
PATENT SPECIFICATION    (11)   1 422 469 (21) Application No.1385(22)
Filed 22 March 1973' (31) Convention Application  No:  '
(19) 7 204035   (32) Filed 25 March 1972 in (33) Netherlands (NL) (44)
ublished 28 Jan  1976 (51) INT CL[err] H03K 19/08 H01L 19/00//G06F 1/04
H03K 3/64 (71)We  PHILIPS ELECTRONIC AND  signal, means being provided for
adjusting ASSOCIATED  INDUSTRIES  LIMITED  of  the output frequency of the
clock between Abacus House, 33 Gutter Lane, London, one value and another
together with the E.C.2., a British Company, do hereby de- adjustment of
the current.in a said supply E.C.2.,a British Company invention  for whi
conductor between the first.value and the 50 that a patent may be granted
to us, and  standby value. the method by which it is to be performed,
When the current has its first value it to be particularly described in and
by the may thus be arranged that operations on following statement:-
the information can be performed very 10   The invention relates to a
circuit arrange  quickly, whereas when-the current has its 55 ment
comprising an electrical information   (lower) stand-by value such high
'speed . input, logic  gates and a conductor for sup-  operation may  not
be possible.    (If the plying power  to said gates, and  control current
were completely switched off so  as means for adjusting the current in sai
nergy rat 15  conductor between a first value and a  to' its stand-by
value, information might 60 ..  stand-by value in  response to  a  control
be lost). signal                                  current  value can be
Patent Specification 1,257,009 discloses  arranged to occur in  various
situations. control  of a memoy circuit, notably  a    Thus it may be
arranged to occur on 20 bistable trigger stage, between a         stand-by
occasions when  the required processing 65 state of low  dissipation, i.e.
low current  capacity of the arrangement is low  or zero. consumption, and
a state of high dissipa- tion, ie.high current consumption, when
processing of the information is not sig- writing or reading is  take
place.  nificantly delayed, whilst a substantial 25 In this both fast
reading and writing and  amount of energy is saved. Another pos 70 low
dissipation in the stand-by statecan  s be' achieved, . the latter enabling
light- ment is normally derived from the mains weight batteries to be
incorporated in  and an emergenacy  supply source, for ex- apparatus with
battery supply and exces- ample a.battery, is also provided. The con- 30
sively high temperatures to be avoided in  trol signal can then be arranged
to have 75 apparatus  which is  supplied  from the  different values
depending on whether or mains...          not the mains supply is
adequate,in the If information has not only to be stored  latter case the
battery   ng made to sup- bu also to be processed,similar   current by
means of the 35 lions apply,            control means. In all cases the
clock out- 80 The present invention provides a circuit  put frequency will
vary with the current arrangement, comprising an integrated cir-
variations in the supply conductor and. it cuit having an electrical
information input,  can thus be automatically adapted, for logic gates, a
conductor or conductors for  example, to the achievable information pro- 40
supplying power to said logic gates, and a  cessing speed in the remainder
of the in- 85 -clock for controlling said logic gates, the  tegrated
circuit. arrangement including control means for    If desired, means may
be provided for adjusting the current in said conductor or  blocking the
clock output when the cur- conductors between a first value and a rent in
the supply conductor or conductors 45 standby value in response to a
control has the stand-by value the effective value 90    1422469
2 of the output frequency of the clock then  the same. The control means
for such an being zero. It may thus be arranged that arrangement can often
consist of a single 



no information is processed at the stand-by  resistor in parallel with a
transistor. current value, but only at the first value.  An embodiment of
the invention will be A detector such as a simple differentiat  described
by way of example, with refer- 70 ence to the accompanying diagrammatic in
current in said conductor or conductors  drawing in which Figure 1 is a
diagram to' said stand-by value, the output of said  of a pocket
calculator; Figure 2 is a section detector being coupled to means for
block-  through a semiconductor structure con- 10 ing the clock output.
This detector may  structed according to the integrated injec- 75 respond
to changes in said current directly, tion logic principle; Figures 3 and 4
show to changes in said control signal or in any  examples of gates
constructed  by  in- other quantity, or to the attainment of a  tegrated
injection logic; and Figure 5 is given amount of charge. It can effect the
a block diagram of a clock constructed by 15 blocking of the clock output
for a fixed  integrated injection logic.           80 period of time or for
the period during    Figure 1 is a block diagram of a pocket which the
stand-by value is maintained 'calculator (being an example of apparatus The
adjustment of the clock output fre- in which an integrated circuit is
provided quency to zero in the standby state can  comprising information
inputs, logic gates, 20 facilitate the use of components with larger  a
clock for controlling the gates, and an 85 tolerances; a clock frequency
which is sub- associated power supply). The arithmetical stantially
constant when present can be  operations taking place in the calculator
very advantageous in this respect.       may be completely standard and
will not Preferably a said conductor is connected  be described here-in.
The calculator com 25 to a bias current input of a current injector  prises
a housing (not shown), a keyboard go for said gates, and preferably also to
a  KB, a display unit DP, control means SW bias current input of a current
injector  an amplifier A, and an energy source POW for a gate which is
included in' the fre-  which comprises, for example  an  x-
quency-determining part of said clock. A   changeable battery. The
calculator also in- 30 "current injector" is to be  'understood to  cludes
a detector DT, a'decoder DC and 95 mean a multilayer structure comprising
at  an arithmetic unit ARI, which are con- least three successive layers,
which are  structed as one or more integrated cir- separated from  each
other by rectifying  cuits. junctions, including a first (injecting) layer,
The energy source POW  includes a 35 which is provided with a bias current
input  switch which is not shown. If this switch 100 and is separated from
the circuit element  is in the "on" position the display unit to be
supplied with current by at least one  DP is actuated; this unit may
comprise rectifying junction, an adjoining (inter-  six  positions at which
a number can be mediate) second layer of semiconductor  displayed  by
means of  liquid  crystal 40 material  which is also provided with a
material. The control meansSW, and hence 105 bias' current input so'  that
connection  the decoder DC and the arithmetic unit of a bias current source
between the  ARI, are initially controlled so that DC    ' bias current
inputs  in  such  a  sense  and ARI consume only a stand-by current as  to
forward  bias the  junction  be-  which reaches them via the lines 1 and 3,
45 tween  the  injecting  and  intermediate  respectively. As a result, the
processing 110 layers will cause charge carriers to be in-  speed is'
substantially limited in the two jected into the intermediate layer by the
components DC and ARI. When a key of injecting layer,' so causing
collection of  the key-board KB is depressed, however, charge carriers by a
subsequent (collecting) the decoder DC receives a signal there- layer of
said successive layers of the cur-  from vi a multiple cable, and the
depres- 115 rent injector via a rectifying junction which  sion is also
signalled by the detector DT. said collecting layer forms with an ad- This
signal is applied via amplifier A as a jacent layer of the current
injector, a zone  first signal to control means SW, with the of the circuit
element to be supplied with  result that decoder DC  and  arithmetic 55
current belonging to said collecting layer. unit ARI consume a higher
current which 120 A  structure of this kind has become  reaches them via
the lines 2 and 4,'respec- known as "integrated injection logic", and
tively. Consequently, the achievable de- is  described  in  Patent
Specifications  coding and calculating speeds are then
1,398,862/3/4/5/6/7/9. It can  have  a  high. The information fed in  by
the key is 60 simple construction and can be substanti-  decoded; if the
key is a digit key  the in- 125 ally devoid of adjusting resistors. A large
formation is stored in a register in the number of gates can be supplied
with cur-  arithmetic unit ARI and is displayed on 



rent by identicalcurrent injectors, with the  the display unit DP; if it is
a function result that the injected currents and hence  key the calculation
is performed and' the 65 the switching times can be made accurately  result
thereof is stored in a register and 130    1 422469
3 displayed. The first signal' may be supplied  or more discrete values. to
the control means SW by the amplifier    The arithmetic unit ARI includes a
clock A for example, 0.5 second. The time for  Cl which synchronizes the
operations of which this signal is applied may be arranged  the remainder
of the unit, which clock has 5 to be the maximum time required for an the
same power supply, and the output 70 arithmetical operation. As an
alternative  frequency of which varies with the current however, the
application of the first signal  supply thereto. As a result, the clock
fre- to the control means may be terminated  quency is automatically
adapted to the by a signal from the arithmetic unit ARI  processing speed
which can be achieved in itselfwhich signal may be triggered by a  the
remainder of the unit. An example of 75 change in the display. For example,
it may  such a clock and its use will be described be that the depression
of each key results  hereinafter. eventually in a change in the number dis-
The elements DT, DC, ARI A and SW played, or because the result of the
calcula- may  be in combined integrated form. As 15 tion is displayed  When
this occurs the cur-  an alternative  however .a plurality of chips 80 rent
is reduced to the stand-by  value.   can be used, even for those elements
which In practice the power consumption of  are shown as one  unit. The
arrangement the display unit DP may be 3 mA as long  may also comprise
non-integrated elements as the switch is in position "on". The entire  such
as output amplifiers, switches and the 20 remainder of the circuit may
consume 20  like.                                     85 mA in its
high-current state and 2mA in    Figure 2 is a sectional view through a its
stand-by current state. During normal  semiconductor structure intended to
oper- calculation at the most one arithmetic  ate according to the
integrated injection operation may be started every ten seconds  logic
(err) principle. The structure consists 25 and may last less than [err]
second on the  of six layers which are manufactured by 90 average. It will
be seen therefore that the  techniques which are conventional in in-
additional current consumption in excess  tegrated circuit technology. Five
of these of the standby value will then be negligible,  layers are provided
with connectors which even if the time for which each high-  are denoted by
heavy lines. Layer 1 is of 30 current state lasts is fixed at 0.5 second
p-type semiconductor material, is connec 95 The depression of a key can be
detected  ted to a  supply source, and consistitutes directly, for example
by causing the de-  an injecting layer. Layer 3 is of n-type pression to be
signalled by an interroga- semiconductor material and is connected tion
unit (not shown). As an alternative  to ground. This layer constitutes an
inter- 35 the receipt of information by decoder DC  mediate layer into
which charge carriers 100 when in the stand-by current range can are
injected by the injecting layer. This be detected. As a further alternative
the  hole current is dependent on the supply information may be arranged to
arrive as  voltage applied to the layer 1 (and also on a flow of bits from
a conductor in such  the physical conditions such as the im- 40 a form
that each signal is preceded by a  purity concentration in the material and
105 "I"-pulse of very long duration. This "1"-  the temperature). Layer 6
'is of n-type pulse will change the current pattern in  semiconductor
material of a higher n- the circuit, which can be detected by a
concentration than layer 3. This thicker current detector. The detector
output sig-  layer acts as a mechanical reinforcement. 45 nal can be fed to
amplifier A. If amplifier  Layer 2 is of p-type semiconductor material 110
A is included in a positive feedback loop  and constitutes a collecting
layer for the and the loop amplification exceeds 1, the  holes injected
into layer 3 by layer 1. The amplifier A  will become saturated and
assembly of ,the layers 1, 3 and 2 con- cause the control means to control
the cur-  stitutes a three-layer current injector, and 50 rent to the
higher value. If desired it may  has a so called lateral structure: the
three 115 be arranged that depression of not all the  layers are arranged
beside each other. If keys give rise to the higher current value  layer 2
is allowed to float it will- become If a digit key or an "erase" key, or a
positively charged and 'will also inject a 



decimal point key is depressed, not much  hole current into layer 3, which
current 55 activity is required of the calculator. This will increase as
the forward potential of 120 also applies, but to a lesser extent, to layer
2 increases, Layer 1 and layer 2 are adding and subtracting. On the other
hand  deposited together, so that their physical an extensive calculating
program  is re-  properties are substantially the same. Be- quired for
multiplication, division, root  cause they are also arranged close
together, 60 extraction and the like. Thus it may be  their temperatures
are also  the same. 125 arranged that the current is set to the  On  the
one  hand,  the  combination higher value only in response to depression
of  layer  1  and  layer  3  can  be of certain keys.
' considered as a current source having If desired the control means may be
a high internal resistance (current sub- 65 arranged to control the current
to three  stantially constant). On the other hand, the 130    4
1 422 469                                       4 current which actually
flows in the direc   external connection between K1 and earth, tion [err]
depends on the' potential  and of the internal collector-emitter paths of
layer 2. If this potential is high,  of T1 are defined as logic "1", the
circuit this current is small  whereas if the  of Figure 3 constitutes a
logic NOT-gate 5 potential of layer 2 is low, the current in  having two
outputs.                     70 the direction [err] is large.
Figure 4 shows a circuit comprising three Layers 4 and 5 are of n-type
semiconduc-  transistors Tl, T2, T3, corresponding to r material and
constitute two collectors  transistor T1 of Figure 3, and three signal of a
multi-collector npn transistor which is  terminals K1, K2, K3. Connected to
the 10 formed by the layers 3   2  -4 (5). If  bases of these transistors
are current sources 75 the potential of layer 2 is high, so that the  S1,
S2, S3 respectively each of which always current in the direction 2-  '3 is
large  supplies the same current, the construction (current in the
direction [err]small),  of each source being identical to that shown . this
transistor is conducting and current  at 1, 3 in Figure 2. 15 can be
conducted through the layers 4    If the output current of.S1 is taken from
80 and/or 5. On the other hand, if the potential terminal K1 by an external
connection of layer 2 is made low by draining current (logic 1), transistor
T1 is not conducting. from it via an external circuit (current in
'Similarly, if the corresponding current is the direction [err]large) the
multi-  taken from  terminal K2, transistor T2 is 20 collector transistor
will be cut off. Thus  not conducting. If the output current of 85 a
current-controlled  current logic (err)  current source S3 passes to ground
via the arises. It will be noted that the current  emitter electrode of
transistor T3 (rather injector structure should not be considered 'than
through the collector-emitter path of as a pnp-transistor, because only the
cut-  transistor T1 or T2, terminal K3 is con- 25 rents therein are of
importance and not  nected to earth in a conducting manner go the voltages.
'  '              through the collector-emitter of transistor Two logic
states'can be defined:        T3. This occurs only if current is taken a)
no current drained externally from 2, in  externally from both K1 and K2,
because which case currents flow in the directions  otherwise the current
from s3 will be taken 30 [ERR]       by 'the collector-emitter paths of T1
or 95 b) current drained externally from  2, in  T2. If the
current-carrying state of a which case current flows in the direction
connection is defined as logic "1", the ar- [ERR]only.       '   '
. rangement - of  Figure  4  is  therefore A current drain can be
arbitrarily defined  a  logic  ANDgate.  Similarly, if  the 35 as a logic
"1".                         galvanic connection between the collector 100
This example of integrated injection logic  electrodes of the transistors
T1 and T2 is only one of many which are possible. and the base electrode of
transistor T3 is Many others are described in  the said  taken as the
circuit output the circuit be- Patent Specifications 1,398;862/3/4/5/6/7/
comes a logic NAND-gate. If the output 40 8. For example, the current
injector (layers. signal of a gate has to be fed to more than 105 1 - 3 -2)
can be constructed as a vertical  one location, a different collector
electrode structure, and the multi-collector transis-  of the corresponding
transistor should pre- tor (layers 3 - 2 -45) as a lateral struc-  ferably
be used for each. Otherwise differ- ture.                  '             :
ent collector currents might occur in dif- 



45   Figure..3 shows a gate which is  construc-  ferent gates with the
result that different 110 ted in integrated injection logic i.e. the
switching times might occur. However, it same gate as that shown in Figure
2, but  may be that this phenomenon can be used now  represented
symbolically. Transistor  to good advantage in certain circuits. T1 is
composed of the layers 3, 2 and 4/5     Figure 5 is a block diagram of the
clock SO of Figure 2, and current source S1, having C1 of Figure 1. This is
constructed from  115 a supply  connecfion KO,  is composed of the
integrated injection logic elements and con- layers 1 and 3 of Figure 2.
Terminal K1  sists of an odd number (in this case 5) of constitutes a
signal input   and the collec-  logic gates T5  . . T9 each corresponding
tors of transistor T1 form signal outputs.  to Figure 3. The base electrode
of each 55 The transistor can have two logic states: gate (denoted by a
circle) is connected to 120 a) Current is taken from  terminal K1  by  a
collector electrode of a preceding gate. an external circuit, in which
case' the paths  The  circuit is astable and' the gate switch between the
emitter and the collector elec   each time after the  same delay. A sym-
trodes of  transistor T1 are effectively open   metrical output signal thus
appears on 60 circuit,                        terminal K4.
125 b) no current is taken from K1, in which    If this clock is included
in a circuit the case the paths between the emitter and the  remainder of
which (for example the re- collector electrodes of transistor T1 con-
mainder of ARI in Figure ) is constructed duct.
from similar integrated injection logic ele- 65   If the current-carrying
property of an ments (same temperature and composition) 130    .5
1 422 469                                      5 and is fed from the same
supply voltage, for adjusting the output frequency of the 40 the clock
frequency can be made to auto- clock between one value and another to-
matically adapt to voltage and temperature  gether with the adjustment of
the current variations. In certain circumstances. it may  in a said supply
conductor between the be necessary to stop the clock, for example  first
value and the stand-by value. by means of an additional blocking gate in
2. An arrangement as claimed in Claim 45 the loop containing TS . . . T9 or
in the  1, wherein the clock is constructed so that output line connected
to terminal K4. These  its frequency will vary with-variations in blocking
gates can be unblocked when the supply current thereto, a said conductor 10
supply current is sufficiently large, or when  being connected to a current
supply input it is sufficiently constant. A special detector  of said
clock.                 50 of known construction can be added to the    3.
An arrangement as claimed in Claim circuit of Figure 1 for this purpose.
Fur-  1 or Claim 2, wherein the other value of thermore, it can be arranged
that any bi- the output frequency of the clock is zero. 15 stable and
polystable elements such as   4. An arrangement as claimed in Claim
counters incorporated in the circuit are  3, including a detector for
changes of cur- 55 reset to a starting position when the clock  rent in
said conductor or conductors to said is stopped, to predetermine the
starting  stand-by value, the output of said detector condition thereof
when the supply of clock  being coupled to means for blocking the 20 pulses
is restored.                     clock output. An arrangement according to
the inven-   5. An arrangement as claimed in any 60 tion may also be used,
for example, in  preceding Claim, wherein a said conductor portable
key-to-tape" equipment, space  is connected to an input of a current in-
satellites processing digital signals, sealed  jector (as herein defined)
for said gates. 25 error-crrection devices in submarine data   6. An
arrangement as claimed in Claim transport cables, and other devices in
which  5, wherein said conductor is connected to 65 dissipation reduction
and energy savings an input of a current injector (as herein are desirable.
defined) for a gate which is included in. the WHAT WE-CLAIM IS:-
frequency determining part of said clock 30   1. A  circuit arrangement,
comprising    7. A circuit arangement as claimed in an integrated circuit
having an electrical Claim 1, substantially as herein described 70 *
information input, logic gates, a conductor  with reference to the
accompanying dia- or conductors for supplying power to said  grammatic
drawings. logic gates, and a clock for controlling said        C. A. CLARK,
35 logic gates, the arrangement including con-      Chartered Patent Agent,



trol means for adjusting the current in            Century House, said
conductor or conductors between a            Shaftesbury Avenue, first
value and a stand-by value in response  .     London, W.C2. to a control.
signal, means being provided      Agent for. the Applicants Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1975. Published at the Patent Office, 25 Southampton
Buildin, London, WC2A 1AY, from which copies may be obtained.    1 422 469
and is fed from the same supply voltage, for adjusting the output frequency
of the 40 the clock frequency can be made to auto- clock between one value
and another to- matically adapt to voltage and temperature  gether with the
adjustment of the current variations. In certain circumstances it may  in a
said supply conductor between the be necessary to stop the clock, for
example  first value and the stand-by  value by means of an additional
blocking gate in   2. An arrangement as claimed in Claim 45 the loop
containing T5 ... T9 or in the  1, wherein the clock is constructed so that
output line connected to terminal K4. These  its frequency will vary with
variations in blocking gates can be unblocked when the supply current
thereto, a said conductor 10 supply current is sufficiently large, or when
being connected to a current supply input it is sufficiently constant. A
special detector  of said clock.                  50 of known construction
can be added to the    3. An arrangement as claimed in Claim circuit of
Figure 1 for this purpose. Fur- 1 or Claim 2, wherein the other value of
thermore, it can be arranged that any bi- the output frequency of the clock
is zero. 15 stable and polystable elements such as   4. An arrangement as
claimed in Claim counters incorporated in the circuit are  3, including a
detector. for changes of cur- 55 reset to a starting position when the
clock  rent in said conductor or conductors to said is stopped, to
predetermine the starting  stand-by value, the output of said detector
condition thereof when the supply of clock  being coupled to means for
blocking the 20 pulses is restored.                     clock output. An
arrangement according to the inven-   5. An arrangement as claimed in any
60 tion may also be used, for example, in  preceding Claim, wherein a said
conductor portable "key-to-tape" equipment, space  is connected to an input
of a current in- satellites processing digital signals, sealed  jector (as
herein defined) for said gates. 25 error-correction devices in submarine
data   6. An arrangement as claimed in Claim transport cables, and other
devices in which  5, wherein said conductor is connected to 65 dissipation
reduction and energy savings an input of a current injector (as herein are
desirable.                         defined) for a gate which is included in
the WHAT WE CLAIM IS:-                   frequency determining part of said
clock. 30   1. A  circuit arrangement, comprising    7. A circuit
arangement as claimed in an integrated circuit having an electrical Claim
1, substantially as herein described 70 information input, logic gates, a
conductor  with reference to the accompanying dia- or conductors for
supplying power to said  grammatic drawings. logic gates, and a clock for
controlling said       C. A.. CLARK, 35 logic gates, the arrangement
including con-     Chartered Patent Agent, trol means. for adjusting the
current in            Century House, said conductor or conductors between a
Shaftesbury Avenue, first value and a stand-by value in response
London, W.C.2. to a control  signal, means being provided      Agent for
the Applicants Printed for Her Majestys Stationery Office by The Tweeddale
Press Ltd., Berwick-upon-Tweed, 1975. Published at the Patent Office  25
Southampton Buildings London, WC2A 1AY, from which copies may be obtained.


