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Introduction

The ACC-24E3 family of products provides a powerful and flexible suite of axis-interface
circuitry for UMAC racks controlled by the Power PMAC CPU. The ACC-24E3 provides 2 or 4
channels of axis interface in a 1 or 2-slot (respectively) package.

The ACC-24E3 can be used to process the following types of position feedback:

Quadrature encoders

Hall-style commutation sensors
Serial encoders

Sinusoidal encoders

Resolvers

The ACC-24E3 can be used to command the following types of amplifiers and drives:

Analog velocity-mode

Analog torque-mode

Analog sinewave input

Direct-PWM power block

Pulse-and-direction input stepper or stepper-replacement servo

The ACC-24E3 is built modularly out of 3 circuit boards for a 2-axis interface, or 6 circuit boards
for a 4-axis interface.

A word on the accessory number:

ACC-24 products are Delta Tau’s axis-interface accessories, in many formats. The “E” specifies
the “Euro-card” format of the UMAC boards (as opposed to “P” for PC format, “V” for VME
format, or “C” for Compact PCI format”. The “3” specifies the use of a PMAC3-style ASIC in
the product (as opposed to “2” for a PMAC2-style ASIC, or no final digit for a PMAC1-style
ASIC).

A The ACC-24E3 is not compatible with the older Turbo PMAC
UMAC CPU, or the MACRO 8-axis and MACRO 16-axis
CPUs.

Note

INTRODUCTION 8



DELTA TAU Acc-24E3 USER’S MANUAL

Specifications

Environmental Specifications

Description Specification Notes

Operating Temperature 0°Cto 55°C

Storage Temperature -25°Cto 70°C

Humidity 10% to 95 % Non-Condensing

INTRODUCTION
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Agency Approval and Safety

Item Description

CE Mark EN61326-1

EMC EN55011 Class A Group 1
EN61000-4-2
EN61000-4-3
EN61000-4-4
EN61000-4-5
EN61000-4-6

cuL UL 61010-1 File E314517

Flammability Class UL 94V-0

KC EMI: KN 11
EMS: KN 61000-6-2

UKCA EN61326-1
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Mounting and Installation

To connect a UMAC accessory, simply slide the board into any open slot of the UMAC rack.
Customarily, accessories are installed from left to right as follows:

10, 15, or 21-slot rack

\ 4

A

>
2] o
© | 5 | €| § |©
D O | © | u
5 | 2| g2 | © | =&
©C |l 3| £ | o | =
O Ll < | = 1 & |o

Prior to installation, make sure that you have set the jumpers and address settings to your desired
requirements. Use the guide tracks that have been installed in the empty slots of your UMAC

system when installing a board.

As you slide the board into the rack, use caution to ensure none of the components on the board
make contact with the front plates of the boards on either side. Getting the front plate flush with
the front of the rack and turning the front screws firmly will ensure a good connection with the

backplane.

When removing a board from the system, the user must first pull out any wired connections from
the top, bottom, and front panels then loosen the pem-nuts on the front of the rack. Next, the user
can gently pull the board from the rack and use caution to ensure that none of the components on
the board make contact with the boards on either side.

Caution
Screw
This product contains D-SUB style connectors.
Do not overtighten any screws on mating
connectors, and when possible, only tighten by
Hex nut

hand. Overtightening, such as with manual or
electric tools, may lead to the mating nut
detaching when subsequently unscrewed,
which may result in damage to the product,
other electronics, and/or injury.

(Risk of falling)

MOUNTING AND INSTALLATION 11



DELTA TAU Acc-24E3 USER’S MANUAL

Hardware Configuration

The ACC-24E3 has a modular design that provides great flexibility in configuring optimal
solutions to different styles of axis interfaces. The components that comprise an ACC-24E3
assembly, and the possible assemblies, are described in this section.

Components

An ACC-24E3 is comprised of up to six possible components, assembled from the list described
below.

3U-Format Base Board (300-604002-10x)

The 3U-format (100mm x 160mm) base board is the only component that is required in all
configurations. It provides the interface to the UBUS32 backplane for communications with the
Power PMAC CPU and the “DSPGATE3” ASIC, which provides all of the digital processing
logic for two or four channels of axis interface.

It provides a low-profile high-density stack connector near the top edge for a “feedback”
mezzanine board for the first two channels, and a low-profile high-density connector near the
bottom edge for an “amplifier” mezzanine board for the first two channels. In addition, it
provides sockets for a stack connector to an optional 3U-format “piggyback” board for the third
and fourth channels. It has front-edge terminal blocks for the “flag” signals for the first two
channels.

3U-Format Piggyback Board (301-604002-10x)

The 3U-format (100mm x 160mm) piggyback board can stack on top of the 3U-format base
board to provide an interface path for the third and fourth channels. In the UMAC rack, it sits one
“4T” slot (200mm or 0.8”) to the right of the base board. It has long prong connectors on the back
side that fit into matching sockets on the front side of the base board.

It provides a low-profile high-density stack connector near the top edge for a “feedback”
mezzanine board for the third and fourth channels, and a low-profile high-density connector near
the bottom edge for an “amplifier” mezzanine board for the third and fourth channels. It has
front-edge terminal blocks for the “flag” signals for the third and fourth channels.

The 3U-format piggyback board uses the same circuit-board design as the 3U-format base board,
but has a different set of components installed.

Digital Feedback Mezzanine Board (300-604003-10x)

The digital feedback mezzanine board is installed along the top edge of either the 3U-format base
board or the 3U-format piggyback board. In the first case, it provides the connectors and the
buffer circuitry for the first two channels of digital position feedback; in the second case it
provides the connectors and the buffer circuitry for the third and fourth channels of digital
position feedback circuitry.

The types of feedback sensors that can be connected to each channel on this board include:

e Single-ended or differential quadrature encoders with index
e 3-phase digital hall commutation sensors
o Serial encoders of multiple different protocols

HARDWARE CONFIGURATION 12
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In addition, it is possible to provide pulse-frequency-modulated (PFM) outputs in pulse-and-
direction format.

The digital feedback mezzanine board is available with either dual 15-pin D-sub connectors or
dual 12-point removable terminal blocks.

Analog Feedback Mezzanine Board (300-604004-10x)

The analog feedback mezzanine board is installed along the top edge of either the 3U-format base
board or the 3U-format piggyback board. In the first case, it provides the connectors and the
buffer circuitry for the first two channels of analog position feedback; in the second case it
provides the connectors and the buffer circuitry for the third and fourth channels of analog
position feedback.

The types of feedback sensors that can be connected to each channel on this board include:

e Single-ended or sinusoidal encoders with index
o Resolvers (with excitation provided from the board)
o Serial (digital) encoders of multiple different protocols

Because the optimal signal levels for sinusoidal encoders and resolvers are different, the board
must be purchased configured for one or the other type of sensor. The sinusoidal encoder
configuration will have a voltage regulator installed in U19 and resistor packs installed in RP1,
RP2, RP3, and RP4. The resolver configuration will have an op-amp installed in U36 for the
excitation output.

The analog feedback mezzanine board is available only with dual 15-pin D-sub connectors.

Auto-Correcting Interpolator Feedback Mezzanine Board (300-604024-
10x)

The auto-correcting interpolator mezzanine board is installed along the top edge of either the 3U-
format base board or the 3U-format piggyback board. In the first case, it provides the connectors
and the processing circuitry for the first two channels of sinusoidal-encoder position feedback; in
the second case it provides the connectors and the processing circuitry for the third and fourth
channels of sinusoidal-encoder position feedback.

The auto-correcting interpolator can also support serial (digital) encoders of multiple different
protocols, with one or two signal pairs. (The SPI protocol requires three signal pairs, so is not
supported.)

The auto-correcting interpolator feedback mezzanine board is available only with dual 15-pin D-
sub connectors.

Digital Amplifier-Interface Mezzanine Board (300-604005-10x)

The digital amplifier mezzanine board is installed along the bottom edge of either the 3U-format
base board or the 3U-format piggyback board. In the first case, it provides the connectors and the
buffer circuitry for the first two channels of digital amplifier connection; in the second case it
provides the connectors and the buffer circuitry for the third and fourth channels of digital
position amplifier connection.

HARDWARE CONFIGURATION 13
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This board is intended primarily for interface to direct-PWM “power-block™ style amplifiers,
which accept the actual pulse-width-modulated on-off commands to the power-transistors. It has
two 36-pin Mini-D connectors in the standard power-block signal configuration.

Analog Amplifier-Interface Mezzanine Board (300-604006-10x)

The analog amplifier mezzanine board is installed along the bottom edge of either the 3U-format
base board or the 3U-format piggyback board. In the first case, it provides the connectors and the
buffer circuitry for the first two channels of analog amplifier connection; in the second case it
provides the connectors and the buffer circuitry for the third and fourth channels of analog
position amplifier connection.

The simplest configuration for this board comes with a single 16-bit digital-to-analog converter
(DAC) for each channel, providing a +/-10V analog output. This makes the board suitable for
commanding analog velocity-mode and torque-mode amplifiers. This configuration is providing
with no optical isolation of the analog circuitry from the digital circuitry, so both analog and
digital signals are relative to the same reference voltage.

The next configuration for this board comes with dual 16-bit digital-to-analog converters for each
channel. This makes the board suitable for analog velocity-mode, torque-mode, and “sine-wave”
amplifiers. A further configuration provides dual 18-bit DACs for each channel. This
configuration is desirable for very high precision applications. Both configurations with dual
DACs provide optical isolation between the analog and digital circuitry, although in the factory
default configuration, this isolation is defeated by the jumper settings.

It is possible to install a third DAC for each channel, but this is not a standard configuration —
contact the factory if such a configuration is desired.

The analog amplifier mezzanine board is available with either dual 15-pin D-sub connectors or
dual 12-point removable terminal blocks. However, the 18-bit configuration comes only with the
D-sub connectors.

Assemblies

The ACC-24E3 is typically purchased as a complete assembly. The assembly can support either
two channels or four channels. (Usually, one hardware channel is required per axis, so these
configurations are commonly called “two-axis” and “four-axis”.) Often, the ACC-24E3 will be
purchased as part of an integrated UMAC rack.

Assembly Configurations

A two-channel assembly is comprised of a 3U-format base board with a feedback mezzanine
board and an amplifier mezzanine board. It occupies a single 4T slot (20 mm, or 0.8”, wide) in
the UMAC rack. The two connectors for the feedback board come out of the top of the UMAC
rack; the two connectors for the amplifier board come out the bottom. The flag terminal blocks
are on the front of the rack.

A four-channel assembly is comprised of a 3U-format base board with a feedback mezzanine
board and an amplifier mezzanine board, plus a 3U-format piggyback board with its own
feedback mezzanine board and amplifier mezzanine board. It occupies two 4T slots in the UMAC
rack, for a width of 40mm (1.6”). The four connectors for the feedback boards come out of the
top of the UMAC rack; the four connectors for the amplifier boards come out the bottom. The
flag terminal blocks are on the front of the rack.
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There are a very high number of assembly combinations that are theoretically possible. However,
not all of these combinations are offered for sale as an assembly by Delta Tau. Contact the factory
for availability and pricing of an assembly combination that is not on the price list.

Component Revision Compatibility

The inter-board connectors used on earlier revisions of the ACC-24E3 to join the 3U base and
piggyback boards to the smaller mezzanine boards are now obsolete. All boards were redesigned
to use newer connectors in late 2012. This connector change means that it is not possible to create
assemblies from combinations of “old” and “new” component boards. Of course, when full
assemblies are purchased, they will use compatible combinations of component boards.

Component boards with revisions “9” (-109) and lower (-100 to -108) use the older-style
connectors. Component boards with revisions “A” (-10A) and higher (-10B etc.) use the newer-
style connectors. The revision code can be seen as a suffix to the part number on the circuit board
graphics.

When installed in a Power PMAC system, the revision number of the base board can be found by
guerying the status element Acc24E3[i].PartRev (Gate3[i].PartRev). This will return a value
corresponding to the last digit of the revision suffix: 0 to 9 for -100 to -109, respectively, 10 for
-10A, 11 for -10B, etc.).
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Hardware Setup

The ACC-24E3 requires minimal hardware setup before installation. The factory default
configuration provides for the most common type of use for the boards.

3U-Format Base Board (300-604002)

If only a single ACC-24E3 is used in an application, it can typically be used in the default
hardware configuration. However, if more than one ACC-24E3 is installed in a single UMAC
rack, all but one must have their addressing DIP switch settings changed. If you purchase a pre-
assembled UMAC rack, these switch settings will have been made by the assembler.

Addressing DIP Switches SW1

The 3U-format base board of the ACC-24E3 has a bank of DIP switches that determine where the
accessory appears in the addressing space of the Power PMAC CPU. Each accessory in a Power
PMAC UMAC rack that is based on a “DSPGATE3” machine-interface IC must have a different
setting of these switches.

The most important thing for the user to realize is the relationship between the switch settings and
the resulting “index number” for the IC’s data structure. For example, with the switches in their
default settings (all “OFF”, or “OPEN”), the index number is 0, so registers in the IC are accessed
using the Gate3[0] (or its alias Acc24E3[0]) data structure.

The following table lists the possible switch settings, along with the IC index numbers and base
addresses they select. The numerical base addresses are for reference only; in general, a user will
not need to know these.

SW1-1 SW1-2 SW1-3 SW1-4 Power PMAC Power PMAC
(Address bit | (Address bit | (Address bit | (Address bit | “Gate3” Index | 1/O Base Address
11) 12) 13) 14) # Offset
OFF(0) OFF(0) OFF(0) OFF(0) 0 $900000
ON(1) OFF(0) OFF(0) OFF(0) 1 $904000
OFF(0) ON(1) OFF(0) OFF(0) 2 $908000
ON(1) ON(1) OFF(0) OFF(0) 3 $90C000
OFF(0) OFF(0) ON(1) OFF(0) 4 $910000
ON(1) OFF(0) ON(1) OFF(0) 5 $914000
OFF(0) ON(1) ON(1) OFF(0) 6 $918000
ON(1) ON(1) ON(1) OFF(0) 7 $91C000
OFF(0) OFF(0) OFF(0) ON(1) 8 $920000
ON(1) OFF(0) OFF(0) ON(1) 9 $924000
OFF(0) ON(1) OFF(0) ON(1) 10 $928000
ON(1) ON(1) OFF(0) ON(1) 11 $92C000
OFF(0) OFF(0) ON(1) ON(1) 12 $930000
ON(1) OFF(0) ON(1) ON(1) 13 $934000
OFF(0) ON(1) ON(1) ON(1) 14 $938000
ON(1) ON(1) ON(1) ON(1) 15 $93C000

A These ON/OFF settings are opposite those of the older ACC-
24E2x axis-interface boards for the order of the resulting IC
index numbers.

Note
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Each accessory with a DSPGATE3 IC in a UMAC rack, whether an ACC-24E3 or not (e.g. an
ACC-5E3), must have a unique set of switch settings to avoid addressing conflicts. Accessories
with other types of ICs — such as the DSPGATEL ICs used in ACC-24E2x boards that employ the
Gatel[i] data structure, the DSPGATE2 ICs used in the ACC-5E that employ the Gate2[i] data
structure, and the IOGATE ICs used in the digital 1/0 boards that employ the Gatelo[i] data
structure — do not have the possibility of addressing conflict with boards based on the
DSPGATE3 IC.

Input Flag Resistor Packs

The input flags brought into the board through the terminal blocks are normally 12V to 24V
signals. If it is desired to use 5V signals for a channel, a resistor pack can be inserted into a socket
for the channel. The added resistance is in parallel with the existing current-limiting resistors,
reducing the overall resistance. The resistor pack must be an 8-pin quad SIP pack of 1-kohm
resistors (not provided). For Channel 1, it should be inserted into the socket at RP13; for Channel
2, it should be inserted into the socket at RP17.

With the 1-kohm socketed resistor pack installed for a channel,
the flag voltages for that channel should be limited to 5V. Higher
voltages can damage the resistor pack due to overheating.

Caution

3U-Format Piggyback Board (301-604002)

In almost all applications, the default hardware configuration of the 3U-format piggyback board
will be usable without change.

Input Flag Resistor Packs

The input flags brought into the board through the terminal blocks are normally 12V to 24V
signals. If it is desired to use 5V signals for a channel, a resistor pack can be inserted into a socket
for the channel. The added resistance is in parallel with the existing current-limiting resistors,
reducing the overall resistance. The resistor pack must be an 8-pin quad SIP pack of 1-kohm
resistors (not provided). For Channel 3, it should be inserted into the socket at RP13; for Channel
4, it should be inserted into the socket at RP17.

With the 1-kohm socketed resistor pack installed for a channel,
the flag voltages for that channel should be limited to 5V. Higher
voltages can damage the resistor pack due to overheating.

Caution

Digital Feedback Mezzanine Board (604003)

In almost all applications, the default hardware configuration of the digital feedback mezzanine
board will be usable without change.
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Jumpers for Enhanced Stepper Drive Interface

The digital feedback mezzanine board provides four “E-point” jumpers that can be used to
provide a full stepper drive interface on the encoder connector. All jumpers are OFF by default,
and they are seldom used.

The basic “pulse-and-direction” output can optionally be

provided from the encoder connectors on what are usually the

T, U, V, and W input flag lines without changing any jumper

settings. These outputs are enabled if software data structure

element Gate3[i].Chan[j].OutFlagD is set to 1. This setting is

Note not saved, so must be made after every power-on/reset, usually
in a “power-on PLC” program

If jumper E1 is ON, the amplifier-enable signal for the first channel on the board (hardware
channel 1 or 3) will be output on what are normally the channel’s encoder A input lines. If the
jumper is in its default OFF state, these lines are used for encoder A input.

If jumper E2 is ON, the amplifier-enable signal for the second channel on the board (hardware
channel 2 or 4) will be output on what are normally the channel’s encoder A input lines. If the
jumper is in its default OFF state, these lines are used for encoder A input.

If jumper E3 is ON, the amplifier-fault signal for the first channel on the board is tied to what is
normally the channel’s encoder B input phase. If the jumper is in its default OFF state, the
amplifier fault state is independent of the state of the encoder B input phase. In this case, the
amplifier fault signal will usually come through the amplifier mezzanine board.

If jumper E4 is ON, the amplifier-fault signal for the second channel on the board is tied to what
is normally the channel’s encoder B input phase. If the jumper is in its default OFF state, the
amplifier fault state is independent of the state of the encoder B input phase. In this case, the
amplifier fault signal will usually come through the amplifier mezzanine board.

Jumpers for Sharing Incremental and Serial Encoders

If jumper E5 (for revisions -108 and newer, released at the beginning of 2012) is in its default
state of connecting pins 1 and 2, when Gate3[i].Chan[j].SerialEncEna for the first channel on
the board is set to 1, what are normally the channel’s incremental encoder C index channel inputs
are used instead for the serial encoder SENCENA+/- outputs. (On older board revisions, this is
always the case.) If E5 connects pins 2 and 3, these pins are always used for the incremental
encoder C index channel inputs, regardless of the setting of Gate3[i].Chan[j].SerialEncEna.
Most serial encoder protocols do not need the SENCENA+/- lines, and this setting permits the
use of an incremental encoder with index simultaneously with a serial encoder on the same
channel.

If jumper E6 (for revisions -108 and newer, released at the beginning of 2012) is in its default
state of connecting pins 1 and 2, when Gate3[i].Chan[j].SerialEncEna for the second channel on
the board is set to 1, what are normally the channel’s incremental encoder C index channel inputs
are used instead for the serial encoder SENCENA+/- outputs. (On older board revisions, this is
always the case.) If E6 connects pins 2 and 3, these pins are always used for the incremental
encoder C index channel inputs, regardless of the setting of Gate3[i].Chanl[j].SerialEncEna.
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Most serial encoder protocols do not need the SENCENA+/- lines, and this setting permits the
use of an incremental encoder with index simultaneously with a serial encoder on the same
channel.

Analog Feedback Mezzanine Board (604004)

In almost all applications, the default hardware configuration of the analog feedback mezzanine
board will be usable without change. This board comes in two different configurations, one for
sinusoidal encoders, and one for resolvers. These two configurations have different defaults.

Termination Resistor Packs

The analog feedback mezzanine board has sockets for termination resistor packs for the analog
input pairs. In general, these resistor packs should be installed for sinusoidal encoder feedback,
and not installed for resolver feedback. The default is for 220-ohm resistors to be installed in the
sinusoidal-encoder configuration of the board, and no resistors to be installed in the resolver
configuration of the board.

The resistor pack numbers and the signals they affect are:

RP1: SIN+/-, COS+/-, INDEX+/- for the first channel
RP2: SIN+/-, COS+/-, INDEX+/- for the second channel
RP3: ALTSIN+/-, ALTCOS+/- for the first channel
RP2: ALTSIN+/-, ALTCOS+/- for the second channel

The 220-ohm resistor value was chosen based on typical encoder cabling. It should be suitable for
the large majority of applications. However, different resistor values may be used with benefit in
some applications. These are 8-pin, 4-resistor SIP packs.

Jumpers for Enhanced Stepper Drive Interface

The analog feedback mezzanine board provides four “E-point” jumpers that can be used to
provide a full stepper drive interface on the encoder connector. All jumpers are OFF by default,
and they are seldom used.

Note: The basic “pulse-and-direction” output can optionally be provided from the encoder
connectors on what are usually the T, U, V, and W input flag lines without changing any jumper
settings. These outputs are enabled if software data structure element
Gate3[i].Chan[j].OutFlagD is set to 1. This setting is not saved, so must be made after every
power-on/reset, usually in a “power-on PLC” program.

If jumper E1 is ON, the amplifier-enable signal for the first channel on the board (hardware
channel 1 or 3) will be output on what are normally the encoder A input lines. If the jumper is in
its default OFF state, these lines are used for encoder A input.

If jumper E2 is ON, the amplifier-enable signal for the second channel on the board (hardware
channel 2 or 4) will be output on what are normally the encoder A input lines. If the jumper is in
its default OFF state, these lines are used for encoder A input.

If jumper E3 is ON, the amplifier-fault signal for the first channel on the board is tied to what is
normally the channel’s encoder B input phase. If the jumper is in its default OFF state, the
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amplifier fault state is independent of the state of the encoder B input phase. In this case, the
amplifier fault signal will usually come through the amplifier mezzanine board.

If jumper E4 is ON, the amplifier-fault signal for the second channel on the board is tied to what
is normally the channel’s encoder B input phase. If the jumper is in its default OFF state, the
amplifier fault state is independent of the state of the encoder B input phase. In this case, the
amplifier fault signal will usually come through the amplifier mezzanine board.

Jumpers for Sharing Incremental and Serial Encoders

If jJumper E5 (for revisions -107 and newer, released at the beginning of 2012) is in its default
state of connecting pins 1 and 2, when Gate3J[i].Chan[j].SerialEncEna for the first channel on
the board is set to 1, what are normally the channel’s incremental encoder C index channel inputs
are used instead for the serial encoder SENCENA+/- outputs. (On older board revisions, this is
always the case.) If E5 connects pins 2 and 3, these pins are always used for the incremental
encoder C index channel inputs, regardless of the setting of Gate3[i].Chan[j].SerialEncEna.
Most serial encoder protocols do not need the SENCENA+/- lines, and this setting permits the
use of an incremental encoder with index simultaneously with a serial encoder on the same
channel.

If jumper E6 (for revisions -107 and newer, released at the beginning of 2012) is in its default
state of connecting pins 1 and 2, when Gate3[i].Chan[j].SerialEncEna for the second channel on
the board is set to 1, what are normally the channel’s incremental encoder C index channel inputs
are used instead for the serial encoder SENCENA+/- outputs. (On older board revisions, this is
always the case.) If E6 connects pins 2 and 3, these pins are always used for the incremental
encoder C index channel inputs, regardless of the setting of Gate3[i].Chan[j].SerialEncEna.
Most serial encoder protocols do not need the SENCENA+/- lines, and this setting permits the
use of an incremental encoder with index simultaneously with a serial encoder on the same
channel.

Auto-Correcting Interpolator Mezzanine Board (604024)

There are few hardware configuration issues on the auto-correcting interpolator mezzanine board.

Jumper for Internal/External Serial Position Source

If jumper E1 connects pins 1 and 2, external serial encoders wired into the J1 and J2 connectors
can be read through the ASIC.

If jumper E1 connects pins 2 and 3, internally generated serial-position data can be read through
the ASIC.

Jumper for FPGA Write-Protect

If jumper E2 connects pins 1 and 2, the FPGA IC on the board is write-protected. This setting is
strongly recommended for actual use of the board.

If jumper E2 connects pins 2 and 3, the FPGA IC on the board is not write-protected. This setting
is intended for factory use only.
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Digital Amplifier-Interface Mezzanine Board (604005)

In almost all applications, the default hardware configuration of the digital amplifier-interface
mezzanine board will be usable without change.

Jumper for Amplifier Fault Use

If jumper E1 is ON, the amplifier fault inputs on the connectors drive the amplifier fault state in
the IC that the processor uses. This is the default condition. If the jumper is removed (OFF), the
inputs on this board’s connectors are not used. This is generally only done when the fault input is
brought in from a stepper-style drive through the encoder connector on a feedback mezzanine
board.

Jumpers for Enabling/Disabling Output Signals (-10C and newer)

On revisions -10C and newer (released 1% quarter 2015), jumpers E2 and E3 control whether the
PWM output signals are driven when the amplifier enable signal is in its disabled state or not. In
revisions -10B and older, the PWM output signals are never driven when the amplifier enable
signal is disabled.

If jumper E2 is ON (default), the PWM signals for the odd-numbered channel on the board are
tri-stated (not driven) when the amplifier-enable signal for the channel is in the disabled state. If
jumper E2 is OFF, the PWM signals for the odd-numbered channel on the board are driven when
the amplifier-enable signal for the channel is in the disabled state. When used for motor control,
these signals will typically be providing a net zero output command (50% duty cycle) in this
state.

If jumper E3 is ON (default), the PWM signals for the even-numbered channel on the board are
tri-stated (not driven) when the amplifier-enable signal for the channel is in the disabled state. If
jumper E2 is OFF, the PWM signals for the even-numbered channel on the board are driven when
the amplifier-enable signal for the channel is in the disabled state. When used for motor control,
these signals will typically be providing a net zero output command (50% duty cycle) in this
state.

Analog Amplifier-Interface Mezzanine Board (604006)

In most applications, the default hardware configuration of analog amplifier-interface mezzanine
board will be usable without change. This configuration supplies power to the analog circuitry
from the UMAC’s own power supply, defeating isolation. Some users will want this analog
circuitry isolated from the core UMAC circuitry; these users will need to change the default
configuration and provide external power.

Note that in the simplest configuration of this board, with a single 16-bit DAC per channel, no
optical isolation is provided, and the jumpers are hardwired to connect the analog and digital
power and ground lines together. There are no user-settable jumpers in this configuration.

Analog Circuit Isolation Jumpers

The analog amplifier mezzanine board has three “E-point” jumpers that determine whether the
analog circuitry on the board is isolated from the main UMAC circuits or not. The factory default
state is that all three jumpers are ON, so there is no isolation. The analog circuits are powered
from the UMAC power supply through the UBUS backplane and the ACC-24E3 3U-format
board on which this board is mounted.
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If the three jumpers are removed (OFF), the analog circuitry on this board is electrically isolated
from the main UMAC circuits. In this case, the analog supply for the board must be supplied
through one of the two external connectors on the board. The supply must be +/-12V to +/-15V
with a 0V “AGND” connection.

If these jumpers are OFF to maintain isolation between the UMAC backplane and the analog
outputs that are connected to the amplifier, then care must be taken to ensure that the position
feedback signals are kept isolated from the amplifier. Otherwise there can be significant ground-
loop current between the analog outputs and the position feedbacks on the ACC-24E3 through the
amplifier. If the amplifier provides synthesized feedback to the ACC-24E3 that is not isolated
from the amplifier’s command inputs, these jumpers on the ACC-24E3 should be ON so there is
no isolation between these circuits on the ACC-24ES3.

Note that in the configuration of this board that provides a single 16-bit DAC output per channel,
there is no isolation between the digital and analog circuits on the board. In this case, these three

jumpers must be ON to provide power from the UMAC backplane to the analog circuits. External
power should not be applied.

If jumper E1 is ON (default), the analog common AGND is connected to the digital command
GND, defeating isolation. If jumper E1 is OFF, AGND and GND are not connected, making
isolation possible.

If jumper E2 is ON (default), the UMAC’s +15V supply from the backplane is used to power the
analog circuitry on this board. If the jumper is OFF, the UMAC’s +15V supply is not used, and
an external supply must be used.

If jumper E3 is ON (default), the UMAC’s -15V supply from the backplane is used to power the
analog circuitry on this board. If the jumper is OFF, the UMAC’s -15V supply is not used, and an
external supply must be used.

All three jumpers should be in the same ON/OFF state.

Diode protection on the +/-15V supply lines means that there will be no circuit damage if both
internal and external supplies are connected. The higher-voltage supply will be used by the board.

Jumpers for Amplifier Fault Use

If jumper E4 is ON (default), the amplifier fault input on the connector for the first channel drives
the amplifier fault state in the IC that the processor uses. If the jumper is OFF, this input is not
used.

If jumper E5 is ON (default), the amplifier fault input on the connector for the second channel
drives the amplifier fault state in the IC that the processor uses. If the jumper is OFF, this input is
not used.

Removing the jumper is generally only done when the fault input is brought in from a stepper-
style drive through a feedback mezzanine board. In board versions -107 and older E4 controlled
both channels on the board, and there was no E5 jumper.
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Connections

The ACC-24E3 has multiple connectors to link it with the UMAC rack and the external devices
used in the system. The key issues involved in using each connector are described in this section.
Individual pin listings are given the “Connector Pinouts” chapter.

3U-Format Base Board (604002)

P1 (Rear) UBUS32 Backplane Connector

The P1 connector on the rear of the 3U-format base board installs in a matching connector on the
UMAC’s UBUS backplane board. Note that the addressing of the ACC-24E3 by the Power
PMAC CPU is not dependent on the physical slot used of the backplane; rather, it is determined
by the settings of the DIP switches on SW1 on the board.

(Front) Input Flag Connectors

The input flag connectors are removable 5-point terminal blocks on the front edge of the board
for the connection of the input flags (HOME, PLIM, MLIM, and USER) for Channels 1 and 2,
respectively. The flags are 12V to 24V (unless socketed resistor packs are added so they can be
5V signals), sinking or sourcing, optically isolated from the main circuitry on the board.

For sinking drivers, the FL_RT (flag return) line for the channel should be connected to the
external +V supply, and each flag connected between the pin on this connector and the OV supply
reference. The following drawing shows typical connections:

24V Supply

5 FLGJTNJQ
} 4 HOME1-
| MLIME
| PLIM1

1 USER1:

Sinking Flags Suggested Wiring

For sourcing drivers, the FL_RT line for the channel should be connected to the external 0V
supply reference, and each flag connected between the pin on this connector and the +V supply.
The following drawing shows typical connections:

24V Supply

Sourcing Flags Suggested Wiring
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(Front) Position-Compare Output Flag Connector

The front position compare output connector is a removable 3-point terminal block on the front
edge of the board for the connection of the position-compare outputs for both channels. These are
sinking outputs with internal pull-up resistors to 5V. They are not optically isolated from the main
circuitry on the board.

3U-Format Piggyback Board (604002)

(Front) Input Flag Connectors

The front input flag connectors are removable 5-point terminal blocks on the front edge of the
board for the connection of the input flags (HOME, PLIM, MLIM, and USER) for Channels 3
and 4, respectively. The flags are 12V to 24V (unless socketed resistor packs are added so they
can be 5V signals), sinking or sourcing, optically isolated from the main circuitry on the board.

For sinking drivers, the FL_RT (flag return) line for the channel should be connected to the +V
supply, and each flag connected between the pin on this connector and the OV supply reference.
For sourcing drivers, the FL_RT line for the channel should be connected to the OV supply
reference, and each flag connected between the pin on this connector and the +V supply. The
connections for these flags are the same as for those on the base board, described above.

(Front) Position-Compare Output Flag Connector

The front position compare output connector is a removable 3-point terminable block on the front
edge of the board for the connection of the position-compare outputs for both channels. These are
sinking outputs with internal pull-up resistors. They are not optically isolated from the main
circuitry on the board.

Digital Feedback Mezzanine Board (604003)

Encoder Connectors

The encoder connectors for the two channels on the digital feedback mezzanine board can be
either 15-pin D-sub connectors or 12-point removable terminal blocks. They support quadrature,
Hall-style, and serial-encoder feedback. They also support pulse-and-direction output for stepper
and “stepper-replacement” servo drives.

A +5V supply and GND return are available on each connector to power an encoder.

The quadrature and index inputs can be RS-422-style differential signal pairs CHA+/-, CHB+/-,
and CHC+/-, or single-ended signals can be wired into the “+” inputs. The “-” inputs are tied to
+3V with voltage dividers if not driven externally, permitting the use of single-ended encoders.

The U, V, W, and T flag inputs, usually used for Hall-style commutation sensors and digital-
output temperature sensors, are 5V CMOS inputs with internal pull-up resistors. These flags share
pins with the serial encoder inputs and the pulse-and-direction outputs; the user must configure in
software which use the pins have. If the Hall commutation sensors are used for ongoing phase or
servo position (not just power-on phase angle), the U, V, and W signals must be wired into the
A+, B+, and C+ inputs on the connector.

Note that the connections for the quadrature encoder and Hall sensors on the ACC-24E3 are
identical to those for the older ACC-24E2x boards.
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The serial encoder lines are RS-422-style differential signal pairs. SENCENA+/- and
SENCCLKH+/- are always outputs. SENCDAT+/- can be bidirectional or always inputs,
depending on the serial encoder protocol. The ACC-24E3 manages the input/output direction
control of these lines automatically. These signals share pins with the U, V, W, and T flag inputs,
the pulse-and-direction outputs, and the incremental encoder index channels; the user must
configure in software which use the pins have.

The PULSE+/- and DIR+/- outputs that can be used for stepper drives are RS-422-style
differential signal pairs. With optional jumpers installed on the board, AENA+/- outputs and
FAULT+/- inputs are also available as differential signal pairs. These signals share pins with the
U, V, W, and T flag inputs and the serial encoder signals; the user must configure in software
which use the pins have.

Analog Feedback Mezzanine Board (604004)

Encoder/Resolver Connectors

The encoder/resolver connectors for the two channels on the analog feedback mezzanine board
are 15-pin D-sub connectors. (Terminal blocks are not available due to the difficulty in obtaining
satisfactory shielding.)

A +5V supply and GND return are available on each connector to power an encoder.

For sinusoidal encoders, the SIN+/-, COS+/-, and INDEX+/- inputs should be 1V peak-to-peak
signals (i.e. +/-1V between the + and — signals) in the 0 to 5V range. If differential signal pairs
are used, the signals must stay within the 0 to 5V range and both signals of a pair should have the
same average and range. If single-ended signals are used, they should be connected to the “+”
inputs, and the 2.5V reference voltage available on the BVREF pin should be wired back into the
“-” inputs. This reference voltage should also be used at the encoder to “center” the signals on
2.5V.

Note that the connections for sinusoidal encoder signals on the ACC-24E3 are not the same as
those on the older ACC-51E boards, so existing cables cannot be used in an upgrade.

Proper shielding and grounding of sinusoidal encoder signals is very important to minimize noise
on the signal lines. The encoder cable should be kept physically separate from the motor power
cable if at all possible. Both motor cable and encoder cable should be shielded. If the motor is
driven with PWM signals from the amplifier, chokes should be installed on the cables to “soften”
the transitions.

The signal pairs should utilize twisted-pair wiring. Double shielding of the encoder signals is
recommended. Optimally, each signal pair has its own inner shield, but it is more common to
include all the signals inside the same inner shield. The inner shield(s) should be connected to the
signal ground at the controller end only. The outer shield should be connected directly to chassis
ground.

The following drawing illustrates the optimal wiring, shielding, and grounding for a sinusoidal
encoder.
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Suggested Wiring, Shielding, and Grounding for Sinusoidal Encoders

If desired, the ALTSIN+/- and ALTCOS+/- inputs can be connected in the same manner as
SIN+/- and COS+/-. Some sinusoidal encoders provide these signals with one cycle per
revolution for power-on commutation angle information.

It is possible to connect a digital quadrature encoder into the SIN+/-, COS+/-, and INDEX+/-
inputs (for A+/-, B+/-, and C+/- encoder signals). For single-encoded quadrature encoders, it is
necessary to tie the SIN-, COS-, and INDEX- inputs to the 2.5V BVREF output on the connector.

For resolvers, the excitation winding should be driven between the RESOUT and GND lines. The
SIN+/- and COS+/- inputs come from the sine and cosine windings of the resolvers. These input
signals should stay within a +/-5V range. Their magnitude is determined by the magnitude of the
excitation output, which is software-controlled on the ACC-24E3, and the winding ratio of the
resolver.

If desired, the ALTSIN+/- and ALTCOS+/- inputs can be connected in the same manner as
SIN+/- and COS+/-. These inputs can be from a second geared resolver to obtain multi-turn
power-on position.

The U, V, W, and T flag inputs, usually used for Hall-style commutation sensors and digital-
output temperature sensors, are 5V CMOS inputs. These flags share pins with the serial encoder
inputs, the secondary analog inputs, and the pulse-and-direction outputs; the user must configure
in software which use the pins have.

The serial encoder lines are RS-422-style differential signal pairs. SENCENA+/- and
SENCCLK+/- are always outputs. SENCDAT+/- can be bidirectional or always inputs,
depending on the serial encoder protocol. The ACC-24E3 manages the direction control of these
lines automatically. These signals share pins with the U, V, W, and T flag inputs, the pulse-and-
direction outputs, and the incremental encoder index channels; the user must configure in
software which use the pins have.
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The PULSE+/- and DIR+/- outputs that can be used for stepper drives are RS-422-style
differential signal pairs. With optional jumpers installed on the board, AENA+/- outputs and
FAULT+/- inputs are also available as differential signal pairs. These signals share pins with the
U, V, W, and T flag inputs, the secondary analog inputs, and the serial encoder signals; the user
must configure in software which use the pins have.

Auto-Correcting Interpolator Mezzanine Board (604024)

Encoder Connectors

The encoder connectors for the two channels on the auto-correcting interpolator mezzanine board
are 15-pin D-sub connectors. (Terminal blocks are not available due to the difficulty in obtaining
satisfactory shielding.)

A +5V supply and GND return are available on each connector to power an encoder.

The SIN+/-, COS+/-, and INDEX+/- inputs should be 1V peak-to-peak signals (i.e. +/-1V
between the + and — signals) in the 0 to 5V range. If differential signal pairs are used, the signals
must stay within the 0 to 5V range and both signals of a pair should have the same average and
range. If single-ended signals are used, they should be connected to the “+” inputs, and the 2.5V
reference voltage available on the BVREF pin should be wired back into the “-” inputs. This
reference voltage should also be used at the encoder to “center” the signals on 2.5V.

Note that the connections for sinusoidal encoder signals on the ACC-24E3 are not the same as
those on the older ACC-51E boards, so existing cables cannot be used in an upgrade.

Proper shielding and grounding of sinusoidal encoder signals is very important to minimize noise
on the signal lines. The encoder cable should be kept physically separate from the motor power
cable if at all possible. Both motor cable and encoder cable should be shielded. If the motor is
driven with PWM signals from the amplifier, chokes should be installed on the cables to “soften”
the transitions.

The signal pairs should utilize twisted-pair wiring. Double shielding of the encoder signals is
recommended. Optimally, each signal pair has its own inner shield, but it is more common to
include all the signals inside the same inner shield. The inner shield(s) should be connected to the
signal ground at the controller end only. The outer shield should be connected directly to chassis
ground.

The drawing in the above section for the standard analog feedback mezzanine board illustrates the
optimal wiring, shielding, and grounding for a sinusoidal encoder.

It is possible to connect a digital quadrature encoder into the SIN+/-, COS+/-, and INDEX+/-
inputs (for A+/-, B+/-, and C+/- encoder signals). For single-encoded quadrature encoders, it is
necessary to tie the SIN-, COS-, and INDEX- inputs to the 2.5V BVREF output on the connector.

The U, V, W, and T flag inputs, usually used for Hall-style commutation sensors and digital-
output temperature sensors, are 5V CMOS inputs. These flags share pins with the serial encoder
inputs, the secondary analog inputs, and the pulse-and-direction outputs; the user must configure
in software which use the pins have.

CONNECTIONS 27



DELTA TAU Acc-24E3 USER’S MANUAL

The serial encoder lines are RS-422-style differential signal pairs. SENCCLK+/- are always
outputs. SENCDAT+/- can be bidirectional or always inputs, depending on the serial encoder
protocol. (SENCENA+/- for the SPI interface are not supported.) The ACC-24E3 manages the
direction control of these lines automatically. These signals share pins with the U, V, W, and T
flag inputs and the incremental encoder index channels; the user must configure in software
which use the pins have.

Digital Amplifier-Interface Mezzanine Board (604005)

Amplifier Connectors

The amplifier connectors on the digital amplifier-interface mezzanine board are 36-pin Mini-D
connectors. They are intended for straight-across connection to direct-PWM “power block”
amplifiers with standard pinouts using IEEE-1284C cables. All signals are RS-422-style
differential signal pairs.

These connectors can also be used for pulse-and-direction input drives (stepper drives or
“stepper-replacement” servo drives). In this case, just the Phase D outputs are used for the
command values — PULSE+/- comes out on PWMDBOT+/-, and DIR+/- comes out on
PWMDTOP+/-. Bit 3 (value 8) of Gate3[i].Chan[j].OutputMode must be set to 1 to enable this
signal format.

Analog Amplifier-Interface Mezzanine Board (604006)

Amplifier Connectors

The amplifier connectors for the two channels on the analog amplifier-interface mezzanine board
can be either 15-pin D-sub connectors or 12-point removable terminal blocks. (However, when
18-bit DACs are used, only the D-sub connectors are available.) They support +/-10V analog
velocity-mode or torque-mode servo drives with a single output per channel. They also support
“sine-wave input” servo drives with two +/-10V analog outputs (A and B) per channel.

If the E1, E2, and E3 jumpers on the board are OFF so no analog power comes from the UMAC
backplane, analog power must be supplied through one of the connectors on the board, using the
A+15V, A-15V, and AGND pins. Either a +/-12V or a +/-15V supply may be used. If these
jumpers are ON so the board gets its analog power from the backplane, it is not possible to output
these voltages because of protective diodes on the +/-V pins. The AGND line can be used to
establish a common reference with the input stage of the amplifier.

Note that in the configuration of this board that provides a single 16-bit DAC output per channel,
there is no isolation between the digital and analog circuits on the board. In this case, the E1, E2,
and E3 jumpers must be ON to provide power from the UMAC backplane to the analog circuits.

External power should not be applied.

The analog outputs can be used either single-ended (DAC+ vs. AGND) or differential (DAC+ vs.
DAC-). Remember that the effective voltage when using differential outputs is twice that of using
single-ended, and this will affect both the servo-loop gain and the output-limit values.

The amplifier-enable output signals come from a solid-state relay. This provides the maximum
flexibility in user wiring. Both normally-open (closed when enabled) and normally-closed (open
when enabled) contacts are available, along with a “common” that connects to both. It can be
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configured for either sinking or sourcing output. Note that there is no software control of the
on/off polarity of the amplifier-enable output — this configuration must be done through choice of
the output signal used and wiring.

The amplifier-fault input pair FAULT+/- simply connect through an “AC opto” component on the
board. When there is at least a 12V difference between the pins in either direction (creating at
least +/-5 mA of current), the opto-coupler will turn on sufficiently to create a “0” state in the
“fault” status bit of the IC. Note that the fault polarity is determined by the motor setup element
Motor[x].AmpFaultLevel.
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Software Setup in Power PMAC

Much of the hardware on the ACC-24E3 is software configurable to provide the maximum
flexibility. This section explains the software setup that is required to use the ACC-24E3 in
different modes of operation.

DSPGATES3 Data Structure Elements

Settings in the “DSPGATE3” machine-interface 1C control the software configuration of the
ACC-24E3 for a particular application. The Power PMAC has defined a “Gate3” data structure to
organize the control and status settings of the ASIC. In the Script environment — either buffered
program statements or on-line commands — a user can utilize this Gate3[i] data structure directly,
or use its “alias” of the Acc24E3[i] data structure. In C programs, the user must utilize the
Gate3[i] data structure directly. This manual will use the Gate3[i] name for maximum generality.

Some of the data structure elements are full 32-bit words, and some are “partial-word” elements
of less than 32 bits. Script commands can directly access both types. However, C programs can
only access the full-word elements, and to isolate the value of a partial-word element, must
explicitly perform the masking and shifting functions in the program.

Elements of the data structure that affect all servo channels are of the form:
Gate3[i].{element name}

The ASIC index number “i” has a range of 0 to 15 and corresponds to the setting of the
addressing DIP switches on SW1 of the 3U-format base board.

Elements of the data structure that affect only a single servo channel are of the form:
Gate3[i].Chan[j].{element name}

The channel index number “j” has a range of 0 to 3, corresponding to hardware channels 1 to 4,
respectively, for the accessory. The index number for a channel is one less than the
corresponding hardware channel number.

Channel index numbers 0 and 1 correspond to hardware channels 1 and 2, which are on the 3U-
format base board and its mezzanine boards, on the left side of a 4-channel assembly. Channel
index numbers 2 and 3 correspond to hardware channels 3 and 4, which are on the 3U-format
piggyback board and its mezzanine boards, on the right side of a 4-channel assembly.

Auto-Detection Status Elements

On power-up/reset, Power PMAC automatically detects any ACC-24E3 boards that are in the
system. The 16-bit global status element Sys.Gate3AutoDetect will have bit i setto 1 if an
accessory with Gate3Ji] is detected. Note that this status element does not tell you whether these
DSPGATE3-based accessories are ACC-24E3 or other.

For each such accessory detected, the status element Gate3][i].PartNum contains the value of the
six-digit Delta Tau part number for the accessory. For the ACC-24E3, this value is 604002.
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Write-Protect Key for Setup Elements

In order to prevent potentially dangerous changes to setup elements in the DSPGATE3 IC by
unauthorized users, many of the setup elements are “write protected” and cannot be changed
unless the “write-protect key” in the IC has been set properly before writing to the protected setup
element.

The write-protect key register can be accessed through the element Gate3[i]. WpKey, and the
value that must be in this register to enable a write operation to a protected setup element is
$AAAAAAAA. The IC automatically clears the key value to 0 after writing to the protected
element, so the key must be set once for each write-operation to a protected element.

In a C program, this must be done explicitly. That is, each operation to write a value to a
protected setup element must be preceded by an operation to write SAAAAAAAA to
Gate3[i].WpKey.

In the script environment — either buffered program statements or on-line commands — there is a
second method that can make the process easier. Before any script operation that writes to a
protected setup element, Power PMAC will copy the value in the global memory element
Sys.WpKey into the actual write-protect key register Gate3[i].WpKey. This permits the user to
write the key value of SAAAAAAAA just once into the global element, and Power PMAC will
copy it automatically into the IC register every time it is needed.

Sys.WpKey is not a saved value, so it must be set after power-up/reset every time you wish to
change protected setup elements in the IC. The special windows in the Integrated Development
Environment (IDE) program for setting up the IC automatically manage the value in Sys.WpKey.
In addition, Sys.WpKey is automatically set to this value at the beginning of a power-up/reset
operation, so the values of these setup elements can be copied from the saved values in flash
memory. After these values have been set, Sys.WpKey is automatically set back to 0.

Of course, if you wish to prevent changes to these setup elements in the actual application,
Sys.WpKey should not be set to the proper key value, and unauthorized users should not be given
information about the key value or mechanism.
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Software Setup for Clock Signals

The clock frequencies of an ACC-24E3 are set by software data structure elements. Some of these
clock frequencies can be used to control the entire Power PMAC system.

Phase and Servo Clock Direction

In a Power PMAC UMAC system, only one machine interface IC is the source of phase and servo
clock signals for the entire system. This IC generates its own phase and servo clock signals and
outputs them to the rest of the system over the UBUS backplane. The Power PMAC CPU uses
these signals as interrupts to drive its phase-commutation and servo-loop algorithms, respectively.
Other machine interface ICs use these clock signals to drive their own input and output functions.
The following diagram shows how the system clock distribution works:

Phase Clock ﬂ ° °
Servo Clock ﬂ \ *

\ A 4 \ A 4 vV VY YV VY

Buffer Bi-dir. Buffer Bi-dir. Buffer Bi-dir. Buffer Buffer
A A

YV VY YV VY vV VY Y VY

CPU DSPGATEN DSPGATEnN DSPGATEN
PSD =0 PSD =3 PSD=3 I0GATE

PSD: Gatenli].PhaseServoDir

Power PMAC System Clock Distribution

On the re-initialization of a Power PMAC UMAC system, the CPU will automatically set up the
lowest-numbered DSPGATE3 IC found as the source of the system clock signals. It does this by
setting Gate3[i].PhaseServoDir for this IC to 0. It sets Gate3[i].PhaseServoDir for all of the
other ICs it finds to 3, so they will input their phase and servo clock signals.

Phase Clock Frequency

Gate3[i].PhaseFreq sets the frequency of the phase clock signal that this IC generates. It is a
floating-point number, with units of hertz (Hz). For the IC that is generating the system clock
signals, this element determines the phase clock frequency for the entire system. The default
value of 9035 specifies a phase clock frequency of 9.035 kHz.

For ICs that are receiving external phase clock signals, it is best to set Gate3[i].PhaseFreq to the
same value as the system clock frequency, or as close as possible. These ICs are locked to the
received system clock frequency by a digital phase-locked loop inside the IC, but this circuit
works best if the internal frequency is as close as possible to the received frequency.
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It is possible to divide down the received phase clock frequency by a factor of 2, 3, or 4 by setting
Gate3[i].PhaseClockDiv to 1, 2, or 3, respectively. This is rarely done, however — the only real
reason is that it supports lower PWM frequencies on this IC.

Similarly, for the IC that is outputting its phase clock signal to the system, it is possible to
multiply the output phase clock frequency by a factor of 2, 3, or 4 by setting
Gate3[i].PhaseClockMult to 1, 2, or 3, respectively. This also is rarely done, and is done only
for reasons of providing more flexibility in the setting of PWM frequencies.

Servo Clock Frequency

Gate3[i].ServoClockDiv sets the internally generated servo clock frequency for the IC by
specifying how many times the frequency is divided down from the phase clock frequency. It has
a range of 0 to 15, specifying a division factor of 1 to 16, respectively. The default value is 3,
specifying a 4-times division. With the default phase-clock frequency of 9.035 kHz, this yields a
servo-clock frequency of 2.259 kHz.

The equation for Gate3[i].ServoClockDiv is:

PhaseFreq(kHz) 1

Gate3[i].ServoClockDiv =
ServoFreqkHz)

or:

PhaseFreqkHz)

ServoFreqkHz) =
qkHz) (Gated[i].ServoClockDiv +1)

For ICs receiving an external servo clock signal, the setting of this element does not really matter,
but users are encouraged to set it to the same value as on the IC that is generating the system
clock signals.
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The following block diagram shows how the clock-direction and clock-frequency controls are
used in the ASIC.
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DSPGATES3 IC System Clock Generation Controls

The global software setup element Sys.ServoPeriod (in milliseconds) must be set to the inverse
of the system servo-clock frequency expressed in kilohertz (kHz). This parameter tells the
trajectory interpolation algorithms how far to advance the commanded motion equations each
servo cycle. (It does not actually set the physical servo clock frequency.) It can be calculated as:

(Gated[i].ServoClockDiv +1)

Sys.ServoPeria =1000* -
Gate3[i].PhaseFreq

Hardware Clock Frequencies
Each DSPGATES3 has six internal clock signals that control its own hardware features. These

clock signals are not shared between ICs, and do not need to be the same on different I1Cs. Each
of these clock signals has a saved setup element that determines its frequency:

Gate3[i].AdcAmpClockDiv — Bit clock for amplifier A/D converters
Gate3[i].AdcEncClockDiv — Bit clock for encoder A/D converters
Gate3[i].DacClockDiv — Bit clock for D/A converters

Gate3[i].PfmClockDiv — Clock for PFM pulse-generation circuits
Gate3[i].EncClockDiv — Sampling clock for encoder and discrete-input circuits
Gate3[i].FiltClockDiv — Secondary filtering clock for discrete inputs
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Each of these parameters can take a value “n” from 0 to 15, specifying a frequency division factor
of 2" from the source clock frequency. For the first five of the listed clock frequencies, the source
clock frequency is 100 MHz, so the possible frequencies are 100 MHz, 50 MHz, 25 MHz, 12.5
MHz, etc., down to about 3 kHz. These parameters each have a default value of 5 for a division
factor of 32, yielding a 3.125 MHz frequency for their clock signal. This frequency is suitable for
most applications.

For the first five clock signals, the following table shows the possible settings of
Gate3[i].xxxClockDiv and the frequencies they produce:

Setting Divisor Frequency Setting Divisor Frequency
0 1 100 MHz 8 256 390.6 kHz
1 2 50 MHz 9 512 195.3 kHz
2 4 25 MHz 10 1,024 97.65 kHz
3 8 12.5 MHz 11 2,048 48.82 kHz
4 16 6.25 MHz 12 4,096 24.41 kHz
5 32 3.125 MHz 13 8,192 12.21 kHz
6 64 1.562 MHz 14 16,384 6.104 kHz
7 128 781.2 kHz 15 32,768 3.052 kHz

For the secondary filtering clock, the source frequency is the encoder sampling clock, which has
already performed a primary filtering function. Gate3[i].FiltClockDiv has a default value of 4 for
a division factor of 32, yielding a default 195.3 kHz frequency for the secondary digital delay
filter.
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Software Setup for Position Feedback

The ACC-24E3 provides interfaces for many different types of position feedback sensors, both
digital and analog. Each sensor type has some required software configuration in order to use

properly.

Quadrature Encoders

The most commonly used feedback is digital quadrature encoders. The Power PMAC with ACC-
24E3 has many features to provide powerful and flexible, but easy-to-use, functionality with
these encoders. The quadrature signals, by convention called “A” and “B”, are each nominally of
50% duty cycle and Y4-cycle out of phase with each other, with the direction sense inferred from
which signal is leading the other.

IC Hardware Setup

Gate3[i].EncClockDiv sets the frequency of the hardware encoder sampling clock for all four
channels of the IC by specifying how many times the internal 200 MHz clock frequency is
divided by 2 to obtain the sampling clock frequency. There must be at least one sampling clock
cycle per quadrature state for the state to be detected.

At the default setting of 5, the 100 MHz frequency is divided by 2° (32) to obtain a 3.125 MHz
sampling clock. With a perfect signal, a line frequency of up to 781 kHz, yielding a “x4” count
frequency of 3.125 MHz, could be processed. For a real-world signal, a derating factor of at least
20% should be used, so a maximum line frequency of 600 kHz for this setting should be assumed.

While higher sampling clock frequencies permit higher line and count frequencies, they reduce
the effectiveness of the digital delay filter in removing noise spikes from the signal. The optimal
setting is the lowest sampling frequency that can reliably process the maximum input signal
frequency without getting any “count errors” (Gate3[i].Chan[j].CountError = 1).

Gate3[i].Chan[j].EncCtrl determines how the IC will decode the quadrature (or similar) signal
connected to the A and B inputs of the digital feedback mezzanine board. Most commonly, a
setting of 3 or 7 is used to specify a “times-4” (x4 — four counts per encoder line) decode in either
the “clockwise” or “counter-clockwise” direction sense. “Times-2” (x2) and “times-1” (x1)
decodes are also possible, but rarely used, as they provide lower count resolution from the same
encoder. They are typically only used if the encoder deviates substantially from the 50% duty-
cycle and %-cycle phase-difference specification.

The following diagram shows the x4 clockwise and counterclockwise decoding for quadrature
encoders.

“Clockwise” “Counterclockwise”

Incremental Quadrature Encoder “Times-4” Decode
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When used for servo-loop feedback, the direction sense of
the feedback must match the direction sense of the servo-
loop output, or a dangerous runaway condition may result
when the loop is closed. That is, a positive servo-loop
output must cause the position feedback to increment in the
positive direction. Changing the direction sense of the

WARNING decoding for the feedback encoder of a motor that is
operating properly will result in unstable positive feedback
and a dangerous runaway condition in the absence of other
changes.

To enable the IC to perform the popular “hardware 1/T extension” to estimate fractional count
position based on timer values, the element Gate3[i].Chan[j]. TimerMode must be set to its
default value of 0. In this mode, the low 8 bits of the 32-bit position value latched into the
channel registers Gate3[i].Chan[j].ServoCapt (on the servo-clock interrupt),
Gate3[i].Chan[j].PhaseCapt (on the phase-clock interrupt), and Gate3[i].Chan[j].H