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11.2 Binary Decoders

“Decodes” a control word, by activating one output line
while the other lines are not affected.

Active-High Decoder - sets a 1 on the selected line while
other lines remain at 0

Active-Low Decoder - 0 on the selected line, 1 on the others

Hi
Active %&h Easily implemented with NOR-gates:
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11.5 Shift and Rotation Operations

Constant shifts are trivial in hardware, requiring only wires.

Variable shifters take an N-bit input, a shift amount 4, and
control signals indicating shift type and direction.

In this class we will consider two of the three common types
of variable shifts (bonus knowledge: the third is called an
arithmetic shift, and is more complicated in that it preserves
the sign of the two’s-complement input in a right shift, to avoid
specific errors in rounding when using shifts as a divide by 2"
operation. The details are beyond the scope of this course)

1. Rotate: Rotate numbers in a circle such that empty
spaces are fille bits shifted off the other end.
Example: 1101 ROR1= || O
1101R0L1= /o1
2. Logical Shift: Shift the number to the left or right, and
fill the empty spaces with zeros.
Example: 1104 LSR1= 0[O
A %9_1 ISL1=/010

How to connect inputs to correct outputs?
Consider N N-input multiplexers:
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Multiplexors with more than 4-8 inputs become very slow.

Could also consider N switches connecting inputs to output
lines, with the control bits ROR0:3 generated by a binary

decoder:
ecoder oz Cop | oo Pors

AU_J:LT,_l L,-JJ'T'“ éz*j%_ 145,1131
1] 1,

This design could also use TGs, which, especially in modern
processes will give much better performance at the cost of
more complicated interconnect routing.
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The n-FET example above is a bit-slice of what your book
shows in Figures 11.25 and 11.26. These shifters can only
shift right OR left, and the book suggests you use BOTH in
your design, and multiplex the outputs with a left/right
control bit.

For our Final Design Project, nFET designs similar to those
in your book are perfectly acceptable implementations.
Other barrel shifter types (TG, or MUXs like will be covered
below) will be faster, but much more work. When choosing
your Final Design Project Shifter design, consider carefully
the extra work you may be adding on to the project if you
choose a more complex layout.



Before moving forward, let’s discuss something (not covered
in your book. ) Two types of shifters: array shifters and
logarithmic shifters

1. array shifter: N N-input MUXs or switches select the
correct input for each output from each of the possible
inputs.

2. logarithmic shlfter instead of using N N-input MUXs,
(for bit widths larger than 4-8 have very large parasitic
capacitance) we can instead construct the shifter from
log, N levels of v-input MUXs. A= 2
Example: 4-input shifter that produces the ROR logic
from the previous example
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Logarithmic Barrel Shifter that rotates left or right:
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