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MICROCHIP Data Gateway Interface

Data Gateway Interface User's Guide

Description

The Data Gateway Interface (DGI) is a USB interface for handling the low-level transport of data to and
from a target MCU. The DGl is available on a selection of tools and on-board debuggers, such as the
Power Debugger and the EDBG, as found on Xplained Pro.

The DGI provides several interfaces utilizing the same API for configuration and communication. Each
interface implements an abstraction to a physical communication interface, such as SPl and UART, or
represents a service not directly tied to a physical communication interface, such as the timestamp
interface.
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Data Gateway Interface

USB Communication

The DGI USB device consists of two endpoints; one OUT Bulk endpoint for sending commands from the
PC, and one IN Bulk endpoint for receiving responses. The endpoint size of both the IN and OUT
endpoints must be taken into account when communicating with the device. A completed packet is
recognized by the transfer having a length of less than the endpoint size. If a packet has a length which is
a multiple of the endpoint size, the last transfer must be a zero length transfer to complete the packet.

All communication is initiated by the host computer sending a command packet over the OUT endpoint.
All commands are given a response over the IN endpoint. Unrecognized commands will receive an error
response.

Commands can have a maximum length of 256 bytes. Responses to most commands are only a few
bytes. However, responses can be several thousand bytes when polling incoming data from the DGI
buffer.

The USB device is a custom implementation, not following any predefined USB classes, and will
therefore, require the installation of a driver on most systems.
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Protocol

All values in the protocol are big endian. Command packets consists of a command byte, a 2-byte length
and command-specific parameters. The length field only counts the bytes in parameters, and will be 0 for
commands without parameters.

Table 2-1. Command Packet

oo omepion

Command 1 byte The identifier of the command to be executed.
Length 2 bytes Amount of trailing data in parameters (n).
Parameters n bytes Command-specific parameters.

All received packets are parsed, executed, and responded to by a response code. The response packet
consists of the received command byte, a status code, and parameters, depending on the command and
status code. Unknown commands will receive an error response.

Table 2-2. Response Packet

o e perpion

Command |1 byte The identifier of the command that was executed.
Status Code 1 byte Response indicating the status of the executed command.
Parameters | n bytes Some status codes have parameters. The parsing of the parameters are

command-specific.

Below is a list of the supported commands and possible response codes. Refer to the following sub-
sections for details.

Table 2-3. List of Commands

hame R e eserpien

DGI_CMD_SIGN_ON 0x00 | Initializes DGI and returns a verification string. Must
be the first command called.
DGI_CMD_SIGN_OFF 0x01 Disconnects and stops all interfaces.
DGI_CMD_GET_VERSION 0x02 | Returns the version of the DGI implementation.
DGI_CMD_SET MODE O0x0A  Sets the operating mode of DGI.
DGI_CMD_INTERFACES_LIST 0x08 | Lists all available interface identifiers.
DGI_CMD_INTERFACES_ENABLE 0x10 Used to enable/disable interfaces.
DGI_CMD_INTERFACES_STATUS 0x11 | Fetches the status for the interfaces.

DGI_CMD_INTERFACES_SET_CONFIG 0x12 Sets the configuration for the specified interface.
DGI_CMD_INTERFACES_GET_CONFIG  0x13 | Gets the configuration for the specified interface.
DGI_CMD_INTERFACES_SEND DATA 0x14 Sends data for transmission over specified interface.
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N T

DGI_CMD_INTERFACES_POLL_DATA | 0x15 | Returns the data buffer for the specified interface.

DGI_CMD_TARGET_RESET 0x20 Controls the state of the reset line of the target
device.

Table 2-4. List of Responses
T
DGI_RESP_OK 0x80 | Verifies that the command was executed correctly.

DGI_RESP_FAIL 0x99 An error occurred during execution of the command. Usually caused
by wrong usage of the protocol.

DGI_RESP_DATA 0xAO | The command was executed correctly and returned data. The data is
command-specific and must be parsed accordingly.

DGI_RESP_UNKNOWN OxFF The received command identifier is unknown.

DGI_CMD_SIGN_ON

The sign on command is always the very first command to be called. It will initialize all states, buffers, and
interfaces to a known starting point. A tool-specific string is returned as an acknowledgment of the sign
on.

Table 2-5. Command Packet

Fag —sm  osseinion
DGI_CMD_SIGN_ON (0x00) 1 byte Command ID.

Length (0) 2 bytes No parameters.

Table 2-6. Response Packet

g s loeseipton
DGI_CMD_SIGN_ON (0x00) 1 byte | Command ID.

DGI_RESP_DATA (0xA0) 1 byte Response code.

Length 2 bytes | Length, n, of the acknowledgment string.

String n bytes Acknowledgment string.
+ EDBG = “EDBG Data Gateway Interface”

»  Power Debugger = “Powerdebugger Data Gateway
Interface”

*  Atmel-ICE = “Atmel-ICE Data Gateway Interface”

DGI_CMD_SIGN_OFF

The sign off command is the last command to be called. It will de-initialize all states, buffers, and
interfaces.
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Table 2-7. Command Packet

Fow e oespion

DGI_CMD_SIGN_OFF (0x01) 1 byte Command ID.
Length (0) 2 bytes No parameters.

Table 2-8. Response Packet

N S T S,

DGI_CMD_SIGN_OFF (0x01) 1 byte Command ID.
DGI_RESP_OK (0x80) 1 byte Response code.

DGI_CMD_GET_VERSION

This command gets the version number of the DGI implementation. The latest version at the time of
writing is 3.1.
Table 2-9. Command Packet

S N,

DGI_CMD_GET_VERSION (0x02) 1 byte Command ID.
Length (0) 2 bytes No parameters.

Table 2-10. Response Packet

N T

DGI_CMD_GET_VERSION (0x02) 1 byte Command ID.

DGI_RESP_DATA (0xA0) 1 byte Response code.
Major version 1 byte | Incremented only for big breaking changes.
Minor version 1 byte Incremented for each change relevant to the protocol.

DGI_CMD_SET_MODE

This command changes the operating mode of certain aspects of the DGI mechanisms and protocol.
Affected commands will have details in the command-specific sections.

Table 2-11. Command Packet
N N
DGI_CMD_SET_MODE (0x0A) 1 byte | Command ID.

Length (1) 2 bytes

Mode 1 byte | Each bit corresponds to a specific setting. Default value is 0.
« Bit2

0: Use 2 bytes length for poll response.
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N N T S

1: Use 4 bytes length for poll response.
« Bit0

0: Poll response does not include overflow indicator.

1: Add buffer overflow indicator to poll response.

Table 2-12. Response Packet
I S T
DGI_CMD_SET_MODE (0x0A) 1 byte Command ID.

DGI_RESP_OK (0x80) 1 byte Response code.

DGI_CMD_TARGET RESET

This command sets the state of the reset line.
Table 2-13. Command Packet

N T
DGI_CMD_TARGET_RESET (0x20) 1 byte  Command ID.

Length (1) 2 bytes

Reset state 1 byte « BitO

0: Not asserted (released, pulled high by external
pull-up).
1: Asserted (pulled low).

Table 2-14. Response Packet

L S T N

DGI_CMD_TARGET_RESET (0x20) 1 byte Command ID.
DGI_RESP_OK (0x80) 1 byte Response code.

DGI_CMD_INTERFACES_LIST

This command is used to discover the available interfaces on the tool. It will receive a list of all interfaces.
Table 2-15. Command Packet

For e oo

DGI_CMD_INTERFACES LIST (0x08) 1 byte Command ID.
Length (0) 2 bytes No parameters.
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Table 2-16. Response Packet

S T S

DGI_CMD_INTERFACES_LIST (0x08) 1byte |Command ID.

DGI_RESP_DATA (0x80) 1byte  Response code.

Count (n) 1 byte | Number of interfaces in following list.
Interface list n bytes | List of identifiers for available interfaces.

Related Links
Interfaces

DGI_CMD_INTERFACES_ENABLE

This command controls the OFF/ON state of the interfaces. A list of multiple interface states can be
passed. The return code will stop execution and return a failure response for the first interface failing
status update.

Table 2-17. Command Packet

Fow s T oo

DGI_CMD_INTERFACES_ENABLE (0x10) 1 byte Command ID.
Length (nx2) 2 bytes
Interface ID 1 byte Identifier of interface.
State to set Possible values are:

«  0: Off.

* 1:0n.

*  2:0On, timestamped.

Table 2-18. Response Packet

L S T N

DGI_CMD_INTERFACES_ENABLE (0x10) 1 byte Command ID.
DGI_RESP_OK (0x80) 1 byte Response code.

Related Links
Timestamp

DGI_CMD_INTERFACES_SET_CONFIG

This command sets the configuration of an interface. See the interface-specific section for details.
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Table 2-19. Command Packet

N T

DGI_CMD_INTERFACES_SET_CONFIG (0x12) 1 byte Command ID.

Length (1+6%n) 2 bytes

Interface 1D 1 byte | Identifier of interface to set configuration for.

Config ID 2 bytes Identifier of configuration parameter to set.
Repeated n times.

Config value 4 bytes Value of configuration parameter. Repeated
n times.

Table 2-20. Response Packet

L S T,

DGI_CMD_INTERFACES_SET_CONFIG (0x12) 1 byte Command ID.
DGI_RESP_OK (0x80) 1 byte Response code.

DGI_CMD_INTERFACES_GET_CONFIG

This command gets the configuration of an interface. See the interface-specific section for details.
Table 2-21. Command Packet

N S T S

DGI_CMD_INTERFACES_GET_CONFIG (0x13) 1 byte Command ID.
Length (1) 2 bytes

Interface ID 1 byte | Identifier of interface to set configuration for.

Table 2-22. Response Packet

N N

DGI_CMD_INTERFACES_GET_CONFIG (0x13) | 1 byte | Command ID.

DGI_RESP_DATA (0xAO0) 1 byte Response code.

Length 2 bytes | Length, n, of configuration.

Config ID 2 bytes Identifier of configuration parameter to set.
Repeated n times.

Config value 4 bytes  Value of configuration parameter. Repeated
n times.

DGI_CMD_INTERFACES_POLL_DATA

This command polls data from the receive buffer of an interface. It needs to be called often to avoid
overflow conditions in the device buffers. Only call this command for interfaces that are ON and do not
have timestamping enabled. Data for interfaces using timestamped mode can be polled from the
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timestamp interface. See the timestamp section for details. The mode set command affects the response
of this command.
Table 2-23. Command Packet

N 7 T

DGI_CMD_INTERFACES_POLL_DATA (0x15) 1 byte |Command ID.
Length (1) 2 bytes

Interface ID 1 byte | Identifier of interface to poll data from.

Table 2-24. Response Packet

S N

DGI_CMD_INTERFACES_POLL_DATA 1 byte Command ID.

(0x15)

DGI_RESP_DATA (0xAO0) 1 byte Response code.

Interface 1D 1 byte Interface ID as given in Table 3-1

Length (n) 2/4 bytes Amount of data received.
depending on
mode set

Overflow indicator* 0/4 bytes A non-zero value means an

overflow has occurred. Only
available if specifically set by a set
mode command. Not included in
the length field even if enabled.

Data n bytes Raw data that has been received
from the interface.

Related Links
Timestamp

DGI_CMD_INTERFACES_SEND_DATA

This command sends data over the specified interface. The interface must be enabled first. Data is
buffered and will be sent to the master at the clock speed determined by the configuration, or at the
speed determined by the master of the physical interface (as for SPI, 12C, and USART). The command
will return true as long as the data buffer is free. If there is pending data in the send buffer already, this
command will return a failure.

Table 2-25. Command Packet

N T T S

DGI_CMD_INTERFACES_SEND_DATA (0x14) 1 byte | Command ID.

Length (1+n) 2 bytes nis limited to 250 bytes.

Interface ID 1 byte | Identifier of interface to send data to.
Data n bytes Data to send over interface.

© 2017 Microchip Technology Inc. User Guide DS40001905B-page 11
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Table 2-26. Response Packet

L 7 TN

DGI_CMD_INTERFACES_SEND_DATA (0x14)
DGI_RESP_OK (0x80)

DGI_CMD_INTERFACES_STATUS

1 byte Command ID.

1 byte Response code.

This command gets the status of all available subscriptions.

Table 2-27. Command Packet

Fow oo

DGI_CMD_INTERFACES_STATUS (0x11)
Length (0)

Table 2-28. Response Packet

1 byte Command ID.

2 bytes

N 7 T

DGI_CMD_INTERFACES_STATUS (0x11) 1 byte
DGI_RESP_DATA (0xA0) 1 byte

Interface ID 1 byte

Status 1 byte

Command ID.
Response code.

Identifier for interface. This byte is repeated for each
interface.
Status of interface.

* Bit 0: Started.

* Bit 1: Timestamped mode.

*  Bit 2: Overflow occurred.

This byte is repeated for each interface.

© 2017 Microchip Technology Inc.
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Interfaces

All functionality of the DGI is centered around the implemented interfaces. All interfaces use the same
USB protocol, but every interface has its own configuration parameters and handling of communication.
For details, refer to the interface-specific sections. Note that not all interfaces are available on all boards
implementing the DGI device. The available interfaces can be read through the USB protocol.

Table 3-1. List of Interfaces

oo lgonitor ——peserpion

Timestamp | 0x00 Service interface which appends timestamps to all received events
on associated interfaces.

SPI 0x20 Communicates directly over SPI in Slave mode.

USART 0x21 Communicates directly over USART in Slave mode.

12C 0x22 Communicates directly over 12C in Slave mode.

GPIO 0x30 Monitors and controls the state of GPIO pins.

Power 0x40 (data) and 0x41 | Receives data and sync events from the attached power
(sync events) measurement co-processors.

Reserved | OxFF Special identifier used to indicate no interface.

Related Links
DGI_CMD_INTERFACES LIST

Timestamp

The data returned over the timestamp interface is a sequential stream of timestamped packets of data
belonging to the interfaces that have timestamping enabled. The first byte in each packet is the interface
identifier and will decide how the rest of the packet must be parsed.

The timestamp is relying on a 16-bit timer, which is sampled and embedded into each packet. The timer
tick frequency can be read from the timestamp configuration. It is in the area of about half a microsecond.
When the timer overflows, a packet will be embedded in the stream to indicate this event. Note that if a
data packet is being embedded as the timer overflows, an overflow packet will not be embedded. Instead,
it will be indicated in the header of the data packet.

All timestamped packets are generated from module interrupts within the DGI device, which can not be
interrupted by the timer overflow interrupt. This means that there is a possibility that the timer has
overflowed before the timer was sampled and embedded. To be able to keep the timestamp in sync and
accurate for such events the packets are also embedding the timer overflow bit. This bit is sampled after
the timer itself, and can potentially be set even if the sampled timer value was in sync.

Parsing

The timestamp data is a buffer containing data from several interfaces in the order they were received.
Each entry has the format as shown below.

© 2017 Microchip Technology Inc. User Guide DS40001905B-page 13
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Table 3-2. Data Format

Fow s oo

Interface ID 1 byte | Identifies the interface this entry is related to.

Interface specific data | n bytes The length and interpretation of data is specific to the interface ID.

To handle the timestamp properly, declare a variable to accumulate the ticks as the timer overflows
(hereby denoted by T;). The timestamp of an entry (hereby denoted by T) is the sum of T; and the
timestamp tag of the entry (hereby denoted by T;). Note that T is a value of ticks since sampling was
started. The length of a tick can be found in the configuration section. While iterating the data coming
from the timestamp interface, resolve the interface ID and handle the timestamp and interpretation of the
data according to the details in the following sections.

Timestamp [0x00]

An entry with the timestamp interface ID is embedded for every overflow of the 16-bit timer. T should be
incremented by 216 = 65536. The data section of this entry contains a counter that is incremented once
for each entry of this type.

Table 3-3. Timestamp Specific Data

Pt o et

Counter 1 byte Incremented for each entry of this type.

SPI [0x20], USART [0x21], I2C [0x22], GPIO [0x30]

For each character received over SPI, 12C, USART, or a change on the GPIO lines, an entry is made in
the timestamp buffer. The entry contains a sample of the 16-bit timer (T;) which must be added to T, to
getT.

It also contains a timer overflow flag, which requires special consideration. If this byte is non-zero it
means that the timer has overflowed during handling the current entry, and T; must be examined to
decide if it happened before or after the timestamp was sampled. If T; is less than 256 or so, the overflow
happened prior to sampling and T, must be incremented by 26 prior to calculating T. In the other case, T;
is greater than 256, T, is incremented by 216 after T has been calculated. The overflow flag is cleared
after this, so no entry with the timestamp ID will be embedded in the stream for this overflow.

Table 3-4. Specific Data

P Sk omrion

Timestamp 2 bytes The 16-bit timer value.

Timer overflow flag 1 byte | If this is non-zero the timer has overflowed during the handling of this
entry.

Data 1 byte The received data.

Power sync [0x41]

An entry of this type is embedded for every 1000 samples, and gives the timestamp of the nx1000t"
sample in the power stream. In this context, n denotes the count of entry occurrences of this type since
the power interface was started. The structure of this entry is the same as described above for SPI,
USART, etc. The data field contains a counter, which is incremented for each entry of this type.
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Table 3-5. Specific Data
Fog smo beserpion
Timestamp 2 bytes | The 16-bit timer value.

Timer overflow flag 1 byte | If this is non-zero the timer has overflowed during the handling of this
entry.

Counter 1 byte | Incremented for each packet.

Configuration

The timestamp configuration contains the timer tick frequency (denoted by ft) and prescaler (denoted by
p). These values can be used to calculate a timestamp in seconds (denoted by t) from the tick count

(denoted by T) by the formula t = Tfﬂ .

Table 3-6. Configuration Parameters

Fow o owein

Prescaler 0 Prescaler, p, of the tick duration.
Frequency 1 Frequency, ft, of the timer module.
GPIO

The GPIO interface consists of four lines available, which can be individually set to input or output
through the configuration interface. This interface can only be used in Timestamp mode. Input lines are
monitored and will trigger an entry to be added to the timestamp buffer on each change. Output lines can
be controlled through the send data command.

Parsing

Each received data byte corresponds to an input pattern on the GPIO pins. If a bitis 1 it means that the
corresponding GPIO pin is high, a 0 means a low level.

Configuration

The GPIO configuration controls the direction of the pins.

Table 3-7. Configuration Parameters
Fod D Descrpion |
Input pins | 0 | Setting a bit to 1 means the pin is monitored.

Output pins 1  Setting a bit to 1 means the pin is set to output and can be controlled by the send
command.

SPI

The SPI interface is used for serial transfer of data. It operates in Slave mode, and requires the master to
initiate all communication. Whenever the SPI master does a transfer, a character is added in the incoming
buffer and a character is sent from the SPI send buffer. If no data is availabe in the send buffer it will send
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3.4

3.41

3.4.2

Data Gateway Interface

OxFF as an idle character. This must be taken into consideration in the protocol to be able to distinguish
idle characters from real data.

To avoid the risk of getting out of synchronization with the SPI transfer and starting receiving data in the
middle of a character, the configuration allows for forcing the interface to wait for the chip select line to
toggle before starting.

Parsing

The data received over the SPI interface is the raw data. No special handling is required.

Configuration

The SPI configuration controls the mode of transfer used.

Table 3-8. Configuration Parameters

Fo Domepien
Character length 0 | The number of bits in one character (5-8).

SPI mode 1 Sets the Transfer mode used for SPI:
*  0: Clock idle low, sample on rising edge
* 1: Clock idle low, sample on falling edge
*  2: Clock idle high, sample on falling edge
+  3: Clock idle high, sample on rising edge

Force CS sync 2 | Setting this parameter will make the SPI interface wait for a chip select toggle
before starting SPI transfers.

USART

The USART interface is used for serial transmission of data. It can operate in both Synchronous and
Asynchronous modes. In Synchronous mode the USART works in Slave mode and the clock line must be
supplied from an external master.

Parsing

The data received over the USART interface is the raw data. No special handling is required.

Configuration

The configuration sets the transfer parameters of the USART.

Table 3-9. Configuration Parameters

i Doeeipion
Baud rate 0 | The transfer speed of the interface in Asynchronous mode.

Character length 1 The number of bits of data in each character (5-8).

Parity type 2 | The type of parity bit; 0 = Even, 1 = Odd, 2 = Space, 3 = Mark, 4 = None

© 2017 Microchip Technology Inc. User Guide DS40001905B-page 16
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)

Stop bits 3 Count of stop bits used; 0 = 1 bit, 1 = 1.5 bits, 2 = 2 bits

Synchronous mode 4 | If this is non-zero Synchronous mode will be used. Otherwise Asynchronous
mode is used.

I2C
The I2C interface is used to transfer data serially. It operates in Slave mode and must, therefore, have a

master connected to control the data flow.

Data is transmitted from the master by addressing the slave with the write flag. Then data can be sent
byte by byte to the slave device.

To support transferring data from the PC to the I2C master, the master has to poll the slave device
regularly by sending the address with the read flag. The first byte read indicates the count of bytes of data
waiting. If it is non-zero there is waiting data, and this data must be read out byte by byte in the same
operation (no Stop or repeated Start).

Parsing

The data received over the I2C interface is the raw data. No special handling is required.

Configuration

The I2C configuration sets the operation parameters of the interface.

Table 3-10. Configuration Parameters

s 1o peserpion

Speed 0 The expected operation speed of the interface in Hertz helps the slave device adjust the
timings. Up to 400 kHz is supported.

Address 1 Address of the slave device.

Power

The power interface is used to transfer power measurements and related data. It relies on a coprocessor
that does the power measurements and transmits a stream of formatted data.

There are currently two flavors of the power measurement coprocessor, which are referred to as the XAM
and the PAM. XAM is used on Xplained Pro boards that are embedding power measurement capabilities.
PAM is used on the Power Debugger and offers a greater feature set. Look in the documentation for the
Xplained Pro and Power Debugger for more details about the feature sets.

Parsing

The data from the power interface is a stream of packets of variable lengths. The upper two bits of the
first byte of each packet describe the type and decide the rest of the interpretation. Below is a table of
valid packet types.
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Table 3-11. Packet Types

Primary sample | 0b10 3-byte packet of A channel current sample.

Auxiliary sample 0b00 2-byte packet of B channel current sample and A and B channel
voltage sample.

Notification 0b11 Notification packet for special events.

Reserved 0b01

Notification

The notification packet is totally one byte long. It provides a way to give notifications about events.

Table 3-12. Notification Interpretation

ID 7:6 Set to 0b11 for this packet.

Extended 5 Reserved for future use.

Type 4 If 0, data field contains an event, otherwise it is a sample rate.
Data 3:0 Type of event or sample rate.

Table 3-13. Events

Synctick |0 This event is embedded in the stream after every 1000 samples for PAM.

Primary sample
The primary sample packet contains a sample of the A channel current. It holds information about the
range of the current sample, which must be used to index the correct calibration values.

Table 3-14. Primary Sample Interpretation

ID 23:22 Set to 0b10 for this packet.

Range 21:20 For XAM the range field is used as an index for the calibration to be used.
For PAM, 0 means low range and 1 means high range, while 2 and 3 means
dummy sample and invalid sample, respectively, and the previous value
should be used instead.

Sample rate | 19:16 The sample rate can be ignored as this is constant for the current
implementation. For XAM it is 16 kHz. For PAM it is 62.5 kHz.

Sample 15:0 The raw value of the sample is used together with the calibration data to
calculate the actual current value.

Auxiliary sample

The auxiliary sample packet transmits A- and B-channel voltage and B-channel current. It is currently
used only for PAM. Whenever such a packet is received it should be timestamped with the same
timestamp as the latest primary packet.
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Table 3-15. Auxiliary Sample Interpretation

ID 15:14 Set to 0b0O0 for this packet.
Channel 13:12 0 = B Current, 1 = B Voltage, 2 = A Voltage.
Sample | 11:0 For voltage data divide the raw value by -200 to get the measured voltage. For

current data use the calibration values.

Configuration

The power configuration consists of a generic section that can be used to control the power measurement
and related functionality. There is also a section that is specific to the type of power coprocessor used.
The specific section contains the calibration that is required to interpret the incoming data and get the
correct output values.

Table 3-16. Generic Configuration Parameters

P10 oo

Type 0 | Type of coprocessor for power measurement.
+  XAM =0x10
+  PAM = 0x11
Channel 1 Setting a bit to 1 will activate the related channel; bit 0=A, bit 1=B.
Calibrate 2 | For XAM, any write will trigger calibration. For PAM, the value will decide the type of

calibration performed; 2 = Reset to factory, 8 = A channel, 9 = B channel.

Lock range 3 For PAM, setting to 1 will lock the A channel in high range. For XAM, not
implemented.

Output voltage 4 | For PAM, sets the output voltage of the target supply to the given value in mV. For
XAM, not implemented.

XAM

The XAM coprocessor calibration starts at parameter ID 10. It consists of four blocks of configuration
parameters, one for each supported range. The blocks have the structure as described in the table below.
Note that N’ refers to the range index.

Table 3-17. XAM Range Calibration Parameters

P o e omsrion

Token Nx12 + 10 | uint16 The lower byte contains the id of the range on the form Oxnn (n =
N+1). Note that the sample field in the data packet uses 0-
indexing, where this field uses 1-indexing. The upper byte
identifies the state of the calibration:

* 0 =Uncalibrated
* 1 = Factory calibrated
* 2= User calibrated

Offset Nx12 + 13 uint16 Subtract this value from the raw value to correct offset error.
correction
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T

Float gain Nx12 + 14 float | Multiply the offset corrected raw value with this gain correction.
correction

WA Resolution  Nx12 + 20 float Resolution in pA. Factor to multiply the corrected raw value with to
get the current in pA.

PAM

The PAM coprocessor, having a wider range, has a more complex model for calibration. To read the PAM
calibration it is necessary to read the entire block of parameter values from 10 to 175 into a buffer. The
buffer can then be parsed into the following sections:

The 32-byte header:
Table 3-18. PAM Calibration Header

T

Format uint8 | Calibration format version. Set to 2 for this version.

Data invalidation 1 uint8 ' Is set to zero to indicate successful calibration.

Local A-channel 2 int16  Contains an averaged offset value for the high range of channel
calibration A, as used internally by the PAM.

User calibration flag 4 uint8 Indicates whether the calibration data is the result of a factory

(0)oruser (1)calibration.

The 512-byte A-Channel calibration parameters:
The N’ parameter represents the eight voltage ranges on the PAM, as determined by this formula:

V=16+ 1N8 Use the calibration point closest to the actual voltage reported by the tool.

Table 3-19. PAM CHA Calibration Parameters

N S

Format uint8
Data invalidation 1 uint8 Is set to zero to indicate successful calibration.

High range calibration | Nx60 + 8 | See below Contains the calibration data for voltage N for the high
data range of the A-channel as described below.

Low range calibration =~ Nx60 + 22 See below Contains the calibration data for voltage N for the low
data range of the A-channel as described below.

For each calibration voltage, the PAM A-channel calibration data contains a two-segment linearization for
each range. The top segment of the low range and the low segment of the high range uses the same
calibration currents and helps ensure a good transition between the ranges.

Table 3-20. PAM CHA Calibration Data

N T

High level offset 0 int16
High level gain 2 float
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PO e Do

Crosspoint 6 int16  The cross-point indicates the raw data value where the high and low
segments meet.

Low level offset 8 int16

Low level gain |10 float

The B-Channel calibration data is contained in the remainder of the calibration:

The N’ parameter represents the eight voltage ranges on the PAM.
Table 3-21. PAM CHB Calibration Parameters

T

Format 0 uint8
Data invalidation 1 uint8  Is set to zero to indicate successful calibration.
Offset Nx14 + 2 int16
Gain Nx14 + 4 float
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Revision History

ooe e omecommans

B 10/2017 | Added missing Interface ID byte in DGI_CMD_INTERFACES_POLL_DATA
response
A 07/2017 -+ New document template

*  New document number: Microchip version DS40001905A replaces Atmel
version 32223A
»  Corrected Calibrate field Description in Power Interface Configuration section

+ Updated Range field Description in Primary sample section in Power Parsing
section

32223A | 09/2016 | Initial document release
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

* General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

*  Distributor or Representative

* Local Sales Office

»  Field Application Engineer (FAE)
*  Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeelLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher Il, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestlIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.

© 2017, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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ISBN: 978-1-5224-2227-3

Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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