     DISABLE         (0x00)

#define     INPUT           (0x00)

#define     OUTPUT          (0x01)

#define     IO_FUNCTION     (0x00)

#define     PERIPHERAL      (0x01)

#define     RISING          (0x00)

#define     FALLING         (0x01)



//***********************************************************************************

// Basic Clock System Control Register 1                                            *

//                                                                                  *

// Configures the Resistor Select, Auxiliary Clock Divider, External Oscillator 1   *

// Mode, External Oscillator 2 State                                                *

//***********************************************************************************

#define     DCO_CONF        (0x07) << 5     // A number from 0 to 7 (defines frequency)

#define     MOD_CONF        (0x00)          // A number from 0 to 31 (defines modulation)



//***********************************************************************************

// Basic Clock System Control Register 1                                            *

//                                                                                  *

// Configures the Resistor Select, Auxiliary Clock Divider, External Oscillator 1   *

// Mode, External Oscillator 2 State                                                *

//***********************************************************************************



//External Oscillator 2 Enable/Disable (0 enables XT2, 1 disables XT2)

#define     XT2_ENABLE      (0x00)

#define     XT2_DISABLE     (0x80)

//Choose from above

#define     XT2OFF_CONF     XT2_DISABLE



//External Oscillator 1 Mode Frequency Select (0 Low Frequency, 1 for High Frequency)

#define     LFTX1_LOW_FREQ  (0x00)

#define     LFTX1_HIGH_FREQ (0x40)

//Choose from above

#define     XTS_CONF        LFTX1_HIGH_FREQ



//Auxiliary Clock Divider

#define     DIVA_DIV1       (0x00)

#define     DIVA_DIV2       (0x10)

#define     DIVA_DIV4       (0x20)

#define     DIVA_DIV8       (0x30)

//Choose from above for Auxiliary Clock Divider

#define     DIVA_CONF       DIVA_DIV1



//DCO Resistor Select (For the 8 Frequency Steps)

#define     RSEL_0          (0x00)

#define     RSEL_1          (0x01)

#define     RSEL_2          (0x02)

#define     RSEL_3          (0x03)

#define     RSEL_4          (0x04)

#define     RSEL_5          (0x05)

#define     RSEL_6          (0x06)

#define     RSEL_7          (0x07)

//Choose from above to trim DCO frequency

#define     RSEL_CONF       RSEL_7



//***********************************************************************************

// Basic Clock System Control Register 2                                            *

//                                                                                  *

// Configures the Master Clock Source, Master Clock Divider, Sub Main Clock Source  *

// Sub Main Clock Divider and DCO Resistor Selection                                *

//***********************************************************************************



//Master Clock Source Select SELM0 and SELM1 on BCSCTL2

#define     SELM_DCO1       (0x00)

#define     SELM_DCO2       (0x40)

#define     SELM_XT2CLK     (0x80)

#define     SELM_LFXT1CLK   (0xC0)

//Choose from Above for Master Clock Source

#define     SELM_CONF       SELM_LFXT1CLK



//Divider for Master Clock DIVM0 and DIVM1 on BCSCTL2

#define     DIVM_DIV1       (0x00)

#define     DIVM_DIV2       (0x10)

#define     DIVM_DIV4       (0x20)

#define     DIVM_DIV8       (0x30)

//Choose from above for Master Clock Divider

#define     DIVM_CONF       DIVM_DIV1



//Select Sub Main Clock Source (0 for DCO, 1 for XT2CLK/LFXT1CLK)

#define     SELS_DCLK       (0x00)

#define     SELS_XT2        (0x08)

#define     SELS_CONF       SELS_XT2



//Divider for Sub Main Clock DIVS0 and DIVS1 on BCSCTL2

#define     DIVS_DIV1       (0x00)

#define     DIVS_DIV2       (0x02)

#define     DIVS_DIV4       (0x04)

#define     DIVS_DIV8       (0x06)

//Choose from above for Sub Main Clock Divider

#define     DIVS_CONF       DIVS_DIV1



//Select External/Internal DCO Resistor (0 for Internal, 1 for External)

#define     DCOR_INTERN     (0x00)

#define     DCOR_EXTERN     (0x01)

#define     DCOR_CONF       DCOR_INTERN



//***********************************************************************************

// Interrupt Enable Registers                                                       *

//                                                                                  *

// Configures the Watchdog Timer, Oscillator Fault, Non Maskable and Flass Access   *

// interrupt enables as found on the IE1 register.                                  *

//***********************************************************************************

#define     WDTIEEN         DISABLE         //Watchdog Timer Interrupt Enable

#define     OFIEEN          DISABLE         //Oscillator Fault Interrupt Enable

#define     NMIIEEN         DISABLE         //Non Maskable Interrupt Enable

#define     ACCVIEEN        DISABLE         //Flash Memory Access Violation



//***********************************************************************************

// UART 0 and 1 Interrupt Enable Registers                                          *

//                                                                                  *

// Configures the UART 0 and 1 Interrupt Enables as found on the IE1 and IE2        *

// register                                                                         *

//***********************************************************************************



//UART 0 Interrupt Enable UOIE

#define     URXIE0EN        ENABLE

#define     UTXIE0EN        DISABLE



//Interrupt Enable 2 Register U1IE

#define     URXIE1EN        DISABLE

#define     UTXIE1EN        DISABLE



//***********************************************************************************

// UART 0 and 1 Module Enable Registers                                             *

//                                                                                  *

// Configures the UART 0 and 1 for reception and transmission.                      *

//***********************************************************************************

//UART 0 Module Enable Register U0ME

#define     URXE0EN         ENABLE

#define     UTXE0EN         ENABLE

#define     USPIE0EN        DISABLE



// UART 1 Module Enable Register U1ME

#define     URXE1EN         DISABLE

#define     UTXE1EN         DISABLE

#define     USPIE1EN        ENABLE



//***********************************************************************************

// UART 0 and 1 Configuration Registers                                             *

//                                                                                  *

// Configures the UART 0 and 1 for the different operation modes.                   *

//***********************************************************************************

#define     PARITY_DISABLE  (0x00)

#define     PARITY_ENABLE   (0x80)

#define     PENA0_CONF      PARITY_DISABLE          //Unused on SPI

#define     PENA1_CONF      PARITY_DISABLE          //Unused on SPI



#define     PARITY_ODD      (0x00)

#define     PARITY_EVEN     (0x40)

#define     PEV0_CONF       PARITY_ODD              //Unused on SPI

#define     PEV1_CONF       PARITY_ODD              //Unused on SPI



#define     STOP_BIT_ONE    (0x00)

#define     STOP_BIT_TWO    (0x20)

#define     SPB0_CONF       STOP_BIT_ONE            //I2C Bit on SPI and I2C Mode

#define     SPB1_CONF       STOP_BIT_ONE            //Unused on SPI



#define     CHAR_SEVEN      (0x00)

#define     CHAR_EIGHT      (0x10)

#define     CHAR0_CONF       CHAR_EIGHT

#define     CHAR1_CONF       CHAR_EIGHT



#define     LISTEN_DISABLE  (0x00)

#define     LISTEN_ENABLE   (0x08)

#define     LISTEN0_CONF    LISTEN_DISABLE

#define     LISTEN1_CONF    LISTEN_DISABLE



#define     UART_MODE       (0x00)

#define     SPI_MODE        (0x04)

#define     SYNC0_CONF      UART_MODE

#define     SYNC1_CONF      SPI_MODE



#define     MM_IDLE         (0x00)

#define     MM_ADDRESS      (0x02)                  //MM in SPI Mode (Slave 0 vs Master 1)

#define     MM0_CONF         MM_IDLE

#define     MM1_CONF         MM_ADDRESS             //USART is Master



#define     SW_RESET_CLR    (0x00)

#define     SW_RESET_SET    (0x01)

#define     SWRST0_CONF     SW_RESET_CLR

#define     SWRST1_CONF     SW_RESET_CLR



//***********************************************************************************

// UART 0 and 1 Transmit Control Registers                                          *

//                                                                                  *

// Configures the UART 0 and 1 for the Transmission Control.                        *

//***********************************************************************************

#define     CKPH_NORMAL     (0x00)

#define     CKPH_DELAY      (0x80)

#define     CKPH0_CONF      CKPH_NORMAL

#define     CKPH1_CONF      CKPH_NORMAL



#define     UCLK_POL        (0x00)

#define     UCLK_INV        (0x40)

#define     CKPL0_CONF      UCLK_POL

#define     CKPL1_CONF      UCLK_POL



#define     BRCLK_UCLK      (0x00)

#define     BRCLK_ACLK      (0x10)

#define     BRCLK_SMCLK0    (0x20)

#define     BRCLK_SMCLK1    (0x30)

#define     SSEL0_CONF      BRCLK_ACLK

#define     SSEL1_CONF      BRCLK_ACLK



#define     RX_START_DIS    (0x00)

#define     RX_START_EN     (0x08)

#define     URXSE0_CONF     RX_START_DIS

#define     URXSE1_CONF     RX_START_DIS



#define     TX_WAKE_DATA    (0x00)

#define     TX_WAKE_ADDR    (0x04)

#define     TXWAKE0_CONF    TX_WAKE_DATA

#define     TXWAKE1_CONF    TX_WAKE_DATA



#define     SPI_4PIN        (0x00)

#define     SPI_3PIN        (0x02)

#define     STC0_CONF       SPI_4PIN

#define     STC1_CONF       SPI_3PIN



//***********************************************************************************

// UART 0 and 1 Receive Control Registers                                           *

//                                                                                  *

// Configures the UART 0 and 1 for the Reception Control.                           *

//***********************************************************************************

#define     RX_ERROR_DISABLE    (0x00)

#define     RX_ERROR_ENABLE     (0x08)

#define     URXEIE0_CONF        RX_ERROR_DISABLE

#define     URXEIE1_CONF        RX_ERROR_DISABLE



#define     RX_WAKE_ALL         (0x00)

#define     RX_WAKE_ADDRESS     (0x04)

#define     URXWIE0_CONF        RX_WAKE_ALL

#define     URXWIE1_CONF        RX_WAKE_ALL



//***********************************************************************************

// UART 0 and 1 BAUD Rate Registers                                                 *

//                                                                                  *

// Configures the UART 0 and 1 BAUD Rate for proper communication speed.            *

//***********************************************************************************



#define     BAUD_RATE0          9600

#define     BAUD_RATE0_LO       (ACLK_SPEED / BAUD_RATE0) & (0x00FF)

#define     BAUD_RATE0_HI       ((ACLK_SPEED / BAUD_RATE0) & (0xFF00)) / 256

#define     BAUD_RATE0_MOD      (0x00)



#define     BAUD_RATE1          9600

#define     BAUD_RATE1_LO       (ACLK_SPEED / BAUD_RATE1) & (0x00FF)

#define     BAUD_RATE1_HI       ((ACLK_SPEED / BAUD_RATE1) & (0xFF00)) / 256

#define     BAUD_RATE1_MOD      (0x00)



#define     I2C_CLK_LO          (0x03)      // 400 KBPS Frequency

#define     I2C_CLK_HI          (0x03)      // 400 KBPS Frequency



//***********************************************************************************

// Watch Dog Timer Configuration                                                    *

//                                                                                  *

// Configures the Watch Dog Timer firing rate and different operation modes         *

//***********************************************************************************

#define     WDTIS_32768     (0x00)

#define     WDTIS_8192      (0x01)

#define     WDTIS_512       (0x02)

#define     WDTIS_64        (0x03)

// Select from above to configure Watchdog Timer Interval

#define     WDTIS_CONF      WDTIS_32768



#define     WDTSSEL_SMCLK   (0x00)

#define     WDTSSEL_ACLK    (0x04)

//Select from above to select Watchdog Timer source

#define     WDTSSEL_CONF    WDTSSEL_ACLK



#define     WDTCNTCL_NOCLR  (0x00)

#define     WDTCNTCL_CLEAR  (0x08)

#define     WDTCNTCL_CONF   WDTCNTCL_NOCLR



#define     WDTTMSEL_WDT    (0x00)

#define     WDTTMSEL_ITM    (0x10)

#define     WDTTMSEL_CONF   WDTTMSEL_WDT



#define     WDTNMI_RST      (0x00)

#define     WDTNMI_NMI      (0x20)

#define     WDTNMI_CONF     WDTNMI_RST



#define     WDTNMIES_RISE   (0x00)

#define     WDTNMIES_FALL   (0x40)

#define     WDTNMIES_CONF   WDTNMIES_RISE



#define     WDTHOLD_NS      (0x00)

#define     WDTHOLD_STP     (0x80)

#define     WDTHOLD_CONF    WDTHOLD_STP



//***********************************************************************************

// Digital I/O Direction Configuration                                              *

//                                                                                  *

// Configures the direction of each port pin as an OUTPUT (1) or an INPUT (0)       *

//***********************************************************************************



// Port 1 Direction Configure

#define     P1DIR7          OUTPUT

#define     P1DIR6          OUTPUT

#define     P1DIR5          OUTPUT

#define     P1DIR4          OUTPUT

#define     P1DIR3          OUTPUT

#define     P1DIR2          OUTPUT

#define     P1DIR1          OUTPUT

#define     P1DIR0          OUTPUT



// Port 2 Direction Configure

#define     P2DIR7          INPUT

#define     P2DIR6          INPUT

#define     P2DIR5          INPUT

#define     P2DIR4          INPUT

#define     P2DIR3          INPUT

#define     P2DIR2          INPUT

#define     P2DIR1          INPUT

#define     P2DIR0          INPUT



// Port 3 Direction Configure

#define     P3DIR7          OUTPUT

#define     P3DIR6          OUTPUT

#define     P3DIR5          OUTPUT

#define     P3DIR4          OUTPUT

#define     P3DIR3          OUTPUT

#define     P3DIR2          OUTPUT

#define     P3DIR1          OUTPUT

#define     P3DIR0          OUTPUT



// Port 4 Direction Configure

#define     P4DIR7          OUTPUT

#define     P4DIR6          OUTPUT

#define     P4DIR5          OUTPUT

#define     P4DIR4          OUTPUT

#define     P4DIR3          OUTPUT

#define     P4DIR2          OUTPUT

#define     P4DIR1          OUTPUT

#define     P4DIR0          OUTPUT



// Port 5 Direction Configure

#define     P5DIR7          OUTPUT

#define     P5DIR6          OUTPUT

#define     P5DIR5          INPUT

#define     P5DIR4          OUTPUT

#define     P5DIR3          OUTPUT

#define     P5DIR2          INPUT

#define     P5DIR1          OUTPUT

#define     P5DIR0          OUTPUT



// Port 6 Direction Configure

#define     P6DIR7          OUTPUT

#define     P6DIR6          OUTPUT

#define     P6DIR5          OUTPUT

#define     P6DIR4          OUTPUT

#define     P6DIR3          INPUT

#define     P6DIR2          INPUT

#define     P6DIR1          INPUT

#define     P6DIR0          INPUT



//***********************************************************************************

// Alternate Peripheral Module Function Enable                                      *

//                                                                                  *

// Configures the Alternate Peripheral Mode for a particular pin (if available)     *

// Choose between IO_FUNCTION (0) or PERIPHERAL (1)                                 *

//***********************************************************************************

// Port 1 Alternate Function Select

#define     P1SEL7          IO_FUNCTION

#define     P1SEL6          IO_FUNCTION

#define     P1SEL5          IO_FUNCTION

#define     P1SEL4          IO_FUNCTION

#define     P1SEL3          IO_FUNCTION

#define     P1SEL2          IO_FUNCTION

#define     P1SEL1          IO_FUNCTION

#define     P1SEL0          IO_FUNCTION



// Port 2 Alternate Function Select

#define     P2SEL7          IO_FUNCTION

#define     P2SEL6          IO_FUNCTION

#define     P2SEL5          IO_FUNCTION

#define     P2SEL4          IO_FUNCTION

#define     P2SEL3          IO_FUNCTION

#define     P2SEL2          IO_FUNCTION

#define     P2SEL1          IO_FUNCTION

#define     P2SEL0          IO_FUNCTION



// Port 3 Alternate Function Select

#define     P3SEL7          IO_FUNCTION

#define     P3SEL6          IO_FUNCTION

#define     P3SEL5          PERIPHERAL

#define     P3SEL4          PERIPHERAL

#define     P3SEL3          PERIPHERAL

#define     P3SEL2          IO_FUNCTION

#define     P3SEL1          PERIPHERAL

#define     P3SEL0          IO_FUNCTION



// Port 4 Alternate Function Select

#define     P4SEL7          IO_FUNCTION

#define     P4SEL6          IO_FUNCTION

#define     P4SEL5          IO_FUNCTION

#define     P4SEL4          IO_FUNCTION

#define     P4SEL3          IO_FUNCTION

#define     P4SEL2          PERIPHERAL

#define     P4SEL1          PERIPHERAL

#define     P4SEL0          IO_FUNCTION



// Port 5 Alternate Function Select

#define     P5SEL7          IO_FUNCTION

#define     P5SEL6          IO_FUNCTION

#define     P5SEL5          IO_FUNCTION

#define     P5SEL4          IO_FUNCTION

#define     P5SEL3          PERIPHERAL

#define     P5SEL2          PERIPHERAL

#define     P5SEL1          PERIPHERAL

#define     P5SEL0          IO_FUNCTION



// Port 6 Alternate Function Select

#define     P6SEL7          PERIPHERAL

#define     P6SEL6          PERIPHERAL

#define     P6SEL5          IO_FUNCTION

#define     P6SEL4          IO_FUNCTION

#define     P6SEL3          PERIPHERAL

#define     P6SEL2          PERIPHERAL

#define     P6SEL1          PERIPHERAL

#define     P6SEL0          PERIPHERAL



//***********************************************************************************

// PORT 1 and 2 Interrupt Enable and Edge Select                                    *

//                                                                                  *

// Configures the Pin On Change Interrupt capability and triggering edge            *

// This function precedes the Alternate Function Select                             *

//***********************************************************************************



// Port 1 Pin On Change Interrupt Enable

#define     P1IE7          DISABLE

#define     P1IE6          DISABLE

#define     P1IE5          DISABLE

#define     P1IE4          DISABLE

#define     P1IE2          DISABLE

#define     P1IE3          DISABLE

#define     P1IE1          DISABLE

#define     P1IE0          DISABLE



// Port 2 Pin On Change Interrupt Enable

#define     P2IE7          DISABLE

#define     P2IE6          DISABLE

#define     P2IE5          DISABLE

#define     P2IE4          DISABLE

#define     P2IE2          DISABLE

#define     P2IE3          DISABLE

#define     P2IE1          DISABLE

#define     P2IE0          DISABLE



// Port 1 Pin On Change Interrupt Edge Select

#define     P1IES7          RISING

#define     P1IES6          RISING

#define     P1IES5          RISING

#define     P1IES4          RISING

#define     P1IES2          RISING

#define     P1IES3          RISING

#define     P1IES1          RISING

#define     P1IES0          RISING



// Port 2 Pin On Change Interrupt Edge Select

#define     P2IES7          RISING

#define     P2IES6          RISING

#define     P2IES5          RISING

#define     P2IES4          RISING

#define     P2IES2          RISING

#define     P2IES3          RISING

#define     P2IES1          RISING

#define     P2IES0          RISING



//***********************************************************************************

// Timer A Control Registers                                                        *

//                                                                                  *

// Configures Timer A and it's different operating modes                            *

//***********************************************************************************



#define     TASSEL_TACLK    (0x0000)

#define     TASSEL_ACLK     (0x0100)

#define     TASSEL_SMCLK    (0x0200)

#define     TASSEL_INCLK    (0x0300)

// Choose from above to configure Timer A Clock Source

#define     TASSEL_CONF     TASSEL_ACLK



#define     TA_ID_DIV1      (0x0000)

#define     TA_ID_DIV2      (0x0040)

#define     TA_ID_DIV4      (0x0080)

#define     TA_ID_DIV8      (0x00C0)

// Choose from above to configure Timer A Clock Divide

#define     TA_ID_CONF      TA_ID_DIV1



#define     TA_MC_STOP      (0x0000)

#define     TA_MC_UP        (0x0010)

#define     TA_MC_CONT      (0x0020)

#define     TA_MC_UPDN      (0x0030)

// Choose from above to configure Timer A Counting Mode

#define     TA_MC_CONF      TA_MC_CONT



#define     TAIE_DISABLE    (0x0000)

#define     TAIE_ENABLE     (0x0002)

// Choose from above to enable or disable Timer A Interrupt

#define     TAIE_CONF       TAIE_DISABLE



//***********************************************************************************

// Timer A Capture?Compare Control Register                                         *

//                                                                                  *

// Configures The Capture and Compare engines                                       *

//***********************************************************************************



#define     TA_CM_NONE         (0x0000)

#define     TA_CM_RISE         (0x4000)

#define     TA_CM_FALL         (0x8000)

#define     TA_CM_BOTH         (0xC000)

// Choose from above to configure Timer A's Capture Engine

#define     TA_CM0_CONF        TA_CM_NONE

#define     TA_CM1_CONF        TA_CM_NONE

#define     TA_CM2_CONF        TA_CM_NONE



#define     TA_CCIS_CCIA       (0x0000)

#define     TA_CCIS_CCIB       (0x1000)

#define     TA_CCIS_GND        (0x2000)

#define     TA_CCIS_VCC        (0x3000)

// Choose from above to configure Timer A's Capture Input

#define     TA_CCIS0_CONF      TA_CCIS_CCIA

#define     TA_CCIS1_CONF      TA_CCIS_CCIA

#define     TA_CCIS2_CONF      TA_CCIS_CCIA



#define     TA_SCS_ASYNCH      (0x0000)

#define     TA_SCS_SYNCH       (0x0800)

// Choose from above to configure Synchronous or Asynchronous CAPCOM

#define     TA_SCS0_CONF       TA_SCS_ASYNCH

#define     TA_SCS1_CONF       TA_SCS_ASYNCH

#define     TA_SCS2_CONF       TA_SCS_ASYNCH



#define     TA_CAP_COMP        (0x0000)

#define     TA_CAP_CAPT        (0x0100)

// Choose from above to configure as either Capture or Compare

#define     TA_CAP0_CONF       TA_CAP_COMP

#define     TA_CAP1_CONF       TA_CAP_COMP

#define     TA_CAP2_CONF       TA_CAP_COMP



#define     TA_OUTMOD_BIT      (0x0000)

#define     TA_OUTMOD_SET      (0x0020)

#define     TA_OUTMOD_TOGRES   (0x0040)

#define     TA_OUTMOD_SETRES   (0x0060)

#define     TA_OUTMOD_TOGGLE   (0x0080)

#define     TA_OUTMOD_RESET    (0x00A0)

#define     TA_OUTMOD_TOGSET   (0x00C0)

#define     TA_OUTMOD_RESSET   (0x00E0)

// Choose from above to configure Output Mode while on Compare Mode

#define     TA_OUTMOD0_CONF    TA_OUTMOD_SET

#define     TA_OUTMOD1_CONF    TA_OUTMOD_SET

#define     TA_OUTMOD2_CONF    TA_OUTMOD_SET



#define     TA_CCIE_DISABLE    (0x0000)

#define     TA_CCIE_ENABLE     (0x0010)

// Choose from above to enable or disable Interrupt

#define     TA_CCIE0_CONF      TA_CCIE_ENABLE

#define     TA_CCIE1_CONF      TA_CCIE_DISABLE

#define     TA_CCIE2_CONF      TA_CCIE_DISABLE



#define     TA_OUT_LOW         (0x0000)

#define     TA_OUT_HIGH        (0x0004)

// Choose from above to choose output pin polarity

#define     TA_OUT0_CONF       TA_OUT_LOW

#define     TA_OUT1_CONF       TA_OUT_LOW

#define     TA_OUT2_CONF       TA_OUT_LOW



//***********************************************************************************

// Timer B Control Registers                                                        *

//                                                                                  *

// Configures Timer B and it's different operating modes                            *

//***********************************************************************************



#define     TBCLGRP_EACH    (0x0000)

#define     TBCLGRP_DUAL    (0x2000)

#define     TBCLGRP_TRIO    (0x4000)

#define     TBCLGRP_ALL     (0xC000)

// Choose from above to configure Latch Loading Grouping

#define     TBCLGRP_CONF    TBCLGRP_EACH



#define     TB_CNTL_16      (0x0000)

#define     TB_CNTL_12      (0x0800)

#define     TB_CNTL_10      (0x1000)

#define     TB_CNTL_08      (0x1800)

// Choose from above to configure Timer B Length

#define     TB_CNTL_CONF     TB_CNTL_16



#define     TBSSEL_TBCLK    (0x0000)

#define     TBSSEL_ACLK     (0x0100)

#define     TBSSEL_SMCLK    (0x0200)

#define     TBSSEL_INCLK    (0x0300)

// Choose from above to configure Timer B Clock Source

#define     TBSSEL_CONF     TBSSEL_ACLK



#define     TB_ID_DIV1      (0x0000)

#define     TB_ID_DIV2      (0x0040)

#define     TB_ID_DIV4      (0x0080)

#define     TB_ID_DIV8      (0x00C0)

// Choose from above to configure Timer B Clock Divide

#define     TB_ID_CONF      TB_ID_DIV1



#define     TB_MC_STOP      (0x0000)

#define     TB_MC_UP        (0x0010)

#define     TB_MC_CONT      (0x0020)

#define     TB_MC_UPDN      (0x0030)

// Choose from above to configure Timer B Counting Mode

#define     TB_MC_CONF      TB_MC_CONT



#define     TBIE_DISABLE    (0x0000)

#define     TBIE_ENABLE     (0x0002)

// Choose from above to enable or disable Timer B Interrupt

#define     TBIE_CONF       TBIE_DISABLE



//***********************************************************************************

// Timer A Capture?Compare Control Register                                         *

//                                                                                  *

// Configures The Capture and Compare engines                                       *

//***********************************************************************************



#define     TB_CM_NONE         (0x0000)

#define     TB_CM_RISE         (0x4000)

#define     TB_CM_FALL         (0x8000)

#define     TB_CM_BOTH         (0xC000)

// Choose from above to configure Timer B's Capture Engine

#define     TB_CM0_CONF        TB_CM_NONE

#define     TB_CM1_CONF        TB_CM_NONE

#define     TB_CM2_CONF        TB_CM_NONE

#define     TB_CM3_CONF        TB_CM_NONE

#define     TB_CM4_CONF        TB_CM_NONE

#define     TB_CM5_CONF        TB_CM_NONE

#define     TB_CM6_CONF        TB_CM_NONE



#define     TB_CCIS_CCIA       (0x0000)

#define     TB_CCIS_CCIB       (0x1000)

#define     TB_CCIS_GND        (0x2000)

#define     TB_CCIS_VCC        (0x3000)

// Choose from above to configure Timer B's Capture Input

#define     TB_CCIS0_CONF      TB_CCIS_CCIA

#define     TB_CCIS1_CONF      TB_CCIS_CCIA

#define     TB_CCIS2_CONF      TB_CCIS_CCIA

#define     TB_CCIS3_CONF      TB_CCIS_CCIA

#define     TB_CCIS4_CONF      TB_CCIS_CCIA

#define     TB_CCIS5_CONF      TB_CCIS_CCIA

#define     TB_CCIS6_CONF      TB_CCIS_CCIA



#define     TB_SCS_ASYNCH      (0x0000)

#define     TB_SCS_SYNCH       (0x0800)

// Choose from above to configure Synchronous or Asynchronous CAPCOM

#define     TB_SCS0_CONF       TB_SCS_ASYNCH

#define     TB_SCS1_CONF       TB_SCS_ASYNCH

#define     TB_SCS2_CONF       TB_SCS_ASYNCH

#define     TB_SCS3_CONF       TB_SCS_ASYNCH

#define     TB_SCS4_CONF       TB_SCS_ASYNCH

#define     TB_SCS5_CONF       TB_SCS_ASYNCH

#define     TB_SCS6_CONF       TB_SCS_ASYNCH



#define     TB_CLLD_00          (0x0000)        //TBCLx loads on write to TBCCRx

#define     TB_CLLD_01          (0x0200)        //TBCLx loads when TBR counts to 0

#define     TB_CLLD_10          (0x0400)        //TBCLx loads when: TBR counts to 0 (up or continuous mode) or counts to TBCL0 or to 0 (up/down mode)

#define     TB_CLLD_11          (0x0600)        //TBCLx loads then TBR counts to TBCLx

// Choose from above to configure Compare Latch Load

#define     TB_CLLD0_CONF       TB_CLLD_00

#define     TB_CLLD1_CONF       TB_CLLD_00

#define     TB_CLLD2_CONF       TB_CLLD_00

#define     TB_CLLD3_CONF       TB_CLLD_00

#define     TB_CLLD4_CONF       TB_CLLD_00

#define     TB_CLLD5_CONF       TB_CLLD_00

#define     TB_CLLD6_CONF       TB_CLLD_00



#define     TB_CAP_COMP        (0x0000)

#define     TB_CAP_CAPT        (0x0100)

// Choose from above to configure as either Capture or Compare

#define     TB_CAP0_CONF       TB_CAP_COMP

#define     TB_CAP1_CONF       TB_CAP_COMP

#define     TB_CAP2_CONF       TB_CAP_COMP

#define     TB_CAP3_CONF       TB_CAP_COMP

#define     TB_CAP4_CONF       TB_CAP_COMP

#define     TB_CAP5_CONF       TB_CAP_COMP

#define     TB_CAP6_CONF       TB_CAP_COMP



#define     TB_OUTMOD_BIT      (0x0000)

#define     TB_OUTMOD_SET      (0x0020)

#define     TB_OUTMOD_TOGRES   (0x0040)

#define     TB_OUTMOD_SETRES   (0x0060)

#define     TB_OUTMOD_TOGGLE   (0x0080)

#define     TB_OUTMOD_RESET    (0x00A0)

#define     TB_OUTMOD_TOGSET   (0x00C0)

#define     TB_OUTMOD_RESSET   (0x00E0)

// Choose from above to configure Output Mode while on Compare Mode

#define     TB_OUTMOD0_CONF    TB_OUTMOD_BIT

#define     TB_OUTMOD1_CONF    TB_OUTMOD_BIT

#define     TB_OUTMOD2_CONF    TB_OUTMOD_BIT

#define     TB_OUTMOD3_CONF    TB_OUTMOD_BIT

#define     TB_OUTMOD4_CONF    TB_OUTMOD_BIT

#define     TB_OUTMOD5_CONF    TB_OUTMOD_BIT

#define     TB_OUTMOD6_CONF    TB_OUTMOD_BIT



#define     TB_CCIE_DISABLE    (0x0000)

#define     TB_CCIE_ENABLE     (0x0010)

// Choose from above to enable or disable Interrupt

#define     TB_CCIE0_CONF      TB_CCIE_DISABLE

#define     TB_CCIE1_CONF      TB_CCIE_DISABLE

#define     TB_CCIE2_CONF      TB_CCIE_DISABLE

#define     TB_CCIE3_CONF      TB_CCIE_DISABLE

#define     TB_CCIE4_CONF      TB_CCIE_DISABLE

#define     TB_CCIE5_CONF      TB_CCIE_DISABLE

#define     TB_CCIE6_CONF      TB_CCIE_DISABLE



#define     TB_OUT_LOW         (0x0000)

#define     TB_OUT_HIGH        (0x0004)

// Choose from above to choose output pin polarity

#define     TB_OUT0_CONF       TB_OUT_LOW

#define     TB_OUT1_CONF       TB_OUT_LOW

#define     TB_OUT2_CONF       TB_OUT_LOW

#define     TB_OUT3_CONF       TB_OUT_LOW

#define     TB_OUT4_CONF       TB_OUT_LOW

#define     TB_OUT5_CONF       TB_OUT_LOW

#define     TB_OUT6_CONF       TB_OUT_LOW

//***********************************************************************************

// Digital to Analog  Converter Control and Data Registers                          *

//                                                                                  *

// Configures the 8/12 bit Digital to Analog Converter                              *

//***********************************************************************************



#define     DAC12SREF_VREF  0x0000

#define     DAC12SREF_VEREF 0x6000

#define     DAC12SREF0_CONF  DAC12SREF_VREF

#define     DAC12SREF1_CONF  DAC12SREF_VREF



#define     DAC12RES_12     0x0000

#define     DAC12RES_8      0x1000

#define     DAC12RES0_CONF   DAC12RES_12

#define     DAC12RES1_CONF   DAC12RES_12



#define     DAC12LSEL_AUTO  0x0000

#define     DAC12LSEL_DATA  0x0400

#define     DAC12LSEL_RISEA 0x0800

#define     DAC12LSEL_RISEB 0x0C00

#define     DAC12LSEL0_CONF  DAC12LSEL_AUTO

#define     DAC12LSEL1_CONF  DAC12LSEL_AUTO



#define     DAC12IR_3X      0x0000

#define     DAC12IR_1X      0x0100

#define     DAC12IR0_CONF    DAC12IR_1X

#define     DAC12IR1_CONF    DAC12IR_1X



#define     DAC12AMP_OFFZ   0x0000

#define     DAC12AMP_OFF0   0x0020

#define     DAC12AMP_LOLO   0x0040

#define     DAC12AMP_LOMD   0x0030

#define     DAC12AMP_LOHI   0x0080

#define     DAC12AMP_MDMD   0x00A0

#define     DAC12AMP_MDHI   0x00C0

#define     DAC12AMP_HIHI   0x00E0

#define     DAC12AMP0_CONF   DAC12AMP_OFFZ

#define     DAC12AMP1_CONF   DAC12AMP_OFFZ



#define     DAC12DF_BIN     0x0000

#define     DAC12DF_2SC     0x0010

#define     DAC12DF0_CONF    DAC12DF_BIN

#define     DAC12DF1_CONF    DAC12DF_BIN



#define     DAC12ENC_DIS    0x0000

#define     DAC12ENC_ENA    0x0002

#define     DAC12ENC0_CONF   DAC12ENC_DIS

#define     DAC12ENC1_CONF   DAC12ENC_DIS



#define     DAC12GRP_NOT    0x0000

#define     DAC12GRP_GRP    0x0001

#define     DAC12GRP0_CONF   DAC12GRP_NOT

#define     DAC12GRP1_CONF   DAC12GRP_NOT



//***********************************************************************************

// Analog to Digital Converter Control Register 0                                   *

//                                                                                  *

// Configures the 8/12 bit Analog to Digital Converter                              *

//***********************************************************************************

#define     SHT1_04         0x0000

#define     SHT1_08         0x1000

#define     SHT1_16         0x2000

#define     SHT1_32         0x3000

#define     SHT1_64         0x4000

#define     SHT1_96         0x5000

#define     SHT1_128        0x6000

#define     SHT1_192        0x7000

#define     SHT1_256        0x8000

#define     SHT1_384        0x9000

#define     SHT1_512        0xA000

#define     SHT1_768        0xB000

#define     SHT1_1024_1     0xC000

#define     SHT1_1024_2     0xD000

#define     SHT1_1024_3     0xE000

#define     SHT1_1024_4     0xF000

#define     SHT1_CONF       SHT1_192



#define     SHT0_04         0x0000

#define     SHT0_08         0x0100

#define     SHT0_16         0x0200

#define     SHT0_32         0x0300

#define     SHT0_64         0x0400

#define     SHT0_96         0x0500

#define     SHT0_128        0x0600

#define     SHT0_192        0x0700

#define     SHT0_256        0x0800

#define     SHT0_384        0x0900

#define     SHT0_512        0x0A00

#define     SHT0_768        0x0B00

#define     SHT0_1024_1     0x0C00

#define     SHT0_1024_2     0x0D00

#define     SHT0_1024_3     0x0E00

#define     SHT0_1024_4     0x0F00

#define     SHT0_CONF       SHT0_192



#define     MSC_DISABLE     0x0000

#define     MSC_ENABLE      0x0080

#define     MSC_CONF        MSC_DISABLE



#define     REF2_5V_1P5V    0x0000

#define     REF2_5V_2P5V    0x0040

#define     REF2_5V_CONF    REF2_5V_2P5V



#define     REFON_DISABLE   0x0000

#define     REFON_ENABLE    0x0020

#define     REFON_CONF      REFON_ENABLE



#define     ADC12ON_DISABLE 0x0000

#define     ADC12ON_ENABLE  0x0010

#define     ADC12ON_CONF    ADC12ON_ENABLE



#define     ADC12OVIE_DISABLE   0x0000

#define     ADC12OVIE_ENABLE    0x0008

#define     ADC12OVIE_CONF      ADC12OVIE_DISABLE



#define     ADC12TOVIE_DISABLE  0x0000

#define     ADC12TOVIE_ENABLE   0x0004

#define     ADC12TOVIE_CONF     ADC12TOVIE_DISABLE



#define     ENC_DISABLE     0x0000

#define     ENC_ENABLE      0x0002

#define     ENC_CONF        ENC_DISABLE



#define     ADC12SC_DISABLE 0x0000

#define     ADC12SC_ENABLE  0x0001

#define     ADC12SC_CONF    ADC12SC_DISABLE



//***********************************************************************************

// Analog to Digital Converter Control Register 1                                   *

//                                                                                  *

// Configures the 8/12 bit Analog to Digital Converter                              *

//***********************************************************************************



#define     CSTARTADD_00    0x0000

#define     CSTARTADD_01    0x1000

#define     CSTARTADD_02    0x2000

#define     CSTARTADD_03    0x3000

#define     CSTARTADD_04    0x4000

#define     CSTARTADD_05    0x5000

#define     CSTARTADD_06    0x6000

#define     CSTARTADD_07    0x7000

#define     CSTARTADD_08    0x8000

#define     CSTARTADD_09    0x9000

#define     CSTARTADD_0A    0xA000

#define     CSTARTADD_0B    0xB000

#define     CSTARTADD_0C    0xC000

#define     CSTARTADD_0D    0xD000

#define     CSTARTADD_0E    0xE000

#define     CSTARTADD_0F    0xF000

#define     CSTARTADD_CONF  CSTARTADD_00



#define     SHS_ADC12SC     0x0000

#define     SHS_TAOUT1      0x0400

#define     SHS_TBOUT0      0x0800

#define     SHS_TBOUT1      0x0C00

#define     SHS_CONF        SHS_ADC12SC



#define     SHP_INPUT       0x0000

#define     SHP_TIMER       0x0200

#define     SHP_CONF        SHP_TIMER



#define     ISSH_NONINV     0x0000

#define     ISSH_INVERT     0x0100

#define     ISSH_CONF       ISSH_NONINV



#define     ADC12DIV_01       0x0000

#define     ADC12DIV_02       0x0020

#define     ADC12DIV_03       0x0040

#define     ADC12DIV_04       0x0060

#define     ADC12DIV_05       0x0080

#define     ADC12DIV_06       0x00A0

#define     ADC12DIV_07       0x00C0

#define     ADC12DIV_08       0x00E0

#define     ADC12DIV_CONF   ADC12DIV_01



#define     ADC12SSEL_OSC   0x0000

#define     ADC12SSEL_ACLK  0x0008

#define     ADC12SSEL_MCLK  0x0010

#define     ADC12SSEL_SMCLK 0x0018

#define     ADC12SSEL_CONF  ADC12SSEL_OSC



#define     CONSEQ_SINGLE   0x0000

#define     CONSEQ_SEQCHAN  0x0002

#define     CONSEQ_REPSIN   0x0004

#define     CONSEQ_REPSEQ   0x0006

#define     CONSEQ_CONF     CONSEQ_SINGLE



//***********************************************************************************

// Analog to Digital Converter Memory Control Register                              *

//                                                                                  *

// Configures the 8/12 bit Analog to Digital Converter                              *

//***********************************************************************************



#define     SREF_AVCC_AVSS  0x00

#define     SREF_VREF_AVSS  0x10

#define     SREF_VEREF_AVSS 0x20

#define     SREF_AVCC_VREF  0x40

#define     SREF_VREF_VREF  0x50

#define     SREF_VEREF_VREF 0x60

#define     SREF_CONF       SREF_AVCC_AVSS



#define     INCH_A0         0x00

#define     INCH_A1         0x01

#define     INCH_A2         0x02

#define     INCH_A3         0x03

#define     INCH_A4         0x04

#define     INCH_A5         0x05

#define     INCH_A6         0x06

#define     INCH_A7         0x07

#define     INCH_VEREFP     0x08

#define     INCH_VREFM      0x09

#define     INCH_TEMP       0x0A

#define     INCH_HALF       0x0B

#define     INCH_CONF       INCH_A0











main.h


//******************************************************************************

//  Jose I Quinones

//  Texas Instruments Inc.

//  June 2009

//  Built with IAR Embedded Workbench Version: 3.42A

//******************************************************************************

extern int TStatePointer[8];

extern int TDelay[8];



void Task0(void);

void Task1(void);

void Task2(void);

void Task3(void);

void Task4(void);

void Task5(void);

void Task6(void);

void Task7(void);



#define     TACCR1_CCIFG_SET    (0x02)

#define     TACCR2_CCIFG_SET    (0x04)

#define     TAIFG_SET           (0x0A)



#define     TBCCR1_CCIFG_SET    (0x02)

#define     TBCCR2_CCIFG_SET    (0x04)

#define     TBCCR3_CCIFG_SET    (0x06)

#define     TBCCR4_CCIFG_SET    (0x08)

#define     TBCCR5_CCIFG_SET    (0x0A)

#define     TBCCR6_CCIFG_SET    (0x0C)

#define     TBIFG_SET           (0x0E)
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7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

%ADD77R,0.2500X0.4423*%

%ADD78C,0.0079*%

%ADD79C,0.0236*%

%ADD80C,0.0098*%

%ADD81C,0.0098*%

%ADD82C,0.0120*%

%ADD83C,0.0120*%

%ADD84C,0.0039*%

%ADD85C,0.0110*%

%ADD86R,0.1080X0.0330*%

%ADD87O,0.1080X0.0330*%

%ADD88R,0.0178X0.0612*%

%ADD89R,0.0612X0.0178*%

%ADD90O,0.0230X0.0867*%

%ADD91R,0.0230X0.0867*%

%ADD92O,0.0572X0.0198*%

%ADD93R,0.1360X0.1556*%

%ADD94R,0.1104X0.0671*%

%ADD95R,0.1419X0.0415*%

%ADD96R,0.0592X0.0710*%

%ADD97R,0.0680X0.0680*%

%ADD98R,0.0580X0.0680*%

%ADD99R,0.0680X0.0580*%

%ADD100R,0.0671X0.1104*%

%ADD101C,0.0480*%

%ADD102C,0.0580*%

%ADD103C,0.0552*%

%ADD104R,0.0552X0.0552*%

%ADD105C,0.0671*%

%ADD106C,0.1261*%

%ADD107C,0.0780*%

%ADD108R,0.0580X0.0580*%

%ADD109R,0.0580X0.0580*%

%ADD110R,0.0880X0.0880*%

%ADD111C,0.0880*%

%ADD112C,0.0867*%

%ADD113R,0.0700X0.0700*%

%ADD114R,0.0700X0.0700*%

%ADD115R,0.0671X0.0671*%

%ADD116R,0.0671X0.0671*%

%ADD117C,0.1580*%

%ADD118C,0.0380*%

%ADD119C,0.0330*%

%ADD120C,0.0280*%

D30*

X0Y0D02*

Y50000D01*

X50000D01*

Y0D02*

Y50000D01*

X0Y0D02*

X50000D01*

D84*

X0Y49000D02*

X1000D01*

Y50000D01*

X49000Y49000D02*

Y50000D01*

Y49000D02*

X50000D01*

X49000Y1000D02*

X50000D01*

X49000Y0D02*

Y1000D01*

X1000Y0D02*

Y1000D01*

X0D02*

X1000D01*

M02*











CPG003_DRV8821EVM_DRV8823EVM_RA.GM1


%FSLAX24Y24*%

%MOIN*%

G70*

G01*

G75*

G04 Layer_Color=16711935*

%ADD10R,0.1000X0.0250*%

%ADD11O,0.1000X0.0250*%

%ADD12R,0.0098X0.0532*%

%ADD13R,0.0532X0.0098*%

%ADD14O,0.0150X0.0787*%

%ADD15R,0.0150X0.0787*%

%ADD16O,0.0492X0.0118*%

%ADD17R,0.1280X0.1476*%

%ADD18R,0.1024X0.0591*%

%ADD19R,0.1339X0.0335*%

%ADD20R,0.0512X0.0630*%

%ADD21R,0.0600X0.0600*%

%ADD22R,0.0500X0.0600*%

%ADD23R,0.0600X0.0500*%

%ADD24R,0.0591X0.1024*%

%ADD25C,0.0400*%

%ADD26C,0.0250*%

%ADD27C,0.0500*%

%ADD28C,0.0080*%

%ADD29C,0.0150*%

%ADD30C,0.0100*%

%ADD31C,0.0300*%

%ADD32C,0.0130*%

%ADD33R,0.2050X0.4700*%

%ADD34C,0.0500*%

%ADD35C,0.0472*%

%ADD36R,0.0472X0.0472*%

%ADD37C,0.0591*%

%ADD38C,0.1181*%

%ADD39C,0.0700*%

%ADD40R,0.0500X0.0500*%

%ADD41R,0.0500X0.0500*%

%ADD42R,0.0800X0.0800*%

%ADD43C,0.0800*%

%ADD44C,0.0787*%

%ADD45R,0.0620X0.0620*%

%ADD46C,0.0620*%

%ADD47R,0.0620X0.0620*%

%ADD48R,0.0591X0.0591*%

%ADD49R,0.0591X0.0591*%

%ADD50C,0.1500*%

%ADD51C,0.0300*%

%ADD52C,0.0250*%

%ADD53C,0.0200*%

%ADD54R,0.2450X0.5000*%

%ADD55C,0.0400*%

%ADD56C,0.0680*%

G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD57*

7,0,0,0.0700,0.0580,0.0250,45*

%

%ADD57THD57*%

%ADD58C,0.0766*%

G04:AMPARAMS|DCode=59|XSize=78.614mil|YSize=78.614mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD59*

7,0,0,0.0786,0.0666,0.0250,45*

%

%ADD59THD59*%

G04:AMPARAMS|DCode=60|XSize=132.551mil|YSize=132.551mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD60*

7,0,0,0.1326,0.1206,0.0250,45*

%

%ADD60THD60*%

%ADD61C,0.0920*%

%ADD62C,0.0850*%

G04:AMPARAMS|DCode=63|XSize=87mil|YSize=87mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD63*

7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

%ADD77R,0.2500X0.4423*%

%ADD78C,0.0079*%

%ADD79C,0.0236*%

%ADD80C,0.0098*%

%ADD81C,0.0098*%

%ADD82C,0.0120*%

%ADD83C,0.0120*%

%ADD84C,0.0039*%

%ADD85C,0.0110*%

%ADD86R,0.1080X0.0330*%

%ADD87O,0.1080X0.0330*%

%ADD88R,0.0178X0.0612*%

%ADD89R,0.0612X0.0178*%

%ADD90O,0.0230X0.0867*%

%ADD91R,0.0230X0.0867*%

%ADD92O,0.0572X0.0198*%

%ADD93R,0.1360X0.1556*%

%ADD94R,0.1104X0.0671*%

%ADD95R,0.1419X0.0415*%

%ADD96R,0.0592X0.0710*%

%ADD97R,0.0680X0.0680*%

%ADD98R,0.0580X0.0680*%

%ADD99R,0.0680X0.0580*%

%ADD100R,0.0671X0.1104*%

%ADD101C,0.0480*%

%ADD102C,0.0580*%

%ADD103C,0.0552*%

%ADD104R,0.0552X0.0552*%

%ADD105C,0.0671*%

%ADD106C,0.1261*%

%ADD107C,0.0780*%

%ADD108R,0.0580X0.0580*%

%ADD109R,0.0580X0.0580*%

%ADD110R,0.0880X0.0880*%

%ADD111C,0.0880*%

%ADD112C,0.0867*%

%ADD113R,0.0700X0.0700*%

%ADD114R,0.0700X0.0700*%

%ADD115R,0.0671X0.0671*%

%ADD116R,0.0671X0.0671*%

%ADD117C,0.1580*%

%ADD118C,0.0380*%

%ADD119C,0.0330*%

%ADD120C,0.0280*%

D30*

X-3000Y50000D02*

X-1900D01*

X-2000Y-100D02*

Y100D01*

Y25689D02*

Y50000D01*

Y0D02*

Y24036D01*

X-2200Y49400D02*

X-2000Y50000D01*

X-1800Y49400D01*

X-2000Y0D02*

X-1800Y600D01*

X-2200D02*

X-2000Y0D01*

X50000Y50900D02*

Y52000D01*

X0Y50900D02*

Y52000D01*

X25689Y51000D02*

X50000D01*

X0D02*

X24036D01*

X49400Y51200D02*

X50000Y51000D01*

X49400Y50800D02*

X50000Y51000D01*

X0D02*

X600Y50800D01*

X0Y51000D02*

X600Y51200D01*

D84*

X20000Y43512D02*

Y43669D01*

X19921Y43591D02*

X20079D01*

X17512Y9250D02*

X17669D01*

X17591Y9171D02*

Y9329D01*

X0Y0D02*

Y50000D01*

X50000D01*

Y0D02*

Y50000D01*

X0Y0D02*

X50000D01*

X-2157Y24436D02*

Y24173D01*

X-1961D01*

X-2026Y24305D01*

Y24370D01*

X-1961Y24436D01*

X-1829D01*

X-1764Y24370D01*

Y24239D01*

X-1829Y24173D01*

X-1764Y24567D02*

X-1829D01*

Y24633D01*

X-1764D01*

Y24567D01*

X-2092Y24895D02*

X-2157Y24961D01*

Y25092D01*

X-2092Y25157D01*

X-1829D01*

X-1764Y25092D01*

Y24961D01*

X-1829Y24895D01*

X-2092D01*

Y25289D02*

X-2157Y25354D01*

Y25485D01*

X-2092Y25551D01*

X-1829D01*

X-1764Y25485D01*

Y25354D01*

X-1829Y25289D01*

X-2092D01*

X24436Y51157D02*

X24173D01*

Y50961D01*

X24305Y51026D01*

X24370D01*

X24436Y50961D01*

Y50829D01*

X24370Y50764D01*

X24239D01*

X24173Y50829D01*

X24567Y50764D02*

Y50829D01*

X24633D01*

Y50764D01*

X24567D01*

X24895Y51092D02*

X24961Y51157D01*

X25092D01*

X25157Y51092D01*

Y50829D01*

X25092Y50764D01*

X24961D01*

X24895Y50829D01*

Y51092D01*

X25289D02*

X25354Y51157D01*

X25485D01*

X25551Y51092D01*

Y50829D01*

X25485Y50764D01*

X25354D01*

X25289Y50829D01*

Y51092D01*

M02*











CPG003_DRV8821EVM_DRV8823EVM_RA.GP1


%FSLAX24Y24*%

%MOIN*%

G70*

G01*

G75*

G04 Layer_Physical_Order=3*

G04 Layer_Color=32768*

%ADD10R,0.1000X0.0250*%

%ADD11O,0.1000X0.0250*%

%ADD12R,0.0098X0.0532*%

%ADD13R,0.0532X0.0098*%

%ADD14O,0.0150X0.0787*%

%ADD15R,0.0150X0.0787*%

%ADD16O,0.0492X0.0118*%

%ADD17R,0.1280X0.1476*%

%ADD18R,0.1024X0.0591*%

%ADD19R,0.1339X0.0335*%

%ADD20R,0.0512X0.0630*%

%ADD21R,0.0600X0.0600*%

%ADD22R,0.0500X0.0600*%

%ADD23R,0.0600X0.0500*%

%ADD24R,0.0591X0.1024*%

%ADD25C,0.0400*%

%ADD26C,0.0250*%

%ADD27C,0.0500*%

%ADD28C,0.0080*%

%ADD29C,0.0150*%

%ADD30C,0.0100*%

%ADD31C,0.0300*%

%ADD32C,0.0130*%

%ADD33R,0.2050X0.4700*%

%ADD34C,0.0500*%

%ADD35C,0.0472*%

%ADD36R,0.0472X0.0472*%

%ADD37C,0.0591*%

%ADD38C,0.1181*%

%ADD39C,0.0700*%

%ADD40R,0.0500X0.0500*%

%ADD41R,0.0500X0.0500*%

%ADD42R,0.0800X0.0800*%

%ADD43C,0.0800*%

%ADD44C,0.0787*%

%ADD45R,0.0620X0.0620*%

%ADD46C,0.0620*%

%ADD47R,0.0620X0.0620*%

%ADD48R,0.0591X0.0591*%

%ADD49R,0.0591X0.0591*%

%ADD50C,0.1500*%

%ADD51C,0.0300*%

%ADD52C,0.0250*%

%ADD53C,0.0200*%

%ADD54R,0.2450X0.5000*%

%ADD55C,0.0400*%

%ADD56C,0.0680*%

G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD57*

7,0,0,0.0700,0.0580,0.0250,45*

%

%ADD57THD57*%

%ADD58C,0.0766*%

G04:AMPARAMS|DCode=59|XSize=78.614mil|YSize=78.614mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD59*

7,0,0,0.0786,0.0666,0.0250,45*

%

%ADD59THD59*%

G04:AMPARAMS|DCode=60|XSize=132.551mil|YSize=132.551mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD60*

7,0,0,0.1326,0.1206,0.0250,45*

%

%ADD60THD60*%

%ADD61C,0.0920*%

%ADD62C,0.0850*%

G04:AMPARAMS|DCode=63|XSize=87mil|YSize=87mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD63*

7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

D30*

X52100Y40250D02*

Y40750D01*

X52350D01*

X52433Y40667D01*

Y40500D01*

X52350Y40417D01*

X52100D01*

X52600Y40750D02*

Y40250D01*

X52933D01*

X53100D02*

Y40583D01*

X53266Y40750D01*

X53433Y40583D01*

Y40250D01*

Y40500D01*

X53100D01*

X53600Y40250D02*

Y40750D01*

X53933Y40250D01*

Y40750D01*

X54433D02*

X54099D01*

Y40250D01*

X54433D01*

X54099Y40500D02*

X54266D01*

X55099D02*

X55432D01*

X56432Y40667D02*

X56349Y40750D01*

X56182D01*

X56099Y40667D01*

Y40333D01*

X56182Y40250D01*

X56349D01*

X56432Y40333D01*

Y40500D01*

X56265D01*

X56599Y40250D02*

Y40750D01*

X56932Y40250D01*

Y40750D01*

X57098D02*

Y40250D01*

X57348D01*

X57432Y40333D01*

Y40667D01*

X57348Y40750D01*

X57098D01*

D55*

X0Y0D02*

Y50000D01*

X50000D01*

Y0D02*

Y50000D01*

X0Y0D02*

X50000D01*

D56*

X28000Y8250D02*

D03*

X30000D02*

D03*

X23000Y46000D02*

D03*

Y45000D02*

D03*

X15000Y42000D02*

D03*

X17000Y5000D02*

D03*

X26000Y46000D02*

D03*

Y45000D02*

D03*

X22250Y5000D02*

D03*

X26000D02*

D03*

D57*

X23000Y47000D02*

D03*

X13000Y42000D02*

D03*

X17000Y4000D02*

D03*

X26000Y47000D02*

D03*

X22250Y4000D02*

D03*

X26000D02*

D03*

D58*

X5067Y8122D02*

D03*

X5854D02*

D03*

Y7138D02*

D03*

D59*

X5067D02*

D03*

D60*

X4000Y10000D02*

D03*

Y5260D02*

D03*

D61*

X3000Y41000D02*

D03*

X18000Y47000D02*

D03*

X3000Y31000D02*

D03*

X47000Y16000D02*

D03*

Y18000D02*

D03*

Y20000D02*

D03*

Y22000D02*

D03*

Y24000D02*

D03*

Y26000D02*

D03*

Y28000D02*

D03*

Y30000D02*

D03*

Y32000D02*

D03*

Y34000D02*

D03*

Y36000D02*

D03*

Y38000D02*

D03*

X3000Y33000D02*

D03*

Y35000D02*

D03*

Y37000D02*

D03*

Y27000D02*

D03*

Y29000D02*

D03*

Y25000D02*

D03*

Y39000D02*

D03*

Y21000D02*

D03*

Y23000D02*

D03*

Y19000D02*

D03*

X47000Y12000D02*

D03*

Y10000D02*

D03*

Y14000D02*

D03*

Y43000D02*

D03*

Y41000D02*

D03*

Y45000D02*

D03*

X3000Y43000D02*

D03*

Y45000D02*

D03*

D62*

X41000Y4000D02*

D03*

X39000D02*

D03*

X37000D02*

D03*

X35000D02*

D03*

X15000Y47000D02*

D03*

X37000Y46000D02*

D03*

X35000D02*

D03*

X33000D02*

D03*

X31000D02*

D03*

D63*

X13000Y47000D02*

D03*

D64*

X16450Y15000D02*

D03*

D65*

Y13032D02*

D03*

D66*

X23000Y40000D02*

D03*

Y42000D02*

D03*

Y41000D02*

D03*

X17750Y28750D02*

D03*

X18750D02*

D03*

X17750Y21750D02*

D03*

X18750D02*

D03*

X26000Y40000D02*

D03*

Y42000D02*

D03*

Y41000D02*

D03*

D67*

X22750Y14500D02*

D03*

X23750D02*

D03*

X22750Y13500D02*

D03*

X23750D02*

D03*

X22750Y12500D02*

D03*

X23750D02*

D03*

X22750Y11500D02*

D03*

X23750D02*

D03*

Y10500D02*

D03*

X22750Y9500D02*

D03*

X23750D02*

D03*

X22750Y8500D02*

D03*

X23750D02*

D03*

X32500Y43000D02*

D03*

X33500D02*

D03*

X34500D02*

D03*

X35500D02*

D03*

X21500Y14500D02*

D03*

Y13500D02*

D03*

Y12500D02*

D03*

X39500Y7000D02*

D03*

X38500D02*

D03*

X37500D02*

D03*

X36500D02*

D03*

D68*

X22750Y10500D02*

D03*

D69*

X45000Y48000D02*

D03*

X10000Y47000D02*

D03*

X45000Y2000D02*

D03*

X5000D02*

D03*

D70*

X2000D02*

D03*

Y48000D02*

D03*

X48000Y2000D02*

D03*

Y48000D02*

D03*

D71*

X17800Y24100D02*

D03*

X20000Y29400D02*

D03*

X17000Y9250D02*

D03*

X20000Y43000D02*

D03*

X14100Y39000D02*

D03*

X23500Y30100D02*

D03*

X29500Y29650D02*

D03*

Y20600D02*

D03*

X23500Y20400D02*

D03*

X20000Y21100D02*

D03*

X10000Y5100D02*

D03*

X11900Y10900D02*

D03*

X8750Y6350D02*

D03*

X30000Y5350D02*

D03*

X28000D02*

D03*

X23201Y1500D02*

D03*

X15000Y1850D02*

D03*

X19750Y12600D02*

D03*

X25250Y8100D02*

D03*

X17800Y25250D02*

D03*

X27550Y31100D02*

D03*

X21050Y30850D02*

D03*

X21900D02*

D03*

X28500Y31100D02*

D03*

X27500Y19150D02*

D03*

X28550D02*

D03*

X20950Y19650D02*

D03*

X22000D02*

D03*

D72*

X37500Y21750D02*

D03*

X33400Y29050D02*

D03*

X34100Y28650D02*

D03*

X39500Y22550D02*

D03*

X38500Y22150D02*

D03*

X35500Y27400D02*

D03*

X34800Y28100D02*

D03*

X31550Y2750D02*

D03*

X31900Y2450D02*

D03*

X36500Y21050D02*

D03*

D73*

X24650Y19550D02*

D03*

X24250Y31700D02*

D03*

X13650Y31250D02*

D03*

Y19000D02*

D03*

D74*

X21500Y11750D02*

D03*

X15000Y21750D02*

D03*

X13650Y26400D02*

D03*

X17100D02*

D03*

X15000Y28750D02*

D03*

X31300Y39100D02*

D03*

X31900Y39450D02*

D03*

X28100Y26000D02*

D03*

X33647Y23900D02*

D03*

X33000Y24250D02*

D03*

X32850Y22950D02*

D03*

X32856Y23550D02*

D03*

X34041Y24950D02*

D03*

X32456Y24600D02*

D03*

X34650Y25300D02*

D03*

X32650Y25650D02*

D03*

X33850Y26000D02*

D03*

X34250Y27050D02*

D03*

X33450Y26350D02*

D03*

X32250Y26700D02*

D03*

X22350Y24700D02*

D03*

X28100Y22500D02*

D03*

X22350Y23300D02*

D03*

X28100Y27400D02*

D03*

X22350Y25400D02*

D03*

X28100Y23900D02*

D03*

X22350Y26800D02*

D03*

X28100Y22150D02*

D03*

Y26350D02*

D03*

Y27750D02*

D03*

Y28100D02*

D03*

X22350Y26450D02*

D03*

Y27150D02*

D03*

Y25050D02*

D03*

X28100Y27050D02*

D03*

Y26700D02*

D03*

Y25650D02*

D03*

Y25300D02*

D03*

Y24950D02*

D03*

Y24600D02*

D03*

Y24250D02*

D03*

Y23550D02*

D03*

Y23200D02*

D03*

Y22850D02*

D03*

X22350Y26100D02*

D03*

Y25750D02*

D03*

Y24350D02*

D03*

Y24000D02*

D03*

Y23650D02*

D03*

Y22950D02*

D03*

Y22600D02*

D03*

X27200Y15300D02*

D03*

X26950Y15600D02*

D03*

X26660Y15350D02*

D03*

X29450Y10750D02*

D03*

X29083Y10917D02*

D03*

X26350Y15100D02*

D03*

X28550Y11100D02*

D03*

X11250Y6200D02*

D03*

X9976Y6276D02*

D03*

X28500Y10700D02*

D03*

X20850Y17450D02*

D03*

X23950D02*

D03*

D75*

X26317Y11167D02*

D03*

X25220Y10970D02*

D03*

X25800Y18150D02*

D03*

D76*

X24250Y27000D02*

D03*

X25000D02*

D03*

X25750D02*

D03*

X25000Y26500D02*

D03*

Y26000D02*

D03*

Y25500D02*

D03*

Y25000D02*

D03*

Y24500D02*

D03*

Y24000D02*

D03*

Y23500D02*

D03*

Y23000D02*

D03*

X24250Y26500D02*

D03*

Y26000D02*

D03*

Y25500D02*

D03*

Y25000D02*

D03*

Y24500D02*

D03*

Y24000D02*

D03*

Y23500D02*

D03*

Y23000D02*

D03*

X25750D02*

D03*

Y23500D02*

D03*

Y24000D02*

D03*

Y24500D02*

D03*

Y25000D02*

D03*

Y25500D02*

D03*

Y26000D02*

D03*

Y26500D02*

D03*

M02*











CPG003_DRV8821EVM_DRV8823EVM_RA.GPB


%FSLAX24Y24*%

%MOIN*%

G70*

G01*

G75*

%ADD10R,0.1000X0.0250*%

%ADD11O,0.1000X0.0250*%

%ADD12R,0.0098X0.0532*%

%ADD13R,0.0532X0.0098*%

%ADD14O,0.0150X0.0787*%

%ADD15R,0.0150X0.0787*%

%ADD16O,0.0492X0.0118*%

%ADD17R,0.1280X0.1476*%

%ADD18R,0.1024X0.0591*%

%ADD19R,0.1339X0.0335*%

%ADD20R,0.0512X0.0630*%

%ADD21R,0.0600X0.0600*%

%ADD22R,0.0500X0.0600*%

%ADD23R,0.0600X0.0500*%

%ADD24R,0.0591X0.1024*%

%ADD25C,0.0400*%

%ADD26C,0.0250*%

%ADD27C,0.0500*%

%ADD28C,0.0080*%

%ADD29C,0.0150*%

%ADD30C,0.0100*%

%ADD31C,0.0300*%

%ADD32C,0.0130*%

%ADD33R,0.2050X0.4700*%

%ADD34C,0.0500*%

%ADD35C,0.0472*%

%ADD36R,0.0472X0.0472*%

%ADD37C,0.0591*%

%ADD38C,0.1181*%

%ADD39C,0.0700*%

%ADD40R,0.0500X0.0500*%

%ADD41R,0.0500X0.0500*%

%ADD42R,0.0800X0.0800*%

%ADD43C,0.0800*%

%ADD44C,0.0787*%

%ADD45R,0.0620X0.0620*%

%ADD46C,0.0620*%

%ADD47R,0.0620X0.0620*%

%ADD48R,0.0591X0.0591*%

%ADD49R,0.0591X0.0591*%

%ADD50C,0.1500*%

%ADD51C,0.0300*%

%ADD52C,0.0250*%

%ADD53C,0.0200*%

%ADD54R,0.2450X0.5000*%

%ADD55C,0.0400*%

%ADD56C,0.0680*%

G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD57*

7,0,0,0.0700,0.0580,0.0250,45*

%

%ADD57THD57*%

%ADD58C,0.0766*%

G04:AMPARAMS|DCode=59|XSize=78.614mil|YSize=78.614mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD59*

7,0,0,0.0786,0.0666,0.0250,45*

%

%ADD59THD59*%

G04:AMPARAMS|DCode=60|XSize=132.551mil|YSize=132.551mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD60*

7,0,0,0.1326,0.1206,0.0250,45*

%

%ADD60THD60*%

%ADD61C,0.0920*%

%ADD62C,0.0850*%

G04:AMPARAMS|DCode=63|XSize=87mil|YSize=87mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD63*

7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

%ADD77R,0.2500X0.4423*%

%ADD78C,0.0079*%

%ADD79C,0.0236*%

%ADD80C,0.0098*%

%ADD81C,0.0098*%

%ADD82C,0.0120*%

%ADD83C,0.0120*%

%ADD84C,0.0039*%

%ADD85C,0.0110*%

%ADD86R,0.1080X0.0330*%

%ADD87O,0.1080X0.0330*%

%ADD88R,0.0178X0.0612*%

%ADD89R,0.0612X0.0178*%

%ADD90O,0.0230X0.0867*%

%ADD91R,0.0230X0.0867*%

%ADD92O,0.0572X0.0198*%

%ADD93R,0.1360X0.1556*%

%ADD94R,0.1104X0.0671*%

%ADD95R,0.1419X0.0415*%

%ADD96R,0.0592X0.0710*%

%ADD97R,0.0680X0.0680*%

%ADD98R,0.0580X0.0680*%

%ADD99R,0.0680X0.0580*%

%ADD100R,0.0671X0.1104*%

%ADD101C,0.0480*%

%ADD102C,0.0580*%

%ADD103C,0.0552*%

%ADD104R,0.0552X0.0552*%

%ADD105C,0.0671*%

%ADD106C,0.1261*%

%ADD107C,0.0780*%

%ADD108R,0.0580X0.0580*%

%ADD109R,0.0580X0.0580*%

%ADD110R,0.0880X0.0880*%

%ADD111C,0.0880*%

%ADD112C,0.0867*%

%ADD113R,0.0700X0.0700*%

%ADD114R,0.0700X0.0700*%

%ADD115R,0.0671X0.0671*%

%ADD116R,0.0671X0.0671*%

%ADD117C,0.1580*%

%ADD118C,0.0380*%

%ADD119C,0.0330*%

%ADD120C,0.0280*%

D34*

X28000Y8250D02*

D03*

X30000D02*

D03*

X13000Y42000D02*

D03*

X17000Y4000D02*

D03*

X22250D02*

D03*

X26000D02*

D03*

D35*

X23000Y47000D02*

D03*

Y46000D02*

D03*

X26000Y47000D02*

D03*

Y46000D02*

D03*

D36*

X23000Y45000D02*

D03*

X26000D02*

D03*

D37*

X5067Y8122D02*

D03*

Y7138D02*

D03*

X5854Y8122D02*

D03*

Y7138D02*

D03*

X23750Y14500D02*

D03*

X22750Y13500D02*

D03*

X23750D02*

D03*

X22750Y12500D02*

D03*

X23750D02*

D03*

X22750Y11500D02*

D03*

X23750D02*

D03*

X22750Y10500D02*

D03*

X23750D02*

D03*

X22750Y9500D02*

D03*

X23750D02*

D03*

X22750Y8500D02*

D03*

X23750D02*

D03*

X33500Y43000D02*

D03*

X34500D02*
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G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*
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CPG003_DRV8821EVM_DRV8823EVM_RA.LDP


Layer Pairs Export File for PCB: C:\Documents and Settings\a0869649\My Documents\DXP_Projects\ReleasedCustomerEVMs\CPG003\CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc

LayersSetName=Top_Bot_Thru_Holes|DrillFile=cpg003_drv8821evm_drv8823evm_ra.txt|LayerPairs=gtl,gbl











CPG003_DRV8821EVM_DRV8823EVM_RA.REP


*************************************************************

FileName = CPG003_DRV8821EVM_DRV8823EVM_RA.GBR

AutoAperture = True

*************************************************************

Generating : Top Layer

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GTL



    Adding Layer      : Top Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D10

    D11

    D12

    D13

    D14

    D15

    D16

    D17

    D18

    D19

    D20

    D21

    D22

    D23

    D24

    D25

    D26

    D27

    D28

    D29

    D30

    D31

    D32

    D33

    D34

    D35

    D36

    D37

    D38

    D39

    D40

    D41

    D42

    D43

    D44

    D45

    D46

    D47

    D48

    D49

    D50

    D51

    D52

    D53

*************************************************************



*************************************************************

Generating : Kelvin

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.G1



    Adding Layer      : Kelvin



    Adding Layer      : Multi-Layer





Used DCodes :

    D28

    D30

    D34

    D35

    D37

    D38

    D39

    D43

    D44

    D51

    D52

    D53

    D54

*************************************************************



*************************************************************

Generating : GND_Plane

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GP1



    Adding Layer      : GND_Plane



    Adding Layer      : Multi-Layer





Used DCodes :

    D30

    D55

    D56

    D57

    D58

    D59

    D60

    D61

    D62

    D63

    D64

    D65

    D66

    D67

    D68

    D69

    D70

    D71

    D72

    D73

    D74

    D75

    D76

*************************************************************



*************************************************************

Generating : Bottom Layer

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GBL



    Adding Layer      : Bottom Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D26

    D27

    D28

    D29

    D30

    D34

    D35

    D36

    D37

    D38

    D39

    D40

    D41

    D42

    D43

    D44

    D45

    D46

    D47

    D48

    D49

    D50

    D51

    D52

    D53

    D77

*************************************************************



*************************************************************

Generating : Top Overlay

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GTO



    Adding Layer      : Top Overlay





Used DCodes :

    D28

    D29

    D30

    D78

    D79

    D80

    D81

    D82

    D83

    D84

    D85

*************************************************************



*************************************************************

Generating : Top Paste

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GTP



    Adding Layer      : Top Paste



    Adding Layer      : Top Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D10

    D11

    D12

    D13

    D14

    D15

    D16

    D17

    D18

    D19

    D20

    D21

    D22

    D23

    D24

    D25

*************************************************************



*************************************************************

Generating : Top Solder

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GTS



    Adding Layer      : Top Solder



    Adding Layer      : Top Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D39

    D86

    D87

    D88

    D89

    D90

    D91

    D92

    D93

    D94

    D95

    D96

    D97

    D98

    D99

    D100

    D101

    D102

    D103

    D104

    D105

    D106

    D107

    D108

    D109

    D110

    D111

    D112

    D113

    D114

    D115

    D116

    D117

    D118

    D119

    D120

*************************************************************



*************************************************************

Generating : Bottom Solder

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GBS



    Adding Layer      : Bottom Solder



    Adding Layer      : Bottom Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D39

    D102

    D103

    D104

    D105

    D106

    D107

    D108

    D109

    D110

    D111

    D112

    D113

    D114

    D115

    D116

    D117

    D118

    D119

    D120

*************************************************************



*************************************************************

Generating : Keep-Out Layer

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GKO



    Adding Layer      : Keep-Out Layer





Used DCodes :

    D30

    D84

*************************************************************



*************************************************************

Generating : Mechanical 1

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GM1



    Adding Layer      : Mechanical 1





Used DCodes :

    D30

    D84

*************************************************************



*************************************************************

Generating : Top Pad Master

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GPT



    Adding Layer      : Top Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D10

    D11

    D12

    D13

    D14

    D15

    D16

    D17

    D18

    D19

    D20

    D21

    D22

    D23

    D24

    D25

    D34

    D35

    D36

    D37

    D38

    D39

    D40

    D41

    D42

    D43

    D44

    D45

    D46

    D47

    D48

    D49

    D50

*************************************************************



*************************************************************

Generating : Bottom Pad Master

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GPB



    Adding Layer      : Bottom Layer



    Adding Layer      : Multi-Layer





Used DCodes :

    D34

    D35

    D36

    D37

    D38

    D39

    D40

    D41

    D42

    D43

    D44

    D45

    D46

    D47

    D48

    D49

    D50

*************************************************************



*************************************************************

Generating : Drill Drawing

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GD1



    Adding Layer      : Drill Drawing



    Adding Drill Pair : Top Layer-Bottom Layer





Used DCodes :

    D28

    D84

    D121

    D122

    D123

    D124

    D125

*************************************************************



*************************************************************

Generating : Drill Guide

      File : CPG003_DRV8821EVM_DRV8823EVM_RA.GG1



    Adding Layer      : Drill Guide



    Adding Drill Pair : Top Layer-Bottom Layer





Used DCodes :

    D125

*************************************************************













CPG003_DRV8821EVM_DRV8823EVM_RA.RUL


DRC Rules Export File for PCB: C:\Documents and Settings\a0869649\My Documents\DXP_Projects\ReleasedCustomerEVMs\CPG003\CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc

RuleKind=Clearance|RuleName=Clearance_1|Scope=Board|Minimum=15.00

RuleKind=ShortCircuit|RuleName=ShortCircuit|Scope=Board|Allowed=0

RuleKind=SolderMaskExpansion|RuleName=SolderMaskExpansion|Scope=Board|Minimum=4.00

RuleKind=Width|RuleName=Width|Scope=Board|Minimum=8.00

RuleKind=Clearance|RuleName=Clearance|Scope=Board|Minimum=6.00











CPG003_DRV8821EVM_DRV8823EVM_RA.TXT


M48

;Layer_Color=9474304

;FILE_FORMAT=2:5

INCH,LZ

;TYPE=PLATED
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CPG003_DRV8821EVM_DRV8823EVM_RA-macro.APR_LIB








Pick Place for CPG003_DRV8821EVM_DRV8823EVM_RA.txt


Designator Footprint               Mid X         Mid Y         Ref X         Ref Y         Pad X         Pad Y TB      Rotation Comment        



Y1         XTAL                  2900mil        825mil       3000mil        825mil       3000mil        825mil  T        180.00 8 MHZ          

U4         TL7726                1125mil        325mil       1000mil        400mil       1000mil        400mil  T        360.00 TPS77701       

U3         FT232RL           1163.976mil    829.921mil    997.638mil        700mil    997.638mil        700mil  T         90.00 FTD232R        

U2         MSP430F1612           2800mil       1225mil       2800mil       1225mil   2652.363mil   1004.528mil  T         90.00 MSP430F1612    

S1         Pana_PB               1645mil   1401.575mil       1645mil       1500mil       1645mil       1500mil  T        270.00 MCU-RST        

R13        0805                  1500mil        230mil       1500mil        185mil       1500mil        185mil  T         90.00 Res2           

R12        0805                  1500mil        455mil       1500mil        410mil       1500mil        410mil  T         90.00 Res2           

R10        0805                  2105mil        950mil       2150mil        950mil       2150mil        950mil  T        180.00 Res2           

R9         0805                  2655mil        150mil       2610mil        150mil       2610mil        150mil  T        360.00 Res2           

L1         0805                   750mil        680mil        750mil        725mil        750mil        725mil  T        270.00                

JP5        HDR1X3                2150mil       1350mil       2150mil       1450mil       2150mil       1450mil  T        270.00 PWR Select     

J7         HDR2X7                2325mil       1150mil       2275mil       1450mil       2275mil       1450mil  T        270.00 JTAG           

J6         USB_CONN           492.716mil    762.992mil    506.693mil    812.205mil    585.433mil    713.779mil  T        270.00 USB B Conn     

C23        0805                  1045mil        510mil       1000mil        510mil       1000mil        510mil  T        360.00                

C22        RB_.1/.250            1700mil        450mil       1700mil        400mil       1700mil        500mil  T        270.00 Cap Pol1       

C21        0805                  3000mil        580mil       3000mil        535mil       3000mil        535mil  T         90.00 Cap            

C20        0805                  2800mil        580mil       2800mil        535mil       2800mil        535mil  T         90.00 Cap            

C19        0805                  1235mil       1090mil       1190mil       1090mil       1190mil       1090mil  T        360.00                

C18        RB_.1/.250            2600mil        450mil       2600mil        400mil       2600mil        500mil  T        270.00 Cap Pol1       

C17        0805                  2525mil        855mil       2525mil        810mil       2525mil        810mil  T         90.00                

C16        RB_.1/.250            2225mil        450mil       2225mil        400mil       2225mil        500mil  T        270.00 Cap Pol1       

C15        0805                  1975mil       1305mil       1975mil       1260mil       1975mil       1260mil  T         90.00                

C14        0805                   875mil        680mil        875mil        635mil        875mil        635mil  T         90.00                

R8         0805                  2000mil       4655mil       2000mil       4610mil       2000mil       4610mil  T         90.00 Res1           

R7         0805                  1745mil        775mil       1790mil        775mil       1790mil        775mil  T        180.00 Res1           

D2         3.5X2.8X1.9           2000mil   4359.055mil       2000mil   4359.055mil       2000mil    4418.11mil  T        270.00 VBB            

D1         3.5X2.8X1.9       1759.055mil        925mil   1759.055mil        925mil    1818.11mil        925mil  T        180.00 3.3V           

J3         PWR_CONN4             3800mil        400mil       4100mil        400mil       4100mil        400mil  T        180.00 Header 4       

J2         PWR_CONN4             3400mil       4600mil       3100mil       4600mil       3100mil       4600mil  T        360.00 Header 4       

C1         1206                  2350mil     2942.5mil       2350mil       3010mil       2350mil       3010mil  T        270.00                

C2         1206                  2350mil     2107.5mil       2350mil       2040mil       2350mil       2040mil  T         90.00                

C3         0805                  1825mil       2755mil       1870mil       2755mil       1870mil       2755mil  T        180.00 .01uF          

C4         0805                  1825mil       2640mil       1780mil       2640mil       1780mil       2640mil  T        360.00                

C5         0805                  1825mil       2525mil       1870mil       2525mil       1870mil       2525mil  T        180.00 .47uF          

C6         0805                  1825mil       2410mil       1780mil       2410mil       1780mil       2410mil  T        360.00                

C7         RB_.2/.4_SS           1400mil       4200mil       1300mil       4200mil       1500mil       4200mil  T        360.00                

C8         0805                  1455mil       3900mil       1410mil       3900mil       1410mil       3900mil  T        360.00                

C9         0805                  2000mil       2895mil       2000mil       2940mil       2000mil       2940mil  T        270.00                

C10        0805                  2950mil       2920mil       2950mil       2965mil       2950mil       2965mil  T        270.00                

C11        0805                  2950mil       2105mil       2950mil       2060mil       2950mil       2060mil  T         90.00                

C12        0805                  2000mil       2155mil       2000mil       2110mil       2000mil       2110mil  T         90.00                

C13        0805                  1825mil       2295mil       1780mil       2295mil       1780mil       2295mil  T        360.00                

D3         1206_LED          2385.039mil        150mil       2450mil        150mil       2450mil        150mil  T        180.00 Status         

J1         PWR_CONN2             1400mil       4700mil       1500mil       4700mil       1500mil       4700mil  T        180.00 Header 2       

J4         HDR1X4                3400mil       4300mil       3250mil       4300mil       3250mil       4300mil  T        360.00 Header 4       

J5         HDR1X4                3800mil        700mil       3950mil        700mil       3950mil        700mil  T        180.00 Header 4       

JP1        JMP0.3                2300mil       4100mil       2300mil       4000mil       2300mil       4000mil  T         90.00 ABVREF_SELECT  

JP2        JMP0.3                2600mil       4100mil       2600mil       4000mil       2600mil       4000mil  T         90.00 CDVREF_SELECT  

JP3        JMP0.2                1825mil       2875mil       1775mil       2875mil       1775mil       2875mil  T        360.00 AB_Decay_Select

JP4        JMP0.2                1825mil       2175mil       1775mil       2175mil       1775mil       2175mil  T        360.00 CD_Decay_Select

R1         VR5                   2300mil       4600mil       2300mil       4600mil       2300mil       4500mil  T         90.00 ABVREF         

R2         2512                  2150mil   2966.732mil       2150mil       2850mil       2150mil       2850mil  T         90.00                

R3         2512                  2800mil   2991.732mil       2800mil       2875mil       2800mil       2875mil  T         90.00                

R4         2512                  2800mil   2033.268mil       2800mil       2150mil       2800mil       2150mil  T        270.00                

R5         2512                  2150mil   2083.268mil       2150mil       2200mil       2150mil       2200mil  T        270.00                

R6         VR5                   2600mil       4600mil       2600mil       4600mil       2600mil       4500mil  T         90.00 CDVREF         

PCB1       TI_LOGO               -500mil       -400mil       3150mil       3865mil       -500mil       -400mil  T          0.00 CPG003         

TP1        TEST_POINT_0.052        300mil       4100mil        300mil       4100mil        300mil       4100mil  T         90.00 AOUT1          

TP2        TEST_POINT_0.052        300mil       4500mil        300mil       4500mil        300mil       4500mil  T         90.00 AOUT2          

TP3        TEST_POINT_0.052        300mil       4300mil        300mil       4300mil        300mil       4300mil  T        360.00 AISEN          

TP4        TEST_POINT_0.052       4700mil       4500mil       4700mil       4500mil       4700mil       4500mil  T          0.00 BOUT1          

TP5        TEST_POINT_0.052       4700mil       4100mil       4700mil       4100mil       4700mil       4100mil  T          0.00 BOUT2          

TP6        TEST_POINT_0.052       4700mil       4300mil       4700mil       4300mil       4700mil       4300mil  T          0.00 BISEN          

TP7        TEST_POINT_0.052       4700mil       1400mil       4700mil       1400mil       4700mil       1400mil  T          0.00 COUT1          

TP8        TEST_POINT_0.052       4700mil       1000mil       4700mil       1000mil       4700mil       1000mil  T          0.00 COUT2          

TP9        TEST_POINT_0.052       4700mil       1200mil       4700mil       1200mil       4700mil       1200mil  T          0.00 CISEN          

TP10       TEST_POINT_0.052        300mil       1900mil        300mil       1900mil        300mil       1900mil  T        270.00 DOUT1          

TP11       TEST_POINT_0.052        300mil       2300mil        300mil       2300mil        300mil       2300mil  T        360.00 DOUT2          

TP12       TEST_POINT_0.052        300mil       2100mil        300mil       2100mil        300mil       2100mil  T        360.00 DISEN          

TP13       TEST_POINT_0.052        300mil       3900mil        300mil       3900mil        300mil       3900mil  T         90.00 ABDECAY        

TP14       TEST_POINT_0.052        300mil       2500mil        300mil       2500mil        300mil       2500mil  T        360.00 CDDECAY        

TP15       TEST_POINT_0.052        300mil       2900mil        300mil       2900mil        300mil       2900mil  T        360.00 ABVREF         

TP16       TEST_POINT_0.052        300mil       2700mil        300mil       2700mil        300mil       2700mil  T        360.00 CDVREF         

TP17       TEST_POINT_0.052        300mil       3700mil        300mil       3700mil        300mil       3700mil  T         90.00 CP1            

TP18       TEST_POINT_0.052        300mil       3500mil        300mil       3500mil        300mil       3500mil  T         90.00 CP2            

TP19       TEST_POINT_0.052        300mil       3300mil        300mil       3300mil        300mil       3300mil  T         90.00 VCP            

TP20       TEST_POINT_0.052       4700mil       3800mil       4700mil       3800mil       4700mil       3800mil  T         90.00 ABSTEP/SCS     

TP21       TEST_POINT_0.052       4700mil       3600mil       4700mil       3600mil       4700mil       3600mil  T          0.00 ABUSM0/NC      

TP22       TEST_POINT_0.052       4700mil       3400mil       4700mil       3400mil       4700mil       3400mil  T         90.00 ABDIR/RESETn   

TP23       TEST_POINT_0.052       4700mil       3200mil       4700mil       3200mil       4700mil       3200mil  T         90.00 ABENBLn/SLEEPn 

TP24       TEST_POINT_0.052       4700mil       3000mil       4700mil       3000mil       4700mil       3000mil  T         90.00 ABUSM1/NC      

TP25       TEST_POINT_0.052       4700mil       2800mil       4700mil       2800mil       4700mil       2800mil  T         90.00 ABRESETn/NC    

TP26       TEST_POINT_0.052       4700mil       2600mil       4700mil       2600mil       4700mil       2600mil  T         90.00 CDSTEP/SCLK    

TP27       TEST_POINT_0.052       4700mil       2400mil       4700mil       2400mil       4700mil       2400mil  T         90.00 CDUSM0/NC      

TP28       TEST_POINT_0.052       4700mil       2200mil       4700mil       2200mil       4700mil       2200mil  T         90.00 CDDIR/SDATA    

TP29       TEST_POINT_0.052       4700mil       2000mil       4700mil       2000mil       4700mil       2000mil  T         90.00 CDENBLn/SSTB   

TP30       TEST_POINT_0.052       4700mil       1800mil       4700mil       1800mil       4700mil       1800mil  T         90.00 CDUSM1/NC      

TP31       TEST_POINT_0.052       4700mil       1600mil       4700mil       1600mil       4700mil       1600mil  T          0.00 CDRESETn/NC    

TP32       TEST_POINT_0.052        300mil       3100mil        300mil       3100mil        300mil       3100mil  T        360.00 V3P3           

TP33       TEST_POINT_0.052       1800mil       4700mil       1800mil       4700mil       1800mil       4700mil  T         90.00 VM             

TP34       TEST_POINT_0.052        500mil        200mil        500mil        200mil        500mil        200mil  T        360.00 GND            

TP35       TEST_POINT_0.052       4500mil        200mil       4500mil        200mil       4500mil        200mil  T         90.00 GND            

TP36       TEST_POINT_0.052       1000mil       4700mil       1000mil       4700mil       1000mil       4700mil  T         90.00 GND            

TP37       TEST_POINT_0.052       4500mil       4800mil       4500mil       4800mil       4500mil       4800mil  T         90.00 GND            

U1         DCA48_SMT             2500mil       2500mil       2500mil       2500mil   2346.457mil   2726.378mil  T        270.00 DRV8821/23     

R11        0805                  2465mil       1700mil       2465mil       1655mil       2465mil       1655mil  T         90.00 Res2           

R14        0805                  2580mil       1700mil       2580mil       1745mil       2580mil       1745mil  T        270.00 Res2           
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Output: Generates pick and place files

Type  : Pick Place

From  : PCB Document [CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc]

   Generated File[Pick Place for CPG003_DRV8821EVM_DRV8823EVM_RA.txt]



Output: ODB++ Files

Type  : ODB

From  : PCB Document [CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc]

   Generated File[matrix]

   Generated File[profile]

   Generated File[stephdr]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[tools]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[attrlist]

   Generated File[features]

   Generated File[components]

   Generated File[data]

   Generated File[netlist]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.REP]



Output: Bill Of Materials 001

Type  : BOM

From  : Variant [001] of Project [CPG003_DRV8821EVM_DRV8823EVM.PrjPCB]

   Generated File[Bill Of Materials 001-CPG003_DRV8821EVM_DRV8823EVM(001).xls]



Output: NC Drill Files

Type  : NC Drill

From  : PCB Document [CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.TXT]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.DRL]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.LDP]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.DRR]



Output: Gerber Files

Type  : Gerber

From  : PCB Document [CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GTL]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.G1]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GP1]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GBL]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GTO]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GTP]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GTS]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GBS]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GKO]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GM1]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GPT]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GPB]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GD1]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.GG1]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.RUL]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.EXTREP]

   Generated File[CPG003_DRV8821EVM_DRV8823EVM_RA.REP]



Output: Test Point Report

Type  : Test Points

From  : PCB Document [CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc]

   Generated File[Testpoint Report for CPG003_DRV8821EVM_DRV8823EVM_RA.ipc]



Output: Bill Of Materials 002

Type  : BOM

From  : Variant [002] of Project [CPG003_DRV8821EVM_DRV8823EVM.PrjPCB]

   Generated File[Bill Of Materials 002-CPG003_DRV8821EVM_DRV8823EVM(002).xls]





Files Generated   : 65

Documents Printed : 0



Finished Output Generation At 2:14:23 PM On 11/19/2009











Testpoint Report for CPG003_DRV8821EVM_DRV8823EVM_RA.ipc


C  Project Name : 

C  Board Name : 

C  Date : 11/19/2009

C  Time : 2:14:12 PM

C  

C  --------------- Layer Stackup --------------------

C  

C  Top Layer

C  Kelvin

C  GND_Plane

C  Bottom Layer

C  

C  --------------------------------------------------

C  

P  JOB

P  UNITS CUST

P  TITLE Pro223.tmp

P  NUM 1.0

P  REV A

P  VER IPC-D-356A

P  IMAGE PRIMARY

327                 U4    -8         PA01X 017500Y 008000X0750Y0250R000 S0

327                 U2    -2         PA01X 031720Y 014045X0098Y0531R180 S0

327                 U2    -3         PA01X 031917Y 014045X0098Y0531R180 S0

327                 U2    -10        PA01X 033295Y 014045X0098Y0531R180 S0

327                 U2    -11        PA01X 033492Y 014045X0098Y0531R180 S0

327                 U2    -16        PA01X 034476Y 014045X0098Y0531R180 S0

327                 U2    -17        PA01X 035205Y 014774X0098Y0531R090 S0

327                 U2    -18        PA01X 035205Y 014970X0098Y0531R090 S0

327                 U2    -19        PA01X 035205Y 015167X0098Y0531R090 S0

327                 U2    -20        PA01X 035205Y 015364X0098Y0531R090 S0

327                 U2    -21        PA01X 035205Y 015561X0098Y0531R090 S0

327                 U2    -22        PA01X 035205Y 015758X0098Y0531R090 S0

327                 U2    -23        PA01X 035205Y 015955X0098Y0531R090 S0

327                 U2    -24        PA01X 035205Y 016152X0098Y0531R090 S0

327                 U2    -25        PA01X 035205Y 016348X0098Y0531R090 S0

327                 U2    -26        PA01X 035205Y 016545X0098Y0531R090 S0

327                 U2    -27        PA01X 035205Y 016742X0098Y0531R090 S0

327                 U2    -28        PA01X 035205Y 016939X0098Y0531R090 S0

327                 U2    -29        PA01X 035205Y 017136X0098Y0531R090 S0

327                 U2    -30        PA01X 035205Y 017333X0098Y0531R090 S0

327                 U2    -31        PA01X 035205Y 017530X0098Y0531R090 S0

327                 U2    -34        PA01X 034280Y 018455X0098Y0531R180 S0

327                 U2    -35        PA01X 034083Y 018455X0098Y0531R180 S0

327                 U2    -44        PA01X 032311Y 018455X0098Y0531R180 S0

327                 U2    -45        PA01X 032114Y 018455X0098Y0531R180 S0

327                 U2    -46        PA01X 031917Y 018455X0098Y0531R180 S0

327                 U2    -47        PA01X 031720Y 018455X0098Y0531R180 S0

327                 U2    -48        PA01X 031524Y 018455X0098Y0531R180 S0

327                 U2    -50        PA01X 030795Y 017530X0098Y0531R090 S0

327                 U2    -51        PA01X 030795Y 017333X0098Y0531R090 S0

327                 U2    -52        PA01X 030795Y 017136X0098Y0531R090 S0

327                 U2    -53        PA01X 030795Y 016939X0098Y0531R090 S0

327                 U2    -59        PA01X 030795Y 015758X0098Y0531R090 S0

327                 U2    -60        PA01X 030795Y 015561X0098Y0531R090 S0

327                 U2    -61        PA01X 030795Y 015364X0098Y0531R090 S0

327                 U3    -24        PA01X 016000Y 013598X0637Y0150R090 S0

327                 U3    -8         PA01X 016768Y 011000X0637Y0150R090 S0

327                       -0         PA01X 005500Y 053500X0400          S0

327                       -0         PA01X 054500Y 053500X0400          S0

327                       -0         PA01X 054500Y 004500X0400          S0

327                       -0         PA01X 005500Y 004500X0400          S0

317                 J7    -6    D0354PA00X 028750Y 016500X0591          S0

317                 J7    -8    D0354PA00X 028750Y 015500X0591          S0

317                 J7    -10   D0354PA00X 028750Y 014500X0591          S0

317                 J7    -12   D0354PA00X 028750Y 013500X0591          S0

317                 J7    -13   D0354PA00X 027750Y 012500X0591          S0

317                 J7    -14   D0354PA00X 028750Y 012500X0591          S0

317                       -0    D1500PA00X 007000Y 006000X1500          S0

317                       -0    D1500PA00X 007000Y 052000X1500          S0

317                       -0    D1500PA00X 053000Y 006000X1500          S0

317                       -0    D1500PA00X 053000Y 052000X1500          S0

3275VCC             U4    -3         PA01X 015000Y 007000X0750Y0250R000 S0

3275VCC             U4    -4         PA01X 015000Y 006500X0750Y0250R000 S0

3275VCC             U3    -20        PA01X 017024Y 013598X0637Y0150R090 S0

3275VCC             L1    -2         PA01X 012500Y 010350X0600Y0500R270 S0

327ABDECAY          U1    -6         PA01X 028465Y 030280X0118Y0374R090 S0

317ABDECAY          JP3   -2    D0420PA00X 023750Y 032750X0620          S0

317ABDECAY          TP13  -1    D0520PA00X 008000Y 043000X0700          S0

317ABDECAY          VIA   -     D0150PA00X 027350Y 030100X0250          S0

327ABDIR/RESETN     U2    -41        PA01X 032902Y 018455X0098Y0531R180 S0

327ABDIR/RESETN     U1    -43        PA01X 031535Y 030280X0118Y0374R090 S0

317ABDIR/RESETN     TP22  -1    D0520PA00X 052000Y 038000X0700          S0

317ABDIR/RESETN     VIA   -     D0150PA00X 033100Y 030350X0250          S0

317ABDIR/RESETN     VIA   -     D0150PA00X 038450Y 030350X0250          S0

327ABENBLN/SLEEPN   U2    -39        PA01X 033295Y 018455X0098Y0531R180 S0

327ABENBLN/SLEEPN   U1    -42        PA01X 031535Y 030083X0118Y0374R090 S0

317ABENBLN/SLEEPN   TP23  -1    D0520PA00X 052000Y 036000X0700          S0

317ABENBLN/SLEEPN   VIA   -     D0150PA00X 038850Y 030000X0250          S0

317ABENBLN/SLEEPN   VIA   -     D0150PA00X 033100Y 030000X0250          S0

327ABGVREF          U2    -5         PA01X 032311Y 014045X0098Y0531R180 S0

317ABGVREF          JP1   -1    D0420PA00X 028000Y 044000X0620Y0620R090 S0

317ABGVREF          VIA   -     D0150PA00X 036300Y 043100X0250          S0

327ABRESETN/NC      U2    -36        PA01X 033886Y 018455X0098Y0531R180 S0

327ABRESETN/NC      U1    -40        PA01X 031535Y 029689X0118Y0374R090 S0

317ABRESETN/NC      TP25  -1    D0520PA00X 052000Y 032000X0700          S0

317ABRESETN/NC      VIA   -     D0150PA00X 033100Y 029300X0250          S0

317ABRESETN/NC      VIA   -     D0150PA00X 039650Y 029300X0250          S0

327ABSTEP/SCS       U2    -37        PA01X 033689Y 018455X0098Y0531R180 S0

327ABSTEP/SCS       U1    -45        PA01X 031535Y 030673X0118Y0374R090 S0

317ABSTEP/SCS       TP20  -1    D0520PA00X 052000Y 042000X0700          S0

317ABSTEP/SCS       VIA   -     D0150PA00X 033100Y 031050X0250          S0

317ABSTEP/SCS       VIA   -     D0150PA00X 039250Y 031050X0250          S0

327ABUSM0/NC        U2    -12        PA01X 033689Y 014045X0098Y0531R180 S0

327ABUSM0/NC        U1    -44        PA01X 031535Y 030476X0118Y0374R090 S0

317ABUSM0/NC        TP21  -1    D0520PA00X 052000Y 040000X0700          S0

317ABUSM0/NC        VIA   -     D0150PA00X 033500Y 014700X0250          S0

317ABUSM0/NC        VIA   -     D0150PA00X 031350Y 019100X0250          S0

317ABUSM0/NC        VIA   -     D0150PA00X 033100Y 030700X0250          S0

317ABUSM0/NC        VIA   -     D0150PA00X 037250Y 030700X0250          S0

327ABUSM1/NC        U2    -14        PA01X 034083Y 014045X0098Y0531R180 S0

327ABUSM1/NC        U1    -41        PA01X 031535Y 029886X0118Y0374R090 S0

317ABUSM1/NC        TP24  -1    D0520PA00X 052000Y 034000X0700          S0

317ABUSM1/NC        VIA   -     D0150PA00X 034083Y 014917X0250          S0

317ABUSM1/NC        VIA   -     D0150PA00X 031950Y 019600X0250          S0

317ABUSM1/NC        VIA   -     D0150PA00X 033100Y 029650X0250          S0

317ABUSM1/NC        VIA   -     D0150PA00X 037650Y 029650X0250          S0

327ABVREF           U1    -17        PA01X 028465Y 028114X0118Y0374R090 S0

327ABVREF           C6    -2         PA01X 023700Y 028100X0600Y0500R000 S0

317ABVREF           JP1   -2    D0420PA00X 028000Y 045000X0620          S0

317ABVREF           TP15  -1    D0520PA00X 008000Y 033000X0700          S0

317ABVREF           VIA   -     D0150PA00X 027350Y 028350X0250          S0

327AISEN            U1    -4         PA01X 028465Y 030673X0118Y0374R090 S0

327AISEN            C9    -2         PA01X 025000Y 032500X0600Y0500R270 S0

327AISEN            R2    -1         PA01X 026500Y 032500X0335Y1339R090 S0

317AISEN            TP3   -1    D0520PA00X 008000Y 047000X0700          S0

317AISEN            VIA   -     D0150PA00X 027350Y 030800X0250          S0

327AOUT1            U1    -5         PA01X 028465Y 030476X0118Y0374R090 S0

317AOUT1            J2    -1    D0450PA00X 036000Y 050000X0800Y0800R000 S0

317AOUT1            J4    -1    D0354PA00X 037500Y 047000X0591Y0591R000 S0

317AOUT1            TP1   -1    D0520PA00X 008000Y 045000X0700          S0

317AOUT1            VIA   -     D0150PA00X 027350Y 030450X0250          S0

317AOUT1            VIA   -     D0160PA00X 038400Y 033050X0300          S0

327AOUT2            U1    -3         PA01X 028465Y 030870X0118Y0374R090 S0

317AOUT2            J2    -2    D0450PA00X 038000Y 050000X0800          S0

317AOUT2            J4    -2    D0354PA00X 038500Y 047000X0591          S0

317AOUT2            TP2   -1    D0520PA00X 008000Y 049000X0700          S0

317AOUT2            VIA   -     D0150PA00X 027350Y 031150X0250          S0

317AOUT2            VIA   -     D0160PA00X 039100Y 032650X0300          S0

327BISEN            U1    -47        PA01X 031535Y 031067X0118Y0374R090 S0

327BISEN            C10   -2         PA01X 034500Y 032750X0600Y0500R270 S0

327BISEN            R3    -1         PA01X 033000Y 032750X0335Y1339R090 S0

317BISEN            TP6   -1    D0520PA00X 052000Y 047000X0700          S0

317BISEN            VIA   -     D0150PA00X 033100Y 031750X0250          S0

327BOUT1            U1    -48        PA01X 031535Y 031264X0118Y0374R090 S0

317BOUT1            J2    -3    D0450PA00X 040000Y 050000X0800          S0

317BOUT1            J4    -3    D0354PA00X 039500Y 047000X0591          S0

317BOUT1            TP4   -1    D0520PA00X 052000Y 049000X0700          S0

317BOUT1            VIA   -     D0150PA00X 033100Y 032100X0250          S0

317BOUT1            VIA   -     D0160PA00X 039800Y 032100X0300          S0

327BOUT2            U1    -46        PA01X 031535Y 030870X0118Y0374R090 S0

317BOUT2            J2    -4    D0450PA00X 042000Y 050000X0800          S0

317BOUT2            J4    -4    D0354PA00X 040500Y 047000X0591          S0

317BOUT2            TP5   -1    D0520PA00X 052000Y 045000X0700          S0

317BOUT2            VIA   -     D0150PA00X 033100Y 031400X0250          S0

317BOUT2            VIA   -     D0160PA00X 040500Y 031400X0300          S0

327CBUS0            U3    -23        PA01X 016256Y 013598X0637Y0150R090 S0

327CBUS1            U3    -22        PA01X 016512Y 013598X0637Y0150R090 S0

327CBUS2            U3    -13        PA01X 018047Y 011000X0637Y0150R090 S0

327CBUS3            U3    -14        PA01X 018303Y 011000X0637Y0150R090 S0

327CBUS4            U3    -12        PA01X 017791Y 011000X0637Y0150R090 S0

327CDDECAY          U1    -19        PA01X 028465Y 027720X0118Y0374R090 S0

317CDDECAY          JP4   -2    D0420PA00X 023750Y 025750X0620          S0

317CDDECAY          TP14  -1    D0520PA00X 008000Y 029000X0700          S0

317CDDECAY          VIA   -     D0150PA00X 027350Y 027650X0250          S0

327CDDIR/SDATA      U2    -42        PA01X 032705Y 018455X0098Y0531R180 S0

327CDDIR/SDATA      U1    -31        PA01X 031535Y 027917X0118Y0374R090 S0

317CDDIR/SDATA      TP28  -1    D0520PA00X 052000Y 026000X0700          S0

317CDDIR/SDATA      VIA   -     D0150PA00X 033100Y 028250X0250          S0

317CDDIR/SDATA      VIA   -     D0150PA00X 038000Y 028250X0250          S0

327CDENBLN/SSTB     U2    -40        PA01X 033098Y 018455X0098Y0531R180 S0

327CDENBLN/SSTB     U1    -30        PA01X 031535Y 027720X0118Y0374R090 S0

317CDENBLN/SSTB     TP29  -1    D0520PA00X 052000Y 024000X0700          S0

317CDENBLN/SSTB     VIA   -     D0150PA00X 033100Y 027900X0250          S0

317CDENBLN/SSTB     VIA   -     D0150PA00X 038647Y 027900X0250          S0

327CDGVREF          U2    -6         PA01X 032508Y 014045X0098Y0531R180 S0

317CDGVREF          JP2   -1    D0420PA00X 031000Y 044000X0620Y0620R090 S0

317CDGVREF          VIA   -     D0150PA00X 036900Y 043450X0250          S0

327CDRESETN/NC      U2    -43        PA01X 032508Y 018455X0098Y0531R180 S0

327CDRESETN/NC      U1    -28        PA01X 031535Y 027327X0118Y0374R090 S0

317CDRESETN/NC      TP31  -1    D0520PA00X 052000Y 020000X0700          S0

317CDRESETN/NC      VIA   -     D0150PA00X 033100Y 027200X0250          S0

317CDRESETN/NC      VIA   -     D0150PA00X 037850Y 026950X0250          S0

327CDSTEP/SCLK      U2    -38        PA01X 033492Y 018455X0098Y0531R180 S0

327CDSTEP/SCLK      U1    -33        PA01X 031535Y 028311X0118Y0374R090 S0

317CDSTEP/SCLK      TP26  -1    D0520PA00X 052000Y 030000X0700          S0

317CDSTEP/SCLK      VIA   -     D0150PA00X 033100Y 028950X0250          S0

317CDSTEP/SCLK      VIA   -     D0150PA00X 039041Y 028950X0250          S0

327CDUSM0/NC        U2    -13        PA01X 033886Y 014045X0098Y0531R180 S0

327CDUSM0/NC        U1    -32        PA01X 031535Y 028114X0118Y0374R090 S0

317CDUSM0/NC        TP27  -1    D0520PA00X 052000Y 028000X0700          S0

317CDUSM0/NC        VIA   -     D0150PA00X 033550Y 015100X0250          S0

317CDUSM0/NC        VIA   -     D0150PA00X 031660Y 019350X0250          S0

317CDUSM0/NC        VIA   -     D0150PA00X 033100Y 028600X0250          S0

317CDUSM0/NC        VIA   -     D0150PA00X 037456Y 028600X0250          S0

327CDUSM1/NC        U2    -15        PA01X 034280Y 014045X0098Y0531R180 S0

327CDUSM1/NC        U1    -29        PA01X 031535Y 027524X0118Y0374R090 S0

317CDUSM1/NC        TP30  -1    D0520PA00X 052000Y 022000X0700          S0

317CDUSM1/NC        VIA   -     D0150PA00X 034450Y 014750X0250          S0

317CDUSM1/NC        VIA   -     D0150PA00X 032200Y 019300X0250          S0

317CDUSM1/NC        VIA   -     D0150PA00X 033100Y 027550X0250          S0

317CDUSM1/NC        VIA   -     D0150PA00X 037856Y 027550X0250          S0

327CDVREF           U1    -18        PA01X 028465Y 027917X0118Y0374R090 S0

327CDVREF           C13   -2         PA01X 023700Y 026950X0600Y0500R000 S0

317CDVREF           JP2   -2    D0420PA00X 031000Y 045000X0620          S0

317CDVREF           TP16  -1    D0520PA00X 008000Y 031000X0700          S0

317CDVREF           VIA   -     D0150PA00X 027350Y 028000X0250          S0

327CISEN            U1    -26        PA01X 031535Y 026933X0118Y0374R090 S0

327CISEN            C11   -2         PA01X 034500Y 025500X0600Y0500R090 S0

327CISEN            R4    -1         PA01X 033000Y 025500X0335Y1339R270 S0

317CISEN            TP9   -1    D0520PA00X 052000Y 016000X0700          S0

317CISEN            VIA   -     D0150PA00X 033100Y 026500X0250          S0

327COUT1            U1    -27        PA01X 031535Y 027130X0118Y0374R090 S0

317COUT1            J5    -1    D0354PA00X 044500Y 011000X0591Y0591R180 S0

317COUT1            J3    -1    D0450PA00X 046000Y 008000X0800Y0800R180 S0

317COUT1            TP7   -1    D0520PA00X 052000Y 018000X0700          S0

317COUT1            VIA   -     D0150PA00X 033100Y 026850X0250          S0

317COUT1            VIA   -     D0160PA00X 044500Y 026550X0300          S0

327COUT2            U1    -25        PA01X 031535Y 026736X0118Y0374R090 S0

317COUT2            J5    -2    D0354PA00X 043500Y 011000X0591          S0

317COUT2            J3    -2    D0450PA00X 044000Y 008000X0800          S0

317COUT2            TP8   -1    D0520PA00X 052000Y 014000X0700          S0

317COUT2            VIA   -     D0150PA00X 033100Y 026150X0250          S0

317COUT2            VIA   -     D0160PA00X 043500Y 026150X0300          S0

327CP1              U1    -7         PA01X 028465Y 030083X0118Y0374R090 S0

327CP1              C3    -1         PA01X 023700Y 031550X0600Y0500R180 S0

317CP1              TP17  -1    D0520PA00X 008000Y 041000X0700          S0

317CP1              VIA   -     D0150PA00X 027350Y 029750X0250          S0

327CP2              U1    -8         PA01X 028465Y 029886X0118Y0374R090 S0

327CP2              C3    -2         PA01X 022800Y 031550X0600Y0500R180 S0

317CP2              TP18  -1    D0520PA00X 008000Y 039000X0700          S0

317CP2              VIA   -     D0150PA00X 027350Y 029400X0250          S0

327CTS              U3    -11        PA01X 017535Y 011000X0637Y0150R090 S0

327DCD              U3    -10        PA01X 017280Y 011000X0637Y0150R090 S0

327DEVSEL           U2    -49        PA01X 030795Y 017726X0098Y0531R090 S0

327DEVSEL           R14   -2         PA01X 030800Y 020550X0600Y0500R270 S0

327DEVSEL           R11   -1         PA01X 029650Y 020550X0600Y0500R090 S0

327DISEN            U1    -21        PA01X 028465Y 027327X0118Y0374R090 S0

327DISEN            R5    -1         PA01X 026500Y 026000X0335Y1339R270 S0

327DISEN            C12   -2         PA01X 025000Y 026000X0600Y0500R090 S0

317DISEN            TP12  -1    D0520PA00X 008000Y 025000X0700          S0

317DISEN            VIA   -     D0150PA00X 027350Y 026950X0250          S0

327DOUT1            U1    -22        PA01X 028465Y 027130X0118Y0374R090 S0

317DOUT1            J5    -3    D0354PA00X 042500Y 011000X0591          S0

317DOUT1            J3    -3    D0450PA00X 042000Y 008000X0800          S0

317DOUT1            TP10  -1    D0520PA00X 008000Y 023000X0700          S0

317DOUT1            VIA   -     D0150PA00X 027350Y 026600X0250          S0

317DOUT1            VIA   -     D0160PA00X 042500Y 025750X0300          S0

327DOUT2            U1    -20        PA01X 028465Y 027524X0118Y0374R090 S0

317DOUT2            J5    -4    D0354PA00X 041500Y 011000X0591          S0

317DOUT2            J3    -4    D0450PA00X 040000Y 008000X0800          S0

317DOUT2            TP11  -1    D0520PA00X 008000Y 027000X0700          S0

317DOUT2            VIA   -     D0160PA00X 041500Y 025050X0300          S0

317DOUT2            VIA   -     D0150PA00X 027350Y 027300X0250          S0

327DSR              U3    -9         PA01X 017024Y 011000X0637Y0150R090 S0

327DTR              U3    -2         PA01X 015232Y 011000X0637Y0150R090 S0

327GND              U4    -1         PA01X 015000Y 008000X1000Y0250R000 S0

327GND              U4    -2         PA01X 015000Y 007500X0750Y0250R000 S0

327GND              U2    -62        PA01X 030795Y 015167X0098Y0531R090 S0

327GND              U2    -63        PA01X 030795Y 014970X0098Y0531R090 S0

327GND              U3    -18        PA01X 017535Y 013598X0637Y0150R090 S0

327GND              U3    -21        PA01X 016768Y 013598X0637Y0150R090 S0

327GND              U3    -25        PA01X 015744Y 013598X0637Y0150R090 S0

327GND              U3    -26        PA01X 015488Y 013598X0637Y0150R090 S0

327GND              U3    -7         PA01X 016512Y 011000X0637Y0150R090 S0

327GND              U1    -34        PA01X 031535Y 028508X0118Y0374R090 S0

327GND              U1    -35        PA01X 031535Y 028705X0118Y0374R090 S0

327GND              U1    -36        PA01X 031535Y 028902X0118Y0374R090 S0

327GND              U1    -37        PA01X 031535Y 029098X0118Y0374R090 S0

327GND              U1    -38        PA01X 031535Y 029295X0118Y0374R090 S0

327GND              U1    -39        PA01X 031535Y 029492X0118Y0374R090 S0

327GND              U1    -15        PA01X 028465Y 028508X0118Y0374R090 S0

327GND              U1    -14        PA01X 028465Y 028705X0118Y0374R090 S0

327GND              U1    -13        PA01X 028465Y 028902X0118Y0374R090 S0

327GND              U1    -12        PA01X 028465Y 029098X0118Y0374R090 S0

327GND              U1    -11        PA01X 028465Y 029295X0118Y0374R090 S0

327GND              U1    -10        PA01X 028465Y 029492X0118Y0374R090 S0

327GND              U1    -0         PA01X 030000Y 029000X1476Y1280R270 S0

327GND              D1    -2         PA01X 022000Y 013250X0591Y1024R180 S0

327GND              R5    -2         PA01X 026500Y 023665X0335Y1339R270 S0

327GND              D3    -2         PA01X 028201Y 005500X0512Y0630R180 S0

327GND              C2    -1         PA01X 028500Y 024400X0600Y0600R090 S0

327GND              R14   -1         PA01X 030800Y 021450X0600Y0500R270 S0

327GND              R13   -1         PA01X 020000Y 005850X0600Y0500R090 S0

327GND              C23   -1         PA01X 015000Y 009100X0600Y0500R000 S0

327GND              C21   -1         PA01X 035000Y 009350X0600Y0500R090 S0

327GND              C20   -1         PA01X 033000Y 009350X0600Y0500R090 S0

327GND              C19   -1         PA01X 016900Y 014900X0600Y0500R000 S0

327GND              C17   -1         PA01X 030250Y 012100X0600Y0500R090 S0

327GND              C15   -1         PA01X 024750Y 016600X0600Y0500R090 S0

327GND              C14   -1         PA01X 013750Y 010350X0600Y0500R090 S0

327GND              D2    -2         PA01X 025000Y 047000X0591Y1024R270 S0

327GND              C1    -1         PA01X 028500Y 034100X0600Y0600R270 S0

327GND              C5    -2         PA01X 022800Y 029250X0600Y0500R180 S0

327GND              C6    -1         PA01X 022800Y 028100X0600Y0500R000 S0

327GND              C8    -1         PA01X 019100Y 043000X0600Y0500R000 S0

327GND              C9    -1         PA01X 025000Y 033400X0600Y0500R270 S0

327GND              C10   -1         PA01X 034500Y 033650X0600Y0500R270 S0

327GND              C11   -1         PA01X 034500Y 024600X0600Y0500R090 S0

327GND              C12   -1         PA01X 025000Y 025100X0600Y0500R090 S0

327GND              C13   -1         PA01X 022800Y 026950X0600Y0500R000 S0

327GND              R2    -2         PA01X 026500Y 034835X0335Y1339R090 S0

327GND              R3    -2         PA01X 033000Y 035085X0335Y1339R090 S0

327GND              R4    -2         PA01X 033000Y 023165X0335Y1339R270 S0

317GND              R6    -3    D0280PA00X 031000Y 051000X0472          S0

317GND              J6    -4    D0366PA00X 010067Y 011138X0591          S0

317GND              J6    -5    D0906PA00X 009000Y 014000X1181          S0

317GND              J6    -6    D0906PA00X 009000Y 009260X1181          S0

317GND              TP37  -1    D0520PA00X 050000Y 052000X0700          S0

317GND              C7    -2    D0280PA00X 018000Y 046000X0500          S0

317GND              C16   -2    D0280PA00X 027250Y 008000X0500          S0

317GND              J1    -2    D0450PA00X 018000Y 051000X0800          S0

317GND              S1    -1    D0394PA00X 021450Y 019000X0787          S0

317GND              J7    -9    D0354PA00X 027750Y 014500X0591          S0

317GND              C22   -2    D0280PA00X 022000Y 008000X0500          S0

317GND              C18   -2    D0280PA00X 031000Y 008000X0500          S0

317GND              R1    -3    D0280PA00X 028000Y 051000X0472          S0

317GND              TP34  -1    D0520PA00X 010000Y 006000X0700          S0

317GND              TP35  -1    D0520PA00X 050000Y 006000X0700          S0

317GND              TP36  -1    D0520PA00X 015000Y 051000X0700          S0

317GND              VIA   -     D0160PA00X 027000Y 023650X0300          S0

317GND              VIA   -     D0160PA00X 025950Y 023650X0300          S0

317GND              VIA   -     D0160PA00X 033550Y 023150X0300          S0

317GND              VIA   -     D0160PA00X 032500Y 023150X0300          S0

317GND              VIA   -     D0160PA00X 033500Y 035100X0300          S0

317GND              VIA   -     D0160PA00X 026900Y 034850X0300          S0

317GND              VIA   -     D0160PA00X 026050Y 034850X0300          S0

317GND              VIA   -     D0160PA00X 032550Y 035100X0300          S0

317GND              VIA   -     D0100PA00X 030750Y 030500X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 030000X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 029500X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 029000X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 028500X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 028000X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 027500X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 027000X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 027000X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 027500X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 028000X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 028500X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 029000X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 029500X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 030000X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 030500X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 027000X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 027500X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 028000X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 028500X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 029000X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 029500X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 030000X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 030500X0200          S0

317GND              VIA   -     D0100PA00X 030750Y 031000X0200          S0

317GND              VIA   -     D0100PA00X 030000Y 031000X0200          S0

317GND              VIA   -     D0100PA00X 029250Y 031000X0200          S0

317GND              VIA   -     D0160PA00X 022800Y 029250X0300          S0

317GND              VIA   -     D0150PA00X 030800Y 022150X0300          S0

317GND              VIA   -     D0150PA00X 030220Y 014970X0250          S0

317GND              VIA   -     D0150PA00X 031317Y 015167X0250          S0

317GND              VIA   -     D0160PA00X 030250Y 012100X0300          S0

317GND              VIA   -     D0160PA00X 024750Y 016600X0300          S0

317GND              VIA   -     D0160PA00X 020000Y 005850X0300          S0

317GND              VIA   -     D0160PA00X 028201Y 005500X0300          S0

317GND              VIA   -     D0160PA00X 033000Y 009350X0300          S0

317GND              VIA   -     D0160PA00X 035000Y 009350X0300          S0

317GND              VIA   -     D0160PA00X 013750Y 010350X0300          S0

317GND              VIA   -     D0160PA00X 016900Y 014900X0300          S0

317GND              VIA   -     D0160PA00X 015000Y 009100X0300          S0

317GND              VIA   -     D0160PA00X 025000Y 025100X0300          S0

317GND              VIA   -     D0160PA00X 028500Y 024400X0300          S0

317GND              VIA   -     D0160PA00X 034500Y 024600X0300          S0

317GND              VIA   -     D0160PA00X 034500Y 033650X0300          S0

317GND              VIA   -     D0160PA00X 028500Y 034100X0300          S0

317GND              VIA   -     D0160PA00X 019100Y 043000X0300          S0

317GND              VIA   -     D0160PA00X 025000Y 047000X0300          S0

317GND              VIA   -     D0160PA00X 022000Y 013250X0300          S0

317GND              VIA   -     D0160PA00X 025000Y 033400X0300          S0

317GND              VIA   -     D0160PA00X 022800Y 028100X0300          S0

327NetC14_2         L1    -1         PA01X 012500Y 011250X0600Y0500R270 S0

327NetC14_2         C14   -2         PA01X 013750Y 011250X0600Y0500R090 S0

317NetC14_2         J6    -1    D0366PA00X 010854Y 011138X0591          S0

327NetC18_1         U2    -7         PA01X 032705Y 014045X0098Y0531R180 S0

317NetC18_1         C18   -1    D0280PA00X 031000Y 009000X0500Y0500R270 S0

327NetC19_2         U3    -17        PA01X 017791Y 013598X0637Y0150R090 S0

327NetC19_2         C19   -2         PA01X 017800Y 014900X0600Y0500R000 S0

327NetC20_2         U2    -8         PA01X 032902Y 014045X0098Y0531R180 S0

327NetC20_2         C20   -2         PA01X 033000Y 010250X0600Y0500R090 S0

317NetC20_2         Y1    -2    D0280PA00X 033000Y 012250X0500          S0

327NetC21_2         U2    -9         PA01X 033098Y 014045X0098Y0531R180 S0

327NetC21_2         C21   -2         PA01X 035000Y 010250X0600Y0500R090 S0

317NetC21_2         Y1    -1    D0280PA00X 035000Y 012250X0500          S0

327NetD1_1          D1    -1         PA01X 023181Y 013250X0591Y1024R180 S0

327NetD1_1          R7    -1         PA01X 022900Y 011750X0600Y0500R180 S0

327NetD2_1          R8    -1         PA01X 025000Y 050100X0600Y0500R090 S0

327NetD2_1          D2    -1         PA01X 025000Y 048181X0591Y1024R270 S0

327NetD3_1          D3    -1         PA01X 029500Y 005500X0512Y0630R180 S0

327NetD3_1          R9    -1         PA01X 031100Y 005500X0600Y0500R000 S0

327NetJ7_1          U2    -54        PA01X 030795Y 016742X0098Y0531R090 S0

317NetJ7_1          J7    -1    D0354PA00X 027750Y 018500X0591Y0591R270 S0

317NetJ7_2          J7    -2    D0354PA00X 028750Y 018500X0591          S0

317NetJ7_2          JP5   -1    D0354PA00X 026500Y 018500X0591Y0591R270 S0

327NetJ7_3          U2    -55        PA01X 030795Y 016545X0098Y0531R090 S0

317NetJ7_3          J7    -3    D0354PA00X 027750Y 017500X0591          S0

317NetJ7_4          J7    -4    D0354PA00X 028750Y 017500X0591          S0

317NetJ7_4          JP5   -3    D0354PA00X 026500Y 016500X0591          S0

327NetJ7_5          U2    -56        PA01X 030795Y 016348X0098Y0531R090 S0

317NetJ7_5          J7    -5    D0354PA00X 027750Y 016500X0591          S0

327NetJ7_7          U2    -57        PA01X 030795Y 016152X0098Y0531R090 S0

317NetJ7_7          J7    -7    D0354PA00X 027750Y 015500X0591          S0

317NetJP1_3         JP1   -3    D0420PA00X 028000Y 046000X0620          S0

317NetJP1_3         R1    -2    D0280PA00X 028000Y 050000X0472          S0

317NetJP2_3         R6    -2    D0280PA00X 031000Y 050000X0472          S0

317NetJP2_3         JP2   -3    D0420PA00X 031000Y 046000X0620          S0

327NetR12_1         U4    -7         PA01X 017500Y 007500X0750Y0250R000 S0

327NetR12_1         R13   -2         PA01X 020000Y 006750X0600Y0500R090 S0

327NetR12_1         R12   -1         PA01X 020000Y 008100X0600Y0500R090 S0

327OSCI             U3    -27        PA01X 015232Y 013598X0637Y0150R090 S0

327OSCO             U3    -28        PA01X 014976Y 013598X0637Y0150R090 S0

327P6M5             U2    -4         PA01X 032114Y 014045X0098Y0531R180 S0

327P6M5             R9    -2         PA01X 032000Y 005500X0600Y0500R000 S0

327RESET            U3    -19        PA01X 017280Y 013598X0637Y0150R090 S0

327RI               U3    -6         PA01X 016256Y 011000X0637Y0150R090 S0

327RST              U2    -58        PA01X 030795Y 015955X0098Y0531R090 S0

327RST              R10   -1         PA01X 026500Y 013500X0600Y0500R180 S0

317RST              S1    -2    D0394PA00X 021450Y 017031X0787          S0

317RST              J7    -11   D0354PA00X 027750Y 013500X0591          S0

317RST              VIA   -     D0150PA00X 026500Y 015750X0250          S0

327RTS              U3    -3         PA01X 015488Y 011000X0637Y0150R090 S0

327RX               U2    -32        PA01X 035205Y 017726X0098Y0531R090 S0

327RX               U3    -5         PA01X 016000Y 011000X0637Y0150R090 S0

317RX               VIA   -     D0150PA00X 016250Y 010200X0250          S0

317RX               VIA   -     D0160PA00X 036550Y 006750X0300          S0

327TX               U2    -33        PA01X 034476Y 018455X0098Y0531R180 S0

327TX               U3    -1         PA01X 014976Y 011000X0787Y0150R090 S0

317TX               VIA   -     D0150PA00X 014976Y 010276X0250          S0

317TX               VIA   -     D0160PA00X 036900Y 006450X0300          S0

327USBDM            U3    -16        PA01X 018047Y 013598X0637Y0150R090 S0

317USBDM            J6    -2    D0366PA00X 010854Y 012122X0591          S0

327USBDP            U3    -15        PA01X 018303Y 013598X0637Y0150R090 S0

317USBDP            J6    -3    D0366PA00X 010067Y 012122X0591          S0

327V3P3             U1    -16        PA01X 028465Y 028311X0118Y0374R090 S0

327V3P3             C5    -1         PA01X 023700Y 029250X0600Y0500R180 S0

317V3P3             TP32  -1    D0520PA00X 008000Y 035000X0700          S0

317V3P3             VIA   -     D0150PA00X 027350Y 028700X0250          S0

327VCP              U1    -9         PA01X 028465Y 029689X0118Y0374R090 S0

327VCP              C4    -2         PA01X 023700Y 030400X0600Y0500R000 S0

317VCP              TP19  -1    D0520PA00X 008000Y 037000X0700          S0

317VCP              VIA   -     D0150PA00X 027350Y 029050X0250          S0

327VDD              U4    -6         PA01X 017500Y 007000X0750Y0250R000 S0

327VDD              U4    -5         PA01X 017500Y 006500X0750Y0250R000 S0

327VDD              U2    -1         PA01X 031524Y 014045X0098Y0531R180 S0

327VDD              U2    -64        PA01X 030795Y 014774X0098Y0531R090 S0

327VDD              U3    -4         PA01X 015744Y 011000X0637Y0150R090 S0

327VDD              R12   -2         PA01X 020000Y 009000X0600Y0500R090 S0

327VDD              R10   -2         PA01X 025600Y 013500X0600Y0500R180 S0

327VDD              C23   -2         PA01X 015900Y 009100X0600Y0500R000 S0

327VDD              C17   -2         PA01X 030250Y 013000X0600Y0500R090 S0

327VDD              C15   -2         PA01X 024750Y 017500X0600Y0500R090 S0

327VDD              R7    -2         PA01X 022000Y 011750X0600Y0500R180 S0

327VDD              R11   -2         PA01X 029650Y 021450X0600Y0500R090 S0

317VDD              R6    -1    D0280PA00X 031000Y 049000X0472Y0472R090 S0

317VDD              C16   -1    D0280PA00X 027250Y 009000X0500Y0500R270 S0

317VDD              JP4   -1    D0420PA00X 022750Y 025750X0620Y0620R000 S0

317VDD              JP5   -2    D0354PA00X 026500Y 017500X0591          S0

317VDD              C22   -1    D0280PA00X 022000Y 009000X0500Y0500R270 S0

317VDD              JP3   -1    D0420PA00X 022750Y 032750X0620Y0620R000 S0

317VDD              R1    -1    D0280PA00X 028000Y 049000X0472Y0472R090 S0

317VDD              VIA   -     D0150PA00X 028950Y 021450X0300          S0

317VDD              VIA   -     D0150PA00X 025850Y 021450X0300          S0

317VDD              VIA   -     D0150PA00X 020000Y 032750X0250          S0

317VDD              VIA   -     D0150PA00X 020000Y 025750X0250          S0

327VM               U1    -24        PA01X 028465Y 026736X0118Y0374R090 S0

327VM               U1    -23        PA01X 028465Y 026933X0118Y0374R090 S0

327VM               U1    -2         PA01X 028465Y 031067X0118Y0374R090 S0

327VM               U1    -1         PA01X 028465Y 031264X0118Y0374R090 S0

327VM               C2    -2         PA01X 028500Y 025750X0600Y0600R090 S0

327VM               R8    -2         PA01X 025000Y 051000X0600Y0500R090 S0

327VM               C1    -2         PA01X 028500Y 032750X0600Y0600R270 S0

327VM               C4    -1         PA01X 022800Y 030400X0600Y0500R000 S0

327VM               C8    -2         PA01X 020000Y 043000X0600Y0500R000 S0

317VM               C7    -1    D0280PA00X 020000Y 046000X0500Y0500R000 S0

317VM               J1    -1    D0450PA00X 020000Y 051000X0800Y0800R180 S0

317VM               TP33  -1    D0520PA00X 023000Y 051000X0700          S0

317VM               VIA   -     D0150PA00X 022100Y 030400X0250          S0

317VM               VIA   -     D0150PA00X 018650Y 030400X0250          S0

317VM               VIA   -     D0250PA00X 018650Y 023000X0500          S0

317VM               VIA   -     D0250PA00X 018650Y 035250X0500          S0

317VM               VIA   -     D0250PA00X 029250Y 035700X0500          S0

317VM               VIA   -     D0250PA00X 029650Y 023550X0500          S0

3785VCC           L01 X250 X12500Y7550 Y10350

3785VCC           L01 X250 X12500Y7550 X13050Y7000

3785VCC           L01 X250 X13050Y7000 X15000

3785VCC           L01 X250 X15000Y6500 Y7000

3785VCC           L01 X100 X9900Y10350 X12500

3785VCC           L01 X100 X9500Y10750 X9900Y10350

3785VCC           L01 X100 X9500Y10750 Y12350

3785VCC           L01 X100 X9500Y12350 X9850Y12700

3785VCC           L01 X100 X9850Y12700 X11500

3785VCC           L01 X100 X11500Y12700 X11900Y12300

3785VCC           L01 X100 X11900Y12300 X16700

3785VCC           L01 X100 X16700Y12300 X17024Y12624

3785VCC           L01 X100 X17024Y12624 Y13598

378ABDECAY        L01 X100 X26400Y30100 X27350

378ABDECAY        L01 X100 X23750Y32750 X26400Y30100

378ABDECAY        L01 X100 X27350Y30100 X27800

378ABDECAY        L01 X100 X27800Y30100 X27980Y30280

378ABDECAY        L01 X100 X27980Y30280 X28465

378ABDECAY        L02 X80 X8000Y43000 X8950

378ABDECAY        L02 X80 X21850Y30100 X27350

378ABDECAY        L02 X80 X8950Y43000 X21850Y30100

378ABDIR/RESETN   L01 X80 X32902Y18455 Y19645

378ABDIR/RESETN   L01 X80 X32902Y19645 X34163Y20906

378ABDIR/RESETN   L01 X80 X31535Y30280 X32420

378ABDIR/RESETN   L01 X80 X32491Y30350 X33100

378ABDIR/RESETN   L01 X80 X32420Y30280 X32491Y30350

378ABDIR/RESETN   L01 X80 X38450Y28800 Y30350

378ABDIR/RESETN   L01 X80 X38300Y28650 X38450Y28800

378ABDIR/RESETN   L01 X80 X34163Y20906 X36435

378ABDIR/RESETN   L01 X80 X38300Y26650 Y28650

378ABDIR/RESETN   L01 X80 X37950Y26300 X38300Y26650

378ABDIR/RESETN   L01 X80 X36435Y20906 X37950Y22422

378ABDIR/RESETN   L01 X80 X37950Y22422 Y26300

378ABDIR/RESETN   L02 X80 X36350Y30350 X44000Y38000

378ABDIR/RESETN   L02 X80 X44000Y38000 X52000

378ABDIR/RESETN   L02 X80 X33100Y30350 X36350

378ABDIR/RESETN   L04 X80 X33100Y30350 X38450

378ABENBLN/SLEEPN L01 X80 X38844Y29300 Y30000

378ABENBLN/SLEEPN L01 X80 X33295Y18455 Y19482

378ABENBLN/SLEEPN L01 X80 X33295Y19482 X34326Y20513

378ABENBLN/SLEEPN L01 X80 X31535Y30083 X32433

378ABENBLN/SLEEPN L01 X80 X32433Y30083 X32515Y30000

378ABENBLN/SLEEPN L01 X80 X32515Y30000 X33100

378ABENBLN/SLEEPN L01 X80 X34326Y20513 X36598

378ABENBLN/SLEEPN L01 X80 X38650Y28250 Y29106

378ABENBLN/SLEEPN L01 X80 X38650Y29106 X38844Y29300

378ABENBLN/SLEEPN L01 X80 X38650Y28250 X38900Y28000

378ABENBLN/SLEEPN L01 X80 X36598Y20513 X38250Y22165

378ABENBLN/SLEEPN L01 X80 X38900Y26850 Y28000

378ABENBLN/SLEEPN L01 X80 X38250Y26200 X38900Y26850

378ABENBLN/SLEEPN L01 X80 X38250Y22165 Y26200

378ABENBLN/SLEEPN L02 X80 X43250Y36000 X52000

378ABENBLN/SLEEPN L02 X80 X37250Y30000 X43250Y36000

378ABENBLN/SLEEPN L02 X80 X33100Y30000 X37250

378ABENBLN/SLEEPN L04 X80 X33100Y30000 X38850

378ABGVREF        L01 X100 X36300Y42550 Y43100

378ABGVREF        L01 X100 X36300Y42550 X36723Y42127

378ABGVREF        L01 X100 X36723Y23373 Y42127

378ABGVREF        L01 X100 X35800Y22450 X36723Y23373

378ABGVREF        L01 X100 X33650Y22450 X35800

378ABGVREF        L01 X100 X30850Y19650 X33650Y22450

378ABGVREF        L01 X100 X30850Y18200 Y19650

378ABGVREF        L01 X100 X30850Y18200 X31300Y17750

378ABGVREF        L01 X100 X31300Y16000 Y17750

378ABGVREF        L01 X100 X31300Y16000 X32311Y14989

378ABGVREF        L01 X100 X32311Y14045 Y14989

378ABGVREF        L04 X100 X30450Y43100 X36300

378ABGVREF        L04 X100 X29550Y44000 X30450Y43100

378ABGVREF        L04 X100 X28000Y44000 X29550

378ABRESETN/NC    L01 X80 X31535Y29689 X32111

378ABRESETN/NC    L01 X80 X32111Y29689 X32500Y29300

378ABRESETN/NC    L01 X80 X32500Y29300 X33100

378ABRESETN/NC    L01 X80 X33886Y18455 Y19237

378ABRESETN/NC    L01 X80 X33886Y19237 X34571Y19922

378ABRESETN/NC    L01 X80 X34571Y19922 X36842

378ABRESETN/NC    L01 X80 X39650Y28850 Y29300

378ABRESETN/NC    L01 X80 X39350Y26700 Y28550

378ABRESETN/NC    L01 X80 X38700Y26050 X39350Y26700

378ABRESETN/NC    L01 X80 X36842Y19922 X38700Y21780

378ABRESETN/NC    L01 X80 X38700Y21780 Y26050

378ABRESETN/NC    L01 X80 X39350Y28550 X39650Y28850

378ABRESETN/NC    L02 X80 X41650Y32000 X52000

378ABRESETN/NC    L02 X80 X36700Y29300 X37000Y29000

378ABRESETN/NC    L02 X80 X33100Y29300 X36700

378ABRESETN/NC    L02 X80 X40890Y31238 Y31240

378ABRESETN/NC    L02 X80 X40890Y31240 X41650Y32000

378ABRESETN/NC    L02 X80 X37000Y29000 X38652

378ABRESETN/NC    L02 X80 X38652Y29000 X40890Y31238

378ABRESETN/NC    L04 X80 X33100Y29300 X39650

378ABSTEP/SCS     L01 X80 X39237Y29213 Y31050

378ABSTEP/SCS     L01 X80 X31535Y30673 X32173

378ABSTEP/SCS     L01 X80 X32173Y30673 X32550Y31050

378ABSTEP/SCS     L01 X80 X32550Y31050 X33100

378ABSTEP/SCS     L01 X80 X33689Y18455 Y19319

378ABSTEP/SCS     L01 X80 X33689Y19319 X34489Y20119

378ABSTEP/SCS     L01 X80 X34489Y20119 X36761

378ABSTEP/SCS     L01 X80 X39200Y26750 Y28600

378ABSTEP/SCS     L01 X80 X38550Y26100 X39200Y26750

378ABSTEP/SCS     L01 X80 X39200Y28600 X39350Y28750

378ABSTEP/SCS     L01 X80 X39350Y28750 Y29100

378ABSTEP/SCS     L01 X80 X39237Y29213 X39350Y29100

378ABSTEP/SCS     L01 X80 X36761Y20119 X38550Y21908

378ABSTEP/SCS     L01 X80 X38550Y21908 Y26100

378ABSTEP/SCS     L02 X80 X33100Y31050 X35850

378ABSTEP/SCS     L02 X80 X35850Y31050 X46800Y42000

378ABSTEP/SCS     L02 X80 X46800Y42000 X52000

378ABSTEP/SCS     L04 X80 X33100Y31050 X39250

378ABUSM0/NC      L01 X80 X37256Y28900 Y30700

378ABUSM0/NC      L01 X80 X33050Y30650 X33100Y30600

378ABUSM0/NC      L01 X100 X33689Y14045 Y14511

378ABUSM0/NC      L01 X100 X33500Y14700 X33689Y14511

378ABUSM0/NC      L01 X80 X32450Y30700 X33100

378ABUSM0/NC      L01 X80 X31535Y30476 X32226

378ABUSM0/NC      L01 X80 X32226Y30476 X32450Y30700

378ABUSM0/NC      L01 X80 X35940Y22100 X37050Y23210

378ABUSM0/NC      L01 X80 X37050Y28694 X37256Y28900

378ABUSM0/NC      L01 X80 X37050Y23210 Y28694

378ABUSM0/NC      L01 X80 X33800Y22100 X35940

378ABUSM0/NC      L01 X80 X31350Y19100 Y19650

378ABUSM0/NC      L01 X80 X31350Y19650 X33800Y22100

378ABUSM0/NC      L02 X80 X45500Y40000 X52000

378ABUSM0/NC      L02 X80 X38650Y32946 Y33150

378ABUSM0/NC      L02 X80 X38650Y33150 X45500Y40000

378ABUSM0/NC      L02 X80 X33100Y30700 X36404

378ABUSM0/NC      L02 X80 X36404Y30700 X38650Y32946

378ABUSM0/NC      L04 X100 X33200Y15000 X33500Y14700

378ABUSM0/NC      L04 X100 X31700Y16700 X33200Y15200

378ABUSM0/NC      L04 X100 X31700Y16700 Y18750

378ABUSM0/NC      L04 X100 X31350Y19100 X31700Y18750

378ABUSM0/NC      L04 X100 X33200Y15000 Y15200

378ABUSM0/NC      L04 X80 X33100Y30700 X37250

378ABUSM1/NC      L01 X80 X37656Y28850 Y29650

378ABUSM1/NC      L01 X100 X34083Y14045 Y14917

378ABUSM1/NC      L01 X80 X31535Y29886 X32314

378ABUSM1/NC      L01 X80 X32314Y29886 X32550Y29650

378ABUSM1/NC      L01 X80 X32550Y29650 X33100

378ABUSM1/NC      L01 X80 X37350Y27694 X37656Y28000

378ABUSM1/NC      L01 X80 X37656Y28000 Y28306

378ABUSM1/NC      L01 X80 X37656Y28306 X37800Y28450

378ABUSM1/NC      L01 X80 X37800Y28450 Y28706

378ABUSM1/NC      L01 X80 X37656Y28850 X37800Y28706

378ABUSM1/NC      L01 X80 X31950Y19600 Y19750

378ABUSM1/NC      L01 X80 X31950Y19750 X33900Y21700

378ABUSM1/NC      L01 X80 X33900Y21700 X36106

378ABUSM1/NC      L01 X80 X36106Y21700 X37350Y22944

378ABUSM1/NC      L01 X80 X37350Y22944 Y27694

378ABUSM1/NC      L02 X80 X43300Y34000 X52000

378ABUSM1/NC      L02 X80 X36900Y29650 X37250Y29300

378ABUSM1/NC      L02 X80 X33100Y29650 X36900

378ABUSM1/NC      L02 X80 X40750Y31296 Y31450

378ABUSM1/NC      L02 X80 X40750Y31450 X43300Y34000

378ABUSM1/NC      L02 X80 X37250Y29300 X38754

378ABUSM1/NC      L02 X80 X38754Y29300 X40750Y31296

378ABUSM1/NC      L04 X100 X33900Y15100 X34083Y14917

378ABUSM1/NC      L04 X100 X33900Y15100 Y15200

378ABUSM1/NC      L04 X100 X32100Y16850 X33500Y15450

378ABUSM1/NC      L04 X100 X33500Y15450 X33650

378ABUSM1/NC      L04 X100 X33650Y15450 X33900Y15200

378ABUSM1/NC      L04 X100 X31950Y19600 X32000

378ABUSM1/NC      L04 X100 X31950Y19050 X32100Y18900

378ABUSM1/NC      L04 X100 X32100Y16850 Y18900

378ABUSM1/NC      L04 X100 X31950Y19050 Y19600

378ABUSM1/NC      L04 X80 X33100Y29650 X37650

378ABVREF         L01 X100 X27350Y28350 X27650

378ABVREF         L01 X100 X27650Y28350 X27886Y28114

378ABVREF         L01 X100 X27886Y28114 X28465

378ABVREF         L01 X100 X23700Y28100 X24200

378ABVREF         L01 X100 X24200Y28100 X24450Y28350

378ABVREF         L01 X100 X24450Y28350 X27350

378ABVREF         L01 X100 X23150Y28650 X23700Y28100

378ABVREF         L01 X100 X22200Y28650 X23150

378ABVREF         L01 X100 X21700Y29150 X22200Y28650

378ABVREF         L01 X100 X21700Y29150 Y39600

378ABVREF         L01 X100 X21700Y39600 X27100Y45000

378ABVREF         L01 X100 X27100Y45000 X28000

378ABVREF         L02 X80 X8000Y33000 X15750

378ABVREF         L02 X80 X15750Y33000 X18425Y30325

378ABVREF         L02 X80 X18425Y30307 Y30325

378ABVREF         L02 X80 X18425Y30307 X20382Y28350

378ABVREF         L02 X80 X20382Y28350 X22350

378ABVREF         L02 X80 X22350Y28350 X22450Y28450

378ABVREF         L02 X80 X22450Y28450 X23150

378ABVREF         L02 X80 X23150Y28450 X23250Y28350

378ABVREF         L02 X80 X23250Y28350 X27350

378AISEN          L01 X130 X27350Y30800 X27800

378AISEN          L01 X130 X27800Y30800 X27927Y30673

378AISEN          L01 X130 X27927Y30673 X28465

378AISEN          L01 X150 X26800Y30800 X27350

378AISEN          L01 X150 X26500Y31100 X26800Y30800

378AISEN          L01 X150 X26500Y31100 Y32500

378AISEN          L01 X150 X25000Y32500 X26500

378AISEN          L02 X80 X22950Y30800 X27350

378AISEN          L02 X80 X21600Y32150 X22950Y30800

378AISEN          L02 X80 X21600Y32150 Y33400

378AISEN          L02 X80 X8000Y47000 X21600Y33400

378AOUT1          L01 X130 X27876Y30476 X28465

378AOUT1          L01 X250 X36000Y50000 X37500Y48500

378AOUT1          L01 X250 X37500Y47000 Y48500

378AOUT1          L01 X250 X37500Y44450 Y47000

378AOUT1          L01 X250 X37500Y44450 X38400Y43550

378AOUT1          L01 X130 X27350Y30450 X27850

378AOUT1          L01 X130 X27850Y30450 X27876Y30476

378AOUT1          L01 X250 X38400Y33050 Y43550

378AOUT1          L02 X80 X22550Y30450 X27350

378AOUT1          L02 X80 X20225Y32775 Y32843

378AOUT1          L02 X80 X20225Y32775 X22550Y30450

378AOUT1          L02 X80 X8000Y45000 X8068

378AOUT1          L02 X80 X8068Y45000 X20225Y32843

378AOUT1          L04 X250 X32558Y33050 X38400

378AOUT1          L04 X250 X31608Y32100 X32558Y33050

378AOUT1          L04 X250 X27600Y32100 X31608

378AOUT1          L04 X250 X26750Y31250 X27600Y32100

378AOUT1          L04 X250 X26750Y30600 Y31250

378AOUT1          L04 X250 X26750Y30600 X26900Y30450

378AOUT1          L04 X250 X26900Y30450 X27350

378AOUT2          L01 X130 X27876Y31150 X28156Y30870

378AOUT2          L01 X130 X28156Y30870 X28465

378AOUT2          L01 X130 X27350Y31150 X27876

378AOUT2          L01 X250 X38000Y50000 X38500Y49500

378AOUT2          L01 X250 X38500Y47000 Y49500

378AOUT2          L01 X250 X39100Y32650 Y44050

378AOUT2          L01 X250 X38500Y44650 X39100Y44050

378AOUT2          L01 X250 X38500Y44650 Y47000

378AOUT2          L02 X80 X23250Y31150 X27350

378AOUT2          L02 X80 X22000Y32400 X23250Y31150

378AOUT2          L02 X80 X22000Y32400 Y35000

378AOUT2          L02 X80 X8000Y49000 X22000Y35000

378AOUT2          L04 X250 X31940Y31590 X33000Y32650

378AOUT2          L04 X250 X27790Y31590 X31940

378AOUT2          L04 X250 X27350Y31150 X27790Y31590

378AOUT2          L04 X250 X33000Y32650 X39100

378BISEN          L01 X130 X31535Y31067 X31967

378BISEN          L01 X130 X31967Y31067 X32650Y31750

378BISEN          L01 X130 X32650Y31750 X33100

378BISEN          L01 X300 X33000Y32750 X34500

378BISEN          L01 X150 X33100Y31750 X34300

378BISEN          L01 X150 X34300Y31750 X34500Y31950

378BISEN          L01 X150 X34500Y31950 Y32750

378BISEN          L02 X80 X33100Y31750 X35050

378BISEN          L02 X80 X35050Y31750 X50300Y47000

378BISEN          L02 X80 X50300Y47000 X52000

378BOUT1          L01 X250 X39500Y49500 X40000Y50000

378BOUT1          L01 X250 X39500Y47000 Y49500

378BOUT1          L01 X250 X39800Y32100 Y44400

378BOUT1          L01 X250 X39500Y44700 X39800Y44400

378BOUT1          L01 X250 X39500Y44700 Y47000

378BOUT1          L01 X130 X31535Y31264 X31864

378BOUT1          L01 X130 X31864Y31264 X32700Y32100

378BOUT1          L01 X130 X32700Y32100 X33100

378BOUT1          L02 X80 X33100Y32100 X34350

378BOUT1          L02 X80 X51250Y49000 X52000

378BOUT1          L02 X80 X34350Y32100 X51250Y49000

378BOUT1          L04 X250 X33100Y32100 X39800

378BOUT2          L01 X250 X40500Y48500 X42000Y50000

378BOUT2          L01 X250 X40500Y47000 Y48500

378BOUT2          L01 X250 X40500Y31400 Y47000

378BOUT2          L01 X130 X31535Y30870 X32070

378BOUT2          L01 X130 X32070Y30870 X32600Y31400

378BOUT2          L01 X130 X32600Y31400 X33100

378BOUT2          L02 X80 X33100Y31400 X35500

378BOUT2          L02 X80 X35500Y31400 X49100Y45000

378BOUT2          L02 X80 X49100Y45000 X52000

378BOUT2          L04 X250 X33100Y31400 X40500

378CDDECAY        L01 X80 X23750Y25750 X25650Y27650

378CDDECAY        L01 X80 X25650Y27650 X27350

378CDDECAY        L01 X100 X27350Y27650 X27420Y27720

378CDDECAY        L01 X100 X27420Y27720 X28465

378CDDECAY        L02 X80 X24800Y27650 X27350

378CDDECAY        L02 X80 X8000Y29000 X18300

378CDDECAY        L02 X80 X18300Y29000 X19950Y27350

378CDDECAY        L02 X80 X19950Y27350 X24500

378CDDECAY        L02 X80 X24500Y27350 X24800Y27650

378CDDIR/SDATA    L01 X80 X32705Y18455 Y19726

378CDDIR/SDATA    L01 X80 X32705Y19726 X34082Y21103

378CDDIR/SDATA    L01 X80 X31535Y27917 X32217

378CDDIR/SDATA    L01 X80 X32217Y27917 X32550Y28250

378CDDIR/SDATA    L01 X80 X32550Y28250 X33100

378CDDIR/SDATA    L01 X80 X38000Y27850 Y28250

378CDDIR/SDATA    L01 X80 X38000Y27850 X38150Y27700

378CDDIR/SDATA    L01 X80 X34082Y21103 X36353

378CDDIR/SDATA    L01 X80 X38150Y26700 Y27700

378CDDIR/SDATA    L01 X80 X37800Y26350 X38150Y26700

378CDDIR/SDATA    L01 X80 X36353Y21103 X37800Y22550

378CDDIR/SDATA    L01 X80 X37800Y22550 Y26350

378CDDIR/SDATA    L02 X80 X33100Y28250 X35850

378CDDIR/SDATA    L02 X80 X35850Y28250 X37850Y26250

378CDDIR/SDATA    L02 X80 X37850Y26250 X42150

378CDDIR/SDATA    L02 X80 X42150Y26250 X42800Y26900

378CDDIR/SDATA    L02 X80 X42800Y26900 X46000

378CDDIR/SDATA    L02 X80 X46000Y26900 X46900Y26000

378CDDIR/SDATA    L02 X80 X46900Y26000 X52000

378CDDIR/SDATA    L04 X80 X33100Y28250 X38000

378CDENBLN/SSTB   L01 X80 X33098Y18455 Y19563

378CDENBLN/SSTB   L01 X80 X33098Y19563 X34245Y20709

378CDENBLN/SSTB   L01 X80 X31535Y27720 X32370

378CDENBLN/SSTB   L01 X80 X32370Y27720 X32550Y27900

378CDENBLN/SSTB   L01 X80 X32550Y27900 X33100

378CDENBLN/SSTB   L01 X80 X34245Y20709 X36516

378CDENBLN/SSTB   L01 X80 X38647Y26797 Y27900

378CDENBLN/SSTB   L01 X80 X36516Y20709 X38103Y22297

378CDENBLN/SSTB   L01 X80 X38103Y26253 X38647Y26797

378CDENBLN/SSTB   L01 X80 X38103Y22297 Y26253

378CDENBLN/SSTB   L02 X80 X33100Y27900 X35550

378CDENBLN/SSTB   L02 X80 X35550Y27900 X39450Y24000

378CDENBLN/SSTB   L02 X80 X39450Y24000 X52000

378CDENBLN/SSTB   L04 X80 X33100Y27900 X38647

378CDENBLN/SSTB   L04 X80 X38647Y27900 X38650

378CDGVREF        L01 X100 X32508Y14045 Y15092

378CDGVREF        L01 X100 X31500Y16100 X32508Y15092

378CDGVREF        L01 X100 X31500Y16100 Y17850

378CDGVREF        L01 X100 X31050Y19600 X33723Y22273

378CDGVREF        L01 X100 X31050Y18300 Y19600

378CDGVREF        L01 X100 X31050Y18300 X31500Y17850

378CDGVREF        L01 X100 X33723Y22273 X35873

378CDGVREF        L01 X100 X35873Y22273 X36900Y23300

378CDGVREF        L01 X100 X36900Y23300 Y43450

378CDGVREF        L04 X100 X31000Y44000 X31550Y43450

378CDGVREF        L04 X100 X31550Y43450 X36900

378CDRESETN/NC    L01 X80 X32508Y18455 Y19808

378CDRESETN/NC    L01 X80 X32508Y19808 X34000Y21300

378CDRESETN/NC    L01 X80 X31535Y27327 X32423

378CDRESETN/NC    L01 X80 X32423Y27327 X32550Y27200

378CDRESETN/NC    L01 X80 X32550Y27200 X33100

378CDRESETN/NC    L01 X80 X34000Y21300 X36272

378CDRESETN/NC    L01 X80 X37650Y26750 X37850Y26950

378CDRESETN/NC    L01 X80 X36272Y21300 X37650Y22678

378CDRESETN/NC    L01 X80 X37650Y22678 Y26750

378CDRESETN/NC    L02 X80 X33100Y27200 X35100

378CDRESETN/NC    L02 X80 X35100Y27200 X42300Y20000

378CDRESETN/NC    L02 X80 X42300Y20000 X52000

378CDRESETN/NC    L04 X80 X33100Y27200 X37000

378CDRESETN/NC    L04 X80 X37000Y27200 X37250Y26950

378CDRESETN/NC    L04 X80 X37250Y26950 X37850

378CDSTEP/SCLK    L01 X80 X31535Y28311 X32111

378CDSTEP/SCLK    L01 X80 X32111Y28311 X32750Y28950

378CDSTEP/SCLK    L01 X80 X32750Y28950 X33100

378CDSTEP/SCLK    L01 X80 X33492Y18455 Y19400

378CDSTEP/SCLK    L01 X80 X33492Y19400 X34408Y20316

378CDSTEP/SCLK    L01 X80 X34408Y20316 X36679

378CDSTEP/SCLK    L01 X80 X36679Y20316 X38400Y22036

378CDSTEP/SCLK    L01 X80 X39041Y26791 Y28950

378CDSTEP/SCLK    L01 X80 X38400Y26150 X39041Y26791

378CDSTEP/SCLK    L01 X80 X38400Y22036 Y26150

378CDSTEP/SCLK    L02 X80 X33100Y28950 X36300

378CDSTEP/SCLK    L02 X80 X36300Y28950 X37300Y27950

378CDSTEP/SCLK    L02 X80 X37300Y27950 X38200

378CDSTEP/SCLK    L02 X80 X38200Y27950 X38900Y28650

378CDSTEP/SCLK    L02 X80 X38900Y28650 X41200

378CDSTEP/SCLK    L02 X80 X41200Y28650 X42550Y30000

378CDSTEP/SCLK    L02 X80 X42550Y30000 X52000

378CDSTEP/SCLK    L04 X80 X33100Y28950 X39041

378CDSTEP/SCLK    L04 X80 X39041Y28950 X39050

378CDUSM0/NC      L01 X100 X33886Y14045 Y14764

378CDUSM0/NC      L01 X100 X33550Y15100 X33886Y14764

378CDUSM0/NC      L01 X100 X31660Y19350 X31670Y19360

378CDUSM0/NC      L01 X80 X32650Y28600 X33100

378CDUSM0/NC      L01 X80 X31535Y28114 X32164

378CDUSM0/NC      L01 X80 X32164Y28114 X32650Y28600

378CDUSM0/NC      L01 X80 X37456Y28156 Y28600

378CDUSM0/NC      L01 X80 X37200Y27900 X37456Y28156

378CDUSM0/NC      L01 X80 X31660Y19350 Y19710

378CDUSM0/NC      L01 X80 X31660Y19710 X33850Y21900

378CDUSM0/NC      L01 X80 X33850Y21900 X36023

378CDUSM0/NC      L01 X80 X36023Y21900 X37200Y23077

378CDUSM0/NC      L01 X80 X37200Y23077 Y27900

378CDUSM0/NC      L02 X80 X33100Y28600 X36050

378CDUSM0/NC      L02 X80 X36050Y28600 X37400Y27250

378CDUSM0/NC      L02 X80 X37400Y27250 X41500

378CDUSM0/NC      L02 X80 X41500Y27250 X42250Y28000

378CDUSM0/NC      L02 X80 X42250Y28000 X52000

378CDUSM0/NC      L04 X100 X31900Y16750 X33550Y15100

378CDUSM0/NC      L04 X100 X31660Y19090 Y19350

378CDUSM0/NC      L04 X100 X31660Y19090 X31900Y18850

378CDUSM0/NC      L04 X100 X31900Y16750 Y18850

378CDUSM0/NC      L04 X80 X33100Y28600 X37450

378CDUSM1/NC      L01 X100 X34280Y14045 Y14580

378CDUSM1/NC      L01 X100 X34280Y14580 X34450Y14750

378CDUSM1/NC      L01 X80 X31535Y27524 X32426

378CDUSM1/NC      L01 X80 X32453Y27550 X33100

378CDUSM1/NC      L01 X80 X32426Y27524 X32453Y27550

378CDUSM1/NC      L01 X80 X32200Y19300 Y19750

378CDUSM1/NC      L01 X80 X32200Y19750 X33950Y21500

378CDUSM1/NC      L01 X80 X33950Y21500 X36189

378CDUSM1/NC      L01 X80 X37500Y27194 X37856Y27550

378CDUSM1/NC      L01 X80 X36189Y21500 X37500Y22811

378CDUSM1/NC      L01 X80 X37500Y22811 Y27194

378CDUSM1/NC      L02 X80 X33100Y27550 X35300

378CDUSM1/NC      L02 X80 X35300Y27550 X40850Y22000

378CDUSM1/NC      L02 X80 X40850Y22000 X52000

378CDUSM1/NC      L04 X100 X32200Y19100 Y19300

378CDUSM1/NC      L04 X100 X32200Y19100 X32300Y19000

378CDUSM1/NC      L04 X100 X32300Y16900 Y19000

378CDUSM1/NC      L04 X100 X32300Y16900 X33550Y15650

378CDUSM1/NC      L04 X100 X33550Y15650 X33800

378CDUSM1/NC      L04 X100 X33800Y15650 X34450Y15000

378CDUSM1/NC      L04 X100 X34450Y14750 Y15000

378CDUSM1/NC      L04 X80 X33100Y27550 X37850

378CDVREF         L01 X100 X23700Y26975 X23725

378CDVREF         L01 X100 X23675Y26975 X23700

378CDVREF         L01 X100 X23650Y26950 X23675Y26975

378CDVREF         L01 X100 X27350Y28000 X27650

378CDVREF         L01 X100 X27650Y28000 X27733Y27917

378CDVREF         L01 X100 X27733Y27917 X28465

378CDVREF         L01 X100 X23100Y27500 X23650Y26950

378CDVREF         L01 X100 X22000Y27500 X23100

378CDVREF         L01 X100 X21500Y28000 X22000Y27500

378CDVREF         L01 X100 X21500Y28000 Y39683

378CDVREF         L01 X100 X23725Y26975 X24750Y28000

378CDVREF         L01 X100 X24750Y28000 X27350

378CDVREF         L01 X100 X21500Y39683 X27317Y45500

378CDVREF         L01 X100 X27317Y45500 X28900

378CDVREF         L01 X100 X28900Y45500 X29400Y45000

378CDVREF         L01 X100 X29400Y45000 X31000

378CDVREF         L02 X80 X24650Y28000 X27350

378CDVREF         L02 X80 X24350Y27700 X24650Y28000

378CDVREF         L02 X80 X20350Y27700 X24350

378CDVREF         L02 X80 X8000Y31000 X17050

378CDVREF         L02 X80 X17050Y31000 X20350Y27700

378CISEN          L01 X130 X31535Y26933 X32167

378CISEN          L01 X130 X32167Y26933 X32600Y26500

378CISEN          L01 X130 X32600Y26500 X33100

378CISEN          L01 X150 X33000Y25500 X34500

378CISEN          L01 X150 X33100Y26500 X34250

378CISEN          L01 X150 X34250Y26500 X34500Y26250

378CISEN          L01 X150 X34500Y25500 Y26250

378CISEN          L02 X80 X33100Y26500 X34750

378CISEN          L02 X80 X34750Y26500 X45250Y16000

378CISEN          L02 X80 X45250Y16000 X52000

378COUT1          L01 X130 X31535Y27130 X32370

378COUT1          L01 X130 X32370Y27130 X32650Y26850

378COUT1          L01 X130 X32650Y26850 X33100

378COUT1          L01 X250 X44500Y9500 X46000Y8000

378COUT1          L01 X250 X44500Y9500 Y11000

378COUT1          L01 X250 X44500Y11000 Y26550

378COUT1          L02 X80 X33100Y26850 X34850

378COUT1          L02 X80 X34850Y26850 X43700Y18000

378COUT1          L02 X80 X43700Y18000 X52000

378COUT1          L04 X250 X33100Y26850 X36300

378COUT1          L04 X250 X36300Y26850 X36600Y26550

378COUT1          L04 X250 X36600Y26550 X44500

378COUT2          L01 X130 X31535Y26736 X31964

378COUT2          L01 X130 X31964Y26736 X32550Y26150

378COUT2          L01 X130 X32550Y26150 X33100

378COUT2          L01 X250 X43500Y8500 X44000Y8000

378COUT2          L01 X250 X43500Y8500 Y11000

378COUT2          L01 X250 X43500Y11000 Y26150

378COUT2          L02 X80 X33100Y26150 X34600

378COUT2          L02 X80 X34600Y26150 X46750Y14000

378COUT2          L02 X80 X46750Y14000 X52000

378COUT2          L04 X250 X33100Y26150 X43500

378CP1            L01 X100 X23700Y31550 X23950

378CP1            L01 X100 X23950Y31550 X25750Y29750

378CP1            L01 X100 X25750Y29750 X27350

378CP1            L01 X100 X27350Y29750 X27700

378CP1            L01 X100 X27700Y29750 X28033Y30083

378CP1            L01 X100 X28033Y30083 X28465

378CP1            L02 X80 X21800Y29750 X22300

378CP1            L02 X80 X10550Y41000 X21800Y29750

378CP1            L02 X80 X8000Y41000 X10550

378CP1            L02 X80 X22300Y29750 X22450Y29900

378CP1            L02 X80 X23150Y29900 X23300Y29750

378CP1            L02 X80 X22450Y29900 X23150

378CP1            L02 X80 X23300Y29750 X27350

378CP2            L01 X100 X22800Y31550 X23350Y31000

378CP2            L01 X100 X25650Y29400 X27350

378CP2            L01 X100 X23350Y31000 X24050

378CP2            L01 X100 X24050Y31000 X25650Y29400

378CP2            L01 X100 X27350Y29400 X27600

378CP2            L01 X100 X27600Y29400 X28086Y29886

378CP2            L01 X100 X28086Y29886 X28465

378CP2            L02 X80 X23050Y29700 X23350Y29400

378CP2            L02 X80 X21600Y29600 X22350

378CP2            L02 X80 X23350Y29400 X27350

378CP2            L02 X80 X22450Y29700 X23050

378CP2            L02 X80 X22350Y29600 X22450Y29700

378CP2            L02 X80 X12200Y39000 X21600Y29600

378CP2            L02 X80 X8000Y39000 X12200

378DEVSEL         L01 X80 X29650Y20550 X30800

378DEVSEL         L01 X80 X30800Y20000 Y20550

378DEVSEL         L01 X80 X30600Y19800 X30800Y20000

378DEVSEL         L01 X80 X30600Y17922 Y19800

378DEVSEL         L01 X80 X30600Y17922 X30795Y17726

378DISEN          L01 X130 X27350Y26950 X27600

378DISEN          L01 X130 X27600Y26950 X27977Y27327

378DISEN          L01 X130 X27977Y27327 X28465

378DISEN          L01 X150 X25000Y26000 X26500

378DISEN          L01 X150 X26700Y26950 X27350

378DISEN          L01 X150 X26500Y26750 X26700Y26950

378DISEN          L01 X150 X26500Y26000 Y26750

378DISEN          L02 X80 X8000Y25000 X16550

378DISEN          L02 X80 X16550Y25000 X18250Y26700

378DISEN          L02 X80 X18250Y26700 X24950

378DISEN          L02 X80 X24950Y26700 X25200Y26950

378DISEN          L02 X80 X25200Y26950 X27350

378DOUT1          L01 X250 X42000Y8000 X42500Y8500

378DOUT1          L01 X250 X42500Y8500 Y11000

378DOUT1          L01 X130 X27350Y26600 X27613

378DOUT1          L01 X130 X28143Y27130 X28465

378DOUT1          L01 X130 X27613Y26600 X28143Y27130

378DOUT1          L01 X250 X42500Y20400 Y25750

378DOUT1          L01 X250 X42500Y11000 Y20400

378DOUT1          L01 X250 X42500Y20400 Y20950

378DOUT1          L02 X80 X8000Y23000 X16150

378DOUT1          L02 X80 X16150Y23000 X19550Y26400

378DOUT1          L02 X80 X19550Y26400 X25050

378DOUT1          L02 X80 X25050Y26400 X25250Y26600

378DOUT1          L02 X80 X25250Y26600 X27350

378DOUT1          L04 X250 X41250Y25750 X42500

378DOUT1          L04 X250 X40950Y25450 X41250Y25750

378DOUT1          L04 X250 X32600Y25450 X40950

378DOUT1          L04 X250 X31450Y26600 X32600Y25450

378DOUT1          L04 X250 X27350Y26600 X31450

378DOUT2          L01 X250 X41500Y11000 Y25050

378DOUT2          L01 X250 X40000Y8000 X41500Y9500

378DOUT2          L01 X250 X41500Y9500 Y11000

378DOUT2          L01 X130 X27350Y27300 X27600

378DOUT2          L01 X130 X27600Y27300 X27824Y27524

378DOUT2          L01 X130 X27824Y27524 X28465

378DOUT2          L02 X80 X25000Y27300 X27350

378DOUT2          L02 X80 X24700Y27000 X25000Y27300

378DOUT2          L02 X80 X8000Y27000 X24700

378DOUT2          L04 X250 X32158Y25050 X41500

378DOUT2          L04 X250 X31108Y26100 X32158Y25050

378DOUT2          L04 X250 X27200Y26100 X31108

378DOUT2          L04 X250 X26750Y26550 X27200Y26100

378DOUT2          L04 X250 X26750Y26550 Y27100

378DOUT2          L04 X250 X26750Y27100 X26950Y27300

378DOUT2          L04 X250 X26950Y27300 X27350

378GND            L01 X100 X30800Y21450 Y22150

378GND            L01 X100 X30220Y14970 X30795

378GND            L01 X100 X30795Y15167 X31317

378GND            L01 X100 X16768Y13598 Y14132

378GND            L01 X100 X16768Y14132 X16900Y14265

378GND            L01 X100 X16900Y14265 Y14900

378GND            L01 X250 X15000Y7500 Y8000

378GND            L01 X250 X15000Y8000 Y9100

378NetC14_2       L01 X100 X10854Y11138 X11462

378NetC14_2       L01 X100 X11462Y11138 X11574Y11250

378NetC14_2       L01 X100 X11574Y11250 X12500

378NetC14_2       L01 X100 X12500Y11250 X13750

378NetC18_1       L01 X100 X31000Y9000 X31800Y9800

378NetC18_1       L01 X100 X32705Y13605 Y14045

378NetC18_1       L01 X100 X31800Y13100 X32200Y13500

378NetC18_1       L01 X100 X32600Y13500 X32705Y13605

378NetC18_1       L01 X100 X31800Y9800 Y13100

378NetC18_1       L01 X100 X32200Y13500 X32600

378NetC19_2       L01 X80 X17800Y13607 Y14900

378NetC19_2       L01 X80 X17791Y13598 X17800Y13607

378NetC20_2       L01 X80 X32902Y13348 Y14045

378NetC20_2       L01 X80 X32902Y13348 X33000Y13250

378NetC20_2       L01 X80 X33000Y12250 Y13250

378NetC20_2       L01 X80 X33000Y10250 Y12250

378NetC21_2       L01 X80 X33098Y13602 Y14045

378NetC21_2       L01 X80 X33098Y13602 X34450Y12250

378NetC21_2       L01 X80 X34450Y12250 X35000

378NetC21_2       L01 X80 X35000Y10250 Y12250

378NetD1_1        L01 X250 X22900Y11750 X23181Y12031

378NetD1_1        L01 X250 X23181Y12031 Y13250

378NetD2_1        L01 X250 X25000Y48181 Y50100

378NetD3_1        L01 X150 X29500Y5500 X31100

378NetJ7_1        L01 X80 X27750Y18500 X28250Y18000

378NetJ7_1        L01 X80 X28250Y18000 X29050

378NetJ7_1        L01 X80 X29050Y18000 X30308Y16742

378NetJ7_1        L01 X80 X30308Y16742 X30795

378NetJ7_2        L01 X250 X26500Y18500 X27150Y19150

378NetJ7_2        L01 X250 X27150Y19150 X28100

378NetJ7_2        L01 X250 X28100Y19150 X28750Y18500

378NetJ7_3        L01 X80 X27750Y17500 X28250Y17000

378NetJ7_3        L01 X80 X28250Y17000 X29500

378NetJ7_3        L01 X80 X29500Y17000 X29950Y16550

378NetJ7_3        L01 X80 X29950Y16550 X30791

378NetJ7_3        L01 X80 X30791Y16550 X30795Y16545

378NetJ7_4        L01 X80 X28400Y17500 X28750

378NetJ7_4        L01 X80 X27950Y17950 X28400Y17500

378NetJ7_4        L01 X80 X27400Y17950 X27950

378NetJ7_4        L01 X80 X27150Y17700 X27400Y17950

378NetJ7_4        L01 X80 X27150Y17150 Y17700

378NetJ7_4        L01 X80 X26500Y16500 X27150Y17150

378NetJ7_5        L01 X80 X29798Y16348 X30795

378NetJ7_5        L01 X80 X29450Y16000 X29798Y16348

378NetJ7_5        L01 X80 X28250Y16000 X29450

378NetJ7_5        L01 X80 X27750Y16500 X28250Y16000

378NetJ7_7        L01 X80 X27750Y15500 X28250Y15000

378NetJ7_7        L01 X80 X28250Y15000 X29100

378NetJ7_7        L01 X80 X29100Y15000 X30252Y16152

378NetJ7_7        L01 X80 X30252Y16152 X30795

378NetJP1_3       L01 X80 X28000Y46000 X28600Y46600

378NetJP1_3       L01 X80 X28600Y46600 Y49400

378NetJP1_3       L01 X80 X28000Y50000 X28600Y49400

378NetJP2_3       L01 X80 X31000Y50000 X31550Y49450

378NetJP2_3       L01 X80 X31550Y46550 Y49450

378NetJP2_3       L01 X80 X31000Y46000 X31550Y46550

378NetR12_1       L01 X250 X17500Y7500 X18400

378NetR12_1       L01 X250 X18400Y7500 X19000Y8100

378NetR12_1       L01 X250 X19000Y8100 X20000

378NetR12_1       L01 X250 X20000Y6750 Y8100

378P6M5           L01 X80 X30450Y7050 X32000Y5500

378P6M5           L01 X80 X30450Y7050 Y9250

378P6M5           L01 X80 X30450Y9250 X31600Y10400

378P6M5           L01 X80 X31600Y10400 Y13150

378P6M5           L01 X80 X31600Y13150 X32114Y13664

378P6M5           L01 X80 X32114Y13664 Y14045

378RST            L01 X80 X30455Y15955 X30795

378RST            L01 X80 X29400Y14900 X30455Y15955

378RST            L01 X80 X29400Y14400 Y14900

378RST            L01 X80 X29000Y14000 X29400Y14400

378RST            L01 X80 X28250Y14000 X29000

378RST            L01 X80 X27750Y13500 X28250Y14000

378RST            L01 X80 X26500Y13500 X27750

378RST            L01 X80 X26500Y13500 Y15750

378RST            L04 X80 X21900Y15750 X26500

378RST            L04 X80 X21450Y16200 X21900Y15750

378RST            L04 X80 X21450Y16200 Y17031

378RX             L01 X100 X16000Y10450 Y11000

378RX             L01 X100 X16000Y10450 X16250Y10200

378RX             L01 X100 X36550Y7150 X36700Y7300

378RX             L01 X100 X36700Y7300 Y17450

378RX             L01 X100 X36424Y17726 X36700Y17450

378RX             L01 X100 X35205Y17726 X36424

378RX             L01 X100 X36550Y6750 Y7150

378RX             L04 X100 X16250Y10200 X22774

378RX             L04 X100 X22774Y10200 X26224Y6750

378RX             L04 X100 X26224Y6750 X36550

378TX             L01 X100 X34476Y18455 X36045

378TX             L01 X100 X36045Y18455 X36900Y17600

378TX             L01 X100 X36900Y6450 Y17600

378TX             L01 X100 X14976Y10276 Y11000

378TX             L04 X100 X14976Y10276 X15353Y9900

378TX             L04 X100 X15353Y9900 X22650

378TX             L04 X100 X22650Y9900 X26100Y6450

378TX             L04 X100 X26100Y6450 X36900

378USBDM          L01 X80 X17172Y12122 X18047Y12997

378USBDM          L01 X80 X18047Y12997 Y13598

378USBDM          L01 X80 X10854Y12122 X17172

378USBDP          L01 X80 X10067Y12122 X10589Y11600

378USBDP          L01 X80 X10589Y11600 X11100

378USBDP          L01 X80 X11100Y11600 X11450Y11950

378USBDP          L01 X80 X18303Y12953 Y13598

378USBDP          L01 X80 X17300Y11950 X18303Y12953

378USBDP          L01 X80 X11450Y11950 X17300

378V3P3           L01 X100 X27350Y28700 X27750

378V3P3           L01 X100 X27750Y28700 X28139Y28311

378V3P3           L01 X100 X28139Y28311 X28465

378V3P3           L01 X100 X23700Y29250 X24250

378V3P3           L01 X100 X24250Y29250 X24800Y28700

378V3P3           L01 X100 X24800Y28700 X27350

378V3P3           L02 X80 X21000Y28700 X27350

378V3P3           L02 X80 X14700Y35000 X21000Y28700

378V3P3           L02 X80 X8000Y35000 X14700

378VCP            L01 X100 X23700Y30400 X25050Y29050

378VCP            L01 X100 X25050Y29050 X27350

378VCP            L01 X100 X27350Y29050 X27550

378VCP            L01 X100 X27550Y29050 X28189Y29689

378VCP            L01 X100 X28189Y29689 X28465

378VCP            L02 X80 X23400Y29050 X27350

378VCP            L02 X80 X23250Y28900 X23400Y29050

378VCP            L02 X80 X21400Y28900 X23250

378VCP            L02 X80 X13300Y37000 X21400Y28900

378VCP            L02 X80 X8000Y37000 X13300

378VDD            L01 X250 X24750Y17500 X25850

378VDD            L01 X100 X28950Y21450 X29650

378VDD            L01 X150 X25850Y17500 Y21450

378VDD            L01 X250 X15900Y7400 Y9100

378VDD            L01 X250 X15900Y7400 X16300Y7000

378VDD            L01 X250 X16300Y7000 X17500

378VDD            L01 X250 X17500Y6500 Y7000

378VDD            L01 X250 X20000Y9000 X22000

378VDD            L01 X250 X22000Y9000 Y11750

378VDD            L01 X250 X22000Y9000 X27250

378VDD            L01 X150 X25600Y13500 Y15450

378VDD            L01 X150 X25600Y15450 X25850Y15700

378VDD            L01 X250 X25850Y17500 X26500

378VDD            L01 X150 X25850Y15700 Y17500

378VDD            L01 X100 X15744Y10256 Y11000

378VDD            L01 X100 X15744Y10256 X15900Y10100

378VDD            L01 X100 X15900Y9100 Y10100

378VDD            L01 X250 X20000Y32750 Y39350

378VDD            L01 X250 X20000Y9000 Y25750

378VDD            L01 X250 X20000Y25750 Y32750

378VDD            L01 X250 X20000Y39350 X28000Y47350

378VDD            L01 X250 X28000Y47350 Y49000

378VDD            L01 X150 X22000Y11750 X22500Y11250

378VDD            L01 X150 X25600Y11700 Y13500

378VDD            L01 X150 X29000Y11250 X29600Y11850

378VDD            L01 X150 X29600Y11850 Y12350

378VDD            L01 X150 X29600Y12350 X30250Y13000

378VDD            L01 X150 X22500Y11250 X25150

378VDD            L01 X150 X25150Y11250 X29000

378VDD            L01 X150 X25150Y11250 X25600Y11700

378VDD            L01 X150 X30250Y13000 X30795Y13545

378VDD            L01 X150 X31055Y14045 X31524

378VDD            L01 X150 X30795Y13545 Y14305

378VDD            L01 X150 X30795Y14305 Y14774

378VDD            L01 X150 X30795Y14305 X31055Y14045

378VDD            L01 X250 X15900Y9100 X18200

378VDD            L01 X250 X18200Y9100 X18300Y9000

378VDD            L01 X250 X18300Y9000 X20000

378VDD            L04 X150 X25850Y21450 X28950

378VDD            L04 X250 X20000Y32750 X22750

378VDD            L04 X250 X20000Y25750 X22750

378VDD            L04 X250 X28000Y49000 X31000

378VM             L01 X500 X20000Y43000 Y46000

378VM             L01 X500 X20000Y46000 Y51000

378VM             L01 X500 X23000Y51000 X25000

378VM             L01 X500 X20000Y51000 X23000

378VM             L01 X500 X20000Y40950 Y43000

378VM             L01 X500 X18650Y39600 X20000Y40950

378VM             L01 X150 X22100Y30400 X22800

378VM             L01 X500 X18650Y23000 Y30400

378VM             L01 X500 X18650Y30400 Y35250

378VM             L01 X500 X18650Y35250 Y39600

378VM             L01 X500 X29650Y23550 Y24600

378VM             L01 X500 X28500Y25750 X29650Y24600

378VM             L01 X500 X29250Y33500 Y35700

378VM             L01 X500 X28500Y32750 X29250Y33500

378VM             L04 X150 X18650Y30400 X22100

378VM             L04 X500 X18650Y23000 X27250

378VM             L04 X500 X27250Y23000 X27800Y23550

378VM             L04 X500 X27800Y23550 X29650

378VM             L04 X500 X25150Y35250 X25600Y35700

378VM             L04 X500 X25600Y35700 X29250

378VM             L04 X500 X18650Y35250 X25150

389BOARD_EDGE         X100Y100 X5000Y4000 Y54000 X55000 Y4000 X5000

3795VCC GND VDD RESET USBDP USBDM NetC14_2

379ABDECAY AISEN CP2 CP1 AOUT1 GND AOUT2 VCP VM ABVREF CDVREF VDD V3P3

379ABDIR/RESETN CDRESETN/NC CDDIR/SDATA CDENBLN/SSTB ABENBLN/SLEEPN

079 ABUSM1/NC ABSTEP/SCS ABUSM0/NC GND BOUT1 BOUT2 ABRESETN/NC CDUSM1/NC

079 CDUSM0/NC ABGVREF CDGVREF CDSTEP/SCLK COUT1 CISEN COUT2 DOUT1 DOUT2

079 AOUT1 AOUT2 BISEN

379ABENBLN/SLEEPN CDSTEP/SCLK CDENBLN/SSTB ABSTEP/SCS ABUSM1/NC

079 ABUSM0/NC ABRESETN/NC GND BOUT1 CDDIR/SDATA CDRESETN/NC CDUSM1/NC

079 CDUSM0/NC ABGVREF CDGVREF COUT2 COUT1 CISEN DOUT1 DOUT2 BISEN BOUT2

079 AOUT1 AOUT2

379ABGVREF NetC18_1 P6M5 CDGVREF CDVREF VDD BISEN BOUT1 BOUT2 ABSTEP/SCS

079 ABUSM0/NC CDUSM0/NC ABUSM1/NC ABRESETN/NC CDSTEP/SCLK CDDIR/SDATA

079 CDENBLN/SSTB CDUSM1/NC CDRESETN/NC COUT1 CISEN COUT2 AOUT2 AOUT1

079 DOUT1 DOUT2 GND DEVSEL NetJ7_7 NetJ7_5 NetJ7_3 RST NetJ7_1

379ABRESETN/NC CDSTEP/SCLK ABSTEP/SCS GND ABUSM1/NC BOUT1 CDENBLN/SSTB

079 CDDIR/SDATA CDRESETN/NC CDUSM1/NC CDUSM0/NC ABUSM0/NC CDGVREF COUT1

079 CISEN COUT2 DOUT1 DOUT2 BISEN BOUT2

379ABSTEP/SCS CDSTEP/SCLK BISEN BOUT2 ABUSM0/NC GND BOUT1 AOUT2

079 ABUSM1/NC CDENBLN/SSTB CDGVREF CDDIR/SDATA CDRESETN/NC CDUSM1/NC

079 CDUSM0/NC CISEN COUT2 COUT1 DOUT1 DOUT2 AOUT1

379ABUSM0/NC ABUSM1/NC CDUSM0/NC NetC21_2 BOUT2 GND BOUT1 NetC20_2

079 CDUSM1/NC CDGVREF BISEN CDSTEP/SCLK CDRESETN/NC CDDIR/SDATA

079 CDENBLN/SSTB COUT1 CISEN COUT2 DOUT1 DOUT2 DEVSEL AOUT1 AOUT2

379ABUSM1/NC CDUSM1/NC CDUSM0/NC NetC21_2 GND BOUT1 COUT2 CDRESETN/NC

079 CDGVREF CDSTEP/SCLK CDDIR/SDATA CDENBLN/SSTB COUT1 CISEN DOUT1 DOUT2

079 BISEN BOUT2

379ABVREF CDDECAY V3P3 GND CDVREF VDD AISEN AOUT1 VCP CP1 AOUT2 CP2 VM

379AISEN AOUT2 VM AOUT1 GND CP2 CP1 VCP CDVREF VDD V3P3

379AOUT1 CP1 AOUT2 GND BISEN BOUT1 CP2 BOUT2 VM VCP VDD V3P3 CDVREF

079 CDGVREF

379AOUT2 VM GND BISEN BOUT1 BOUT2 CP2 CP1 VDD CDVREF V3P3 VCP CDGVREF

379BISEN BOUT2 BOUT1 GND CDGVREF

379BOUT1 BOUT2 GND CDGVREF

379BOUT2 GND CDGVREF

379CBUS0 CBUS1

379CBUS1 GND

379CBUS2 CBUS4 CBUS3

379CBUS4 CTS

379CDDECAY DOUT2 DISEN CDVREF GND DOUT1 VM VCP V3P3 VDD

379CDDIR/SDATA CDRESETN/NC CDENBLN/SSTB CDUSM1/NC CDSTEP/SCLK CDUSM0/NC

079 GND CDGVREF COUT1 CISEN COUT2 DOUT1 DOUT2

379CDENBLN/SSTB CDSTEP/SCLK CDUSM1/NC CDRESETN/NC CDUSM0/NC GND CDGVREF

079 COUT1 CISEN COUT2 DOUT1 DOUT2

379CDGVREF NetC18_1 P6M5 NetC20_2 CDUSM0/NC GND CDUSM1/NC DEVSEL

079 CDSTEP/SCLK CDRESETN/NC COUT1 CISEN COUT2 DOUT1 DOUT2

379CDRESETN/NC CDUSM1/NC CISEN COUT1 GND COUT2 DOUT1 CDSTEP/SCLK

079 CDUSM0/NC DOUT2

379CDSTEP/SCLK GND CDUSM0/NC CDUSM1/NC COUT2 COUT1 CISEN DOUT1 DOUT2

379CDUSM0/NC CDUSM1/NC NetC21_2 GND COUT1 CISEN COUT2 DOUT1 DOUT2

379CDUSM1/NC NetC21_2 COUT2 COUT1 GND CISEN DOUT1 DOUT2

379CDVREF DOUT2 V3P3 GND DISEN DOUT1 VDD CP1 CP2 VCP VM

379CISEN COUT2 COUT1 GND DOUT1 DOUT2 RX TX

379COUT1 COUT2 GND DOUT1 RX TX DOUT2

379COUT2 GND DOUT1 DOUT2 RX TX

379CP1 VCP CP2 GND V3P3 VM VDD

379CP2 GND VCP V3P3 VM VDD

379CTS DCD

379DCD DSR

379DEVSEL NetJ7_1 GND VDD

379DISEN DOUT1 VM DOUT2 GND VDD

379DOUT1 VM DOUT2 GND VDD

379DOUT2 GND VM VDD

379DTR TX RTS

379GND VDD RST NetJ7_7 NetC19_2 RESET USBDP USBDM OSCI RI RX V3P3 VCP VM

079 NetR12_1 NetC21_2 NetC20_2 NetC14_2 TX P6M5

379NetC14_2 USBDP

379NetC18_1 NetC21_2 NetC20_2 P6M5 VDD

379NetC19_2 USBDM USBDP

379NetC20_2 NetC21_2

379NetD1_1 VDD

379NetD2_1 VM

379NetD3_1 P6M5

379NetJ7_1 NetJ7_3 NetJ7_5 NetJ7_4 NetJ7_2

379NetJ7_2 NetJ7_4 VDD

379NetJ7_3 NetJ7_7 NetJ7_5 NetJ7_4

379NetJ7_4 VDD

379NetJ7_5 NetJ7_7 RST

379NetJ7_7 RST VDD

379NetJP1_3 VDD

379NetR12_1 VDD

379OSCI OSCO

379P6M5 TX RX VDD

379RESET USBDP USBDM

379RI RX

379RST VDD

379RTS VDD TX

379RX VDD TX

379TX VDD

379USBDM USBDP

379V3P3 VCP VM VDD

379VCP VM VDD

379VDD VM
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Warning pad shape change for U4-8 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U3-24 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-8 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U4-3 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U4-4 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U3-20 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U1-6 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-43 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-42 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-40 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-45 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-44 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-41 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-17 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-4 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-5 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-3 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-47 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-48 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-46 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U3-23 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-22 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-13 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-14 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-12 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U1-19 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-31 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-30 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-28 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-33 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-32 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-29 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-18 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-26 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-27 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-25 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-7 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-8 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U3-11 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-10 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U1-21 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-22 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-20 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U3-9 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-2 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U4-2 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U3-18 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-21 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-25 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-26 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-7 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U1-34 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-35 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-36 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-37 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-38 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-39 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-15 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-14 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-13 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-12 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-11 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-10 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U3-17 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U4-7 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U3-27 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-28 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-19 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-6 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-3 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-5 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-16 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U3-15 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U1-16 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-9 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U4-6 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U4-5 from rounded 100mil,25mil to rectangular 75mil,25mil

Warning pad shape change for U3-4 from rounded 78.74mil,15mil to rectangular 63.74mil,15mil

Warning pad shape change for U1-24 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-23 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-2 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil

Warning pad shape change for U1-1 from rounded 11.811mil,49.213mil to rectangular 11.811mil,37.402mil
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D10   RECTANGULAR       100.000      25.000       0.000 FLASH       0.000

D11   ROUNDED           100.000      25.000       0.000 FLASH       0.000

D12   RECTANGULAR         9.842      53.150       0.000 FLASH     180.000

D13   RECTANGULAR         9.842      53.150       0.000 FLASH      90.000

D14   ROUNDED            78.740      15.000       0.000 FLASH      90.000

D15   RECTANGULAR        78.740      15.000       0.000 FLASH      90.000

D16   ROUNDED            11.811      49.213       0.000 FLASH      90.000

D17   RECTANGULAR       147.638     127.953       0.000 FLASH     270.000

D18   RECTANGULAR        59.055     102.362       0.000 FLASH     270.000

D19   RECTANGULAR        33.465     133.858       0.000 FLASH      90.000

D20   RECTANGULAR        51.181      62.992       0.000 FLASH     180.000

D21   RECTANGULAR        60.000      60.000       0.000 FLASH     270.000

D22   RECTANGULAR        60.000      50.000       0.000 FLASH      90.000

D23   RECTANGULAR        60.000      50.000       0.000 FLASH       0.000

D24   RECTANGULAR        59.055     102.362       0.000 FLASH     180.000

D25   ROUNDED            40.000      40.000       0.000 FLASH       0.000

D26   ROUNDED            25.000      25.000       0.000  LINE       0.000

D27   ROUNDED            50.000      50.000       0.000  LINE       0.000

D28   ROUNDED             8.000       8.000       0.000  LINE       0.000

D29   ROUNDED            15.000      15.000       0.000  LINE       0.000

D30   ROUNDED            10.000      10.000       0.000  LINE       0.000

D31   ROUNDED            30.000      30.000       0.000  LINE       0.000

D32   ROUNDED            13.000      13.000       0.000  LINE       0.000

D33   RECTANGULAR       205.000     470.000       0.000 FLASH       0.000

D34   ROUNDED            50.000      50.000       0.000 FLASH       0.000

D35   ROUNDED            47.244      47.244       0.000 FLASH       0.000

D36   RECTANGULAR        47.244      47.244       0.000 FLASH      90.000

D37   ROUNDED            59.055      59.055       0.000 FLASH       0.000

D38   ROUNDED           118.110     118.110       0.000 FLASH       0.000

D39   ROUNDED            70.000      70.000       0.000 FLASH       0.000

D40   RECTANGULAR        50.000      50.000       0.000 FLASH       0.000

D41   RECTANGULAR        50.000      50.000       0.000 FLASH     270.000

D42   RECTANGULAR        80.000      80.000       0.000 FLASH     180.000

D43   ROUNDED            80.000      80.000       0.000 FLASH       0.000

D44   ROUNDED            78.740      78.740       0.000 FLASH       0.000

D45   RECTANGULAR        62.000      62.000       0.000 FLASH      90.000

D46   ROUNDED            62.000      62.000       0.000 FLASH       0.000

D47   RECTANGULAR        62.000      62.000       0.000 FLASH       0.000

D48   RECTANGULAR        59.055      59.055       0.000 FLASH     270.000

D49   RECTANGULAR        59.055      59.055       0.000 FLASH       0.000

D50   ROUNDED           150.000     150.000       0.000 FLASH       0.000

D51   ROUNDED            30.000      30.000       0.000 FLASH       0.000

D52   ROUNDED            25.000      25.000       0.000 FLASH       0.000

D53   ROUNDED            20.000      20.000       0.000 FLASH       0.000

D54   RECTANGULAR       245.000     500.000       0.000 FLASH       0.000

D55   ROUNDED            40.000      40.000       0.000  LINE       0.000

D56   ROUNDED            68.000      68.000       0.000 FLASH       0.000

D57   RELIEF             70.000      70.000       0.000 FLASH      25.000       6.000 4       0.000

D58   ROUNDED            76.614      76.614       0.000 FLASH       0.000

D59   RELIEF             78.614      78.614       0.000 FLASH      25.000       6.000 4       0.000

D60   RELIEF            132.551     132.551       0.000 FLASH      25.000       6.000 4       0.000

D61   ROUNDED            92.000      92.000       0.000 FLASH       0.000

D62   ROUNDED            85.000      85.000       0.000 FLASH       0.000

D63   RELIEF             87.000      87.000       0.000 FLASH      25.000       6.000 4       0.000

D64   RELIEF             81.370      81.370       0.000 FLASH      25.000       6.000 4       0.000

D65   ROUNDED            79.370      79.370       0.000 FLASH       0.000

D66   ROUNDED            82.000      82.000       0.000 FLASH       0.000

D67   ROUNDED            75.433      75.433       0.000 FLASH       0.000

D68   RELIEF             77.433      77.433       0.000 FLASH      25.000       6.000 4       0.000

D69   RELIEF             94.000      94.000       0.000 FLASH      25.000       6.000 4       0.000

D70   ROUNDED           190.000     190.000       0.000 FLASH       0.000

D71   RELIEF             58.000      58.000       0.000 FLASH      25.000       6.000 4       0.000

D72   ROUNDED            56.000      56.000       0.000 FLASH       0.000

D73   ROUNDED            65.000      65.000       0.000 FLASH       0.000

D74   ROUNDED            55.000      55.000       0.000 FLASH       0.000

D75   RELIEF             57.000      57.000       0.000 FLASH      25.000       6.000 4       0.000

D76   RELIEF             52.000      52.000       0.000 FLASH      25.000       6.000 4       0.000

D77   RECTANGULAR       250.000     442.263       0.000 FLASH       0.000

D78   ROUNDED             7.874       7.874       0.000  LINE       0.000

D79   ROUNDED            23.622      23.622       0.000  LINE       0.000

D80   ROUNDED             9.842       9.842       0.000  LINE       0.000

D81   ROUNDED             9.842       9.842       0.000  LINE       0.000

D82   ROUNDED            12.008      12.008       0.000  LINE       0.000

D83   ROUNDED            12.000      12.000       0.000  LINE       0.000

D84   ROUNDED             3.937       3.937       0.000  LINE       0.000

D85   ROUNDED            11.000      11.000       0.000  LINE       0.000

D86   RECTANGULAR       108.000      33.000       0.000 FLASH       0.000

D87   ROUNDED           108.000      33.000       0.000 FLASH       0.000

D88   RECTANGULAR        17.843      61.150       0.000 FLASH     180.000

D89   RECTANGULAR        17.843      61.150       0.000 FLASH      90.000

D90   ROUNDED            86.740      23.000       0.000 FLASH      90.000

D91   RECTANGULAR        86.740      23.000       0.000 FLASH      90.000

D92   ROUNDED            19.811      57.213       0.000 FLASH      90.000

D93   RECTANGULAR       155.638     135.953       0.000 FLASH     270.000

D94   RECTANGULAR        67.055     110.362       0.000 FLASH     270.000

D95   RECTANGULAR        41.465     141.858       0.000 FLASH      90.000

D96   RECTANGULAR        59.181      70.992       0.000 FLASH     180.000

D97   RECTANGULAR        68.000      68.000       0.000 FLASH     270.000

D98   RECTANGULAR        68.000      58.000       0.000 FLASH      90.000

D99   RECTANGULAR        68.000      58.000       0.000 FLASH       0.000

D100  RECTANGULAR        67.055     110.362       0.000 FLASH     180.000

D101  ROUNDED            48.000      48.000       0.000 FLASH       0.000

D102  ROUNDED            58.000      58.000       0.000 FLASH       0.000

D103  ROUNDED            55.244      55.244       0.000 FLASH       0.000

D104  RECTANGULAR        55.244      55.244       0.000 FLASH      90.000

D105  ROUNDED            67.055      67.055       0.000 FLASH       0.000

D106  ROUNDED           126.110     126.110       0.000 FLASH       0.000

D107  ROUNDED            78.000      78.000       0.000 FLASH       0.000

D108  RECTANGULAR        58.000      58.000       0.000 FLASH       0.000

D109  RECTANGULAR        58.000      58.000       0.000 FLASH     270.000

D110  RECTANGULAR        88.000      88.000       0.000 FLASH     180.000

D111  ROUNDED            88.000      88.000       0.000 FLASH       0.000

D112  ROUNDED            86.740      86.740       0.000 FLASH       0.000

D113  RECTANGULAR        70.000      70.000       0.000 FLASH      90.000

D114  RECTANGULAR        70.000      70.000       0.000 FLASH       0.000

D115  RECTANGULAR        67.055      67.055       0.000 FLASH     270.000

D116  RECTANGULAR        67.055      67.055       0.000 FLASH       0.000

D117  ROUNDED           158.000     158.000       0.000 FLASH       0.000

D118  ROUNDED            38.000      38.000       0.000 FLASH       0.000

D119  ROUNDED            33.000      33.000       0.000 FLASH       0.000

D120  ROUNDED            28.000      28.000       0.000 FLASH       0.000

D121  ROUNDED             6.667       6.667       0.000  LINE       0.000

D122  ROUNDED             4.000       4.000       0.000  LINE       0.000

D123  ROUNDED            12.800      12.800       0.000  LINE       0.000

D124  ROUNDED             5.333       5.333       0.000  LINE       0.000

D125  ROUNDED             3.333       3.333       0.000  LINE       0.000
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---------------------------------------------------------------------------

NCDrill File Report For: CPG003_DRV8821EVM_DRV8823EVM_RA.PcbDoc   11/19/2009  2:14:09 PM

---------------------------------------------------------------------------



Layer Pair : Top Layer to Bottom Layer

ASCII RoundHoles File : CPG003_DRV8821EVM_DRV8823EVM_RA.TXT

EIA File   : CPG003_DRV8821EVM_DRV8823EVM_RA.DRL



Tool         Hole Size           Hole Type     Hole Count Plated       Tool Travel

---------------------------------------------------------------------------

T1        10mil (0.254mm)          Round          27               287.53 Inch (7303.29 mm)

T2        15mil (0.381mm)          Round          66               297.78 Inch (7563.54 mm)

T3        16mil (0.4064mm)         Round          38               303.42 Inch (7706.88 mm)

T4        25mil (0.635mm)          Round          4                288.53 Inch (7328.58 mm)

T5        28mil (0.7112mm)         Round          16               291.75 Inch (7410.33 mm)

T6        35.43mil (0.89992mm)     Round          25               293.18 Inch (7446.85 mm)

T7        36.61mil (0.92989mm)     Round          4                283.96 Inch (7212.56 mm)

T8        39.37mil (1mm)           Round          2                285.12 Inch (7242.09 mm)

T9        42mil (1.0668mm)         Round          10               288.47 Inch (7327.25 mm)

T10       45mil (1.143mm)          Round          10               292.83 Inch (7437.83 mm)

T11       52mil (1.3208mm)         Round          37               309.35 Inch (7857.51 mm)

T12       90.55mil (2.29997mm)     Round          2                283.97 Inch (7212.80 mm)

T13       150mil (3.81mm)          Round          4                296.92 Inch (7541.84 mm)

---------------------------------------------------------------------------

Totals                                            245              3802.81 Inch (96591.34 mm)



Total Processing Time (hh:mm:ss) : 00:00:00
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------------------------------------------------------------------------------------------

Gerber File Extension Report For: CPG003_DRV8821EVM_DRV8823EVM_RA.GBR   11/19/2009  2:14:09 PM

------------------------------------------------------------------------------------------





------------------------------------------------------------------------------------------

Layer Extension     Layer Description                      

------------------------------------------------------------------------------------------

.GTL                Top Layer                               

.G1                 Kelvin                                  

.GP1                GND_Plane                               

.GBL                Bottom Layer                            

.GTO                Top Overlay                             

.GTP                Top Paste                               

.GTS                Top Solder                              

.GBS                Bottom Solder                           

.GKO                Keep-Out Layer                          

.GM1                Mechanical 1                            

.GPT                Top Pad Master                          

.GPB                Bottom Pad Master                       

.GD1                Drill Drawing                           

.GG1                Drill Guide                             

------------------------------------------------------------------------------------------
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G04 Layer_Physical_Order=4*
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G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD57*

7,0,0,0.0700,0.0580,0.0250,45*

%

%ADD57THD57*%

%ADD58C,0.0766*%

G04:AMPARAMS|DCode=59|XSize=78.614mil|YSize=78.614mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD59*

7,0,0,0.0786,0.0666,0.0250,45*

%

%ADD59THD59*%

G04:AMPARAMS|DCode=60|XSize=132.551mil|YSize=132.551mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD60*

7,0,0,0.1326,0.1206,0.0250,45*

%

%ADD60THD60*%

%ADD61C,0.0920*%

%ADD62C,0.0850*%

G04:AMPARAMS|DCode=63|XSize=87mil|YSize=87mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD63*

7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

%ADD77R,0.2500X0.4423*%
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X17800Y25250D02*

D03*

X27550Y31100D02*

D03*

X21050Y30850D02*

D03*

X21900D02*

D03*

X28500Y31100D02*

D03*

X27500Y19150D02*

D03*

X28550D02*

D03*

X20950Y19650D02*

D03*

X22000D02*

D03*

X36500Y21050D02*

D03*

D119*

X21500Y11750D02*

D03*

X15000Y21750D02*

D03*

X13650Y26400D02*

D03*

X17100D02*

D03*

X15000Y28750D02*

D03*

X31300Y39100D02*

D03*

X31900Y39450D02*

D03*

X28100Y26000D02*

D03*

X33647Y23900D02*

D03*

X33000Y24250D02*

D03*

X32850Y22950D02*

D03*

X32856Y23550D02*

D03*

X34041Y24950D02*

D03*

X32456Y24600D02*

D03*

X34650Y25300D02*

D03*

X32650Y25650D02*

D03*

X33850Y26000D02*

D03*

X34250Y27050D02*

D03*

X33450Y26350D02*

D03*

X32250Y26700D02*

D03*

X22350Y24700D02*

D03*

X28100Y22500D02*

D03*

X22350Y23300D02*

D03*

X28100Y27400D02*

D03*

X22350Y25400D02*

D03*

X28100Y23900D02*

D03*

X22350Y26800D02*

D03*

X28100Y22150D02*

D03*

Y26350D02*

D03*

Y27750D02*

D03*

Y28100D02*

D03*

X22350Y26450D02*

D03*

Y27150D02*

D03*

Y25050D02*

D03*

X28100Y27050D02*

D03*

Y26700D02*

D03*

Y25650D02*

D03*

Y25300D02*

D03*

Y24950D02*

D03*

Y24600D02*

D03*

Y24250D02*

D03*

Y23550D02*

D03*

Y23200D02*

D03*

Y22850D02*

D03*

X22350Y26100D02*

D03*

Y25750D02*

D03*

Y24350D02*

D03*

Y24000D02*

D03*

Y23650D02*

D03*

Y22950D02*

D03*

Y22600D02*

D03*

X27200Y15300D02*

D03*

X26950Y15600D02*

D03*

X26660Y15350D02*

D03*

X29450Y10750D02*

D03*

X29083Y10917D02*

D03*

X26350Y15100D02*

D03*

X28550Y11100D02*

D03*

X11250Y6200D02*

D03*

X9976Y6276D02*

D03*

X28500Y10700D02*

D03*

X26317Y11167D02*

D03*

X25220Y10970D02*

D03*

D120*

X24250Y27000D02*

D03*

X25000D02*

D03*

X25750D02*

D03*

X25000Y26500D02*

D03*

Y26000D02*

D03*

Y25500D02*

D03*

Y25000D02*

D03*

Y24500D02*

D03*

Y24000D02*

D03*

Y23500D02*

D03*

Y23000D02*

D03*

X24250Y26500D02*

D03*

Y26000D02*

D03*

Y25500D02*

D03*

Y25000D02*

D03*

Y24500D02*

D03*

Y24000D02*

D03*

Y23500D02*

D03*

Y23000D02*

D03*

X25750D02*

D03*

Y23500D02*

D03*

Y24000D02*

D03*

Y24500D02*

D03*

Y25000D02*

D03*

Y25500D02*

D03*

Y26000D02*

D03*

Y26500D02*

D03*

M02*











CPG003_DRV8821EVM_DRV8823EVM_RA.GD1


%FSLAX24Y24*%

%MOIN*%

G70*

G01*

G75*

%ADD10R,0.1000X0.0250*%

%ADD11O,0.1000X0.0250*%

%ADD12R,0.0098X0.0532*%

%ADD13R,0.0532X0.0098*%

%ADD14O,0.0150X0.0787*%

%ADD15R,0.0150X0.0787*%

%ADD16O,0.0492X0.0118*%

%ADD17R,0.1280X0.1476*%

%ADD18R,0.1024X0.0591*%

%ADD19R,0.1339X0.0335*%

%ADD20R,0.0512X0.0630*%

%ADD21R,0.0600X0.0600*%

%ADD22R,0.0500X0.0600*%

%ADD23R,0.0600X0.0500*%

%ADD24R,0.0591X0.1024*%

%ADD25C,0.0400*%

%ADD26C,0.0250*%

%ADD27C,0.0500*%

%ADD28C,0.0080*%

%ADD29C,0.0150*%

%ADD30C,0.0100*%

%ADD31C,0.0300*%

%ADD32C,0.0130*%

%ADD33R,0.2050X0.4700*%

%ADD34C,0.0500*%

%ADD35C,0.0472*%

%ADD36R,0.0472X0.0472*%

%ADD37C,0.0591*%

%ADD38C,0.1181*%

%ADD39C,0.0700*%

%ADD40R,0.0500X0.0500*%

%ADD41R,0.0500X0.0500*%

%ADD42R,0.0800X0.0800*%

%ADD43C,0.0800*%

%ADD44C,0.0787*%

%ADD45R,0.0620X0.0620*%

%ADD46C,0.0620*%

%ADD47R,0.0620X0.0620*%

%ADD48R,0.0591X0.0591*%

%ADD49R,0.0591X0.0591*%

%ADD50C,0.1500*%

%ADD51C,0.0300*%

%ADD52C,0.0250*%

%ADD53C,0.0200*%

%ADD54R,0.2450X0.5000*%

%ADD55C,0.0400*%

%ADD56C,0.0680*%

G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD57*

7,0,0,0.0700,0.0580,0.0250,45*

%

%ADD57THD57*%

%ADD58C,0.0766*%

G04:AMPARAMS|DCode=59|XSize=78.614mil|YSize=78.614mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD59*

7,0,0,0.0786,0.0666,0.0250,45*

%

%ADD59THD59*%

G04:AMPARAMS|DCode=60|XSize=132.551mil|YSize=132.551mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD60*

7,0,0,0.1326,0.1206,0.0250,45*

%

%ADD60THD60*%

%ADD61C,0.0920*%

%ADD62C,0.0850*%

G04:AMPARAMS|DCode=63|XSize=87mil|YSize=87mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD63*

7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

%ADD77R,0.2500X0.4423*%

%ADD78C,0.0079*%

%ADD79C,0.0236*%

%ADD80C,0.0098*%

%ADD81C,0.0098*%

%ADD82C,0.0120*%

%ADD83C,0.0120*%

%ADD84C,0.0039*%

%ADD85C,0.0110*%

%ADD86R,0.1080X0.0330*%

%ADD87O,0.1080X0.0330*%

%ADD88R,0.0178X0.0612*%

%ADD89R,0.0612X0.0178*%

%ADD90O,0.0230X0.0867*%

%ADD91R,0.0230X0.0867*%

%ADD92O,0.0572X0.0198*%

%ADD93R,0.1360X0.1556*%

%ADD94R,0.1104X0.0671*%

%ADD95R,0.1419X0.0415*%

%ADD96R,0.0592X0.0710*%

%ADD97R,0.0680X0.0680*%

%ADD98R,0.0580X0.0680*%

%ADD99R,0.0680X0.0580*%

%ADD100R,0.0671X0.1104*%

%ADD101C,0.0480*%

%ADD102C,0.0580*%

%ADD103C,0.0552*%

%ADD104R,0.0552X0.0552*%

%ADD105C,0.0671*%

%ADD106C,0.1261*%

%ADD107C,0.0780*%

%ADD108R,0.0580X0.0580*%

%ADD109R,0.0580X0.0580*%

%ADD110R,0.0880X0.0880*%

%ADD111C,0.0880*%

%ADD112C,0.0867*%

%ADD113R,0.0700X0.0700*%

%ADD114R,0.0700X0.0700*%

%ADD115R,0.0671X0.0671*%

%ADD116R,0.0671X0.0671*%

%ADD117C,0.1580*%

%ADD118C,0.0380*%

%ADD119C,0.0330*%

%ADD120C,0.0280*%

%ADD121C,0.0067*%

%ADD122C,0.0040*%

%ADD123C,0.0128*%

%ADD124C,0.0053*%

%ADD125C,0.0033*%

D28*

X81400Y45850D02*

Y45450D01*

X81600D01*

X81667Y45517D01*

Y45783D01*

X81600Y45850D01*

X81400D01*

X81800Y45717D02*

Y45450D01*

Y45583D01*

X81867Y45650D01*

X81933Y45717D01*

X82000D01*

X82200Y45450D02*

X82333D01*

X82266D01*

Y45717D01*

X82200D01*

X82533Y45450D02*

X82666D01*

X82600D01*

Y45850D01*

X82533D01*

X82866Y45450D02*

X82999D01*

X82933D01*

Y45850D01*

X82866D01*

X83599D02*

Y45450D01*

X83799D01*

X83866Y45517D01*

Y45783D01*

X83799Y45850D01*

X83599D01*

X83999Y45717D02*

Y45450D01*

Y45583D01*

X84066Y45650D01*

X84132Y45717D01*

X84199D01*

X84466D02*

X84599D01*

X84666Y45650D01*

Y45450D01*

X84466D01*

X84399Y45517D01*

X84466Y45583D01*

X84666D01*

X84799Y45717D02*

Y45517D01*

X84866Y45450D01*

X84932Y45517D01*

X84999Y45450D01*

X85065Y45517D01*

Y45717D01*

X85199Y45450D02*

X85332D01*

X85265D01*

Y45717D01*

X85199D01*

X85532Y45450D02*

Y45717D01*

X85732D01*

X85799Y45650D01*

Y45450D01*

X86065Y45317D02*

X86132D01*

X86198Y45383D01*

Y45717D01*

X85999D01*

X85932Y45650D01*

Y45517D01*

X85999Y45450D01*

X86198D01*

X86332D02*

Y45517D01*

X86398D01*

Y45450D01*

X86332D01*

X52000Y2700D02*

X52200D01*

X52100D01*

Y3300D01*

X52000Y3200D01*

X52900Y2700D02*

X52500D01*

X52900Y3100D01*

Y3200D01*

X52800Y3300D01*

X52600D01*

X52500Y3200D01*

X53100Y2700D02*

Y2800D01*

X53200D01*

Y2700D01*

X53100D01*

X54199D02*

Y3300D01*

X54399Y3100D01*

X54599Y3300D01*

Y2700D01*

X54799Y3300D02*

X54999D01*

X54899D01*

Y2700D01*

X54799D01*

X54999D01*

X55299D02*

Y3300D01*

X55699Y2700D01*

Y3300D01*

X55899D02*

X56099D01*

X55999D01*

Y2700D01*

X55899D01*

X56099D01*

X56399D02*

Y3300D01*

X56599Y3100D01*

X56798Y3300D01*

Y2700D01*

X56998Y3300D02*

Y2800D01*

X57098Y2700D01*

X57298D01*

X57398Y2800D01*

Y3300D01*

X57598Y2700D02*

Y3300D01*

X57798Y3100D01*

X57998Y3300D01*

Y2700D01*

X59198Y3200D02*

X59098Y3300D01*

X58898D01*

X58798Y3200D01*

Y2800D01*

X58898Y2700D01*

X59098D01*

X59198Y2800D01*

X59698Y3300D02*

X59498D01*

X59398Y3200D01*

Y2800D01*

X59498Y2700D01*

X59698D01*

X59797Y2800D01*

Y3200D01*

X59698Y3300D01*

X59997Y2700D02*

Y3300D01*

X60397Y2700D01*

Y3300D01*

X60597D02*

Y2700D01*

X60897D01*

X60997Y2800D01*

Y3200D01*

X60897Y3300D01*

X60597D01*

X61197D02*

Y2800D01*

X61297Y2700D01*

X61497D01*

X61597Y2800D01*

Y3300D01*

X62197Y3200D02*

X62097Y3300D01*

X61897D01*

X61797Y3200D01*

Y2800D01*

X61897Y2700D01*

X62097D01*

X62197Y2800D01*

X62397Y3300D02*

X62797D01*

X62597D01*

Y2700D01*

X63296Y3300D02*

X63096D01*

X62996Y3200D01*

Y2800D01*

X63096Y2700D01*

X63296D01*

X63396Y2800D01*

Y3200D01*

X63296Y3300D01*

X63596Y2700D02*

Y3300D01*

X63896D01*

X63996Y3200D01*

Y3000D01*

X63896Y2900D01*

X63596D01*

X63796D02*

X63996Y2700D01*

X65196Y3200D02*

X65096Y3300D01*

X64896D01*

X64796Y3200D01*

Y3100D01*

X64896Y3000D01*

X65096D01*

X65196Y2900D01*

Y2800D01*

X65096Y2700D01*

X64896D01*

X64796Y2800D01*

X65396Y2700D02*

Y3300D01*

X65696D01*

X65796Y3200D01*

Y3000D01*

X65696Y2900D01*

X65396D01*

X65995Y2700D02*

Y3100D01*

X66195Y3300D01*

X66395Y3100D01*

Y2700D01*

Y3000D01*

X65995D01*

X66995Y3200D02*

X66895Y3300D01*

X66695D01*

X66595Y3200D01*

Y2800D01*

X66695Y2700D01*

X66895D01*

X66995Y2800D01*

X67195Y3300D02*

X67395D01*

X67295D01*

Y2700D01*

X67195D01*

X67395D01*

X67695D02*

Y3300D01*

X68095Y2700D01*

Y3300D01*

X68695Y3200D02*

X68595Y3300D01*

X68395D01*

X68295Y3200D01*

Y2800D01*

X68395Y2700D01*

X68595D01*

X68695Y2800D01*

Y3000D01*

X68495D01*

X69494Y3300D02*

X69694D01*

X69594D01*

Y2700D01*

X69494D01*

X69694D01*

X70394Y3200D02*

X70294Y3300D01*

X70094D01*

X69994Y3200D01*

Y3100D01*

X70094Y3000D01*

X70294D01*

X70394Y2900D01*

Y2800D01*

X70294Y2700D01*

X70094D01*

X69994Y2800D01*

X70594Y3100D02*

X70694D01*

Y3000D01*

X70594D01*

Y3100D01*

Y2800D02*

X70694D01*

Y2700D01*

X70594D01*

Y2800D01*

X72094Y3300D02*

X71894Y3200D01*

X71694Y3000D01*

Y2800D01*

X71794Y2700D01*

X71994D01*

X72094Y2800D01*

Y2900D01*

X71994Y3000D01*

X71694D01*

X72893Y2700D02*

Y3300D01*

X73093Y3100D01*

X73293Y3300D01*

Y2700D01*

X73493Y3300D02*

X73693D01*

X73593D01*

Y2700D01*

X73493D01*

X73693D01*

X73993Y3300D02*

Y2700D01*

X74393D01*

X74993Y3200D02*

X74893Y3300D01*

X74693D01*

X74593Y3200D01*

Y3100D01*

X74693Y3000D01*

X74893D01*

X74993Y2900D01*

Y2800D01*

X74893Y2700D01*

X74693D01*

X74593Y2800D01*

X52000Y5186D02*

X52057Y5214D01*

X52143Y5300D01*

Y4700D01*

X52440Y5186D02*

X52497Y5214D01*

X52583Y5300D01*

Y4700D01*

X52908Y4757D02*

X52880Y4729D01*

X52908Y4700D01*

X52937Y4729D01*

X52908Y4757D01*

X54011Y5300D02*

Y4700D01*

Y5300D02*

X54240Y4700D01*

X54468Y5300D02*

X54240Y4700D01*

X54468Y5300D02*

Y4700D01*

X54639Y5300D02*

Y4700D01*

X54765Y5300D02*

Y4700D01*

Y5300D02*

X55165Y4700D01*

Y5300D02*

Y4700D01*

X55331Y5300D02*

Y4700D01*

X55456Y5300D02*

Y4700D01*

Y5300D02*

X55685Y4700D01*

X55913Y5300D02*

X55685Y4700D01*

X55913Y5300D02*

Y4700D01*

X56085Y5300D02*

Y4871D01*

X56113Y4786D01*

X56171Y4729D01*

X56256Y4700D01*

X56313D01*

X56399Y4729D01*

X56456Y4786D01*

X56485Y4871D01*

Y5300D01*

X56650D02*
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X14220Y39000I-120J0D01*

G01*

X23620Y30100D02*

G03*

X23620Y30100I-120J0D01*

G01*

X29620Y29650D02*

G03*

X29620Y29650I-120J0D01*

G01*

Y20600D02*

G03*

X29620Y20600I-120J0D01*

G01*

X23620Y20400D02*

G03*

X23620Y20400I-120J0D01*

G01*

X20120Y21100D02*

G03*

X20120Y21100I-120J0D01*

G01*

X10120Y5100D02*

G03*

X10120Y5100I-120J0D01*

G01*

X12020Y10900D02*

G03*

X12020Y10900I-120J0D01*

G01*

X8870Y6350D02*

G03*

X8870Y6350I-120J0D01*

G01*

X30120Y5350D02*

G03*

X30120Y5350I-120J0D01*

G01*

X28120D02*

G03*

X28120Y5350I-120J0D01*

G01*

X23321Y1500D02*

G03*

X23321Y1500I-120J0D01*

G01*

X15120Y1850D02*

G03*

X15120Y1850I-120J0D01*

G01*

X19870Y12600D02*

G03*

X19870Y12600I-120J0D01*

G01*

X25370Y8100D02*

G03*

X25370Y8100I-120J0D01*

G01*

X17920Y25250D02*

G03*

X17920Y25250I-120J0D01*

G01*

X27670Y31100D02*

G03*

X27670Y31100I-120J0D01*

G01*

X21170Y30850D02*

G03*

X21170Y30850I-120J0D01*

G01*

X22020D02*

G03*

X22020Y30850I-120J0D01*

G01*

X28620Y31100D02*

G03*

X28620Y31100I-120J0D01*

G01*

X27620Y19150D02*

G03*

X27620Y19150I-120J0D01*

G01*

X28670D02*

G03*

X28670Y19150I-120J0D01*

G01*

X21070Y19650D02*

G03*

X21070Y19650I-120J0D01*

G01*

X22120D02*

G03*

X22120Y19650I-120J0D01*

G01*

X36620Y21050D02*

G03*

X36620Y21050I-120J0D01*

G01*

D123*

X81720Y58210D02*

X81640Y58290D01*

X81480D01*

X81400Y58210D01*

Y58130D01*

X81480Y58050D01*

X81640D01*

X81720Y57970D01*

Y57890D01*

X81640Y57810D01*

X81480D01*

X81400Y57890D01*

X81880Y58130D02*

Y57890D01*

X81960Y57810D01*

X82200D01*

Y57730D01*

X82120Y57650D01*

X82040D01*

X82200Y57810D02*

Y58130D01*

X82360Y57810D02*

Y58130D01*

X82440D01*

X82520Y58050D01*

Y57810D01*

Y58050D01*

X82600Y58130D01*

X82680Y58050D01*

Y57810D01*

X82840Y58290D02*

Y57810D01*

X83079D01*

X83159Y57890D01*

Y57970D01*

Y58050D01*

X83079Y58130D01*

X82840D01*

X83399Y57810D02*

X83559D01*

X83639Y57890D01*

Y58050D01*

X83559Y58130D01*

X83399D01*

X83319Y58050D01*

Y57890D01*

X83399Y57810D01*

X83799D02*

X83959D01*

X83879D01*

Y58290D01*

X83799D01*

X84823D02*

Y57810D01*

Y58050D01*

X85143D01*

Y58290D01*

Y57810D01*

X85303D02*

X85463D01*

X85383D01*

Y58130D01*

X85303D01*

X85783Y58210D02*

Y58130D01*

X85703D01*

X85863D01*

X85783D01*

Y57890D01*

X85863Y57810D01*

X86903Y58210D02*

X86823Y58290D01*

X86663D01*

X86583Y58210D01*

Y57890D01*

X86663Y57810D01*

X86823D01*

X86903Y57890D01*

X87142Y57810D02*

X87302D01*

X87382Y57890D01*

Y58050D01*

X87302Y58130D01*

X87142D01*

X87062Y58050D01*

Y57890D01*

X87142Y57810D01*

X87542Y58130D02*

Y57890D01*

X87622Y57810D01*

X87862D01*

Y58130D01*

X88022Y57810D02*

Y58130D01*

X88262D01*

X88342Y58050D01*

Y57810D01*

X88582Y58210D02*

Y58130D01*

X88502D01*

X88662D01*

X88582D01*

Y57890D01*

X88662Y57810D01*

X89526Y58290D02*

X89846D01*

X89686D01*

Y57810D01*

X90086D02*

X90246D01*

X90326Y57890D01*

Y58050D01*

X90246Y58130D01*

X90086D01*

X90006Y58050D01*

Y57890D01*

X90086Y57810D01*

X90566D02*

X90726D01*

X90806Y57890D01*

Y58050D01*

X90726Y58130D01*

X90566D01*

X90486Y58050D01*

Y57890D01*

X90566Y57810D01*

X90965D02*

X91125D01*

X91045D01*

Y58290D01*

X90965D01*

X92165Y58210D02*

X92085Y58290D01*

X91925D01*

X91845Y58210D01*

Y58130D01*

X91925Y58050D01*

X92085D01*

X92165Y57970D01*

Y57890D01*

X92085Y57810D01*

X91925D01*

X91845Y57890D01*

X92325Y57810D02*

X92485D01*

X92405D01*

Y58130D01*

X92325D01*

X92725D02*

X93045D01*

X92725Y57810D01*

X93045D01*

X93445D02*

X93285D01*

X93205Y57890D01*

Y58050D01*

X93285Y58130D01*

X93445D01*

X93525Y58050D01*

Y57970D01*

X93205D01*

X96492Y57810D02*

Y58290D01*

X96732D01*

X96812Y58210D01*

Y58050D01*

X96732Y57970D01*

X96492D01*

X96972Y57810D02*

X97132D01*

X97052D01*

Y58290D01*

X96972D01*

X97452Y58130D02*

X97612D01*

X97692Y58050D01*

Y57810D01*

X97452D01*

X97372Y57890D01*

X97452Y57970D01*

X97692D01*

X97931Y58210D02*

Y58130D01*

X97851D01*

X98011D01*

X97931D01*

Y57890D01*

X98011Y57810D01*

X98491D02*

X98331D01*

X98251Y57890D01*

Y58050D01*

X98331Y58130D01*

X98491D01*

X98571Y58050D01*

Y57970D01*

X98251D01*

X99051Y58290D02*

Y57810D01*

X98811D01*

X98731Y57890D01*

Y58050D01*

X98811Y58130D01*

X99051D01*

X99915Y58290D02*

Y57810D01*

Y58050D01*

X100235D01*

Y58290D01*

Y57810D01*

X100475D02*

X100635D01*

X100715Y57890D01*

Y58050D01*

X100635Y58130D01*

X100475D01*

X100395Y58050D01*

Y57890D01*

X100475Y57810D01*

X100875D02*

X101035D01*

X100955D01*

Y58290D01*

X100875D01*

X101515Y57810D02*

X101355D01*

X101275Y57890D01*

Y58050D01*

X101355Y58130D01*

X101515D01*

X101595Y58050D01*

Y57970D01*

X101275D01*

X102234Y58290D02*

X102554D01*

X102394D01*

Y57810D01*

X102714Y58130D02*

Y57890D01*

X102794Y57810D01*

X103034D01*

Y57730D01*

X102954Y57650D01*

X102874D01*

X103034Y57810D02*

Y58130D01*

X103194Y57650D02*

Y58130D01*

X103434D01*

X103514Y58050D01*

Y57890D01*

X103434Y57810D01*

X103194D01*

X103914D02*

X103754D01*

X103674Y57890D01*

Y58050D01*

X103754Y58130D01*

X103914D01*

X103994Y58050D01*

Y57970D01*

X103674D01*

X80792Y58530D02*

X104858D01*

X80792Y57450D02*

X104858D01*

X80792Y58530D02*

Y46250D01*

X104858Y58530D02*

Y46250D01*

X84519Y58530D02*

Y46250D01*

X89222Y58530D02*

Y46250D01*

X96188Y58530D02*

Y46250D01*

X99611Y58530D02*

Y46250D01*

X80792Y47050D02*

X104858D01*

X80792Y46250D02*

X104858D01*

D124*

X81720Y55450D02*

G03*

X81720Y55450I-160J0D01*

G01*

Y52250D02*

G03*

X81720Y52250I-160J0D01*

G01*

D125*

X81660Y55450D02*

G03*

X81660Y55450I-100J0D01*

G01*

X81560Y54490D02*

X81400Y54810D01*

X81720D01*

X81560Y54490D01*

Y54550D02*

X81460Y54750D01*

X81660D01*

X81560Y54550D01*

X81400Y53690D02*

Y54010D01*

X81720D01*

Y53690D01*

X81400D01*

Y53050D02*

X81560Y53210D01*

X81720Y53050D01*

X81560Y52890D01*

X81400Y53050D01*

X81480Y51370D02*

Y51290D01*

X81640D01*

Y51370D01*

X81720D01*

Y51530D01*

X81640D01*

Y51610D01*

X81480D01*

Y51530D01*

X81400D01*

Y51370D01*

X81480D01*

X81400Y50490D02*

X81480D01*

X81560Y50570D01*

X81640Y50490D01*

X81720D01*

Y50570D01*

X81640Y50650D01*

X81720Y50730D01*

Y50810D01*

X81640D01*

X81560Y50730D01*

X81480Y50810D01*

X81400D01*

Y50730D01*

X81480Y50650D01*

X81400Y50570D01*

Y50490D01*

Y49690D02*

X81480Y49850D01*

X81400Y50010D01*

X81560Y49930D01*

X81720Y50010D01*

X81640Y49850D01*

X81720Y49690D01*

X81560Y49770D01*

X81400Y49690D01*

X81560Y48890D02*

X81640Y48970D01*

X81720D01*

X81640Y49050D01*

X81720Y49130D01*

X81640D01*

X81560Y49210D01*

X81480Y49130D01*

X81400D01*

X81480Y49050D01*

X81400Y48970D01*

X81480D01*

X81560Y48890D01*

Y48090D02*

X81400Y48410D01*

X81720D01*

X81560Y48090D01*

X81400Y47290D02*

Y47610D01*

X81720D01*

Y47290D01*

X81400D01*

X81460Y47350D02*

Y47550D01*

X81660D01*

Y47350D01*

X81460D01*

M02*
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%FSLAX24Y24*%

%MOIN*%

G70*

G01*

G75*

%ADD10R,0.1000X0.0250*%

%ADD11O,0.1000X0.0250*%

%ADD12R,0.0098X0.0532*%

%ADD13R,0.0532X0.0098*%

%ADD14O,0.0150X0.0787*%

%ADD15R,0.0150X0.0787*%

%ADD16O,0.0492X0.0118*%

%ADD17R,0.1280X0.1476*%

%ADD18R,0.1024X0.0591*%

%ADD19R,0.1339X0.0335*%

%ADD20R,0.0512X0.0630*%

%ADD21R,0.0600X0.0600*%

%ADD22R,0.0500X0.0600*%

%ADD23R,0.0600X0.0500*%

%ADD24R,0.0591X0.1024*%

%ADD25C,0.0400*%

%ADD26C,0.0250*%

%ADD27C,0.0500*%

%ADD28C,0.0080*%

%ADD29C,0.0150*%

%ADD30C,0.0100*%

%ADD31C,0.0300*%

%ADD32C,0.0130*%

%ADD33R,0.2050X0.4700*%

%ADD34C,0.0500*%

%ADD35C,0.0472*%

%ADD36R,0.0472X0.0472*%

%ADD37C,0.0591*%

%ADD38C,0.1181*%

%ADD39C,0.0700*%

%ADD40R,0.0500X0.0500*%

%ADD41R,0.0500X0.0500*%

%ADD42R,0.0800X0.0800*%

%ADD43C,0.0800*%

%ADD44C,0.0787*%

%ADD45R,0.0620X0.0620*%

%ADD46C,0.0620*%

%ADD47R,0.0620X0.0620*%

%ADD48R,0.0591X0.0591*%

%ADD49R,0.0591X0.0591*%

%ADD50C,0.1500*%

%ADD51C,0.0300*%

%ADD52C,0.0250*%

%ADD53C,0.0200*%

%ADD54R,0.2450X0.5000*%

%ADD55C,0.0400*%

%ADD56C,0.0680*%

G04:AMPARAMS|DCode=57|XSize=70mil|YSize=70mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD57*

7,0,0,0.0700,0.0580,0.0250,45*

%

%ADD57THD57*%

%ADD58C,0.0766*%

G04:AMPARAMS|DCode=59|XSize=78.614mil|YSize=78.614mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD59*

7,0,0,0.0786,0.0666,0.0250,45*

%

%ADD59THD59*%

G04:AMPARAMS|DCode=60|XSize=132.551mil|YSize=132.551mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD60*

7,0,0,0.1326,0.1206,0.0250,45*

%

%ADD60THD60*%

%ADD61C,0.0920*%

%ADD62C,0.0850*%

G04:AMPARAMS|DCode=63|XSize=87mil|YSize=87mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD63*

7,0,0,0.0870,0.0750,0.0250,45*

%

%ADD63THD63*%

G04:AMPARAMS|DCode=64|XSize=81.37mil|YSize=81.37mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD64*

7,0,0,0.0814,0.0694,0.0250,45*

%

%ADD64THD64*%

%ADD65C,0.0794*%

%ADD66C,0.0820*%

%ADD67C,0.0754*%

G04:AMPARAMS|DCode=68|XSize=77.433mil|YSize=77.433mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD68*

7,0,0,0.0774,0.0654,0.0250,45*

%

%ADD68THD68*%

G04:AMPARAMS|DCode=69|XSize=94mil|YSize=94mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD69*

7,0,0,0.0940,0.0820,0.0250,45*

%

%ADD69THD69*%

%ADD70C,0.1900*%

G04:AMPARAMS|DCode=71|XSize=58mil|YSize=58mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD71*

7,0,0,0.0580,0.0460,0.0250,45*

%

%ADD71THD71*%

%ADD72C,0.0560*%

%ADD73C,0.0650*%

%ADD74C,0.0550*%

G04:AMPARAMS|DCode=75|XSize=57mil|YSize=57mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD75*

7,0,0,0.0570,0.0450,0.0250,45*

%

%ADD75THD75*%

G04:AMPARAMS|DCode=76|XSize=52mil|YSize=52mil|CornerRadius=0mil|HoleSize=0mil|Usage=FLASHONLY|Rotation=0.000|XOffset=0mil|YOffset=0mil|HoleType=Round|Shape=Relief|Width=25mil|Gap=6mil|Entries=4|*

%AMTHD76*

7,0,0,0.0520,0.0400,0.0250,45*

%

%ADD76THD76*%

%ADD77R,0.2500X0.4423*%

%ADD78C,0.0079*%

%ADD79C,0.0236*%

%ADD80C,0.0098*%

%ADD81C,0.0098*%

%ADD82C,0.0120*%

%ADD83C,0.0120*%

%ADD84C,0.0039*%

%ADD85C,0.0110*%

%ADD86R,0.1080X0.0330*%

%ADD87O,0.1080X0.0330*%

%ADD88R,0.0178X0.0612*%

%ADD89R,0.0612X0.0178*%

%ADD90O,0.0230X0.0867*%

%ADD91R,0.0230X0.0867*%

%ADD92O,0.0572X0.0198*%

%ADD93R,0.1360X0.1556*%

%ADD94R,0.1104X0.0671*%

%ADD95R,0.1419X0.0415*%

%ADD96R,0.0592X0.0710*%

%ADD97R,0.0680X0.0680*%

%ADD98R,0.0580X0.0680*%

%ADD99R,0.0680X0.0580*%

%ADD100R,0.0671X0.1104*%

%ADD101C,0.0480*%

%ADD102C,0.0580*%

%ADD103C,0.0552*%

%ADD104R,0.0552X0.0552*%

%ADD105C,0.0671*%

%ADD106C,0.1261*%

%ADD107C,0.0780*%

%ADD108R,0.0580X0.0580*%

%ADD109R,0.0580X0.0580*%

%ADD110R,0.0880X0.0880*%

%ADD111C,0.0880*%

%ADD112C,0.0867*%

%ADD113R,0.0700X0.0700*%

%ADD114R,0.0700X0.0700*%

%ADD115R,0.0671X0.0671*%

%ADD116R,0.0671X0.0671*%

%ADD117C,0.1580*%

%ADD118C,0.0380*%

%ADD119C,0.0330*%

%ADD120C,0.0280*%

%ADD121C,0.0067*%

%ADD122C,0.0040*%

%ADD123C,0.0128*%

%ADD124C,0.0053*%

%ADD125C,0.0033*%

D125*

X27860Y8250D02*

X28140D01*

X28000Y8110D02*

Y8390D01*

X29860Y8250D02*

X30140D01*

X30000Y8110D02*

Y8390D01*

X22860Y47000D02*

X23140D01*

X23000Y46860D02*

Y47140D01*

X22860Y46000D02*

X23140D01*

X23000Y45860D02*

Y46140D01*

X22860Y45000D02*

X23140D01*

X23000Y44860D02*

Y45140D01*

X4884Y8122D02*

X5250D01*

X5067Y7939D02*

Y8305D01*

X4884Y7138D02*

X5250D01*

X5067Y6955D02*

Y7321D01*

X5671Y8122D02*

X6037D01*

X5854Y7939D02*

Y8305D01*

X5671Y7138D02*

X6037D01*

X5854Y6955D02*

Y7321D01*

X3547Y10000D02*

X4453D01*

X4000Y9547D02*

Y10453D01*

X3547Y5260D02*

X4453D01*
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This document is provided as a supplement to the DRV8821/DRV8823 datasheet. It details the hardware
implementation of the CPG003 DRV8821-23EVM-001 Customer Evaluation Module (EVM).
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1 Block Diagram



1.1 Power Connectors



The DRV8821/DRV8823 Customer EVM offers access to VM (Motor Voltage) power rail via a terminal
block (J1). A set of test clips in parallel with the terminal block allows for the monitoring of the input power
rail.



User must apply VM according to datasheet recommended parameters.



NOTE: VDD for logic and microcontroller is derived from USB interface.



1.2 Test Stakes



Every pin on the DRV8821/DRV8823 device has been brought out to a test stake. A label on the
silkscreen identifies each signal.



For those pins that change functionality depending on device flavor, a table is provided with corresponding
function name on its particular column.
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1.3 Jumpers



There are two styles of jumpers on the DRV8821-23EVM: two pin jumpers (JP3 and JP4) and three pin
jumpers (JP1 and JP2).



Two pin jumpers are used to set AB DECAY or CD DECAY HI or LO.



Three pin jumpers are used to select the VREF from a pot or from the microcontroller’s DAC outputs.



1.3.1 VREF Select Jumpers (JP1 and JP2)



Figure 1. VREF Select Jumpers (JP1 and JP2)



To configure the VREF select (either AB or CD) jumper, (a) Use position JPx-1:2 to select the MSP430
DAC output (default). (b) Use position JPx-2:3 to select the respective variable resistance potentiometer.
These jumpers should not be left open as a lack of a reference voltage on the device will minimize current
sourcing into the respective H Bridge, resulting in very poor motion or no motion at all.



1.3.2 DECAY Select Jumpers (JP3 and JP4)



Figure 2. DECAY Select Jumpers (JP3 and JP4)



To configure the DECAY select jumper: (a) place a jumper to set the respective DECAY signal HI. (b)
remove the jumper to use internal pull down resistor and set the DECAY signal to LO.



1.4 Motor Outputs



There are three ways of connecting the bipolar stepper motor (for DRV8821) or the dual DC motors (for
DRV8823) into the CPG003_DRV882123EVM-001 evaluation module: four pin header (J4 and J5), four
position terminal block (J2 and J3) and test clips. We do not recommend the connection of a stepper
motor into the test clips as these are Kelvin connections and not rated for high current output.
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2 Installing Drivers And Software



2.1 Installing the FTDI USB Driver



Instructions on how to install the FTDI USB driver on a Windows based computer are detailed in the
“USB_Drivers_Install_Readme.pdf” file supplied with the CD inside the USB_Driver folder.



2.2 Installing the CPG003_DRV882123-001 Evaluation Board Windows Application
Software



Copy the contents of the “WindowsApplication” folder provided within the CD, into your hard disk.



2.3 Running the Windows Application Software



To run the application, double click the CPG003_DRV8821-23EVM-001_R1p0.exe application icon found
on the same folder the application was extracted into.
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3 The Windows Application



The CPG003_DRV8821-23EVM Windows application is the software counterpart for the
CPG003_DRV8821-23EVM-001 EVM. It allows the PC computer to connect to the MSP430F1612
microcontroller though an USB interface chip. Once connection is established and commands are sent,
microcontroller takes care of configuring control signals and administering certain levels of automation,
such as STEP generation (for DRV8821) or SPI communications (for DRV8823).



The graphical user interface (GUI) has been designed to allow for all of the DRV8821/DRV8823 device’s
functionality to be tested without having to intervene with the hardware, except for the proper configuration
of jumpers, when needed.



Figure 3 and Figure 4 show the CPG003_DRV8821-23EVM-001_R1p0.exe main screen. The application
is divided into two tabs: One for the DRV8821 and one for the DRV8823. The menu contains items to
configure and enable/disable the serial port.



The DRV8821 tab contains frames with GPIO control for DRV8821’s control signals, speed, acceleration
and number of steps control for both stepper motors AB and CD, and current control through the
microcontroller’s DACs.



Figure 3. CPG003_DRV8821-23EVM-001_R1p0.exe Main Screen (DRV8821)



The DRV8823 tab contains two frames with the bits that make up the 16-bit serial registers which contain
the control signals to properly articulate each motor. Also GPIO signals such as Reset and SLEEPn are
made accessible through check boxes. Finally, two sliders adjust the reference voltage through the
microcontroller’s DAC outputs.
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Figure 4. CPG003_DRV8821-23EVM-001_R1p0.exe Main Screen (DRV8823)



3.1 The Menu



3.1.1 SETUP Register



The menu at the top of the application offers a series of quick options for how the COM port is to behave.



File → Exit - Terminates the application.



Settings → Port - Selects from COM1 to COM4. Default is COM4.



The Serial Port actual port number defaults to what we have specified on the
“USB_Drivers_Install_Readme.pdf”. However, any port between COM 1 and COM 4 are equally usable.



Connect – Opens the Serial Port. When this menu item is pressed, its caption changes to “Disconnect”.



Disconnect – Closes the Serial Port. When this menu item is pressed, its caption changes to “Connect”.



After opening the application, the order of events should be:



1. Go to Settings → Port and choose the COM port where the FTDI device has been configured to work.
If the COM port is 4, then this step can be skipped, as application defaults to COM4.



2. Press Connect. If the port is available, the menu changes the “Connect“ caption to “Disconnect“. Press
Disconnect in order to disable the serial communications.



3. <1><0><0> should return on the text box as an acknowledge. The text box also changes from red to
green, as shown in Figure 5.



4. The application is ready for use.
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Figure 5. Acknowledgement Text Box



3.2 DRV8821 GPIO Control Signals



Once the application is communicating with the interface board, the control signals can be actuated by
checking or un-checking check boxes on the Control Signals frame.



Figure 6. Control Signals Frame



A checked checkbox translates to a HI level on the respective control signal. Un-checked checkboxes
translate to a LO level on the respective control signals.
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3.3 Updating DAC Output for Current Control (VREF)



If the DRV8821 has been configured to accept VREF analog voltages through the microcontroller DAC
outputs (refer to Jumpers section), then the slider bar on the Current Control frame can be used to set the
VREF voltage.



Figure 7. Current Control Frame



The 12-bit DAC channels, 0/1, are connected to the DRV8821/DRV8823 VREF analog inputs ABVREF
and CDVREF. Changing the DAC digital value from 0 to 4095 changes the analog voltage at the
respective VREF pin from 0 V to 2.5 V respectively, following Equation 1.



(1)



Where:



1. VREF is the output voltage.
2. DAC_VALUE is a number from 0 to 4095.



3.4 Operating the Stepper Motor (DRV8821)



3.4.1 Turning the Stepper Motor



The Windows application, in conjunction with the MSP430F1612 microcontroller, utilizes a series of timers
to coordinate the rate of steps sent to the device. Once all the control signals are configured accordingly,
(ENABLEn = LO, SLEEPn = HI, RESETn = HI; DIR, USM0 and USM1 can be HI or LO depending on
preferred mode of operation; SRn must be L, if external diodes are not populated), the motor is ready to
be turned.



The DRV8821-23EVM-001 customer EVM allows for the possibility of coordinating step rates such that
accelerating and decelerating profiles are achieved. Both acceleration and deceleration are controlled by
the same parameters, acceleration rate and time base.



When the motor starts, it always starts at the slowed PPS speed (62 pulses per second). The controller
will accelerate the motor in order to reach the PPS speed. Acceleration rate is an 8-bit number (0 to 255)
that gets added to the current PPS speed and time base is an 8-bit number (0 to 255) that specifies how
many milliseconds will elapse from one speed increase to the next. Once the specified PPS has been
achieved, the acceleration stops.



The inverse of the above described will command the motor to stop.
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Figure 8. Turning the Stepper Motor



The Windows application frame to control speed, acceleration and deceleration, as well as motor start and
stop is shown in Figure 9.



Figure 9. Speed cnotrol Frame



Pressing the “Start Steps” button, will start the timer and pulses will be generated at the rate specified by
the decimal number at the PPS text box. Once the “Start Steps” button is pressed it becomes the
“Stepping” button. Press the “Stepping” button to stop the stepper motion.



When the motor is stepping, the “Update Speed” button becomes enabled. Speed can be updated by
modifying the PPS text box and then pressing the “Update Speed” button. The “Speed" button is disabled
every time the motor is not turning because the stepping has been halted by pressing the “Stepping”
button.
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3.4.2 Step by Step control



The Step Control frame has a series of tools to control the stepping of the motor on a predetermined
number of steps fashion.



The “Pulse Step” button allows for a single step to be issued. Remember that a STEP takes place when
STEP goes from LO to HI.



Figure 10. Step Control Frame



To move the motor a number of steps and then stop, fill the # of Steps text box with a decimal number
from 0 to 65535 and the motor will move that number of steps at the speed specified on the PPS text box.
No acceleration or deceleration takes place under this function.
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3.5 Operating the Motors (DRV8823)



The Windows application gives access to both serial registers on the DRV8823 bit by bit, very similar to
the GPIO section on the DRV8821 tab. If the “Auto Update” checkbox is checked, checking any of the
checkboxes on the respective frame, will update the serial register. If the “Auto Update” checkbox is
unchecked, the button “Write Motor x” must be pressed for these bit states to be transmitted to the device.



Figure 11. Motor A and B Frame



A checked checkbox translates to a 1 on the respective serial register bit. Un-checked checkboxes
translates to a 0 on the respective serial register bits.
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3.6 Updating DAC Output for Reference Voltage



If the DRV8823 has been configured to accept VREF analog voltages through the microcontroller’s DAC
outputs (refer to Jumpers section), then the slider bar on the Reference Voltage frame can be used to set
the VREF voltage.



Figure 12. Reference Voltage Frame



The 12-bit DAC channels, 0/1, are connected to the DRV883 VREF analog inputs ABVREF and CDVREF.
Changing the DAC digital value from 0 to 4095 changes the analog voltage at the respective VREF pin
from 0 V to 2.5 V respectively, following Equation 2.



(2)



Where:



1. VREF is the output voltage.
2. DAC_VALUE is a number from 0 to 4095.
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4 Schematic



A schematic is available in the form of a PDF file (“CPG003_Schematic.pdf”) inside the EVM_Related
folder on the supplied CD.
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FTD2XX.H


/*++



Copyright (c) 2001-2005  Future Technology Devices International Ltd.



Module Name:



    ftd2xx.h



Abstract:



    Native USB device driver for FTDI FT8U232/245

    FTD2XX library definitions



Environment:



    kernel & user mode



Revision History:



    13/03/01    awm     Created.

	13/01/03	awm		Added device information support.

	19/03/03	awm		Added FT_W32_CancelIo.

	12/06/03	awm		Added FT_StopInTask and FT_RestartInTask.

	18/09/03	awm		Added FT_SetResetPipeRetryCount.

	10/10/03	awm		Added FT_ResetPort.

	23/01/04	awm		Added support for open-by-location.

	16/03/04	awm		Added support for FT2232C.

	23/09/04	awm		Added support for FT232R.

	20/10/04	awm		Added FT_CyclePort.

	18/01/05	awm		Added FT_DEVICE_LIST_INFO_NODE type.

	11/02/05	awm		Added LocId to FT_DEVICE_LIST_INFO_NODE.

	25/08/05	awm		Added FT_SetDeadmanTimeout.

	02/12/05	awm		Removed obsolete references.

	05/12/05	awm		Added FT_GetVersion, FT_GetVersionEx.

	

	

--*/





#ifndef FTD2XX_H

#define FTD2XX_H



// The following ifdef block is the standard way of creating macros

// which make exporting from a DLL simpler.  All files within this DLL

// are compiled with the FTD2XX_EXPORTS symbol defined on the command line.

// This symbol should not be defined on any project that uses this DLL.

// This way any other project whose source files include this file see

// FTD2XX_API functions as being imported from a DLL, whereas this DLL

// sees symbols defined with this macro as being exported.



#ifdef FTD2XX_EXPORTS

#define FTD2XX_API __declspec(dllexport)

#else

#define FTD2XX_API __declspec(dllimport)

#endif





typedef PVOID	FT_HANDLE;

typedef ULONG	FT_STATUS;



//

// Device status

//

enum {

    FT_OK,

    FT_INVALID_HANDLE,

    FT_DEVICE_NOT_FOUND,

    FT_DEVICE_NOT_OPENED,

    FT_IO_ERROR,

    FT_INSUFFICIENT_RESOURCES,

    FT_INVALID_PARAMETER,

    FT_INVALID_BAUD_RATE,



    FT_DEVICE_NOT_OPENED_FOR_ERASE,

    FT_DEVICE_NOT_OPENED_FOR_WRITE,

    FT_FAILED_TO_WRITE_DEVICE,

    FT_EEPROM_READ_FAILED,

    FT_EEPROM_WRITE_FAILED,

    FT_EEPROM_ERASE_FAILED,

	FT_EEPROM_NOT_PRESENT,

	FT_EEPROM_NOT_PROGRAMMED,

	FT_INVALID_ARGS,

	FT_NOT_SUPPORTED,

	FT_OTHER_ERROR

};





#define FT_SUCCESS(status) ((status) == FT_OK)



//

// FT_OpenEx Flags

//



#define FT_OPEN_BY_SERIAL_NUMBER    1

#define FT_OPEN_BY_DESCRIPTION      2

#define FT_OPEN_BY_LOCATION			4



//

// FT_ListDevices Flags (used in conjunction with FT_OpenEx Flags

//



#define FT_LIST_NUMBER_ONLY			0x80000000

#define FT_LIST_BY_INDEX			0x40000000

#define FT_LIST_ALL					0x20000000



#define FT_LIST_MASK (FT_LIST_NUMBER_ONLY|FT_LIST_BY_INDEX|FT_LIST_ALL)



//

// Baud Rates

//



#define FT_BAUD_300			300

#define FT_BAUD_600			600

#define FT_BAUD_1200		1200

#define FT_BAUD_2400		2400

#define FT_BAUD_4800		4800

#define FT_BAUD_9600		9600

#define FT_BAUD_14400		14400

#define FT_BAUD_19200		19200

#define FT_BAUD_38400		38400

#define FT_BAUD_57600		57600

#define FT_BAUD_115200		115200

#define FT_BAUD_230400		230400

#define FT_BAUD_460800		460800

#define FT_BAUD_921600		921600



//

// Word Lengths

//



#define FT_BITS_8			(UCHAR) 8

#define FT_BITS_7			(UCHAR) 7

#define FT_BITS_6			(UCHAR) 6

#define FT_BITS_5			(UCHAR) 5



//

// Stop Bits

//



#define FT_STOP_BITS_1		(UCHAR) 0

#define FT_STOP_BITS_1_5	(UCHAR) 1

#define FT_STOP_BITS_2		(UCHAR) 2



//

// Parity

//



#define FT_PARITY_NONE		(UCHAR) 0

#define FT_PARITY_ODD		(UCHAR) 1

#define FT_PARITY_EVEN		(UCHAR) 2

#define FT_PARITY_MARK		(UCHAR) 3

#define FT_PARITY_SPACE		(UCHAR) 4



//

// Flow Control

//



#define FT_FLOW_NONE        0x0000

#define FT_FLOW_RTS_CTS     0x0100

#define FT_FLOW_DTR_DSR     0x0200

#define FT_FLOW_XON_XOFF    0x0400



//

// Purge rx and tx buffers

//

#define FT_PURGE_RX         1

#define FT_PURGE_TX         2



//

// Events

//



typedef void (*PFT_EVENT_HANDLER)(DWORD,DWORD);



#define FT_EVENT_RXCHAR		    1

#define FT_EVENT_MODEM_STATUS   2



//

// Timeouts

//



#define FT_DEFAULT_RX_TIMEOUT   300

#define FT_DEFAULT_TX_TIMEOUT   300



//

// Device types

//



typedef ULONG	FT_DEVICE;



enum {

    FT_DEVICE_BM,

    FT_DEVICE_AM,

    FT_DEVICE_100AX,

    FT_DEVICE_UNKNOWN,

    FT_DEVICE_2232C,

    FT_DEVICE_232R

};





#ifdef __cplusplus

extern "C" {

#endif





FTD2XX_API

FT_STATUS WINAPI FT_Open(

	int deviceNumber,

	FT_HANDLE *pHandle

	);



FTD2XX_API

FT_STATUS WINAPI FT_OpenEx(

    PVOID pArg1,

    DWORD Flags,

    FT_HANDLE *pHandle

    );



FTD2XX_API 

FT_STATUS WINAPI FT_ListDevices(

	PVOID pArg1,

	PVOID pArg2,

	DWORD Flags

	);



FTD2XX_API

FT_STATUS WINAPI FT_Close(

    FT_HANDLE ftHandle

    );



FTD2XX_API

FT_STATUS WINAPI FT_Read(

    FT_HANDLE ftHandle,

    LPVOID lpBuffer,

    DWORD nBufferSize,

    LPDWORD lpBytesReturned

    );



FTD2XX_API 

FT_STATUS WINAPI FT_Write(

    FT_HANDLE ftHandle,

    LPVOID lpBuffer,

    DWORD nBufferSize,

    LPDWORD lpBytesWritten

    );



FTD2XX_API 

FT_STATUS WINAPI FT_IoCtl(

    FT_HANDLE ftHandle,

    DWORD dwIoControlCode,

    LPVOID lpInBuf,

    DWORD nInBufSize,

    LPVOID lpOutBuf,

    DWORD nOutBufSize,

    LPDWORD lpBytesReturned,

    LPOVERLAPPED lpOverlapped

    );



FTD2XX_API

FT_STATUS WINAPI FT_SetBaudRate(

    FT_HANDLE ftHandle,

	ULONG BaudRate

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetDivisor(

    FT_HANDLE ftHandle,

	USHORT Divisor

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetDataCharacteristics(

    FT_HANDLE ftHandle,

	UCHAR WordLength,

	UCHAR StopBits,

	UCHAR Parity

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetFlowControl(

    FT_HANDLE ftHandle,

    USHORT FlowControl,

    UCHAR XonChar,

    UCHAR XoffChar

	);



FTD2XX_API

FT_STATUS WINAPI FT_ResetDevice(

    FT_HANDLE ftHandle

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetDtr(

    FT_HANDLE ftHandle

	);



FTD2XX_API

FT_STATUS WINAPI FT_ClrDtr(

    FT_HANDLE ftHandle

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetRts(

    FT_HANDLE ftHandle

	);



FTD2XX_API

FT_STATUS WINAPI FT_ClrRts(

    FT_HANDLE ftHandle

	);



FTD2XX_API

FT_STATUS WINAPI FT_GetModemStatus(

    FT_HANDLE ftHandle,

	ULONG *pModemStatus

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetChars(

    FT_HANDLE ftHandle,

	UCHAR EventChar,

	UCHAR EventCharEnabled,

	UCHAR ErrorChar,

	UCHAR ErrorCharEnabled

    );



FTD2XX_API

FT_STATUS WINAPI FT_Purge(

    FT_HANDLE ftHandle,

	ULONG Mask

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetTimeouts(

    FT_HANDLE ftHandle,

	ULONG ReadTimeout,

	ULONG WriteTimeout

	);



FTD2XX_API

FT_STATUS WINAPI FT_GetQueueStatus(

    FT_HANDLE ftHandle,

	DWORD *dwRxBytes

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetEventNotification(

    FT_HANDLE ftHandle,

	DWORD Mask,

	PVOID Param

	);



FTD2XX_API

FT_STATUS WINAPI FT_GetStatus(

    FT_HANDLE ftHandle,

    DWORD *dwRxBytes,

    DWORD *dwTxBytes,

    DWORD *dwEventDWord

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetBreakOn(

    FT_HANDLE ftHandle

    );



FTD2XX_API

FT_STATUS WINAPI FT_SetBreakOff(

    FT_HANDLE ftHandle

    );



FTD2XX_API

FT_STATUS WINAPI FT_SetWaitMask(

    FT_HANDLE ftHandle,

    DWORD Mask

    );



FTD2XX_API

FT_STATUS WINAPI FT_WaitOnMask(

    FT_HANDLE ftHandle,

    DWORD *Mask

    );



FTD2XX_API

FT_STATUS WINAPI FT_GetEventStatus(

    FT_HANDLE ftHandle,

    DWORD *dwEventDWord

    );



FTD2XX_API

FT_STATUS WINAPI FT_ReadEE(

    FT_HANDLE ftHandle,

	DWORD dwWordOffset,

    LPWORD lpwValue

	);



FTD2XX_API

FT_STATUS WINAPI FT_WriteEE(

    FT_HANDLE ftHandle,

	DWORD dwWordOffset,

    WORD wValue

	);



FTD2XX_API

FT_STATUS WINAPI FT_EraseEE(

    FT_HANDLE ftHandle

	);



//

// structure to hold program data for FT_Program function

//

typedef struct ft_program_data {



	DWORD Signature1;			// Header - must be 0x00000000 

	DWORD Signature2;			// Header - must be 0xffffffff

	DWORD Version;				// Header - FT_PROGRAM_DATA version

								//          0 = original

	                            //          1 = FT2232C extensions

								//			2 = FT232R extensions



	WORD VendorId;				// 0x0403

	WORD ProductId;				// 0x6001

	char *Manufacturer;			// "FTDI"

	char *ManufacturerId;		// "FT"

	char *Description;			// "USB HS Serial Converter"

	char *SerialNumber;			// "FT000001" if fixed, or NULL

	WORD MaxPower;				// 0 < MaxPower <= 500

	WORD PnP;					// 0 = disabled, 1 = enabled

	WORD SelfPowered;			// 0 = bus powered, 1 = self powered

	WORD RemoteWakeup;			// 0 = not capable, 1 = capable

	//

	// Rev4 extensions

	//

	UCHAR Rev4;					// non-zero if Rev4 chip, zero otherwise

	UCHAR IsoIn;				// non-zero if in endpoint is isochronous

	UCHAR IsoOut;				// non-zero if out endpoint is isochronous

	UCHAR PullDownEnable;		// non-zero if pull down enabled

	UCHAR SerNumEnable;			// non-zero if serial number to be used

	UCHAR USBVersionEnable;		// non-zero if chip uses USBVersion

	WORD USBVersion;			// BCD (0x0200 => USB2)

	//

	// FT2232C extensions

	//

	UCHAR Rev5;					// non-zero if Rev5 chip, zero otherwise

	UCHAR IsoInA;				// non-zero if in endpoint is isochronous

	UCHAR IsoInB;				// non-zero if in endpoint is isochronous

	UCHAR IsoOutA;				// non-zero if out endpoint is isochronous

	UCHAR IsoOutB;				// non-zero if out endpoint is isochronous

	UCHAR PullDownEnable5;		// non-zero if pull down enabled

	UCHAR SerNumEnable5;		// non-zero if serial number to be used

	UCHAR USBVersionEnable5;	// non-zero if chip uses USBVersion

	WORD USBVersion5;			// BCD (0x0200 => USB2)

	UCHAR AIsHighCurrent;		// non-zero if interface is high current

	UCHAR BIsHighCurrent;		// non-zero if interface is high current

	UCHAR IFAIsFifo;			// non-zero if interface is 245 FIFO

	UCHAR IFAIsFifoTar;			// non-zero if interface is 245 FIFO CPU target

	UCHAR IFAIsFastSer;			// non-zero if interface is Fast serial

	UCHAR AIsVCP;				// non-zero if interface is to use VCP drivers

	UCHAR IFBIsFifo;			// non-zero if interface is 245 FIFO

	UCHAR IFBIsFifoTar;			// non-zero if interface is 245 FIFO CPU target

	UCHAR IFBIsFastSer;			// non-zero if interface is Fast serial

	UCHAR BIsVCP;				// non-zero if interface is to use VCP drivers

	//

	// FT232R extensions

	//

	UCHAR UseExtOsc;			// Use External Oscillator

	UCHAR HighDriveIOs;			// High Drive I/Os

	UCHAR EndpointSize;			// Endpoint size



	UCHAR PullDownEnableR;		// non-zero if pull down enabled

	UCHAR SerNumEnableR;		// non-zero if serial number to be used



	UCHAR InvertTXD;			// non-zero if invert TXD

	UCHAR InvertRXD;			// non-zero if invert RXD

	UCHAR InvertRTS;			// non-zero if invert RTS

	UCHAR InvertCTS;			// non-zero if invert CTS

	UCHAR InvertDTR;			// non-zero if invert DTR

	UCHAR InvertDSR;			// non-zero if invert DSR

	UCHAR InvertDCD;			// non-zero if invert DCD

	UCHAR InvertRI;				// non-zero if invert RI



	UCHAR Cbus0;				// Cbus Mux control

	UCHAR Cbus1;				// Cbus Mux control

	UCHAR Cbus2;				// Cbus Mux control

	UCHAR Cbus3;				// Cbus Mux control

	UCHAR Cbus4;				// Cbus Mux control



	UCHAR RIsVCP;				// non-zero if using VCP drivers



} FT_PROGRAM_DATA, *PFT_PROGRAM_DATA;



FTD2XX_API

FT_STATUS WINAPI FT_EE_Program(

    FT_HANDLE ftHandle,

	PFT_PROGRAM_DATA pData

	);



FTD2XX_API

FT_STATUS WINAPI FT_EE_ProgramEx(

    FT_HANDLE ftHandle,

	PFT_PROGRAM_DATA pData,

	char *Manufacturer,

	char *ManufacturerId,

	char *Description,

	char *SerialNumber

	);



FTD2XX_API

FT_STATUS WINAPI FT_EE_Read(

    FT_HANDLE ftHandle,

	PFT_PROGRAM_DATA pData

	);



FTD2XX_API

FT_STATUS WINAPI FT_EE_ReadEx(

    FT_HANDLE ftHandle,

	PFT_PROGRAM_DATA pData,

	char *Manufacturer,

	char *ManufacturerId,

	char *Description,

	char *SerialNumber

	);



FTD2XX_API

FT_STATUS WINAPI FT_EE_UASize(

    FT_HANDLE ftHandle,

	LPDWORD lpdwSize

	);



FTD2XX_API

FT_STATUS WINAPI FT_EE_UAWrite(

    FT_HANDLE ftHandle,

	PUCHAR pucData,

	DWORD dwDataLen

	);



FTD2XX_API

FT_STATUS WINAPI FT_EE_UARead(

    FT_HANDLE ftHandle,

	PUCHAR pucData,

	DWORD dwDataLen,

	LPDWORD lpdwBytesRead

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetLatencyTimer(

    FT_HANDLE ftHandle,

    UCHAR ucLatency

    );



FTD2XX_API

FT_STATUS WINAPI FT_GetLatencyTimer(

    FT_HANDLE ftHandle,

    PUCHAR pucLatency

    );



FTD2XX_API

FT_STATUS WINAPI FT_SetBitMode(

    FT_HANDLE ftHandle,

    UCHAR ucMask,

	UCHAR ucEnable

    );



FTD2XX_API

FT_STATUS WINAPI FT_GetBitMode(

    FT_HANDLE ftHandle,

    PUCHAR pucMode

    );



FTD2XX_API

FT_STATUS WINAPI FT_SetUSBParameters(

    FT_HANDLE ftHandle,

    ULONG ulInTransferSize,

    ULONG ulOutTransferSize

	);



FTD2XX_API

FT_STATUS WINAPI FT_SetDeadmanTimeout(

    FT_HANDLE ftHandle,

	ULONG ulDeadmanTimeout

    );



FTD2XX_API

FT_STATUS WINAPI FT_GetDeviceInfo(

    FT_HANDLE ftHandle,

    FT_DEVICE *lpftDevice,

	LPDWORD lpdwID,

	PCHAR SerialNumber,

	PCHAR Description,

	LPVOID Dummy

    );



FTD2XX_API

FT_STATUS WINAPI FT_StopInTask(

    FT_HANDLE ftHandle

    );



FTD2XX_API

FT_STATUS WINAPI FT_RestartInTask(

    FT_HANDLE ftHandle

    );



FTD2XX_API

FT_STATUS WINAPI FT_SetResetPipeRetryCount(

    FT_HANDLE ftHandle,

	DWORD dwCount

    );



FTD2XX_API

FT_STATUS WINAPI FT_ResetPort(

    FT_HANDLE ftHandle

    );



FTD2XX_API

FT_STATUS WINAPI FT_CyclePort(

    FT_HANDLE ftHandle

    );





//

// Win32-type functions

//



FTD2XX_API

FT_HANDLE WINAPI FT_W32_CreateFile(

	LPCSTR					lpszName,

	DWORD					dwAccess,

	DWORD					dwShareMode,

	LPSECURITY_ATTRIBUTES	lpSecurityAttributes,

	DWORD					dwCreate,

	DWORD					dwAttrsAndFlags,

	HANDLE					hTemplate

	);



FTD2XX_API

BOOL WINAPI FT_W32_CloseHandle(

    FT_HANDLE ftHandle

	);



FTD2XX_API

BOOL WINAPI FT_W32_ReadFile(

    FT_HANDLE ftHandle,

    LPVOID lpBuffer,

    DWORD nBufferSize,

    LPDWORD lpBytesReturned,

	LPOVERLAPPED lpOverlapped

    );



FTD2XX_API

BOOL WINAPI FT_W32_WriteFile(

    FT_HANDLE ftHandle,

    LPVOID lpBuffer,

    DWORD nBufferSize,

    LPDWORD lpBytesWritten,

	LPOVERLAPPED lpOverlapped

    );



FTD2XX_API

DWORD WINAPI FT_W32_GetLastError(

    FT_HANDLE ftHandle

    );



FTD2XX_API

BOOL WINAPI FT_W32_GetOverlappedResult(

    FT_HANDLE ftHandle,

	LPOVERLAPPED lpOverlapped,

    LPDWORD lpdwBytesTransferred,

	BOOL bWait

    );



FTD2XX_API

BOOL WINAPI FT_W32_CancelIo(

    FT_HANDLE ftHandle

    );





//

// Win32 COMM API type functions

//

typedef struct _FTCOMSTAT {

    DWORD fCtsHold : 1;

    DWORD fDsrHold : 1;

    DWORD fRlsdHold : 1;

    DWORD fXoffHold : 1;

    DWORD fXoffSent : 1;

    DWORD fEof : 1;

    DWORD fTxim : 1;

    DWORD fReserved : 25;

    DWORD cbInQue;

    DWORD cbOutQue;

} FTCOMSTAT, *LPFTCOMSTAT;



typedef struct _FTDCB {

    DWORD DCBlength;      /* sizeof(FTDCB)                   */

    DWORD BaudRate;       /* Baudrate at which running       */

    DWORD fBinary: 1;     /* Binary Mode (skip EOF check)    */

    DWORD fParity: 1;     /* Enable parity checking          */

    DWORD fOutxCtsFlow:1; /* CTS handshaking on output       */

    DWORD fOutxDsrFlow:1; /* DSR handshaking on output       */

    DWORD fDtrControl:2;  /* DTR Flow control                */

    DWORD fDsrSensitivity:1; /* DSR Sensitivity              */

    DWORD fTXContinueOnXoff: 1; /* Continue TX when Xoff sent */

    DWORD fOutX: 1;       /* Enable output X-ON/X-OFF        */

    DWORD fInX: 1;        /* Enable input X-ON/X-OFF         */

    DWORD fErrorChar: 1;  /* Enable Err Replacement          */

    DWORD fNull: 1;       /* Enable Null stripping           */

    DWORD fRtsControl:2;  /* Rts Flow control                */

    DWORD fAbortOnError:1; /* Abort all reads and writes on Error */

    DWORD fDummy2:17;     /* Reserved                        */

    WORD wReserved;       /* Not currently used              */

    WORD XonLim;          /* Transmit X-ON threshold         */

    WORD XoffLim;         /* Transmit X-OFF threshold        */

    BYTE ByteSize;        /* Number of bits/byte, 4-8        */

    BYTE Parity;          /* 0-4=None,Odd,Even,Mark,Space    */

    BYTE StopBits;        /* 0,1,2 = 1, 1.5, 2               */

    char XonChar;         /* Tx and Rx X-ON character        */

    char XoffChar;        /* Tx and Rx X-OFF character       */

    char ErrorChar;       /* Error replacement char          */

    char EofChar;         /* End of Input character          */

    char EvtChar;         /* Received Event character        */

    WORD wReserved1;      /* Fill for now.                   */

} FTDCB, *LPFTDCB;



typedef struct _FTTIMEOUTS {

    DWORD ReadIntervalTimeout;          /* Maximum time between read chars. */

    DWORD ReadTotalTimeoutMultiplier;   /* Multiplier of characters.        */

    DWORD ReadTotalTimeoutConstant;     /* Constant in milliseconds.        */

    DWORD WriteTotalTimeoutMultiplier;  /* Multiplier of characters.        */

    DWORD WriteTotalTimeoutConstant;    /* Constant in milliseconds.        */

} FTTIMEOUTS,*LPFTTIMEOUTS;





FTD2XX_API

BOOL WINAPI FT_W32_ClearCommBreak(

    FT_HANDLE ftHandle

	);



FTD2XX_API

BOOL WINAPI FT_W32_ClearCommError(

    FT_HANDLE ftHandle,

	LPDWORD lpdwErrors,

    LPFTCOMSTAT lpftComstat

	);



FTD2XX_API

BOOL WINAPI FT_W32_EscapeCommFunction(

    FT_HANDLE ftHandle,

	DWORD dwFunc

	);



FTD2XX_API

BOOL WINAPI FT_W32_GetCommModemStatus(

    FT_HANDLE ftHandle,

	LPDWORD lpdwModemStatus

	);



FTD2XX_API

BOOL WINAPI FT_W32_GetCommState(

    FT_HANDLE ftHandle,

    LPFTDCB lpftDcb

	);



FTD2XX_API

BOOL WINAPI FT_W32_GetCommTimeouts(

    FT_HANDLE ftHandle,

    FTTIMEOUTS *pTimeouts

	);



FTD2XX_API

BOOL WINAPI FT_W32_PurgeComm(

    FT_HANDLE ftHandle,

	DWORD dwMask

	);



FTD2XX_API

BOOL WINAPI FT_W32_SetCommBreak(

    FT_HANDLE ftHandle

	);



FTD2XX_API

BOOL WINAPI FT_W32_SetCommMask(

    FT_HANDLE ftHandle,

    ULONG ulEventMask

    );



FTD2XX_API

BOOL WINAPI FT_W32_SetCommState(

    FT_HANDLE ftHandle,

    LPFTDCB lpftDcb

	);



FTD2XX_API

BOOL WINAPI FT_W32_SetCommTimeouts(

    FT_HANDLE ftHandle,

    FTTIMEOUTS *pTimeouts

	);



FTD2XX_API

BOOL WINAPI FT_W32_SetupComm(

    FT_HANDLE ftHandle,

	DWORD dwReadBufferSize,

	DWORD dwWriteBufferSize

	);



FTD2XX_API

BOOL WINAPI FT_W32_WaitCommEvent(

    FT_HANDLE ftHandle,

    PULONG pulEvent,

	LPOVERLAPPED lpOverlapped

    );





//

// Device information

//



typedef struct _ft_device_list_info_node {

	ULONG Flags;

    ULONG Type;

	ULONG ID;

	DWORD LocId;

	char SerialNumber[16];

	char Description[64];

	FT_HANDLE ftHandle;

} FT_DEVICE_LIST_INFO_NODE;





FTD2XX_API

FT_STATUS WINAPI FT_CreateDeviceInfoList(

	LPDWORD lpdwNumDevs

	);



FTD2XX_API

FT_STATUS WINAPI FT_GetDeviceInfoList(

	FT_DEVICE_LIST_INFO_NODE *pDest,

	LPDWORD lpdwNumDevs

	);



FTD2XX_API

FT_STATUS WINAPI FT_GetDeviceInfoDetail(

	DWORD dwIndex,

	LPDWORD lpdwFlags,

	LPDWORD lpdwType,

	LPDWORD lpdwID,

	LPDWORD lpdwLocId,

	LPVOID lpSerialNumber,

	LPVOID lpDescription,

	FT_HANDLE *pftHandle

	);





//

// Version information

//



FTD2XX_API

FT_STATUS WINAPI FT_GetDriverVersion(

    FT_HANDLE ftHandle,

	LPDWORD lpdwVersion

	);



FTD2XX_API

FT_STATUS WINAPI FT_GetLibraryVersion(

	LPDWORD lpdwVersion

	);









#ifdef __cplusplus

}

#endif





#endif  /* FTD2XX_H */
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FTDIBUS.INF


; FTDIBUS.INF

; Copyright (c) 2000-2006 FTDI Ltd.

;

; USB serial converter driver installation for Windows 2000 and XP.

;



[Version]

Signature="$Windows NT$"

DriverPackageType=PlugAndPlay

DriverPackageDisplayName=%DESC%

Class=USB

ClassGUID={36fc9e60-c465-11cf-8056-444553540000}

Provider=%FTDI%

CatalogFile=ftdibus.cat

DriverVer=05/19/2006,2.00.00



[SourceDisksNames]

1=%DriversDisk%,,,



[SourceDisksFiles]

ftdibus.sys = 1

ftdiunin.exe = 1

ftdiun2k.ini = 1

ftbusui.dll = 1

ftd2xx.dll = 1



[DestinationDirs]

FtdiBus.NT.Copy = 10,system32\drivers

FtdiBus.NT.Copy2 = 10,system32



[Manufacturer]

%Ftdi%=FtdiHw



[FtdiHw]

%USB\VID_0403&PID_6001.DeviceDesc%=FtdiBus,USB\VID_0403&PID_6001

%USB\VID_0403&PID_6010&MI_00.DeviceDesc%=FtdiBus,USB\VID_0403&PID_6010&MI_00

%USB\VID_0403&PID_6010&MI_01.DeviceDesc%=FtdiBus,USB\VID_0403&PID_6010&MI_01



[ControlFlags]

ExcludeFromSelect=*



[FtdiBus.NT]

CopyFiles=FtdiBus.NT.Copy,FtdiBus.NT.Copy2

AddReg=FtdiBus.NT.AddReg,FtdiBusUnInst.NT.Reg



[FtdiBus.NT.Services]

AddService = FTDIBUS, 0x00000002, FtdiBus.NT.AddService



[FtdiBus.NT.AddService]

DisplayName = %SvcDesc%

ServiceType = 1 ; SERVICE_KERNEL_DRIVER

StartType = 3 ; SERVICE_DEMAND_START

ErrorControl = 1 ; SERVICE_ERROR_NORMAL

ServiceBinary = %10%\system32\drivers\ftdibus.sys

LoadOrderGroup = Base



[FtdiBus.NT.AddReg]

HKR,,DevLoader,,*ntkern

HKR,,NTMPDriver,,ftdibus.sys

HKR,,EnumPropPages32,,"ftbusui.dll,FTBUSUIPropPageProvider"



[FtdiBus.NT.Copy]

ftdibus.sys



[FtdiBus.NT.Copy2]

ftdiunin.exe

ftdiun2k.ini

ftbusui.dll

ftd2xx.dll



[FtdiBusUnInst.NT.Reg]

HKLM,%WINUN%,"FTDICOMM"

HKLM,%WINUN%\FTDICOMM , "UninstallString",,"%11%\ftdiunin.exe %11%\ftdiun2k.ini"

HKLM,%WINUN%\FTDICOMM , "DisplayName",,"FTDI USB Serial Converter Drivers"

HKLM,%WINUN%\FTDICOMM , "URLInfoAbout",,"http://www.ftdichip.com"

HKLM,%WINUN%\FTDICOMM , "Publisher",,"FTDI Ltd"

HKLM,%WINUN%\FTDICOMM , "DisplayVersion",,"2.00.00"



[Strings]

Ftdi="FTDI"

DESC="CDM Driver Package"

DriversDisk="FTDI USB Drivers Disk"

USB\VID_0403&PID_6001.DeviceDesc="USB Serial Converter"

USB\VID_0403&PID_6010&MI_00.DeviceDesc="USB Serial Converter A"

USB\VID_0403&PID_6010&MI_01.DeviceDesc="USB Serial Converter B"

WINUN="Software\Microsoft\Windows\CurrentVersion\Uninstall"

SvcDesc="USB Serial Converter Driver"

ClassName="USB"











FTDIBUS.sys








ftdiport.cat








FTDIPORT.INF


; FTDIPORT.INF

; Copyright (c) 2000-2006 FTDI Ltd.

;

; USB serial port driver installation for Windows 2000 and XP.

;



[Version]

Signature="$Windows NT$"

DriverPackageType=PlugAndPlay

DriverPackageDisplayName=%DESC%

Class=Ports

ClassGUID={4d36e978-e325-11ce-bfc1-08002be10318}

Provider=%FTDI%

CatalogFile=ftdiport.cat

DriverVer=05/19/2006,2.00.00



[SourceDisksNames]

1=%DriversDisk%,,,



[SourceDisksFiles]

ftser2k.sys=1

ftserui2.dll=1

FTLang.Dll = 1

ftcserco.dll = 1



[DestinationDirs]

FtdiPort.NT.Copy=10,system32\drivers

FtdiPort.NT.CopyUI=10,system32

FtdiPort2232.NT.CopyCoInst=10,system32



[ControlFlags]

ExcludeFromSelect=*



[Manufacturer]

%FTDI%=FtdiHw



[FtdiHw]

%VID_0403&PID_6001.DeviceDesc%=FtdiPort232,FTDIBUS\COMPORT&VID_0403&PID_6001

%VID_0403&PID_6010.DeviceDesc%=FtdiPort2232,FTDIBUS\COMPORT&VID_0403&PID_6010



[FtdiPort.NT.AddService]

DisplayName    = %SvcDesc%

ServiceType    = 1                  ; SERVICE_KERNEL_DRIVER

StartType      = 3                  ; SERVICE_DEMAND_START

ErrorControl   = 1                  ; SERVICE_ERROR_NORMAL

ServiceBinary  = %10%\system32\drivers\ftser2k.sys

LoadOrderGroup = Base



; -------------- Serenum Driver install section

[SerEnum_AddService]

DisplayName    = %SerEnum.SvcDesc%

ServiceType    = 1               ; SERVICE_KERNEL_DRIVER

StartType      = 3               ; SERVICE_DEMAND_START

ErrorControl   = 1               ; SERVICE_ERROR_NORMAL

ServiceBinary  = %12%\serenum.sys

LoadOrderGroup = PNP Filter



[FtdiPort.NT.AddReg]

HKR,,EnumPropPages32,,"ftserui2.dll,SerialPortPropPageProvider"



[FtdiPort.NT.Copy]

ftser2k.sys

;serenum.sys



[FtdiPort.NT.CopyUI]

ftserui2.dll

FTLang.dll



[FtdiPort232.NT]

CopyFiles=FtdiPort.NT.Copy,FtdiPort.NT.CopyUI

AddReg=FtdiPort.NT.AddReg



[FtdiPort232.NT.HW]

AddReg=FtdiPort232.NT.HW.AddReg



[FtdiPort232.NT.Services]

AddService = FTSER2K, 0x00000002, FtdiPort.NT.AddService

AddService = Serenum,,SerEnum_AddService

DelService = FTSERIAL



[FtdiPort232.NT.HW.AddReg]

HKR,,"UpperFilters",0x00010000,"serenum"

;HKR,,"ConfigData",1,01,00,3F,3F,10,27,88,13,C4,09,E2,04,71,02,38,41,9c,80,4E,C0,34,00,1A,00,0D,00,06,40,03,80,00,00,d0,80

HKR,,"ConfigData",1,11,00,3F,3F,10,27,00,00,88,13,00,00,C4,09,00,00,E2,04,00,00,71,02,00,00,38,41,00,00,9C,80,00,00,4E,C0,00,00,34,00,00,00,1A,00,00,00,0D,00,00,00,06,40,00,00,03,80,00,00,00,00,00,00,D0,80,00,00

HKR,,"MinReadTimeout",0x00010001,0

HKR,,"MinWriteTimeout",0x00010001,0

HKR,,"LatencyTimer",0x00010001,16



; -------

; FT2232C

; -------



[FtdiPort2232.NT]

CopyFiles=FtdiPort.NT.Copy,FtdiPort.NT.CopyUI

AddReg=FtdiPort.NT.AddReg



[FtdiPort2232.NT.HW]

AddReg=FtdiPort232.NT.HW.AddReg



[FtdiPort2232.NT.CoInstallers]

AddReg=FtdiPort2232.NT.CoInstallers.AddReg

CopyFiles=FtdiPort2232.NT.CopyCoInst



[FtdiPort2232.NT.Services]

AddService = FTSER2K, 0x00000002, FtdiPort.NT.AddService

AddService = Serenum,,SerEnum_AddService

DelService = FTSERIAL



[FtdiPort2232.NT.CoInstallers.AddReg]

HKR,,CoInstallers32,0x00010000,"ftcserco.Dll,FTCSERCoInstaller"



[FtdiPort2232.NT.CopyCoInst]

ftcserco.dll



;---------------------------------------------------------------;



[Strings]

FTDI="FTDI"

DESC="CDM Driver Package"

DriversDisk="FTDI USB Drivers Disk"

PortsClassName = "Ports (COM & LPT)"

VID_0403&PID_6001.DeviceDesc="USB Serial Port"

VID_0403&PID_6010.DeviceDesc="USB Serial Port"

SvcDesc="USB Serial Port Driver"

SerEnum.SvcDesc="Serenum Filter Driver"















FTDIUN2K.INI


[Uninstall]

Device=VID_0403&PID_6001,VID_0403&PID_6010

Converter=FTDIBUS

Serial=FTSER2K

InfFiles=FTDIBUS,FTDIPORT

Key=FTDICOMM











FTDIUNIN.exe








FTLang.dll








ftser2k.sys








ftserui2.dll
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FTDI CDM Drivers - Revision Comments  May 18, 2006







FTDI’s CDM drivers provide both D2XX and VCP functionality through a single driver on PCs running the following Windows operating systems:



				Windows 2000







Windows XP



Windows Server 2003







A 64-bit build is also available for the following Windows operating systems:



				Windows XP x64







Windows Server 2003 x64







The files included in a standard 32-bit CDM release are:



				Installation files



				FTDIBUS.INF







FTDIPORT.INF



				Driver files



				FTDIBUS.SYS



FTSER2K.SYS



				Uninstaller



				FTDIUNIN.EXE



FTDIUN2K.INI



				D2XX Interface



				FTD2XX.DLL



FTD2XX.LIB



FTD2XX.H 







The files included in a standard 64-bit CDM release are:



				Installation files



				FTDIBUS.INF







FTDIPORT.INF



				Driver files



				FTDIBUS.SYS



FTSER2K.SYS



				Uninstaller



				FTDIUNIN.EXE



FTDIUN2K.INI



				D2XX Interface



				FTD2XX.DLL (64-bit)



FTD2XX.DLL (32-bit)



FTD2XX.LIB (64-bit)



FTD2XX.LIB (32-bit)



FTD2XX.H 







On making a new release the files will also be posted onto FTDI’s web site http://www.ftdichip.com/FTDrivers.htm in ZIP file format.











Release versions







2.00.00 (May 18, 2006)



	New driver architecture combining functionality of D2XX and VCP drivers.



	WHQL candidate.







1.00.2176 (December 12, 2005)



	Fixed installation problem. 



	WHQL candidate.







1.00.2172 (October 31, 2005) 



	Support for FT2232C devices.







1.00.2170 (October 27, 2005) 



	Fixed write request synchronization issue.







1.00.2169 (September 1, 2005) 



	Fixed flow control issues.



	Changed cancel processing to fix blue screen.







1.00.2168 (June 8, 2005) 



	Fixed lockup condition on port close.







1.00.2166 (May 23, 2005) 



	Fixed bug in software flow control.







1.00.2163 (February 7, 2005) 



	Support for buffered writes.



	Fixed property page.







1.00.2162 (November 25, 2004) 



	Tested with HCT 12.0.







1.00.2160 (October 26, 2004) 



	Added option to prevent modem control signals following legacy port behaviour at startup.







1.00.2159 (October 15, 2004) 



	Fixed delay on disconnect under WinXP.







1.00.2157 (September 28, 2004) 



	Fixed bug that could cause computer to hang during closedown.







1.00.2156 (September 9, 2004) 



	Fixed bug in baud rate divisor calculation for AM devices.



	Location Ids supported is no longer restricted to 10 or less.



	Fixed bug that could cause computer to hang on surprise removal.



	Fixed bug that caused device handle notification to fail.







1.00.2154 (April 20, 2004) 



	Fixed initialization problem on WinXP SP1.



	Fixed IOCTL_SERIAL_GET_DTRRTS.







1.00.2151 (February 4, 2004) 



	Fixed problem with signalling events on disconnect with open port.







1.00.2150 (January 19, 2004) 



	Fixed problem with signalling line status errors.



	Fixed problem with Location IDs and external hubs.







1.00.2148 (November 11, 2003) 



	More fixes for WHQL.



	Fixed problem that prevented RXCHAR event being signalled when buffers were full. 







1.00.2146 (October 28, 2003) 



	Various fixes for WHQL.



	Added option for immediate processing of vendor commands.







1.00.2145 (October 20, 2003) 



	Fixed power-level problem with VCP serializer DLL interface.







1.00.2143 (September 24, 2003) 



	Fixed problem with RTS control toggle mode.



	Fixed problem with device state after suspend/resume.







1.00.2140 (September 11, 2003) 



	Fixed problem with uninstall from DeviceManager.



	Fixed problem with Sandstorm software.



	Improved device request processing.



	Fixed problem with modem control signal state on open.



	Fixed cancel write request problem.



	Added reset pipe retry count.



	Added maximum devices option.



	Added supported locations option.



	



1.00.2134 (June 16, 2003) 



	More changes for BusHound.







1.00.2133 (June 12, 2003) 



	Fixed BusHound compatibility problem.



	Updated properties page with serial enumerator option.







1.00.2132 (June 09, 2003) 



	Bug fixes for substitution mode.



	Fixed problem where laptops could not enter standby mode.



	Fixed problem with Lexmark printer.



	Added "Set RTS on Close" flag.



	Updated properties page.







1.00.2126 (April 10, 2003) 



	Support substitution mode.



	Restore device state on return from suspend or hibernate.



	Fixed device naming problem.



	Fixed bug in purge when receive buffer full.



	Fixed bug in properties page.







1.00.2115 (February 25, 2003) 



	Beta release includes drivers that have passed Microsoft certification tests.







1.00.2115 (December 20, 2002) 



	Beta release.



Support force XON/XOFF option.



New properties page.







1.00.2114 (November 1, 2002) 



	Beta release.



Correctly identifies unserialized FT232BM and FT245BM devices.



Fixed remote wakeup.







1.00.2112 (October 25, 2002) 



	Beta release.



Support for FT232BM and FT245BM.



Uses location information to enumerate non-serialized devices.







1.00.2104 (July 22, 2002)     



Drivers digitally signed.







1.00.2101 (February 1, 2002)     



Fixed problem that resulted in some devices not coming out of hibernate.



Fixed divide-by-zero problem zero baud rate.







1.00.2099 (January 7, 2002)     



Fixed problem with aliased baud rates.







1.00.2098 (December 20, 2001)     



Improved transmit throughput.



Support serial printers through Registry setting.



Support for non-standard baud rates.



Support Transmit Immediate.



Disable modem control signals on port close.



Fixed serial mouse disconnect problem in Standby mode.



Runs under driver verifier.







1.00.2088 (October 30, 2001)     



Fixed connect/disconnect problem in Windows XP.



Runs under driver verifier in Windows XP.







1.00.2086 (October 5, 2001)     



Fixed write request timeout processing.



Fixed problem with restarting writes after port close.



Fixed no space in read buffer problem.







1.00.2084 (October 2, 2001)     



Passes HCT tests (required for Windows XP Logo).



Uses common uninstaller FTDIUNIN.EXE.



Fixed minimum timeout problem.



Fixed write request blue screen.



Fixed write request timeout processing.



Fixed data loss at low baud rates.







1.00.2078 (July 27, 2001)     



Fixed support for Logitech mice.



Enhanced write request processing.







1.00.2072 (May 2, 2001)     



Runs under Windows XP.



Fixed receive buffer full problem.







1.00.2071 (Apr 26, 2001)     



Enhanced BREAK condition processing.







1.00.2069 (Mar 28, 2001)     



Fixed hyper-terminal re-boot problem seen when transmitting files at low baud rates.







1.00.2068 (Mar 23, 2001)     



Drop modem status signals on disconnect







1.00.2067 (Feb 26, 2001)



	Fixed disconnect with open port problems



	Support multiple devices attached at the same time



	Fixed hyper-terminal re-boot problem seen when typing characters in terminal screen



	Enabled for surprise removal (removes unexpected removal dialogue box)







1.00.2060 (Jan 19, 2001)



	Change to modem status register set up to improve port initialisation 







1.00.2058 (Nov 7, 2000)



	Fix to changing buffer size under Windows 2000 for FT8U232AM and FT8U245AM







1.00.2057 (Oct 19, 2000)



	Fix to enable speeds greater then 115k baud for FT8U232AM and FT8U245AM







1.00.2055 (Sept 7, 2000)



	Support for common INF for Win98 and Win2k drivers



	Update of INF to support FT8U232AM and FT8U245AM







1.00.2054 (Aug 10, 2000)



	Increased time out delay to make enumerator performance more robust







1.00.2053 (Aug 9, 2000)



	Fixed transmit toggle problem







1.00.2052 (July 24, 2000)



	Driver stack made consistent to fix device power state failure



	INF changes to add serial services







1.00.2051 (June 15, 2000)



	Fixed problem with 230k baud select, IN transfer restriction of 64 bytes removed



	Fixed X-ON/X-OFF handshaking problem, added support for serial mouse







1.00.2049 (Mar 25, 2000)



	Install / uninstall for new naming (ftser2k)







1.00.2046 (Mar 15, 2000)



	New naming format: ftserial -> ftser2k







1.00.2044 (Mar 8, 2000)



	Update to fix problem with Direct Cable Connect







1.00.2041 (Mar 3, 2000)



	Fixed problem with baud rate selection







1.00.2040 (Mar 1, 2000)



	Removed FTDI uninstaller







1.00.0	Beta (Feb 21, 2000)



	Update to improve flow control







Alpha100 (Feb 18, 2000) - first release



Connects to ISP. Some flow control problems.
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FTDI Driver Installation Procedure 
 
The following instructions detail how to install the FTDI USB drivers on your PC 
computer. This driver is meant to allow the CPG_COM board to be interfaced with the 
Windows Applications for the respective device. This instructions detail how to: 
 



1. Connect CPG_COM to the PC Computer 
2. Install USB Driver 
3. Configure COM Port 



 
Connecting CPG_COM board to the PC Computer 
 



1. Using a conventional USB cable, connect the CPG_COM USB (J3) connector, to 
an available USB port. 



2. The 3.3V LED (D2) should light up. 
3. The Status LED (D1) should be blinking. 
4. If this is the first time the board has been connected, a “Found New Hardware 



Message should appear”.  
5. Follow Installing FTDI USB Driver instructions to install USB Driver. 



 











Installing FTDI USB Driver 
 
The following step assumes you have downloaded (or acquired) the archive 
FTDI_USB_Drivers.zip from the MSPCCE/MSP430_GPIO/FTDI_Drivers folder. Unzip 
the archive into a desired location in your hard drive. 
 
Once the CPG_COM has been plugged for the first time, Windows will search for a 
driver. The Hardware Update Wizard appears. 
 



 
 



1. Select the “Install from a list or specific location” option. 
2. Press Next. 











 
3. Select the “Search for the best driver in these locations” option 
4. Uncheck the “Search removable media” check box 
5. Check the “Include this location in the search:” check box. 
6. Press Browse 
7. Select the folder where you have unzipped the archive containing the drivers. 
8. Press OK 
9. Press Next 



 



 
 



1. Windows will install the drivers required for proper operation.  
2. The system will ask twice whether you wish to install drivers without the proper 



certification. 
3. Press OK on both instances. 
4. Wait until the “Your Hardware is now ready for use” message appears 



 
The Driver has been installed as a COM Port. Follow the next instruction to Configure 
the COM Port before using the board along with the Windows Application. 











Configuring the USB COM Port 
 



 
 



1. Under System Properties (My Computer-> Properties), go to the hardware TAB 
2. Press Device Manager. 
3. The Device Manager Opens Up. 











 
 



1. Scroll to the Ports (COM & LPT) section. 
2. Press the + sign 
3. The FTDI USB port has been installed as “USB Serial Port (COM43)”. 



a.  The COMxx number could be anything depending on your system.  
b. We need to make it COM4. 



4. Double Click on your particular “USB Serial Port (COMxx)” 
5. The “USB Serial Port (COM43) Properties” windows comes up. 



 











 
 



1. Go to the “Port Setting” TAB 











 
 



1. Press the “Advanced” Button 
2. The “Advanced Settings for COMxx opens up. 











 
 



1. On COM Port Number Box, Select COM4. It may say the COM4 is being used.  
2. Ignore the following message and press the YES button 



 



 
 



1. Press OK on the “USB Serial Port (COM43) Properties” windows. 
2. The Device Manager is once again shown. 
3. On the Menu, press the Action->Scan for Hardware Changes menu option. 
4. Windows will update drivers. 
5. USB Serial Port should appear as COM4. 
6. Close Device Manager 
7. Device is ready for use. 



 












CD_IMAGE/WindowsApplication/asycfilt.dll





CD_IMAGE/WindowsApplication/COMCAT.DLL





CD_IMAGE/WindowsApplication/comct332.ocx





CD_IMAGE/WindowsApplication/comdlg32.ocx





CD_IMAGE/WindowsApplication/CPG003_DRV8821EVM-DRV8823EVM_R1p0.exe





CD_IMAGE/WindowsApplication/mscomctl.ocx





CD_IMAGE/WindowsApplication/MSCOMM32.OCX





CD_IMAGE/WindowsApplication/msstdfmt.dll





CD_IMAGE/WindowsApplication/msvbvm60.dll





CD_IMAGE/WindowsApplication/oleaut32.dll





CD_IMAGE/WindowsApplication/olepro32.dll





CD_IMAGE/WindowsApplication/stdole2.tlb





CD_IMAGE/WindowsApplication/tabctl32.ocx





CD_IMAGE/WindowsApplication/VB6STKIT.DLL





