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[57] ABSTRACT

I A circuit for rotating a multibit binary word in either
the right or the left direction includes a scale factor
decoder receiving a scale factor word which specifies
the magnitude of the rotation and a direction control
signal which specifies the direction of rotation and pro-
viding a shift control word which is the same as the
scale factor word when a right rotation is specified but
providing a shift control word which is the complement
of the scale factor word when a left rotation is specified.
The circuit also includes a plurality of input buffers
receiving an input word and providing corresponding
input data, and a one-bit rotator receiving the input data
and the direction control signal and rotating the input
data in the right direction by one position when a left
rotation is specified or providing the input data without
rotation when a right rotation 1s spectfied. In addition,
the circuit includes a network receiving data from the
one-bit rotator and the shaft control word and rotating
the data from the one-bit rotator in only the right direc-
tion by a mangitude specified by the shift control word.
Furthermore, the circuit includes a plurality of output
buffers receiving the data from the network and provid-
ing an output word.)A daia shift/rotate circuit is de-
signed to have the capability of either shifting or rotating
data by a number of bit positions prescribed by an input
word. The shifting vs. rotating is selected by a binary digital
rotate control signal (ROT). The shifting or rotating can be
either to the right or to the left, depending upon a binary
digital direction control signal (L/R).

9 Claims, 7 Drawing Sheets
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DATA SHIFTING AND ROTATING APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a continuation of application Ser. No.
761,401, filed on Aug. 1, 1985 now abandoned, which was
a reissue application on U.S. Pat. No. 4,396,994, issued
Dec. 31, 1980. |

BACKGROUND OF THE INVENTION

This invention relates to apparatus for shifting or
rotating digital information and more particularly to a
flow-through type shift/rotate circuit.

It is well known in the data processing art to provide
data processing systems with means for shifting or ro-
tating (circular shifting) multibit binary data. Shifting of
data is typically required in performing certain arithme-
tic operations such as multiplication or division, while
rotation of data is typically used in data field manipula-
tion operations such as field extraction or insertion.

Prior art shift/rotate apparatus are generally of.two
types, namely the flow-through type which noffally
permits a shift operation or a rotate operation to be
performed within a single time period of the processing
unit and the shift register type in which the number of
time periods of the processing unit required to complete
a shift or a rotate operation depends on the number of
positions shifted or rotated. In general, high operating
speed is desirable in data processing systems. Therefore,
the flow-through type shift/rotate apparatus which has
a shorter execution time is preferred over the shift regis-
ter type in high performance data processing systems.

It is believed that formerly, flow-through type shift-
/rotate apparatus have not been used in data processing
systems fabricated on a single integrated circuit chip,
i.e., microprocessor and microcomputers, primarily
because the chip area limitations of the integrated cir-
cuit technologies used did not permit practical imple-
mentation of the highly complex prior art flow-through
shift/rotate circuits. Thus, the chip area limitations
dictated the use of the far simpler shift register type of
shift/rotate circuit. Moreover, microprocessors and
microcomputers have heretofore been designed primar-
ily for relatively low performance applications. There-
fore, the execution time of the shift register type of
shift/rotate apparatus has been adequate for such appli-
cations.

Recent advances in integrated circuit technology in
the area known as very large scale integration (VLSI)
have made it possible to design microprocessors and
microcomputer chips having a much greater number of
components and capable of much higher performance.
As such, the use of flow-through type shift/rotate cir-
cuit in such chips is now both desirable and practical.
However, the chip area occupied by the shift/rotate
circuit still has an important effect on the cost of the
microprocessor or microcomputer in which it is used.
In this respect, the prior art flow-through shift-rotate
circuits are deficient in that they require a relatively
large chip area for their implementation. Therefore, a
need clearly exists for a flow-through type shift/rotate
circuit which occupies a relatively small chip area when
implemented in an integrated circuit.
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Some prior art flow-through type shift/rotate circuits
perform bidirectional (i.e., either right or left) shift or
rotate operations using only a unidirectional shifter/-
rotator. A shift or a rotate operation in the opposite
direction to that provided by the unidirectional shifter/-
rotator is performed by first reflecting (reversing the
order of the bits) the data before passage through the
shifter/rotator and reflecting the data again after pas-
sage through the shifter/rotator. Therefore, such prior
art circuits require additional circuitry for performing
the reflections on the data. One such prior art circuit
uses a single data reflection circuit coupled to receive
data from the unidirectional shifter/rotator and per-
forms the shift or rotate operation in the opposite direc-
tion to that provided by the unidirectional shifter/rota-
tor by making the data pass twice through both the
shifter/rotator and the reflection circuit. From the
standpoint of chip area, using a unidirectional shifter/-
rotator is advantageous because it occupies less chip
area than a bidirectional shifter/rotator. However, In
the case of the prior art circuits, the chip area savings
derived from using a unidirectional shifter/rotator is
more than cancelled by the addition of data reflection
circuitry. Moreover, where the prior art circuit requires
a double passage of the data, the execution time for a
shift or rotate operation is also increased.

In another prior art flow-through type shift/rotate
circuit, a bidirectional rotate circuit is combined with a
vector mask generator and an appropriate gating net-
work to provide a bidirectional shift/rotate circuit. For
rotate operations, the mask generator is not used. How-
ever, for shift operations the output of the mask genera-
tor controls the gating network to provide masking of
the circularly shifted bits of the data. This latter circuit
configuration is advantageous in that it can be adapted
to provide both the arithmetic shift operation as well as
the logical shift operation. However, prior art bidirec-
tional rotate circuits require a relatively large chip area
for their implementation, although the mask generator
may be implemented in a relatively small chip area.
Therefore, a bidirectional rotate circuit occupying a
small chip to be used in conjunction with a mask gener-
ator would be desirable. In particular it would be desir-
able to have a flow-through type circuit which provides
bidirectional rotation of data using a unidirectional shii-
ter/rotator but which requires neither reflection of the
data nor multiple passes of the data through the circuit.

SUMMARY OF THE INVENTION

Accordingly, the present invention is a flow-through
type rotate circuit suitable for microprocessor and mi-
crocomputer applications. The circuit performs the
rotation operation on a multibit binary word 1in either a
first or a second direction using a unidirectional shaf-
ter/rotator but without the head for performung any
reflections on the binary word. To this end, the circuit
includes control means adapted to receive a plurality of
scale factor signals and a direction control signal indi-
cating a rotating in the second direction. The control
means responsive to the scale factor signals and the
direction control signal provides a plurality of shift
control signals which are respectively the complement
of the scale factor signals and provides a plurality of
shift control signals which are respectively the same as
the scale factor signals when the directional control
signal is absent. Also included are input means adapted
to receive an N-bit input word and for providing N-bit
input data, and one-bit rotate means adapted to receive
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the input data and the direction control signal and being
responsive to the direction control signal for rotating
the input data by one position in the first direction but
providing the input data without rotation when the
direction control signal is absent. In addition the circuit
includes unidirectional shift/rotate means adapted to
receive the data from the one-bit rotate means and the
plurality of shift control signals and being responsive to
the signal control signals for rotating the data from the
one-bit rotate means in the first direction by a magni-
tude (number of positions) specified by shift control
signals. Furthermore, the circuit includes output means
adapted to receive data from the unidirectional shift/ro-
tate means and providing an N-bit output word which s
the input word rotated according to the scale factor and
the direction control signals. In the preferred embodi-
ment of the present invention, the unidirectional shift-
/rotate means is also adapted to receive a rotate control
signal and is responsive to the rotate control signal for
rotating the data from the one-bit rotate means in the
manner described above. However, when the rotate
control signal is absent, the shift/rotate means shifts
rather than rotates the data from the one-bit rotate mean
in the first direction by the magnitude specified by the
shift control signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a circuit for performing
bidirectional rotation or right shifting on a 32-bit binary
word according to one embodiment of the present in-
vention:

FIG. 2 is a logic digram of the scale factor decoder
used tn the circuit of FIG. 1;

FIGS. 3, 4, and § form a schematic diagram of the
circuit of FIG. 1 but without the scale factor decoder;

FIG. 6 illustrates the relative positions of FIGS. 3, 4,
and S:

FIG. 71s a truth table illustrating a right rotate opera-
t10on,;

FIG. 8 is a truth table tllustrating a left rotate opera-
tion; and

F1G. 9 is a truth table tllustrating a right shift opera-
tion.

DETAILED DESCRIPTION

FIG. 1 shows in block diagram form a circuit 1000 for
rotating a 32-bit word by any number of positions up to
thirty-one positions in either the right or the left direc-
tion or for shifting the 32-bit word by any number posi-
tions up to thirty-one positions in only the right direc-
tion. A scale factor decoder 1001 receives a five-bit
scale factor word S0,51,52,583,54 and a direction con-
trol signal L/R and provides a five-bit shift control
word 20,21,22 23 24, The scale factor word is a binary
number specifying the magnitude (number of positions)
of a rotation or a shift operation. The L/R signal 1s used
for selected the direction of rotation, a logic “0” level
signifying a right rotation and a logic *“1” level signify-
ing a left rotation. The scale factor decoder 1001 pro-
vides a shift control word which is the same as the scale
factor word when the L/R signal 1s a logic 0"’ level but
provides a shift control word which is the complement
of the scale factor word when the LL/R signal 1s a logic
“1” level.

A 32-bit input word having bits A0 through A31 s
received by thirty-two strobed input inverters 1002
through 1033. For simplicity not all the input inverters
are shown in FIG. 1. Each input inverter receives a
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4

respective bit of the input word and a STROBE signal
and provides the complement of the respective input
word bit when the STROBE signal is a logic **1” level.
The output of each input inverter floats when the
STROBE signal is a logic “0” level.

The complemented input word provided by the input
inverters 1002 through 1033 is received as input data by
a one-bit rotator 1034 which also receives the L/R
signal. The one-bit rotator rotates the input data by one
position to the right when the L/R signal 1s a logic “1”

level and provides the input data without rotation
when the L/R signal is a logic “0” level.

The data provided by the one-bit rotator 1034 is re-
ceived by a unidirectional shifter/rotator 1035 which
also receives the shift control word 24,23,22,21,20 and a
ROT signal used for selecting either a rotate or a shaft
operation. Data received by the shifter/rotator is
shifted in the right direction when the ROT signal is a
logic ‘“0” level or is rotated in the right direction when
the ROT signal 1s a logic “1” level. The magnitude of a
shift or a rotation performed by the shifter/rotator is
specified by the shift control word which is a binary
number equal to the number of positions of the shift or
rotation.

The shifter/rotator 1035 comprises five levels identi-
fied by reference numerals 1036 through 1040. The
levels are interconnected in an arrangement in which a
first level 1035 receives data from the one-bit rotator
and provides data to its immediately succeeding level
1037; a last level 1040 receives data from its immed:i-
ately preceding level 1039 and provides output data;
and each of the other levels 1037, 1038, and 1039 re-
ceives data from its immediately preceding level and
provides data to its immediately succeeding level. In
addition to data from an immediately preceding level,
each level also receives a respective bit of the shift
control word 20,21,22,23, or 24 and the ROT signal, both
of which control the operation performed by the level.
When the ROT signal is a logic ‘0 level, each level of
the shifter/rotator performs a right shift of a respective
predetermined magnitude if the respective shift control
word bit is at a logic “1” level or performs no shift (or
rotation) if the respective shift control word bit is at a
logic “0” level. When ROT signal 1s a logic “1” level,
each level performs a right rotation of the respective
predetermined magnitude if the respective shift control
word bit is at a logic “1” level or performs no rotation
(or shift) if the respective shift control bit is at a logic
“0" level.

The levels 1036 through 1040 are ranked from O
through 4, respectively. The predetermined magnitude
of the shift or rotation performed by each level is equal
to two raised to the power of the rank of the level.
Therefore, the predetermined magnitudes of the shift or
rotation performed by the levels 1036 through 1040 are
1, 2, 4, 8, and 16 respectively. The levels of the shifter/-
rotator need not be arranged according to their ranks.
The sum of the magnitudes of the shifts or rotations
performed by the individual levels 1036 through 1040 of
the shifter/rotator is equal to the the total magnitude of
shift or rotation specified by the shift control word.

The output data from the last level 1040 passes
through a precharge network 1041 to thirty-two output
inverters 1042 through 1073 which complement the
output data to form a 32-bit output word having bits BO
through B31. For simplicity of the drawing, not all the
output inverters are shown.
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The precharge network 1041 receives a PRE-
CHARGE signal, and when the PRECHARGE signal
is a logic “0” level, the precharge network forces all the
data lines in the shifter/rotator and the one-bit rotator
to a logic “1” level. In normal operation a logic “0”
level PRECHARGE signal is applied only during the
intervals when the STROBE signal is a logic “0” level,
the PRECHARGE signal being set to a logic “0” level
before a logic *‘1” level STROBE signal is applied.
Therefore, the precharge network is normally activated
only during the intervals when no data is being passed
through the circuit, and the data lines of the circuit are
released from the precharge voltage before an input
word is strobed into the circuit.

10

The right rotate operation performed by the circuit of 15

FIG. 1is illustrated by the truth table of FIG. 7. A nght
rotate operation occurs when the L/R signal 1s set to a
logic ‘0 level and the ROT signal is set to a logic “1”
level. The number of positions rotated is controlled by
the scale factor word $4,53,52,81,50. In the truth table,
the input work is represented by bits A0 through A3l,
and the output work is represented by bits B0 through
B31. Those bits of the input word which are shifted off
the right end reappear in the vacated bit positions on the
left end.

The left rotate operation performed by the circuit of
FIG. 1 is illustrated by the truth table of FIG. 8. A left
rotate operation occurs when both the L/R and ROT
signals are set to a logic *“1” level. The number of posi-
tions rotated is controlled by the scale factor word
$4,53,52,51,S0. Those bits of the input word which are
shifted off the left end reappear in the vacated bit posi-
tions on the right end.

The right shift operation performed by the circuit of
FIG. 1is illustrated by the truth table of FIG. 9. A right
shift operation occurs when the L/R and ROT signals
are both set to a logic “0” level. The number of posi-
tions shifted is controlled by the scale factor word
54,583,52,51,50. As the input word is shifted to the
right, each bit position vacated on the left is replaced by
a “0”,

The circuit of FIG. 1 provides a rotation in either the
right or left direction using a shifter/rotator 1035 which
provides rotation in only the right direction. A left
rotation is achieved by means of the one-bit rotator
which provides an additional position of right rotation
when the L/R signal is at a logic ‘1" level and the scale
factor decoder which provides the complement of the
scale factor word when the L/R signal is at a logic 1"
level. Thus when the L./R signal is a logic “1” level, the
input word is rotated to the right by a magnitude equal
to the complement of the scale factor word plus one
additional position. Such a right rotation is equivalent to
a left rotation of the input word by a magnitude equal to

the scale factor word.
It is contemplated that the circuit of FIG. 1 will be

used in conjunction with a mask generator and an ap-
propriate gating network to provide bidirectional shift-
ing as well as bidirectional rotation. In such an applica-
tion a shifting operation is performed by combining
rotation and masking operations. Therefore, a rotate
circuit to be used in conjunction with a mask generator
need not also perform any shifting operations. How-
ever, as will be explained below, a unidirectional shif-
ter/rotator according to the present invention may be
designed to also perform unidirectional shifting opera-
tions without significantly increasing circuit complex-
ity. Using a shifter/rotator of such a design, masking is
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not required for a shift operation in one direction, thus
allowing certain simplifications in the mask generator
circuit.

The preferred embodiment of the scale factor de-
coder used in the circuit of FIG. 1 is illustrated in FIG.

2. Reference characters used to refer to components of
the circuit of FIG. 1 are also being used to refer to
corresponding components in FIG. 2. The scale factor
decoder 1001 has five two-input EXCLUSIVE OR
gates 2001 through 2005 each one receiving a respective
bit of the scale factor word and the L/R signal
$0,51,52,53,S4 and providing a respective bit of the
shift control word. The design of such two-input EX-
CLUSIVE OR gates in the various integrated circuit
technologies is well known to one skilled in the art.

FIGS. 3, 4, and 5 arranged according to F1G. 6 form
a schematic diagram of the circuit of FIG. 1 but without
the scale factor decoder. Reference characters used to
refer to components of the circuit of F1G. 1 are also
being used to refer to corresponding components In
FIGS. 3, 4, and 5. For simplicity certain components of
the circuit which are repetitive and not essential to the
description of the circuit have been omitted from FIGS.
3, 4, and §.

The circuit is implemented in complementary metal-
oxide-semiconductor (CMOS) technology and operates
between a positive VDD supply voltage and ground
potential. A signal level which is substantially VDD
represents the logic ““1” state for the circuit while a
signal level which is substantially ground potential rep-
resents a logic “0” state for the circuit.

Referring now to FIG. 3, there is shown a schematic
diagram of the thirty-two strobed input inverters 1002
through 1033 and of the one-bit rotator 1034. Each of
the input inverters comprises a pair of n-channel transi-
tors T1 and T2 having their conduction channels con-
nected in series between ground and a respective one of
thirty-two input conductors 10 through 131 (not all are
shown) of the one-bit rotator. The conduction channel
of an insulated-gate field-effect transistor (IGFET) is
the region lying between the source and drain elec-
trodes of the transistor. Since IGFETSs are in general
bilateral devices, the distinction between the source and
drain electrodes is not important for purposes of circuit
description. As is well known, the current flowing
through the conduction channel of an IGFET is con-
trolled by the voltage applied to the gate electrode of
the IGFET and can be varied from a relatively high
value when the IGFET is driven into the ON state to a
vanishingly small value when the IGFET is driven into
the OFF state. The absolute value of the current flow-
ing through the conduction channel of an IGFET in the
ON state depends, among other parameters, on the
width to length ratio of the channel region and the
voltage applied to the gate electrode.

In each input inverter, the gate electrode of T1 1s
connected to receive a respective bit of the input word

- A0 through A31, and the gate electrode of T2 is con-

65

nected to receive the STROBE signal. When the
STROBE signal is a logic “0” level, T1 and T2 1n each
input inverter are both in the OFF state, and each of the
input conductors 10 through 131 of the one-bit rotator 1s
isolated from ground. As mentioned above, during
those intervals when the STROBE signal 1s at a logic
“0” level, the input conductors of the one-bit rotator are
all precharged to a logic **1” level by the precharge
network. However, the input conductors are all re-
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leased from the precharge voltage before a logic
level STROBE signal is applied.

When the STROBE signal goes to a logic “1” level,
transistors T1 and T2 in those input inverters receiving
logic “1” bits of the input word are driven to the ON
state while transistors T1 and T2 in those input inverters
receiving logic ‘0" bits of the input word remain in the
OFF state. Consequently, those input conductors con-
nected to input inverters receiving logic “1” bits are
pulled to a logic “0” level (i.e., ground potential) while
the other input conductors which are connected to
input inverters receiving logic “0” bits remain at a logic
“1" level (i.e., the precharge voltage). Therefore, the
input data received by the one-bit rotator is the comple-
ment of the input word.

In addition to having thirty-two input conductors 10
through 131 representing thirty-two bit positions, the
one-bit rotator 1034 also has thirty-two output conduc-
tors O0 through O31 (not all are shown) also represent-
ing the thirty-two bit positions. The bit positions are
consecutively numbered along the left direction. Each
input conductor is coupled through the conduction
channel of a respective one of a first group of thirty-two
n-channel transistors. T100 through T131 (not all are
shown) to a corresponding output conductor represent-
ing a like bit position. The gate electrodes of transistors
T100 through T131 are all connected to a conductor
3003 carrying the complement of the L/R signal gener-
ated by a CMOS inverter 3002 which receives the L/R
signal. Each input conductor except the right-most one
10 is also coupled through the conduction channel of a
respective one of a second group of thirty-two n-chan-
nel transistors T200 through T231 (not all are shown) to
an output conductor representing a bit position dis-
placed one position to the right of that represented by
the input conductor. The right-most input conductor 10
is coupled to the left-most output conductor 031
through the conduction channel of transistor T200. The
gate electrodes of transistors T200 through T231 are all
connected to a condutor 3001 carrying the L/R signal.

When the L/R signal is a logic “0” level, transistors
T200 through T231 which receive a logic “0” level at
their gate electrodes are all in the OFF state while
transistors T100 through T131 which receives a logic
“0" level at their gate electrodes provided by the in-
verter 3002 are all permitted to go to the ON state.
Under these conditions the data signal on each of the
input conductors except the right-most one 10 1s trans-
ferred to an output conductor representing a like bit
poSItion.

When the L/R signal is a logic “1” level, transistors
T100 through T131 which receive a logic *'0” level at
their gate electrodes provided by the inverter 3002 are
all in the OFF state while transistors T200 through
T231 which receive a logic *“1" level at their gate elec-
trodes are all permitted to go to the ON state. Under
these conditions the data signal on each of the input
conductors except the right-most one I0 is transferred
to an output conductor representing a bit position dis-
placed one position to the right of that represented by
the input conductor. The data signal on the right-most
input conductor 10 is transferred to left-most output
conductor O31 which represents a bit position circu-
larly displaced one position to the right of that repre-
sented by input conductor 10.

Referring now to FIG. 4, there is shown a schematic
diagram of levels 1036 and 1037 of the shifer/rotator.
Level 1036 which is designed to shift or rotate data
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received from the one-bit rotator by one position to the
right has thirty-two input conductors 1100 through 1131
(not all are shown) representing thirty-two bit positions
and thirty-two output conductors O100 through O131
(not all are shown) also representing the thirty-two bit
positions. The input conductors of level 1036 are each
connected to an output conductor of the one-bit rotator
(see FIG. 3) representing a like bit position. Each input
conductor of level 1036 is coupled through the conduc-
tion channel of a respective one of a third group of
n-channel transistors T300 through T331 (not all are
shown) to a corresponding output conductor of level
1036 representing a like bit position. The gate electrodes
of the transistors T300 through T331 are all connected
to a conductor 4003 carrying the complement of the 2°
signal generated by a CMOS inverter 4002 which re-
ceives the 20signal. Each input conductor of level 1036
except the right-most one 1100 is also coupled through
the conduction channel of a respective one of a fourth
group of n-channel transistors T401 through T431 (not
all are shown) to an output conductor representing a bit
position displaced one position to the right of that repre-
sented by the input conductor. The gate electrodes of
the transistors T401 through T431 are all connected to
a conductor 4001 carrying the 20signal. The right-most
input conductor 1100 is coupled to the left-most output
conductor 0131 through the conduction channel of an
n-channel transistor T400 forming a fifth group whose
gate electrode is connected to a conductor 4004 carry-
ing the ROT signal.

When both the 20 and ROT signals are each a logic
“0” level, transistors T401 through T431 and T400 are
all in the OFF state while transistors T300 through
T331 are all permitted to go to the ON state. Under
these conditions the data signal on each of the input
conductors of level 1036 is transferred to a correspond-
ing output conductor of level 1036 representing a hike
bit position.

When the 29 signal is a logic *1” level and the ROT
signal is a logic “0" level, transistors T300 through
T331 and T400 are all in the OFF state while the transis-
tors T401 through T431 are all permitted to go to the
ON state. Under these conditions, the data signal on
each input conductor except the right-most one 1100 is
transferred to an output conductor representing a bit
positioned displaced by one position to the right of that
represented by the input conductor. If while the 20
signal is a logic *1” level, the ROT signal is also a logic
“1” level, transistor T400 is permitted to go to the ON
state, and the data on the right-most input conductor
1100 is transferred to the left-most output conductor
0131 which represents a bit position circularly dis-
placed by one position to the right of that represented
by input conductor 1100. In normal operation a logic
“1” level ROT signal is not applied when the 29signal is
at a logic “0” level.

Level 1037 which is designed to provide a shift or
rotate of data received from level 1036 by two positions
to the right has thirty-two input conductors 1200
through 1231 (not all are shown) representing thirty-
two bit positions and thirty-two output conductors
0200 through 0231 (not all are shown) also represent-
ing the thirty-two bit positions. The input conductors of
level 1037 are each connected to an output conductor of
level 1036 representing a like bit position. Each input
conductor of level 1037 is also coupled through the
conduction channel of a respective one of a third group
of n-channel transistors TS00 through T3531 (not all are
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shown) to a corresponding output conductor of the
level 1037 representing a like bit position. The gate
electrodes of T500 through T531 are ail connected to a
conductor 4007 carrying the complement of the 2! sig-
nal generated by a CMOS inverter 4006 which receives
the 2! signal. Each input conductor of level 1037 except
the two right-most two 1200 and 1201 is also coupled
through the conduction channel of a respective one of a
fourth group of n-channel transistors T602 through
T631 (not all are shown) to an output conductor repre-
senting a bit position displaced two positions to the
right of that represented by the input conductor. The
gate electrodes of transistors T602 through T631 are all
connected to a conductor 4005 carrying the 2! signal.
Input conductors 1200 and 1201 are coupled respec-
tively through the conduction channels of a fifth group
of n-channel transistors T600 and T601 to output con-
ductors O230 and 0231. The gate electrodes of transis-
tors T600 and T601 are both connected to a conductor
4008 carrying the ROT signal.

When both the 2! and the ROT signals are each a
logic “0” level, transistors T600 through T631 are in the
OFF state while transistors TS500 through T531 are all
permitted to go to the ON state. Under these conditions
the data signal on each input conductor of level 1037 1s
transferred to a corresponding output conductor of
level 1037 representing a like bit position.

When the 2! signal is a logic ““1” level and the ROT
signal is a logic “0” level, transistors T500 through
T531, T600 and T601 are all in the OFF state while
transistors T602 through T631 are all permitted to go to
the ON state. Under these conditions the data signal on
each input conductor except the right-most two 1200
and 1201 is transferred to an output conductor repre-
senting a bit position displaced by two positions to the
right of that represented by the input conductor. If
while the 2! signal is a logic “1” level, the ROT signal
is also a logic “1” level, transistors T600 and T601 are
permitted to go to the ON state, and the data signals on
input conductors 1200 and 1201 are respectively trans-
ferred to output conductors Q230 and O231 which
represent bit positions circularly displaced by two posi-
tions to the right of those represented by input conduc-
tors 1200 and 1201, respectively. In normal operation a
logic “1” level ROT signal is not applied when the 2!
signal is a logic *0” level.

Referring now to FIG. §, there is shown a schematic
diagram of level 1040 of the shifter/rotator, the pre-
charge network 1041 and the output inverters 1042
through 1073 (not all are shown). For simplicity of the
drawing, levels 1038 and 1039 have been omitted from
the depiction. The circuit details of levels 1038 and 1039
which are designed to provide shift or rotation in the
right direction by four and eight positions, respectively,
will be obvious to one skilled in the art of IGFET cir-
cuit design from the description of the circuit details of
levels 1036, 1037 and 1040 which are designed to pro-
vide shift or rotation in the right direction by one, two,
and sixteen positions, respectively.

[Level 1040 has thirty-two input conductors 1300
through 1331 (not all are shown) representing thirty-
two bit positions and thirty-two output conductors
0300 through 0331 (not all are shown) also represent-
ing the thirty-two bit positions. The input conductors of
level 1040 are each connected to an output conductor of
level 1039 (not shown) representing a like bit position.
Each input conductor of level 1040 is coupled through
the conduction channel of a respective one of a third
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group of n-channel transistors T700 and T731 (not all
are shown) to a corresponding output conductor of
level 1040 representing a like bit position. The gate
electrodes of transistors T700 through T731 are all
connected to a conductor 5003 carrying the comple-
ment of the 24signal provided by a CMOS inverter 5002
which receives the 24 signal. Each input conductor
except the rigfxt-most sixteen 1300 through 1315 is also
coupled through the conduction channel of a respective
one of a fourth group of n-channel transistors T816
through T831 (not all are shown) to an output conduc-
tor representing a bit position displaced by sixteen posi-
tions to the right of that represented by the input con-
ductor. The gate electrodes of transistors T816 through
T831 are all connected to a conductor 5001 carrying the
24 signal. The right-most sixteen input conductors 1300
through 1315 are respectively coupled through the con-
duction channels of a fifth group of n-channel transis-
tors T800 through T815 (not all shown) to the sixteen
left-most output conductors 0316 through O331. The
gate electrodes of T800 through T815 are all connected
to a conductor 5004 carrying the ROT signal.

When the 24 signal and the ROT signal are each a
logic “0” level, transistors T800 through T831 are all in
the OFF state while transistors T700 through T731 are
all permitted to go to the ON state. Under these condi-
tions the data signal on each input conductor of level
1040 is transferred to a corresponding output conductor
of level 1040 representing a like bit position,

When the 24 signal is a logic “1” level, and the ROT
signal is a logic “0” level, transistors T700 through
T731 and T800 through T815 are all in the OFF state
while transistors T816 through T831 are all permitted to
go to the ON state. Under these conditions the data on
each of the input conductors except the right-most six-
teen 1300 through 1315 are transferred to an output
conductor representing a bit position displaced sixteen
positions to the right of that represented by the input
conductor. If while the 24 signal is at a logic “1" level,
the ROT signal is also at a logic ““1” level, transistors
T800 through T815 are permitted to go to the ON state,
and the data signals on the sixteen right-most input
conductors 1300 through 1318 are transferred to output
conductors O316 through 0331, respectively. The bit
positions represented by output conductors 0316
through O331 are circularly displaced to the right by
sixteen positions from those represented by the input
conductors 1300 through 1315, respectively.

Each one of the output conductors 0300 through
0331 is connected to the input of a respective one of
thirty-two output inverters 1042 through 1073 (not all
are shown). Each output inverter provides a respective
bit of the output word B0 through B31.

The precharge network 1041 compnses thirty-two
pairs 1074 through 1105 of p-channel transistors (not all
pairs are shown). Each pair includes transistors T3 and
T2 both having their conduction channels coupled be-
tween a respective one of the output conductors of level
1040 and a conductor 5006 carrying VDD. The gate
electrode of transistor T4 is connected to a conductor
$005 carrying the PRECHARGE signal while the gate
electrode of T3 is connected to ground. Transistor T3 1s
designed to provide a relatively large current when
driven to the ON state to permit a rapid precharge of
the respective output conductor. Therefore, transistor
T3 has a relatively large channel width to channel
length ratio. On the other hand, transistor T4, which
remains in the ON state even when T3 is in the OFF
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state, is designed to provide a relatively low current
which is sufficient to sustain a logic 17 level on the
respective output conductor against leakage currents
but which is not sufficient to hold the output conductor
against a logic “0"” data signal. Therefore, transistor T3
has a relatively small channel width to channel length
ratio. Transistors T3 and T4 are driven to the ON state
by a logic “0” level applied to their respective gate
electrodes.
In normal operation, the bits 24,23,22,21 and 20 of the
shift control word are all set to a logic “0” level during
intervals when the PRECHARGE signal 1s at a logic
“0" level. Therefore, during those intervals, transistors
in the third group in each level of the shifter/rotator
and in the first group in the one-bit rotator are all per-
mitted to go to the ON state, and all the input and out-
put conductors of each level and the one-bit rotator are
orecharged to a logic “1” level.
Although the disclosed embodiment of the present
invention is implemented in CMOS, a shift/rotate cir-
cuit according to the present invention may also be
implemented in other integrated circuit technologies
such as p-channel metal-oxide-semiconductor (PMOS)
technology and n-channel metal-oxide-semiconductor
(NMOS) technology with appropriate modifications to
the polarities and magnitudes of the supply voltages and
logic levels as would be obvious to one skilled in the art
of integrated circuit design.
It will be understood by those skilled in the art that
the foregoing and other modifications and other alter-
ations may be made to the described embodiment with-
out departing from the spirit and scope of the present
invention. For example, the shifter/rotator may be
modified to provide only the rotation operation by
eliminating the ROT signal and by connecting the con-
ductor for carrying the ROT signal in each level of the
shifter/rotator to the conductor carrying the respective
bit of the shift control word. In addition, the transistors
of the first and second groups in the one-bit rotator and
of the third, fourth, and fifth groups in the shifter/rota-
tor which serve as transmission gate switches may be
replaced by equivalent switch means as are known or as
will be discovered.
What 1s claimed is:
1. A circuit for rotating an N-bit binary word 1in
either a first or a second direction comprising:
control means adapted to receive a plurality of scale
factor signals and a direction control signal indica-
tive of a rotation in the second direction, and re-
sponsive thereto for providing a plurality of shift
control signals which are respectively the comple-
ment of the scale factor signals, the control means
providing a plurality of shift control signals which
are respectively the same as the scale factor signals
when the direction control signal 1s absent;
input means adapted to receive an N-bit input word
and providing corresponding N-bit input data;

one-bit rotate means adapted to receive the input data
and the direction control signal and being respon-
sive to the direction control signal for rotating the
input data by one position in the first direction, the
one-bit rotate means providing the input data with-
out rotation when the direction control signal is
absent;

unidirectional shift/rotate means adapted to receive

data from the one-bit rotate means and the plurality
of shift control signals and for rotating the data
from the one-bit rotate means in the first direction
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by a magnitude specified by the shift control sig-
nals; and
output means adapted to receive data from the umdi-
rectional shift/rotate means for providing an N-bit
output word which is the input word rotated ac-
cording to the scale factor signals and the direction
control signal.}
[ 2. A shift/rotate circuit for shifting an N-bit binary
word in a first direction and for rotating the binary
word in either the first or a second direction comprns-
ng:
control means adapted to receive a plurality of scale
factor signals and a direction control signal indica-
tive of a rotation in the second direction and being
responsive thereto for providing a plurality of shift
control signals which are respectively the comple-
ment of the scale factor signals, the control means
for providing shift control signals which are re-
spectively the same as the scale factor signals when
the direction control signal 1s absent;
input means adapted to receive an N-bit input word
and for providing corresponding N-bit input data;

one-bit rotate means adapted to receive the input data
and the direction control signal and being respon-
sive to the direction control signal for rotating the
input data by one position in the first direction, the
one-bit rotate means providing the input data with-
out rotation when the direction control signal 1s
absent;

unidirectional shift/rotate means adapted to receive

data from the one-bit rotate means, the plurality of
shift control signals and a rotate control signal and
being responsive to the rotate control signal for
rotating the data from the one-bit rotate means in
the first direction by a magnitude specified by the
shift control signals, the unidirectional shift/rotate
means shifting the data from the one-bit rotate
means in the first direction by the magnitude speci-
fied by the shift control signals; and

output means adapted to receive data from the unidi-

rectional shift/rotate means for providing an N-bit
output word which is the input word shifted or
rotated according to the scale factor, direction
control and rotate control signals.}

[3. A shift/rotate circuit as recited in claim 2
wherein the unidirectional shift/rotate means comprise
a plurality of ranked levels including a first and a last
level, each level being adapted to receive incoming
data, a respective one of the shift control signals and the
rotate control signal, each level being responsive to the
respective shift control signal and the rotate control
signal for rotating the incoming data in the first direc-
tion by a predetermined number of positions, each level
being responsive to the respective shaft control signal
for shifting the incoming data in the first direction by
the predetermined number of positions when the rotate
control signal is absent, each level providing the incom-
ing data without shift or rotation when the respective
shift control signal is absent, each level except the first
being coupled to receive data from the immediately
vreceding level, the first level being coupled to receive
data from the one-bit rotate means, and the last level
providing data to the output means. ]

[4. A shift-rotate circuit as recited in claim 3 wherein
the one-bit rotate means comprise:

N input conductors representing N bit positions in-

cluding a first and a last bit position along the sec-
ond direction;
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N output conductors representing N bit positions
including a first and a last bit position along the
second direction;

means providing a no-rotation control signal when
the direction control signal is absent;

a no-rotation conductor for transmitting the no-rota-
tion signal control signal;

a direction conductor for transmitting the direction
control signal;

a plurality of first switch means, a respective one
coupled between each input conductor and a cor-
responding output conductor representing a like bit
position for transferring data signals on the input
conductors to the corresponding output conduc-
tors in response to the no-rotation signal; and

a plurality of second switch means, a respective one
coupled between each input conductor except the
one representing the first bit position and an output
conductor representing a bit position displaced by
one position in the first direction from that repre-
sented by the input conductor, and a respective one
coupled between the input conductor representing
the first bit position and the output conductor rep-
resenting the last bit position, the second switch
means transferring a data signal from the nput
conductor to the output conductor coupled
thereby in response to the direction control sig-
nal.}

IS. A shift/rotate circuit as recited in claim 4
wherein each level of the unidirectional shift/rotate
means comprises:

N input conductors representing N bit positions in-
cluding a first and a last bit position along the sec-
ond direction;

N output conductors representing N bit positions
including a first and a last bit position along the
second direction;

means providing a no-shift signal when the respective
shift control signal 1s absent;

a no-shift conductor for transmitting the no-shift
control signal;

a shift conductor for transmitting the respective shift
control signal;

a rotate conductor for transmitting the rotate control
signal;

a plurality of third switch means, a respective one
coupled between each input conductor and a cor-
responding output conductor of a like bit position
for transferring data signals on the input conduc-
tors to the corresponding output conductors in
response to the no-shift signal;

a plurality of fourth switch means, a respective one
coupled between each input conductor except the
ones representing those bit positions which are less
than the predetermined number of positions from
the first bit position and an output conductor repre-
senting a bit position displaced by the predeter-
mined number of positions in the first direction
from that represented by the input conductor, the
fourth switch means transferring a data signal from
the input conductor to the output conductor cou-
pled thereby in response to the respective shift
control signal; and

one or more fifth switch means, a respective one
coupled between each input conductor represent-
ing a bit position which is less than the predeter-
mined number of positions from the first bit posi-
tion and an output conductor representing a bit
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position circularly displaced by the predetermined
number of bit positions in the first direction from
that represented by the input conductor, the fifth
switch means transferring a data signal from the
input conductor to the output conductor coupled
thereby in response to the rotate control signal. }
[6. A shift/rotate circuit as recited in claim $§
wherein the control means comprise a plurality of logic
circuits each adapted to receive a respective one of the
scale factor signals and the direction control signal and
providing a shift control signal which is the EXCLU-
SIVE OR function of the respective scale factor signal
and the direction control signal, the input means com-
prise a plurality of strobed inverter circuits €ach
adapted to receive a respective bit of the input word
and a first signal and being responsive thereto for pro-
viding a corresponding bit of input data, the output
means comprise a plurality of inverter circuits each
adapted to receive a respective bit of the data from the
unidirectional shift/rotate means and providing a corre-
sponding bit of the output word, the means providing
the no-rotation control signal of the one-bit rotate
means comprise an inverter circuit adapted to receive
the direction control signal and providing the comple-
ment thereof to the no-rotation conductor, the means
providing the no-shift control signal in each level of the
unidirectional shift/rotate means comprise an inverter
circuit adapted to receive the respective shift control
signal and providing the complement thereof to the
no-shift conductor, the plurality of first switch means of
the one-bit rotate means each comprise an IGFET
transmission gate having a control electrode coupled to
the no-rotation conductor, the plurality of second
switch means of the one-bit rotate means each comprise
an IGFET transmission gate having a control electrode
coupled to the direction conductor, the plurality of
third switch means in each level of the unidirectional
shift/rotate means each comprise an IGFET transmis-
sion gate having a control electrode coupled to the no
shift conductor, the plurality of fourth switch means of
the unidirectional shift/rotate means each comprise an
IGFET transmission gate having a control electrode
coupled to the shift conductor, and the plurality of fifth
switch means of the unidirectional shift/rotate means
each comprise an IGFET transmission gate having a
control electrode coupled to the rotate conductor. ]
F7. A shift/rotate circuit as recited in claim 6
wherein the strobed inverter circuits of the input means
each comprises a first IGFET having a conduction
channel coupled between a first conductor adapted to
receive a first operating voltage and a first node and a
gate electrode adapted to receive a respective bit of the
input word, and a second IGFET having a conduction
channel coupled between the first node and a respective
one of the input conductors of the one-bit rotate means
and a gate electrode adapted to receive the first signal;
the IGFET transmission gates of the first, second, third,
fourth, and fifth switch means each comprises an
IGFET having a gate electrode serving as the control
electrode; and there are included precharge means com-
prising a plurality of load IGFETs each having a con-
duction channel coupled between a second conductor
adapted to receive a second operating voltage and a
respective one of the output conductors of one of the
levels of unidirectional shift/rotate means or the one-bit
rotate means and a gate electrode adapted to receive a
second signal, the precharge means being responsive to
the second signal for holding the output conductors of
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the one of the levels of unidirectional shift/rotate means
or of the one-bit rotate means at substantially the second
operating voltage.]
[8. A shift/rotate circuit as recited in claim 7
wherein the first and second IGFETs of the strobed
inverter circuits, the IGFETSs of the transmission gates
of the first, second, third, fourth and fifth switch means
are of a first channel conductivity type and the load
IGFETsS of the precharge means are of a second chan-
nel conductivity type.]}
[9. A shift/rotate circuit as recited in clam 8
wherein the precharge means further compnse a plural-
ity of sustaining IGFETS of the second channel conduc-
tivity type and having a relatively small channel width
to channel length ratio, each sustaining IGFET having
a conduction channel coupled in parallel with a respec-
tive one of the load IGFETs and a gate electode cou-
pled to the first conductor.]}
F10. A shift/rotate circuit as recited in claim 9
wherein the first channel conductivity type 15 n-type
and the second channel conductivity type 1s p-type. ]
11. A circuit for rotating a multibit input binary word in
efther a first or a second direction comprising:
(@) control means, adapted to receive a plurality of scale
factor signals and to receive a direction control signal,
for providing a plurality of shift controf signals which
are respectively the complement of the scale factor
signals when the direction control signal has a first
binary value and which are respectively the same as
the scale factor signals when the direction control
signal has a second binary value;
(b) multi-bit-position rotate means, adapted to receive
input data that are representative of the multibit input
binary word, comprising
(1) one-bit-position rotate means, adapted to receive
the input data and the direction control signal, for
rotating data by one bit position in the first direction
when the direction control signal has the first binary
value and for providing data without rotation when
the direction control signal has the second binary
value; and

(2) unidirectional rotate means, connected to the one-
bit-position rotate means so as to receive data there-
from and connected to the control means so as to
receive the plurality of shift control signals there-
from, for rotating data in the first direction by a
number of bit positions specified by the shift control
signals,

whereby output data of the unidirectional rotate means
are representative of the input word rotated according
to the scale factor signals and the direction control
signal.

12. The circuit of claim 11 comprising

(@) input means, adapted to receive the multibit input
binary word, for providing the input data which are
representative of the input word; and

(b) output means, adapted 1o receive the output of the
multi-bit-position rotate means, for providing the ro-
tated input word in accordance with the scale factor
signal and the direction control signal.

13. The circuit of claim 12 in which the input means
comprises a first array of inverters, one for each bit of the
multibit input word, for inverting each bit of the input word
to produce the input data which are representative of the
input word, and in which the output means comprises a
second array of inverters, one for each bit of the rotated
input word, for inverting each bit of the output of the multi-
bit-position rotate means.
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14. A shift/rotate circuit for shifting an N-bit input
binary word in a first direction and for rotating the binary
word in either the first or a second, opposite direction com-
prising:

control means, adapted to receive a plurality of scale

Sfactor signals and a direction control signal, for pro-
viding a plurality of shift control signals which are
respectively the complement of the scale factor signals
when the direction control signal has a first binary
value and which are respectively the same as the scale
factor signals when the direction control signal has a
second binary value;

one-bit-position rotate means, adapted to receive input

data which are representative of the N-bit binary word
and to receive the direction control signal, for rotating
the input data by one bit position in the first direction
when the direction control signal has the first value,
and for providing the input data without rotation
when the direction control signal has the second value;
and

unidirectional shift/rotate means, connected to the con-

trol means so as to receive the plurality of shift control
signals therefrom, connected to the one-bit-position
rotate means so as to receive data therefrom, and
adapted to receive a rotate control signal, for rotating
in the first direction the data from the one-bit-position
rotate means by the total number of bit positions speci-
fied by the shift control signals when the rotate control
signal has a third binary value, and for shifting in the
first direction the data from the one-bit-position rotate
means by the total number of bit positions specified by
the shift control signals when the rotate control signal
has a fourth binary value, whereby output of the uni-
directional shift/rotate means is representative of the
input word shifted or rotated according to the scale
factor signals, the direction control signal, and the
rotate control signal.

15. The circuit of claim 14 further comprising

(a@) input means, adapted to receive the input word, for

providing the input data which are representative of
the input word; and

(b) output means, adapted to receive the output of the

unidirectional shift/rotate means, for providing the
input word rotated or shifted according to the scale
factor signals, the rotate control signal, and the direc-
tion control signal.

16. A shift/rotate circuit as recited in claim 14 wherein
the unidirectional shift/rotate means comprise a plurality
of ranked levels including a first and a last level, each
ranked level being adapted to receive incoming data, a
respective one of the shift control signals, and the rotate
control signal, each ranked level being responsive to the
rotate control signal and to a respective one of the shift
control signals, for rotating or for shifting the incoming
data, depending upon the value of the rotate control signal,
by a predetermined number of bit positions, depending
upon the ranked level, when the respective shift contro!
signal has a binary fifth value and for providing the incom-
ing data without shift or rotation when the respective shift
control signal has a binary sixth value, each ranked leve!
except the first being coupled to receive data from the
immediately preceding level, the first ranked level being
coupled to receive data from the one-bit-position rolate
means, whereby the last ranked level provides the output
that is representative of the input word shifted or rotated
according to the scale factor signals, the rotate control
signal, and the direction control signal.

17. The circuit of claim 16 further comprising
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(@) input means, adapted 1o receive the input word, for
providing the input data which are representative of
the input word; and

(b) output means, adapted to receive the output of the
last ranked level, for providing the input word rotated
or shifted according to the scale factor signals, the
rotate control signal, and the direction control signal.

18. A shift-rotate circuit as recited in claim 17 wherein

the one-bit-position rotate means comprises: .

N input conductors representing N bit positions includ-
ing a first and a last bit position;

N output conductors representing N bit positions includ-
ing a first and a last bit position;

a plurality of first switch means, a respective one coupled
between each input conductor and a corresponding
output conductor representing a like bit position for
transferring data signals on the input conductors to
the corresponding output conductors in response to the
second binary value of the direction control signal;
and a plurality of second switch means, a respective
one coupled between each input conductor except the
one representing the first bit position and an oulput

conductor representing a bit position displaced by one
position in the first direction from that represented by
the input conductor, and a respective one coupled
between the input conductor representing the first bit
position and the output conductor representing the last
bit position, the second switch means transferring a
data signal from the input conductor to the output
conductor coupled thereby in response to the first
binary value of the direction control signal

19. A shift/rotate circuit as recited in claim 18 wherein

each level of the unidirectional shift/rotate means com-
prises.
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N input conductors representing N bit positions includ-

ing a first and a last bit position,

N output conductors representing N bit positions includ-

ing a first and a last bit position,

a plurality of third switch means, a respective one cou-

pled between each input conductor and a correspond-
ing output conductor of a like bit position for transfer-
ring data signals on the input conductors to the corre-
sponding output conductors in response to the sixth
binary value of the respective one of the shift control
signal;

a plurality of fourth switch means, a respective one cou-

pled between each input conductor except the ones
representing those bit positions which are less than a
predetermined number of positions from the first bit
position and an output conductor representing a bit
position displaced by the predetermined number of
positions in the first direction from that represented by
the input conductor, the fourth switch means transfer-
ring a data signal from the input conductor to the
output conductor coupled thereby in response to the
fifth binary value of the respective one of the shift
control signals; and

one or more fifth switch means, a respective one coupled

between each input conductor representing a bit posi-
tion which is less than the predetermined number of
positions from the first bit position and an output
conductor representing a bit position circularly dis-
placed by the predetermined number of bit positions in
the first direction from that represented by the input
conductor, the fifth switch means transferring a data
signal from the input conductor to the output conduc-
tor coupled thereby in response to the rotate control

signal.

* ¥ » ® *
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