
UDK3 Transfer Protocol

The  CESYS  Unified  Development  Kit  3  offers
communication channels between a host PC and IP cores
in FPGAs of CESYS boards and modules. Different kinds
of physical channels are supported. At the time of writing
in  February  2014,  USB  3.0  is  available  -  Ethernet  is
planned.

The API function calls for reading from and writing to IP
cores  are  address  based.  Most  target  designs  are  also
address   based  (Typically  Wishbone  or  AXI4)  but  the
channels between the PC and the target design are serial
data streams.

The UDK3 transfer protocol describes a data structure to
convert address based accesses into stream data and vice
versa. 

It is also possible to embed multiple streams together with
address based accesses in the UDK3 transfer protocol. In
this  case,  the  streams   are  treated  as  address  based
transactions with a fixed address (no auto-increment) and
bursting enabled.
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Data path architecture

Data path architecture
UDK3 Data path architecture is similar for all supported physical interfaces. The API 
functions, methods and classes are the same for different FPGA boards and Host 
Operating systems. Interchangeable  APIs for different programming languages are 
available. 
The supported languages are C, C++, .NET,
Java and Python.

In the users FPGA design, API calls of the
users application manifest as read and write
bus-cycles. Everything between the API call
and the bus-cycle is handled by the UDK3.
Although it does not hinder, users are not
forced to have knowledge about the details of
the data channel (i.e. USB 3.0  or Ethernet) to
use the UDK3 in their projects.
 
The UDK3 transfer protocol has support for
burst mode and  constant-address. Bursting
raises  the effective data transfer rate, mainly
when accessing external memory through
burst-capable memory controllers. In AXI4-
based SoC designs, bursting is very common
and supported by most Xilinx IPs. Constant
address, however, is something that would map
best to a AXI4STREAM interface.
Not all reference designs make use of all
available features. The reference design for the
Wishbone bus (efm02_soc) implements
constant address but not bursting. It is still able
to keep up with the USB 3.0 data rates. The
upcoming AXI4 reference design (in
development) will support bursting, but initially
not constant address.
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Data path architecture

 

Data Structure
The following description of the data structure is for information only. It is used internally
to serialize the address-based transfers. It can be treated as a black box when using the
UDK3 in own designs. The data structure of the Cesys UDK3 is similar to the structure 
of the previous UDK but the block length was increased from 1k to 8k for USB 3.0  
devices and  for USB 3.0 devices that fell down to USB 2.0 because the host adapter 
does not support USB 3.0.

On response to an API call, the Host sends:

Then Host or Device sends (depending on transfer direction bit):

CMD and SIZE
bit 31: transfer direction.  

1 = H2P (Host to Peripheral)    
0 = P2H (Peripheral to Host)

bit 30: address mode
1 = auto increment address (API default).
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Data Structure

0 = constant address.
bit 29: burst 

1 = enable bursting.
0 = do not burst.

bit 28..24: unused
must be zero

bit 23 ... 0: payload size in words

ADDRESS:
bit 31.. 0: Bus start address of the transfer.

DUMMY:
dummy words to fill the block. Only complete blocks are transferred, no short
packages implemented.

Data:
contains the payload. The transferred amount of data is always a multiple of the 
block size - which is 8kBytes when using USB. 
Unused buffer space after the payload data is filled with dummy data.

User designs
Users who like to discard the CESYS bus adapters (FPGA IP + bus interface) and write 
their own logic to encode and decode the data stream must be aware that the 
specifications of the UDK3 transfer protocol will be modified and extended without prior 
notice. Some, but not all proposals to expand the protocol are:
Instead of aligning data to buffer limits, data might immediately follow the header. The 
header structure might change significantly when new features are added (video-
stream, multi-camera support). A additional set of much smaller buffers with their own 
endpoints might be added to implement low-latency register access while high data-rate
streaming takes place in parallel. When new versions of the UDK3 become available,  
user designs must be adopted to make them usable.
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Copyright Notice

Copyright Notice

This file contains confidential and proprietary information of Cesys GmbH and is protected under 
international copyright and other intellectual property laws.

Disclaimer

This disclaimer is not a license and does not grant any rights to the materials distributed herewith. 
Except as otherwise provided in a valid license issued to  you by Cesys, and to the maximum extent 
permitted by applicable law:

(1) THESE MATERIALS ARE MADE AVAILABLE "AS IS" AND WITH ALL FAULTS, AND CESYS 
HEREBY DISCLAIMS ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR 
STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF MERCHANTABILITY, NON-
INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE;

and 

(2) Cesys shall not be liable (whether in contract or tort, including negligence, or under any other 
theory of liability) for any loss or damage of any kind or nature related to, arising under or in 
connection with these materials, including for any direct, or any indirect, special, incidental, or 
consequential loss or damage (including loss of data,  profits, goodwill, or any type of loss or 
damage suffered as a result of any action brought by a third party) even if such damage or loss was 
reasonably foreseeable or Cesys had been advised of the possibility of the same.

CRITICAL APPLICATIONS

CESYS products are not designed or intended to be fail-safe, or for use in any application requiring 
fail-safe performance, such as life-support or safety devices or systems, Class III medical devices, 
nuclear facilities, applications related to the deployment of airbags, or any other applications that 
could lead to death, personal injury, or severe property or environmental damage (individually and 
collectively, "Critical Applications"). Customer assumes the sole risk and liability of any use of Cesys 
products in Critical Applications, subject only to applicable laws and regulations governing limitations
on product liability. 

THIS COPYRIGHT NOTICE AND DISCLAIMER MUST BE RETAINED AS PART OF THIS FILE AT 
ALL TIMES.

CESYS Gesellschaft für angewandte Mikroelektronik mbH
Zeppelinstrasse 6a
D - 91074 Herzogenaurach
Germany
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Revision history

Revision history

v1.0 February, 19 2014 Initial release (mk).
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