1 "INPRCMENENT TO DYNAM C MOS-LOA C | N | NTERLACE- TECHNI QUE" The invention
‘reldtes to an integrdted digital circuit arrangenent wth MOS fzgg xi
‘tramsispors. A known circuit arrangenment conprises a conbinator c«ré t
forr dppl ying a l-ogic operation to a plurality of input signals, which 5
conbipatorial circuit conprises a.plurality of "sticks", each stick

conprii sing apre-charging transistor, a sanpling transistor and at |east one
|l ogic function transistor, there being provided neans for applying said

I nput- signals as "\IMPROVEMENH) TOURYIAMIC WMOSCROGIC T UINTERILACS - EEGHNIQUE 'hode of the
arrangenment, whose potential at a specific instant 10 IS representative
of the result of the |ogic operation and depends on whet her the capacitance
of the first node is charged or not. Such-a circuit arrangenent is known
and is enployed in the - integrated Philips circuits SAB 3022B, SAB 3032D.
These devices enploy an NNMOS circuit in dynam c two-phase techni que, which
15 operates as follows: A buffer circuit, which is cl ocked by

nop-over | appi ng cl oBke dnyentliion relahes dosan hetﬁmgitedquﬁgemhtqwnuiw om a node

of the conbi nat&rﬂaﬁbeufén"tcdr!itﬁ: 1165 Qﬂemﬂeﬁﬂécé’\ﬂtkk&zﬁs@@}@y of one clock period.
For.a rellable transfer of information it is i ortantpéhat this node 20

i s already at a spedi¥meFm fHrentt AFrIRREMent CBREISPEs® SOPAINATPSIHRCABTELY N
ot her wor ds, t h&,rnaﬂﬂyﬂhgw dofix (bbafegﬂdnato fahpluradignioft heputt Signiabé primeh on

arfives thfr e. &orggi Girduit léﬁ; ge ?Tﬁi‘% J.t?do gg‘ :LcriHS"nO%%h éfﬁcﬁ

node is |solate erng pre-c n Whi Ch TH t hi s
case remains hlmyri%;nsmeequmnzumane;s@s, amﬂalm Fmsstpm&ed at |f a

logic "O' is toleh@ttcft{én§3ﬁ.rcr eGndtisn NQdGsistod, Sﬁ{ﬁﬁgﬂin?%&vh@m Rieh&d teog!|

via one or nore stigcks of.the conbinatorial CII‘CUI'[ ter which this

potential is sAPBLELRE PR1q Jopuk, Faepdls ag el stk RR WPy thish rish GavRise FQ
used the frequendyredf nblie ofl ehk arrgugement S whose tpedeltriad uste apsgecilfific Ginsgamt)

and especigl I’y di %%%ghg%i?%eéé‘gﬁg%%ui@k&scﬁeoqog}"f“l bt dBon ant{“dgpends ot S

because nunerous S i'natorial Ccirc re connec
whether the capacitance of the first node is charged or not.

Such a circuit arrangement is known and is employed in the
integrated Philips circuits SAB 3022B, SAB 3032D. - These devices
'emﬁloy an N-MOS circuit in dynamic two-phase techmique, which

15 oper#tes as follows:

A buffer circuit, which is clocked by nop-overlapping clock
signals, transfers the logic information from a node of the
éombingtorial circuit to an output with a delay of one clock period.

. For a reliable transfer of information it is important that this node
20 is already at a specific potential when it receives said information.
In other wctdé, the node should be charged at the instant that the
1nformat1on arrives there. 1f a logic "1" is to be transferred via
the node, this node is isolated after be1ng pre-charged until the
- potential (which in this case remains high) is sampled for' further
26 - information transfer. 1If a logic "O0" is to.be transferred the node
is discharged to a low potgntial.!ig one or more sticks of the
combinatorial circuit, after which this poééntiél is'sampled.

'it is found that when such a circuit arrangémqnf is used tﬁe

frequency of the clock signals is limited because pre;charging

30 and especially discharging of the node takes too much time. This
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to the node, so that the capacitance of this node is substantial, whilst. @

for exanpl e under speci fic circumstances di scharging via only one stick

sho@ be possible.. It should be borne in mnd that one 5 such stick
when—Conducting still represents a significant resistance, which has an
adverse effect on the discharge tine. Said resistance can.only be reduced
by ude of larger transistors, which is rot desirable in view of the
required substrate area It is the ‘obj ect of the invention to provi de an

I ntegrated digi &’ circuit arra(r}gerrent whi ch enables .a etg
i nf ormati on pto 8%%‘1‘%9“%855 Aok oRie SRR EREY cfﬁ%ﬁ“fé éf’m&"fc&éﬂ
signals can bs umedmdéccw dhﬂg tha édpacpearenst ithieniddenid kabetdntipI pvi ded

an |ntegrated d t rangenent - with Ld-effect transistors
of the sane con gétﬁ%w %Mntpli unadre %%cg?}%r?leﬁ%'ﬁﬁ%er?p?l%%?rﬁl%ﬁﬁrna‘tﬁgr| al
15 circuit duer stink thgldabta agaselbl;yeratlmﬁhwoldabplbﬂraeltrymeﬂd ithptitone

signal s, gwhi CfjychO8H dkadidd ebnatcrt% tst§ O1MepsEsends P WighifikaRf é&b@iﬁ%
each stlck conprising a pre-ch argl ng transistor, whose gate_ i s cou d to a

source of pr &Rk RAsngR AdyeRse iefhets °“at‘$eaﬁbf‘ibr‘?§3?rt&l‘?§rstéﬁ’lmés 8 is
coupl ed to a cmubnBy bk Sedtekd Iy QLOVE Baxpes Srﬁfsltahﬁssamichrmueacy 20 as,

but dlfferent ha r Jve the RLE; ch cI ock signals, and at
| east one Iogleg f%bﬁlc ggﬁ;]tera%é% r%%su s‘fq’ 6f* Wi ch one of the I nput

s gnal s is applieltiis Eis&acbmoét#@klhmtngnm pEAvYide om inhegratad digital
SpECI ficibnstaRtufielRt BAdtadnPnlibe SRBPLd Qghf%ﬁgklﬁogMJ.o@lngMUiné 'sQQ@d

i's produced representatlve of the Iqaglc operation of that 25 stick
each stick haARdndn FopFeguense Reeng that,taater, clpekseigpale Gan by sedt ed to t he
out put of its assAddodtibsk tbi e présentoivatdéfithepatiaspiviibe dnraﬂee‘ge&tgﬁte

transi stors i@ onnecte in _seri.es. e 0 nd a vol tag
r\ef erence pmﬁtglg?]tcténléﬁ gn(') entcgrlr%f Wogleg c&raecgl 'traﬁ‘tsaf'sntd’rae%feﬁg‘ént on
whet her the mpacmmineencftyt menoﬂBChsa@@nsmtgedomrlneﬁ a pombigetoriage of

the circust. aa&a{werfeetawi AL QT Ql@meowammol Qvﬁ'&EhP{ky' sfti}ahtlgﬁt.sw of

the customary cl ock frequeicjes of, about |, it i.s now possible to
enpl oy cl ock el ATRE °6fah@r6%%ﬁmvssw RRUT2LEY (Hf mBEHRES hfachhe
CI rCUIt oper eﬁlﬂsktdﬂmpi'igm aprieacliargihg transistor, whose gate is coupled to a

source of pre-charglng clock signals, a sampling tran51stor whose gate
is coupled to a source of sampling clock signals of the same frequency
20 a5, but different phase relative to, the pre-cﬁprging clock signals,
and at least one log%c function transistor to the gate of which one of
the input signals'is applied in use, each stick having an oufput on
"which at a specific instant determined by the sampling clock signal an
output signal is produced representative of the logic operation of that
25 gtick, and each stick having a transfer-gate transistor whose gate is
'3 o connected to the output of its asseciated stick, the source-drain paths
_ ' of the transfer-gate transistors being connected in series between a
PR node and a voltage reference point, the output of the combinatorial
circuit being dependent on whether the capacifance of the node is
30 charged or not. |
An advantage of the circuit arrangement in accordance with the
invention is that instead of the customary clock frequenc1es of about
50 kHz it is now possible to employ clock frequencies of appreximately

500 kHz, which means that the circuit operates'ten times as fast.
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t he acconpanyi ng. drawi ngs, in which: Figure 1 shows an enbodi nent of the
lsnventjon, and Figure 2 represents the clock signals required for 5 2
correct operation of the circuit arrangement of Figure 1. The circuit
arrangenent of Figure 1 conprises enhancebent- type insul ated-gate
field-effect transistors, such as the transistors [err] and [err] to [err] .

anee.sinmlar transistors of the depletion type, such .as the transistors 10
[exr] The supply vol tEgeipeEnfiet @gré}éi?wlﬁ é"‘%&ef’}eg(brbye)‘?%}‘rp?ftee’%"‘\}?’There is
a comon ref er endehpadfepindd toweC Actampanypingséravwddgs n inhehigthawi ng by t he
customary earth synbql.. clock _si h L.ns Fi and 2b,
control 15 t he cicl'lrlg'l‘J"l;l-%K.)1 S#%‘gssgﬁtgm%%lé?%e(?% §%ﬂg?1‘§| ]éxﬁ}aergg{ﬁi’siggc}lat ed 01 and
02. The clock signal Figary Deepkasanthdhpogiosk" ghanpby dedated it | ogic " 1"
level, thes|ogi G cirrd@VEperaiof i@ MRIE cEAEiQS REaReritOof Fighi@ge of +4 V
and the logic "0" level to a voltage of 0 V.. The ¢gircuit arrangenent mainly
conpri ses three sectiofisSiEsyit arrﬁﬂ‘ée“?é‘&‘?foﬁl?‘éret ec%'l?ﬂ'mfz&’%\fﬁ'%?t'
circuit, conpri siypg inrsabstsi-gase [féeld-effedietrinsilstotrse speh @s- Het ver si ons
probl ens occurr fihst RO of o hep Cigfgus t caj A Ki ng
over informati oﬁgﬁﬁ%in%%ggtsaz%dn%?’ngteégfﬁﬁﬁ rlltéﬁie;t"’ sag%lfgngggleﬁa tgaﬁit:aléra
pre-charged and,trassisters:pfe thayleptetignsEpey g8y api dey rMFLFESSH the sane
25'_ wawgas irrét,h'p%,errbog{mgt in accordance with the invention the cl ock
signal 02 was the pre-chargi.n l.ock .signal apd e_cl] ock.signal .01 the
sanpl i ng cl ock si g_nal?heTﬁ"Q’%éé’c‘f)‘ﬁ‘&ag%c’ﬁ gﬁsﬁgga?%dehgo JI ARLOT | gfam | gcui t,
which in this caSevcormpersds 8 simmok refdhancet petentizlol whitch he meprpsentgd30
transi stors TA, ﬁBt@%rI&%dﬂgycgﬁa&?s%ggy@Qr@y_sgﬂhgeolc;I ock signal -01. The

er

sticks further conprise ot enhancenent” transi stors whose <g}ate el ectrodes
are connected to the TWpEodkeFifRars shown An Fhaures)2a gpd &3 S{troly ang (3,
via whi ch ®he i npdt cigeh9eMaithese itho-ciRRki SidmaTlh areosesdignafedt §t dndoF 2.
operation realized b he, cogbi natorial 3 LGt A i Lable on the
Lﬁas'fgéﬁkdsiiﬂa £ ¥ﬁ§¥oéﬁﬁmFg?E¥he loéic 6‘1iebéﬁ %X& 453

respective outp

3 The invention will now be descri bed, b'y way of example, with reference t

logic "1" level, the logic "1" level for example corresponding
to a voltage of +4 V and the logic "O" level to a voltage of 0 V.

_ " The circuit arrangement mainly comprises three sections:
20 ne section is the customary buffer circuit, comprising transistors
o Tz'to Tge In the prior-art versions problegs occurred at the
first node D of the circuit, because for taking over information
" from the combinatorial circuit said node had to be pre-charged
" and, as the case may be, discharged rapidly, while in the same
25_ way as in the embodiment in accordance with the invention the clock
_ ' signal ‘@2 was the pre-charging clock signal and the clock signal
3 o @1 the sampling clock signal.
_ | , The second section is the combinatorial circuit, which in
.”. o o . this case comprises 3 sticks. The sticks include the sampling
30 transistors TA, TB and TC, which are clocked by the clock signal- ¢l.
The sticks further comprise other enhancement transistors whose -
. gate electrodes are connected to the input terminals Al, A2, A3, Bl,
B2, B3, Cl, C2 and C3, via which the input information is applied.
The result of the logic operation realized by the combinatorial

3 cireuit is available on the respective outputs Q and QN of the buffer

circuit.



circuit. 4 In order to enable a rapid pre-charging and di schargi ng of

t he node D of the circuit arrangenent and thus the use of a higher clock
frequ seven additional transistors are included in the conbinatorial
circui of t he ehbodi ment _of .5 _____the_.invention shown in Figure 1, which-.
addi t -onal transistors constitute the thirg section of the circuit o
arrangenent. These -additional transistors include the pre-charging. * H
tramsistors [err], whose gate el ectrodes are connected to the clock |ine

[er™]2,- so that when ]{g;ef){%;- Lt%d anh 8% (f:ag:%d pre—thard®ig! and@86&HabPindB, .. |

of the circuit are cha urt her transfer-gate transi stors !
[err], which profi the ande dHioht Ham cHESHte ATYIRTENeRE dnd Ul s Eie pse 9F ansi stor,

[err]. being arr anHgcheds cBodkO@dedicdBE] Sderen addfm&m eXaH@lstorstakegic " O’
fromstick A has to be transferred, node DA of t fﬁﬁﬁlrcif it arran enent

shoul d be di schdPglifedain e cembingiorial gircit &Y °Eonnect ed
directly t® nodenl ﬂfvehlaﬂorclsham tin nsgumniiy whide a@dhﬁioz&llserarfs&sﬂmiaes DB ;

and DC, would have bvi_ou The |
i ncl usi on of tréﬁ’gf‘éj[ § ﬁ'éer %Ff’é%&e% gn%b 9;- %%é‘é DB and 20
DC to be di scharged iTheiseafidditignal ’Ehalnﬂstem)enqu mmrbasl'aémgmmecause i n:
this case on'y 'REnLARAELLARCOre] BCrPA0Gndc LReD@ELAGRLISS Vi a the

suc

associ at ed 'stick e operation o circulrt,.using the

so-cal'l ed dynaniceneegfeghsa dheeelonkqléne |¢§,a%° 5t gthen @2 'is at logifuffer »

circuit, woich ingnC]slfe0ndiesChREIDESI BN WeS the o bdui tARFe Qdaryi can&io not
overl ap each other in it e, transfers the otentlf% of the E}é{hogl c
W

level "1" or "O'fpriRex frhe Yﬁaﬁ‘&feﬁg&?:et?@“ SereeitoutpheN sistors:
T2 and T7 with proeidy anfinatoén tetpes &Elede:.vIdifalpetmsl,a’craafsiktm- node D

ot ot mi ned by ¢ a PRl PREFORT a7 01 RGE SESRR QY. | b, o UERICTs Bt
sticks. Since tHo"sfrakstidie A Bas doche firenstaurid ptrivde, DMMeShéDAir@E-mnd DC !
- S L arrangement should be discharged rapidly. If the sticks A, B and :
' C were all connected directly to node D of the circuit, not
. only node A but also the nodes DB and DC, would have to be
';discharged which cbvicusly takes time. The inclusion of
o transistors T1, 'r13, T14 and T15 enables the nodes DA, DB and '
- DC to be discharged individually. This can be done much faster,
because in this case only the capacitance of one node is to be i
discharged via the associated stick. '
The operation of such an N-MOS circuit, using the so—called

> At et ealn 93 ue

: ' dynamic two-phase - technique, is as follows:

5 . A buffer circuit, which is clocked by clock signals @1 and
o | ¢2,‘ ‘'which do not overlap each other in time, transfers the
potential of the node D {(logic level "1Y or "O%) to the ocutput Q
‘or the inverted output QN via transistors T2 and T7 with h delay
of one clock period T. -The potential of the node D in the circuit

Ve ———— i 0 - 1

30

afrangernent in accordance with the invention is determined by the
potentials of -the nodes DA, DB and DC of -the ‘individual sticks. ,
Since the sticks are isolated from ea'cﬁ other, nodes DA,' DB and DC :
are each charged separately via the associated pre—Ehargir_lg transi stor:
% during the time that @2 is "hz.gh" i

Depending on the information appl:l.ed to the input terminals




during the tine that [err]2 is 'hi gh"- 35 Depending on the information
_appll\e_g,tothelnput term nal s 5 A, A2, A3, Bl, B2, B3, CI, C2 and C3
oné or nore of ‘t’he sticks A B and C can be turned on, so that during the,
time that 01 is high and transistors TA 5TB, and TC conduct t he charge of ~

t he node(s) associated with the conduct| ve stick(s) is .drained. 5° The .
enbedi nent for e i cks a c&nbl natorial cir hown in -
t hé~drawi ng. i s rﬂ % g% gﬁa% B§', e can d 408PT €d 10 sult £’f Uffction -
to be realized. AByB @néc%aﬁaglh@ten@edopnmoetbﬁt tiheumale% e thBB @ DC via

the associ ated §E'rﬁ‘§(153né Q@a&ﬁ%@@ﬁé adl, 9Rd,Cakd aet E&%c@ftriehéaa'k@e of gkevant
transistor(s), nanely [err] and errtl3 res ectlvei%ic&assunes the logic "0"

| evel , so that PAREGSA| assoRiatedam iy (the (copdyqiiveT S8 dr T‘rear%“Fdrs (are)
turned of f§ and trhérebsd identl fdlalﬁhé:@ti&qslantbyanﬁhardjethéle:oﬁﬂﬁmt&‘iﬂpl dly to
| ogic "1" potenttal Si,nce transistor T2 cond yet s dur| t sa ing .
phase, that is iio3e tmﬁhomt% aél‘ éawm%naﬁm P’]inleg %I rrrlaeI evel ,

the level on thedémﬁ?é tpcﬁnmé\eafwmtgm b'al@éla?ﬂgears on the gat e: of t he

transistor T4, wheregj tdls'éh n&le“hﬁ'n&&d &f @b ddaeseid Bk dhBcSaRp! | ng
phase tranS|stor T2 |s turne in. The ot her trans:qstors T3, .15, T6, .

T9 and T7 are i fef fFsgirse S{?’ﬁkg\s ‘Etﬁ"f‘nﬁﬁe(?hg?ie EOTTID ?"lfsé’&e and- known
as a-buf fap cir eeidvanEutdshet siwirés) | hamayt C1be Motk Thhirelyedtheeiwcl Usi oh

of -the transistgLg,Ll3, T15n et od pael. Lranshabale Taddigesigpal on

are. each charged separately vi a t he associ ated pre- chargl ng transi stor @

T |
the node D is inverted the ié%l ari son wlesh gic circuits kKnown so
that in this vva?‘l%b §1@r?51d/Pﬁv'Té‘155H)rfaF§) dﬁ!-’a?dn@éf gy trangistor T1 can

consequently charge the node D rapidly to logic "1" potential.
_ Since transistor jrz conducts dur:.ng the sampling phase, that_: is
15 _ when the clock signal @1 is at logic "1" level, the level 'on:. the
node D of the arrangement also appears on the gate of the '
. transistor T4, where it is also maintained if at the end of the
o 'sampnng phase transistor T2 is turned off again. -
o The other transistors T3, TS, T6, T9. and T7 are included
28 in a circuit which is commonly used and known as a buffer c1rc_uit.
Furthermore, it is to be noted that by the J.nclus:x.on of the
transistors T13, T14, T15 and the load transistor T1 the signal
on the node D is inverted in comparison with logic circuits known
so far, so that in this way a signal inversion is obtained. |
25 : : '



CLAI MB: 1. An integrated digital circuit arra

d_ .
: effect transi stors of the sane conductivity type,
- conpti ses a conbinatorial circuit for applyi ng a Io ﬂmm EEIB [
plurali-ty of input signals, which conbinatorial ci rcu* a ,.

plurality of "sticks", each stick conprlzlng a pre- charglng transistor,
whose gate is coupled to a source of preZcharging clock signals, a sanpling
transi stor whose gate is coupleéd to a source of sanpling clock signals of

t hevsame frequefiéddM8s, -but different phase rel-ative to, the pre-charging
clock signals, and at |east one logic 10 function transistor to the
gate of which one of the input signals is applied in use, each stick having
an out put on which at a specific instant determ ned by the sanpling clock
signal an output signal is produced representati-ve of the |ogic operation
of that stick, and each stick having a transfer-gate transi stor whose gate
s 15 connected to the output of its associated stick, the source-drain
pat hs of "t he trlknsf erAfgaRtesrpbefsidigttad Béﬁ'%'géo?ﬁ?éﬁswwtn"@élrﬂ@% fieldren a
node and a vol tefifect afransiorpWMthe tsbaeownlauétﬁflcyhﬁypeormuaatarﬁaageﬁntcwt

bej.ng dependent on whet her he capaci t.ance f _the ed, or no
200 5P eoPr I, PR ASARAEL ST oRE TRIERE B, oS BPERRTh & node

is’coupled to @ plpplity ottt dgputs slgwad shywhd cliepimbtinatoried dircaits icomprises.
A Circuitgarr a@g@ﬁfﬁu@ &ﬂ abPR&ksi') &eitl 4R J.:Lkoéon%'rlx\ﬂfgr gi &J—Qﬁa}g1§t93| stor's

of each stick and the transfer a%_‘gte tran5| stors are enhancenent
transistors. 2ffransigtor, whopg gatects soumlesd QPtadIs°EF‘1"%8FtP"§r‘Fh?f§Fé-ﬁ5rﬁ1°\ﬁ}<t h

MOS field- effeadgnarsinai ﬁn@ﬂ.ﬁng @864 Ist6t afhods (gater dd1@odpled @PEY Bbbrce of
substantially as hfr e ngef ore scr¢ t):gd wi th_reference to tg %% companyi i ng

drawi ngs. !he téXt of fhe ks Bt saue fyequency ﬁf‘oq‘hce rent pha

€ SpeTifica
phot ocopyi ng t relapistel canttheoprieyichartging peocki pignals i apdyatc daest ona Yogic

amendnent § Whi Glynaf foodefddsutsr 0 ﬁ?é\gate BEewi dn0bilRlo £t MREShpEP 1 Cﬁt?ﬂtsa' ni ng
t hese anmendnments may Jbe | nspected prem ses of the Patent | ce
is applied in use, each stick hav1ng an output on which at a specific

. instant determined by the sampling clock signal an output signal is
ﬁroduced representative of the logic operation of that stick,'and
" - each stick having a transfer-gate tramsistor whose gate is
15 connected to the output of its associated stick, the source-drain
. paths of the transfer-gate transistors being connected in series
between a node and'a_voltage reference point, the output of the |
‘combinatorial circuit being dependent on whether the capacitance of
the node is charged.or not. '
20 2. A circuit arrangement as claimed in claim 1, wherein the node
is coupled to a supply volfage source by a depletion load transistor.
i - - 3. A circuit arrangement as claimed in claim 1 or 2, wherein the
. transistors of each stick and the transfer-gate transistors are
o enhancement transistors. ) :
25 4. An integrated digital circuit arrangement. with MOS field-
effect‘transiecors, constructed and afranged to operate subétantially
as hereinbefore described with reference te the accomﬁanjipg

draw1ngs.

1'he text of the specification has been reproduced by photocom::g th &inal
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typescript. It may contain s few amendments which are difficalt to ru:..p ? The original .

tnuuipt containing these amendnents may be inspected on the premises of the Patemt Office



