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The fully-decoupled latch controller has a Static spread of 1 and is able to take
 advantage of the asynchronous delay element. This is achieved by allowing new
 inputs to be latched after Ackout↑. Thus, the handshaking between the input
 channel and the output channel is completely decoupled.


Despite the performance advantage of the more advanced latch controllers, an
 un-decoupled latch controller is used in the design of the FIFO. The main reason
 for this is its simplicity and the fact that performance does not have high priority
 in the project.


The design of the handshake latch is shown in figure 4.8(b). The design is a
muller pipeline handshake latch (figure 2.2(c) p. 7) extended with the extra
request signals and broad data validity. The latch is a level sensitive latch that
is transparent when enable is 0 and opaque when enable is one. The handshake
latch accepts early data validity and produces broad. A C-element is used for
each request signal, and theAckinsignal is generated by OR’ing the outputs of
the C-elements. The latch control signal is generating by OR’ing the outputs
of the C-elements with the Ackout signal to provide broad data validity. The
OR’ing with Ackout assures that the latch is kept opaque for the complete
handshake phase.
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When designing the NA the placement of the crossing between the synchronous
 and asynchronous domain is important. The number of clock synchronization in
 a design should be kept as low as possible, for two reasons: speed and reliability.


Each time a signal is passed through a synchronizer it takes two clock cycles (for
 a two-flip-flop synchronizer) and thereby decreases the speed. The possibility of
 metastability can never be removed completely, thus the possibility of failure will
 always exist. The failure rate will increase with the number of synchronizations
 performed. The only way to reduce the possibility of metastability is to increase
 the latency by adding more flip-flops in the synchronizer. Therefore the NA is
 designed so it is only necessary to perform synchronization one time per packet
 transmission.


The design of the master NA and the slave NA is shown in figure 4.9. The
following sections will present the design of the master and slave NA.


66 Asynchronous Network-on-Chip Design


OCP Master


MCmd
 MCmdAccept


MByteEn


Maddr


MData


TransmitOCP
 Unit


Async
 Transmitter


Sync
 header_flit


control_flit


addr_flit


data_flit
 req
 ack


OCP
 Receive


Unit


Async
 Receiver


Sync req


SResp ack


SData


SResp


SData


NoC


Input channel


Output channel


(a) Master NA


NoC


MCmd
 MCmdAccept


MByteEn
 Maddr
 MData


OCP
 Receive


Unit


Async
 Transmitter


Sync


header_flit
 control_flit
 addr_flit
 data_flit


req
 ack


OCP
 Transmit


Unit
 Async


Receiver


Sync
 req
 ack


SResp


SData
 header_flit


control_flit


OCP Slave


Input channel


Output channel


data_flit


read_cmd read_cmd_done header_flit


(b) Slave NA


Figure 4.9: The design of the master and slave NA.
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4.3.1 Master NA


The master NA consists of a transmitter part and a receiver part. The 
 transmit-ter part has a synchronous CI, the OCP Transmit Unit, and an asynchronous
 NI, theAsync Transmitter. Likewise the receiver part contains theOCP Receive
 Unit as CI and the Async Receiver as NI. The synchronous and asynchronous
 circuit communicates using the 4-phase bundled data handshake protocol. The
 acknowledge that is sent from the asynchronous domain into the synchronous
 domain is passed through a synchronizer as the one presented in section 2.5.4
 (p. 22).


The OCP Transmit Unit handles the communication with the OCP interface.


The OCP Transmit Unit latches the OCP command and presents it in the
 four-flit package format on its output. The OCP Transmit Unit will determine
 the route to the destination by doing a lookup in a hardcoded ROM based on
 the 4 MSBs of the destination address (not shown in the figure). When the
 packet data is ready it asserts the request signal for the Async Transmitter.


The Async Transmitter performs the serialization of the packet flits onto the
 network. When it has finished the transmission, it will finish the handshake
 with the OCP Transmit Unit and the master NA is ready for a new transaction.


A more advanced design of the route lookup could be implemented using a
 Content Addressable Memory (CAM). This will reduce the memory required to
 implement the lookup table, especially for systems with many cores.


The receiver part listens on the NI interface waiting for a packet. When a packet
 arrives the Async Receiver latches the packet and asserts the request signal for
 the OCP Receive Unit. The OCP Receive Unit will present the packet at the
 OCP interface and afterwards finish the handshake with the Async Transmitter.


The OCP Transmit Unit and OCP Receive Unit is designed as mealy type state
machines and the state diagrams is shown in figure 4.10. The STG specification
of the Async Transmitter and Async Receiver is shown in 4.11. Note that the
Async Receiver is able to receive both 3-flit packets and 4-flit packets, but only
4-flit packets are transmitted in the network. The Async Receiver must be
able to handle that a new header request is received before it has finished the
handshaking with the OCP Receive Unit.
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Figure 4.10: State diagrams for the Master NA.
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Figure 4.11: STG specifications for the asynchronous transmitter (a) and for
for the asynchronous receiver (b).
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4.3.2 Slave NA


The design of the slave NA is very similar to the design of the master NA as
 can be seen from figure 4.9. However subtle differences exists. In case of a Read
 Request packet, the slave NA must not accept new packets at its NI receive
 interface before it has transmitted the Read Response packet onto the network.


Therefore the OCP Transmit Unit must notify the OCP Receive Unit when it
 has completed the transmission. Furthermore the OCP specification requires
 that the receiver of a response is always ready since the response data is only
 valid for one clock cycle. To fulfill these requirements the OCP Receive Unit
 and the OCP Transmit unit will in case of a Read Request perform a handshake
 using theread cmd andread cmd done signals. Also the return path data from
 the Read Request is sent to the OCP Transmit Unit.


The state diagrams for the OCP Transmit Unit and the OCP Receive Unit is
shown in figure 4.12 and in figure 4.13 respectively. The Async Transmitter and
Async Receiver circuits are identical with the circuits used in the master NA.
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Figure 4.12: State diagrams for OCP Transmit Unit in the Slave NA.
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