2@?;99 1 MPROVEMENTS | N OR RELATI NG TO COUNTERS. Emitter Function Logic’
( is a formof Current .Mode Logic (CM) closely related to Emtter - -

Coupl ed Logic (ECL). While EFL is not as well known as ECL, EFL ha -
known f.or several years, and several 10 designs using EFL have beeﬁ d)§(§]249
i npl enented. However, NFL has not been pregle_comercially available as a _
Iog% fam |y, although it has been shown to possess a distinct speed-power: €
prodfict advantage over ECL for sone circuit 'configurations. Gne reason put &

forth for this rel sifpROVEMENTS AN UK FERCERNE!TEFCOURTERS.| ack of both the
true and conpl enentary outputs fromeach gate as is customary with ECL :

circuits. Wiile sone of the problens associated with the single output are
sinply ones of inconvenience, requiring 20 a now design for sone el enmentary
‘function ot her problens are nore form dable. An exanple of the latter
probl em i*s the design of a synchr.onous counter cell, which is

advant ageousl y i npEmftterd Function dwgid (EFL) ybe & afoimi afconj uncti on

dva ,, : .  uncti
“atcn s aweheak MEAETLoRARe (I Tlodeyy peratdd LoCrErpEl T CT

bi nary st at Coupltednlogie, (E6dd.dl #dilse EEL iminot patwelht knownapsed by a
control signggLl OEPECRRS Bekh RknownS £6H Bdvirdl %{-beraﬁatpsvs faintain
at the qutput a state 30 |ng‘| cative of the accepted dafsﬁ. A | at cg;ﬂay be
noni nvel@ nfleaigns usipng. EFl. have, been Jmpiamentede Howevey, BFlsiate as
the accept echgigtfot "beén Mbhden¢omneTeially availdlle ddi galogict LAmediyput
o e 0Ll RSB ha Pl aBGRRP Y sl K atepsd, | S D100
D-type | at chspeediepowebeproductSadvandaige’ civer ECL t foiR séme Dodreutt and
herein configurations. One reason put forth for this relatively
' 15 slow acceptance of EFL is the lack of both the true and

complementary outputs from each gate as is customary with

ECL circuits. - | '

While some of the problems associated with the
single output are simply ones of inconvenience, requiring
20 a new design for some elementary functions, other problems

are more formidable. An example of the latter problem is

the deaign of a synchronous counter cell , which is

advantageously implemented in the form of a D-type latch in

conjunction with a D-type (read "D-bar type") latch. °

25  As used herein, the term "latch" i1s taken as
v descriptive of a circuit which maintains at an output a
binary state indefinitely, regardless of its data input, .
until enabled by a control signal to accept data at its data
input and thereafter to maintain at the output a state .

30 indicative of the accepted data. A latch may be noninverting,
e.g., D-type, meaning the output is the same logical state
as the accepted data input, or inverting, e.g., D-type,
indicating the output is the logical complement of the.

accepted data input.



i ncorporated by reference. Doucette described an EFL D-type 5 latch havi ng
both true and conpl enentary outputs. However, a close exam nation indicates
at least two drawbacks of the Doucette |atch which are believed to
adversel y affect: the swi tching speed of the latch. First, as is known in
the art, a principal speed 10 linmiting node of an EFL gate is the

(s

conﬂection of the coIIewnmleob-typecammmhdsnarerwemlsknowntmn BFL), - Detype |

he Doucet to YAYEHeE Erg bl OUNR baiine’lof M \Fifipe  PARLE; 26 peSCrived
this node, 15DdlicR: tRatent 4apddi, 623cka Rt hs Qnu¢¢tt¢ andi hgredde and
thereby advergglyy O@éd}ﬂ%ﬁi f:g ré¥heRcag Sﬁ:b%é%{té r@egéf?b?ﬂsgﬁoﬁflhyD-E%e

additi on of a sec resistor to ector e out
transistos (dateh zluﬁm@@ty tnyet padc eompiementary eutpprtaect oHoweven,

input transi g Qfléé@)ei&niﬁbﬁléﬁ' hﬁﬁ&%&ﬂe‘s”%tﬂ ‘lrea{%@dt’ﬁ@sdf‘aﬁﬂé‘éES éfa%ﬁfeer

on the collector to capacitance of these two transistors

twice the | oHRUGREE %g)ea'é?\*‘ng 1?Hu§r§nb6|311@"|%ﬂ IRV eERe bY ecﬁa‘n’ﬁ?y
thialt of 25 prssﬁmmg)rgyeedsoﬂgtnel qu;eh\éol tagé swi ng across the base to
cal | ector capacitance transi.s as n npron1s s it gan
be appr.eciated that a ([)é’f 'Iﬁ?cﬁsvxkpewnsmgﬁ?s tha ’éﬁ%%%ﬁ%a?&ﬁ? to
a D-typellgat dinfiking rtn@shqu dasi EEDl gateAliso tiliggidonnizctianl efatbe
SrONONOpS e W COHA! bnfibh, Balll ¢h LAl e P Und! Sy floL

necessari | y, I'n Vi ew o eed. power van?ages and

ot her advant@@ﬁ#ﬁ&ﬂ#ﬂ1ﬁ#@wﬁh@ohﬂﬁﬁe0ﬁ5§h6fqgﬁput%ﬁmi#%ﬂbu§°bbeﬁ¢§rs are

typically realzzd sidd & Caﬁc;lded Inf kehi- Hm&w'ﬂéﬂthaw , for BCD
codi ng and/or for: up/domm $ iei bility, licit |nterconne |ng
conbi nat or i aCORRRIELINFAAdbionakehPIis gakes gdizgetly to this node,

i5 Doucette adds capacitance to this critical timing node
and thereby adversely affects the switching speed of the

-Secondly, the addition of a second pull-up
resistor to the collector of the output transistor (02 in
20 Doucette) and the connection to the collector of an input
transistor (Qs)_to this collector junction produces a
charge transfer on the collector to base capacitance of
these'two transistors equal to twice the logic voltage
- swing. Thus an original advantage of EFL, namely that of
25 producing only a single 10910 voltage swing across the
' base to collector capacitance of the trans;stor, has been
compromxsed
Thus 1t can be appreciated that a D-type latch
which switches with speeds comparable to a D-type latch
30 is hithy desirable. Also highly desirable are synchronous
counters and counter cells which can be, but are not.
necessarily, iﬁplemented in EFL, in view of the speed~power
advantages and other advantages whlch flow from the use of
EFL.
Synchronous counters are typically realized with
35 cascaded T flip-flops typically having, for BCD coding

and/or for up/down count capability, explicit interconnectin§ -



pryduct and for other advantages,the structuring of counters without said
)ﬂ;)’i'c is highly desirable. Furthernore, since flip-flops structured from
DAype 5 and/or D-type latches inherently have a superior power- del ay
product and ot her advantages ovet Tfldp-flops, the structuring of

synchronous cqunters frqoqmsaid fornmey flip-flops,is_al ' desirabl e.
A%:lcord_i ngcesbipatorial, %ilédrs rfbﬁrmg%?m?yiéopﬁﬁga%g@ unt erI o~
i n¢l udes proplduet iand or oilrr advantages, nthbestruoturing wferein for 0:
[err] i Eerr n i - ) j DRHLERak L lavi ng a data o
I nput , 8”['41 8 %‘foéﬂﬁnd oiu- u'?dfirﬁgg%% g?%g%ggant'o ,bg enabl ed by a
first phaFarchermome, @ingekdip-tlopspptreeturedntrewndrivees i nput to
accept panﬁnﬁtﬁ;ﬁﬁé S hichd¥ %@&P@ﬂt Py’ have 2assapasinapewer err], and

i ncl udrng “near nsive to a direction control sk il for _causing the
nast er | adedagzo t and aﬂﬁh?ﬁe‘?‘“ﬁ@t?&?ih"?ﬂrrisgg E’-é‘fiapg'fi rst state
of the di el isVruciirillg OB SYMENFoRGES COOGNEIrs0OLrba saldcoraiexh O
operate as_a noni nverti'ngllatc inr S%Pnss to a second state of the

di r ect i on fddp=tdons ¥y 8 %Ps?&'éifa'iﬁ 1rablfy a data input, a control

i nput, and an ppdardingrtd €iois pinventhonaa synphrohonst bdnaglyl , and

arranged to phe |l atched b h L[St phass eLlk] ; ed by
t he sg&n& cﬁo'ﬁétﬁﬂy {%ﬁoﬂ‘ﬁél %udf'l %ﬁfﬁggﬁé égsgéﬁglﬁ\?gn?%ﬁﬁ??ect I on
control snwmbered O zkoimg whereinviora®c§ Logoper £he dsth e®dilnverting -
lateh |n UGG '@ ddftd: ' Phtehhavehg! 8°adthcihplt,CaNGoHtrGI0Nal and

or causing the slave Tatch ty operalte-as an inverting_l.atch in response
to the sedaphts And A0 (OREPRYT Q4 » oAndoATTERELA ) ! °m§9ﬁ§’1ﬂ9r bupl i ng the

out put of of g 4 A\Ehd s O (@ ébEtAF1 asignal Cf applied ¢o 'taleclcomxblreans
for coupling the output of the paste _atch.té'tg ata, i nol f Jhe 35
sl ave ¥:t dRPwih4Q RGeeRt ?)‘Fav?gélﬁenéﬁ%lg apf Ay g @&%H@&OW cells
such that o edddona PHdde tof eC)] dandeintluding means responsivieertq &8 where
OLOK" i gl C o SSibot ' §ghal O2BF 8RBLLAE ‘e master lateh to '
" 'op'erate as an inverting latch in response to a first
- state of the direction comntrol signal and for causing
26 the master latch to operate as a noninvex_‘t-ing lateh in
response to a second state of the direction control
signal, a slave latch having a data input_; a control
input, and an output Q for providing ai; output for the
cell, and arranged to be latched by the first phase of Ci
25 and to be enabled by the second phase of C,, and " |
including means responsive to the direction control
sfgnal for causing the slave latch to operate as a

noninverting latch in response to the first state of the -
direction control signal ar_ld- for eaus:_lng the '
30 slave latch to operate as an inverting latch in response g

to the second state of the direction control signal,
means for coﬁpling_the output of the slave latch to -
the data input of the master latch, and means for coupling
the output of the master latch to the data input of the

35 slave latch, and there is provided means for inter-
connecting the cells such that ' '

| C, = CLOCK + Q?;l + Q¥;2 cor + Q¥_+ Qg,
38 where "CLOCK" indicates a count signal to be applied to



4 the counter. The invention will now be described by way of exanple with @

refer'ence to the acconpanying dr awi ngs in which: 5 FIG 1 is acircuit
diagramillustrating an EFL D-type latch; FIGS. 2, 3 and 4 are circuit -
diagranms illustrating three EFL synchronous counter cells; FIGS. 5 and 6

are cireuit diagrams illustrating two TrethodS of interconnecting the
synﬁ@onous thenicount@,s to formcounters; 5 : : FIGS. 7 and 8 are
ti mg diagrans: {or t hree-cel | nchrqnous_ counter;. FIG 9 s a logic

bl ock di agr am of eggr?é’reé* ‘geﬁy nY¥ Obae s@?ﬁ?ﬁ&%‘és‘%i'ﬁ%ﬂ"tp couriter; 10
FIG 10 is aelxampdebmwidih dieflprencs ,to ttheactonpasyingrdnawingsnary up
count er enpl gyll gg,itcl;ﬂe. cells of PIG 9; FIG 11 is a logic block diagram of
a generalized 15 "cell for a synchronous binary down counter;. FIG 12
illustratBs a 3- EG.cilr difi 18 redrqudt idhragyram Hol tustrating @n 1BFLFI G 13 is
a logic bl ocs_c{zﬁ,gr 3@¢eh;a three stage 20 synchronous binary down counter
enploying the célls of FIG 11 1 FIGS. 14-17 are | ogic bl ock diagrans
illustrating fouFlGSy @et AN, & BRSO GIRNEL Alagrang 1llusteatingo,

synchronous hhieey EMY @9MHenIOHuY Toilbsyicellde 25 invention; FIG 18
i Flustrates a representative 4-EFL circuit realization of an up/down cell

-



/19-is a logic block diagramillustrating 30 a synchrponous BCD up

ter: PIG 20 is a logic block diagramillustrating a synchronous BCD .
counters and 35 FIG 21 is a logic block diagram ' '
illustrating a synchronous hexadeci mal /BCD, up/down counter enbodying the
invention.”  -6- It will be apprecratéd that for sinplicity and clarity of
expl anation referencé ral ayge e et Sk rARpri at e
in the figures to -i-ng:l‘ ca% 'e-_ %ofﬁ.?gsgoﬁgﬁng%ﬁ eat ur g(gi.'aéris/vﬂtghl?ggxg?ence dr%w t o
t he drawi ngwo meshods ©f integrenaesiing Fhersynchrepongneeudtexigi c

(EFL) D-typg1ha &» form counters; - An input data signal is
received at a ggta iqgut terninal'lo, which in 10 turn i_s connected to the

‘base ofSone of a_pai F¥ISdiTfapansi arey NG (TRITAYRLOK Brer npn

transi st or ghiéext@1¥ syrléRréadéasotountertsher differential transistor 14,
I's connected to a reference voltage [err]) The coll ector of transistor 14

I's connected to a.positive 15 supply voltage [err] and the collector of
transistor 12 is conrFIGedotbst heloghet Hliovk diajramsofr aggenexalizedi n

br oken-1in ctangl e ' Lng. i nLer ed nulti-emtter npn
transi storgetllg’ g%(fgfog}(%%%?g*#ﬂg %%Htg%l)t @s%%%étell 17 connects to 20 .
a contX®l input, emitter 19 of transistor 18, of the storage cell.. The -

base of transistor 1§ r"fftﬁstg iP&EQﬁ%Y&%ﬁ”&H& ¥l 6298 ¥RZeWil e the
collector is connected through a pulF-up resistor to still another »

ref erence 9SROSySYWRhronQus shinary2ophePunter gnrieyingokhecced ks of;.

[err] its bggglgonnected to the collector of transistor 18, and a first
em tter providing an out puj, 23,02n08EH 80 AR aiagram of a generalized

15 cell'for a synchronous binary down counter: .

FIG. 12 illustrates a 3-EFL circuit realization
of the cell of FIG. 11; _ | -
' FIG. 13 is a logic block diagram of a three stage
20 synchronous binary down counter employing the cells of FIG.
11 % T
FIGS. 14-17 are logic block diagrams illustrating
fqﬁr representative embodiments of generalized cells for
synchronous binary up/down counters embodying the -
25 . invention; ' ' -
| ‘ FIG. 18 illustrates a representative 4~EFL

circuit realization of an up/down cell} s
_ FIG. 19 is a logic block diagram illustrating
30 a synchronous BCD up counter;

' FIG. 20 is a logic block diagram illustrating a
synchronous BCD down counter: ' |
and
as A FIG. 21 is a logic block diagram illustrating a
synchronous hexadecimal/BCD, up/down counter embodying
the invention. |
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output terminal 24. A second emitter 25 of transistor 20 is connected to a
second. emtter 26 of,transistor 18 to formthe feedback for the storage 2
cell and providing a latch 30 input for the storage cell. Also.shown' in-

FIG 1 is a clocked input control arrangengnt.including a clock input

term nal 27 coupled through a voltage shifting transistor 28 to one of a

pai-» of differential B¢ waﬁech%@pm@;ngeé égﬁttt &on sdmpkikekty 38nd2 and

34N Ahi ch dfatiey 8ge 4% W tNoR FAFELhcEOHORBAA s Anve BN in the

art, “current source be a constant current source or sinply a

resistor, W%E?@raﬁaf%i eredi APPEAPTifte: e the fft%%%rfi‘!ranm stor

28 is |naxhdggaggrcggbgggahdzxg|gg§@ﬁfgg, having its coll ector connected
to VCC-_ The clock input terminal 27 is. connected to the 5 base of .

‘transi St or 28, the emtter of which is coupled through a line discharge
resistor 30 to a-negwiithe refigdence|nowetdEthe drawiays ,ofFI6S ferigtaal

transistor_32 is.cC nected th emtter,of nd the base of
transi st or® %Fﬁ'it @ﬂﬂgfﬁgd %ﬂé?’gf e?gﬁ%%g ?‘?’&3@ 2‘%2’? 10 The
col | ect or ¥typeandaschr 32 |s connected to the latch | Aputinpute dasacond

emtters %ﬁ&fﬁazfs {reEE S S ?@%gi‘ddjf%ﬁ?ﬁéﬁé%‘i@h‘ieh}b WHidht

col | ector nsr s |s connec emtters of tranS|s ors 12
and 140 [tuxnisieenaerted fithe haseof sore efidazpaixe afonnect ed

moget her Jdipfwkéﬂezsmyeabns@&@ @lﬂ?léoéxﬂfﬁhéé hPh/eardiastossi tLers

and [err].,  The foIIovmngS bFCUSSIOH he operation of, the circuit of FI G

1 will notZ@nd o ¥ 2se: afpdhe iothey ¢hffexren tFANSLRY4P:
circui'ts assthiey é’éﬂnéﬁhbdZonﬁO\M"Gﬂéréﬁ@e aydltAgeov the mgory of

operati on gl tbdege S Lot ST BT 4 hegh ks soacbasa%f;qa'erme

.abovelSFomuppiytwolaageeﬂéﬁ,ohnd the collector of transistor 12 is
connected to the input line 16 of a storage cell, within
broken-line rectangle 17, including two interconnected
multi—emitter npn transistors 18 and 20, | '

- Input line 16 to the storage cell 17 connects to

20 a control input, emitter 19 of transistor 18. of the storagc
_cellf The base of transistor 18 connects to another '
reference voltage VR3 while the collector is connected
through a pull-up resistor 22 to still another reference
voltage th. Transistor 20 has its colléctor connected to

25 Voo its base connected to the collector of transistor 18,
and a first emitter providing an output 23 connected to an
output terminal 24. A second emitter 25 pf transistor 20 is
connected to a second emitter 26 of transistor 18 to form

. the feedback for the storage cell and providing a latch

30 input for the storage cell,

Also shown in FIG. 1 is a clocked input control
arrangement including a clock 1nput terminal 27 coupl.d '
through a voltage shifting transistor 28 to ona of a pair
of differentially connected npn single emitter transistors

35° 32 and 34, which in turn are driven by a current source 36.
As is known in the art, current source 36 may be a constant
current source or simply a resistor, whichever may ba



o@k ating within the EFL circuit of FIG 1. Those in the art will
eciate that the reference voltages [err] are rel ated to each ot her by

-multiples of a standard base to emtter voltage differentia

([er

rstussion, a brlef descrlptlon mnll be gi ven of voltage 25 l'evels

r]) for

tenperature conpensatlon purposes. 3@ Thusthe differences between the

ref erence ggi}gges

anbi ent tegggrature % respect to specific enbodlfﬁ%

her ei n, terbgﬂm mﬁ*&vrﬁiﬂe‘n ayiagd 4,59
[err]. Sishheetea ¥83v S, one [err] nore positive than [err].

one VEE HEVHIFOER

e vo

é%ﬁﬁéfﬂg'ﬁ absehniss @iy fRraa specified |

resented
EOFositive t hat'
Lerr],

however, Is only one- hchrnwe ositjve ] as is co h.EFL
bi asi ng. Pul | - up Thesicdqsk sbnput cﬁﬁ§@inPﬂ %@L (EQQﬂP$&$a0€3m¥§ :
sour ce§3thiHePOEYLEansisyo 28 y Ehe émiti:etoldfagmic&mrimrccepkeét ypical.ly

magni ¢ udeRFGHRh. g 31ne Saeis€orsraeses, S0 R FaGEVE wbBe Rl (1

vol t age a)olbagéa gz 'MHe ibase tofrdifferestialkransistoet 32chsan
s

il 1042 SE B e ofaacBe [

at emtter of transi stor

20, and ttemansistgr 5@ iﬁ anqnmteérh¢nah°£heIV£ﬁﬁ§¥Qn§Qe@ﬂ sageVlRyleess

~than ¥ C;m% ganacu-m Lft”dré wfnabeie coﬁmﬁ;éd&dotﬁagrakenel s form
ar a eve et ween EFL |%‘%\/8é}at es. EITEI’I'[

the s ogl C sign

arit hnet ibnEREr 6wt Wacqnfbﬁmr%’g%sv%t tran

positive mg f@ﬁpéé'tfivle'i /BRHEES €nei bbYtetltor Y. tréﬂi‘elﬁatdiz gatasi nput

toxss

gQBE“ﬁDre

 Signal, eperested tone g N Y Y e
[sglr 1; } edzgmu mtVBEsRSpﬁ ;tmgﬁmtcﬁﬁ B2 hnddBﬂf almtccamectedpfcgdthnth
lér e‘.’é‘FI t%l F“Fé'&ﬁﬁtatsecﬂn?%e gié,1 fg‘p&&ﬁ % b(m:vlé)&’t %n&ﬁ& LmYB%e%d

[err] rca

and VEE

' The following discussion of the operation of the

| cireuit_of FIG. 1 will not delve into the basic operation

of Current Mode Logic (CML) circuits as they are well

20 known in the art. Also, the theory of operation of EFL
cirduits has been published by authors in several

publications. " See, for example, the U.S. Patent to

Doucette, reference above. For clarity, and ease of

discussion, a brief description will be given of voltage

25'1eve1e operating within the EFL circuit of FIG, 1.

Those in the art will appreciate that the

30

5 v

eference voltages Vpy» Voo Vpg Vg 8re related to each
other hy multiples of a standard base to emitter vcltaqe
diffexential (v ) for temperature compensation purposes.
Thus the differences between the raference voltages can be
exprenecd in absolute terms cnly fcr a epecified aubicnt
tempexature.

' With respect to the epecific embcdiment '

precented herein, it will be understood that V R2 is one

pE Wore poaitive ‘that le. Similarly, Vpy is one Vee
more positive than VRZ' VR4, however, is only one-half -
Vgg More positive than V R3’ 28 is common with EFL biasing.

-



[err] or VEE. If.a pesitive supply voltage is used, such as [err].- 5 volts
+10% w-th VEE at ground 25 potential, then in the preferred enbodinent,
[err] is chosen to be 1.5 VBE above ground., Since one YBE equals
approxi‘matel:y 0.9 volts at roon1tenperarur§, YR equal s approximately 1.2
vold's, [err] (2.5 [empill-afatesPeopx2ouisl ¥hosen' A vodfindticnSwieh'])

raf ' |y 2.8 t- d : 4 VBE), ;30 ‘mat el
SO ol toPEREE IRk shutics, %, i STORATENE PERIBANIY, o Vs iBLEa0E

abisor bed bdropgéﬁ‘i ufe'eﬁserldzqrﬂi&ia/m_S Zﬁﬁslri:oamdo[ Hgg) aldrdiasﬂqgi:!di sup][ol y |
vol tage is_used, su err]_-5..2 volts,, an r]. . ou then [err
~and [grr] %%§$8t8§ ggdeégklﬁ% ' qsfﬁﬂﬁﬁg B§ gg ngﬁk@ﬂﬁ?g%%t wn woul d
be -0.5°[ cthé &drrenthisovircen®f abs nElevingOthrouoghs it.Si ks ther r]

-1.5 VBE y | 2 | - 19} | d
<(aqual app%%%ﬁ%ggfgﬁ?%hgp%%gs% ﬁ*'%/%%jé-?ﬁé'?# Egg% Pé‘%ﬁ%ogn,?z@c}heé{)%sgﬁgpl y
vari at i onPekeennppr gsseatd adiiye gerorvehtageadropl widds resgaestetabsor bed

by the congta UaT @ 15 : I by no oper g,y EFL
T type | it i B OPLLAGN Sl ol GhEN IR bR 9t Sartihdledtiy s
i nput t er M Voktage, gt ggd then Y OfhctranFisiorn200 Bpd the voltager 23

%ng gi41ro ir]wtdmﬂlautcemmdl_t Qﬁ,efﬁmﬂ@@ uftﬁeeﬁ bahr_hgrb,:v legd UKW 'V, iz'
and 34. oW .V gge. or .J ogi.ca ( ock input sign auses tra tor
34 to condid r#@ngw rXLEtﬂ?sﬁbﬁﬁﬁﬂ‘ﬁhme'ofgﬁﬁﬁee ypdtage Lavels or s
- 12 and 14 foumn cthesestdbdardnlogtiar siyral brevebsobdtweend EFL Nddic
condi tion dategy | L,f @éi ls L1 | S pajr.c ri Sign
tiansistoﬁ%_ hndéiéaggEgn b%g&% fﬁﬁgeﬁgi¥e%§£§6géﬁ& %ggﬁﬁiﬁééﬁﬁstor 18
and 20 ar ¥alitage ctevelst aze pheyrhad il hawere positivepand omg-half
15 VhE'less positive than'VRz. Thus the data input signal can
be and is differentially compared to Vgas while the clock
input signal, which is at the same levels as the logic |
voltage levels, must be shifted down one Veg by transistor
28 to be differentially compared. with VRl‘- _
20 | ~ As is known in emitter function logic, Veir Vgpao
VR3 and VR4 arg all well regulated, e.g., typically w;thin
a few percent,"with respect to each other, and are referanced
to either Vcc or VEE‘ If a positive supply voltage is
usegi-such as Voo = 5 volts +10%, with Vg, at ground |
25 - potential, then in the preferred embodiment, Vgy is chosen
to be 1.5 V,, above ground. Since one Vy; equals approximately

a feM/perpént,‘mAth respect to each other, and are referenced to either (};9

- 0.8 volts at room temperature, Vg €quals approximately 1.2
_voltS_- _"Rz (2.5 Vgp) equals approximately 2.0 volts, 'vR'3
. (3.5 VBE, equals approximately 2.8 volts, and Vre {4 vi)

30 equals approximately 3.2 volts. Supply voltage variations
and temperature variations are absorbed by the difference
between V., and Vp,. o - L

| If a negative supply voltage is used, such as Veg
= =5.2 volts, and V., is ground, then V., and Vp, could be and
35 normally would be connected together, VRa_would be -0.5 Vg,



Under these conditions a |ogical ONE or high vol tage 'l evel at -
data input termnal 10 will cause transistor 12 to condyct and
tyehsi stor 14 to be nonconducting, thusgexiracting current from'the input’
line 16 of the storage cell. The current through transistor 25 18 al so
passes t hwhigh. igsAppodmately cludi N@1%s:ol thigeiawly ¥, okelVvBE across

resistor gz, ITnuamh%m dproRimatkly 24, 'zs \ﬁf%e%ﬁx@e#ow k wﬁrk and

emtter 23BBf transistor 20 can drop to two IOM/[eﬁll
corr espon¥igg o"ﬁ“ﬂ-égiead#a]ZM’éﬁx%ﬂ?Eeiyt wm%ao@s 30in this

Conver sel &onﬂibﬁﬂhiﬂbxﬁE%I!Eaéé"’%&?b&?e vﬁ&-ﬂa't?zdifé and p&@mﬁ&%ﬂ?éh. Wi : !
cause tran ransi s conducting. In
this cénd?f*‘ 88t RE é;?ﬂes%%u\"{?ag ?gﬁﬁtﬁc‘f"h%o t?s(ﬁé?%é)&) Y khang
essentiaJéqnaaanurb&ﬁrddt(anr¢esxstor 22. Accordlngly, 35 the vol tage at
the base of transis S pL OX el rr t he vol t age
at enitter 23 of tr?%gnétq%# ,2%9 é\éﬁ) tga P%é'??iﬁ&ﬁoq \é’? h%gﬂdg g ¥PRal |y one
[err] beldbste@B gbowh wehematicablyniln FEGa logiac W1ldAE input sfgnalhe

oper at | or ook Dy RS |l PP 039020 WBIRAY iy ARG yhalabllg ©f ook

I nput _si as bee alo ORBra n can
be ded®ri cths Préﬂﬁéﬁﬂynn?Qnﬁmﬂtd%féﬁaﬁn&iaddﬂmequxsdnhal 24 which is

the | ogi GabsérURESCvel thida V) r&“bﬂ%f‘aﬁé%%ﬁt Ia tHmnal 10.  Wen
t he cl ock i nput S|gnah SW ¢ | cal ék;voltage | evel, the

storage cell latched P§EM°¥WF9QsPﬁr%@ﬁﬁFaéoﬁEﬂQ<§4° input i stanadl ow,
and is niadisés hefaﬁéfiettb&d u/ ﬁch&:&@dﬁcﬁocu&%hts i tHE Iéoxhﬁ@ncl ock

i 9oe. ¢ o libde 5% FRS\ B YBrS G rdirt aforraRg and 1 A, ¢absRs onduct

whi | el8i fﬁmmmts'abrt antnsw rivhatedeetiagcondncthis doridbeion) hehe -

noncondwﬁiﬁglfﬁﬁ&@'dl@?e@@ﬂ%ﬁgltéfgﬁéfggér pair comprising
transistors 12 and 14 is enabled, while emitters'zs and 25
of transistor 18 and 20 are disabled, in that they do not
have a ‘current path to VEE' :

20 Under these conditions a logical ONE or high
voltage level at the data input terminal 10 will cause
transiétor 12 to conduct and transistor 14 to be _
nonconducting, thus extracting current from the input lin.
16 of the storage cell. The current through transistor

25 18 also passes through resistor 22, thus causing a voltage

~drop of one Vy, across resistor 22. Thua, the base of

~ transistor 20 is one Vg below Vp,, and emitter 23 of
transistor 20 can drop to two V below Vpe! which
carresponds to a logical Z2ERO at output terminal 24.

30 ~ Conversely, a logical ZERO or low voltage it tho
data 1nput terminal will cause transistor 14 to conduct
angd transistor 12 to be nonconducting. In this condition,
there is no current path through transistor 18 and
essengially no current through resistor 22. Accordingly.

as tha'voltago at'thé base of transistor 20 is approximataly'
equal to VR4. and the voltage at emitter 23 of transistc:

20 can be no less positive than essentially one E belqw

38 Vo, which corresponds to a logical ONE.

-
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20 is eithér at VR4 or one VBE below [err] while the base of transistor 18
I's held constant.at [err] (i.e., one-half [eerr] below [err]). Wen
current begins®to flow fromthe common connection of the emtters 25 and 26
of transistors 20 20 and 18, the voltage |l eyel at these emtters will be
hel d at" one vV  bel ow the base vol tage of xg of the two transistors 18 or
2071 f the output 24. whetbpd@dtﬂdﬁl¢$ ﬂhéOnbegbeCNEuduﬂﬁééuriﬁﬁﬁk i nput

si gmal begins to.ris

cqual to VrEEnBERF hag JoUHEL SHAR AP elpckoaneny Hidalhat 5ebhs Vg

26 will be slm,:bdamnBERBE bdlrothis rq:ondbyiOnanhesmemiaml ¢amrise stor 18

Il h gt 4t f | hal f A
orie- hal 1 [ AF§CEubEar B pEVIA AR of bt ChiShal A¥ el ), (0
transi st §r ﬁmmabnaacwhlcmi§ dthe otoqmabuinmrser of tthe dnpuk
-connecti on &I "BigRat & ta%xﬁﬁ ﬁufdmpéfslbhrowaant s i) %fﬂ.& ughe base

of tranS|stor si nce essenti al l ﬁﬁno curre t hr ough

0
resistor 28 9?5‘1 sw.i.tches| R hRgigat ONR Qr Yoltage, tavel, (they)
ZERO when tg¥ofa§ékeelhuil atichies ibmms in 1tseprbbenbasmua‘1ﬁfan.slssor 20

i anped: ondeAs ﬁa?%@ofi”d B Ag 38k ohungnet pETeirad Bl dhe data o,
base t ol@nifnput veignad nhtd.rl] ythe claek |signaleagajgh tretaixdmsy to atisest or

2 to cond e IIy all of the current fromthe 5 conmon
connection 4g¥§¥¥teﬁﬁa § 26 passes 't hrough transistor. 18, and the base

of transistor: 20 |s hbsdtha sleockBEnpbvsigiali risesattol @glmi@O due

to the curr, Or. I ‘363% St while.
the clock 1 |npu g%g?gﬁ§§§%§3e§£%? iéF%% h%hEt transi stor é!pulls
current frowh #lﬁe%%ﬁﬁﬁ§385ﬁﬁécﬁﬁﬁﬁﬁﬁs¥9ﬁt 4rdegreagesyconduetianpi ng t he

 storagelseldovard dR&eHoAbohAdtINIS Al s€d e & WhebaBEAZe ¢ rdliL ddsx C! OCK
rose to thezdo Icaither at Vo, Or one Vg, below V,,, while the base
of transistor 18 is held constant at Vg, (i. e., ona-half
helow v 4). When current begins to flow from the
. common connection of the emitters 25 and 26 of transistors
20 20 and 18, the voltage level at these emitters will be
held at one VBE below the base voltage of one of tho two
transistors 18 or 20. :
"If the output 24 of the D-latch is a logical ‘ONE
when the clock input signal begins to rise, the base
25 voltage of transistor 20 is essentially equal to VR4'
' Accordingly, the common emitter connection of emitters 25

a and 26 will be clamped one Vi below V R4 by transistor 20
and transistor 18 will have a base to emitter voltage at
. " emitter 26 of only one-half V BE® A one~-half V base to

30 emitter voltage drop is not enough to allow tran-ilto: is
to conduct.. Thus all of the current from the common
connection of emittera 25 and 26 will pass through |
transistor 20. The base of transistorlzo is held at Vo,
since essentially no current flows through resistor 22.

as - If on thé other hand, the output 24 is a logical

~ ' ZERO when the clock input signal begins to rise, the base

of transistor 20 is one V. below VR4'and'the voltage at

]
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@? Also, with transistor 32 conducting, transistors. 34,,15 12°and. 14
nonconducting. .For this reason the input terminal 10 is effectively .
di sabl ed and has no effect on the state of cell 17. ~ Conversely, of course,
when the cl-ock input signal is a Iochaq -ZERQ, transistor 32 becones

BOﬂCOﬂdUCté:%‘.Qttt:é\bstsuahﬁt czisezulﬂpﬁé;ecr‘?hbeaknalwﬁbet:r{can?r My 34 .
econmes conduc i.ch enabl es e i a rent s ng pair o
transi stor?i‘?s}a?\go{\ﬁpo c oA 4RF ?@t b i"ﬁéfestaOI’:%?g"éa (,té?le“lii eﬁg >
_response t\m.‘etsbéaofnonlyDomsf | bt 1@noﬁ5h to aozluowh tﬁmmtl G020 A
counter c t Q ed schemgtiga n Fl

2, utilize t‘ﬁ%né $€b 3h o) 5 ahlli%sag gt e E&% (ﬁﬁmvﬁ?
broken5|runummnamghaeéhxandoé<anmhﬁerwn35 andyRé pﬂaﬂesxthroﬂghe sectlon
shown wit e t ch of

t he rraste:gtgle&c)#)%ﬁgﬁoiaé ? E‘eﬁt ?S%E%aa?% he c'f?%ﬂlsg‘s‘:? T‘Jgf‘]% ﬂ% #

fol | owi ng ane i opelowi Ve, drgnsi Atbrlogieal FREROY Hae keerthepl aced by a

four-em t tQ{rddRESESLQ ¢ Vifdukigdidt €8, 46- 49, -as shown.in -FIG. 2. The
extra two erﬁtters arg usegul‘:!ﬁl provi de fwo 35 additignal outputs for the

D-type | atch.. SecondIti Wigicber tm%"—%‘? thatewhidec dhe $19@ksi st or s

32 anq @4 ;bgmt beﬁgnarveéﬁadnwwma@iém ONE; itZansi®tciciaz pills
t ransi st or

I S | connectedtot eco tter f i stors
12" and 14 SHRFEIT EEPRCEDS, SOPRAR, frias ChoR | OF; AmARLeT® 2% and it o (he
conmon  enitihes &@mg ﬂBeoktbltagﬂ welde b’bllatahéér athaheaddgidal were
ot herw se . i T reye RS has t he
ef fect of s(‘t lﬁflc*hgi’gg c‘irgécgél&c’: Pb? Re %é rt%% 1%%/} 21s
enabl ed t@%-celwbsgndwtthr srdmsasl@:a 32)g¢@mu@NEngl.o¢:lramia;aa h34, t han,
as injytsne 16 r{ui thfafé%ci':coFMax%di‘?ﬂj CalpgEREhE50rEakBnP thee: inBlﬂ:Dtype
| at ch of sl ave séction I nc _
terminal 10 is effectively disabled and has no ‘effect on
the state of cell 17. cOnversely, of course, when the -
clock input signal is a logical ZERO, transistor 32 becomes
. nonconducting, which unlatches storage cell 17, and
20 trans.istor 34 hecomes conduct:z.ng, which enables the
diff.erential current steering pair of transistors 12 and
14 to control “the state of the storage cell 17 in response

to a data input D on termmal 10.

25 - A synchronous counter cell, one embodiment of which
is illuétrated schematica11y in PIG. 2, utilizes the D-type
latch of FIG. 1 as a master section shown within broken line
reetangle 40 and a conventional D-type latch as a slave

- section shown within broken-line rectangle 42, :

30 - f The D-type latch of the master section 40 is the
same as the circuit of FIG. 1 with the following exceptions.
First, tranéistdr 20 of FIG. 1 has been replaced by a

four-emitter transistor 44, having emitters 46-49, aa shown
in FIG. 2. The extra two emitters’ are used to provide two
a5 additional outputs for the D—type latch.
. Second, in FIG. 2 the roles of current steering
transistors 32 and 34 have been reversed inasmuch as the



two nulti-émtter input and output transistors 50 and 51, respectively, (jg;
formi ng a' storage cell which operates anal ogously to the storage cell 17 of

FIG 1. To that 15 end, as in the D-type latch, a.resistor 61 couples the
common connection of the base of output tggnsistor 51 and the collector of -
transi stor 50 to reference voltage source VRA. As with pull-up resistor 22
of ;the 5-t yqul lexttor ofstraosistars Thdstrin oF fFevRdeonngsitatte e 20

VBBwol t age £l Cénd EESrUNEE GantlaQirdmOR| AHAC180HAG khel 631 dwE DY a

current soTee ows t erethrou%. The D-type Iatch of slave section 42
al so conpr |csfest:aansia§kea BApds danElS. 2 repnpeched; £O f8enSOMMA, ent i al

transi st or e fdfs5262agdl B8 of MY SWFsFe 28080, rakhercitmaicasur i ent
steering portlon o? the D-type latch operates in the manner gﬁqgh-t.of the

D-type | 8t the¥kceeret ahherydsg qonne rimetibe FLXFHd L. OLs 20 and
the slave smgis Ofed8rbalostmplybihas alik |eftbet of m‘eﬁriamse.mtg &he aold -t he

| ock i t si |, ,th to t I hi
ps shoun' | PRIEe 2188k B8 i RSP Rag Sr IS 218 BhaEIRS g T 0 P
. D-type | at afecebup! andastowrepdatariiy & UFgHéalhoNB- r:;lpetkl @t\dtﬁ&)frm%r
section 40 t.0 %ﬁtégff{'hgﬂb ] cﬁiﬁ)&é fF‘:é}WF%&a ch gf,_cglla\ﬁlﬁfcélmﬂ

35 and one'%ﬂﬁ type at“emt tranS|stor 51 1is
connecté@ipmlﬂ&.lnput 10 of the D-type latch. A I|ne di scharge resistor 62

¢bupl es the |ine 43p- yped eglaver éétgaﬁ lﬂplitndlﬁi&éélal 10
to [err] It should be notgdt tTH%EHfEE e

separate isol ated | cC state
[ ert] and[ ertWo amelthremittem mtatﬂé‘%rﬁ‘ﬁg‘ﬂg HBaﬁﬁ& ggr & gsap 4%#3/ of
tran5|storrgg§5c£bee;& YEth¥ﬂ§1é5s&dki@@tcélxewhueh 6@erdﬂus(3 out put
desi gnati on |n i cate Is the " h | ; b serl qﬂgéls to
al l'ow par a3 1% Qﬁ%ﬁinFBnFﬁﬁéﬁﬁaﬁig%rFﬁkt EEr?t F %he mﬁ
Jntended s eri@, casipirdthe Dreypextlatxh, ia resisecresl couples the - :
common connection of the base of output transistor 51
and the collector of transistor 50 to reference voltage
source VR4 As with pull-up resistor 22 of the D-type’
latch, resistor 61 is chosen to provide a nominally one
20 VBE voltage drop or less when current of magnitude equal to
: that drawn by a current source 60 flows therethrough.

The D-type latch of slave section 42 also
comprises a clocked input control arrangement including-
differential transistors 58 and 59 and the current source

25 60. This clocked current steering portion of the D-type
latch operates in the manner as that of the D-type latch
except that, as will be described, the master section 40
and the slave section 42 become enabled and latched at’
different cycles of the clock input signal, thus giving rise

30 to the master~slave relationship.
| - As shown in FIG, 2, an input line 57 analogoua

- to input,line 16 of the D-type latch, couples an output
emitter 47 of the D-type latch of master section 40 to an
input emitter 55 of the D-type latch of slave section 42,

35 and one output of tha D-type latch at emitter 53 of
transistor 51 is connected to the'input 10 of the DB-type
latch. A line discharge resistor 62 couples the line

-



gj' -as such, is shown coupled through a line discharge 10  resistor :63 to
Nefr]. A Q. output fromenitter 52 of slave section 40, anal ogous to the
[err] output, couples the logic state of 1%e D-type latch for parall el
out put purposes and for counter_convepi ence as discussed in_nore detai

bel ow. | n eprrecting emisfias > Hnd ipRuttea@inadtl0st0 Vgt nal 27

enabl es the input trzgSishoUuld e aldtdd thatheeBanita |Bislatédoregic .
transi stor 32 and al.so | at ches, t he Dt¥5§ st%ra%e | at ch t hrou transiSt or s
58, Dur i nPtake (PREERES finaNdC ake FBken From senarate, E8nd6t i on

on t he ;:I %imovértéﬁbﬁbﬂ:tdlv%. :&E &iuseghagc?:xi Q"ﬂ'ﬁﬂ?‘@'@?‘tn‘éw?h'
ransi gt or . and_t he Ype, ] a i s,.enabl ed t-hr ouc ransi 0
pass d} a ’r'P dh?‘?? o ﬁﬁﬁ?if%'p i4tds’ o] %lt.QiS?HEB“F ?ea'i&ywetf%& c#%*cﬁggfer
section 4AGkhiwecellt hs dhien ”inti't ¢éll Dihypesexties and/isctocallow 25 42
does not, . h ' ellsopes at a t - st hj

regi ster \é{}g‘g%glfnéggglﬂﬁf ga eq‘{:%élj ‘JFHL%SBt %g‘ g&tepae%ﬁhe %f@ ér’Ié&@jP"s'Fer
back to trbimgndsqsnw\/% | cqupledibte btheonext ekl dnitlm series Q

_ gerr] 30 aq§ﬁ_;s'such, is %hbwn coup%g% thrdugh a 11né%§ischarqe 0 35 As

" can bd0seditBiSHOENE3 59 ¥pg-he A QpRUERRE] L50m emi thar 3R (P hpve,
frequency dgeéienChogkahadddgoins b VEReddDYolvtput ,Aldouglee [€ié ] DogRat i s
e e Tl o G B Stas R SR G i et
out put s wifidr router behweniidnce cpmrdiscusseld. in moted.defvailli bélownt
. modifications _Of theygYBpRYAIGHh CU M EG168L' ofE BhCera clock input
¥ 15 terminal 27 enables the input transistors 12 and 14 of the
D-type latch through transistor 32 and also latches the
D-type storage latch through transistor 58. - During'the
opposite phase of the clock, i.e., a logical 2ZERO condition
on the_clock input terminal 27, the D-type latch is latched
20 through transistor 34, and the D-type latch is enabled
through transistor 59 to pass data from its input to its
output. : ' . R
| .~ S'ince the D-type latch of master section 40
inverts the data, while the D-type latch of slave section
25 42 does not, the synchronous counter cell opexates as a
“twastagg shift register with an inverting gate coupling
the output of the shift register back to the input as
shown in the table below: | -

. Clock Input Signal Qi' o H "
30 0" [ 0 .
1 h B 0
. 0 1 1
1 0. - 1
0 0 ' o

35 As can be seen from the table,_the,,oi and Qi outputl'aro o
both equal in frequency to the clock frequency divided by -
fwb, Also the Q sutput is the same as the Qi-oﬁtpuﬁ after

38 being shifted (delayed) by one-half clock cycle. The

.



5 are shown in FIGS. 3 and 4. FIG 3 is a circuit diagramwherein an
initialization input<termnal 29 and a differential current-steering pair
of transistors 10 64 and 65 have been added to the circuit of FIG 2.
Specifically an initilization input teenridd 29, for receiving an
initializingavhgitage lof h@vm@nsﬁtﬁdotomhe asutputsewi I Rrbe sshowh4 Of
the'addltlog i dif %gsntlaJl4_con€§ég alr %f current steering npn :
tr Xrsi st or sPBAOWn ¥ hECb sistor 65 is connected, along
with the base of transmn(ﬂ;ﬂﬂeréntvﬂad1£ddawumu§Iqﬁ thérngnshnonbun

transi st or havi 715,73, has been substituted for dual-emtter
transi stor 88““t?ﬁea%§} éﬁéﬁbén?tter 71 is 20 connected to the collector

of tranSstor 64 The collector of transistor 65 is. connected to the

f eedback common connection of two enmitters, 54 and. 72 of transistors 51 and
70, respectively. In operation, a logical ONE initialization signal-25 at

i nput terninal 29 -.causes transi st&%e 6ahewncandFdGSs « iand eby i IGurPeﬁP

fromtransi gt g§ rfaiko d%l@éaﬁh &ﬁ@réiﬁraﬂelhattqlamzém:sl €egarAINALL i n
br oken-11i ne rectgngle ul Il current a emtte 1 and, resi stor
o> Chus. bl 38; ABAad GiiLtar antida L CHRESBA! BLACTL A BAIR i FEABALBESSS
slave geptied 4nd. ss\Aﬁdgrd hseautmeebf tol ghe edeicuit 4X PIGA 20gical ZERO,
t ransi st or ngqnduct i [e Qr t mast er
doar T o S SPabEERRRAAY R 0 LT FREIER ShBRel R Y 44 E5p TSt o

t er mi nal 22reueivmagaamo@nmﬁlalikxmm|aggnaé i(Ti)t,i dls zmminectedrtoi the 35

[ the prefghhadolBAL BindfGedt BK b7, LAR! SAUDEITTRA Witedineiany

_ initializatTon Clrcu ,. 1 nc I Ng conventi on
‘not shown |¢pme1=tsd patirwqﬁ gurrent §5eer3psr apngttransiatorse G@si\gﬁatlon

. of "CLE&K +s$ aphbebalstlof’ kidhsistod 68 iat eaﬁ%é&d,nckr&w vieh tﬂa

| ogi cal OR of
base of transistor 14, to Veae

"Additionally, a three-emitter transistor 70.
having emitters 71-73, has been substituted for .
dual-emitter transistor 50. The additional emitter 71 is
20' connected to the collector of transistor 64. The ‘
collector of transistor 65 is connected to the feedbéck
common connection of two emitters, 54 and 72 of transistors

- and 70, respectively.
- In operation, a logical ONE init;alization signal
25 at input terminal 29 causes transistor 64 to conduct, thus
2 steering current from transistor 65 to unlatch the storage
latch of the slave section within broken-line rectangle 42'

= "' and pull current through emitter 71 and resistor 61, thus
| placing a logical ZERO at the output of the D-type latch of
hd 30 slave section 42', wWith the output of slave saction 42'

at a logical ZERO, transistor 12 is nonconducting, thereby
forcing the output of the master section 40' to a logical
ONE. It will be appreciated that the signal at terminal 27
must be a logical ONE during the initialization operation.

35 In the preferred embodiment the CLOCK is logically ORed with
the initialization (I) signal by circuitry, including '
conventional tié-oning, not shown in FIG. 3. It will be



tfie~dl ack and the initialization signal | is applied to term'nal 27. . Thus, . .
the initialization signal rises to 5 a logical ONE, the clock input at
t inal 27 will also rise to a |logical ONE, thus allow ng the
initialization procedure to occur. FIG 4 is another enbodinent of- a _
synchronous counter cell with an inittal}2atton capability. A pair of 10

di ff tial t '
bt ot o apmuRRiA oL EhAE KRR, SR ElGy JF Poffk 1L ALNepiiL -
transi st @7 146 BIG, 73 bavénteededertic tmélc@ueethedt thectlogicak OB ofie -
Il ect f 1 { ts ted 15
o out puttBreiene g cif LAUNBINAAE, laha LT, 1% bl dde WTETT P
br oken- Imemmﬂnalngﬂe debigrawbeénhe imbtializatdponosignalsinkags 760is
conneql eg Ydiddl okB? £facelbok AMhH e ekhifINQY GHIO M Fo AFraéne

colle or ransi connect'ed to input emtter
tranS|st¢p'!3109i¢ﬁ450830 thusi &1 1oWing the bPé&éﬁlﬁﬂ%§¥qanR§EﬁQﬂure

de5|gnatQQA@%c Pul  down resistor 78 is connect ed between output emtter
47 and VEE. In operatlon urin i cal ortions of the CLOCK + |
input signal at terfiffal4 Zg Pg’r?gegi d?r‘“%%g’r'g 85 5nduSY, r%ﬂ‘f%

transi st gountdss cell O&ithAahogmaﬂlﬂﬁthcapabmw 4 gaimsoEr
section auses, tyansi stor 7 t Q..CoNn

essertd é&fﬁ%ﬁﬁﬂﬁ&ﬁét?ﬁﬁreﬂ§ g ﬁ&ﬁhﬂgc%g%%§¥g5§F3 en{;béﬂ§%s

‘thr ough ar m:ls-tﬁnwﬂoreaﬁdtbhre 78 é)asresehcemna«ﬂdedatbog:mwm@ﬁwut put
st at e. Y f t t

tran5|sto C)%bnd% ?f& 3{@?@(5%Hﬂéi§#3?§aeé §§§“121@§%q I's a Iog|cm
ZERO. O emie:udreecmqtadntgggm |am¢|t5 the goddg@ctoxoo&ynchr onous
count ef _¢elali diler 059 P Urhi®h BHE Lhde® df CE£RhLYsRRS LY cotigéedacd

enbodi nent, | nasnuch e circuit of_ rovides the initialization

capali i tp GutpnE emiteer 47.edpithe tR/"WBe d%g'a'ﬁ hi RE; &e: MRIKPY he 38
addi ti onglectaBPWAERLA NthBebebken-1itle Rtdctdngle designated 40'°.

The collector of transistor 76 is connected to Vbc. the
base of transistor 77 is connected to Vgo and the collector
. of transistor 77 is connected to input emitter 73 of
20 transistor 70 in the slave section within the broken-line
rectangle des;gnated 42'', Pulldown resistor 78 is connected
between output ‘emitter 47 and VEE".
In operation, during logical ZERO portions of the
. CLOCK + I input signal at terminal 27, transistor 59 is
25 conducting, ‘while transistor 58 is cut off. A logical ONE
output at emitter 47 of master section 40'’ causes
transistor 76 to conduct and transistor 77 to be essentially -
nonconducting. As a result, essentially no current passes '
through transistor 70, and the slave section has a lcgical
30 ONE output state. Conversely, a logical ZERO from the
. master section 40'' enables transistor 77 to conduct, and
| the output of slave section 42'' is a logical ZERO,
Of the three embodiments shown in FIGS. 2, 3 and
4 for synchroncus coanter cells, the circuit of FIG, 3
35 is presently considered a preferred embodiment, - inasmuch as
the circuit of FIG. 3 provides the initialization capability
‘without the extra complexity and delay introduced by the
38 additional components in the circuit of FIG. 4.

-



- 18-, Tﬁe.;synéhfonous counter cells described in detail with respect to é(;'/

FIGS..3 and 4 can be’cascaded to formmultiple cell, i.e., multiple bit,
synchrenous counters by 5 using any of a variety of appropri-ate counter
cel,l interconnection circuits. FIGS. 5 and 6 are schematic di agranms of

al ternative enmbodi ments of preferred i-ntek&ommection circuitry. As will be

unS“{StOOd by those in the art, each 10 cell .of a multiple-cell synchronous
co

h ts | | eal A
cel | seE| ower gglsg:m f c"(é)hgécgwle‘éé‘aéﬁgg g 8o '?:‘iter]-ﬁﬁefiQC&e£¥£+ﬁea i Betaihe

ave a | ogical ONE output for
an up counigith Yespdcthave PIGSQI BahnﬂEPlOaan he cagcadednkoc8@EPer. Thus,

expedi ent s 15 ovj ded t I t e of .
t he precedﬂﬁétééﬁles eI']r[i +T%UFt§ug?gPﬁ&ﬁi¥aﬂﬂﬁ%‘gﬁ%§§ eahﬁfgilsog?gal |y
onbi ne $hasd @£ aa | varketiti f riptR FPRRteR gﬂigt ion. This OR
c gD ey P SPRFEP
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g efbh pLecbets,

all of the put states .e., in_order, for the output of an
OR gat e todmagnamsIQtu%hteZEFQiVﬁl?ﬁBPd%HEntﬁpBFépﬁﬁgp | ogi-cal ZERO.

Thus, as will, #yésﬂﬁggk dey ghiikeiei nbel ow, the interconnections of FIGS.
5 and 6 prOV| doﬁgncou ter $3ﬁct|o t%» %srgk g HeP4d

synchronous counter cd$|Whh} Fnﬂpﬁﬁﬁiﬁﬂﬂifﬁx i [e%;loutputs in
the sanggCgiiEiof Lmu];eyglef-uaam e@yncirondus moehban changesdiddsssi on
fertaining to FIGS. 7

T t I
represent 3@gifah SHaEe: 1BRE gg‘ﬁ\é‘?ﬁ‘ a%%};%%d 2% f ﬁlisfgm d
stage (n - o1l ALowerhsbonificamtt é:i&aawlmgeq:eémm t BGI"P Au i}

second cel | anéfdﬁnf%} aﬁtﬁﬁdzggﬂgffxxo$xg&fnga§gthouogﬁchuezﬂio

function b own in | %Q al so shows
a 35 partudutputnfordaagoun1Gpu@ﬁgﬁxﬂw?hﬂﬁm %%Bﬂ@é?“&él type

- depi ct e?Peﬂ’ﬁ‘ﬁ?eﬂg‘ﬁ Bﬁédﬂw%mﬂfﬁl%ﬁé oasﬁtﬁatsndfsaammmm added

in para
preceding cel

The ciréuits of FIGS. 5 and 6 are adapted to
logicaily combine the outputs of all preceding stages
through an OR function. This OR function is logically

20 equivalent to a negative logic AND function for all of the
| preceding low output states, i.e., in order for the output
of an OR gate to be at a logical ZERO, all of the inputs
must be a logical ZERO. Thus, as will be shown in detail
hereinbelow, the intercdnnections of FIGS. 5 and 6 provide a
25 down counter function at the Q; outputs of each synchronous
counter cell and simultaneously provide at the 01 outputs

i"' in the same counter an up count function, as will be
: | : shown in the discussion pertaining to FIGS. 7 and 8._
L4 The circuit diagrams of FIGS. 5 and 6 represent

30 interconnections between a second stage (n = l) and a
third stage . (n = 2) of a synchronous counter having its
first cell numbered n = 0, second cell numbaexed n = 1, eta.
The direct implementation of the OR function between stage
*nwml and n = 2 is shown in FIG. 5, which also shows a
3s partial circuit diagram of a synchronous counter cell of
.+ the type depicted in FIGS. 3 or 4. Additional transistors
82 and 83 have been added in parallel with clock input
38 transistor 28, the base of which is coupled to a “CLOCK + I*




3%ﬁi-ansistor 28, the base of which is codpled to a "CLOCK + | - 17 .
i 84. - The bases of the additional transistors are connecied to the Q ° '
ut,s, [err] and [err] on lines 85 andl 86, =respectively, of the two-

%évggus c?%,ge g4n o-pgéablagt@,s Idf ahe mﬂflﬂgﬁﬁ tgaﬁlgﬁ.rﬁ:ﬁﬁs tapesi stors
an are conducting, transistors an Wi ctin
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en a logical ZE obt ai ns e
two previ oRPERRE LT 18°LE Itg‘aﬁ‘a\?é’ea‘? g'f’&%‘i’siﬁg@rgu?gdt %azrfd%% d\%L
| " hs asso adndudtingal tZENSisito®s B2 cmdshetwidd hbtenm@nqningﬂruﬂhbto :
pr oduci ng t | r t PhsS
and 88 pr O\Fri't? c§”f’g§ %g?i&ﬁl‘fﬁ%&?%&e jlggféﬁl %el ﬂ“ﬁio%@cigtat esgat
a line 90 wf dixansisbons 2§acﬁﬂﬂaﬂﬁtﬁﬁtb@ﬁ@ﬂQeBODPODQ®QQkﬂQ4o
”anS'Stor%a‘i?afeﬁm? zéeheh ﬁ%b&?éh'é‘sfééféalnzﬁiba%ai‘ﬂé fbﬁranflstors

and 58, respecti ve e master section and slave section,

respectlvmﬁbrqgll$kﬁﬁl§6h§§geﬁwﬁﬂﬁnQﬂ Yowher the &W?bﬂ&ﬁﬁ%?ﬁﬁkﬁp¥ﬁter |
COUp|elbhedE¥¥§;Kﬁvéranibéhﬁha YERD b Wph . AAAr theBeCLOUK o theisevel

shifting throu tran it%éﬁ§m188 the logic signal levels at line 90

are voltagélﬁﬁﬁ'flﬁ)l og fferential transistors 32 and 58. 25

: n operation, a |ogi CEIGO\IE arepy@serics can nmleenhaltliwgsm adflises at .
east one aps 0 an t

o2t O et Ag chpTBR BYRER 4, W glod o fRI U Akl ras

| ogi cal st dtransistershBidasdadsd @rovide r@niwascaﬂtcﬁ’@n&fd e NGReEKshch
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transistors 3 69 cC ange t o ical state of the. stage.
The circui @PuRled & thgnbagesaRf &ivg e?@&t1°nal transistors 92 an

94 which have been inserted in parallel with transistors 32
and 58, respectively i, in the master section and slave
section, respectively. A line discharge resistor 95 has
20 also been added to couplé.the bases of transistors 92 and 94
to. V.. Because of the level shifting through transistors
87 and 88 the logic signal levels at line 90 are
' voltage-compatible with the differential transistors 32
and S8. o | |
25 ' In operatiOn, a 1ogica1 ONE on any one or more
of lihes 84-86 causes at least one of parallel transistors
32 and 92 to be conducting and at least one of parallel
transistors 58 and 94 to be conducting, and thus the

O

logical state of the third stage (n = 2) remains unchanged | ol
30 during such time. Only when Q4 Ql and "CLOCK + I" all _ l
become logical ZERO can transistors 34 and 59 conduct and "

.change the logical state of the stage.
- The circuits of FIGS. 5 and 6 have different
. advantages to each. The implementation'of FIG. 5 is direct
35 and produces the. fastest switchiﬁg speeds of the 1ndiv1dunl
counter cells. However, a bus line is required for each
previous stage of a counter., The implementation of FIG. 6
38 decfeases the number of interconnection buses, but decreases .



advant ages 1o each. The inplenentation of FIG 5 is diréect 35 and produces (Eé)
the fastest sw tching: speeds of the individual counter cells. However, a \_/
bus line is requirted for each previous stagf of _a counter. The o
i mpl.enent ation of FIG_ 6 38 decreases the nuﬁber of "i.nterconnecti on buses,
buf decr eas@dightly gthe| syhtchinge spRad fhthpcihages; Avestyyddey pdg
the added capMidivitcatlathenenenlitterd dhekdlseprefiteetiedgingansi stors.
Eackh-i npl enentati on therefore.mougglbe ossjblyﬂgrefgrable %ﬂr | fferent
appl i cat i on$TANFHIKOTS . 5nfaghy il 'QHqi}Qﬁﬁﬁﬁa. e¥eforesyRutEA%us bi nary
counter conmpossibly prefepdbler for! Idifiatems shpwYdcatibheS. 3 or 4

I nterconnected with OR functions of the type shown in FIGS. 5 or 6. FIG 7

is a timhg diagramfor a 10 _down counter, while FIG 8 is a timng _diagram
for an up counter. TheFIGH.wdvandr & areritdming dbagraws: §ax g sypshganous

cl ock si gna'birmg( Red ot é? EBfipristing idAldOesugbet 8218 dach al'&hown
counti ng sequenc which noves ' in time from15 left to rlght, gﬁgl S wth |
at a | ogi caln’O’ﬁEé%r%i%f9eﬁ-nﬂPirFPéWel‘iﬁe"cdﬁ/'élhi%c€“B§t ens Qf {he; dype
all of the Q’hdwtmﬁsrﬁésths bit' ¢ STFAGRS 1 A& éﬁﬂilgﬁhgldiifbméﬁﬂﬁ: dg\gn
ceunter is preset to the 111.state as shown at.the bottom of _Fl 7.
At tine X IFAHREET 2 oY biepgﬁﬁe ﬁ:%&%’?%ﬁ’cgfagﬁm £RZ AR
witten for comntexrence as "0," to enable the counter to begin counting.
The clock ORed with 'wm’;’&%égs ba'\'reffﬁrﬁﬁpcﬁf PREK NPyt ot erbaerhhmhgfcount er
~cell. As will be ap e%ate , jleS%r']‘%s onous .dovygéZS. cou tgr. %&érred romf he
circuits of SYSkem éﬁg" | B18B3%Ma b?&ﬂ’fbrﬂil ¢ ntt 88 LZAFdoR; piona
triggered" ishowmtag lE. Q That pouatdhgt Bequente; whichcihawge inattdme fixom
transiti f ghe cl [ | .from.a,l qgi_gal . Ofiyeal ; r]
Lot S ApsS ) FHBbyhACHIRy] 204 160 Bad OB nbroshit i
o written for convenience as "“1," which sets all of the Q,
outputs of the three stages to a logical 1. Thus, the down
counter is preset to the 111 state as shown at the bottom of
FIG. 7. | . o o
20 "~ At time TO0, the initialization pulse becomes a
- logical ZERO, hereinafter written for convenience as "0,"
to enable the counter to begin counting. The clock ORed
with I, "CLK + I," forms a clock input to the first
countex cell. As will be appreciated, a synchronous down
25 counter formed from the circuits of FIGS. 3-6 will be what
is commonly termed “"positive edge triggered” in that the
Qi outputs of the counter will change state at the
transition of the clock signal from a logical 0 to a
logical 1. The Qi outputs of the second and third counter
30 cells are also shown in FIG, 7, with the corresponding
clock input signals comprising the OR function of the
" system clock, the initialization signal, and_!:he'Qi o

outputs from the preceding counter cells.
As shown in FIG. 7, in the absence of an

15 intervening initialization signal, the down counter counts
down to the 000 state, and begins to repeat the cycle by
changing to the 111 state at the next system clock rising

38 edge transition. At arbitrary time T1, when, for purpoka
of iilustration, the counter is in the 110 state, for

.



ells are al so shown in FIG 7, with the correspondlng cl'ock input _
als conprising the OR functlon of the system cl ock, thp |n|t|aI|zat|pn
nhal, and the Q outputs fromthe precedlng counter cells. As showi in
FI.G .7, in the absence of ‘an 35 interwenl®g &nitialization signal, the down

counter count to, t he, 000 and ins. tor cIe
changlngﬂﬁﬁmﬁi9 ggﬁ%t%?eté?gﬁﬁékﬁ éﬁn 1% oBKO PFS SQS%QEH gica
tranSItlQnstaﬁeeuﬁiémaaqainntnIt;aMuzesftue;mmpnterotolthﬂﬂﬂxnlon, the C:
count er ﬁ% i,n the 110 state, for 19 exanple, the initializati-on signal

t

I's broug a8 < he |l ogi cal | state which again initializes the counter to
the 111 stat e FI GFBGi sBaisi & tdmdingy dHdagfam ofiracthregestage/nchr onous

up cogint n S c

counter PYrERrbhIdle O \SORARALC oY R Sufefiofofs dofinetr B4R
in Fl G of FdG.cad ar oﬁ-th’éhenupu splumxbri%umeluedebm ysing dthe he [err]
outputs pe 6&@@'0?—% 88dnthe UL Cﬁé‘”&ﬁo&ﬁoﬁt P9620@,i nokfical

bi nary nuperi sequence to the 111 state and en.to the 000 'state to

. begin thd edutheydditi ah@téopsseemlsﬁnq%ﬁe% &1L of HhenQjhoutputs
Q err]outpuia YogEcHIBZERO St ahat eHel WouirhﬁaxQ cobpts Fesaf ehes 0ooHawever,

t diff bet t h d t i
tho 1P TebiBAR RuntFFEL SEHBRRERokE (Shaut Lh TEARS] PRNEPSRED Bk h
eutput. bo0e stiate fia Bbeéginathdi eounteadgaiove, Eh@ dewhscveryesind Jaositi ve o
changes PPomitire 1 5ty Eberl | ouPHut i Chibgr LpaRel B3 110 0
count er then@yautpntediaveforns:ed, i.e., [err] out puts change state at
| ogi cal ONE to | Oglmcﬁﬁg 6ﬁan§mbb%%x&.f dﬂefé%'éﬁég‘ SEEG&enTtEEé tvin

cycle offset may be a eous for certain a I cations
ram % caFPBﬂtGF-’ aR& the f‘éi?e‘ﬁ%BnF§rt A& the timé relative to the

' system clock in which transitions occur at the output. Eore
specifically, as discussed above, the down counte: is
positive edge triggered, i.e., the Qi outputs change stete
when. the system clock changes from the logical ZERO to the
20 logical ONE state. However, the up counter is negative edge
_trid&éfed,_i.e., Qi outputs change state at logical ONE to
logical ZERO transitions of the system clock. This half
cycle offset may be advantageous for certain applications.
' Another ramification of this difference is that
25 the initializatzon signal can be asynchronous for the
down counter without producing a false count as shown in
phantom in FIG. 7 when the I is now assumed to change at a

<

time designated T0'.  Thus, the initialization signal can go <
to a logical ZERO during either phase of the system clock
30 and still initialize the Qi outputs of the counter to the *

111 state.
o The up counter of FIG. 8, on the other hand, is
‘subject to a false starting count since the Qi outputs
change state whenever the clock ORed with I changes from a
35 logical'l'to a logical 0 state. Thus, as shown in FIG. 8,
the counter is initialized to 000 when I is a logical 1 and
- a chahge in I from 1 to 0 at time T0, when the system_clock-
38 is high, allows the counter to advance to 001 in synchronous



25 the Fnitialization signal can be asynchronous for the down counter

W t hout " produci ng a false count as shown in phantomin FIG 7 when the | is
now assuned to change at a tine designated TO. Thus, the initialization
signal can go to a Iogical ZERO during ei Lheggphase of the system clock 30
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by those in wgiaréirbbur@yncmdrlléaaampnepaanbesanww (ot Fhowh ) opsl
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.can be t ake representin eneral 1z n- st age
synchr oh®us Qﬂl‘i\aﬂ}euﬁuéeuﬁt&f &he H@"‘Em k@tchescrl bed with reference to

FIGS. 1-6 and 8. As Sf@eh tHRf foregoing detailed description in mind,
it can be readily appreciated that the logic block diagram
of FIG. 9 can be taken as representing a_generalized i-th
cell of an n-stage synchronous binary up-counter of the type

20 described with reference to FIGS. 1-6 and 8. As shown, the

cell includes a D-type latch 81 having an input terminal D,

-an output term1na1 Q, and a clock input terminal C serving

as a master section and a D-type latch 82, having an input

terminal D, an output terminal Q and a clock input terminal
25 C, serving as a slave section. The output Q of slave 82
is the output of the cell and, as heretofore described. is
also coupled to the input of the master 81, The output
Qi' (the superscript "M" desxgnating "Master") is coupled
to the input of slave 82 and also through combinational
. 30 logic (not shown), e.g., of the type shown in FIGS. 5 and
6, to the next cell (not shown), 1 + 1.
The i-~th cell is controlled by a control signal
CL, whlch is produced by forming the log;cal OR of a CLOCK
which provides a count signal with the Qj logic states of
35 all preceding cells. This can be written generally in the
form of a Boolean equation as follows: -




-cgl i ncl udes a D-type iatch 81 having an inpuf term nal D, an out put
inal Q and a clock input termnal C serving as a master section and a
pe latch 82, having an input termnalgiD, &an output terninal’ Q and a
cl ock input term nal 25 C, servi as alflave section Th output [err]
-of slave 82 is the. antpﬂtCBbCKh& Het &f o#o JAbed, is also
coupled to.the inpt t :§ p r, pt
"M desi g A’ﬁ r?g s?%'r“"%g sqg%up et e |én % eoﬁﬁﬁ#’g\%é%f iaéni“ A
t hr ough cduldmm!gh dnato 30, wheyecn( dst m\,&gss ettgap thet mm}p@m oih
FIGS. 5 a o [3Qy T n | (not shown), i + 1. -The i-th cell is
controlle 3%&#§n1 e Eﬁﬁnﬁék whichis produced by forming the | ogical

OR of B CLOCK which .btdcia sbg ea’eiﬁtrsmﬁsmthﬂt hE@Restpdird tsh anss of 35
al | precedhgiqq) lof Jﬁﬁaﬁaﬂzbﬁ Whie! Rﬁ%cﬁeﬁ%féﬁYWiﬂht bexs&%mda.f t® Bool ean

~equation as tollfows; _._[e mhere, of course, the_co r.cells-are

nunbered FAGn fand rﬂ%gﬁ"f-‘ tpgn fignures pill o‘i‘l%tlggg' tH BB ¢ ot al

nunber Of1%QH£&lﬂhéiEbﬁOﬂﬁb&bmlity since provisibhl obesuetic caipabiiiey
for S|an|C| cla of exph ﬁﬂigﬂ%tQ$ d scrLip #IOH th reference to
PG 9 AndSamErAH G EoFYRPes S e, fareuding; ol

capabl@i twiﬂnmﬂemceohoot‘!ﬁﬂch 3e®pability is straight- forward in |ight

- of the.foregoing discussion 10 with reference to FIGS. 3-8..15 For

- conpl eteness it should be understood that the C and C term nol ogy assi gned
to input termnals of master 81 and slave 82 are to indicate that the
mast er and sl ave operate out of phase with each other, as with 20 the
counters of FI'GS. 2-8. Mrre specifically, one is p05|t|ve edge triggered

and the other is negative-edge triggered so that one is disabled while the
otherlss enabled and vice versa.

For completeness it should be understood
that the C and C terminology ass1gned to input terminals
' of master 81 and slave 82 are to indicate that the master
and slave operate out of phase witﬁ each other, as with
20 the counters of FIGS. 2-8. More specifically, one is
positive-edge triggered and the other is negative-edge
triggered so that one is disabled while the other is
enabled and vice versa. | |
_ with reference now to FIG. 10, there is shown a
25 logic block diaqram of a three-stage, i.e.,_three-bit,
synchronous binary up counter of the type indicated by the
timing diagram of FIG. 8 and the discussion with respect
to FIGS. 2-6 and 8. As seen, the cell of FIG. 9 is used
in each stage, numbered 0, l_and 2. Consistent with the
30 foregoing Boolean eéuation,_a clock signal on a line 83
provides a control input C, which is applied to the C and
C..inputs of both the master and slave of the first stage.
" The output Qo of the master of the first stage is combined
. by an OR gate 84 with the clock signal on line 83 to provide
35 a control sigﬁal Cy which is applied to the C and € inputs
of the master and slave, respectively, of the second atage.



o

Wth reflerence now to FIG -10, .there is shown-a 25 |logic block diagramof a [/
three-stage,- i.e., three-bit, synchronous binary up counter of the type #%
i ndi'cated by the tining dlagran1of FIG 8 and the discussion with respect

to FIGS. 2-6 and 8. As seen, the cell of _[Fbg Q is used in each stage,

nunbered 0, 1 and 2. Consistent with theg,30 foregoing Boolean equation, a
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i ke that |IIu rat e out ut [er 0 of¥ ea cel
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initializat |1c!h th#]ealé%%hﬁepﬁgcéééé’rlﬁ]twmmbac‘FP%I %RnEyEFQCPPSM W&y er

tge cound SleddlF .cFodlk c{zellel o %@:@iﬁﬁt f&%"éﬁﬁﬂtnﬂﬂgggs()%%ﬁg 81 Ofor
o o se’ MilReviation e  bhcBiaart. rantnn 10 DR dnnantBa binety ° he
type ill ust maintskical SségGen8enty nalcemnttﬂmierb 000¢Ccd00aN0R0y Etc.he
havi ng. 8 many bits adohcephEaBt LM S RS RLPE KniR "o Il e
~specific DJanhiﬁEatblwfminzi0£ tbe chdls of the type illustrated in
15 PFIG. 9 may be concatenated in accordance with the foregoing
Boolean equation to provide a synchronous binéry up counter
having as many bits as desired. It will also be understood
that neither the spécific D-type latch of FIG. 1 nb: the
specific counter cells and interconnections of FIG, 2-6
20 need be used in implementing the cells of FIG. 9 and the
interconnections.

With reference now to FIG. 11, there is shown a
1ogic block dzagram of a generallzed i-th cell of a
25 synchronous binary down counter. As seen, the cell of FIG.
11 is similar to the cell of FIG. 9 except that in FIG. 11,

Rl the master 91 is a D-type latch and the slave 92 is a D-type
o latch. For a specific circuit realization of the cell of
L . FIG. 11 one can use the D-type latch of the type shown in

30 rectangle 42 in FIG. 2 for master 91 and the D-type latch
of the type shown in rectangle 40 in FIG. 2 as the slave 92,
as is shown in FIG. 12, where the numerals of FIG. 2 have
been used for clarity. .

'~ As seen in FIG. 12, when C; is high, transisto:

35 58 is conducting and 59 is nonconductxng. thus enabling
the master D-type latch, within broken-line rectangle 140,
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&Otmt;r 7o§nuhsrr;mm dqpdigated| bymy- g timing Adagxamie€ up
¥1¢! G dRa eRB1eFinyg Xnd e IPYoEOFREET 12/, As with the
up counter of FIG. 10, the cells of the down counter of
FIG. 13 are concatenated in accordance with the foregoing
Boolean equétion and any number of cells may be used. -
In FIG. 13, as in FIG. 10, the CLOCK signal on a
1ine.93 provides a control 51§na1 C0 to the first stage. _
The Qo output of the first stage is combined by an OR gate
94 with the ELOCK to provide a control input c1 for the
second stage. In like manner the Q1 output of the second
stage is combined by an OR gate 95 with Qo and the CLOCK
to provide a control input c2 to the third stage. Just as
with the up counter, the output of any cell (0, 1 or 2) in
_FIG. 13 will change state only when its control input c1
transitions from high to low.

The basic reasop the counter of FIG. 13
decrements, i.e., counts down, rather than increments,
i.e., counts“up, is that in FIG. 13 when the clock_ip-hiqh.
Q?'- Qj rather than 55 as in the up counter. Thus, in FIG.
13, Qj can only change state when the clock tranliticna from
high to low if all preceding (lower significant bit)
outputs are low. This, of course, is the basic requirement
of a down counter, and so the concatenated D/D latches

R



FIG. 13 are concatenated I n accordance mnth the f or egoi ng Bool ean equatlon- £y
and any’ nunber of. celfs may be used.” 20 In FIG 13, as in FIG '%'
10, the CLOCK signal on a line 93 provides a control signal Cto the first
stage. The [err] output of the first stage is conbined by an OR gate 94 '
with the CLOCK to provide a control input [abr]-for the M second stage. In
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counter e concatenate | 'at ches - (indicating master =
D'type | atch, sl ave=, D-type latch) decrenment in a b|nary nuneri cal

sequence Conver sel Y. THE PofEYBiARy RHSN dRmonstrdted Ochiet Nd SYRchebhdus
rr] [ergk and so an xFartlcuIaLP(;%Pcan change state when t cIock 5

tranS|t#§hs H&ﬁﬂnﬁﬁtq BRF oFRY pSLIAGHS Xlﬁﬁﬁﬁag?ﬁﬂ Plant bit)
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and_turt her cbial 2 u P O8RcREEARY 1 G SeALYRIL BH6HE cells of D/D

15 master/slave latches or fiip-flops in accordance with the
same Boolean equation. Accordingly, it can now be
appreciated that a synchronous binary up/down counter can be
constrﬁcted by concatenating, in accordance with the same
Boolean equation, a plurality of identical basic cells

20 which can be controlled by a control line to operate in
D/D.master/slave relatlonship when incrementing is desired
and in D/D master/slave relationship when decrementing is
desired. Separate embodiments of such a basic i-th cell
are shown in FIGS. 14-17. -

25 . As seen in FIG. 14 a basic i-th cell for an
up/down counter can 1nc1ude a D-type master latch 121 and
also a D-type slave latch 122 interconnected through an
exclusive OR (written XOR) gate 123 and an exclusive NOR
(written XNOR)'gate 124. The_output Qi'af the cell is

30 coupled to one input of XOR gate 123, the output of which
ia_cbupled to the input of master latch 121, Tho'output Q?
of master latch 121 is coupled to one input of XNOR gate -
124, £hefoutput of which is coupled'to the input of slave
latch 122, A u/D control signal on a line 125 is coupled to

35 the other inputs of gates 123 and 124. -

' In operation, a logical ONE, or high level, on a
U/D line 125 causes master/siaVe latches 121/122 to
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Conversely, if U/D = 0, then XOR gate 123 '
ptovides a O0-input to master latch 121 if Q; = 0 and a
l-input to master latch 121 if Q = 1. Further, XNOR
20 gate 124 provxdes a l-input to slave 1atch 122 if Qi = 0
and a O—input to slave latch 122 if Q =1, Thus, the
combination of XOR gate.123_and master latch 121 functions
as a D-type ihtch and the combination of XNOR gate 124 and ' -
.~ slave latch 122 functions as a D-type latch for U/D = 0. as
25 taught hereinabove, this provides a down count function.
Thus, it has been shown that the cell of F1G. 14 is
'controllable by a digital u/D signal to provida up counting
or down counting, as desired.
_ With reference now to FIG. 15, there is shown a
30 logic block diagram illustrating an analogous, but alternative
i-th cell of an up/down counter cell. As seen, the cell of
FIG, 15 includes a Betype master latch 131 and a D-type
slave latch 132, The output Q1 of the cell is coupled
to one input of an XNOR gate 133, the output of which is
35 coupled to the input of master latch 131. Similarly, the |
output Qf of master latch 131 is coupled to one input of an. -
XOR gate 134, the output of which is coupled to the input



sl ave l-atch 122 if'[err] = 1. Thus slave latch 122 in conmbi nation wth XNOR

gate 124 functions as a D-type latch for UD - 1. Thus, in sumary, for -
UubD= 1, [err] . and the master/slave |atches 121/122 of FIG 14 in.

conbi nation 15 with gates 123 and 124 function in D/D rel ationship. As .
t aught ‘herei nabove, this provides an up =co@®t function. - Conversely, if UD

= 0, then XR §Pieel2dtphoniies a&.QtirﬁpUIZ‘jOcBﬁﬁllﬁs hay® tohtirdoX) sigharnd
‘a i nput to ster | atch 12%5: ggrthgr 3 XNOR 20 gate 124 .
provi des a 42iWpgtotyes) inpY <ﬂf:ﬁﬁ??? }33rpndnd34-0-i nput to sl'ave Il atch
122 if [err]: Thus, rheoperatiaionidHfUMDR=gh}exNOR gatemdIepratioted 2]

| arch 122 rhrirPAREEoEoa R Lt FH " 81 9 2958 A0S do 0h0ve
this pradvi dwﬁexjo]mtchuﬂ,ﬁlf u.rfctO or? a'hus';‘hms Q s-bQ n (slmm mamtexhel 3k| |
of FIG 144 £ogLEghkale :Ebﬁugge{a &gqpeb%fi Qeldp g£0unti ng

or down counting, esire VVth eren fhere iyp shown

a 30 | ogi c GtinrRuti tgr shavel Jatch |1ri-’g? ahf a@ gl Dgbuandhat 1a’llmurtati|ﬂ/é) - h
cel I of an gip/ C@é‘@aﬁ@énbg the |logﬁ§ SEHe ﬁ&?aﬁf?h eh Ellgvelidﬂﬂ{ L!ﬂ?f a

B-type master_latch 131 and a D-type slave | ut put [err] of
the cell i< @Rprle peIBkdon, s PCFHS R Eh§3€°"‘PH§ PLXQRi ch

is 35 quuplgtd onheanapuuaoia Tadicd 13d cfuﬂéﬂloﬁsnhlsaal DP-tiype Qatur, [err]
o Imster Wael 16! i/ BOPIC S IR Pleloi TS ik L1 CuRLL
coupl es a uumhxnatﬁbnswgnhlgamemhd33rand|1¢nu§un&tganesnlﬁynand 134. In
PPl a 1 AL R 70 oty Bt o0 1, 2 01
.= lerr] (since rrasterCQBYer§eéYDltn/;¥‘é’q-at3€5w 1fFG/DhEr0:XQlegaMQBBGatG
provi degss a 3053 Eebvides! ave-iaput %%ZTt[eef*iaccﬂ 289 ¢l ol N Tdnd & 1] =
l-input if Q; = 0. Thus, the combination of XNOR gate 133
and master latch 131 functions as a D-type latch. XOR gate
134 prov1des a l-input to slave latch 132 if Q = 1 and a
O-input if Q = 0. Thus, the combination of XOR gate 134
20 and slave. latch 132 functions as a D-type latch.
Accordlngly, for u/D = 0, a b/D relatlonship obta;ns and a
down count functlon results. '
At this point, for completenesé,'it should be
appreciated that the basic up counter cell of FIG. 9 can be
25 converted to an up/down counter cell, as shown in FIG. 16,
by inserting an XNOR gate 136 at the input to B;type master
,' latch 81 and another XNOR gate 137 at the input to D-type
slave latch 82. A U/D control signal on a line 125 causes
the D/D latches Bl and 82 to Qperaté as though the XNOR
- 30 gates 136 and 137 were not there, i.e., ﬁere tuhctionally
transparent, 1if U/D = 1 and to operate in a D/D relationship
if U/D = 0. Alternatively, of course, XOR gatel could be
substituted for the XNOR gates 136 and 137, except that the
polarity of the effect of the U/D sxgnal would be
35 complemented. _
In like manner, the basic down counter cell of
FIG. 11 can lL.e converted to an up/down counter cell, as
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0/ Because of the | ogi c state negation in slave latch 132, a double
ggﬁlon t hus occurs, and the conbi nation of XOR 10 gate 134 and sl ave °
h/ 132 functions as a D-type | atch. gg for UD = 1, naster/slave

| at Ches 131/132 in conbination with Gat 133 and 134 function in D D.
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operate as I nverters

' resistor 206, similar to the D—type latches of FIGS. 2-4.
An XOR function, provided by transistors 207~ -212, is merged -
into the D-type latch. A transistor 213, connected as a
diode, serves as a logic level shifter.

20 Similarly, a slave section, within btoken-line

rectangle 220, includes a D-type latch iicluding transistors
221-224 and a resistor 225. An XNOR function, provided by
transistors 226-231, is merged into the D-type latch. A
transistor 232, connected as a diode, serves as a logic

25 level shiftet, A first current source 233 drives master

section 200, and a second current source 234 drives slave
section 220. Resistors 235-237 serve functions analogous to
the analogous resistors of FIGS. 2-4. It should be noted
that a fifth regulated reference voltage vR5 has been added

30 in addition to the four regulated reference voltages V RL ™

34'of FIGS. 2-4. In manner analogocus to the teachings wigh
refgrence to FIGS. 1-4, Vis 18 0.5 Vg, more positive than
Vpg @nd Vp,o Vpa, Vo, and VRl_are separated by one vbz._
respectively. :

35 S In operation, if control signal Ci, applied

through a level shifting transistor 238, is hiqh and a
direction control signal on a U/D input terminal 239,
38 coupled to a_U/D control line 240 is a logical ONE, or high
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5 FeLatﬁonship, produci ng an up count function. If UD =0, latches 91 77 "/
and 92 in conbination‘with XOR gates 151 and 152 operate in D/D

rel ati onshi p, producing a down count function. And, of course: XNOR gates
coul d be substituted for XOR gates 151 and 152, with the effect of

conpl enenting 10 the polarity effectivemes@8of=the UD signal. Wth

far FIG,18 f f I ' -
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Simlarly, ave sect , W.th I ne rectangl e

D-type | at clPuhtingi agsenfialdyone surrent amrtaugbsreﬁéptm 2%1 mqu

function, préyﬁgﬁqlgb,\(aggggsggroor‘-& 2 Gofleal SoNBL ged into the Dtype | at ch.-
A transistor 232, connectgd as a diode, serves as a |O§IC 25 shifter.
n

A*first current sourceS3B GFll\Yesirf-aﬁ ig QW onandol/ Heﬁ“‘é@@o gl‘h'rr%nt
source 234 GNB eSuEpa¥cateeiansidior Im dWwrhagbér2300seavsgeisunct i ons

A T Th Theg e lrErtiodal’ B 208" 5t dondiiche chubli Sat Rt )
the four regm:ztadtrehroaghereshtsa@e:s 425 rgnd [€hu$ s&tELNG. thed slave 22Mher

anal ogous t m aéf% er rB],-.R,%f e I %ER&oat t?agggﬁ%r' 20% Tdiiddd

nor e p05|t| rr] are Separate
respecti vel y:raa&istors 230 ando@&ﬂammmondu@bntpullingnahr[rsnrt] thamighed

through a 'Qﬁgéﬂé&-“ﬁﬁrﬂﬁa %Te%ris%% 255 NdAd éﬂﬂsjgttﬁﬁ heC YAl
signal on a U'D input term nal coupl ed con line 240—— __
is a |0&§xﬂ22§%gt(;ogi§gl ZEROQg_Thus, for U/D =1, the oircuit of FIG.
18 operates in B/D relationship.
If in FIG. 18, U/D = 0, then when ci is high, a
logical ONE at transistor 224 causes transistors 212 and 208
to conduct, thus pulling essentially no current through '

20 resistor 206 and thus setting master 200 at logical ONE.

: Similarly, a logical ZERO at tranistor 224 causes transistora
211 and 210 to conduct and pull current through resistor 206
to set master 200 at logical ZERO. Thus, master 200 operatea

_ as a D—type latch.

25 If while U/D = 0, c; goes low, slave 220 ia |
enabled and a logical ‘ONE at transistor 205 causes
transistors 231 and 227 to conduct, pulling current through
resistor 225 and setting the output of slave 220 to ZERO.

;cOnversely, a logical ZERO at transistor 205 causea

30 transistors 230 and 229 to conduct, pulling essentially no
current through resistor 225, and thus setting tha output of

slave 220 at logical ONE. Thus, for U/D = 0, the circuit of
FIG. 18 operates in D/D relationship.

For generality, it should be appreciutod that the

35 circuit of FIG. 18 would function equivalently to that
described above if the output line 241 of master 200 were
coupled to the bases of transistors 226 and 228 rather than
to the base-collector. connection of level shifting |
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' Qg% | ogi cal ONE at output transistor 224 of slave 220 causes :
: Istors 212 and 207 to conduct and pull current through resistor 206, .
- t\qus settlng the master 200 at a | ogicaphqeZERO. Conversely, a |dgical ' ZERO
utput 5 transistor 224 causes trans?stors 211 and 209 to conduct,
pul I'i ng mﬁihebkyzm,cmrdamhe heontrol ediineo2 W0 vearal caapled toster 200
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rel ati onshi p. | G 18 when [err] 1s hi ca
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mast er 0 at ]ogjc E. S|n1larly, a | ogical ZERO at tranistor 224
causes FSHHEFSL% %ilgynd 210 to conduct and pull current through resistor )
20610 set master ﬁﬂ&hatelfe_mam!e Zq¥in HOUFIGSES14~-10 itpeslndeladbaa

enaiil o0 SRALEFECEDAF BrLarad i df ofhecurtanRas cokifen thale hekl 207

to condmhqmpu:bt theiur aqnivﬂtunigmamsbetwneaﬁem@ﬁm rapadedanceut of

tS|r ngl gt ors Zﬁﬁ%gégbgecon é*rpg&g\?ﬁ;'ﬁgfgis;stent ?ﬁ{]l y%hm c%gr%&n?ytsﬁfoﬁgh

resi st oPiNEXY Hp/dawn seunter fc any Resbred| aumbexp of hiks

Thugg f%al&és Omtbareueematr othdifdedfn@Detshfiters Arie rvﬁ.d%]a‘”\iﬁ'éa For
general it d be_a §C|ated that, the 35 I rcuit of FlI mould

hou
functi of® lﬁ%l #?r%dt hRpcho3tages; fo suduet IThRre
mast er HAE Ben chnpl adedoat lfagba&eSsnriwm@nal heradecimaln &olitftant her than

to the BaGidd 'SR wSR13°EE Vb1 it Foradid! iﬂgught of the
foregoing discussion. However, it may be noted that in
‘20 practice it is often advantagéous to have units of _
hexadecimal counters which can themselves be concatenated.
Such concatenation may be facilitated by the inclusion of a
5~-input OR-g&te at the output of each unit to proviae a -
control signal C, = CLOCK + 03 + Q2 + Ql + Qo for coupling
25 to the next succeeding unit to avoid the need to run 5 11ne-
to that unit.
: Although a hexadecimal counter follows-diroctly '
from the foregoing teachings, a Binary Coded Decimal (BCD)
‘counter does not. For a BCD counter, four bits._i.e.§
30 stages, are needed, as in a hexadecimal countex, but the
count must stop at 9 and return to 0 and repeat. That is,
for a BCD up counter, the. count must proceed in binary
numerical sequence from 0000 to 1001 and then back to
0000, etc. ' S | ' ' o :
s F1G. 19 is a logic block diagram illustrating what
would bs a synchronous hexadecimal counter extension of the -
- 3~-stage up'counter of FIG. 10 but for the inclusion of a
pair of OR gates 301 and 302 and the feedback of Q, applied
to dne input of each of those gates. More specifically, the

W
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trarsi stor 232, "and the control line 239 were coupl ed to the.base-collector
connecti-on of transistor 232, rather than to the bases of transistors 226
and 228. Further, of course, by anal ogy, the output of slave 220, on a line
242, 5 could be coupled to the bases of tr a§§i stors 207 and 209 rather than
to tthe base-collector of transistor 213, and the control line 239 would

t heqré—rbe coB@Dechp acaumetdrnsef cBIGecldr inminalas dfowf stageésshavinggoutputs
transf stor 213, rat hernt han S i : : yih

ref erence adai rF{o FI C%i 14E§§h ??w_gﬁo&n?]@ed%%p%%n?a? %tug 8?%5 Ftey}lof

t he up/ dowefc ®EGerd dwavinghwasterolrtype Hatchagi 383306 carespectively,

concat enat ' d@n\e,ﬁp ] e cerey 7\3035] a giyg? . f a

synchronou;s d'lrril‘ary E%/ do %Mo%%tagre % CEan d_réxsbi re ‘?ﬂj%‘gr 0 tg?te%?'i Qgﬁ‘ 15
st ages. 5 | #heamtagesmrare ciaterrapnestes s Of gaker| I11s3h3 ke savisly
forned of g fRregring!BESTebR eqiatibmsr e has not been included a figure

showi ng a hexadeci nal__  count er because sych. woyl d be straightforward in
light of the foregoi HP¥FEREssFBR. nﬂb'weaet},eq‘#’arﬁ? ‘bé the eﬁiﬁﬁt °Pg92‘6 to
% acth ice i t#’es nﬁfdtﬁdfr Wb' a@gfothet sebg\nﬂ' @nd S:t{i.frdltefxﬁdgesrmh oolln_hia_d_s 2t) ;
i ch can ensel ves be cancat e e a o. Cip L e
by the i nc'rg“lfsilﬁe&r??ﬁ%ﬁtéﬁéagglagaﬁng’% pS‘%La‘E# 2%%?1138&?%3?01: rovide
gsco?tn?L dnputl of4 masiieXTk304 ther}og;peﬂﬂpnrqﬁngi an¢ea§}_and ?a&rlin_
- o t-he | axei d. : e
unit. At hgggﬁggﬁig%g%]gn%#gc%ﬂéggr3?0&3%\%/?%%&%& 1%%%%2 ?gr ggopaﬁg
teachings,aadBnﬁary Coded Deci mal (BCD) counter does not. For a BCD

counter, four bits, iyf.opefatfbRJCordcduntdibrd'S | ko2 Negeden, Ml e. ,
counter, but the count mist stop at 9 ind return to O_and e _giiy That is,

fQr a BCD A8%ount®®, tHl¥Qungakes: 3pLoaddy 302 RueSung; sequence
from 0G0  transpakdiit asithé¢dep., bacs,t oTHUE)], tele BC count for 2zék& 19 is

a_IogiC b'%ﬁ¥ diaqgggéAlfgtégeiggmghg% for hexadecimal. , .
, Hdwever,.assuming the masters are positive-edge
triggered and the slaves are negative-edge triggered, i.e.,
the masters and slaves are triggered by opposite phases as
20 indicated by the C and € notation in their respective boxes,
at thg“completion of the eight count, Q3 = 1 and Q = Q =
Q= 0.__Theréafter. through the nine count, the inputs to
masters 304 and 305 are 1, whereas in a hexadecimal counter
they would be zero. For this reason, when the CLOCK
25 transitions - low to high to hegih the nine count, Qg o
transitions to a high state and QT and Qg both transistion
to a low state. Then, during the negative-edge of the nine
count, Qo changes to lﬁ but slaves 308, 309 and 310 do not
. change state because Q, = 1 prevents Cyr Cy and c3 fxrom
30 transitioning high to low. Thus, at the end of the nine
count the outputs are 1001, which is binary nine. B
.  Further, when the CLOCK transitions low to high to
begin the ten count, Qg to Q? become 0000, .Then, when
the CLOCK transitions high to low, all slaves 307-310 are
35 enabled to read their masters 303-306, respectively, and the
outputs Q, - Q, become 0000. It should be apparent that
successive CLOCK pulses produce repetitive zero to nine
38 and repeat outputs. '
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be a synchronous hexadeci mal counter exten5|on of the 3- st age up

hler of FIG 10 but for the inclusion of a 38 pair of OR gates 301 and -
nd the feedback of [err] applied to one input of each’of those ‘gates.

e speci‘fically, the 30 "BCD up go er_of FIG 19 includes four

stages having outputs gﬂf e i.ncl udes e basic up
count cell of FI GUm 1H§V| rﬁﬁ#%ﬁefﬁtQﬁécFég $%§ﬁ$Q&ﬂf BRctivel y,
and hthélﬂe&ﬁ&aetal PGS . ates, e 380D upspovinted W E aﬂrt;S 1peigt ages arf‘,

erCOmSe ot SR SRR el Rl aR T RRY s (iR ARRET

i nput cﬁLEmk,Sefondreséﬂﬂﬂngjthenpnunher toarerd) (000K errupted by gates
301 and 302. Gate 301 applies to the 10 input of naster 304 the-}ogical OR
of ?err] and [err], and gate 302.applies to the input of master 305 the

| ogical OR of 2 and-[err]. 3 In operation, for counts zero to seven,
I.e., 0000. .to 1110, gates 301-and 302 are funCtTonaIIy 15 transparent
since Q 0. = Thus,, the BCD count for zero to seven is the sane as
for hexadeci mal. However, assunming the masters are positive-edge triggered
and the slaves are negative-edge triggered, i.e., the masters and sl aves
are triggered by opposite phases as 20 indicated by the C and C notation in #
t hekb9 respective boxes, at the conpletion of the eight count, 8 =1 and Q '
Q =2 0. Thereafter, through the nine count, the inputs to nasters 304 and

305 1, wh | For thi *
reasgh? when ShgaéiétKag géﬁgh ‘ﬂf%nggﬁ%§ﬁ{%iggéﬁwggqiﬁﬁagﬁﬁiﬁ%iﬁé cohat,

Q t r amyinchrenows aB@DgHowvnacounter erwhichniisQtheosame A& i&tion to a | ow
__ state. qme aéihadabun ag%tee\fe éﬂ%‘n@ioﬁhéf”tﬁﬁ %Wiht cofiitdr C&‘@”ges to

1, but s 308, 309 and 310 do ngt change state hecause erré
pr d&enfi L byhfeg fesvain feedback and logic functions a ded

to cause a_switch from zero to nine rather than zero to

fifteen (hexadecimal F) upon the occurrence of the next
CLOCK cycle after count zero. More specifically, the BCD -
down countet of FIG. 20 includes the basic down count cells
' 20 of FIG. 1l having master D-type latches 321-324 and D-type _
slave latches 325-328 and the cells are interconnected by OR
gates 311-313 to satisfy the foregoing Boolean equaéicn;
The circuit of FIG. 20 would be a hexadecimal
down counter but for the inclusion of a pair of XOR gates
25 332 and 333 at the 1nputs to slaves 326 and 327, _ '
respectively, and the further inclusion of a four-inpﬁt OR
gate 334 and a D~type latch 335. As seen, one input of XOR

gate 332 is connected to the output of master 322 and the e
output of gate 332 is connected to the input of slave 326 of
30 the second stage, and one input of XOR gate 333 is connected *

to the output of master 323 and the output bf gaté 333 is
connected to the-inpﬁt of slave 327 of the third stage.
Further, all outputs Q0 - to Q3 are_connected to
respective inputs of the 4-input OR gate 334, the output of
35 which is connected to the input of D-type latch 335. The
* control signal output C3 from OR gate 311 (or any of'thé |
other control signal outputs CO' Cl or CZ} is applied to the



30 transitioning high to lew. Thus, at the end of the nine count the
outputs- are.1001, which is binary-nine. Further, when the CLOCK transitions
low to high to begin the ten count, [err] to [err] becone 0000. Then,
when the CLOCK transitions high to low, all slaves 307-310 are 35 enabl ed
to.read their masters 303- 3086, respectlverﬁ and the outputs [err] -

becone 0000con{:£oih%b%éﬂ% %maxﬁléhtms §§CSQS§bV%a@sg3|iﬁ3l&§®e produce
reph&1t|ve Zero ne 38 repeat out Unl i ke

D |
t he counterB°ﬁé§é¥?5§éﬂﬁmﬁﬁ%ﬂﬁﬁ¥?4mt#P ?@FEnUétgomFﬁégz'é@ﬁ?h?%e BCD up

czg%gr CEfEAEQﬁ-siQ |sm@ww:%dm mﬂ@hraaaussmwg:&%%%belzgd_
resetti nt e ro . 5. _ is a
| ogi ¢ bIockr€§B§Fgﬁ1Fl IE% éﬁ% 8é§ *counter, which is
Lrgisigq%af a hexadecEma?pknatﬁnnuﬂ&fsumeenheoapuhttﬁs ¢EM1tnnnﬁnn of 15
u e{t.ai.n | eq e a -
switch from‘%gé%? é&nl Pn&3 ra’%‘i' l%]ﬁaq%’ z%?og?%agg{:bggﬁ exa eC| ‘F) upon
t he occur rehakebéedt HASYEQ SETXK (Bhis cdvsescthet state ofbdatghcdddctoly,
the BCD dovg, CouR) Shnikncausdh 'FUR 4Eee4 909308 2390 LePHY fifietidiaPiy

FkG 11 havfng master type I at 24 an y@ | ave | at ches
325- 328 andt¥amsparestar dsiente it tequdls cRngltes Yithy spacesgivary the

L gregmmt RebERNpadLak, on;neleaﬁwpﬁtc;af pétEthssor&ﬁulti@ksbaoa% 3@1@2 dﬂféd ggl t
wn count er i n¢l usi on of a r gat es a
the inputs ‘E%“%‘E%:Gege‘S'ES%sSZ? &? espe‘&é)’r"?/e\" I:hafﬁet FEmP ‘bé‘?

of a four- |¢Meﬂ%gathe3&4.0md a dudimpe the choG315artAsfsm rﬁrtfl:h rq:wcxof

gate 532 | CYSRECPLROPE ARE TRt S e 398 of 30 Phe SROMEA 0 ang

.one i nput fan@isgbhe 083put ednipitigakte 334 to go to zero, but latch
15 335 remains latched in its low state until the occurrences of

the positive edge of the tenth CLOCK cycle, at which time
the output of latch 335 goes high.

' When the output of latch 335 is high XOR gates 332
and 333 complement the 6utputs of masters 322 and 323,

20 respectively, before applying them to the inputs of slaves
326 and 327, respectively. Accordingly, upon the occurrence
of the'negagivé edge of the tenth CLOCK puise the count

.proceeds to 1001 instead of 1111, because of the negation
through XOR gates 332 and 333. At the occurrence of the

25 positive edge of the eleventh CLOCK pulse, latch 335 again
switches to a low output and again remains in that state
during successive CLOCK pulses until 0000 is achieved and
the cycle repeats. ' ' '

Having now alluded to hexadecimal up counters and

30 down counters and having descxibed in detail the BCD up

' counter of FIG. 19 and the BCD down counter of FIG. 20, one
might suspect that a synchronous hexadecimal/BCD up/down
counter ¢ould be designed in the spirit of the reversibility
concepts taught hereinabove with reference to FIGS. 1l4-17.

35 That such is indeed the case is exemplified by the logic |
block diagram of FIG. 21,

@
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out put of master 323 and the out put of gate 333 is cornected to the

f slave 327 of the third stage. Further, all outputs [err] to

are connected to respective inputs of the 4- i nput OR gat-e 334; the

of 35 which is connected to the input of D-type lafch 335.° ~The

signal output [err] from OR=gat3 3%L (or any of ‘the other contro
signal outputs [erfd fhehefh]r1bES QRD' ot lhbdPiment 82 a EQBEh%nUWt C

ered, 1 n phase mnth*

h 335 so as to cause_it to be positive-edge

hexafes MR pPUBEaE G S Cantianred PF Sheo
bxglbnw xamaééeso%aoandna?»% @pe slaves 307-3R0" aifi on,

the cqunt is set- to ni'n 1) .b al on an asychronous
$99§°y q@?ﬁ?@ B8Fe| atch 335 to go

E1636 19 adtaroonipget
bﬁhtﬁ'm&%%gaé €FogHe smdnalB wd hﬂrfau cine na&ly t ranspar ent,

I s high XOR gates 332 and

equation. Further, in the manner described with respect to
up/down counters with reference to FIGS. 14-17, especially
FIG. 16, XNOR gates 343-350 have been included at the input
to each master 303-306 and each slave 307-310 to control the
up/dowh feature by effectively inverting the functions of
the masters and slaves as needed, i.e., to allow D/D _'
relationship for up counting and p/D for down counting.

: Further, to cause BCD down counting, as taught
with reference to FIG. 20, an OR gate 334 logical combines
all outputs Q, = Q, and provides the result to a B;type latch
335. :The output of latch 335 is coupled to one_input of
each of a pair of two-input AND gates 361 and 362, the other
inputs of which are coupled to Ej, on line 342. The output _
of gate 361 is coupled to an input of an OR gate 371, the
other input of which is coupled to U/D on line 341 and the
output of which is coupled to a control input of XNOR gate
348 in the third stage. Similarly, the output of gate 362
is coupled to one input of an OR gate 372, the other input
of which is coupled to U/D on line 341 and the output of
which is coupled to a control 1nput of XNOR gate 346 in the
second stage. :



the cycl e repeats. Having now al l'uded to hexadeci mal up counters and 30

down counters and .having described in detail the BCD up counter of FIG 19

and the BCD down counter of FIG 20, one might suspect that a synechr onous :f&
hexadeci mal / BCD up/ down counter coul d be d&ﬁ*gned in the spirit of the .
rever5|b|I|ty concepts taught herei nabove h“reference to FIGS. 14:-17. 35

;h%t%mh i's indeed t&e‘w&a&@ﬂen@hef Bed Qv &duit CEdddSicK 286ATERR

e enbodi nent of a syn onQus

seen 1 n r
hexadeC|nalPEEB“GpF@gQﬁFﬁﬂnﬁ%é h%dpﬁﬁsegangﬁﬂﬁy(ﬁaWQﬁa%ﬁ% %P%; §Bet
mast ers 303tR@6 saddnd tarE €@ Ss 848 e§1@f0i2 Fl & 11%nd i<LSTE06d cBy

L hont o BrEed R 267 byl ndf P e bk Y %#éaﬁ. e

342 to cgusthei theckiexadamatlonrcéalDdcbentimpd emen tdd Iimcazvxtai;btyucsed

I n nore det Al ugh such is entirely arbitrary, of course, 10 let
t here be de&#%g %%% purposes of illustration, that UD = 1 shall cause up

counting and UD O shall caomse sooh woultfng exadhpile + wouldicbe [tor] =1

Shal | causeoBER:Gaul iifh Yk EPCoe1 Caflasb2CRHEe BRIALP S o OLgd ndg2 S

s€en in-FIG s are.in erconnecte
sAtisfy thetPoPeééifﬁ'@ Bcsm'garp%qmtawentefit 9& gate 3} Anthgonpect the

Wet h 1 espechutputPoFOWa e B sSedV bR §8E85eRYE bad 3R dﬁé&uyspeehahl y
FIG 16, X gat eg ,343-350 have_been 1 ncluded at the i ﬂ%u igﬁh mast er
I‘

303-306 and@chcAnstipe FF2 yonid REAYERE the SYtRY yErom
ef f ecti vel yevraregbilng HigH umﬁus)né:fﬂéctheem?saemmd:gsIm&mﬁoﬂed

et o 00 DTSN Rl e Bab R LI LoD Yol G4 0
an OR gate Bﬁﬂr&ogntaglesoonﬁlmﬂs 5 métessapyt fop:eBcp qperaquntampqrwidas
the resygt aﬂdawﬁiﬁﬁpﬁdé@”ﬂé disabled for hexadecimal operation, is
accomplished by three-input AND gates 363 and 364 and
'two—input OR gates 365 and 366. As seen in FIG. 21, 03 is
coupled to one input of each three-input AND gates 363 and
364 in the second and third stages, respectively. The other
20 two inputs of AND gates 363 and 364 are controlled by U/D on
line 341 and EBC on line 342, respectively.
' The output of AND gate 363 provxdes one input to
OR gate 365, the output of which provides an input to XNOR
'gate~345. Analogously, the output of AND gate'364 provides
25 one input to OR gate 366, the output of which provides an
" input to XNOR gate 347. The other input of OR gata 365 is

s coupled to Ql' and the other input of OR gate 366 is coupled
to 02
¥ In operation, if U/D = 1, indicating an up count,
30 and E = 1, indicating BCD operation, then all XNOR gates'

BC
- 343-350 are.effectively transparent and the masters and

slaves operate in D/D relationship to give the up count.
Further, AND gates 363 and 364 are enabled to pass Q3 to OR
gates 365 .and 366 and on through to the inputs of masters
35 304 and 305 of tha second and third stages, as is reguired
for BCD up count operation. Finally, the down count feedback -
from latch 335 is effectively disregarded by XNOR gates 346



335. The output of latch 335 is coupled to one input of each of a-pair of
t wo- ifiput \AND gates 361 and 362, the other inputs of which are coupled to
' ime 342. The output of gate 361 is coupled to an input-of an OR
the 30 other input of whichdis ggupled to U D on line 341 and the

out put S}:ﬂ:ﬁ?ﬂ%ﬁ SHE! £llel? BoRtBIVANANE Sl ACTAORIGNEY Uyg he third

st age. e output o ate 3 'S coup 0 oné |nput “of an OR
gat e 372thxemgh QR gapes 372.Angh 373 cgARertvVelY.on |ine 341 and the /A~

out put of 35 which p&y cHEB! @8whO caus®iidg) U/PW Of adiOR gake 1346 xigy the
second st age. 34 | n operation, the BCD down ¢ unt.feggggﬁﬁ fromthe

out put o Qengetion o XNOR gRLSS)H indsS sedd hnand2 0 operarend
thi rd st agednviedttirs £ €hisaad fettivede CHandiiy cthésmastegyglawe if [err]

0 o et g 4 67 B, Sl SREAT AR HER ElnieiSn o o oo
to el i m nheec séidorghtasd SminddsﬁﬁaeaMMImEEﬁ)@MOBneWMéht ara fmow h
Lo Or garbRebLIE By FhdPEGedRdcR R Noto "Fad den bl sffati¥d”, 00
out put oANPagaitedB536% camdva62gonpagisi Fequined oforcBCDedowti camnting. s
e S U3 Skodil SOUERK Shoit b SRS SEOMpaTES! o 21 2055,
for hexaheefel fordawnrcopntingoapd diredigphind bynphe WB #ales 363 and
364 and yppuithity AND Gpd €8s 356328843864 .AS RAY, i foF|§yD2%. o[ ahdl B3, =
coupl ed io %?‘eﬁ :eg.put of e cg' hrgi- ] npli.t AND g%;cs ‘t;é% anf ﬁ64 n. B
second. and xquite OF | ElG. 21, OPPTatas & 1¥olikputheor AnD
gates 368igedito6LRIGHN20 chhddpbpducesoBAD dowid lconmitingl] on |ine 342,
respqgively. . BCol6 4 PhbwOlo hRxdkee 1321 RiP\edEse £Rg, ' EREL Fo— |
u/bD = 1 and Ege = 0. As discussed above, U/D = 1 causes
the masters and slaves to operate in B/D relationship and
produces up counting. Since E. = 0, AND gates 363 and 364
disable the Q; feedback and AND gates 361 and 362 disable

20 the BCD down count feedback from latch 335. Thus the

"~ circuit of FIG. 21 up counts just like a four stage extension
of the circuit of FIGS. 13 and 16 in hexadecimal mode. |
: " Finally, for hexadecimal down counting, U/S'-'o
and Bpe = 0. In this condition, the control inputs to all

25 gates 343-350 are low, causing them to act as inverters and

" changing the effective master/slave rélationshié to p/D

for down counting. Thus, in this condition the circuit of
FIG. 21 down counts like a four stage extension of the

- circuits of FIGS. 10 and 16 in hexadecimal mode.

30 = It will be observed that FIG. 21 illustrates a
"SYNC Ep " line 381 and P, to P, inputs coupled to
masters 303-306, reapectively, for enabling and providing
‘a parallel loading, i.e., setting to any deasired state, of
-the counter. |




OR gate 365, the output of which provides an input to XNOR gate 345.

Anal ogousl y,” the output of AND gate 364 provides 25 one input to OR gate
366, the output of which provides an input to XNOR gate 347. The ot her
input of OR gate 365 is coupled to [err], and the other input of OR gate
366-i s coupled to 02. In operation, -if U4 - indi cating an up count, 30°

and(EBC =1, indicatin CD qperation, then - XNOR es 343-350 are
of f &ct i vel y transpar eﬁtq"ifﬂi"g%ﬁe&hﬁs%%YQngﬁans ﬁe?e&g%ﬁ%‘:’?‘fpfﬁé}” part
rel ati onshi pyt magiing detaileduréfefenteeto ANR gplecd £36S embbdinients,

ST L2 AGRR R 0. A aad 4R, 2100 Mg 6 R

for BCD up tdlustrvstdvenathdy rkhay reatriictivesuntIts adddadie fapprecistedss

Is effected VELY +HlihSLE - 3 o b3 ; 'iéﬁa S§ RC
their cor%t ro* Fﬂ%ﬁ? s,s'g{ gﬁﬂlelt%‘%(i gf}h %ﬁ% ?EF&S&%"§5 g‘;uaaitygrsg% aend’-" '37?‘.
respect i vel gtrpgtugeDansduineds Rt epexpbieng and EBC 1 Inthis

condi tion, XNOR gates 343-345, 347, and 349-350 operate 5 as inverters,
thus effectively. changing the master/slave relationship to O/)D for.down
cbunting, with the exception off9hLXAMBAA atihiey FFPS@%&%}'@S‘? VER®308 and’

309, which granBf¥tefs conmstbinvgd tte v§ dpackrGsemll attd 335 4 hiowld be
egabl ed, AND %at es. 3@l .angd, 362,,.as i S %’“ég

[err] faQupSeRPEGtef. to: gy ShPS S )
counting ancitreuiitsablued aty the dipensé ofipihcreasingyatayedls amdl 364.

Thus, for - apd [ekr | rguit FI op§ fectively
li ke the c:\{é‘gﬁffagf agfé%'{fb’ %’mﬁ 'gf% 06e34 B{I%I'ﬁém%g’%&dt_fg’ng?é%;;' &'
Tur ni ng nowiblhbeadppresiated dhe ilegic. bevelispeouldahe Eefer@nced to

Turning_nowt 3l eastopinglan _
relatiops hf"féﬁﬁ‘t‘r“é”éu§i‘§€gﬁuﬁ¥ﬁ§?ﬂ§{ SLERTRBLINE, VL B Hsnpdobliy

364 di s&Bl et ¥ppehtl Podatd which Afer¢feanactedn¥os¥p i sAf s known,
;his ylléws ghe logical levels to vary with Vcc, but'
eliminates the need for the additional regulated reference
voltage VR4‘ | - -."'

~ Further, as alluded to at various places

20 hereinabove, the invention is not limited to the particular

types of logic. and controllable logic elements described

‘with reference to the various figures of the drawing.

Clqarly.'théic are a great plurality of logicélly'qquivalcnt

ways'éf implamenting the foregoing teachings. .

 Still further, the invention is not ;i@itid'to the
specific circuit realizations described. Claakly, other
types of transistors such as pnp transistors and MOS
transistors, for example and without limitation, could be

30 employed provided proper account is taken of polarities,

etc., all of which is within the skill of the art.

ahE8s) &' oo R ot * T°



20 (he \BCD down count feedback fromlatch 335. Thus the circuit of FI.G 21
qyn s just like a four stage extension of the circuit of FIGS. 13 and
16 exadeci mal node. Finally, for hexadeci mal -down counting, UD = 0
and T€rr]. = 0. In this conditiod? tle control inputs to all 25 gates
343-350 are low, causing them i 4aMs as inverters and * changi ng thé
ef fective naster/slave rel at.i oS p-to DD, for down countlgf Thus, in thIS

condi tion the i1 cAi fYBehroBous, bigaxy an/dawn qounter in ‘&%P‘Gxt ensi on q
of the cirguplaraiityGor toneatehatod lepladeaiuniie redl €0 80 n It

w Il be obsgerv KG, Z1_il L ystrat ""SYNC 381 and
[err] to ﬁ gf ?ﬂﬁhﬁ oupPédﬁ#? ﬁiﬂ%? QﬁiF&?% for
enabl i g ahdtphohaming a datal imputgaci mpntrel in;ntta rgld oamnqutlmtr ed

st at e, of ﬁﬁﬁné??angeg t%G 5%ﬁ§gg?ﬁépspe0| Pe n descrlbeq

I.n part by g referen odlnen such
detail is ¢contra dlﬁsnba £5d applli ede ttmdénesmnnqi bhlpllt use r%@'ﬁ%trat her

than rest!afsl ¥gore! hath! and® t3PHeeVatlcHod difr i ¢ ddeddlf ghdad het MaNY

vari ati ons_nmay In the structure and eratlon For exanpl e,

the col | ec®g Isaﬂﬂ inelnding means responsiye Jo a di??F?iQES“QF rol 4
coul d 1912ﬁanefb9dchas&a@r ]thet Ras telr Tatdh (b dpexrdie W aane to the

e Hapake g TARER" 50 e BBt o o FLE SR S L 1L "
coul d be raireettod confteol] signadr andafdxercauding i ths ynesd tew rkately [err]
o eckb ka8, b5, bl mobiadlrTube!Slhn S AAS e LT 8
‘the need fsecohd aﬂdteloﬂamheegdracadomehan&nni\aﬂgngﬁa[aﬂs]QVGMrther as
?L' ;Jﬂgij%aolf&“acyaﬁh@!ﬂﬁgphaﬁﬁiazﬁni}%e' BRI A e At drs Sptphim ted
Qi for providing an output for the -cell, and arranged to
be latched by the first phase of C1 and to be enabled
by the second phase of Ci, and'including means responsive_
- to the direction control signal for causing the slave
20 latch to operate as a noninverting latch in respomse to
" the first state of the direction control signal and for
causing the slave latch to opefatéfas-ahginverting latch
in response to the second state of the direction econtrol
signal, means for cdupling the output of the slave latch
25 to the data input of the master latch, and means for
. coupling the output of the master latch to the data input
of the slavellatch, and there is provided means for
interconnecting the cells such that |

30 .-ci' = CLOCK + Qlf;l_-l- Qg_z et Q’lI N Q’g, - "

where “CLDCK" indicates a count signal to be applied to
the counter,
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types of | ogi c. and controllable 1ogic el ements described with reference to
‘the various. figures of the drawing. Clearly, there are a great plurality of
| ogi cal | y -equival ent ways of inplenmenting thé foregoing teachings. 25 Still
further, the invention is not limted to., éle-specific circuit realizations
described. Cearly, other types of tranststors such as pnp transistors and

MOS -t ransi stors, for exgmle,and w.thout |im.tati: oyed
prdui/ded proper account 9s takERUBEFeERAS Ptllaégfede?ic}.llgg#*‘go?fv\ﬁﬂgﬁg?lg'
within the sifddt & léastronedof the cells, the master latch includes

. - 37 - CLAIMS 1. ] s nel udi na-
plurality of %Jﬁ%ﬁﬁﬁgxgg?%ggﬁﬂgggﬁ?%'#@ %‘g@gﬁ]ﬁ§%¥'&ﬁerri ngt ﬁe '
i -th cell indisposednistthel aoupling hetveen Ltheputput coft Ebe slsye and

an out putg [ery r e : ' y PEASehef gert rol,
signal [é&rr] ladptpﬁpceiaﬂ oeﬁﬁeﬂggg?pgﬁ:in u? %%&Bg%éeféﬁgrr‘\d store mg;ﬁﬁand to
p

be | atched ddatrh suehobhaphiBeresponse, kP ithe JHATRE H2tate, ¢ ve to a
direction Cofafl‘&céﬂonSéaﬁekolossiEauai pplHiedess ean | bhputt ofopheaXORas an
|

gnal and 1 RGELOR o BRRRLEE, 1ALty AR TS AE o0 (THURFRIBR akehy oy

in response tghd Heceespohstetofl thiee sdicomt istratom £ othei dihzeetion ave 15

| at ch hgving a data, i nput,.a nirol. i t p Qi n
sutput B Pl Fghar shRCkeBrerl Yanelf UpgraOhl Pl &rhoRiRYeReTAET,
~and to be enddtthby the second phase of [err], and including nmeans
responsive to the direction control signal for causing the slave 20 | atch

to operate as a noninverting latch in respgnse t he first,staje of, the
direction. control signal3 andAf 6PURLET A$ Pﬁ'@laegiei?aﬁ{:ﬁi?ozopyi‘éf"@% an

inverting |atfdy the said at least one cell, the slave latch includes
15 a noninverting latch portion and an XNOR function
disposed in the coupling between the output of the master
 latch and the noninverting latch portion of the slave
latch such that in response to the first state of the
direction control signal applied to an input of the XNOR
20 function the slave latch operates as a noninverting
latch, and in response to the second state of the
direction control signal the slave latch operates as an
. inverting latch. | |

25, ; 4. . A counter as claimed in claim 2 wherein,

for the said at least one cell, the slave latch includes
- . an inverting latch portion' and an XOR function disposed
in the coupling between the output of the master latch
& and the inverting latch portion of the slave latch such '

30 that in response to the first state of the directiom
control signal applied to an input of the XOR function
the slave latch operéces as a noninverting latch, and
in response to the second state of the direction control
signal the slave latch operates as an inverting latch.
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i n'‘#esponse to the second state of the direction control sighal, -means for _
co ng the output of the slave latch 25 to the data input of the naster'
| a .and nmeans for coupling the out ut of the master latch to the data"’

I npot: of the slave |atch, and there I rUV|ded nmeans for interconnecting

t he ceIIs such that 3

+ r]
where "CLOCK" .i ndi cat gs a éoﬁﬂ‘t‘n§P§néls t 8d]é"Qﬂ)p’r'? e%lli‘bmt He E’BGFFF&IL _
-38- 2. Aféeumtterle':h?snslmaeafl nhel &emlls Wit inas tOF Batthaghclodesf the N

cel | the master latch non rt tion,and a
functsl on dB& 3&3’& tﬂ'rf&lei I?ﬂ?j a3 I W’guf“‘b‘?giﬂﬂ gliﬁpgs Iatch
~and the nomnnwhalaqppkﬁmg betWean uhethmuPnneanEhehskavé Laachi n

response ! Bulfgrld yelelfeolat IR Phreation £UHd thastaol aBaR! EIH O 20

i nput Be fas es as an 1T nvertin at ch,
and in respbn§eﬂn)n&ﬂPQnﬁ%nﬁostbeefér5¢h§ﬂmﬁﬁa9fcﬁhqodirgcﬁlpnl S|gnm

the masterg Tt%lol%éir%:iﬁ? @ﬁgmaantavsht wﬁ;dnat(ﬁ? t:t?’e xﬁoﬁorﬁhﬁ'i;i% cl ai med

in Cla|m2 ereln | east oOne ce

sl ave
i ncl udes 15heamagtier kately PREEALES: ﬁﬁoﬁnaﬁawoﬁrm f%ﬁeb.-oﬁ é—ﬁosed in
the coupli pasponeretd tho U dobndf stheeod @hd alifedtitlon heoﬁezrbr.lvert i ng

| at t t t t ,stat
of ¢ neSa 8EERB} SR A Cenobilah PPeRatssae i HoRieY et inert sger’ ' °
function the slave |atch operates as a noninverting latch, and in response »

to the second state of, the, éé}&ﬁ&ggnagor& 1o Qmed %qplcigﬁnslgiva hk3bil

operates as an i nverti ng |at eras clrai'med in
cl ai m 2 whowi thef gaiichataleaat onascedds tded slawe slateh| inchudes udes

an '”Vert'HgnbﬁEﬁQd¥Hfdé”léEEhaﬁo?@ﬁbﬁ“%ﬁh‘@%‘ﬁﬂﬁkﬁﬁﬁhcthn disposed
15 in the coupling between the output of the master latch
and the noninverting latch portion of the slave portion
such that in response to the first state of the direction
control s1gna1 applied to an 1nput of the XNOR function
- the slave latch operates as a noninverting latch, and in
20 ~ response to the second state of the direction control
signai the slave latch operates as an inverting latch.

&

7. A counter as claimed in daim 5 wherein,

for the said at least one cell, the slave latch includes

25 an inverting latch portion and an XOR function disposed
in the coupling between the output of the master latch

and the inverting latch portion of the slave latech such

that in response to the first state of the direction | i
control signal applied to an input of the XOR function
30 the slave latch operates as a noninverting latch, and @

in _Tesponse to ‘the second state of the direction control
signal the slave latch operates as an inverting latch

\ _



in‘the coupling between the output of the master latch and the inverting

| atch ‘porti.on of the:slave latch such 30 that,in response to the first
state of the direction control signal applled to an input of the XOR
function the slave |atch operates as,a nqhinverting latch., and in response
to.the second state of the di rection control signal the sl ave | atch

operates as an inverting |atc 111111 1317111 .1 111 1
"M &S * -.39- 5. 8 C(ﬁurﬁoé’}n T4 ﬁiﬂlpﬁ 8 %Jiﬁr%r? or’ at
| east one of fbe ael leasthonmufrcthatesllsgl utiesmastlem/elratnalg inaldes

porti.on and an_X nvegx:mt'g.r%tgg/hsq%oszetdlw ihs QBURbk” Pge:tﬁ%ep ‘flrhfpﬁf’é’%{’ﬁt of

the slave | at®f I'ng Tatch portion o e nmaste
such that in imspheseouplimg fhetsteen dthe oputputdplethicoslava rlatah gnal

appl i ed 50 2Ny PO AE ORER 14110l | 88rEDGNTBE! ehel Bt AR ScH"

I nverting | at resporise tqQ t second st at ct
control 10 §h§ﬁalmt Pr@smsa tottehe O%H%Fe§t§§ea°%oﬁ}‘ﬁv$ﬁ I reit%égﬂ 6.
the sl ave | at pArRor lgral Brpaid fes ?ﬁﬁiﬂf’“ ?*‘ e . O £ unet |
S noni nvertin at c orti t

di sposed 15 the mastepiliats %&W% 23uBu nBF grrg'ﬁ%néihﬂ%%u{ﬁdl ?Re
Pﬁnl Pvertl n? %-aép?naer tioonthe sduorsd as/mperoi:onheudtirelmiqm cawtxmbe to

e fir state of .t | | I I th
AOR fu i on {’ﬁgaé‘l g I“{ﬁes% %prlea:é; esgéa%ﬁgg%%m %\egr P%g:&&ﬁ:&ﬁ]idhgbidaﬁhzoe

response to the second state of the direction control signal the slave
latch operates as an ineerting dildter ‘as Efafﬂgat ¢h 81adndi eashéréinl m 5

wherein, for the -said at |'east one cell, at-ch i ncl;u 5
inverting | at Earpbhei §aighataleast (ARR(ES ]e-dl §§Ssé ave M&“&b%ﬁ? es"

bet ween the O&tﬁahiabe&*ﬁﬁpsnﬁcﬁ PoProd ahd anvHOR fymotion pﬁtsponedf
~the sl ave'sl at ge coupling between the output of the master latch
and the noninverting latch portlon of the slave latch

such that in response to the first state of the direction
control signal applied to an input of the XOR function

~ the slave latch operates as a non_ihvert:ing latch, and in
20 response to the second state of the direction control
signal the slave latch operates as an inverting latch.

10. A counter as claimed in elaim 8 wherein,

for the said at least one cell, the slave latch includes

25 an inverting latch portion and an XNOR function disposed
in the coupling between the output of the master latch

o and the inverting latch portion of the slave latch such
| that in response to the first state of the direction
L control signal applied to an input of the XNOR function

30 " the slave latch operates as a_nonlnverting latch, and in
response to the second state of the direction control
. signal the slave latch operates as an inverting latch.
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| n response to the first state of the direction control "signal applied .
i nput of the XOR function 30 the slave |atch operates as a -

erting latch, and in response to the second state of the- direction -

rgl signal the slave latch operate& as™an inverting | atch. 40 8 A

0 r as:clainmed ingglai e 0

master |atch incl udes an | R/él’tl ng Citfb]r ilﬁ 83?1‘“)(&? fu éﬁ%‘?\ —~
di sposed i nffaieat oleashgonet W\fertb;dts:mlil;qauttbé mhsteralath at dncludesd t hev
i nverting |at f %ﬁ{ t such t I

first stgt e‘ﬂo &fﬁﬁl{’%ﬁ:?gg |c%tﬁlr&?on ro At? %’Fd Qﬁﬁdg@ﬁt ghglr?ﬁ%qp eﬁﬁﬁé&
function t Ha nthe e¢ovplingopetatesn at'dl%rplim'éttcﬁgth&t @tlavandqttch (-:a}p@)nse

to the ssecqifp %@ﬁfn@&r?:ﬁﬁ%d'lﬂa% 0684 06 £ 1Ehe SngBler! NQ @S A at Ch

operates as I nvertin atch A count er ag FL}F d |n clalm 8

wher ei n, fcﬁhq% B FRSRPNFL &P GA’@ dehyst (fate 9 a
noni nvert i ngrgEsh gﬂghamnapm].@m )ﬂa?émnnhp@ﬂ dfsnheem ﬁ\mdthB)EOUDl i ng

bet th t _of t h dt t t

of the sl ahd SRR ESEHAERE: opRrAds Al I {HelPEIBE Tardh, Aiq AR1 1"
- direction m:afspcmsel gaathepplecond @ tate mplit thé d&eemommnml he sl ave
| at h t 2 d
stat o197 1 EERE M8 BaBLEE NAEP ks a0 o ") PEREAVSELIRG YacEROn

inverting latch. 10. A counter &s clainmed in claim8 wherein, for the said @

at least one cell, tlm sl age chwintler d Winsiméd #A lcmu&tnt'ﬂﬂdtf&féhrportlon
and an X fun t|on gosid in the COLﬂI ng bet é put {
master | at & 2 ﬂv Ft RgStaonie 4 §V§I that
in reSponS]ju trfbrt:hevértsh slatehofpdﬁﬁc?h ramllum KORt tfﬁhctli@wldmsed to
an i npgt of; t s| ave, | a oper at es | nverting
a cnBand ieh s et he REceden dnk Hienit (Ae ERpChRRsHY, dAkd Ml
- the noninverting latch portion of the slave latch such

that in response to the first state of the direction

control signal applied to an input of the XOR function

the slave latch operates as a noninverting latch, and in

20 response to the second state of the direction control
signal the slave latch operates as an inverting latch.

13 . A counter as claimed in claim 11 wherein,
for the said at least one cell, the slave latch includes
25 an inverting latch portidn and an XNOR function disposed
in the coupling between the output of the master latch -
and the inverting latch portion of the slave latch such
that in response to the first state of the direction
control signal applied to an input of the XNOR function
30 the slave latch operates as a noninverting latch, and in e
response to the second state of the direction control
signal the slave latch operates as an inverting latch,

14 . A counter as claimed in claim 1 having
35 four cells (n = 3) and adapted for operation in a
hexadecimal mode.

S T



signal the’'slave latch operates as an inverting |atch. A counter as
claimed, in claim1l. -wherein, for at |east one of the cells, the master | .
i ncl udes a nonlnvert1ng | at ch portion and an *XNOR f uncti on dlsposed in th Qé
coupling between the output of the slavggd atch and 5 t he noni nverting

| atch portion of the master |atch such that .in response to(&be first stat

‘of ;the direction 38ntrdl cenghar agprladmed iR icldm ok NOR function

t hdctmst er | | Qg opcotst Eouat an_BUDCwOdRG U@ ﬁfﬁéltb@m statée
second state 0 e

direc contr si. gnal |l at ch operates
as a noni nve?t i HP@e cFoN¥To. ﬁlﬁﬁﬁitéP%aé I@%ﬁﬂgféipéfi Iﬂﬁereln f or
the said at pegsénsectochl setbadsstute difcithienaodie contrwil rs&gnahg | at ch
portion and an function . di sposed 15 A n the
out put of2 t HERe H‘gl'ﬁFﬁﬂsaﬁﬁsBﬁgsﬁ'gﬁl rR?ertz?\e gﬁl clﬁ%‘dx{(;qilon of the slave
| atch such téignab ardéptostheompde iciondirodt a:gmafl tfer mnmdmcomrol

ional appl i edobgndh bEPHReOEIEAE PRCIG R Wiveletth | Gbdngper ates as

a noni nverti response to thé second sfate of_the
direction cosdmlsagdathehé'lrlsﬁvatlaéiteclﬂ fopdemod e control, 318881y at ch. 13

~ A counter gso cf g UM OpCh#l B)! bt e eith iy dd¥ Seighelof case one cell,

t he sl ave |

|nve 3 ng | at rflon
functi ol Qi slpbstgrl hatgh 9@&#@@%@%@*% éu 8’( dnd a'[él‘?rgg?% CRatch
ind the '“V%R'Gﬂ tahdqutltantﬁfe dat e lidiffat aitcftlsemtl:hi:{‘mtatigeesponse to

YNGR Funct; ohisn’ ?Eénibhviﬁz'r%%a%"””"' £ S8 nr A s o 7 QREERBatd
response to @ eateﬁnnduspatethbﬁdaf(Manxmnunrtxngrlatdhgmmvingeaslave
oo " R R KRR e, Mt BEIU 08 SulbeRial
-nmode.. 15 a control input and an output Qp, and arranged to be

enabled by the first phase of C; applied to the control

input and to be latched by the second phase of ci. and

means responsive to the direction control signal and

the mode control signal for providing, in response %o the
20 second state of the direction control signal and the

r;rst'state of the mode control signal, the exclusive

OR of Ql and.Qp %o the data input of the slave latch

of the second cell and the exclusive OR of Q2 and Qp

to the data input of the slave latch of the third cell.

25 : ' 16. A counter as claimed in claim 1 adapted to
count in BCD mode, including means for providing, in
response to the first state of the direction control
signal, the logical OR of Q; and Q; to the data input of

~ the master latch of the second stage (i = 1) and the

30 1ogicg1 OR of Q, and Q, to the data input of the third
stage (i = 2), an OR function means for providing
QW+t Y + Qa + Q5 at an output thereof, an inverting
latch having a data input coupled to the output of the
OR function, a control input and an output QF'

35 arranged to be enabled by the first phase of C; applied
to the control input and to be latched by the second
phase of C. i and means for providing, in response to the

38 second state of the direction control signal, the
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/- 4% 15. A counter as clained in cIa|n114 and adapted to count i n BCD-mode
qﬂr sponse to a first state of a node control signal and-in hexadeci nal

&D e/ in response to a second state,gf the nmode control signal, 5 including

heapls responsrve to the digection control gnal (1tq}tqy% mode cont r ol

si gnal %&d@ﬁﬁiﬁtfﬁﬁ of @espodseyt t 5ot ker ApLp te drrectron :

control signal r}ekihg f{;ﬁﬁt g&ah& @Ellhenﬁndthecmlasmﬁg , the | ogical
OR of [emle J’? t ata In%&t‘-i aof. t g_ €sditeh of the 4
second stgyyey ande aba the dagpcaP SF a@to the data input of

~the third.st ég ;'an OR function neans for providing [err] @B at an
out put t H&0 |nvert|ng |'atch having a data i nput coupled to the
out put of the CR function, 15 a control input and an output [err] and
arranged to be enabl ed by the first phase of [err] applied to the control
input and to be | atched by the second phase of C, and nmeans responsive to
the direction control signal and the node control signal for providing, in
response to the 20 second state of the direction control signal and the
first state of the node control signal, the exclusive OR of [err] and.

[err] to the data input .of the slave Iatch of the second cell and the R
excl usi ve OR of C2 and [err] to the data input of the slave latch of the _
third cell. 25 16.° A counter as clainmed in claim1 adapted t'o count e

i n BCD node, including_neans_for providing, in response to the first state
of the direction control signal, the logical OR of [err] and [err] to the
data input of the master latch of the second stage (i = 1) and the 30
logical OR of @-and (B to the data input of the third stage (i = 2), an OR
function neans for providing [err] at an output thereof, an inverting |atch
having a data i nput coupled to the output of the OR function, a control

i nput and an output [err] and 35 arranged to be enabl ed by the first. phase
of C applied.
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to ‘t he bontrol'inpdt and to be | atched by the second phase of G, and neans
for providing, in response to the 38 second state of the dlrectlon control

signal, the 43 exclusive O of [err] and [err] to the data input OF the
slave latch of the second cell and the exg4tdsive OR of [err] and [err] to
t he data i nput of the slave latch of the third_cell .. A counter as

clainmed in claimai1, incldd-ngfa CAYHSRY oS cSheABed) F-ﬁecgrﬁd-“\/mh ei'n the
mad¢er | atch iﬁnéluh?ﬁﬁtaoﬂiﬁﬂbﬂﬂﬁh(éﬁﬁﬁrbnclﬂﬂésaﬁdWWWéﬁE£ﬁ(ﬂﬁﬁﬂmasiér

having a control | nput, 5 | at ch i npu an o ut. providing [err],
first current S8Eehi g ﬁ&aﬁg |QQfeP¢ £§? ESﬂ?FoF F#B@F and a first pair
of current paths foa mastest istorage eréll chavingsa comtwolndaputone of t he
pat hs bei to the | at r Mt orage latch, 10
second cu entfg%ﬁngﬂﬁuﬁeaﬁ? eﬁﬂréygpgécép§ conbgopilnput and a second"
pair of current pathsfiestcewrenthgteerimg neanssbavinge anfdratokontyel
oLher Of sine PAbSeObabne iirdle HUILUE SLGPEERY PRRAS PRINGOIRIAIEIhG O Lhe

second conmon N rd current steering neans haV|q} third
control input emgrenthtedapfiirssi cammemnede hsongr ofonbhet PAFhs Meingt o a

third common "@@G?léaetbh'th@ QREEN ﬂmb@fnghéomalseért@cmg@ Tdwechwat hs
of the second pal and one of the paths of the thlrg p air bei ng
upl ed 2@ t he cont r oFeLAPG Cb‘frrteﬁ\sr-l rﬂ's‘?%’r'l'éfﬁo'i“ﬁ@@s g 1“50& AR ent

eering neanscéwyiol enpatrahd a second pair of current paths for

| conducting current to a second common node, the other
of the paths of the first current steering means being
coupled to the second common node,

15 third current steering means having a third
control input and a third pai: of current paths for
conducting current to a third common node, the third
common node being coupled to one of the paths of the
second pair, and one of the paths of the third pair

20 being coupled to the control input of the master storage

cell,

fourth'current steering means having a fourth
control input and a fourth pair of current paths for
conductlng current to a fourth common node, the fourth
25 common node being coupled to the other of the paths of
the second pair.'one of the paths of the fourth pair
: ' being coupled to the control input of the master storage
L . cell, and the other of che paths of the fourth pair
being coupled in common with the paths of the third pair
30 to a supply voltage terminal, _ '
the third and fourth control inputs being coupled
either to the direction control line or to Qi'
the second control input being coupled to the
output Q, if the third and fourth control inputs are
35 coupled to the direction control line, or to the
direction control line if the third and fourth control
inputs are coupled to Qi.'and
38 - the first control input being coupled to Ci.
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o} input and a fourth pair of current paths for conducting current to
fth common node, the fourth 25° comon node being coupled to the .
of ‘the paths of the second pair, oge of -the paths of the fourth pair.
coupled to the control input of the naster storage cell, and the

of the paths of t98 fou idyRitiér beknglequweldedn R1GAHMTNY VWiviledéin
paths of the third_pair _30 to a supply voltage term nal, the third and

fourth contrcﬁh¢néhﬂyebéﬁﬁ&hx%ﬂﬂkﬂﬂ%ﬁther to the direction control Iine on:;
to [err], the secogdgtawer @torupd deihochseipged tonthelodnput[ear] if the

third and fo h control n s are 35 L ot he direction control
line, or tot BPFecfgﬁﬁ%&mﬂ%ﬁﬁ“?l%§3?+ggﬂg Rii*rd and fourth contro
i nputs are coupled t 6ifehr cuameds steering heeansshaving @ fiifinh ¢nn¢@p

coupled to [ clgaim
t he- sl ave Iatéﬁiuﬁc?nées a. sIavggH?%ra%g§%£+€hﬂgeat§sa con{%%:;
| atch input, eweremntotepat fifsh fommgrngdey one o rq rﬁh

steering nmeangi feyi iz blefihlp RIgIUd i tdUEhéntadch inputiiof dhe ileve
pat hs for conductlgg iurr t to a fifth common node, one of the paths of

the fifth paift®ed 8GFPed to the latch input of the slave storage |atch.
10 10 sixth cusigeh eueeenty swewnsidgwnegna havtihgeantgiotth npontwoll a2 *

i Xt h [ f h de,

The sixth colfiihcaRdba A<l madt (&F (R EeREBhchR 3% HoRdRERE TS o
paths. 15 currenSeuanahsduthemnmmqnﬁnaépneahs aixichg compwremadeont r ol
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sevent h conmon n seven ode belng cou o one of the
pat hs of the paths,

15 o seventh current steerlng means having a seventh
control input and a seventh pair of current paths for
conducting current to a seventh common node, the seventh
common node being coupled to one of the paths of the
sixth pair of paths,

20 eighth current steering means having an eighth
control input and an eighth pair of current paths for
conducting current to an eighth common node, the eighth
common node being coupled to the other path of the sixth

- pair of paths, one of the paths of the seventh pair being

25 coupled in common with one of the paths of the eighth pair

. to the supply voltage terminal, and the other paths of
the seventh pair aud the eighth pair being coupled in
common to the control input of the slave storage cell,
the seventh and eighth control inputs being coupled
30 either to the direction control line or to Q?. ' '
the sixth control input being coupled to Q1 1f the
seventh and eighth control inputs are coupled to the
direction control line, or to the direction control line
. if the seventh and eighth control inpute are coupled to
35 Qi' and
the fifth control input being coupled to Ci'

gy



si Xth pair® of paths 20 - eighth current steering means having an
ei ght h" cont-rol input.and an ei ghth pair of current paths for conducting

current to an eighth comon node, the eighth conmon node being coupled to

the other path of the sixth pair of paths, one of the paths of the seventh

pai r being 25 - coupled in common w<h e of the paths of the eighth pair

tﬁ&t_/he ﬁuEpl y VO%B@QeAt ewlxﬁglr sulbs taie idNef mtﬂaﬁln td&@ﬁ’l?éﬂﬂ pair and
t ei ght pa el coup [ tro t of the slave
storage cel | Withe § é‘ﬁt“ﬁ aﬁ;&’ t%ﬁrﬁ'ﬁtﬁ qﬁ?ﬁﬁ] e%fng& oupl ed 30

. either to the.hél aecbmpa nydmyg airalmmgs;r to [ERR] the sixth control input

‘being coupled to [ERR] if the seventh-and eighth control inputs are coupl ed
to the dir e wenocomxpeduﬂum wmz&pmmdarﬁcmﬁamtmhppuc&m bfiginkle -
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described with reference to fig. 14, 15,16, 17,18 or 21 of the acconpanyi ng
drawi ngs. The text of the Specification haS been reproduCed by

phot ocopying the applicants original typescript. It may contain a few
gnendnents which are diffioult to read. The original typescript
containing these anendnents may be inspected on the prem ses of the Patent
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