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Transmission gates

Gate Descrição

not N-output inverter.
buf N-output buffer.
bufif0 Tri-state buffer, Low en.
bufif1 Tri-state buffer, High en.
notif0 Tri-state inverter, Low en.
notif1 Tri-state inverter, High en.

2



Buffer tristate

December 31, 2012 09:13 vra80547_ch07 Sheet number 3 Page number 423 magenta black

7.1 Bus Structure 423

(b) Equivalent circuit (c) Truth table

w f

e

(a) Symbol

0
0
1
1

0
1
0
1

Z
Z
0
1

fe ww f

e = 0

e = 1
w f

Figure 7.1 Tri-state driver.

Consider a system that contains k n-bit registers, R1 to Rk. Figure 7.2 shows how these
registers can be connected using tri-state drivers to implement the bus structure. The data
outputs of each register are connected to tri-state drivers. When selected by their enable
signals, the drivers place the contents of the corresponding register onto the bus wires. We
showed in Figure 5.56 how an enable input can be added to a register. If the enable input
is set to 1, then the contents of the register will be changed on the next active edge of the
clock. In Figure 7.2 the enable input on each register is labeled L, which stands for load.
The signal that controls the load input for a register Rj is denoted as Rjin, while the signal
that controls the associated tri-state driver is called Rjout . These signals are generated by a
control circuit.

In addition to registers, in a real system other types of circuit blocks would be connected
to the bus. The figure shows how n bits of data from an external source can be placed on
the bus, using the control input Extern.

It is essential to ensure that only one circuit block attempts to place data onto the
bus wires at any given time. The control circuit must ensure that only one of the tri-state
driver enable signals, R1out, . . . , Rkout , is asserted at a given time. The control circuit also
produces the signals R1in, . . . , Rkin, which determine when data is loaded into each register.
In general, the control circuit could perform a number of functions, such as transferring the
data stored in one register into another register and controlling the processing of data in
various functional units of the system. Figure 7.2 shows an input signal named Function that
instructs the control circuit to perform a particular task. The control circuit is synchronized
by a clock input, which is the same clock signal that controls the k registers.

Figure 7.3 provides a more detailed view of how the registers from Figure 7.2 can be
connected to a bus. To keep the picture simple, 2 two-bit registers are shown, but the same
scheme can be used for larger registers. For register R1, two tri-state drivers enabled by
R1out are used to connect each flip-flop output to a wire in the bus. The D input on each
flip-flop is connected to a 2-to-1 multiplexer, whose select input is controlled by R1in. If
R1in = 0, the flip-flops are loaded from their Q outputs; hence the stored data does not
change. But if R1in = 1, data is loaded into the flip-flops from the bus.

The system in Figure 7.2 can be used in many different ways, depending on the design
of the control circuit and on how many registers and other circuit blocks are connected to
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Figure 7.2 A digital system with k registers.

the bus. As a simple example, consider a system that has three registers, R1, R2, and R3.
We will specify a control circuit that performs a single function—it swaps the contents of
registers R1 and R2, using R3 for temporary storage.

The required swapping is done in three steps, each needing one clock cycle. In the first
step the contents of R2 are transferred into R3. Then the contents of R1 are transferred into
R2. Finally, the contents of R3, which are the original contents of R2, are transferred into
R1. We have already designed the control circuit for this task in Example 6.1, in the form
of a finite state machine.

Note that we say that the contents of one register, Ri, are “transferred” into another
register, Rj. This jargon is commonly used to indicate that the new contents of Rj will be
a copy of the contents of Ri. The contents of Ri are not changed as a result of the transfer.
Therefore, it would be more precise to say that the contents of Ri are “copied” into Rj.

7.1.2 Using Multiplexers to Implement a Bus

In Figure 7.2 we used tri-state drivers to control access to the bus. An alternative approach
is to use multiplexers, as depicted in Figure 7.4. The outputs of each register are connected
to a multiplexer. This multiplexer’s output is connected to the inputs of the registers, thus
realizing the bus. The multiplexer select inputs determine which register’s contents appear
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