A SEM EONDUCTOR | NTEGRATED CI RCUI T DEVI CE FI ELD OF THE | NVE 2 Tls 2
present invention relates to the reduction of the power I p ﬂ61.7 i 4
@ semconductor integrated circuit device, and has partic r application

to anfMXS ICcircuit. 10 BACKGROUND OF THE | NVENTI ON Conventionally, a
bus-controller constituted as a sem conductor integrated circuit device is

desi gned to decode an external signal input designating the status 15

- of the mcroprocessor output and to outpyt_a control signal at

appropriate timngs. This conventional bus-controller has a circuit
construction  using ki pEMiicoNDURTOR INTEGRAGEDNEERCUST NBEPESE Cont rol | er

circuit aimng to |l ower the power dissipation. 20 AS a priror art

sem conductor integrated circuit device aimng to |ower the power

di ssipation there is an 8-bit parallel mcroprocessor MbMBOC88P produced by

M t subi shi El ectri FIELD OF THE INVENTION devi ce has a 25 sl eep node

where sone internal clocks are halted by executing the HALT instruction.
Additionally, in this . -2-

5 The present invention relates to the reduction of the
power dissipation in a semiconductor integrated
circuit device, and has particular application to a

CMOS IC circuit.

10 BACKGROUND OF THE INVENTION.

Conventionally, a bus-controller constituted as a
semicondpctqr integrated'circuit device ;shgesigned to
decode an external signal input designating the status

15 of the microprocessor output and to output a control
signal at appropriate +timings. This conventional
bus-controller has a circuit construction using
bipolar +transistors, and there is no bus-controller
circuit aiming to lower the power dissipation.

20
As a prior arf semiconductor integrated circuit device
aiming +to 1pwer -the power dissipation there is an
8-bit parallel microprocessor_ M5MB80C88P produced bf
Mitsubishi Electric Co., Ltd.. This device has a

25 sleep mode where some internal clocks are halted by

executing the HALT instruction. Additionally, in this



W, ce external signals are decoded to halt the internal clocks“in a

¢ial state, whereby the power dissipation is reduced. 5 SUWARY OF
E .| NVENTI ON According to the present invention, there is provided a
semiconductor integrated circuit device, other than a m croprocessor imithe
" formof an integrated circuit, 10 which conprises a circuit neans
for receiving an external clock signal and normally transmtting it as an
internal clock signal, the circuit neans al so receiving an externally
applied signal and a signal internal” 2 o t he devi ce, and responding

t 15 det 1 ned .st at f.th t [ | lied i |t
i gt e?r upt thep': ?éf%ﬁ%rgsp%f%r% eogﬁigé‘%lg(g%rﬁg? g§°3§g$o| Egdulgé ﬁeﬂb"gwer
consunpti on of tgﬁfgﬁ&é{aggv@w&mwg %P%c':l.gﬁeﬁl@g]ted‘@ﬁgréi}gn@ﬁe %&?&t he

si gnal internal icels in rst state ahd not en the
internal signal igiddlphtiRaP% HeduRedl.n one enbodi ment, the device is a
bus controller. Preferably the sem conductor integrated circuit device 25
has a «circuit construction using CMOS transistors in which the power
di ssipation is further reduced. -3- S

5 SUMMARY OF THE INVENTION

According to the present invention, there is provided

L)

a semiconductor integrated circuit device, other than Qj

a microprocessor in the form of an integrated circuit,
10 which comprises; a circuit means for receiving an
external clock signal and hormally transmitting it as
an 1nternal clock signal, the circuit means also
receiving an'externally applied signal .qngh a signal
internal to the = device, and responding to a
15 predetermined state of thé externally applied signal
to interrupt the transmission of the clock signal, so

as to reduce the power consumption of <the device by

removing the internal clock signal; when the signal o/

internal of the device is in a first state and not

20 when the internal signal is in a second state.
In one embodiment, the device is a bus controller.
Preferably the semiconductor integrated circuit device

25 has a circuit construction using CMOSItransistors in

‘which the power dissipation is further reduced.



An enbodi nent. of the present invention, given by way of exanple, wll now
be described with reference to the acconpanying drawi ngs, in which: 5

BRI EFE - PESCRI PTI ON OF THE DRAW NGS Figure 1 shows a circuit in a &gj}
sem éonductor integrated circuit device enbodying the present inventi 0
Figure 2 is a timng chart for exenplifying the operation of the
enbodi nent. Figure 3(a) is a circuit diagram showi ng an inverter
constituted by NMOS transistors, and Figgre 3(b) is a 15 circuit nodel
of Figure 3(a) obtained by replacing the“circuit elenents; Figure 4(a) is.a

circuit diagram show | t SEdy r | St oF nd
HnllénBOaiRERE 8gef€ﬁgf£il.:%%%l?€ %@%ﬁ di ?e}'?qg‘y rb S(pl 2’8 P!ng

Figure 4(b) is a 20 circuit no
the circuit el enent of aestahpgere Qils anéw' el deshPHaMAtH KR AdPERcee ko0f

Figure 4(a) for exenplifying the AC current which 25 fl ows through
this circuit. - 4thpEacrbEDaDFSOR @fawhhg®, THk whRIHHZRRED EMBCDI MENTS
Figure 1 shows a circuit construction I n a sem conduct or
integrated circuit device enbodying the

5 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a circuit in a semiconductor integrated

circuit devige embodying the present invention:

\
10 Figure 2 is a  timing chart for exemplifying the
operation of the embodiment.
Figure 3(6) is a circuit diagram showing an inverter
constituted by NMOS transistors, and Figure 3(b) is a
15 circuit model of Figure 3(a) obtained by replacing the
circuit elements;
w Figure 4(a) is a circuit diagram showing an inverter

constituted by CMOS transistors, and Figure 4(b) is a
20 circuit model of Figure 4(a) obtained by replacing the

circuit elements; and

Figure 5 is a circuit diagram of the inverter of
Figure 4(a) for exemplifying the AC current which
25 flows through this circuit.



5 present invention. - In .this enbodinment an external ciock input

dch as a systemclock is controlled in accordance wth an external signa
ut desi gnating the status of a mcroprocessor output. 10 In Figure 1¢

efe are provided an input terminal 1 for an internal contrél signal &7

and input termnals 2, 3 and 4 for receiving each bit [er] to b3 of an

external signal which is output fromthe m croprocessor. The

m croprocessor outputs an external signal [err] to [err] in 15

accordance with its state, and when-i# s stopped it outputs an

‘external signal of "111". There are al so Brovided an_input termnal for an

external clock aDEM ' ETION, L EoRREFERRE BORIMENTSNt r ol

signal c through the input termnal 1. This internal 20 control signal

c is a signal produced for generating a power saving signal PD when the

ext er nal si'_gnal irsi " " 1 sQ\QQ‘%Wer savbggcﬁk_ nalc gef\géﬁ ‘gonp{ﬁswg an

AND gate 7 is provi to recelve the external signa to [err]
through the i npUtséﬂéBdlﬂc‘%&tQ.n‘l:eg%Q‘i':eBhéigéuit a8Vi e embbdyidly the
i nverter 6. This AND circuit generates a power saving

signal PB in prpsmilimendiiionn C[h tltaiexteﬁbaamegaal an| esxferndl
[err] and the

a

clock input such as a system clock is controlled in
accordance with an external eignal input designating

the status of a microprocessor output. ;J

10 In Figure 1 there are provided an inpuf terminal 1 for
an internal control signal ¢, and input terminals 2, 3

and 4 for receiving each bit b1 to -b3 of an external

signal which is output from the microprocessor. The

1 to b3 in

microprocessor outbuts an externallsignal b

15 accordance with its state, and whenlit is stopped it
outputs an external signal.of “111". There are also
provided an input terminal for an external clock a,

and an inverter 6.which receives an internal control

signal c¢ througb the input terminal 1. This internal

20 control signal ¢ is a signallproduced for generating a
power saving signal PD when the external signal is
."111“. A power saving signal generator comprising an

AND éate 7 is provided to receive the external signal
bi to b3 through the input terminals 2 to 4, and the

25 output of the inverter 6. This AND circuit 7



output of the inverter 6. A NOR gate 8 is provided to receive the power.

saving signal PD fromthe power 5 saving signal generator 7 -
the external clock a through the input termnal 5, and this NOR gate 3C§;:>
out pwss an internal clock d at its output terminal 9. The inverter 6,

power saving signal generator 7, and the NOR gate 8 are constituted by CMOS
I ntegrated 10 circuits using CMOS transistors.  These circuits 6, 7,
and 8 constitute a circuit for reducing the power dissipation in the
seniconductor device. Before describing the operation of the device, the 15

reason t he €g&@£atgé555p oWy |§%Nd&@ﬂugg nial appi I gxi t acgpEELHLL i ON
usi ng CNCS transistors wll be described with reference to Figures 3 and 4.

Figure 3 shovvs cmditmeréerth@msﬁeﬁnamctim1 NBOS £6 b, tanadsithers,
and Fi gure shows i nverter constituted CRCS

t i st h '
fransistors. ¢ Curg%&g ?Op@%t{m L', gy figkx a%@byig' gbowaua to

| npedance, I ving the next stag can be ignored except

for transient statggchiviOiile PondiSaithdMaighal PD! I 2#6nSt €h6. powes-
The NMOS inverter shown in Fﬁ%ure 31is constﬂﬁiexlby P

5 ' saving signal generator 7 and the external clock a
through the input terminal 5, and this NOR gate 8
outputs an internal clock d at its output terminal 9.
The invgrter 6, the power saving signal génerator 7,
and the NOR gate 8 are constituted by CMOS iﬁtegrated

10 circuits using CMOS transistors. These circuits 6, 7,
and 8 constitute a circuit for reducing the power
dissipation in the semiconduétor device.

Before describing the operation of the device, the

15 reason why the power dissipation is reduced in a

* circuit construction using CMOS transistors will be

. described with reference to Figures 3 and 4.

Figure 3 shows an inverter constituted by NMOS

20 transistors, and Figure 4 shows an inverter
éonstituted by CMOS transistors. Generally, 'MOS
transistors have‘extremely high input impedance, and a
current for drivin§ the next stage can be ignored

' except for transient states in both of NMOS and CMOS

25 " transistors.



toad transisto
Figure 3(b) i
sistor Rand 5

a signal "L" is
the circuit wll
switch lais clo

r 10 and a driver transistor 11, and a circuit nodel s
s obtained by replacing the |oad transistor 10 by a
the driver transistor 11 by a swtch |a.

hown

When *

input inthis circuit, the switch la is openéd so that-

output a signal "H'. Wen a signal "H'" is input, the
sed so that the circuit will output a signal "L". Int

10 circuit state, a DC current flows constantly from the power su

Vcc to the groun

d. On the other hand’ﬁa CMOS-inverter is constituted b

Figure a(ay. and i (ORY Thrh e Miow 38°ribby 3 18 opppfirafie ity

replacing the
1d, respectively.

Fa 184 S AEiR&dr WA 0 r(ﬁ'ﬂrgralﬁg'aﬁgigi‘.oﬁv‘ii chgsalg

v%en a S|gnal "L is input inthis circuit, the swt

1c and 1d are cl csffbut®l apeiex, sHbwn ineSpdgureéc! a(b301§habthmealw
w ll output a signal "H'. When a signal "H' is input, the switches 1
1d are opened andreplaeihg ridepdnad dinansdstorailOt by ei registowi IR and

a signal "L". |
opened or 25

10

15

20

25

n this way, the switches Ic and Id are conpl enentarily

the s Ariverer dANSiEhathg Wo BY cérr SHitehoka. When a
signal "L" is input in this circuit, the switch la is

opened éo_ that the circuit will output a signal "H".
When a signal "H" is input, the switch la is closed so
that the circuit will output a signal "L". In this
circuit state, a DC current flows constantly from the

power supply Vecc to the ground..

On the qther hand, a CMOS inverter is copsE;tuted by a

P channel transistor 12 and an N channel transistor 13

. as .shown in Figure 4(a), and a circuit model shown in

Figure 4(b) is obtained by ,replaéing  the P and N
channel transistors 12 and 13 by switches lc and 14,
respectively. Whén a signal "L" is input in this
circuit, the switches 1lc énd 14 are closed and opened,

respectively, so that the circuit will output a signal

hi s
pply
y a P
In

and

ches

uit

¢ and
put

"H".  When a signal "H" is input, the switches 1lc and

ld are opened and closed, respectively, so thaf the
circuit -will output a signal "L". In this way, the
switches 1c¢ and 1d are 'qomplementarily opened or

closed, thereby incuring no DC current flow.



-7- Ac

cordi ngly,

t he dissipation current is reduced in CMOS circuits. The

operation of the device of Figure 1 wll be 5 descri bed bel ow. Wen

all .b

its [err]

and b3 of the external signal desi gnating the stat

of the’n1croproéessor output are "H' (it nmeans that the m croprocessor

st oppe

"L" (time period

[err] in Figure 2), the control signal c of "L" is

inverted by the inverter 6, and it is iﬂput to the power saving signal
generator 7. Then,

from
gate 8.

the generator

Thus,

t he power saving stghal PD that is to be output 15

)

d) 10 and the internal control signal ¢ shown in Figure 2(c) is

LO@REES{ Hl:ge ? %iﬁaef&pregar cﬁxggs ior%) LL{% E?Pg'lnnal

cl ock a having a pejkgﬂbgrwalegorn1as shomm in Figure 2(a). In this way,
ternal clock d at the output terminal 9 is 20 fixed to "L" as
shown in Figure 2(d), and the deV|ce is set at the power dissipation
i on mode. When the internal” control signal ¢ shown in Figure 2(c)
becones "H' (tine Fhe operatipon ofi gthe d¢yiceheof5 Figumsmwer wdadi ndpe

the in

r educt
signal PD t@?t S
\
10
15
L/
20
25

to be output fromthe
described below.

When all bits bl‘ and b3 of the external signal

designating the status of the microprocessor' output
are "H" (it means that the microprocessor is stopped)
and the internal control signal ¢ shown in Figure 2(c¢)

is "L“ (time period 'I‘1 in Figure 2), the control

signal c of "L" is inverted by the inverter 6, and it
is input to the power saving signal éﬁnerator 7{
Then, the power saving signal PD that is to be output
from the generator 7 becomes "H", and this output "H"
is input to the NOR gate 8. Thus, .the NOR gate 8
outputs "L" regardless of the external clock.a having
a periodic waveform as showﬁ in Figure 2(a). In this
way, thé internal- clock d at the output_terminal 9 is
fixed to "L" as shown in Figure 2(d); and the device

is set at the power dissipation reduction mode.

Whenh the internél control signal c shown in Figure-

2(c) becomes "H“.(time period T2 in Figure 2), the

power saving signal PD that is to be output from the



-8- generator 7 falls dowi to "L" imedi ately regardl ess of the state of
t he, external signal [err] to [err] and the inverted signal of the
rnal clock a appears at the output of the NOR gate 8 as shwon in BE-gure¥
b

In 5 this way, the power dissipation reduction” node is™-
ancel | ed, and the device returns to the usual operation node. \Wen
all the bits b to [err] wof the external signal 10 becones "H'

and the internal control signal ¢ beconmes "L" (time period T3 in Figure 2),
t he device enters the power dissipariﬁn‘nnde in the sane manner as

descri bed above. 15 B e N cQpdition her. than that allt

the bits [err] Q%‘eﬁ%ﬂ%'}?ﬁﬁ%é’og?t g?na si M?gg?gelﬁ',r??]%r WS

'savi ng signal PD doe MoTcTots) S ' ' Loternagl . co | 4481 gna

c is "L". Such acgfe)lsz:#égtsnot ligl%ué:{ﬂ re ate g?fs?ﬁhlii %gﬁe‘ég.skgeé‘sb%i’e;%cé(?b%%

above, the internal clock is tenpor rilét;ixed to a specific value in this
I

enbodi ment . When ¥Heentad signad of the pEterRal citRel 2 RRPERTS IRt Pk
di ssipation is rec(‘ju Cpeu asofd eciicer ihﬁ(id g%%leow a%5shwon in Figure 2(d). 1In
5 this way, the power dissipation reduction mode is
cancelled, énd the 'device returngs to the wusual

operation mode.

When all the bits'b1 to b; of the external signal

10 becomes "H" and .the intetnal'control signal ¢ becomes

"L" (time period T3 in Figﬁre 2), the device enters

the power dissipation mode in +the same manner as

described above.

15 ' By the way, in a condition other than that all the

bite b, to by of ‘the external signal are "H", the

power saving signallPD does not become “Hi even if the ;J
internal control signal c is "L". Such a case is not
iliustrated in Figure 2.

20
As described above, the internal clock'is temporarily
fixed to a specific value in this embodiment. When
the internal clock is halted in CMOS circuit the power

dissipation is reduced as described below.

25



-9- Only quite a small DC current flows in a CMOS circuit as descri bed
above, and an AC current having a | ow order is domi nant in the dissipation
gurrent. "This AC current is a current which flows transiently at the 5 -
swi tgheng, and. it includes as its main conponents a current for 6é§>

char gi ng or di schargi ng t he | oad capacitance CL and a current ch
I nst ant aneously flows through the circuit, for exanple, that which flows
fromthe power supply Vcc to the ground ile 10 the P channel and the
N channel transistors are turned to be"ON at the sane tinme while the input

i's switched from"Hg o " g{,;{%e%e%ﬁaif DEL%’SG?@ﬂ“gS%g a %OSA‘%iCtOHi%m

i s approxi mately proportional t e Sw reguency because

flows at the switchigadgeberibed”ab8bd Nghd: an A¢ &t MGy | Qen e
AC current to approxi nately zero and fhereby to reduce the dissipation

current by halting ohdes! aekdshinbntsiAvthe sl patrbroduraiaat edind salaca
hi gh speed. Only a |l eak current having a nmuch | ower order becones a 20

di ssi pati on current curwenthiis awaurrenhhewhilehi £rows s trarisidantly t et thewer
di ssi pation reduction node by the output of the power saving signal
generator 7 when t h&vwikshingef apé 28t ineludes s LtgMain [aamponents &rr)

and the internal contro
’ ' current for charging or discharging the load

capacitance CL and a current which instantaneously

flows through the circuit, for exémple, that which

flows from the - power supply Vee to the ground while

10 the P channel and the N channel tréns;stofs are turned
to be ON at the same time while the input is switched

from "H" to "L" (refer to Figure 5). Such an AC
current ;s approximately proportional to.tgg switching
frequency because it only flows .at the switching.

15 Accordingly, it is possible to lower the AC current
to approximately zero and thereby +to reduce the
dissipation current by halting the clock which is

\ _ switched ON and OFF repeatedly at a high speed. Only
_a leak current having a much lower order becomes a

20 - dissipation current.

In this way, the device 1is set to the power
digsipation reduction mode by the output of the power
saving signal generator 7 when the inputs of the

25 external signal b1 to b3 and the internal control



- 10 - signal c conply with a special condition, and the internal
clgck d that is to be output fromthe NOR gate 8 is tenporarily fixed to
Z scific value, whereby the dissipation current by the charge and 5~  *
dgdecparge of the |l oad capacitance is reduced. Thi s nmeans“t hat theﬁyi‘
edlcti on of the power dissipation is realized by only providing a few
additional logic gates. 10 I n t he above-illustrated enbodi nent
the power dissipation reduction cigqut_is constituted by the inverter 6,
the AND gate 7, and the NOR gate 8, but it nay be constituted by sone other
logic circuit W tldio Sl PGlitn &5 ApekiafVl d8RALELGH) [ NCah@! eGgl N0,

I n an enbodi nent of” the present” i nvention, a sem conductor integrate

circuit device igtefidistididdd oy tHaSisl g#bepeabedpat! £xbh tRé NGOIMOS
transistors, and the internal 20 ~ = systemclock is tenporarily fixed to a
specific val ue, vgeteld ishe tmporatiidy pfiixed | tor educspeci/fiicousaranges

and nodifications of the described enbodiment will be apparent to those
skilled in the Wwhereby the dissipation current by the charge and

5 discharge of the load capacitance is reduced. This
means that the reduction of the power dissipation is
realized by only providing a few additional 1logic

gates.

10 In the above-illustrated embodiﬁent, the power
dissipation reduction circuit is constituted by the
inverter 6, the AND gate 7, and the NOR gate 8, but it
may be .coqstituted by some other logig circuit with

the same effects.

15
As is evident from the foregoing, in an embodiment of
the present invention, a semiconductor integrated
circuit device 1is constituted by CMOS integrated §J
circuit using CMOS transistors, and the internal

20 - system clock is temporarily fixed to a spécific value,

whereby the power dissipation is reduced.

Various changes and modifications of the described
embodiment will be apparent to those skilled in the
25 art.



.

25 . art. - 11 - CLAIMS: 1. A semconductor integrated circuit

devi ce, ot her u [ocessor in the form of an 5
it egrat ed ci r ‘ﬂmimﬂm ses circuit means for receivi n _
nd a

ext etNgal cl ock st grral tanl ndrnhl |y transmitting it as an internal c
S|gnaI* the circuit- nmeans al so receiving an externally applied signa

signal internal to the device, and 10 responding to a predetern1ned
state of the externally applied signal ip interrupt the transm ssion of the
clock signal, so as to reduce the power consunption of the device by
renovi ng the intergghrmgeck signal, when the signal internal of the device

isinafirst stat& I  and not when the internal signal is in a second
state. 2. A devi ce according to claiml1l, which is a CMOS integrated
circuit device. 20 3. A device according to claim 1 or claim

2, which is a bus dentrol | 3r. semiconductieni cintegxatdidg diccuiit odevikce,
clalns 1to 3, which conprises an AND gate for recei vi ng the 25
external |y appliedo¥hgRal %Ranthe | FLEFARFORSSHAT  4md the form of an

5 integrated circuit, which comprises a qircuit_ means
for receiving an exte:nal clock signal and normally
transmitting it as an internal clock signal, the
circuit means also receiving an externally applied
signél and a signal intérnall to the device, and

10 ' responding to a predetermined state of the externally
applied signal to interrupt the transmission of the
clock signal, SO as tq reduce the power consumption of
the device by removing the internal clock signal, when
the signal internal of the device is in a first state

15 and not when the internal signal is in a second state.

2. A device according to claim 1, which is a CMOS

L/' - lintegrated circuit device.

20 3. A device according to claim 1 or claim 2,

- which is a bus controller.

4. _ A device according to any one of claims 1 to:3,
‘which comprises an AND gate for receiving the
25 externally applied signal and the internal signal, and

a NOR gate for receiving the external clock signal and



a NCR gate for&ﬂiﬂe|V|ng t he external clock signal and - 12 -~the output !

of the AND ga ”ﬂ the internal clock signal. 5. An

B ated ,””ﬂrCUIt system 5 having = a systemclgek =
, the systen1co mri §iny a nicroprocessor and a device aécording Eép{
ne of the preceding clains, the external clock signal being the ™
system cl ock signal and the externally applied signal indicating the
status of the m croprocessor. 10 6. Sem conduct or i nt egrated
circuit devi ce substantially as herdi?h -described with reference to the

acconpanyi ng draw ngs
panying ge output of the AND gate and outputting the internal

clock signal.

5. An integrated semiconductor circuit system

5 having a system clock signal, the system comprising a
microprocessor and a device according to any one of
thé preceding claims, the extérnal clock signal-being
the system clock signal ahd the externally applied \J
signal indicating the stgtus of the microprocessor.

10
6. Semiconductor ihtegratéd dircuit device
substantially as herein described with reference to

" the accompanying drawings. PR




