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Product Description 
The cPCI-Dart is a two-board module that features a Xilinx Spartan3-2000 FPGA on 
the base-board to implement the PCI interface, master/target bidirectional control link 
and eight independent bidirectional digital data-link channels each with separate input 
and output DMA controllers to move data to/from host memory over the local 32-bit 33 
MHz PCI bus.  Another Xilinx Spartan3-2000 FPGA on the daughter-board is the target 
of the control link and data-link channels and interfaces to four dual-channel 16-bit 
Digital-to-Analog Converters and sixteen 18-bit Analog-to-Digital Converters which 
send and receive analog signals through a 68-pin SCSI-III connector on the front panel 
of the module. 

 
FIGURE 1 CPCI-DART BLOCK DIAGRAM 
 
The daughter-board is connected to the base-board through two 64-pin connectors.  
One supplies the power required by the daughter-board FPGA and analog circuitry and 
the other carries programming signals, triggers and twenty differential lines that 
implement bidirectional communication for eight high-speed-serial data-links, one 
control link and synchronizing clocks in each direction. 
 
The data and control links use 8B/10B encoding with flow-control implemented.  Four 
Kbyte FIFOs on both ends of each of the 16 data l ines and dedicated bus-master 
scatter-gather DMA data transfers allow for high-bandwidth continuous data-flow in 
both directions for the eight I/O channels. 
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The daughter-board FPGA is configured by on-board Flash PROMs when the CPCI-
DART is powered up, but can be re-programmed over the PCI bus from bit-files 
residing in host memory at any time after the system has been initialized.  Separate 
JTAG headers on the base-board interface to the Flash PROMs and FPGA on the 
base-board and the daughter-board respectively. 
 
Each of the eight DAC channels has a dedicated 16-bit bus from the daughter-board 
FPGA, while there are only four 18-bit busses from the ADCs to the daughter-board 
FPGA.  Each analog channel pair (AB, CD, EF and GH) shares one common ADC 
output bus and each channel  has two ADCs.  One digitizes the analog input voltage 
and the other is connected differentially across a series resistor to measure the current 
on the DAC analog output line.  The ADC conversions are all controlled from common 
control and convert/start signals.  The conversion timing is internal to each ADC, but 
separate busy lines and chip selects allow each ADC output to be read separately 
before the next conversion begins. 
 
The DACs have a number of internal configuration registers that are accessed through 
a Serial Peripheral Interface bus.  The SPI bus is implemented with two registers in the 
daughter-board base design.  The first serializes write command and data and read 
requests and controls chip selects to the four DAC chips.  The second latches a 
returned read data-byte.  This interface, for simplicity and reliability, handles only 
single-byte accesses, but it is possible to broadcast a write access to as many DACs as 
desired simultaneously. 
 
An SMA connector supplies a cal signal that can be AC or DC coupled in place of the 
DAC signal for board calibration. 
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Theory of Operation 
The cPCI-Dart features two Spartan3-2000 Xilinx FPGAs one on the base-board and 
one on the daughter-board.  The base-board FPGA contains the PCI interface, all of 
the registers, FIFOs and protocol controlling elements to establish a master/target 
control-link and eight data-links between the two boards.  The daughter-board FPGA 
contains FIFOs, registers and protocol controlling elements for the target control-link, 
eight data-links, four dual-channel Digital-to-Analog converters and sixteen Analog-to-
Digital converters. 
 
A logic block within the base-board Xilinx controls the PCI interface to the host CPU.  
The Dart design requires one wait state for read or writes cycles to any address.  The 
wait states refer to the number of clocks after the PCI core decode before the 
terminate-with-data state is reached.  Two additional clock periods account for the one 
clock delays to decode the signals from the PCI bus and to convert the terminate-with-
data state into the TRDY signal. 
 
Bus-master scatter-gather DMA is provided for in this design.  Once the physical 
address of the first chaining descriptor is written to one of the DMA pointer register, the 
interface will read a 12-byte block from this location.  The first four bytes comprise a 
long-word indicating the physical address of the first block of the I/O buffer passed to 
the read or write call.  The next four bytes represent a long-word indicating the length 
of that block (only the lower 22 bits are valid).  The final four bytes are a long-word 
indicating the physical address of the next chaining descriptor along with two flag bits, 
in bit position 0 and 1.  Bit zero is set to one if this descriptor is the last in the chain.  Bit 
one is set to one if the I/O transfer is from the cPCI-Dart to host memory, and zero if the 
transfer is from memory to the board.  These bits are then replaced with zeros to 
determine the address of the next descriptor, if there is one. 
 
Data is passed between the two boards of the cPCI-Dart by eight bidirectional 
differential data-links.  Each board has sixteen 1k by 32-bit FIFOs that are used to 
buffer data in and out of the eight bidirectional data-links.  The data is serialized and 
sent across at 160 Mbps using 8B/10B encoding.  The K.28.5 and K.28.1 control codes 
are respectively used for NULL characters (when no actual data is being transferred) 
and for flow-control tokens (used to prevent FIFO overflow and subsequent loss of 
data).  The 10-bit encoding for these two control characters also contains “comma 
symbols”.  Comma symbols are 7-bit sequences used to properly byte-align the serial 
bit-stream. 
 
Each data and control code contains four zeros and six ones, five zeros and five ones 
or six zeros and four ones.  This corresponds to a symbol disparity (number of ones 
minus number of zeros) of +2, 0 and -2 respectively.  The running disparity is the 
relative number of ones and zeros in the transmitted bit-stream or the cumulative value 
of all the symbol disparities (starts with +1 or -1 when link initialized).  This value must 
always be either +1 or -1 after a character has been sent or received.  This is referred 
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to as positive or negative running disparity and is represented by a single status bit 
(one for positive, zero for negative).  If a code has a non-zero symbol disparity, it must 
have two 10-bit representations: one for positive running disparity and one for negative 
running disparity. 
 
Each flow-control token (FLT) allows 16 bytes to be transferred from the data-link node 
receiving the FLT to the node that sent the FLT.  A maximum of 15 FLT’s can be out 
standing at any time corresponding to a maximum credit count of 240 bytes. Each data-
link node keeps track of its sending and receiving credit count.  If an FLT is received 
that increases the sending credit count to more than 240 or if a byte is received when 
the receiving credit count is zero, then a credit error has occurred and the credit error 
status will be latched and the data-link will disconnect and attempt to reconnect after a 
time-out period.  Code errors and disparity errors reported by the 8B/10B decoder will 
result in the same behavior with their respective status bits latched in the status 
register. 
 
The master/target control link used to access the daughter-board registers uses a 
similar process to the data-link described above.  However, there are no FIFO’s or 
credit counts used in this link.  The FLT is used as a type of handshaking protocol 
wherein each transaction is terminated by an FLT. 
 
Initially each node of the master/target control link must send and receive first at least 
one NULL and then exactly one FLT.  If this occurs, the link is established and NULLs 
will be sent in each direction until actual data is transferred (the data-link connection 
process is exactly the same except that once the l ink is established FLT’s will be sent 
by each node until either the maximum credit is reached or there is no more room in the 
corresponding receive FIFO for more bytes than the current outstanding credit count). 
 
After the master/target control link is established, read and write accesses can occur.  
The register number and write/read control bit are written to the Base Control register 
and a DART_BASE_DB_CNTRL register write is performed.  If the target access is a 
write, the data written to the DART_BASE_DB_CNTRL register is the data that will be 
written to the specified register; if the target access is a read then this data will be 
ignored.  A target register write consists of a five-byte transfer followed by an FLT.  The 
first byte is the register number (only 0 to 0x83 are valid) and the next four bytes are 
the register value to write (least significant byte first).  A register read from a daughter-
board register consists of a one-byte transfer followed by an FLT.  The master control-
link then waits to receive a four-byte transfer followed by an FLT.  When this succeeds, 
the target register data valid status bit in the Base Status register will be latched and 
the data will be available to read from the DART_BASE_DB_CNTRL register. 
 
The daughter-board FPGA can be reprogrammed at any time with a bit-file that is 
stored in host memory and written over the PCI bus into the configuration FIFO.  The 
appropriate control bits must be set (set to slave mode and enable file configuration) in 
the Base Control register to enable this process and care must be taken not to overflow 
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the 1k by 32-bit configuration FIFO.  When the file configuration process is enabled 
data will be read from the configuration FIFO and serialized and shifted into the 
daughter-board FPGA.  If the bit-file is accepted, the Done and Ini t status bits will go 
high and the new configuration will be in operation. 
 
A sample VHDL-based daughter-board FPGA project is supplied with the Engineering 
kit for the cPCI-Dart.  This project includes the target side of the control and data-links, 
SPI bus control implementation, fixed 1 Mega sample per second ADC timing, four 
different ADC data bus multiplexing options and variable DAC clock timing (12.5 to 
0.78125 MHz) as well as the ability to control any ADC, DAC or signal multiplexer 
control bits.  Using this project as a starting point the design can be expanded to as 
many as 16 control registers per channel and sample timing and triggering options can 
be modified or added. 
 
The sixteen DMA state-machines can all operate simultaneously.  PCI bus access is 
arbitrated on a round-robin basis with a DMA state-machine relinquishing the bus at the 
end of each chaining descriptor list entry transfer or when the corresponding FIFO gets 
close to full for the transmit or empty for the receive.  If one of these FIFO states 
occurs, the bus request from that DMA state-machine will be blocked for approximately 
the time it would take to accumulate 100 FIFO words at full data-link bandwidth.  This 
cuts down on the number of PCI bus requests that are likely to occur when only a small 
amount of data is available to transfer and yet will allow the complete filling of a 
transmit FIFO or the emptying of a receive FIFO when the I/O data has stopped 
moving.  The arbiter can also be configured to give priority to a channel that is 
approaching the FIFO limit (almost-empty for the transmitter or almost-full for the 
receiver) by enabling the appropriate channel DMA Write/Read Arbitration Priority bits. 
 
Large input and/or output DMA transfers can be posted for any or all channels and the 
DMA and data-link state-machines will move the data as PCI bandwidth and FIFO 
space permit without having to worry about FIFO overflow and corresponding data loss.  
FIFO underflow could potentially be a problem if the combined input data demands 
exceed the available PCI bandwidth. 
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Programming 
The address map provided is for the local decoding performed within the CPCI-Dart 
base-board Xilinx.  The addresses are all offsets from a base address.  The base 
address and interrupt level are provided by the host in which the CPCI-Dart is installed. 
 
The host system will search the PCI bus to find the assets installed during power-on 
initialization.  The VendorId = 0x10EE and the CardId = 0x0035 for the CPCI-Dart.  
Interrupts are requested by the configuration space. PCIView and other third party 
utilities can be useful to see how your system is configured.  Dynamic Engineering 
recommends using the Dynamic Engineering Drivers to take care of initialization and 
device registration. 
 
Programming the CPCI-Dart requires only the ability to read and write data from the 
host.  The base address is determined during system configuration of the PCI bus.  The 
base address refers to the first user address for the slot in which the module is 
installed. 
 
Depending on the software environment it may be necessary to set-up the system 
software with the CPCI-Dart "registration" data.  For example in WindowsNT there is a 
system registry, which is used to identify the resident hardware.  To use DMA it will be 
necessary to acquire blocks of non-paged memory that is accessible from the PCI bus 
in which to store chaining descriptor list entries. 
 
At Dynamic Engineering the CPCI-Dart is tested in a Windows environment and we use 
the Dynamic Engineering Drivers to do the hardware accesses and manage the DMAs.  
We use MS Visual C++ in conjunction with the drivers to write our test software.  
Consider purchasing the engineering kit for the cPCI-Dart; the software kit includes the 
drivers and our test suite. 
 
Header files are included for the current sample project implemented for the daughter-
board FPGA.  These files define the daughter-board base and channel register 
numbers and bit defines as well as the DAC registers that are accessible using the SPI 
bus interface defined in the sample project. 
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Base-Board Address Map 
Register Name Offset Description 
 
DART_BASE_CNTRL 0x00 // Base control register 
DART_BASE_STATUS 0x04 // Base status/clear, Xilinx rev, user switch port 
DART_BASE_DB_CNTRL 0x08 // Daughter-Board register control interface 
DART_BASE_DB_CNFG_FIFO 0x0C // Daughter-Board configuration FIFO data 
DART_BASE_FIFO_COUNT 0x0C // Daughter-Board configuration FIFO word-count 
 
DART_CHAN_CNTRL_0 0x10 // Channel 0 control register 
DART_CHAN_STATUS_0 0x14 // Channel 0 status read/latch clear write 
DART_CHAN_FIFO_0 0x18 // Channel 0 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_0 0x1C // Channel 0 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_0 0x1C // Channel 0 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_0 0x20 // Channel 0 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_0 0x20 // Channel 0 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_0 0x24 // Channel 0 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_0 0x28 // Channel 0 receive FIFO almost-full level register 
 
DART_CHAN_CNTRL_1 0x2C // Channel 1 control register 
DART_CHAN_STATUS_1 0x30 // Channel 1 status read/latch clear write 
DART_CHAN_FIFO_1 0x34 // Channel 1 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_1 0x38 // Channel 1 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_1 0x38 // Channel 1 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_1 0x3C // Channel 1 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_1 0x3C // Channel 1 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_1 0x40 // Channel 1 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_1 0x44 // Channel 1 receive FIFO almost-full level register 
 
DART_CHAN_CNTRL_2 0x48 // Channel 2 control register 
DART_CHAN_STATUS_2 0x4C // Channel 2 status read/latch clear write 
DART_CHAN_FIFO_2 0x50 // Channel 2 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_2 0x54 // Channel 2 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_2 0x54 // Channel 2 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_2 0x58 // Channel 2 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_2 0x58 // Channel 2 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_2 0x5C // Channel 2 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_2 0x60 // Channel 2 receive FIFO almost-full level register 
 
DART_CHAN_CNTRL_3 0x64 // Channel 3 control register 
DART_CHAN_STATUS_3 0x68 // Channel 3 status read/latch clear write 
DART_CHAN_FIFO_3 0x6C // Channel 3 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_3 0x70 // Channel 3 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_3 0x70 // Channel 3 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_3 0x74 // Channel 3 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_3 0x74 // Channel 3 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_3 0x78 // Channel 3 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_3 0x7C // Channel 3 receive FIFO almost-full level register 
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DART_CHAN_CNTRL_4 0x80 // Channel 4 control register 
DART_CHAN_STATUS_4 0x84 // Channel 4 status read/latch clear write 
DART_CHAN_FIFO_4 0x88 // Channel 4 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_4 0x8C // Channel 4 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_4 0x8C // Channel 4 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_4 0x90 // Channel 4 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_4 0x90 // Channel 4 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_4 0x94 // Channel 4 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_4 0x98 // Channel 4 receive FIFO almost-full level register 
 
DART_CHAN_CNTRL_5 0x9C // Channel 5 control register 
DART_CHAN_STATUS_5 0xA0 // Channel 5 status read/latch clear write 
DART_CHAN_FIFO_5 0xA4 // Channel 5 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_5 0xA8 // Channel 5 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_5 0xA8 // Channel 5 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_5 0xAC // Channel 5 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_5 0xAC // Channel 5 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_5 0xB0 // Channel 5 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_5 0xB4 // Channel 5 receive FIFO almost-full level register  
 
DART_CHAN_CNTRL_6 0xB8 // Channel 6 control register 
DART_CHAN_STATUS_6 0xBC // Channel 6 status read/latch clear write 
DART_CHAN_FIFO_6 0xC0 // Channel 6 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_6 0xC4 // Channel 6 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_6 0xC4 // Channel 6 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_6 0xC8 // Channel 6 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_6 0xC8 // Channel 6 receive FIFO count read port offset 
DART_CHAN_TX_AMT_LVL_6 0xCC // Channel 6 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_6 0xD0 // Channel 6 receive FIFO almost-full level register 
 
DART_CHAN_CNTRL_7 0xD4 // Channel 7 control register 
DART_CHAN_STATUS_7 0xD8 // Channel 7 status read/latch clear write 
DART_CHAN_FIFO_7 0xDC // Channel 7 FIFO single-word access 
DART_CHAN_WR_DMA_PNTR_7 0xE0 // Channel 7 input DMA command register 
DART_CHAN_TX_FIFO_COUNT_7 0xE0 // Channel 7 transmit FIFO word-count read port 
DART_CHAN_RD_DMA_PNTR_7 0xE4 // Channel 7 output DMA command register 
DART_CHAN_RX_FIFO_COUNT_7 0xE4 // Channel 7 receive FIFO word-count read port 
DART_CHAN_TX_AMT_LVL_7 0xE8 // Channel 7 transmit FIFO almost-empty level 

register 
DART_CHAN_RX_AFL_LVL_7 0xEC // Channel 7 receive FIFO almost-full level register 

 
FIGURE 2 CPCI-DART BASE-BOARD XILINX ADDRESS MAP 
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Register Definitions 

DART_BASE_CNTRL 
[0x00] Base Control Register (read/write) 
 

Base Control Register 
 

 Data Bit Description 
 31-23 Spare 
 22 Configuration FIFO Reset 
 21 Configuration File Enable 
 20 Slave/Master Configuration Mode Select 
 19 Disparity Error Interrupt Enable 
 18 Code Error Interrupt Enable 
 17 Link Lost Interrupt Enable 
 16 Spare 
 15 Daughter-Board Interrupt Enable 
 14 Force Interrupt 
 13 Master Interrupt Enable 
 12 Force Daughter-Board Re-Program 
 11 Daughter-Board Reset 
 10 Daughter-Board Link Start 
 9 Daughter-Board Link Enable 
 8 Daughter-Board Write/Read 
 7-0 Daughter-Board Register Number 
 

 
FIGURE 3 CPCI-DART BASE CONTROL REGISTER 
 
All bits are active high and default to zero on reset or power-up. 
 
Daughter-Board Register Number: This eight-bit field specifies the daughter-board 
register number that will be accessed by the next target register read or write. 
 
Daughter-Board Write/Read: When this bit is set to one, the next target register access 
will be a write.  When this bit is zero, the next target register access will be a read. 
 
Daughter-Board Link Enable: When this bit is set to one, the master/target control link 
between the base-board and daughter-board is enabled, but will not fully connect until 
the start-bit is also set to one.  When this bit is zero, the link is disabled. 
 
Daughter-Board Link Start: When this bit is set to one and the enable-bit is also one, 
the control link master will attempt to connect to the target so that daughter-board 
register data can be written and read.  When this bit is zero and the enable-bit is one, 
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the connection state-machine will wait in the ready state until the start-bit is set to one, 
an error occurs or the enable-bit is set to zero. 
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Daughter-Board Reset: When this bit is set to one, all registers, latches and FIFOs on 
the daughter-board will be reset.  When this bit is zero, the daughter-board is ready for 
normal operation. 
 
Force Daughter-Board Reprogram: When this bit is set to one and the programming 
mode is set to master mode, the daughter-board FPGA will be forced to reprogram from 
the on-board flash PROM.  When this bit is a zero, the daughter-board FPGA will not 
be reprogrammed from the flash PROM. 
 
Master Interrupt Enable: When this bit is set to one, the interrupts for the base portion 
of the cPCI-Dart design are enabled.  When this bit is zero these interrupts are 
disabled.  Currently these interrupt sources include the code and disparity errors and 
the link-lost signal for the master/target control link and the Force Interrupt bit. 
 
Force Interrupt: When this bit is set to one and the Master Interrupt Enable is one, an 
interrupt will be generated.  This is useful to test interrupt service routines. 
 
Daughter-Board Interrupt Enable: When this bit is set to one, enabled interrupts from 
the daughter-board will cause a system interrupt.  When this bit is zero, the daughter-
board interrupts will not cause an interrupt, but the status can sti ll be read from the 
base status register below. 
 
Link-Lost Interrupt Enable: When this bit is set to one, the Link-Lost status bit will 
cause a system interrupt if it is a one.  When this bit is zero, the Link-Lost bit will not 
cause an interrupt, but the status can sti ll be read from the base status register below. 
 
Code Error Interrupt Enable: When this bit is set to one, the Code Error status bit will 
cause a system interrupt if it is a one.  When this bit is zero, the Code Error bit will not 
cause an interrupt, but the status can sti ll be read from the base status register below. 
 
Disparity Error Interrupt Enable: When this bit is set to one, the Disparity Error status 
bit will cause a system interrupt if it is a one.  When this bit is zero, the Disparity Error 
bit will not cause an interrupt, but the status can sti ll be read from the base status 
register below. 
 
Slave/Master Configuration Mode Select: When this bit is set to one, slave serial 
programming mode is selected for the daughter-board FPGA.  When this bit is zero 
master serial mode is selected.  Slave serial mode is used when the FPGA is 
programmed from a bit-file and master serial mode is used when the FPGA configures 
from its on-board flash. 
 
Configuration File Enable: When this bit is set to one and the programming mode is set 
to slave mode, the daughter-board FPGA can be programmed from a bit-file over the 
PCI bus.  The contents of the fi le should be written to the configuration FIFO and will 
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be shifted serially into the daughter-board FPGA to reconfigure it.  When this bit is a 
zero, the daughter-board FPGA will not be programmed from a bit-file. 
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1

7 0

0

Configuration FIFO Reset: When this bit is set to one, the configuration FIFO will be 
held in reset.  When this bit is a zero, the FIFO will operate normally. 
 
DART_BASE_STATUS 
[0x04] Status Register Read / Latch Clear Write 
 

Status Register 
 

 Data Bit Description 
 31 Interrupt Status 
 30-28 Spare 
 27 FPGA Configuration FIFO Full 
 26 FPGA Configuration FIFO Empty 
 25 FPGA Init 
 24 FPGA Done 
 23 FPGA Configuration Data Valid 
 22 Daughter-Board Interrupt Active 
 21 Target Register Data Valid 
 20 Link Status 
 19 Disparity Error 
 18 Code Error 
 17 Link-Lost 
 16 Clock-Out DCM Locked 
 15-8 Xilinx Design Revision Number 
 7-0 Switch 7-0 
 

 
FIGURE 4 CPCI-DART STATUS REGISTER 
 
Switch 7-0: The user switch is read from this address. 

 
The eight-position dip-switch is marked on the silkscreen with the 
bit positions and the '1' and '0' definitions.  The example shown 
would produce 0x12 when read. 

 
 
Xilinx design revision number: The value of the second byte of this port is the rev. 
number of the Xilinx design. (currently 0x01 - rev. A) 
 
Clock-Out DCM Locked: When a one is read, it means the Clock-Out Digital Clock 
Manager is locked and the clocks produced by the DCM should be stable.  A zero 
indicates that the DCM is not locked and the clocks are therefore suspect. 
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Link Lost: When a one is read, it means that the master/target control link has lost link 
since the bit was last cleared.  A zero indicates that the control link has remained linked 
since the bit was cleared.  This bit is latched and can be cleared by writing a one to this 
register in this bit position. 
 
Code Error: When a one is read, it means that a code error has occurred in the 
master/target control link since the bit was last cleared.  A zero indicates that the 
control link has remained free of code errors since the bit was cleared.  This bit is 
latched and can be cleared by writing a one to this register in this bit position. 
 
Disparity Error: When a one is read, it means that a disparity error has occurred in the 
master/target control link since the bit was last cleared.  A zero indicates that the 
control link has remained free of disparity errors since the bit was cleared.  This bit is 
latched and can be cleared by writing a one to this register in this bit position. 
 
Link Status: This is the real-time link status bit.  When a one is read, it means that the 
master/target control link is currently linked.  A zero indicates that the master/target 
control link is currently unlinked. 
 
Target Register Data Valid: When a one is read, it means that valid register data is 
available from a target register read request.  A zero indicates that no valid register 
data is available.  This latched bit will be automatically cleared when the register data 
is read from the daughter-board register control port below. 
 
Daughter-Board Interrupt Active: When a one is read, it means that an enabled 
interrupt condition is active on the daughter-board.  A zero indicates that no enabled 
interrupt condition is active on the daughter-board.  This bit is not latched locally, but 
may be latched on the daughter-board. 
 
FPGA Configuration Data Valid: When a one is read, there is at least one valid word of 
configuration data.  A zero indicates that there is no valid configuration data. 
 
FPGA Done: When a one is read, the daughter-board FPGA has successfully 
configured.  A zero indicates that the daughter-board FPGA configuration either has 
not yet completed or was not successful. 
 
FPGA Init: When a one is read after the daughter-board FPGA configuration, it 
indicates that a CRC error did not occur during the configuration.  When read as a zero 
after the configuration, it indicates that a CRC error occurred during the previous 
configuration.  In this case the FPGA Done bit should also be low. 
 
FPGA Configuration FIFO Empty: When a one is read, the configuration FIFO is empty.  
A zero indicates that there is at least one data-word in the configuration FIFO.  Note 
that when this bit is one, there can still be one valid word of configuration data as 
indicated by the FPGA Configuration Data Valid bit. 
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FPGA Configuration FIFO Full: When a one is read, there is room for no more data in 
the configuration FIFO.  A zero indicates that there is room for at least one more word 
in the configuration FIFO. 
 
DART_BASE_DB_CNTRL 
[0x08] Daughter-Board Register Data (read/write) 
 

Daughter-Board Register Control 
 

 Data Bit Description 
 31-0 Register Data 
 

 
FIGURE 5 CPCI-DART DAUGHTER-BOARD CONTROL REGISTER 
 
Writing to this register initiates a target register access.  The target register number 
and direction of the access are determined by the Daughter-Board Register Number 
and Daughter-Board Write/Read fields in the Base Control register described above.  If 
the access is a write, the data written to this register is the data written to the target 
register.  If the access is a read, the data written to this register is ignored and the 
Target Register Data Valid bit in the Base Status register above is monitored to 
determine when the read access has completed.  Once that bit is read as a one, a read 
from this daughter-board register data port will return the requested data. 
 
DART_BASE_DB_CNFG_FIFO 
[0x0C] Configuration FIFO (Write only) 
 

Daughter-Board Configuration FIFO 
 

 Data Bit Description 
 31-0 Configuration Data 
 

 
FIGURE 6 CPCI-DART DAUGHTER-BOARD CONFIGURATION FIFO 
 
Configuration data is written to this FIFO when programming the daughter-board FPGA 
from a bit-file.  When the appropriate control bits are set, the configuration data will be 
serially shifted into the daughter-board FPGA. 
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DART_BASE_FIFO_COUNT 
[0x0C] Configuration FIFO Data-Count (Read only) 
 

Configuration FIFO Data-Count 
 

 Data Bit Description 
 31-10 Spare 
 9-0 Configuration FIFO Word-Count 
 

 
FIGURE 7 CPCI-DART CONFIGURATION FIFO WORD COUNT 
 
The number of data-words currently in the configuration FIFO can be read from this 
read-only port.  This is useful during daughter-board FPGA file configuration. 
 
DART_CHAN_CNTRL_0-7 
Channel Control Register (read/write) 
[0x10, 0x2C, 0x48, 0x64, 0x80, 0x9C, 0XB8, 0xD4] 
 

Control Register 
 

 Data Bit Description 
 31-16 Spare 
 15 DMA Read Arbitration Priority Enable 
 14 DMA Write Arbitration Priority Enable 
 13 DMA Read Enable 
 12 DMA Write Enable 
 11 Spare 
 10 Error Interrupt Enable 
 9 Receive FIFO Almost-Full Interrupt Enable 
 8 Transmit FIFO Almost-Empty Interrupt Enable 
 7 Spare 
 6 Force Interrupt 
 5 Master Interrupt Enable 
 4 Link Start 
 3 Link Enable 
 2 FIFO Bypass 
 1 Receive FIFO Reset 
 0 Transmit FIFO Reset 
 

 
FIGURE 8 CPCI-DART CHANNEL CONTROL REGISTER 
 
Transmit/Receive FIFO Reset: When one or both of these bits is one, the transmit 
and/or receive FIFO for the referenced channel is placed in a reset condition.  When 
this bit is zero, the corresponding FIFO is in a normal operational state. 
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FIFO Bypass: When this bit is one, any data written to the transmit FIFO will be 
transferred to the receive FIFO as long as there is room in the receive FIFO.  This 
facilitates FIFO loop-back testing.  When this bit is zero, data written to the transmit 
FIFO will remain in the FIFO until read by the data transfer state machine. 
 
Link Enable: When this bit is set to one, the channel  bi-directional data-link between 
the base-board and daughter-board is enabled, but will not fully connect until the start-
bit is also set to one.  When this bit is zero, the link is disabled. 
 
Link Start: When this bit is set to one and the enable-bit is also one, the data link 
master will attempt to connect to the target so that bi-directional channel data can be 
transferred.  When this bit is zero and the enable-bit is one, the connection state-
machine will wait in the ready state until the start-bit is set to one, an error occurs or the 
enable-bit is set to zero. 
 
Master Interrupt Enable: This bit enables the user interrupts for the referenced channel.  
When this bit is a one, the interrupts are enabled; and when this bit is a zero the 
interrupts are disabled. 
 
Force Interrupt: When this bit is one and the Master Enable is a one, a system interrupt 
will occur.  This is useful to test interrupt service routines. 
 
Transmit FIFO AMT Interrupt Enable: When this bit is set to a one, an interrupt will be 
generated when the transmit FIFO level becomes equal or less than the value specified 
in the DART_CHAN_TX_AMT_LVL register, provided the channel master interrupt 
enable is asserted.  When this bit is zero, an interrupt will not be generated, but the 
latched status can still be read from the channel status register. 
 
Receive FIFO AFL Interrupt Enable: When this bit is set to a one, an interrupt will be 
generated when the receive FIFO level becomes equal or greater to the value specified 
in the DART_CHAN_RX_AFL_LVL register, provided the channel master interrupt 
enable is asserted.  When this bit is zero, an interrupt will not be generated, but the 
latched status can sti ll be read from the channel status register. 
 
Error Interrupt Enable: When this bit is set to a one, an interrupt will be generated when 
one or more of five error conditions are detected with the channel master/target data-
link.  These conditions are: code error, disparity error, credit error, link-lost and receive 
FIFO overflow.  The status of the individual error conditions is reported in the status 
register described below.  When a zero is written to this bit, an interrupt will not be 
generated when an error condition occurs, but the latched status bits can still be read 
from the channel status register. 
 
DMA Write Enable: When this bit is one, the write DMA interrupt is enabled for the 
referenced channel.  When this bit is zero, the write DMA interrupt is disabled. 
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DMA Read Enable: When this bit is one, the read DMA interrupt is enabled for the 
referenced channel.  When this bit is zero, the read DMA interrupt is disabled. 
 
DMA Write Arbitration Priority Enable: When this bit is one, the write DMA for the 
referenced channel will receive priority if the transmit FIFO has become almost empty 
as defined by the value stored in the transmit FIFO almost-empty level register.  When 
this bit is zero, the DMA arbitration will follow round-robin arbitration priority. 
 
DMA Read Arbitration Priority Enable: When this bit is one, the read DMA for the 
referenced channel will receive priority if the RX FIFO has become almost full as 
defined by the value stored in the receive FIFO almost-full level register.  When this bit 
is zero, the DMA arbitration will follow round-robin arbitration priority. 



               Embedded Solutions                       Page 24 of 55 

DART_CHAN_STATUS_0-7 
Channel Status Read / Latch Clear Write 
[0x14, 0x30, 0x4C, 0x68, 0x84, 0XA0, 0XBC, 0xD8] 
 

Status Register 
 

 Data Bit Description 
 31 Channel Interrupt Active 
 30 User Interrupt Active 
 29-24 Spare 
 23 Read DMA Ready 
 22 Write DMA Ready 
 21 Spare 
 20 Link Status 
 19 Disparity Error 
 18 Code Error 
 17 Link Lost 
 16 Credit Error 
 15 Read DMA Error 
 14 Write DMA Error 
 13 Read DMA Interrupt Active 
 12 Write DMA Interrupt Active 
 11 Spare 
 10 Receive FIFO Overflow 
 9 Receive FIFO Almost-Full Interrupt Active 
 8 Transmit FIFO Almost-Empty Interrupt Active 
 7 Receive Data Valid 
 6 Receive FIFO Full 
 5 Receive FIFO Almost Full 
 4 Receive FIFO Empty 
 3 Transmit Data Valid 
 2 Transmit FIFO Full 
 1 Transmit FIFO Almost Empty 
 0 Transmit FIFO Empty 
 

 
FIGURE 9 CPCI-DART CHANNEL STATUS REGISTER 
 
Transmit FIFO Empty: When a one is read, the corresponding transmit FIFO is empty.  
A zero indicates that the FIFO has at least one word in it. 
 
Transmit FIFO Almost Empty: : When a one is read, the corresponding transmit FIFO is 
almost empty as determined by the value entered in the almost empty level register.  A 
zero indicates that there is more data in the FIFO than specified in the level register. 
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Transmit FIFO Full: When a one is read, the corresponding transmit FIFO is full.  A 
zero indicates that there is room for at least one more word in the FIFO. 
 
Transmit Data Valid: When a one is read, there is valid transmit data.  A zero indicates 
that there is no valid transmit data.  There is a data latch on the output of the transmit 
FIFO that may contain data, if it is enabled.  Therefore even though the FIFO is empty 
there may actually be one additional long-word of valid transmit data. 
 
Receive FIFO empty: When a one is read, the corresponding receive FIFO is empty.  A 
zero indicates that the FIFO has at least one word in it. 
 
Receive FIFO Almost Full: When a one is read, the corresponding receive FIFO is 
almost full as determined by the value entered in the almost full level register.  A zero 
indicates that there is less data in the FIFO than specified in the level register. 
 
Receive FIFO Full: When a one is read, the corresponding receive FIFO is full.  A zero 
indicates that there is room for at least one more word in the FIFO. 
 
Receive Data Valid: When a one is read, there is valid receive data to read.  A zero 
indicates that there is no valid receive data.  There is a four-deep pipeline on the 
output of the RX FIFO that will be filled before data is retained in the FIFO.  Therefore 
even though the FIFO is empty there may actually be as many as four long-words of 
valid receive data. 
 
Transmit FIFO Almost-Empty Interrupt Active: When a one is read, it indicates that the 
transmit FIFO data count has become less than or equal to the value in the 
DART_CHAN_TX_AMT_LVL register.  A zero indicates that the FIFO has not become 
almost empty.  This bit is latched and can be cleared by writing back to the Status 
register with a one in this bit position. 
 
Receive FIFO Almost-Full Interrupt Active: When a one is read, it indicates that the 
receive FIFO data count has become greater than or equal to the value in the 
DART_CHAN_RX_AFL_LVL register.  A zero indicates that the FIFO has not become 
almost full.  This bit is latched and can be cleared by writing back to the Status register 
with a one in this bit position. 
 
Receive FIFO Overflow: When a one is read, it indicates that an attempt has been 
made to write data to a full receive data FIFO.  A zero indicates that no overflow 
condition has occurred.  This bit is latched and can be cleared by writing back to the 
Status register with a one in this bit position. 
 
Write/Read Interrupt Active: When a one is read, it indicates that the corresponding 
DMA interrupt is latched.  This indicates that the scatter-gather list for the current DMA 
has completed, but the associated interrupt has yet to be completely processed.  These 
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bits are latched and must be cleared by writing the same bit back to this channel status 
port.  A zero indicates that the corresponding DMA interrupt is not pending. 
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Write/Read DMA Error: When a one is read, it indicates that an error has occurred 
while the corresponding DMA was in progress.  This could be a target or master abort 
or an incorrect direction bit in one of the DMA descriptors.  These bits are latched and 
must be cleared by writing the same bit back to the channel status port.  A zero 
indicates that no DMA error has occurred. 
 
Credit Error: When a one is read, it indicates that a credit error occurred since the 
status was last cleared.  This bit is latched and must be cleared by writing the same bit 
back to the channel status port.  A zero indicates that no credit error has occurred.  A 
credit error is a violation of the data-link flow-control protocol that occurs when the 
master and target flow control token counts become out of sync. 
 
Link Lost: When a one is read, it indicates that the channel data-link has experienced a 
loss of connectivity since this bit was last cleared.  This bit is latched and must be 
cleared by writing the same bit back to the channel status port.  A zero indicates that no 
loss of connectivity has occurred. 
 
Code Error: When a one is read, it indicates that a code error has occurred since the 
status was last cleared.  This bit is latched and must be cleared by writing the same bit 
back to the channel status port.  A zero indicates that no code error has occurred.  A 
code error is generated by the 8B/10B decoder when a 10-bit link code does not match 
any of the acceptable data or control codes. 
 
Disparity Error: When a one is read, it indicates that a disparity error has occurred 
since the status was last cleared.  This bit is latched and must be cleared by writing the 
same bit back to the channel status port.  A zero indicates that no disparity error has 
occurred.  Disparity is the difference between the number of ones and the number of 
zeros in the serial bit stream and should always be either +1 or -1 after each character 
is received.  If this is not the case then a disparity error is signaled. 
 
Link Status: This bit represents the real-time connection status of the data-link.  When 
a one is read, it indicates that the link is currently connected and functioning properly.  
A zero indicates that the link is currently not connected. 
 
Write/Read DMA Ready: These two bits report the DMA state-machine status.  If a one 
is read, the corresponding DMA state-machine is idle and available to start a transfer.  
A zero indicates that the corresponding DMA state-machine is already processing a 
data transfer. 
 
User Interrupt Active: When a one is read, a user interrupt condition is active for the 
referenced channel.  Currently these interrupt sources include the FIFO Level 
Interrupts, the Error Interrupt and the Force Interrupt in the Channel Control Register.  
A system interrupt will not occur unless the Master Interrupt Enable bit in the Channel 
Control Register is also set.  When read as a zero, no user interrupt conditions are 
active. 
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Channel Interrupt Active: When a one is read, an enabled channel interrupt condition is 
active and a system interrupt should be asserted.  When read as a zero, no enabled 
channel interrupt is active. 
 
DART_CHAN_FIFO_0-7 
Write TX/Read RX FIFO Port 
[0x18, 0x34, 0x50, 0x6C, 0x88, 0XA4, 0XC0, 0xDC] 
 

TX / RX FIFO Port 
 

 Data Bit Description 
 31-0 FIFO Data 31-0 
 

 
FIGURE 10 CPCI-DART CHANNEL FIFO PORT 
 
Data written to this address is written into the transmit FIFO as long as the FIFO is not 
full.  When this address is read a data-word is read from the receive FIFO.  When the 
receive FIFO becomes empty, the last data-word that was in the FIFO will be returned. 
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DART_CHAN_WR_DMA_PNTR_0-7 
Input DMA Address Register (Write only) 
[0x1C, 0x38, 0x54, 0x70, 0x8C, 0XA8, 0XC4, 0xE0] 
 

DMA Pointer Address Register 
 

 Data Bit Description 
 31-2 First Chaining Descriptor Physical Address 
 1 Direction (always zero for input DMA) 
 0 End-of-Chain (always zero for initial 
descriptor) 
 

 
FIGURE 11 CPCI-DART CHANNEL DMA POINTER REGISTER 
 
This write-only port is used to initiate an input DMA.  When the physical address of the 
first chaining descriptor is written to the port, the input DMA engine reads three 
successive long words beginning at that address (the two low bits are replaced with 
zeros to obtain the 32-bit address).  The first is the address of the first memory block of 
the DMA buffer, the second is the length in bytes of that block (only the first 22 bits are 
valid), and the third is the address of the next chaining descriptor in the list of buffer 
memory blocks.  This process is continued until bit 0 in one of the next pointer values 
read is a one indicating that it is the end of the chain. 
 
Note: Writing a zero to this port will abort an input DMA in progress. 
 
DART_CHAN_TX_FIFO_COUNT_0-7 
TX FIFO Data Count Port (read only) 
[0x1C, 0x38, 0x54, 0x70, 0x8C, 0XA8, 0XC4, 0xE0] 
 

Transmit FIFO Data Count 
 

 Data Bit Description 
 31-16 Spare 
 15-0 FIFO Data Words Stored 
 

 
FIGURE 12 CPCI-DART CHANNEL TX FIFO COUNT PORT 
 
This read-only register reports the number of 32-bit data words in the channel transmit 
FIFO.  There is an additional latch at the output of the FIFO that may contain data if 
enabled, which allows this value to be a maximum of 0x401. 
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DART_CHAN_RD_DMA_PNTR_0-7 
Output DMA Address Register (Write only) 
[0x20, 0x3C, 0x58, 0x74, 0x90, 0XAC, 0XC8, 0xE4] 
 

DMA Pointer Address Register 
 

 Data Bit Description 
 31-2 First Chaining Descriptor Physical Address 
 1 Direction (always one for output DMA) 
 0 End-of-Chain (always zero for initial 
descriptor) 
 

 
FIGURE 13 CPCI-DART CHANNEL DMA POINTER REGISTER 
 
This write-only port is used to initiate an output DMA.  When the physical address of 
the first chaining descriptor is written to the port, the output DMA engine reads three 
successive long words beginning at that address (the two low bits are replaced with 
zeros to obtain the 32-bit address).  The first is the address of the first memory block of 
the DMA buffer, the second is the length in bytes of that block (only the first 22 bits are 
valid), and the third is the address of the next chaining descriptor in the list of buffer 
memory blocks.  This process is continued until bit 0 in one of the next pointer values 
read is a one indicating that it is the end of the chain. 
 
Note: Writing a zero to this port will abort an output DMA in progress. 
 
DART_CHAN_RX_FIFO_COUNT_0-7 
RX FIFO Data Count Port (read only) 
[0x20, 0x3C, 0x58, 0x74, 0x90, 0XAC, 0XC8, 0xE4] 
 

Receive FIFO Data Count 
 

 Data Bit Description 
 31-16 Spare 
 15-0 FIFO Data Words Stored 
 

 
FIGURE 14 CPCI-DART CHANNEL RX FIFO COUNT PORT 
 
This read-only register reports the number of 32-bit data words in the channel receive 
FIFO.  There are four additional latches at the output of the FIFO that may contain 
data, which allows this value to be a maximum of 0x404. 
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DART_CHAN_TX_AMT_LVL_0-7 
TX Almost Empty Level Register (read/write) 
[0x24, 0x40, 0x5C, 0x78, 0x94, 0XB0, 0XCC, 0xE8] 
 

TX Almost Empty Level Register 
 

 Data Bit Description 
 31-16 Spare 
 15-0 TX FIFO Almost Empty Level 
 

 
FIGURE 15 CPCI-DART CHANNEL TX ALMOST EMPTY REGISTER 
 
This register specifies the level at which the transmit FIFO almost empty level will be 
asserted.  When the number of data words in the transmit FIFO is less than or equal to 
this count the almost empty status will be asserted. 
 
DART_CHAN_RX_AFL_LVL_0-7 
RX Almost Full Level Register (read/write) 
[0x28, 0x44, 0x60, 0x7C, 0x98, 0XB4, 0XD0, 0xEC] 
 

RX Almost Full Level Register 
 

 Data Bit Description 
 31-16 Spare 
 15-0 RX FIFO Almost Full Level 
 

 
FIGURE 16 CPCI-DART CHANNEL RX ALMOST FULL REGISTER 
 
This register specifies the level at which the receive FIFO almost full level will be 
asserted.  When the number of data words in the receive FIFO is greater than or equal 
to this count the almost full status will be asserted. 
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Daughter-Board Address Map 
 
Register Name Number Description 

 
DART_DB_BASE_CNTRL 0x80 // Base control register 
DART_DB_STATUS 0x81 // Interrupt status/clear port 
DART_DB_SPI_CNTRL 0x82 // SPI register control 
DART_DB_SPI_DATA 0x83 // SPI register data 
 
DART_DB_CHAN_CNTRL_0 0x00 // Channel 0 Control register 
DART_DB_CHAN_STATUS_0 0x01 // Channel 0 Status read/latch clear port 
DART_DB_CHAN_FIFO_0 0x02 // Channel 0 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_0 0x03 // Channel 0 transmit FIFO count read port 
DART_DB_CHAN_RX_COUNT_0 0x04 // Channel 0 receive FIFO count read port 
DART_DB_CHAN_TX_AMT_LVL_0 0x05 // Channel 0 transmit FIFO almost-empty level 

register 
DART_DB_CHAN_RX_AFL_LVL_0 0x06 // Channel 0 receive FIFO almost-full level register 
 
DART_DB_CHAN_CNTRL_1 0x10 // Channel 1 Control register 
DART_DB_CHAN_STATUS_1 0x11 // Channel 1 Status read/latch clear port 
DART_DB_CHAN_FIFO_1 0x12 // Channel 1 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_1 0x13 // Channel 1 transmit FIFO count read port 
DART_DB_CHAN_RX_COUNT_1 0x14 // Channel 1 receive FIFO count read port 
DART_DB_CHAN_TX_AMT_LVL_1 0x15 // Channel 1 transmit FIFO count read port 
DART_DB_CHAN_RX_AFL_LVL_1 0x16 // Channel 1 receive FIFO count read port 
 
DART_DB_CHAN_CNTRL_2 0x20 // Channel 2 Control register 
DART_DB_CHAN_STATUS_2 0x21 // Channel 2 Status read/latch clear port 
DART_DB_CHAN_FIFO_2 0x22 // Channel 2 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_2 0x23 // Channel 2 transmit FIFO count read port 
DART_DB_CHAN_RX_COUNT_2 0x24 // Channel 2 receive FIFO count read port 
DART_DB_CHAN_TX_AMT_LVL_2 0x25 // Channel 2 transmit FIFO count read port 
DART_DB_CHAN_RX_AFL_LVL_2 0x26 // Channel 2 receive FIFO count read port 
 
DART_DB_CHAN_CNTRL_3 0x30 // Channel 3 Control register 
DART_DB_CHAN_STATUS_3 0x31 // Channel 3 Status read/latch clear port 
DART_DB_CHAN_FIFO_3 0x32 // Channel 3 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_3 0x33 // Channel 3 transmit FIFO count read port 
DART_DB_CHAN_RX_COUNT_3 0x34 // Channel 3 receive FIFO count read port 
DART_DB_CHAN_TX_AMT_LVL_3 0x35 // Channel 3 transmit FIFO count read port 
DART_DB_CHAN_RX_AFL_LVL_3 0x36 // Channel 3 receive FIFO count read port 
 
DART_DB_CHAN_CNTRL_4 0x40 // Channel 4 Control register 
DART_DB_CHAN_STATUS_4 0x41 // Channel 4 Status read/latch clear port 
DART_DB_CHAN_FIFO_4 0x42 // Channel 4 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_4 0x43 // Channel 4 transmit FIFO count read port 
DART_DB_CHAN_RX_COUNT_4 0x44 // Channel 4 receive FIFO count read port 
DART_DB_CHAN_TX_AMT_LVL_4 0x45 // Channel 4 transmit FIFO count read port 
DART_DB_CHAN_RX_AFL_LVL_4 0x46 // Channel 4 receive FIFO count read port 
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DART_DB_CHAN_CNTRL_5 0x50 // Channel 5 Control register offset 
DART_DB_CHAN_STATUS_5 0x51 // Channel 5 Status read/latch clear port offset 
DART_DB_CHAN_FIFO_5 0x52 // Channel 5 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_5 0x53 // Channel 5 transmit FIFO count read port offset 
DART_DB_CHAN_RX_COUNT_5 0x54 // Channel 5 receive FIFO count read port offset 
DART_DB_CHAN_TX_AMT_LVL_5 0x55 // Channel 5 transmit FIFO count read port offset 
DART_DB_CHAN_RX_AFL_LVL_5 0x56 // Channel 5 receive FIFO count read port offset 
 
DART_DB_CHAN_CNTRL_6 0x60 // Channel 6 Control register offset 
DART_DB_CHAN_STATUS_6 0x61 // Channel 6 Status read/latch clear port offset 
DART_DB_CHAN_FIFO_6 0x62 // Channel 6 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_6 0x63 // Channel 6 transmit FIFO count read port offset 
DART_DB_CHAN_RX_COUNT_6 0x64 // Channel 6 receive FIFO count read port offset 
DART_DB_CHAN_TX_AMT_LVL_6 0x65 // Channel 6 transmit FIFO count read port offset 
DART_DB_CHAN_RX_AFL_LVL_6 0x66 // Channel 6 receive FIFO count read port offset 
 
DART_DB_CHAN_CNTRL_7 0x70 // Channel 7 Control register offset 
DART_DB_CHAN_STATUS_7 0x71 // Channel 7 Status read/latch clear port offset 
DART_DB_CHAN_FIFO_7 0x72 // Channel 7 FIFO offset for single word access 
DART_DB_CHAN_TX_COUNT_7 0x73 // Channel 7 transmit FIFO count read port offset 
DART_DB_CHAN_RX_COUNT_7 0x74 // Channel 7 receive FIFO count read port offset 
DART_DB_CHAN_TX_AMT_LVL_7 0x75 // Channel 7 transmit FIFO count read port offset 
DART_DB_CHAN_RX_AFL_LVL_7 0x76 // Channel 7 receive FIFO count read port offset 
 

 
FIGURE 17 CPCI-DART DAUGHTER-BOARD XILINX ADDRESS MAP 
 
This address map is for the daughter-board design supplied by Dynamic Engineering.  
The register number space has room for as many as nine additional registers per 
channel.  The decoding signals for these additional registers have already been 
implemented in the design. 
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Register Definitions 

DART_DB_BASE_CNTRL 
[0x80] Base Control Register (read/write) 
 

Base Control Register 
 

 Data Bit Description 
 31–27 DAC Clock 4 Divisor 
 26–22 DAC Clock 3 Divisor 
 21–17 DAC Clock 2 Divisor 
 16–12 DAC Clock 1 Divisor 
 11 AC Cal Enable 
 10 DC Cal Enable 
 9 Cap Short Enable 
 8 Analog-to-Digital Conversion Start Enable 
 7 Analog-to-Digital Warp 
 6 Analog-to-Digital Normal 
 5 Analog-to-Digital Reset 
 4 LED 
 3 Link-Lost Interrupt Enable 
 2 Disparity Error Interrupt Enable 
 1 Code Error Interrupt Enable 
 0 Master Interrupt Enable 
 

 
FIGURE 18 DAUGHTER-BOARD BASE CONTROL REGISTER 
 
Master Interrupt Enable: When this bit is set to one, the user interrupts for the base 
portion of the daughter-board design are enabled.  When this bit is zero these 
interrupts are disabled.  Currently these interrupt sources include the code and 
disparity errors and the link-lost signal for the target side of the master/target control 
link. 
 
Code Error Interrupt Enable: When this bit is set to one, the Code Error status bit will 
cause a system interrupt if it is a one.  When this bit is zero, the Code Error bit will not 
cause an interrupt, but the status can sti ll be read from the status register below. 
 
Disparity Error Interrupt Enable: When this bit is set to one, the Disparity Error status 
bit will cause a system interrupt if it is a one.  When this bit is zero, the Disparity Error 
bit will not cause an interrupt, but the status can sti ll be read from the status register 
below. 
 
Link-Lost Interrupt Enable: When this bit is set to one, the Link-Lost status bit will 



               Embedded Solutions                       Page 35 of 55 

cause a system interrupt if it is a one.  When this bit is zero, the Link-Lost bit will not 
cause an interrupt, but the status can sti ll be read from the status register below. 
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LED: When this bit is set to a one, the LED on the bottom of the back of the daughter-
board will be lit.  When the bit is a zero, the LED will not be lit. 
 
Analog-to-Digital Reset: When this bit is set to a one, the reset signal to the ADCs is 
asserted.  When the bit is a zero, the ADCs can operate normally. 
 
Analog-to-Digital Normal: When this bit is set to a one, the /NORMAL control signal to 
the ADCs is asserted.  When the bit is a zero, the /NORMAL control signal to the ADCs 
is not asserted. 
 
Analog-to-Digital Warp: When this bit is set to a one, the WARP control signal to the 
ADCs is asserted.  When the bit is a zero, the WARP control signal to the ADCs is not 
asserted.  This signal and the NORMAL signal above, control the speed and accuracy 
of the Analog-to-Digital conversion. (Refer to AD7641 data sheet) 
 
Analog-to-Digital Conversion Start Enable: When this bit is set to a one, a 50 
nanosecond low pulse at a rate of 1 MHz will be sent to the /CNVST input of the ADCs.  
When the bit is a zero, the /CNVST signal will remain high. 
 
Cap Short Enable: When this bit is set to one, all the DAC outputs are DC coupled to 
the CHX_4 signals on the output connectors, where X stands for any channel A-H.  
When the bit is a zero the DAC outputs are not so connected. 
 
DC Cal Enable: When this bit is set to a one, the DC cal inputs of all the channel signal 
multiplexers are enabled.  When the bit is a zero, the DC cal inputs are disabled. 
 
AC Cal Enable: When this bit is set to a one, the AC cal inputs of all the channel signal 
multiplexers are enabled.  When the bit is a zero, the AC cal inputs are disabled. 
 
DAC Clock 1-4 Divisor: These four fields determine the frequency of the four differential 
clocks that go to the DACs.  If the value is zero, the corresponding clock is always 
driven low.  Otherwise, the 50 MHz clock is divided by 2*(n+1) where n is the value of 
the 5-bit field (1 to 31).  Therefore the divisor can have any even value from 4 to 64 and 
the clock frequency can be a maximum of 12.5 MHz and a minimum of 781.25 KHz. 
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DART_DB_STATUS 
[0x81] Status Register (read only) 
 

Base Status Register 
 

 Data Bit Description 
 31-26 Spare 
 25 PXI Trigger 7 
 24 PXI Trigger 6 
 23 PXI Trigger 5 
 22 PXI Trigger 4 
 21 PXI Clock 10 
 20 PXI Star 
 19 Link Lost 
 18 Link Status 
 17 Disparity Error 
 16 Code Error 
 15-8 Design ID 
 7-0 Xilinx Rev. 
 

 
FIGURE 19 DAUGHTER-BOARD BASE STATUS REGISTER 
 
Xilinx Rev.: These fields are read to determine which design and revision is 
programmed into the.  This is used to determine the control/status register 
configuration and which driver to use to communicate with the design. 
 
Design ID: These fields are read to determine which design and revision is 
programmed into the.  This is used to determine the control/status register 
configuration and which driver to use to communicate with the design. 
 
Code Error: When a one is read, it indicates that a code error has occurred since the 
status was last cleared.  This bit is latched and must be cleared by writing the same bit 
back to the channel status port.  A zero indicates that no code error has occurred.  A 
code error is generated by the 8B/10B decoder when a 10-bit link code does not match 
any of the acceptable data or control codes. 
 
Disparity Error: When a one is read, it indicates that a disparity error has occurred 
since the status was last cleared.  This bit is latched and must be cleared by writing the 
same bit back to the channel status port.  A zero indicates that no disparity error has 
occurred.  Disparity is the difference between the number of ones and the number of 
zeros in the serial bit stream and should always be either +1 or -1 after each character 
is received.  If this is not the case then a disparity error is signaled. 
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Link Status: This bit represents the real-time connection status of the data-link.  When 
a one is read, it indicates that the link is currently connected and functioning properly.  
A zero indicates that the link is currently not connected. 
 
Link Lost: When a one is read, it indicates that the channel data-link has experienced a 
loss of connectivity since this bit was last cleared.  This bit is latched and must be 
cleared by writing the same bit back to the channel status port.  A zero indicates that no 
loss of connectivity has occurred. 
 
PXI Signals: These six signals are triggers and clocks that come from the PXI bus 
connection of the cPCI connector.  They are connected to status bi ts in this design as 
they have no way of being driven from the PCI bus.  In order to test their connectivity, 
special bit-files were compiled that drive three signals and monitor the other three and 
loop-back connections were added to the PCI to cPCI adapter . 
 
DART_DB_SPI_CNTRL 
[0x82] SPI Control Register (read/write) 
 

SPI Control Register 
 

 Data Bit Description 
 31-25 Spare 
 24 SPI Data Valid 
 23 SPI Enable 
 22 SPI Read/Write 
 21-20 SPI Read Slot Select 
 19 SPI Write Slot GH Enable 
 18 SPI Write Slot EF Enable 
 17 SPI Write Slot CD Enable 
 16 SPI Write Slot AB Enable 
 15 SPI Command Read Enable 
 14-13 SPI Number of Bytes “00” 
 12-8 SPI Register Number 
 7-0 SPI Register Data 
 

 
FIGURE 20 DAUGHTER-BOARD SPI CONTROL REGISTER 
 
SPI Register Data: When the SPI access is a register write, this is where the data-byte 
to write to the DAC register is specified. 
 
SPI Register Number: These five bits determine the DAC register number to access. 
 
SPI Number of Bytes: This two-bit field determines how many bytes to read/write.  This 
interface only supports single-byte accesses so these two bits should always be zeros. 
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SPI Command Read Enable: Set this bit to a one for a DAC register read and a zero for 
a register write. 
 
SPI Write Slot AB Enable: Set this bit to a one to perform a register write to the DAC for 
channels A and B. 
 
SPI Write Slot CD Enable: Set this bit to a one to perform a register write to the DAC 
for channels C and D. 
 
SPI Write Slot EF Enable: Set this bit to a one to perform a register write to the DAC for 
channels E and F. 
 
SPI Write Slot GH Enable: Set this bit to a one to perform a register write to the DAC 
for channel G and H. 
 
SPI Read Slot Select: This two-bit field determines which DAC is accessed during a 
register read. (00 = AB, 01 = CD, 10 = EF and 11 = GH) 
 
SPI Read/Write: Set this bit to a one for a DAC register read and a zero for a register 
write. 
 
SPI Enable: Set this bit to a one to enable the SPI interface. 
 
SPI Data Valid: This read-only bit signals the completion of a DAC register read cycle.  
When a one is read, it indicates that the requested data is available to be read from the 
DART_DB_SPI_DATA register described below.  A zero indicates that there is no valid 
SPI register read data available.  When the DART_DB_SPI_DATA register is read, it 
will automatically clear the SPI Data Valid bit. 
 
DART_DB_SPI_DATA 
[0x83] SPI Data Register (Read only) 
 

SPI Data Register 
 

 Data Bit Description 
 31-8 Spare 
 7-0 SPI Register Read Data 
 

 
FIGURE 21 DAUGHTER-BOARD SPI DATA REGISTER 
 
This register contains the data returned from one of the DAC registers by an SPI read 
cycle.  When the SPI Data Valid bit in the previous register is read as a one, the 
DART_DB_SPI_DATA register will contain the results of the last SPI read cycle.  When 
this register is read, the SPI Data Valid bit will be cleared to zero. 
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DART_DB_CHAN_CNTRL_0-7 
Channel Control Register (read/write) 
[0x00, 0x10, 0x20, 0x30, 0x40, 0x50, 0x60, 0x70] 
 

Channel Control Register 
 

 Data Bit Description 
 31-16 Spare 
 15-14 Analog-to-Digital Control 
 13 Input Data Enable 
 12 Output Data Enable 
 11 Receive FIFO AFL Interrupt Enable 
 10 Transmit FIFO AMT Interrupt Enable 
 9 Error Interrupt Enable 
 8 Spare 
 7 Force Interrupt 
 6 Master Interrupt Enable 
 5 Spare 
 4 PE Enable 
 3 Link Disable 
 2 FIFO Bypass 
 1 RX FIFO Reset 
 0 TX FIFO Reset 
 

 
FIGURE 22 DAUGHTER-BOARD CHANNEL CONTROL REGISTER 
 
Transmit/Receive FIFO Reset: When this bit is one, the corresponding FIFO is placed 
in a reset state.  When this bit is zero, the FIFO will function normally. 
 
FIFO Bypass: When this bit is set to one, any data written to the transmit FIFO will be 
transferred to the receive FIFO as long as there is room in the FIFO.  This facilitates 
daughter-board FIFO loop-back testing and also allows full-path [PCI Bus > Base TX 
FIFO > Data-link > DB TX FIFO > Bypass > DB RX FIFO > Data-link > Base RX FIFO > 
PCI Bus] loop-back testing of digital data.  When this bit is zero, data written to the 
transmit FIFO will remain in the FIFO until explicitly read by the DAC output control 
state-machine. 
 
Link Disable: When this bit is set to one, the channel  bi-directional data-link between 
the base-board and daughter-board is disabled.  When this bit is zero, the link is 
enabled.  Unlike the master side of the data-link, the target side defaults to enabled. 
 
PE Enable: When this bit is set to one, the DAC output is AC coupled to the CHX_4 
signal on the output connector, where X stands for the referenced channel A-H. 
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Master Interrupt Enable: This bit enables the user interrupts for the referenced channel.  
When this bit is set to a one, the user interrupts are enabled; and when this bit is a 
zero, the user interrupts are disabled. 
 
Force Interrupt: When this bit is one and the Master Enable is a one, a system interrupt 
will occur.  This is useful to test interrupt service routines. 
 
Error Interrupt Enable: When this bit is set to a one, an interrupt will be generated when 
one or more of five error conditions are detected with the channel master/target data-
link.  These conditions are: code error, disparity error, credit error, link-lost and receive 
FIFO overflow.  The status of the individual error conditions is reported in the status 
register described below.  When a zero is written to this bit, an interrupt will not be 
generated when an error condition occurs, but the latched status bits can still be read 
from the channel status register. 
 
Transmit FIFO AMT Interrupt Enable: When this bit is set to a one, an interrupt will be 
generated when the transmit FIFO level becomes equal or less than the value specified 
in the DART_DB_CHAN_TX_AMT_LVL register, provided the channel master interrupt 
enable is asserted.  When this bit is zero, an interrupt will not be generated, but the 
latched status can sti ll be read from the channel status register. 
 
Receive FIFO AFL Interrupt Enable: When this bit is set to a one, an interrupt will be 
generated when the receive FIFO level becomes equal or greater to the value specified 
in the DART_DB_CHAN_RX_AFL_LVL register, provided the channel master interrupt 
enable is asserted.  When this bit is zero, an interrupt will not be generated, but the 
latched status can sti ll be read from the channel status register. 
 
Output Data Enable: When this bit is set to a one and data is present in the transmit 
FIFO, data will be read from the transmit FIFO and written to the DAC associated with 
the referenced channel.  Each FIFO data word contains two 16-bit samples.  Bits 15-0 
are written first and bits 31-16 are written after.  The rate at which the samples are 
written is determined by the DAC data clock, which is derived from the differential DAC 
clock from the FPGA. 
 
Input Data Enable: When this bit is set to a one, acquisition of ADC data and writing to 
the receive FIFO is enabled.  Each 18-bit ADC data bus is shared by four Analog-to-
Digital Converters, two for each of two adjacent channels.  The timing of the chip-
selects and data latch signals depends on the two control bits below and whether the 
channel is odd or even. 
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Analog-to-Digital Control: This two-bit field controls how the ADC data is stored in the 
receive FIFO.  When “00”, only the current-sense ADC data is stored in bits 0-17 and 
the upper bits are set to zeros; when “01”, the current-sense ADC is stored in bits 0-17 
and bits 0-13 of the patient-electrode ADC are stored in bits 18-31; when “10”, bits 0-13 
of the current-sense ADC are stored in bits 0-13 and the patient-electrode ADC data is 
stored in bits 31-14; and when “11”, only the patient electrode ADC data is stored in 
bits 0-17 and the upper bits are set to zeros. 
 
DART_DB_CHAN_STATUS_0-7 
Channel Status Read / Latch Clear Write 
[0x01, 0x11, 0x21, 0x31, 0x41, 0x51, 0x61, 0x71] 
 

Channel Status Register 
 

 Data Bit Description 
 31 Channel Interrupt Active 
 30 User Interrupt Active  
 29-17 Spare 
 16 Analog-to-Digital Converter Busy 
 15 Link Lost 
 14 Credit Error 
 13 Disparity Error 
 12 Code Error 
 11 Receive FIFO Almost-Full Interrupt Active 
 10 Transmit FIFO Almost-Empty Interrupt Active
 9 Receive FIFO Overflow 
 8 Link Status 
 7 Receive Data Valid 
 6 Receive FIFO Full 
 5 Receive FIFO Almost Full 
 4 Receive FIFO Empty 
 3 Transmit Data Valid 
 2 Transmit FIFO Full 
 1 Transmit FIFO Almost Empty 
 0 Transmit FIFO Empty 
 

 
FIGURE 23 DAUGHTER-BOARD CHANNEL STATUS REGISTER 
 
Transmit FIFO Empty: When a one is read, the corresponding transmit FIFO is empty.  
A zero indicates that the FIFO has at least one word in it. 
 
Transmit FIFO Almost Empty: When a one is read, the corresponding transmit FIFO is 
almost empty as determined by the value entered in the almost empty level register.  A 
zero indicates that there is more data in the FIFO than specified in the level register. 
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Transmit FIFO Full: When a one is read, the corresponding transmit FIFO is full.  A 
zero indicates that there is room for at least one more word in the FIFO. 
 
Transmit Data Valid: When a one is read, there is valid transmit data.  A zero indicates 
that there is no valid transmit data.  There is a data latch on the output of the transmit 
FIFO that may contain data, if it is enabled.  Therefore even though the FIFO is empty 
there may actually be one additional long-word of valid transmit data. 
 
Receive FIFO empty: When a one is read, the corresponding receive FIFO is empty.  A 
zero indicates that the FIFO has at least one word in it. 
 
Receive FIFO Almost Full: When a one is read, the corresponding receive FIFO is 
almost full as determined by the value entered in the almost full level register.  A zero 
indicates that there is less data in the FIFO than specified in the level register. 
 
Receive FIFO Full: When a one is read, the corresponding receive FIFO is full.  A zero 
indicates that there is room for at least one more word in the FIFO. 
 
Receive Data Valid: When a one is read, there is valid receive data to read.  A zero 
indicates that there is no valid receive data.  There is a four-deep pipeline on the 
output of the RX FIFO that will be filled before data is retained in the FIFO.  Therefore 
even though the FIFO is empty there may actually be as many as four long-words of 
valid receive data. 
 
Link Status: This bit represents the real-time connection status of the data-link.  When 
a one is read, it indicates that the link is currently connected and functioning properly.  
A zero indicates that the link is currently not connected. 
 
Receive FIFO Overflow: When a one is read, it indicates that an attempt has been 
made to write data to a full receive data FIFO.  A zero indicates that no overflow 
condition has occurred.  This bit is latched and can be cleared by writing back to the 
Status register with a one in this bit position. 
 
Transmit FIFO Almost-Empty Interrupt Active: When a one is read, it indicates that the 
transmit FIFO data count has become less than or equal to the value in the 
DART_DB_CHAN_TX_AMT_LVL register.  A zero indicates that the FIFO has not 
become almost empty.  This bit is latched and can be cleared by writing back to the 
Status register with a one in this bit position. 
 
Receive FIFO Almost-Full Interrupt Active: When a one is read, it indicates that the 
receive FIFO data count has become greater than or equal to the value in the 
DART_DB_CHAN_RX_AFL_LVL register.  A zero indicates that the FIFO has not 
become almost full.  This bit is latched and can be cleared by writing back to the Status 
register with a one in this bit position. 
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Code Error: When a one is read, it indicates that a code error has occurred since the 
status was last cleared.  This bit is latched and must be cleared by writing the same bit 
back to the channel status port.  A zero indicates that no code error has occurred.  A 
code error is generated by the 8B/10B decoder when a 10-bit link code does not match 
any of the acceptable data or control codes. 
 
Disparity Error: When a one is read, it indicates that a disparity error has occurred 
since the status was last cleared.  This bit is latched and must be cleared by writing the 
same bit back to the channel status port.  A zero indicates that no disparity error has 
occurred.  Disparity is the difference between the number of ones and the number of 
zeros in the serial bit stream and should always be either +1 or -1 after each character 
is received.  If this is not the case then a disparity error is signaled. 
 
Credit Error: When a one is read, it indicates that a credit error occurred since the 
status was last cleared.  This bit is latched and must be cleared by writing the same bit 
back to the channel status port.  A zero indicates that no credit error has occurred.  A 
credit error is a violation of the data-link flow-control protocol that occurs when the 
master and target flow control token counts become out of sync. 
 
Link Lost: When a one is read, it indicates that the channel data-link has experienced a 
loss of connectivity since this bit was last cleared.  This bit is latched and must be 
cleared by writing the same bit back to the channel status port.  A zero indicates that no 
loss of connectivity has occurred. 
 
Analog-to-Digital Converter Busy: When a one is read, it indicates that at least one of 
the four ADCs on the common ADC data bus is busy.  A zero indicates that none of the 
four ADCs is busy and the conversion data is available to be read. 
 
User Interrupt Active: When a one is read, a user interrupt condition is active for the 
referenced channel.  Currently these interrupt sources include the FIFO Level 
Interrupts, the Error Interrupt and the Force Interrupt in the Channel Control Register.  
A system interrupt will not occur unless the Master Interrupt Enable bit in the Channel 
Control Register is also set.  When read as a zero, no user interrupt conditions are 
active. 
 
Channel Interrupt Active: When a one is read, an enabled channel interrupt condition is 
active and a system interrupt should be asserted.  When read as a zero, no enabled 
channel interrupt is active. 
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DART_DB_CHAN_FIFO_0-7 
FIFO Port (read/write) 
[0x02, 0x12, 0x22, 0x32, 0x42, 0x52, 0x62, 0x72] 
 

FIFO Port 
 

 Data Bit Description 
 31-0 FIFO Data 31-0 
 

 
FIGURE 24 DAUGHTER-BOARD CHANNEL FIFO PORT 
 
Data written to this address is written into the transmit FIFO as long as the FIFO is not 
full.  When this address is read a data-word is read from the transmit FIFO.  When the 
FIFO becomes empty, the last data-word that was in the FIFO will be returned. 
 
Data written to this address is written into the receive FIFO as long as the FIFO is not 
full.  When this address is read a data-word is read from the receive FIFO.  When the 
FIFO becomes empty, the last data-word that was in the FIFO will be returned. 
 
DART_DB_CHAN_TX_COUNT_0-7 
TX FIFO Data Count Port (read only) 
[0x03, 0x13, 0x23, 0x33, 0x43, 0x53, 0x63, 0x73] 
 

TX FIFO Data Count 
 

 Data Bit Description 
 31-12 Spare 
 11-0 FIFO Data Words Stored 
 

 
FIGURE 25 DAUGHTER-BOARD TX FIFO COUNT PORT 
 
This read-only port reports the number of 32-bit data words in the transmit FIFO 
(currently a maximum of 0x401). 
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DART_DB_CHAN_RX_COUNT_0-7 
RX FIFO Data Count Port (read only) 
[0x04, 0x14, 0x24, 0x34, 0x44, 0x54, 0x64, 0x74] 
 

RX FIFO Data Count 
 

 Data Bit Description 
 31-12 Spare 
 11-0 FIFO Data Words Stored 
 

 
FIGURE 26 DAUGHTER-BOARD RX FIFO COUNT PORT 
 
This read-only port reports the number of 32-bit data words in the receive FIFO 
(currently a maximum of 0x401). 
 
DART_DB_CHAN_TX_AMT_LVL_0-7 
TX FIFO Almost-Empty Level Register (read/write) 
[0x05, 0x15, 0x25, 0x35, 0x45, 0x55, 0x65, 0x75] 
 

TX FIFO Almost-Empty Level 
 

 Data Bit Description 
 31-12 Spare 
 11-0 FIFO Data Words Stored 
 

 
FIGURE 27 DAUGHTER-BOARD TX FIFO AMT LEVEL REGISTER 
 
This register specifies the level at which the transmit FIFO almost empty level will be 
asserted.  When the number of data words in the transmit FIFO is less than or equal to 
this count the almost empty status will be asserted. 
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DART_DB_CHAN_RX_AFL_LVL_0-7 
RX FIFO Almost-Full Level Register (read/write) 
[0x06, 0x16, 0x26, 0x36, 0x46, 0x56, 0x66, 0x76] 
 

RX FIFO Almost-Full Level 
 

 Data Bit Description 
 31-12 Spare 
 11-0 FIFO Data Words Stored 
 

 
FIGURE 28 DAUGHTER-BOARD RX FIFO AFL LEVEL REGISTER 
 
This register specifies the level at which the receive FIFO almost full level will be 
asserted.  When the number of data words in the receive FIFO is greater than or equal 
to this count the almost full status will be asserted. 
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J3 / P3 Inter-Board Power Pin Assignment 
The figure below gives the pin assignments for the inter-board power connection 
between the base-board and the daughter-board. 
 
 
 +6V  +5V  1  2 

+6V  +5V  3  4 
+6V  +5V  5  6 
+6V  +5V  7  8 
  +5V  9  10 
-6V  +5V  11  12 
-6V  +5V  13  14 
-6V  +5V  15  16 
-6V  +2.5V  17  18 
  +2.5V  19  20 
+2.5VA  +1.2V  21  22 
+2.5VA  +1.2V  23  24 
    25  26 
+2.5VREF +3.3V  27  28 
+2.5VREF +3.3V  29  30 
+12V  +3.3V  31  32 
  +3.3V  33  34 
-12V  +3.3V  35  36 
+1.25VREF +3.3V  37  38 
+1.25VREF   39  40 
AGND  DGND  41  42 
AGND  DGND  43  44 
AGND  DGND  45  46 
AGND  DGND  47  48 
AGND  DGND  49  50 
AGND  DGND  51  52 
AGND  DGND  53  54 
AGND  DGND  55  56 
AGND  DGND  57  58 
AGND  DGND  59  60 
AGND  DGND  61  62 
AGND  DGND  63  64 
 

 
FIGURE 29 CPCI-DART BOARD-TO-BOARD POWER J3/P3 
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J4 / P4 Inter-Board Communications Pin Assignment 
The figure below gives the pin assignments for the inter-board communications 
connection between the base-board and the daughter-board.  High-speed-serial 
data/control, programming and trigger signals go through this interface. 
 
 
 PXITRIG6 DIN0+  1  2 

PXITRIG5 DIN0-  3  4 
PXITRIG4 DOUT0+  5  6 
PXITRIG3 DOUT0-  7  8 
PXICLK10 DOUT1+  9  10 
PXITRIG2 DOUT1-  11  12 
PXITRIG7 CLKOUT+ 13  14 
PXITRIG0 CLKOUT- 15  16 
PXITRIG1 DOUT2+  17  18 
PXISTAR DOUT2-  19  20 
DIN1+  DOUT3+  21  22 
DIN1-  DOUT3-  23  24 
CNTLOUT+ DIN2+  25  26 
CNTLOUT- DIN2-  27  28 
CNTLIN+ DIN3+  29  30 
CNTLIN- DIN3-  31  32 
INTR  DOUT4+  33  34 
SPARE  DOUT4-  35  36 
CLKIN+  DOUT5+  37  38 
CLKIN-  DOUT5-  39  40 
MBITS  DIN4+  41  42 
XDONEU DIN4-  43  44 
XPROGU DIN5+  45  46 
XINITU  DIN5-  47  48 
RST DB DOUT6+  49  50 
SRC CNTL DOUT6-  51  52 
XDINU  DOUT7+  53  54 
CCLKU  DOUT7-  55  56 
MTDI  DIN6+  57  58 
MTMS  DIN6-  59  60 
MTCK  DIN7+  61  62 
MTDO  DIN7-  63  64 
 

 
FIGURE 30 CPCI-DART BOARD-TO-BOARD COMMUNICATIONS J4/P4 
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Module I/O Connector P1 
 
 GND  CHA_4  1  35 

CHA_2  CHA_3  2  36 
GND  GND  3  37 
GND  CHB_4  4  38 
CHB_2  CHB_3  5  39 
GND  GND  6  40 
GND  CHC_4  7  41 
CHC_2  CHC_3  8  42 
GND  GND  9  43 
GND  CHD_4  10  44 
CHD_2  CHD_3  11  45 
GND  GND  12  46 
GND  CHE_4  13  47 
CHE_2  CHE_3  14  48 
GND  GND  15  49 
GND  CHF_4  16  50 
CHF_2  CHF_3  17  51 
GND  GND  18  52 
GND  CHG_4  19  53 
CHG_2  CHG_3  20  54 
GND  GND  21  55 
GND  CHH_4  22  56 
CHH_2  CHH_3  23  57 
GND  GND  24  58 
GND  GND  25  59 
GND  GND  26  60 
GND  GND  27  61 
GND  GND  28  62 
GND  GND  29  63 
GND  GND  30  64 
GND  GND  31  65 
+ 6V fused + 6V fused 32  66 
GND  GND  33  67 
- 6V fused - 6V fused 34  68 
 

 
FIGURE 31 CPCI-DART ANALOG I/O CONNECTOR P1 
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Applications Guide 

Interfacing 
Some general interfacing guidelines are presented below.  Do not hesitate to contact 
the factory if you need more assistance. 
 
ESD 
Proper ESD handling procedures must be followed when handling the cPCI-Dart.  The 
card is shipped in an anti-static, shielded bag.  The card should remain in the bag until 
ready for use.  When installing the card the installer must be properly grounded and the 
hardware should be on an anti-static work-station. 
 
Start-up 
Make sure that the "system" can see your hardware before trying to access it.  Many 
BIOS will display the PCI devices found at boot up on a "splash screen" with the 
VendorID and CardId and an interrupt level.  Look quickly!  If the information is not 
available from the BIOS then a third party PCI device cataloging tool will be helpful.  
We use PCIView. 
 
Watch the system grounds. All electrically connected equipment should have a fail-
safe common ground that is large enough to handle all current loads without affecting 
noise immunity.  Power supplies and power consuming loads should all have their own 
ground wires back to a common point.  
 
We provide the components.  You provide the system.  Only careful planning and 
practice can achieve safety and reliability.  Inputs can be damaged by static discharge, 
or by applying voltage outside of the device rated voltages. 
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Construction and Reliability 
Compact PCI Modules were conceived and engineered for rugged industrial 
environments.  The CPCI-DART is constructed out of 0.062-inch thick FR4 material. 
 
Surface-mount components are used.  The Compact PCI Module connectors are rated 
at 1 Amp per pin, 100 insertion cycles minimum.  These connectors make consistent, 
correct insertion easy and reliable. 
 
The Compact PCI Module provides a low temperature coefficient of 2.17 W/°C for 
uniform heat.  This is based upon the temperature coefficient of the base FR4 material 
of 0.31 W/m-°C, and taking into account the thickness and area of the Compact PCI 
Module.  The coefficient means that if 2.17 Watts are applied uniformly on the 
component side, then the temperature difference between the component side and 
solder side is one degree Celsius. 

Thermal Considerations 
The cPCI-Dart design consists of CMOS circuits.  The power dissipation due to internal 
circuitry is very low.  It is possible to create higher power dissipation with the externally 
connected logic.  If more than one Watt is required to be dissipated due to external 
loading, then forced-air cooling is recommended.  With the one degree differential 
temperature to the solder side of the board, external cooling is easily accomplished. 
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Warranty and Repair 
Please refer to the warranty page on our website for the current warranty offered and 
options. 
http://www.dyneng.com/warranty.html 

Service Policy 
Before returning a product for repair, verify as well as possible that the suspected uni t 
is at fault.  Then call the Customer Service Department for a RETURN MATERIAL 
AUTHORIZATION (RMA) number.  Carefully package the unit, in the original shipping 
carton if this is available, and ship prepaid and insured with the RMA number clearly 
written on the outside of the package.  Include a return address and the telephone 
number of a technical contact.  For out-of-warranty repairs, a purchase order for repair 
charges must accompany the return.  Dynamic Engineering will not be responsible for 
damages due to improper packaging of returned items.  For service on Dynamic 
Engineering Products not purchased directly from Dynamic Engineering contact your 
reseller.  Products returned to Dynamic Engineering for repair by other than the original 
customer will be treated as out-of-warranty. 
Out of Warranty Repairs 
Out of warranty repairs will be billed on a material and labor basis.    Customer 
approval will be obtained before repairing any item if the repair charges will exceed one 
half of the quantity one list price for that unit.  Return transportation and insurance will 
be billed as part of the repair and is in addition to the minimum charge. 

For Service Contact: 
Customer Service Department 
Dynamic Engineering 
150 DuBois, Suite C 
Santa Cruz, CA 95060 
(831) 457-8891  Fax (831) 457-4793 
support@dyneng.com 
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Specifications 
Host Interface: 33 MHz/32-bit PCI Mezzanine Card 
 
Access types: Configuration and Memory space utilized 
 
Clock rates supported: 33 MHz. PCI, eight-channel bi-directional independent 160 Mbit/sec data 

transfers between base-board and daughter-board 
 
Memory FIFO memory is provided to support DMA.  Sixteen 1K x 32-bit FIFOs on the 

base-board and sixteen 1K x 32-bit FIFOs on the daughter-board 
 
Base/Daughter-board Interface: Two 64-pin mezzanine connectors 
 
Software Interface: Control/Status Registers and FIFOs within the two FPGAs. 
 
Initialization: Hardware reset forces all registers to zero except as noted 
 
Access Modes: All registers on long-word boundary - Standard target accesses read and write to 

registers and memory - DMA access to memory 
 
Access Time: No wait states in DMA modes, one wait state in target access to base-board 

daughter-board accesses typically require ~0.4 microseconds for a 32-bit write 
access and slightly more for a read. 

 
Interrupt: One interrupt to the PCI bus is supported with multiple sources.  The interrupts 

are maskable and are supported with status registers. 
 
Onboard Options: All Options are Software Programmable. 
 
Dimensions: Standard Compact PCI Module 
 
Construction: FR4 Multi-Layer Printed Circuit, Surface Mount Components 
 
Power: 5V, 3.3V and ±12V from PCI bus.  Local ±6V, 2.5V, 2.5Vref, 2.5VA, 

1.25Vref, and 1.2V created with on-board power supplies 
 
User  8 position software readable switch 

One software controllable LED on the daughter-board 
2 Power LEDs on the base-board 
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Order Information 
cPCI-Dart http://www.dyneng.com/cpci_dart.html 

Standard version with one 4KB configuration FIFO on 
the base-board and two 4KB data FIFOs per channel 
on the base-board and two 4KB data FIFOs per 
channel on the daughter-board, standard cPCI-Dart 
timing and protocol. 

 
cPCI-Dart-Eng-1 Engineering Kit for the cPCI-Dart 

Board-level schematics (PDF) and Sample Daughter-
board design (VHDL) 

 
cPCI-Dart-Eng-2 Engineering Kit for the cPCI-Dart 

Board-level schematics [PDF], Sample Daughter-
board Design (VHDL), Software Drivers and Sample 
Test Application  

 
All information provided is Copyright Dynamic Engineering 


