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(57) Abstract

A bistable circuit and shift register requiring less chip area and with greatly reduced current drain is realized withI2L log-
ic gates. Each cell (28) of the register includes only four logic gates(10), connected as two binary R-S flip-flops, each gate consist-
ing of a pair of merged PNP and NPN transistors. The two flip-flops are alternately energized by switching the current into the
gate injectors in accordance with the phase of the clock signal. The use of fewer gates with simplified interconnections contribute

to reduce chip area and current drain.
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BISTABLE CIRCUIT AND SHIFT REGISTER USING
INTEGRATED INJECTION LOGIC

Background of the Invention

This invention relates to the field of bistable
integrated circuits and, in particular, to the design of a
shift register using bistable circuits on an IC chip.

A shift register is a binary device having a number of

5 storage elements or cells, the number depending upon the
particular application, and wherein data may be stored in
the cells sequentially. That is, information in the form of
voltages representing two logic levels, high (one) and low
(zero), is stored in the first cell, shifted to the second

10 ‘cell by an applied clock or shift signal as another bit of
data is entered into the first cell. A clock signal shifts
all data bits down the register sequentially until, typi-
cally, the bits of data are "lost" from the last cell of the
register. Since a particular register application may

15 require many cells (100 is not unusual) and each cell may
contain a number of gates, each comprising several transis-
tors, the area required for this large number of transistors
and the circuit interconnections therefor may be excessive.
The cost of an IC chip is usually a direct function of its

20 size.

Current drain is also an important consideration,
particularly in very small, battery-powered devices such as
personal pagers which may be turned on for long periods of
time. Current drain per register cell is a function of both
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the number of gates and the number of propagation delays.
Therefore, reducing either the number of gates or the number
of delays or both will reduce the current drain
correspondingly.

5 There are two main types of shift registers in general
use; i.e., those using clock flip-flop storage elements and
those using master-slave memory techniques. In the former
type, the elements are typically "D" flip-flops which have
Clock and Data inputs and two outputs Q and Q. When the

10 logic level at the Clock input changes from a logic zero
level to a logic one level, the flip-flop transfers the
logic level on the Data input to the Q output and holds that
level until the Clock input is again driven from a zero to a
one level. When implemented with 1%L logic, the basic "D"

15 flip-flop element or cell, with no set or reset inputs
requires seven 12, gates. In addition to the gate count,
another important characteristic of the D flip-flop is that
it has three propagation delays between the time the Clock
input goes to a one level and the time the Q output reaches

20 the proper value. The Clock input must remain high during
this period. 1In 121 logic, the propagation delay of a
gate is inversely proportional to the current drain of the
gate over a wide operating range. It can be shown that the
current drain of the flip-flop, operating at a clock fre-

25 quency f., is 42Kf, where K is a constant determined by
the fabrication method.

The master-slave configuration, as commonly imple-
mented, requires two memory elements; e.g., R-S flip-flops,
per cell with gates controlled by the clock signal and

30 interconnected so that during one phase of the clock, infor-
mation at the Data input is fed to the "master" element with
the "slave" element disconnected from the master. During
the second clock phase, the master element is disconnected
from the data input and the slave element is coupled to the

35 master output to receive the information stored therein. 1In

an I2L implementation of this arrangement, ten gates are

~SUREATT

7 OMPI

\ 72y, WIPO o,
Lrepypmots




WO 81/00332 PCT/US80/00895

required and there are two propagation delays per clock
phase. The current drain of this type of shift register at
clock frequency f. is therefore 40Kf,. With a gate
increase of over 40% and a current drain reduction of only

5 5%, it may easily be seen why the latter device is generally
less desirable than the former, though both types are costly

of chip area and current.

Summary of the Invention

It is therefore an object of this invention to provide a
bistable circuit and an I2L shift register for IC imple-
10 mentation with fewer gates per cell and with greatly reduced
power requirements.

This object and others are obtained in a cell for-a
shift register which includes a multiplicity of cascade-
connected storage elements or cells and a clock which

15 provides two clock signals, one the complement of the other.
Each cell includes four NAND logic gates connected as two
binary R-S flip-flops. The two flip-flops are alternately
energized by the clock signals which are used to switch the
current into the gate injectors. Since only two gates per

20 cell are receiving injection current at one time, and there
is only one propagation delay per phase of the clock signal,
the current requirement is only one tenth that of prior
shift registers using I2L logic.

Brief Description of the Drawing

Fig. 1 is a schematic diagram of a basic I2L gate.
25 Fig. 2 shows the structure of an IZL gate.
Fig. 3 is a schematic diagram of the gate of Fig. 1
with multiple input signals on the single input.
Fig. 4 is a logic representation of Fig. 3.
Fig. 5 is a schematic diagram of a bistable cell in

30 accordance with the present invention.
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Fig. 6 is a diagram of a portion of a shift register
using cells as in Fig. 5, and including a possible clock

signal supply circuit.

Detailed Description of a Preferred Embodiment

Since the present invention is based on the character-
istics of the basic IZf (integrated injector logic) gate,
these characteristics and the gate structure will be
described first for better understanding of the circuit of
the invention.

Figs. 1 and 2, showing the schematic diagram and
structural diagram of one gate, will be considered together.
The gate may be considered as a merged pair of NPN 10 and
PNP 12 transistors, in which the base 14 of the PNP transis-
tor is common with the emitter 14 of the NPN transistor and
both are coupled to ground. The collector 16 of the PNP 12
is also the base 16 of the NPN 10. A current applied via
terminal 17 to the emitter 18 of the PNP 12 causes that
transistor to act as a current source for the NPN 10, sup-
plying current to the base 16 of the NPN. Coupled to the
base 16 is a control terminal 20. If terminal 20 is
grounded (logic zero input), the current being supplied by
the PNP 12 is diverted to ground and the NPN 10 is then left
in a non-conducting state in which the collectors 22, 24 and
26 are floating; i.e., have no current sinking capability.

If the basé 16 of the NPN 10 is floating; i.e., a
logic one input, the current supplied by the PNP 12 flows
into the base 16 of the NPN 10, which then becomes a current
sink for any circuit connected to the NPN collectors 22, 24
or 26.

In Fig. 3, the gate of Fig. 1 is shown with the capa-
bility of coupling multiple devices to the base/collector
16. If all of the input devices are non-conducting (logic
level one outputs) the input voltage at the control terminal
20 rises to a one level and the outputs 22, 24 and 26 are
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driven to a zero level. 1If any of the input devices coupled
to the control terminal 20 are conducting, the base/
collector 16 is driven to a logic zero level and the outputs
22, 24 and 26 rise to a one level.

The gate of Fig. 3 may be represented logically as an
inverting AND or NAND gate as shown in Fig. 4.

Fig. 5 is a schematic diagram of a bistable circuit in
accordance with the invention and including four NAND gates
30, 32, 34 and 36, each in itself comparable to the NAND
gate of Fig. 3. Each cell of the shift register would be
represented by the circuit of Fig. 5. 1In a cell, gates 30
and 32 form one memory flipflop element énd gates 34 and 36
form a second memory element. In operation, the two memory
elements are alternately energized during the two phases of
the clock signal by switching the current into the PNP
devices of the gate (the gate injectors) in accordance with
the clock signal. That is, the clock signal waveform is a
square wave and when the clock level is high, injector
current is fed to gates 30 and 32 while gates 34 and 36 have
greatly reduced injector currents. Then, when the clock
signal switches low, the injector current is switched to
gates 34 and 36 and gates 30 and 32 receive greatly reduced
injector currents. The bases of the NPN's 10 of the gates
30 and 32 are driven by an input signal and its inverse
respectively as indicated by Data input terminal 20 and Data
input 40. When the clock signal is high the outputs of
gates 30 and 32 are driven to logic levels complementary to
the input levels. Thus, if the input level at terminal 20
is a logic one, the collectors of the NPN 10 of gate 30 are
driven to a zero state in which they conduct current, while
the collectors of NPN 10 of gate 32 are driven to a one
state in which they are non-conducting. Thus, input termi-
nal 42 of gate 34 is quickly driven to a voltage level near
ground while input terminal 44 of gate 36 is charged toward
a logic one level by the slight injector current flowing in
NPN 10 of gate 36.
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When the clock signal changes to the second phase,
i.e., a one level on clock terminal 17B, full injection
current is applied to gates 34 and 36 and terminals 42 and
44 are charged toward a logic one level. Whichever of the
terminals 42 and 44 reaches a one level first will quickly
impose a zero level on the other terminal due to the inter-
connection of gates 34 and 36. 1In the above case, where
terminal 44 was initially charged to a voltage above ground
during the first phase of the clock, terminal 44 will be
charged to a one level before terminal 42 during the second
phase of the clock, and terminal 42 will quickly be forced
to a zero level with terminal 44 remaining at the one level.
The information placed on terminals 42 and 44 during :phase
one of the clock has been retained during the clock transi-
tion to phase two and the output terminals 46 and 48 are now
"pre-charged" to logic levels corresponding to the comple-
ments of the levels on terminals 42 and 44. Thus, in the
above example, terminal 48 is held at ground level by the
one level on terminal 44 while terminal 46 is charged toward
a logic one level. Note that after the clock transition
from first phase to second phase, the information fed to the
input terminal 20 now appears at the output terminal 46 and
the collectors of the NPN 10 of gate 34 are off or in the
one level. Naturally, all logic levels in the above example
would be inverted if the original input level at terminal 20
had been zero.

On the next clock transition from the second phase to
the first phase, gates 30 and 32 are again energized by the
application of injector current and gates 34 and 36 are
switched to the low current mode. New information is then
fed into the first memory element of the cell and the cell
(not shown) coupled to terminals 46 and 48 will shiﬁt in the
data from the second memory element (gates 34 and 36)
because of the pre-charged conditions on terminals 46 and
48. The signal appearing on the collectors of the NPN 10 of
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gate 34 also appears on a cell output terminal 49, and may
be coupled to any desired device or cirbuitry.

By interactively connecting cells in a chain as
illustrated in Fig. 6, a shift register can be constructed
with only four gates required per stage. In the new
structure, the power drain of each stage is considerably
reduced for several reasons. First, only two gates per cell
are receiving injection at any one time and, secondly, this
new array has only one gate propagation delay per phase of
the clock. Since the period of the clock (tp) is one half
the clock frequency (fc), tp = K/I where K is the afore-
mentioned constant determined by the fabrication process,
and Ig is the current required by one gate. Thus, Ig
equals 2Kf., and the current required for one cell (I.)
is 2(19) or 4Kf,. As mentioned hereinabove the prior
art embodiments of IZL shift register cells have required
at least ten times this current drain.

Fig. 6 also includes a schematic diagram of a
differential amplifier 50 having a square wave clock signal
input to a terminal 52. As is known, the signals on the
collectors of the differential amplifier transistors would
then be C and C, these complementary clock signals being
coupled to the terminals 17A, 17B of each cell 28.

It is to be noted that the circuit described herein-
above is much simpler to lay out in integrated circuit form
since the clock signals C and T are routed through the
injector supply lines and no separate clock lines are
required to be routed through the IC. With fewer gates
rgquired per shift register cell and simpler interconnec-
tions required, the cell of the invention is considerably
smaller and therefore cheaper to construct than any other
known shift register cell. It is also to be noted that the
cell of Fig. 5 may have application in other circuits
besides the shift register.

Thus, there has been shown and described a circuit for

an I2L bistable cell or shift register cell which requires
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considerably less area on an integrated circuit chip and
considerably less current. It will be obvious that other
embodiments of the invention could be implemented using
other logic variations equivalent to the embodiment shown
5 herein, and it is intended to cover all such modifications
and variations as fall within the spirit and scope of the

appended claims.
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Claims

1. A shift register comprising in combination:

first and second input means, the second input
means coupled to the first input means and including inverter
means for providing a signal which is the logical complement
of the signal received at the first input means;

a plurality of cascade-connected cells, each cell
having at least two inputs and at least three outputs -and
comprising four NAND gates, each gate having at least three
inputs and at least two outputs;

the first NAND gate having a first input coupled to
the first input means, the second NAND gate having a first
input coupled to the second input means and a second input
coupled to a first output of the first NAND gate and having
a first output coupled to a second input of the first NAND
gate; '

the third NAND gate having a first input coupled to
a second output of the first NAND gate and having a first
output coupled to the first cell output means and the fourth
NAND gate having a first input coupled to a second output of
the second NAND gate and having a second input coupled to a
second output of the third NAND gate, having a first output
coupled to the second cell output means, and having a second
output coupled to a second input of the third NAND gate;

the first and second cell outputs coupled to the
respective inputs of the next cell in the register; and

means for energizing the first and second NAND
gates alternately with the third and fourth NAND gates. *
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2. A shift register in accordance with claim 1 and
wherein each NAND gate comprises a merged pair of NPN and
PNP transistors, the base of PNP transistor being common

with the emitter of the NPN transistor, and the collector of “
5 the PNP transistor being common with the base of the NPN
transistor.

3. A shift register in accordance with claim 2 and
wherein each PNP transistor is a current source when

energized by the energizing means.

10 4. A shift register in accordance with claim 3 and
wherein the energizing means is a clock supplying a square
wave signal, and each pair of NAND gates is energized for
one-half the clock signal period.

5. A shift register in accordance with claim 1 and
15 wherein a third output of the third NAND gate is coupled to
a third output means for providing external access to the

cell output signal.
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6. A shift register comprising in combination:
a series of cascade-connected cells, each for
receiving, storing for a predetermined period of time, and
outputting binary bits of information, each said cell

including;

first and second input means wherein the signal at
the second input means is the logical complement of the
signal at the first input means;
first and second output means;
clock means for providing first and second clock
signals wherein the second clock signal is the logical
complement of the first clock signal;
first and second current sources coupled to receive
the first clock signal;
first transistor means having a base coupled to
the first current source and to the first input means,
emitter coupled to ground, and having at least two output
collectors; ,
» second transistor means having a base coupled to
the second current source and to the second input means
and to a first collector of the first transistor means,
an emitter coupled to ground, and having at least two output
collectors, a first collector being coupled to the base of
the first transistor means;
third and fourth current sources coupled to receive
the second clock signal;
third transistor means having a base coupled to the
third current source and to the second collector of the
first transistor means, an emitter coupled to ground, and
having at least two output collectors, the first collector
being coupled to the first cell output means; and
fourth transistor means having a base coupled to
the fourth current source, to the second collector of the

second transistor means, and to the second collector of
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the third transistor means, an emitter coupled to ground,

and having at least two output collectors, a first collector

coupled to the base of the third transistor means, and a «

second collector coupled to the second cell output means; ‘
5 and wherein the first and second output means of each cell

are coupled to the first and second input means respectively

of the subsequent cell in the register, except that the

first and second output means of the last cell in the series

are coupled to provide shift register output terminals.
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7. A cell comprising four NAND gates and having two
input means and at least two output means, the signal
received by the first cell input means being the logical
complement of the signal received by the second cell input
means, the first NAND gate having a first input .coupled to.
the first cell input means, the second NAND gate having a
first input coupled to the second cell input means and a
second input coupled to a first output of the first NAND
gate and having a first output coupled to a second input of
the first NAND gate, the third NAND gate having a first
input coupled to a second output of the first NAND gate and
having a first output coupled to the first output means and
the fourth NAND gate having a first input coupled to a
second output of the second NAND gate and having a second
input coupled to a second output of the third NAND gate,
having a first output coupled to the second output means,
and having a second output coupled to a second input of the
third NAND gate; and the first and second NAND gates being
energized alternately with the third and fourth NAND gates.




WO 81/00332 PCT/US80/00895

10

-14 -

8. A cell in accordance with claim 7 and wherein each
NAND gate comprises a merged pair of NPN and PNP transis-
tors, the base of PNP transistor being common with the
emitter of the NPN transistor, and the collector of the PNP
transistor being common with the base of the NPN transistor.

9. A cell in accordance with claim 8 and wherein each
PNP transistor is a current source when energized by the
energizing means.

10. A cell in accordance with claim 7 and wherein a
third output of the third NAND gate is coupled to a third
output means for providing external access to the cell
output signal.

A
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