‘CMOS SI NGLE CLOCK LOG C ARRANGEMENT 2188 504 BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention. The invention relates to the field of clocking for
- CMXS logic circuits. 2. Prior Art. 5: Most conpl ex VLSI circuits/
»ar & 1 npl ement ed usi ng synchronous Iog| C. that i's, logic'that is sequencegd,
by “Yentral cl ocki ng signals. Virtual I yal m croprocessors for instanc
use such |ogic. Asynchronous |cMs SINGLE ouen RRANGEMENTEC al ap Ilcatlons

typically for sinple functions. The read ng and witing of §t5)@14a
menory 10 is one such functlon The present invention deals Wlt
synchronous | 0 for conplenentary netal - oxi de-sem conduct or

(CMOS) circuits. I\/DS1.C| l?{:é],ldt ot hauemvahgroant capaci tance which permts
tenporary storage of (ijl c states enabling the use of.|ow power 15 di/nam C
circuits. Typically, '"!fn puantiop reiates it ghe i finld °ifs°1z§’ﬁ]5’rqﬂea°‘t SUPHdosic
integrated ciegpdditsand several internal clock phases are generated to
shift signals throughout the chip. A typi cal arrangenent is discussed in
conjunction with Fi gty ePItoTOARt+pr obl em associated with multiple clock

phases is that 20 thgsR BépI82 vilESiciPBudisShid bu;?] eh t¥a0LEIRG Udy R Forolls P -
Mor eover, the phases nust be nonoverl appi ng, erw se one state may be

shifted int 0 dogissi thatyds orlesie Shetfig, srRauPBeeds by cegtad PW‘%\FFE@‘PS read.

Typically, "deadsdd1ip’ ;1'1Sn£¥r9¥/éd$6ds&-%t N1 i tendd1 2866 shifh %?
nonover | appi ng operati on LSl circuits the propagation tli me of 25
Asynchronous logic is used in only special applications, typically

o for simple functions. The reiding and writing of data from a memory

i\Jj-.' 10 is one such function. The pregent invention deals with synchronous
logic, particularly for complementary metal-oxide~semiconductor
(CMOS) circuits. |

MOS circuits have inherent capacitance which permits

temporary storage of logic states enabling the use of, low pover'

15 dynamic circuits. Typically, an external clocking signal is applied
to the integrated circuit, and several internal clock phases are
generated to shift signnls_throughout the chip. A typical
arrangement is discussed in conjunction with Figure 1.

One problem associated with multiple clock phases is that

20 these phases must be distributed throughout the chip. Moreover, the

phases must be nonoverlapping, otherwise one state may be shifted
Y ~ into a device before the information stored in that device is read.
Typically, “dead time" is provided between the phases to assure

nonoverlapping operation. In VLSI circuits the propagation time of
25



hase to 11 corners of the chip nust be considered since one hase
a\di fferent propagation time than another. These onsiderations add
esilgn conplexity. In some instances, the peration of the circuit:is .

phases are tagen into account to assure some dead fti e
11 heoralar.ofThite whepernisti be cvhnisdderedosinkes ose | 0gi ¢ ar r angenent
Single phase clocking signal. Single phase clocking signals have

'h‘%é\’ryu’é’e"(f Fo‘F“F?E“E(BP%"PB“ e thancppother- \(Begfrcuits. A di scussi on of

on1da5h €1 U380 oD Ekb beRgs AWRASTBAyl O' 1A BonMPTsthddedi, L ufan be found in "A
Progranmabl e NMDS DRAM Control |l er for M croconputer Systens wth Dual - Port

pestionyof Hie Fpinsui Ehia: Blowed, sines the cdgadn time mugt Jwurnal of Solid-State
: ncgasgu'h% ¥9 prggs&@ciowotin{eeﬁi]thep‘pﬁho 59 s@§e§r_éj'tiﬁé§s' on begl nni ng on

The present invention exten ese teachings to provide a
-ntetmpght ftor asswreappme sdekd fﬁme@mushomlthe chip.- 3- SUMVARY OF THE | NVENTI O\I

A SI hase .cl ocked | o arr ment fo | .enent ary- et al - oxi de
seni o‘tfc%t’S?t ThPEYY gg |'t’§“f‘§°“lfégg%iﬁ'§d‘ ‘The arrangenent
sing ¢ Ipudeé eﬁoﬁk{ﬁ sﬁﬂﬁkls.ecﬁﬂfhl_boﬂkfse clocking signals ‘have

>een used for TTL, ECL and to some extent, in MOS circuits. .

A discussion of single phase clocking arrangement for an NMOS
:ircuit can be found in "A Programmable NMOS DRAM Controller for .
{icrocomputer Systems 'with Dual~Port Memory and Error Checking and

Jorrection”, IEEE Journl.l of Solid-State Circuits, Vol. SC-18, No.

2, April 1983 (see discussion beginning on pa.ge 168). The present

invention extends these teachings to provide a traightfor_wa'rd

\pproach for CMOS circuits.



‘circuits each of which has input transistors. The first logic 5 circdit i8
coupled to receive an input signal while the output signal of the first -,
|l ogi.c circuit is coupled as an input to the second |ogic signal. Both t'he
¥irst and second legic circuits are coupled to receive the sanme phase,of
cl o€king signal. The size of the Input transistors of the first and seco .
logic circuits are different-so 10 as to cause the first logic circuit tg)y
accept the input signal during a first period of the clocking signal, an
the second logic circuit to accept the output signal fromthe first |ogi
circuit during a second period of tinme of the clocking signal. The first
and second periods of tine are nonoverla@gptng. In'the currently preferred
15enbodi ment , Soastirt o8 THE INVENTIONecond logic circuits are D-type

| evel -triggered flip-flops, and the input transistors'include both n-type
and p-type transistors. The conbination of the first and second | ogic
circuits conprise a & byfflecpiiset clatkRacibgil fridngemedty typy Oof exanpl e, one
logic circuit is activated when the clocking 20 signal is below one-third-
of its maxi nurropplenentary-medaltnxide Remitenguster r(CHPS) ilategnstedt elronits ishe

cl ocking sign i OVemt WO-1 hi 1 fe [ pg L 2l s | eaves
a safety zoneauoersc %%el@a'me‘éhr?mﬁg%%&qg% 1{1%\?%;'@?%”' S V\ﬁtﬁe%%ﬂldn 1'f’;ansi tion.
- 4 - | EF DES@IrEii¥d\Netth HiEwhidh \hdé>Anbut trandistovra. CiTheutirsdi dggizm of a

prior art COS logic rcuit. Figure 2 is.a circuit diagramof two D-tyPe
| evel -tri ggé?eﬁ}’ uit is coupled to receive an input signal while the output signal

e of the first logic circuit is coupled as an input to the second logiec
\\Jj signal. Both the first and second logic circuits are coupled to

- receive the same phase of a clo;king signal. The size of the input
transistors of the first and second loéic circuits are different so
10as to cause the first'logic'circuit to accept the input signal during
a first period of the clocking signal, and the second logic circuit
to sccept the output signal from the first logic circuit during a
second period of time of the clocking signal. The first and second
periods of time are nonoverlapping. 1In the currently preferred
15 embodiment, both the first and second logic circuits are D-type
level-triggered f1ip-flops, and the input transistors include both
n-type and p-type transistors. The combination of the first and
v ! ~ second logic circuits comprieé a D-type edge-triggered flip-flop. By
way of example, one logic circuit is activated when the clocking'
20signal is below one-third of its maximum potential and the other
logic circuit iz activated when the clocking signal 1is above
two-thirds of its maximum potential. This leaves . safety zoné or

time when neither of the circuits will be in transition.



i p-fl orm ng an edge-triggered D-type flip-flops which are used i
descri he present invention. Figure 3 is an electrical schematic of
~the cuyhentlly referred enbodi nent of the:present invention. Figure 4
i 'l ust A@ Iwavef orns - used to descri be the operation of a circuit built iy
accorda th the present invention. DETAI LED DESCRI PTI ON CF THE . bl
PRESENT | NVENTI ON A tdnpl enent ary- net al - oxi de seni conduct or ( CMOS) .
IER (DESGCRIRTAOR | QR BHE DRAYINGSir r angenent using a single phase cl ocking signal.

is described. A specific enbodiment of the present invention is described
whi ch includes transistor sizes, It will be obvious, 5 however, to one
ski | kegurien1t 1f adeirduldt didi@ai’ 5 ANpridiv Pt iCWOSNEOgLRE practiced without
these details. Specific details used, for instance, to fabricate the
reidsent invention are not described in order not to unnecessarily obscure
the present inventlon and since they are well-known in the art. 10
Any one of nunmerous commercially used-integrated circuit CMOS processes nay
be u!e:hxteozfabrsj catcmitthéiqreuem thnvmfﬁybenlémi-tﬁiusgrpd ocesses using

n-wel | Snd dgube ure 1. aprlor art CMOS | ogic

-wel
ugr‘\r,\lgﬁgefﬂfmmf s"'ﬁ e F%%fe t"c!”’r %&"t’f W@, VB KE P8RS enent at i on of

1 &&4dre8in® tﬁgu&)&énf}maﬂﬂiﬁt able circuits (flip-flops). An input signal
on line 10 is clocked through transistors 16 and 17 and stored on the

parasitic capacitance of the input node of the inverter 12. The out put of
t hi s PigyRS Bels inn eletredat Wclupdticher tthanshfleat sy 18 and 19

referred embodiment of the present 1nvention.

?igureld_illustrates waveforms used to describe the'operation

¥ a circuit built in iccordince with the present invention.




and stored on the parasitl capacitance of the input node of the 20 -
inverter 14. An output signal fromthe |logic arrangement is present on,
line-15. In Figure 1, the timng signals [err] and [err] and their
Coripllement s are out' of phase wi th one another and typical'ly are generjat
froman externally generated cl ocking signal applied to the 25chip. Byf
of exanple, during a first period of tine determ ned by -6- [err], t\h
signal on line 10 is transferred through the transistors 16 and 17 to t
i nput node of inverter 12. During this first period of time, the data on
line 15 may al so be sensed. Then, duréng a second period of tine, as

deter m ned byehgfidn pkdidnic S Hle pRESH! ey S 1nverter 12 1s coupled
t hrough t he o1 ors conduct, to the
i nput node of inverter 14. During the second period of tine, new data may
be applied to line 10 It is apparent fromthe circuit of Figure 1 that if
transistors 16 and }7?°?ﬁ8mi%t‘5§8"i@168mcPe'%’i"ﬂ‘ﬂ?‘f"d‘r?éo&g%?,) Heenated on
line 10 is cQypb@ft 18gidaPriikemeit IudiRE (£ single Phike 21061zCsidia1024 2
stored on the input node of inverter 14 is read. For this reason, the clock
phases [err] deAgritead,] Aspecifiiccambodipento \psr the presentahevestiom 48 dead tine
exi sts betwe Pﬂg 0 ppi ati Often, the
[err] and [err Lg{%e]r?a S ell'[ng%#g}erg %ﬁ%fgﬁnt@iégﬁe i\gq'é?gfgrel tt‘)'h?{g"'d'st'hroughout
the integras emveirer.u'rtp eoed skili®dr ta)thecart) thxt cthei presout inyenbida mky teone
s e SRR eI St OBRls Aedha!] BRdudsy leadiS GRICT B ! O0A 1Y

{ pi instance, to fabricate the present invention are not described in

(N

order not to unnecessarily obscure the present i.sention and since
they are well-known in the art. )

10 Any one of numerous commercially used integrated circuit CMOS
processes may be used to fabricate the present invention including
processes using p-wells, n-wells and double wells.

In_rignre 1, a prior art CMOS logic arrangement is
illustrated. The circuit is & dynamic implementation of series
15coupled D-type bistable circuits (flip-flops). An input signal on
line 10 is clocked through transistors 16 and 17 and stored on the
parasitic capacitance of the input node of the inverter 12. The
output of this_lnverter is clocked through the transistors 18 and 19
_\~/ and stored on the parasitic capacitance of the input node of the
- 20inverter 14. An 6utput signal from the logic arrangement is present
on line 15. _ :
In Pigure 1, the timing signals ¢1 and ¢2 and their
complements are out of phase with one sanother and typically are
generated from an externally generatﬁd clocking signal applied to the

25chip. By way of examﬁle. during a first period of time determined by



conpl efents) are needed. 20 A Wth the present invention, the dynamc
storagef{qf| Ngure 1 is replaced with stati¢ storage as is illustrated in-. «
Figure 2. st'er and sl ave bistable circuits may be used. In Figure 2%4a
first \bigt®blle circuit (master) includes the cross-coupled gate-pairs. One
gate-p&i N\ i ngl udes the AND gate 21 and NOR gate 22 and the other 25

gat e- paN, e AND gate 23 and NOR gate 24. An input signal on line 20
provides an input to gate 21 and an input to the gate 23 through the

I nverter 25.. The single phase clocking signal on line 26 -7- provides

the other inputs to gates 21 and 23. “TRe second blstable-circuit-(s[ave) of
Fi gure 2 akbo thacsigped on ddoe cujBctragsfernedi throughethpiteassiistord i i ses

the OR gat eygy 130, NN fRkCndde 30C1dvaeedd NS, IBiAnpis ki¥estOBe e of® and
NAND gat e 5‘30. Tﬂ% outﬁ%?é gf the gates 22 and 24“8r0¢?dehﬁzg§%s toogates

27 and 29, timmethé \dsty. onffidne| Mk kanprlsogbrilseoned i nhés pnvisbeliessedeadot her
i nput to the gates, 27 _and 29..T d Qutputs framth ates, 28 and 30
S35 Fhnd S Sansiia 0 oL, 64 B o 8 Al o0

are presentp%n and Bly.” W _ I'nventi on,
as will be tesatebelR i18 emipied Othdough |thentrumsistors A8 and N9 Fig)thesd,
nonover | appi ng operation between the nmaster and slave beatable circuits is

achi eved t htFirgistors sepduat.st9ithe drrut,pede of inveritsr 4o PYringather and
slave cir cukaéoanperfdar sﬁnéi!m\s.-p&&f-anw%ﬁp%ﬁma“% i hegi qeaig angenent
of Figure 2 is illustrated in Figure 3. The input [ine 20 and out put
apparent from the circuit of tigure 1'thst.11 transistors 16 and 17, o .
and 18 and 19 conduct-si;ﬁltaneously. thg data on lihe 10 is coupled .i‘;
10 through the inverters 12 and 14 before the data stored on the input '
node of inverter 14 is read. For this reason, the clock phaséé $1
and ¢2 are typically nonoverlapping, and'often'a"deud_ttme exisgts
between ¢l and ¢2 to prevent o#erlaﬁping operatidn. '
| Often, the $1 and 92 signals and their'coﬁpléménts.are
- 15 distributed throughout the 1ntegrated circuit and thus requi;e an
éxtensive bus netiﬁrk.' In some cases, the complémentary éighals to
¢1 and ¢2 are generated locally thfough inverters, or other
trringements are used in CMOS circuits where only two'cléck phases
(no complements) are needed. i
20 With the present 1n;ention, the dfnamic storage of Figure 1 ' £~}f
is replaced with static storage as is illustrateq in Figure 2. A
master and slave bistable circuits may be used. In Figure 2, a first
bistable circuit (master) includes the cross-éoupled'gate-pairs. One
'g#te-pair includes the AND'gate 21 and NOR gtte 22 ind the other
25 gate-pair, the AND gate 23 and NOR gate 24. An input signal on line
20 provides an input to gate 21 and un_inpat'to:the gate 23 through
the inverter 25. The single phase clocking signal on line 26



15 lines 32 and 33 are again illustrated. The single phase clocking sig
is again coupled to |line 26. The gate-pairg2l and 22 includes transiss
36-41. The p-type transistor 36 is coupled to the [err] (positiv >

>potential) and the sources of the p-channel transistors 37 and 3 .
Tr &fsi stor 37.is coupled in series with the 20 n-channel transistors
40; transistor 38 is coupled in series with n-channel transistor 41.

i nput signal is coupled to the gates of transistors 37 and 39; the clo

signal is coupled to the gates of transistors 38 and 40. The cross-coupling

fromthe gate-pair 23 and 24 is proyvipded through the gates of transistors

36 25 and 41. The output signal fromthe gate-pair 21 and 22 is provided

from the juncRioshdes,

T P 23, andmd leb on OBIRAREY dife© (BLGH BRVIRLe02 Wi WRLTuRR 1

21 and 22 with transistors 44-49 T
25 tardsbecapiled miftetpeiirsi.st@ues gdte-padlr 4compFisesC tihe IORNgatds @Taknd S

i nverter

e 1 nput signal” 1s coupled t

ectther, tapuits: tn Sakes 234928 23md transistors 38 and 41.

coupled to t at es tr istors 46 5 d 48. .Ihe crqQss-co [ ng from

t he gat e- pai IF Ehee %% ?%dagﬁﬁv‘ﬁg‘gﬁ 'f‘-%l’oﬂ'gﬂ"t ﬁ%e é’-&t 5‘5“0%%7%?8@ cﬁ%§°44 and
49. The gat & o I TRe cutputdd odf the gutes 22i snd @3 priovddwi fnputs WeS gstew 2752- 57
in Figure 3. The p-channel transistors 52 and 53 are coupled in series

between the V&I 38 ciospastisiedyt hdhareloskiee signah on- Linm A6 Provases Sher 55,
The p-channel o{l{eqnfﬁpﬁ;torto%g §a€&uab%d. BoP2irgb! &lanll é}lﬂ outfitY 2-6h tne2 and

53. Transistor-55.1s couple

57; the sourcsatesg28randoB0 are present on lines 32 and 33, respectively.

v/
-/

With the present invention, as will be dqscrtbed in more

.10 detail in conjunction with Figure 3, nonoverlapping operation between

‘the master and slave bistable eircuits is achieved through the proper
sizing of 1npﬁt transistors to the master and slave circuits.
The currently preferred embodimenf of the logic arrsngemeuf
of Pigure 2 is 1illustrated in Figure 3. The input line 20 and output
15 1ines 32 and 33 are again 1llustrated. The single phase cloéking
signal is again coupled to 1line 26. The gate-pair 21 and 22 includes
transistors 36-41. The p~type transistor 36 is coupléd to the
. Vcc fpositive potential) and the sources of the p-channel
transistors 37 and 38. Transistor 37 is coupled in series with the
20 n-channel transistors 39 and 40; transistor 38 is coupled in series
with n-chinnel transistor 41. The input signal is coupled to the
gates of_tranéistors_&? and 39} the clocking signal is coupled to the
gates.of_truns;stors_ss and 40. The cross—-coupling from the .
gate-paif 23 and 24 is provided through the gates of transistors 36
25 and 41. ?he output signal from the gate~pair 21 and 22 is provided
frqn thg junctions between transistors 37 and 39 and transistors 38

and 41.

o i e e mer e e et R et ey IR - JERORSRPS PRI Sl e
- X v - e
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o the drains of n-channel transistors 56 and

.-ﬂ—‘-‘”



"transistors 56 and 57 are coupled to ground. The output si gnal fromthe
gate-palr 21 and 22 is coupled to-the gates of transistors 53 and 15 56.

A g signal is provided to the:.gates of transistors 52-and 57. The «
crossfcoupl\ng with the gate-pair 29 and 30 is obtai ned through t he gate‘s*

of trgan Qrs 54 and 55. The gate-pair 29 and 30 of Figure 3 is
i npl efreny|e nasimlar manner to the gate-pair 27 and 28 and incl udes .
t ransinst PO 60-65. The output fromthe gate-pair 23 and 24 is coupl ed

to the\gdtes/of transistors 61 and 64. The clocking signal is coupled to

gate-pair and 28 is provided through thd gates of transistors 62 and 63.
25 The i nput t'rlunshtemsr% and 38 ief cannected elnpuisimzhamlnﬁer ase

encircl ed V\nthacontln e The input -trapsjstors nd,40 of |
this gate-pair “& E*EPTRY éd Wﬂ”ﬁ éﬂl’akeﬁ'ﬁnlsg%t%‘g. 4 @‘_‘_ aﬁn'l"ﬁ?'l”y 18¢ or
the gate-pair geupied tfrouBRUine! Laviritetr 025 145110 @adés V2CtFdnsdbeskeNiabhanda
continuous |line 69 and |nEut' transistors 47 and 48 are circled with broken -

line 70. In th&7gaffeepliockine signgk 18 peunled to thagatesors trenaiators 48 are
| ed th ol d
circled wth_a, by Qlgenmld g@rg%g%ggli%eﬁ-ﬁ;‘r{fx éfb’& % 23 ofh 39 1:5%5@9& d

circled with%a conti nuou e gate-pair
transi stors 60tbroighlthe @ates Gifedrlmqihtdus)léénadd 148. 73 and transistors 64

and 65 are circled w conti nyou e |l o tapl.e, the
relative drawn sizes ﬁ] e (ghke “pai? 7 d 2d b Plpdra®a’ £3 13 10" SRS

transistors 52-57 in Pigure 3. The p~ch;nne1 transistors 52 and 53
are coupled in series between the VCC potentiol ond the drain of the i-)
10 n-channel transistor 55. The p-ohannel transistor 54 is coupled in
‘parallel with transistors 52 and 53.  Transistor 55 is coupled to the
drains of n-channel transistors 56 and 57; the:sonroo regions of
transistors 56 and 57 are coupled to srouod. The outpot signoi from_
the gate-pair 21 and 22 is coupled to the gates of transistors 53 and
15 58. The clooking signal is provided to the sates'of transistors 52
and 57. The cross~coupling with the gate-pair 29 and 30 is obtained
through the gates of trunsiators 54 and 55.
The gate-pair 29 and 30 of Figure 3 is 1mplemented in a
similar manner to the sate-pair 27 and 28 and includes transistors
20 60-65. The.output from the gate~pair 23 and 24 is coupled to the -L,j
~gates of transistors 61 and 64. 'The'clookiog signai is coupled to
the gates of transistors 60 and 65 and the cross-coupling from the
gate-pair 27 and 28 is provided through the gates of transistors 62
and 63. : : _ B
25 . The input transistoto 37 and 38 of the gate-poir 21 and 22

are encircled with a continuous 11n§_67. The 1oput transistors 39

and 40 of this gate-pair are circled with a broken line 68.



10 transistors of Figure 3 are shown (only "Z" values are given, this is_
the channel wi dth; the channel length (distance between source and dr o

s 2 mcrons in aII cases). MASTER .- ~ SLAVE

Tr apgsi st or z ‘ Transi st or Z 15 36, 44- 18

52, 60 16 37, 45 18 53,61 16°

18 ‘ 54, 62 8 39, 47 6 : t

55, 63 14 40, 48 6 ' 56, 64 114 41, 49
6 57, 65 14 20 The input transistor sizxs
sel ected to provide the operation which¢wll be described in detail in

conj unction Wéﬂhﬁﬁ% &t dar8PGAr o5 AnlaY 24 LGl @gﬁk ‘Et%"sjf%%‘"éem fed

(width/length) aret rans stor paramneters varf.ed
result. Wth taire treseatwithvestitiououst Nénd rédnsad tiapst trausistiorsi 47 ahe 4%l i d

25 lines 67, 69, 72 and 74 are nade Iarger when conpared to the transistors
shown in the A38tekFelpdaeithibroken Finesq respectively. Any one of

nunerous cal cul ati onganihe Retéiadr oy 484 Gidn tite tihﬁut trandibtdrd 2 Qha lf¥e
transistors. One technique which is currently preferred is to estinate

sizes and themrsi eAricied with sitroken IMpeh7laasdrthet énputodedasiRtory iS6eind Stal |
adJlJStrnants "lrghgi JiQQSinLOL é%n%gﬁié%%n1I43992. Similarly, for the gate-pair

29 and 30, transistors 60 and 61 are circled with broken line 73 and
transistors 64 and 65 are circled with continuous line 74.
\ '; _ In the following table, the relative drawn sizes of the
10 transistors of Figure 3 are shown (only "Z" values are given, this is
the channel width; the channel length (distance between source and

drain) is 2 microns ii all cases).

MASTER SLAVE

" Transistor 2 ' Transistor 2
15 ' -

36,44 18 52,60 16

37,45 18 53,61 16

- 38,46 18 54,62 8

39,47 8 55,63 14

40,48 6 56,64 14

41,49 6 57,65 14
20 -~ The input transistor sizes are selected to provide the

. operation which will be described in detail in conjunction with
Figure 4. More specifically, tﬁe transistor size Z/L (width/length)
are the transistor parumetefs varied to obtain fhe desired result.
¥ith the present invention, the transistors shown within the solid

25 ‘lines 67, 69, 72 and 74 are made laréer when compared to the
transistors shown in the dotted lines 71, 73} 68 and 70,

respectively.

Any one of numerous calculations may be used to determine the




be readily made to obtain a combination of sizes which provide the 5 best
results. The initial sizes, however, are selected in accordance with the
present invention for the input transistor. In the shown enbodi nent the_}v ‘
mast er aRd slave flip-flops are each Ievel-trlggered devi cés formng e
togetrér A R)-type edge-triggered device. Mre particularly a ~

posi | -llevgl -triggered master 10 f||p flop and a negatlve Ievel-trlggered

Ref er "ngnw to Figure 4, the single phase cl ocking signal 15 which is
appl i ed line 26 is shown as wavefermh=26a. A typical input such as would

be applied tsidesnet 2bei travistutoras Vonetocii1dde. whilkh £ TurPeh iyt Prérerfed
output) on Ijne 32 is shown as waveform 32a. The input transistors for the
" gate-pairs # s gp eAtimste sizes and then mimulater the,cizguitomith % ¢PRPYLETet S

data from t hfodeIPUtRedRE1 Vi y2 BmatiC Raj il meh 6F Iihn&xi'tggﬂis'tﬁr' i 236! tdSthen

period. In the préesently preferred enbodi nen rst period occurs
when the pot#hireadily mie to Bbtaiﬂg‘smbaw@-meeﬂssiz#s ‘{bénh]pro"ihee i thyeut

transi st or + I Ve el r I ted so that th ave circuit
accept s thg %{Jt p8§s rgm t?} %is%%? %’izfegw “when® tYe Tlec?sf%g‘“zg"%‘frd‘ﬁﬁfe
in a second yidhi the pﬁsm%éaw«hperfo:d the ninphe franbestord errbodl ment, is

when the potenti al he .cl ocki® nq is bel ow 1/ 3 [err These
peri ods are shown. o \XA h8P'Pn%° qrrﬁgf Jpster and slave f1iprtlops are

each level-triggered devices forming together a D-type edge~triggered E~’f
device. MNore particularly a positive-level-triggered mcster
10f1ip-£16p and & negative-level-triggered slave flip-flops form &
negative~-edge-triggered flip-flop. Theimaster circuit can be a
negative—level—triggered device and the slave a positive
level-triggered device_torminc -} positive-edge-triggered flip-f;op.
Referring now to Pigure 4, the single pﬁase clockicg-signal
15which is applied to line 26 is shown as waveform 26a. A typical
input such as “would be applied to line 20 is shown as wavetorm 20a.
The desired output (Q output) on line 32 is shown as vavetorm 32a.
The input transistors for the gate-pairs of Figure 3 are
selected such that the master circuit accepts data tron the 1nput C )
201ine 20 when the clocking signal is in 8 first period._ In the
presently preferred embodiment, this tirst period occurs when the

potential of the clocking signal exceeds 2/3 Vee. The input -

transistors of the slave circuit are selected so that the slave
circuit accepts the output from the master circuit when the clocking -
25signal is in a second period. This second period, in the preferred

embodiment, is when the potential of the clocking signal is below 1/3

'vcc. These periods are shown on waveform 26a as "master samples"”



cand "sl ave sanpl es”, respectively. The period of tinme between the sanpl
of t'he master and slave circuits is shown as the safety zone. At tine/100,
the master circuit sanples the waveform 20a 5 which is in a | ow stat¢.
stiqre, 101, the slave circuit sanples this |low state and itself provid

| oRout put on.line 32. Assune that the potential on line 20 rises. A
102 this high potential is sanpled by the master circuit and as indi
at time 103 the slave circuit sanples this high potential. If the inp
signal drops in 10 potential, as indicated at time 104, the master sarrpl es
thi's new | ow potential and thi s low potential is sanpled by the slave
circuit.and is provided on line 32 at tigp.105. Wth the above descri bed
operation, thg,gaf su i ' tLQR. On
conpari ng theqciar cﬁﬁ‘e? %ﬁr ewépé%QEO%/ﬁre g??c&iquﬁsgi gft}‘r}eb%,aeteﬁethcei rcuit
of Figure 3 i sanpYingdef dibleymsntees smhsleve circulths tp=hown tdmtthe hmfativant age
gai ned fromthe single phase elock signal are outweighed by this added
conpl exity. HE®B®%er, in practice, in a VLSl circuit, the single phase

cl ocking arrangenent apftidde 10®, Rh&SABtes PAPBEL Y BasFTesOehé WAVEFSYH 80a Wi t h
.only a 1 to 2 percent increase in actual circuit area. This increase does
not -t ake i ntso vhéelwuist 1n (e 1gv catagayedtbying 1f ndhenglavieccinesdt samplps chiso
O stribute N aoRias8 fud 185615 58000 7F 10w outpuf b5 1180 $4IP Fyiast O

arrangenent f escri ere on
cl ocki ng si gnahei potét®ihl on 1ine 20 rises. At time 102 this high potential is

sampled by the master circuit and as indicated at time 103 the slave
\_/ circuit samples this high potential. If the input signal drops in -
10 potential, as iandicated at time 104, the masfer samples this new low
potential and this low potential is saﬁpled by the slive circuit and
1s provided on line 32 at time 106. o
With the above described operation, the safety zone assures
nonoverlapping operation. |
15 On comparing the circuit of Figure 1 with the circuit of
Figure 3, the circuit of Figure 3 is consideradbly more complex. It
may appear that the advantage gained from the single ;hase elock
signal are outweighed by this added complexity. However, in
practice, in a VLSI circuit, the single phase clocking arrangemeant of
N 20 the preseat invention can be implemented with only'u 1 to 2 percent
increase in actual circuit area. This increase does not take into
account the area saved by elimiqating the buses.requifed to.

distribute the multiple phase signal.

25~ Thus, an improved logic arrangement for CMOS VLSI has been

described where only a single phase clocking signal is used.'

[T e



- 12 - CLAIMS 1. In a conplenentary netal -oxi de-sem conduct or ( CMOS)
integrated circuit, a clock |logic arrangenent conprising: a first Iogic

ci rcui ing first input transistors, said first logic circuit being _
coupl receirve an input signal; 5 a second | ogic circuit

havi d-input transistors, the output signal of said first logic
circuit 1 coupled to said second logic circuit; said first and second
| ogi i rcuilts being coupled to receive the same phase of a clocking

si gna the size of said first and second input transistors
bei ng rent such that said first logic circuit accepts said input

signal during a first period of said ®l ocking signal and said second |ogic
circuit accqgggggaid out put signal fromsaid first logic circuit during a
second period of said clocking signal, said first 15 and second peri ods
bei ng nonoverl appi ng; whereby a single clocking signal is used for said

first and second | ogi C1fi& GohmpTemedtaryl MRtsIMaR1hocHeh1dbnRIRESFE(MMOR) Claim 1
wherein said first 20 and second logic circuits are each | evel-triggered

flip-flops ftntﬁsnthQJQér¢n%t-an alogk- 1qgiggerzaneenent. comprising: The CMVOS | ogic
A ggﬂ?ﬁm"‘”t of daing, %‘ 'Q éﬁ'cﬂ%%'ﬂ.giﬁgfﬂrﬁs? @’}quﬂugi'éfo%f Sl
g signal are separa perio sal Ri ng si gnal .
first logic circuit being coupled to receive an input signal;
5 a second logic circuit having eecond 4nput transistors, the
ontput signal ot said first logic circuit being coupled to suid .
seco. logic circuit, _ _ o ‘~J(
' snid tirst und second logic circuits being coupled to receive
the same phuse of & clocking signal; _
10 the size ot_aaid first and second input transistors being
different such that_said first logic circuit accepts said input
signal during a first period of siid clocking signal and said second
logic circuit accepts said output éignal from. said first logic
circuit during'a secdhd period ot_said clocking signal, said fir;t
15 and second periods being nonoverlapping;
' whgreby a singig clocking signal is used for said first and

second loglé circuits.

~

2. The CMOS logic arrangement of Claim 1 wherein said first

20 ahd.second logic ciréuits are each level-triggerqd f1ip~flops forming

together an edge-triggered flip-flop.

3. The CMOS logic.arrangement of Claim 2 wherein said first
and seéopd péridds of said clocking signal are sep;rated by a third

25 period of said clocking signal.

A T



* 13 - 4. The CMOS | ogic arrangenent of Claim 3 wberein said first and
second logic circuits are static circuits. 5. The CMOS | ogi ¢ arrangenent offﬁ
O ai.m 4 wherein said first 5 and second logic circuits are bistable
Yircyits. 6. In a conplenmentary-netal -oxide (CMOS) integrated circuit,
cl ocked | ogi c -arrangenent conprising: a nmaster bistable circuit conpcls n
a first ang a second 10 cross-coupl ed gates, said nmaster circuit being [ 3/
coupl ed to receive an input signal, said first and second gates includihg/
i nput transistors at |east some of which are coupled to receive said ingut
signal; a slave bistable circuit conprising cross-coupled third and four
gates, said third and fourth gates having input transistors 15 sone of
which are coupled to receive the output ,signal fromsaid master circuit;
ot her input transistors of said first, second, third and fourth gates being
coupled to receive the hase of a cl ockln S naI: 20 - the size
of certain of said i%pu "I FH i LOBL P BTTAREERER L 81" é’ﬁc? gherpis gaiddifgt g
different thaf,d Iggcocddz%?{ ¢ 22béhiitBPatle oAb Sipduiitefl said second and third
gates such that said master circuit accepts said iI-nput signal during a
first period of said clocklng S|gnal and sald slave circuit accepts said
out put signal 25 fr S t circuit durin ecpn riad, of | d
cl ocki ng signal, sa?%’1 fﬁ%t&gﬁ °§3807'1rcf"5? Dis ge“fiﬁ‘s oﬁg et aﬁbiﬁgf;";g*

5 and second logic circuits are bistable circuits.

O, ' 6. In a complementary-metal-oxide (cnos; integrated circuit,
' a clockgd logic arrangement comprising: '
| a huster bistable circuit comprising a first and a secoand
10 cgoss-coﬁpled gates, sgid master circuit being coupled to receive an
input signal, said first and second gates including input transistors
at least some of which are coupled to receive said input signal; '
a slave bistable circuit coﬁprising cross—-coupled third and
fourth gates, sgid third and fourth gates haviog input transistors
15 some ot,ihich are coupled to receive_thgﬂgpqut signg;nyrqp_sgign
master circuit; - _ |
other 1npﬁt transistors of said first, second, third and
. _ fourth gates being coupled to receive the same phase of a clocking
—/ signal; |
20 ) 'the size of certain of said input transistors of said first
and second gates being different than the size of said input
transistors of said second and third gates such that said master
circuit accepts said input signal during a first period of said
clocking signal and said slave circuit accepts said output signal
25 from sald master circuit during a second period of said clocking

signal, said first and second periods being nonoverlapping;

A T

—— - - —_Tt



-14- whereby a’'single clocking signal is used for said master and sl ave
circuits. 7. The CMOS | ogic arrangenent of Claim6 wherein said first 5 and .
second periods of said clocking signal -are,separated by a third period ofvy +«
siai d cl ocki ng si‘gnal.. 8. The CMOS | ogi ¢ arrangenent of Claim7 wherein Sa#d

™% gnal is coupled to said second gate through an inverter. 10 9. The
(| c arrangenment of Claima8 whereiq, said first and second gates each

clonpriNselan AND gat e- and NOR gate and wherein_said third and fourth gates
eRcP\chapy i se an O:?e"tﬁf thdiﬁéﬁD‘.’S%‘%é.’"lSi""‘l fs usgd) forrgeldopemter,spd

Nt g fveChfddm€sWherein said input transistors of said first,
secy hird and fourth gates conprise transistors of both a first and a
seco gnductivity type. 11 A clodc | ogic arrangenent substantially as

herein described 207 irhe rcifoB" £5}A8 hPralnBEmétiC 8FPEYA WG vheR¥id'$a1d first
5 and second pericds of said clbéking signal are Sépsrated-by 2 third

period of said clocking signal.

8. The CMOS logic arrangement of.Claim 7 wherein said iaput

signal is coﬁpled to said éecond gate through an inverter.

10 .
9. The CMOS logic arrangement of Claim 8 wherein said first g _f

and second gates each comprise an AND gate and NOR gaté and wherein

said third and fourth gstés each comprise an OR gate and NAND_gate.

15 - 10. The CMOS logic arrrangement of CItin'?'wherein sald
input transistors of said first, second, third und'tqurth gates

comprise transistors of both a first and a second conductivity typé.

11. A clocklogic arrangement substantially as herein described '

20 with reference tn.the'accnmpanying drawings.
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