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Application Note

Implementing Three-State and Bidirectional
Buses with Multiplexers in Actel FPGAS

Three-state logic is used in conventional MSI logic devices to
allow buses where multiple drivers are directly connected to
one or more loads. Figure 1 shows a typical bus configuration
with TTL three-state bus drivers and registers. Each driving
device has a control input that places all outputs in a high
impedance state when asserted. (For the register, the control
pin is OC; for the bus driver, there are two control pins, 1G
and 2G). To prevent data collisions, only one driver can be
active at a time; the other drivers must be in a high
impedance state. The four NAND gates perform a logic
decoding function to ensure that only one driver is active at a
time. If the first bus driver is selected to be active via SELA
and SELB, then the data bits WO to W7 will drive the bus
(BUSO to BUSY). Similarly, the other data bits will be
selected when the respective register is active. The loads on
the bus are not shown in Figure 1.

To make effective use of routing resources for many different
applications, the Actel FPGA implements internal multiple
drivers on a net with multiplexers instead of three-state logic.
Figure 2 depicts the Actel implementation of the three-state
bus discussed above. In this case, a 4-to-1 multiplexer is used
for each bit of the bus to redirect the desired signal from one
of four sources (W, X, Y, or Z). In addition to replacing the
three-state nature of the MSI devices, the multiplexer
eliminates the need for the LS241 bus drivers (inputs W and
X). The desired source is selected by the two multiplexer
select lines, which eliminate the need for the decoding logic
used in the MSI implementation. For greater than four
sources, the MX8 8-to-1 multiplexer can be used in a similar
fashion.
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Figure 1 = Three-State Bus Implementation with MSI Logic
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Figure 2 = Three-State Bus with Actel FPGA Using Multiplexers
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Implementing Three-State and Bidirectional Buses with Multiplexers in Actel FPGAs

Bidirectional signals can also be replaced readily with
multiplexers in the Actel architecture. Figure 3 shows the
conversion of a popular transceiver to a 2-to-1 multiplexer.

Figure4 illustrates the conversion to the multiplexer
implementation of three bidirectional transceivers driving a
bus.

The multiplexer circuit assumes that A’s driver also drives
any inputs on the A sub-bus, B drives B’s inputs, and so on.

Two additional sub-buses can be made available by
controlling the select lines accordingly.

If the bidirectional element is located at the FPGA pad, the
BIBUF macro can be used directly. Figure 5 shows a simple
circuit using the LS245 transceiver with flip-flops driving and
leading the bus. Figure 6 shows the Actel implementation of
the BIBUF macro and the DFM multiplexed flip-flop. Note
that when enable is low, the pad drives the B flip-flop and
that when enable is high, A drives both the PAD
and B.
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Figure 3 = Transceiver Conversion to a 2-to-1 Multiplexer
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Figure 4 = Three-Bit Transceiver Conversion
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Figure 6 = Bidirectional Bus with BIBUF Macro
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