MEMORY TIM NG Cl RCUI T EMPLOYI NG MODELS. BACKGROUND OF THE | NV%%\@QQO
Field of the Invention. The invention relates to seniconductor nenories and
in partlcul ar totimng 5 circuits for controlling reading and witing in
such nmenories. 2. Prior Art. In sem conductor nenories, such as static and
dynam\Q random access nenories (RAMs), a plurality of control or timng
signals are typically used to access menmory cells. Often, to access a cell
for reading or witing, several control 10 3ighals are needed each
occurring one after the other to for exa Ie precharge nodes, provide

i sol ation, activate sense anriti-GMENG Gl ML BYING B. t hese signals is
critical and becones nore critical Wnere the nmenory i s operated at faster
rates. In early sém conductor RAMs, control signals were generated
off-chip. In current nenories, the control signals are generated on-chip;
see, for exanpl BAGGantmDFaFemESIWBNTﬁm In the

nmet al - oxi de- sem conduct or q% menory described in the '784 patent, a
timing cell is used1. nFiQ ﬁh Meptions cui ts. This cell conpensated for

Phase tim ng s gnal ofhe gitn teies i EamGalats emBienlardn aich B 1 i

signal _arr angeniits fordnirAg sty Af witind)iR 3bemBsdler e the output of
one control si gnal gener ator 1Ts used to initiate or tri gger t he next

control signal gener&tRuorAthi s arrangement assures that a delay occurs
between each of the signals d that .t he nal § oc edet er m ned
ordor " S2%0 1T 1B SBoRaATy PAmeuta. Suit e P AR Himartc Farlo Rt Sy
cel ' © These pRhloties (RAMS) BBty BF EritfFor timing signals are typically used to

access memory cells. Often, to access a cell for reading or writing, several contro!

10 signals are needed, each occurring one after the other 1o, for example, precharge
nodes, provide isolation, activate sense amplifiers, etc.. The timing of these signals
is critical and becomes more critical where the memory is operated at faster rates.

In early semiconductor RAMs, control signals were generated off-chip. In
current memories, the control signals are generated on-chip; see, for example,

15 U.S. Patent 3,778,784. In the metai-oxide-semiconductor (MOS) memory
described in the '784 patent, a timing cell is used in the timing circuits. This cell
compensated for process vaﬁatione which would otherwise substantially atfect the

U timing of these timing signals.
In U.S. Patent 4,087,704, another on-chip control signal arrangement is
20 described for a dynamic RAM where the output of one control signai generator is
. used to initiate or trigger the next control signal generator. This arrangement
assures that a delay occurs between each of the signals and that the signals occur

in a predetermined order.



l'oadi ng or charge in an amobunt equal to that of a real cell in the array.
The dummy cells are fabricated on the sane die or substrate as the,true .
menory cells, hence, their characteristics are effectively the sane as, the

real cells (independent of process variations). An exanple of dummy cells
is described in U S. Patent 3,959, 784.2StMVARY OF THE PRESENT | NVENTI ON ™~

According to the presel AQMENLLARORIYF LonPENAYSEoP. Ml el et t fov
use in a nenory having a plura |%§‘of nmenory cells, “sai Imng circuit for
provi di ng SPBLAYalGumpYoiCebkEr ol TeFRaICe k3, cER¥ r BXRPPd e RNINEAE dat a
from sai d resaing o ECHArge0ifi AAUANMCUMED ddiiadld td Bhat! ble amadall
conprising_a ca?ed-domnlﬁ%deT of, a hit Iinéﬁﬁn sai d ny,ag id bit |ine
model havi RgHFedd & cPFARYe th'g esaf“a’mb'i thlr‘?‘ssa?flengsg‘% ca iMYy neans
coupl ed totbei csdnd Kiec opndaubdshrate vasg the dtirue | memorpdateXXs duplicate
readi ng of f :0N Id. 5 I J s rj 4 roduci ng
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sai d nmenor{hedreadt el kfeadhindsngndent oo aprogess| variatdeonsior Adetecting

sai d  signgkampléai g CRiMRYy I VellPans Pae¥CHiBEdANIAUIPLE, UShftdrt t he
generation_of _one of said control signals. Also, according to the present
I nvention ?h%?%'?glprovided atimng circuit for use in a nenory having a

plurality of menory cells, said timng circuit for
SUMMARY OF THE PRESENT INVENTION

According to the present invention there is ~/
provided a timing circuit for use in a memory having a
plurality of memory cells, said "timing_ circuit for
providing a plurality of control signals for controlling
reading of data from said memory, said timing circuit
comprising: '

a bit line model comprising a scaled-down model
of a bit line in said memory, said bit line model having
less capacitance than said bit in said mémory;

driving.means coupled to said bit line model for
driving said bit line model to duplicate reading of data
from one of said memory cells, said driving means
producing more signal on said bit line model than is U
obtained on said bit line in said memory; _

detection means coupled to said bit line model
for détecting said signal, said detection means
providing an output used in the generation of one of
said control signals. '

Also, according to the present invention there
is provided a timing circuit for use in a memory having
a plurality of memory cells, said timing circuit for
providing a plurality of control signals to control
accessing of said memory, said timing circuit
comprising:



providing a plurality of control signals to control accessing of said
menory, said timng circuit conprising: -3- a first bit |ine nodel
for proyiding a nodel of a bit line in said nmenory during reading of data
fromsaid nmenory; first driving neans coupled to said first bit |ine nodel

for griving said first bit line nodel to dupkicate reading of data from

sai d renory; a second bit line nodel for providing a nodel of said bit line
in said menory during witing of data into said nenory; second driving

means coupled to said seeorridit bitel ik ehodéd! £6fi progiqing acaeadibids
i ne nodel to du '

li.cate;witi,ng of, data into _sai.d nmenory, bufferin
circuits coupl ed%[ FPrai i'ijFrg‘Pgaﬁ‘ﬁf' R utornis bt fi\y‘?ﬁé‘qnﬁ}ﬁ?salm %%oQP&gngfrzﬁm
| east one of sai gaddnimemloryi;gnal s. Further, according to the present
i nvention there is provi t 59 i b f i p.a rys i
plurality of nenory cell g‘i‘i{-ssgcl daﬂ?ng?\g. @%%?%ltgétﬁé?%ir ogf_’dién%':ra;t %f‘grggl :ﬁq'}aof
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a second bit line model for providing a model of
said bit line in said memory during writing of data into
said memory;

second driving means coupled to said second bit
line model, for driving said second bit line model to
duplicate writing of data into said memory;

buffering circuits coupled to said first and
second driving means for providing at least one of said
control signa;s.

Further, according to the present invention
there is provided a timing circuit for use in a memory
having a plurality of memory cells, said timing circuit
for providing a plurality of control signals for
controlling writing of data into said memory, said
timing circuit comprising:

a bit line model comprising a scaled-down model

] of a bit line in said memory, said bit line model having
less capacitance than said bit line in said memory;

. driving means coupled to said bit line model for
driving said bit line ‘model to duplicate writing of data
into said memory, said driving means providing a signal
level on said bit line model approximately equal to the
corresponding signal 1level in said memory during
writing;

detection means coupled to said bit line model
for detecting said signal, said detection means
providing an output used in the generation at least one
of said control signals.



of a bit line in said nenory, said bit |line nodel having | ess capacitance g
than said bit line in said nenory; . driving neans coupled to said bit |ine
nodel for driving said bit line nodel to duplicate witing of data Into
said menory, said driving means providing a signal level on said bit line
nodel approximately equal to the corresponding signal level in said nenory

.

during witing; detection neans coupled to said bit |Iine nodel for N
detecting said signal, said detection neans providing an output used
in the generation at |east one of said control signals. -4- BRI EF

DESCRI PTI ON OF THE DRAWNGS Figure 1 is an electrical schematic of a nenory
cell and associated word line, bit li-nesg, sense anplifier and wite
circuitry. This schematic is used to describe a portion of a nenory array
in which the control signals produced by the present 5 invention are used.

Figure 2 gRIEF!DESCRIPTION'OF THEODREWMGS™ generated by the timng
circuit of the present invention. 10 Figure 3 is a general block

di agr am of t hdFigurailrig apielastrical sshematic of 8 saemory celk and essociztediwordd i s an

el ectric S matic of th resentfv. preferred enbadi nent, of, the present
Tnvent | onfne; B ENgR, egnee amnfie? 3hd S debhyl T fonBmeRE LUPP 5580 o |1 ne
model  useglpWiich of a memory array in which the control signals produced by the present

5 invention are used. '

Figure 2 illustrates a plurality of waveforms generated by ;hé timing circuit of -/

the present invention.

10 Figure 3 is a general block diagram of the timing circuit of the present

invention.

Figure 4 is an electrical schematic of the presently preferred embodiment of
the present invention.
15
Figure 5 is an electrical schematic illustrating a word line model used with

the present invention.

Figure 6 is an electrical schematic of a bit line model used with the present

20 invention.



the present invention. Figure 6 is an electrical schematic of a bit line
nodel used with the present 20 invention. DETAI LED DESCRI PTI ON OF THE
PRESENT FNVENTION A timng circuit for use with a sem conductor nenory is
descri-hed. In the foll ow ng description, nunerous specific details are set
forth such as specific gate 5 logic, etc., in order to providea.thorough
under st andi ng of the present invention. It will be obvious to one skilled
in the art that the present invention may be practiced wthout these
specific details. In other instances, well-known circuits have been shown
in synbolic formin order not to obscure the present invention in
unnecessary detail. 10 The present invention is realized with
netaE oxi de- sem conduct or (MOS) technol ogy, nore specifically, with
conpl'ementary MOS technol ogy. Any one of a plurality of well-known CMOS -
processes may bOEBALED DESCRIRTION: QF cBdEt PRESENT INVENTIONrrent | y

i npl emented, the present invention is used as part of a cache menory where
the menory cells in the cache nenory are qrdinary static 15 cells. One of

these cells has bee”a%’ﬁ@r‘@m n'?érq}éﬁ%t%aéém%ﬂducﬁ? 8% vampﬁ?dt i iy esent

I nvention can be used 1 n ot menori1 es eentlrerre fhe t1mng
circuit of the polizsving déseriptitni, nomerus spedificadietailscare aet forth agclnts dpeagificogsté on
the sane substrate or die. This takes advantage of the fact that the

process vari &t i dRGIC @ iBOTRLQ PEVisefathoronph yinderstanding iof thepresent invghtion. It e
characteristics o pd BEviadk totné! kil ?d uﬂth%?ﬁ thhf'the Prése |H{céntWh|n]|a¥Fs érﬁ?t
rray tor

relative to the characteristics o I'ces I'n the nenor
gi vér’di e. USE @hthgirtEh@Secspaific|deaibiT IﬂthBeihstaacekemﬂkbomd&Msdbababbm of
t he present invention, knowng its use in an actual nenory is helpful in

under st andi ng t BBOWR{LSHmRAkC 'qfﬂ" injogdarnol to ghecdredhe present invention in
unnecessary detail.

10 The present invention is realized with metal-oxide-semiconductor (MOS)
technology, more specifically, with complementary MOS technology. Any one of a
plurality of weli-known CMOS processes may be used to realize the present
invention. As currently implemented, the present invention is used as part of a
cache memory where the memory cells in the cache memory are ordinary static

15 cells. One of these cells has been shown in Figure 1. It will be obvious that the
present invention can be used in other memories. The entire memory with the
timing circuit of the present inventién is fabricated as an integrated circuit on the
same substrate or die. This takes advantage of the fact that the procesé variations
do not vary substantially over a single die. Hencs, the characteristics of the

20 devices in the timing circuit will be known relative to the characteristics of the
devices in the memory array for a given die. .

USE OF THE PRESENT INVENTION
- Before describing the details of the present invention, knowing its use in an

actual memory is helpful in understanding the invention. In Figure 1, an ordinary



static menory cell 12 is illustrated. The cell conprises a pair of
cross-coupl ed p- channel and n-channel transistors. The nenory cell is
coupled to bit lines 14 and 15 through select transistors 19 and 26,
respectively. The gates of the select transistors are coupled to (or are
fornmed by) a word line 13. The bit lines are 5 coupled to other cells in-,
the colum; and likewi se the word |lines extends to other cells in the row
The nenory includes self-timed reopening | atches 10 which receive address
signals. These |l atches are controlled by a control port signal on line 29.
The addresses are decoded by the decoder 11. This decoder receives a word
line 10 enable (control) signal on |gne-31 which controls the word |ine
timng. The decoder 11 enables a single word line at a tinme, as is _
customary, allowing a row of cells to be coupled to their respective bit

li nes i ngtiafie mdkricly cellfisanlbtratsd. iThelell complidiss 4lp&iporsroskcdupledrange duri ng
the tinme the word line enable 31 is active. The bit lines 14 and 15 are

pr echar geanngl andyn-charnab transistaes. Thednemetysed i coupled terhit iines\¥4andt he

potential.qn line 16 .is_.low T | ; tential of the
bit Iined® ﬂ‘ﬂ%ﬁ?‘g#’eﬁi’%‘(&%ﬁ é@%ﬁ'{’%ﬁ"&gﬁ'@qﬁﬁ b%‘?%@t&gﬁgfﬂ‘fhe sense

ampl i 1 Cirarsistorkfigle hGIAd 10er big¥Brried by) a6l 18 180Tt ik rd SOl al i on. The
sense amplifier 23 .1s an ordinary strobed differential anmplifier which is
cont r 5l | eabipied tolathesA®lls in thaolumn; a0d likewise the. warddines extends tocatherhi s
anplifier, lines 62 and 63, is coupled to a second stage of anplification
to provi GRISHNEGOMW, it data and its conpl ement on |ines 64 and 65,

LERTeSh, VoL AR Rekted SO et pned Ui i o2 1D (1
si gnal oaddresssigbals.aillbese latohes acheantrolled by a coslrel ipertaigrahdn Gife £8.
The addresses are decoded by the decoder 11. This decoder receives a word line
10 enable (control) signal on line 31 which controls the word line timing. The decoder
11 enables a single word line at a time, as is customary, aliowing a row of cells to
be coupled to their respective bit lines in the array. The address inpﬁts to the
decoder do not change during the time the word line enable 31 is active.
The bit lines 14 and 15 are precharged through the p-channel transistors 20
15 and 21 when the potential on line 16 is low. Transistor 22 equalizes the potential
' of the bit lines. .
| Transistors 35 and 36 isolate the bit lines from the sense amplifier 23. The
signal on line 17 is used to control this isc;lation. The sense amplifier 23 is an
ordinary strobed differential amplifier which is controlled by the SAS# signal on
20 line 18. The output from this amplifier, lines 62 and 63, is coupled to a second
stage of amplification to provide the output data and its complement on lines 64
and 65, respectively, when data is read from the cell.
When data is read into the cell 12, assuming the cell is selected by the word

line 13, a control signal on line 25 causes the n-channel transistors 66 and 67 to



-7- conduct, coupling the data-inline 24 to the bit lines 14 and 15. Une
24 is coupled to bit line 15 through the inverter 27 and transistor 67; the
output of the inverter 27 is coupled to another inverter 28 and then to the
bi t iine 14 through the transistor 66. 5 The control signals
requiyed to read data fromor into the cell 12 are generated by the timng
circurt of the present invention and are shown in Figure 2. The control
signal applied to the lines 16, 17, 18, 25, 29 and 31 of Figure 1 are shown
in Figure 2. The same nunbers are used to identify both the line carrying a
signal and he signal itself. However, the letter "a" has been added to the
nunber to 10 distinguish the signal waveformfromthe line. Thus, for

i nstance, the signal carried on line 17 of Figare 1 is shown in Figure 2 as
the signal waveform 1 7a. The read and wite operations occur after receipt
of a single tiocontyckicgupling t(né/‘d'atai»mgne 2atdthe titlinas 1¢add N8, Line 24 $s ¢dupldie
wite enable signal (line 57 of ures 3 an m&sls active.) This timnng

signal is show® med_ﬁ(lhroqga\;@ 6‘?’ %’(?g and trans 3, th!@“tPPhEJtF‘PHB“F‘EE%? vi ng
this signal, |jng 3fld b an QWHV %%ﬁqﬁeﬁo"’}ﬂg bftlil J by fhrﬁu%ﬁ% tt%W?i\.i‘.ﬁ orm

30a) initiates the generailon o he con S|gna

after the initgation of a memory cycle the signal on line 16 rises, endlng
the precharging by turning off transistors 20, 21 and 22. The contr ol port
si gnal 29a gl so gerkhe:A08trol signals rguised togeas data feam o intathecall 4@ t he

2ddr osses pr esBiETarep o e o Syl Bt the giieht ot ahd e EBMIRFialelzr
|ined at the ovk@usnta sighs! dhphewiR thd lind16)a 75 68,925, 29 and B¢ lof RigutdParmPr d | i ne
13. Following this, the sense anplifier is activated by the sense anplifier

strobe signal shawn indriguraR: dhesems mumbess ara ysedite identitydothstbe ding earming Aal
17a causes t ra&a‘aﬁ %E!%e?égn% Qse%? ﬁo%e%gﬂﬁﬁe ﬁﬂgrd"iqtb?geen added to the number to

10 distinguish the signal waveform from the line. Thus, for instance, the signal carried
on fine 17 of Figure 1 is shown in Figure 2 as the signal waveform 17a.
The read and write operations occur after receipt of a single timing signal.
{Writing, rather than reading, occurs if the write enable signal (line 57 of Figures 3
and 4) is active.) This timing signal is shown as "CLK", waveform 30a in Figure 2.
15  The line receiving this signal, line 30, is shown in Figures 3 and 4. This signal
(waveform 30a) initiates the generation of the control signals of Figure 2. Thus,
after the initiation of a memory cycle the signal on line 16 rises, ending the
precharging by turning off transistors 20, é1 and 22. The control port signal 29a
~ also generated in response to the signal 30a, latches the addresses into the
20 latches 10. This restricts further changes in the addresses presented to the
decoder 11. Signal 31a allows one of the word lines at the output of the decoder
11 to be selected, such as the word line 13. Following this, the sense amplifier is
activated by the sense amplifier strobe signal '1 8_#. and after sensing is initiated, the
isolation signal 17a causes transistors 35 and 36 to cease conducting.



During witing, the sense anplifier strobe signal is not generated, but
rather the wite select signal :25a is generated, causing the transistors 66
and 67 to conduct.” This allows the data on line 24 to be coupled to the bit
lines to set the cell into one of its two stable states. 5 o
OVERVI EW OF THE PRESENT | NVENTI ON Referring to Figure 3 the generation o¢fy~
the various control signals is initiated by the clocking signal on line 30
This signal along with a cycle enable signal are applied-to a one-shot 32.
The output of this circuit is coupled to an SR flip-flop 33. The Q% output .
of this flip-flop is coupled to line 31x through an inverter. The signal 10
on line 31x after additional buffering is the signal waveform 31la of Figure
2. (The letter "x" is used to indi-cage that the l[ine is coupled to .
additional buffering before becom ng the final control line carrying the -
control si gnalpy,ihl YWt ke ¥ ol et Ohe didnalfid - |

addi ti onal bu f“QE‘Q%'PS'%’?E@ﬁ??'S?@S‘*Eﬁ@%ﬁ%‘é"?ﬁ%ﬁéﬁ %E’%@g‘@n@ﬁe 31.) 15
The Q outthatwrité seéleet signab25a isgeddrated, causing the tninsisidrsi66LandiBMerters to one

i nput term nal of, the NOR gate 44. ;he other input termnal to this NOR
gat e receqanSuct h'Eh'Elaﬁﬁ‘ﬁﬂ'Q%'ﬁH%F'“q Hin be %mgm%ﬁm}?ﬁwmmﬂm gat e
44 after ; | : ditional inverter provides the port control

si gnal on ﬁﬁﬁ%“g§%gﬁgfﬁgh, ?ﬁgthe circuits of Figures 3 and 4, a plurality
of ingrters are use®OVERVIEWEeOF THES PRESENT INVENTION ovi de tinme delays to
the control signals and drive for |arge capaqrtiveuloags.g-The Q out put of
the flip-flopReerriag ta Eiguecdithegenemtion of thervasous centent sigha itigtace 106 and

ool ot itheSRihe bl Bo WHE afl T i SioBd wi K SBICHARM BB s o T1
be bet t eragpneeica 6 sh6tBR. tTiR sutpiot Mislaircuit iS touplabtoldSRMIptidp 388 - 9-
nodel, cell nodel and bit |ine nodel. However, for purposes of the decoder
t he The Q# output of this flip-fiop is coupled to line 31x through an inverter. The signal '
10  on line 31x after additional butfering is the signal waveform 31a of Figure 2. (The
letter "x" is used to indicate that the line is coupled to additional buffering before
becoming the final control line carrying the control signal. Thus, the signal on line
31x after passing through additional buffers (e.g., inverters) becomes the signal
31a on line 31.) | | - o |
15 " TheQ output of the flip-flop 33 is coupled through four inverters to 6ne.'-input
terminal of the NOR gate 44, The other input terminal to this NOR gate receives the
clocking signal. from line 30. The output .'o,f the NOR gaté 44 after passing through ' U
an additional inverter provides the port control signal on line 29. (Often, in the
circuits of Figures 3 and 4, a plurality. of invert_é_rs are used in series. This is done to
20 provide time deléys to the control signals and drive for farge capacitive loads.)
~ TheQ output of the fiip-ﬂdp 33 is also coupled to the series connected
NAND gate 106 and inverter 107 shown within the dotted line 37. These circuit
elements are a mode! of the decoder 11 of Figure_ 1. The modeling technique
employed will be 'baitar understood from the other models, such as the word line



time delay through the two inverters of nodel 37 is the sane as the tine
delay through the decoder 11. The output of the nodel 37 is coupled to the
word |ine nodel 38 and through three inverters to one input term nal of the
NOR gate 34. 5 The other terminal of .the NOR gate 34 receives the Q%
signgl-fromthe flip-flop 33. The output of the gate 34 (line 1 6x) after
addi tional buffering provides the precharge# signal 16a shown in Figure 2.
When the cl ocking signal 30a is applied to the one shot nultivibrator 32 a
single pulse is generated causing the fip-flop 33 to be set independent of
the 10 duration of the signal 30a. Wen this occurs the Q# term nal of
flip-flop 33 drops in potenti al causing_tnf out put of gate 34 torise in
potential, thereby ceasing precharging. The propagation of the Q signal

t hrough nodel 37 and the three inverters coupling the nodel 37 then to gate

34 does not chenedehiael masiehand bt iammedels Hawevey, SorRumoses REthe dssader; the ¢ he

nodel 37, after, pr | S i) .. be di scussed
| at er) reaches tﬂﬁq@&%ﬁﬁ%ﬂ&“&%i\@;ﬂpﬁ@rgﬁﬂﬁ ?'ojg%gg’{%%é"%’z‘gehgeﬁ"pﬂ/ﬁ’% i ne 60.
When thi s occuRtRrough thedoco86iM 112IThé iotipat ofthe aicdlel 32is coupled i thealsradinéloes

not change the output of gate.34. The output fromthis gate does not change

until the trai Imodgl 38@adthroughthteajinuertars tmmeneninpy) teeingl ofithe QB agta 34

th h th | 37 d .t h A . b . ' 34,. Thi
hen causes 3 hd hecinesiomnalr b OB aAE $4 FBas I G bERE R Hrrtgi s, °
precharging. | rprdugtitlol thel daté B2 Wirid 16%) BRérasiditbaal b%’lfeﬁﬂeqeprbﬁa'éﬁfﬂeng of the

read or wite cycle, the delay through the decoder nod 37 causes sone of
theMontrol si gwedchargedi signal 4 6alsbewn jrefiguee @d at the output of the bit line

{hrough t he decoder WHSAdNe GfoBRng Hanal 303 3oolafi s g s bl 24 e
decoder 37 apaloapaiss Hodreidleq LARInG g AFES fo B Gt oA B ar g
- 10 duration of the signal 30a. When this occurs the Q# terminal of flip-flop 33 drops in

potential causing the output of gate 34 to rise in potential, thereby ceasing
precharging. . The propagation of the Q signal through model 37 and the three
inverters coupling the model 37 then to gate 34 does not change the output of gate
34 at this time. The output from the mode! 37, after propagating through other
15 models (as will be discussed later) reaches gate 47 and causes the flip-flop 33 to
be reset via line 60. When this occurs, the Q# terminal rises in potential but this
alone does not change the output df gate 34. The output from this gate does not
change until the trailing edge of the signai from the Q terminal propagates.through
| the model 37 and the three inverters before reaching gate 34. This then causes the
20 output of the gate to drop in potential initiating precharging. |
Importantly, it should be no'ted that at the beginning of the read or write
cycle, the delay through the decoder model 37 causes some of the control signals,
such as those generated at the output of the bit line model detector 42 (line
17x/18x) to be delayed because of the delay through the decoder model when the



cycle at the output of gate 34. (The leading and trailing edges of the
output of the flip-flop 33 are each del ayed.) Therefore, the delay of the
nodel 37 and other 5 delays associated with other nodels are used twnce in
a given cycle, once when the flip-flop 33 is set and again when it is reset
to assist, for exanple, in providing |leading and trailing edges to the
control S|gnals shown in Figure 2. Also the delay through the nodels is
used to reset the flip-flop 33. The output of the decoder nodel 37 is
coupled to a word Iine nodel 38. The 10 word |line nodel shall be described
in conjunction wwth Figure 5. The output of the word |line nodel is coupled
to acell read nodel 41 and to a cell wite nodel 49. In the currently
preferred enbodi ment of the present hpventlon t he decoder nodel and word

|l i ne nodel are used for the generation of both the read and wite control

si gnal s. i5Mgg §8ris séth%i’lté"élﬁi eﬁﬁee?élembﬁtﬂdms-fngpéstsSreaapkheabta ynodel s for 15

generating some of ‘the control signals readi ng and writing. Moreover,
during vxthrﬂugthadmdee%@gamlethmamestom&ay the imttatteno&tha chargene read

I h f.th fo] 8 I |
" Cad mocBioes thipUpF &t it oo eacigorine aling s BFIDE o ofiBel, °) Tne”

read no ggad’e | t ':ﬁea; 'l during 20
r eadi ngdgé ﬂ\%ﬁ(élscﬁL Ieaescrl ed rrgttegﬁlbnﬁ?tﬁglagpégﬂ?fg‘tb?%ln 'ﬂt}ﬂh&ﬁl ne detector
nmodel 42detayscasspb|etéctw|ttt tther mobels aralusadiwicesind given tycls oneasvhendel . The

out put of this npdel | ed to one input termnal of the NOR gate 47
and al so‘hﬁrf%ﬂ%?‘!fsﬂ@ﬁi g‘ﬁ whendt is feget t £§5§9§\1'9h9m@? IRRVIFIRGg provi des

the Contfe?&gg'agﬂ mé%?tg Fptgne%@n%lf [ Ehotn in Oﬁgzg%wseqeléfe word

| i ne node ace vvrlterm
coupl ed theoughlthé ntddals lmseétmdalthdﬂnpvﬂopcss i s different than nodel 40 The
output of the cell wite nodel 49 is _coupled dlrectlytothe gate 47. A

write enable Theputputof thafacoder madel 32 is ecto § werd\inereal @8sdheThi s gate
5 al 59 IR l‘ﬁSStn&%? shaiPbd BéLcrBbd td &dtjdrdcibn WA Fidife 81 ¥ outiut 9fihe SO

provides one 1 n
word line model is coupled to a cell read model 41 and to a cell write model 49. In

the currently preterred embodiment of the present inventu_on. the decoder mode!
and Wbrd line mbdel are used for thie generation of both the read and write control
ssgnals However there are separate bit line modets and cell models for
15 generatmg some of the control signals for reading and writing. Moreover, during
writing a wnte device model 43 is used.
In the case of the read cycle tnmmg circuits, the output of the word line mode!
38 centrols a cell read model 41 which is coupled to a bit line read model 40.. The
bit line read model and cell read model "duplicate” the bit line and cell during
20 readmg as will be descnbed later in the application. A bit line detector model 42 is
. eoupled to the cell read model and bit line read model. The output of this model is
coupled to one mp_ut_ termmal of the NOR gate 47 and also provides a signal on line

17x/18x which after buﬁertng ptoVides' the control signals 17a and 18a of Figure 2.



to gate 54. After this signal has passed through inverters 118 and 119, it
is coupled to the other input terminal of gate 54. The output of inverter
119 is coupled to one additional inverter 120 and then is coupled to the
witedriver nodel 43. The conpl enent of the signal on line 57 is coupled
to theg cell read nodel and as will be 1 0 seen fromFigure 4, this signa
Is also coupled to the nodel 40 and used to prevent activation of these
nodel s during a wite cycle. The output of the gate 54 provides the wite
pul se after buffering (signal 25a). PREFERRED EMBODI MENTS OF THE PRESENT

I NVENTI ON The present invention is used in a cache nenory. This nenory has
two 15 sections, a data section and an instruction section. Each of these
sections has two arrays, one for storing data/instructions and the other.
for storing tag information. Each array of each section has its own timng
circuits such as shEbmomﬁUFPfgm wordilingrmode! 38lisaisp ceupledtoa eefwviiteanodal 48 e 4

h f, h Th h
L ng cf reur't s ReReliEborlaRL b ie R mddhf o8 W SRR, el B e e
bei ng the nunbepheQutrif 6t thael With madélhvg .bbéudxémardmyiai thegate A-he read and

wite nodes. The data tag array has 128 cells coupled to each bit line. Its
bit |ine nodel for Alwite eaablersignalis appl®d taone input okthe M@Jgue@o, Thisigata

ot e, O1 6 udisd mhs e 2 SfuCa bR &, 1oyl of fire SR e e A"
devices in its t@b&te'ﬂ”@\ﬂ@r'&ﬁu?svﬁﬁﬁ@‘as ph8sad m?auwweaarstﬁ@ a’a‘{drﬂb iwsseobafea

cells coupled to each bit I'ine’ It uses 16 devices In its bit [ine read
modet’ and 64 ddo theeatheninput serfriinal bf gate Wi t Enenaulput of iNverteniSrisicoupted taronay has

bre 1 Tne road aduprelveder 2% shg duin s cBiRed B mplwrty i pdcbLesdne ' s,
I n each I nst anggmplgifenk bf the! 26 ndTSPR couioR 16 87 G rEaRokBOERd LW Teu

bit lines in that the act ual I 1 nes have
' 10 seen from Figure 4, thls sngnal is also coupled to the model 40 and used to prevent
activation of these models during a write cycle. The output of the gate 54 provides |
the write pulse after buffering (signal 25a). |
| PREFERRED EMBODIMENTS OF THE PRESENT INVENTION
The present invention is used in a cache memory. This memory has two
15 sections, a data section and an instruction section. Each of these sections has two
arrays, one for storing data/instructjons and the other for storing tag information.
Each array of each section has its own timing circuits such as shown in Figures 3
and 4. The specific circuit of Figure 4 is tl';e timing circuit for the tag array of the
data -section_. The other timing circuits are substantially the same, with the primary
20 differsnce being the number of devices used in the bit line models for the read .and
~ write modes. - , '
The data tag array has 1 28 cells coupled to each bit line. Its bit line model
for the read mode uses 32 devices (see Figure 6), and 64 devices for the write
mode. The data array has 256 cells cbupled to each bit line; it uses 64 devices in



nore devices coupled to them WORD LINE AND BI T LI NE MODELS The word 1ine
nodel (nodel 38 of Figures 3 and 4) is a full scale nodel. It is 10 thus a
duplicate of the actual word line used in the arrays. It consists of a line
72 shown in Figure 5 with a plurality of transistors coupled to the |iné
such as transistors 69, 70 and 71. In the currently preferred enbodinent, ..
the word line itself is fabricated from polycrystalline silicon ded.
(polysilicon); the resistance inherent in this line is shown as resistor
73. The sane resistance is present in the nodel of 15 the word |ine. Each
of the transistors connected to the word |ine nodel such as transistor 69
is the sane size (i.e., channel width and | ength dinmensions) as the sel ect
transi stors coupled to the word line. That is,qahe transistors in the node
are the same size as transistor 19 of Figure 1. There are two transistors
in the word I'i s bitdie Ireacbmpdeldand64 devices2n its bitdine Writeod6IOTHBGAAACtSH {dge
word line since, as. 20 shown in Figure 1, a cell is selected through a
pair of transi $N@ydas 128 celis couplegit WGB’N@# dit uses-16devices]ia @is bitdine reador s

Con Saphct & an B b4 Bplidd Bt B futRloh o s e SR

capaci tance vaicogsled fo éath ottt \bRlling® BRd i uBES 80 dbViedS ifl 18 bitdind i E%&ﬁsgé\%%dﬁ
- ordi nary process variations. Inportantly, variations are mat

- variation8 i 168 deviges in ifsi bitdingowrite "!qdﬂbeThusemrawblmstmcbaihalbndhedvm t he

sane die with C nodel of _Figure

i ncl udes a pl u?‘gﬁeﬁ érgg L?@gﬁgﬁs?‘é%{% EB‘W’P‘&HEWH Gf';‘saqéﬂ‘?d'" ﬁhEYﬁJpI ed
to line 75. Thmmﬂewmtertmmal of each 5 transistor. is coupled tou
ground and the other termnal of each transistor is coupled to |ine 75. -

These n-channel transistors WQRBR LINEAANR BITILINE MODELS 1 and hence,
duplicate the | Oad'ﬂ%tg_grd IJ;\S :H&b%‘?bﬁoée?ga O?ngres% ancP-Jl) lsafafsca'laésmggglt Iltolged

- fewer of

”.

10 thus a duplicate of the actual word line used in the arrays. It consists of a line 72
- shpv)h in Figure 5 with a plurality of transistors coupled to the line such as
”transistors 69, 70 and 71. In the currently preferred embodiment, the word line

itself is fabricated from polycrystalline silicon (poly_silicon);-the resistance inherent
in this line is shown as resistor 73. The same resistance is present in the model of - :

_15 the'vvord line. Each of the transistors connected to the word line mode! such as ;
transistor 69 is the same size (i.e., channel width and. length dimensions) as the
select transistors coypled to the word line. That is, the transistors in the model are
the same size as transistor 19 of Figure 1. There are two transistors in the word
line model coupled to line 72 for each cell connected to the word line since, as

20 shownin Figure 1, acell is selected through a pair of transistors. ' (For a 128 bit
wide word, there are 256 transistors coupled to each word line.) Therefore, the
w::rd_Iinb model pfo‘vides the same capacitance as an actual word fine in the array. |
Note that this capacitance varies in the actual memory array from die to die

because of ordinary process variations. Importantly, variations are matched by



these transistors are used in the bit line nodels than is found in the
actual array, that is, they are scaled down. The bit |ine nodel of Figure 6
i ssused .for the bit line 10 read nodel 40 and the bit line read nodel 48-
of Figure 4. PREFERRED EMBODI MENT OF FI GURE 4 Referring now to Figure 4 the
one 5th'32 and flip-flop 33 of Figure 3 is shown within the dotted |ines
32-33." The input line 30 is coupled through three inverters 75, 76 and 77, .
t here bei ng capacitance | oading at the output of each of 15 these
inverters. The inverter 77 is coupled to the gate of the n-channel

transi stor SQ The enable signal is coupled to the gate of the n-channel .
transistor 81. Line 30 is also common with t gate of the n-channel

transi stor 79. The reset signal fromthe gate 47 is coupled to the gate of
t he p-channel transistor 78. Transistors 78, 79, 80 and 81 are coupled in
series. A | at charatioheinthe woyd lifeemodelisiricertse Biddalis fébdicatéd onithé sarme di@ witit put
bei ng provided by the output of the inverter 84 and the Q# output by the
output of the h@ASYALFAGhE MEMAY} | ne 29x |s coupled to the Qoutput of the

flip-flop. through t ' : | ' [rS ethed is again
effectively ANDed vﬁﬁ%‘%ﬁ?‘%@&fﬂﬂ%i%ﬁ%ﬁQpﬁ@w?igggisgrizuéﬁggsassure '
t hat the si gnafrarifistored3 andt 740coupleditoliine 25 The ghtecindrumesenmindl of sagh esent .

The signal on line 31x is the Q¢ output of the flip-flaop after passin

Lhr ough an § nvERRSitOr 8 coupled 1o giund,ad the other nrminl oL past ransiekergh FeuRled; ¢
Its out put cougl I i : ; et ' 16x.
The |ine 16x :J{sa@gufgpﬂétg Ern ﬁéﬁﬁél%@ﬁ%@&ﬁ%@ﬁg&@bﬁ t8 g':..g ree{gggrt'deho t he
p- chehnel tr andiplicate thé lbatingof the uhseldetedoells on arbit! lini As méntiohed,feweradf on

| ine 18x. The output of the Inverter 105 maintains this signal inits
i nacti ve st at ethgs® Irapsistae qipused jAdhe bit line models than is found in the actual array,

that is, they are scaled down. The bit line model of Figure 6 is used for the bit line
10 read model 40 and the bit line read mode! 48 of Figure 4.
PREFERRED EMBODIMENT OF FIGURE 4
Referring now to Figure 4 the one shot 32 and flip-fiop 33 of Figure 3 is
shown within the dotted lines 32-33. The input line 30 is coupled through ihree
~ inverters 75, 76 and 77, there being capacitance loading at the output of each of
15 these inverters. The inverter 77 is coupled to the gate of the n-channel transistor
80. The enable signal is coupled to the gate of the n-channel transistor 81. Line
&J - . 30is also common with the gate of the ri-ghannel transistor 79. The reset signal
from the gate 47 is coupled to the gate of the p-channel transistor 78. Transistors
78, 79, 80 and 81 are coupled in series. A latch is formed by the inverters 83 and
20 84 with the Q output being provided by the output of the inverter 84 and the Q#
output by the output of the inverter 83. | .
| The fine 29x is coupled to the Q output of the flip-flop through three inverters.
As shown in Figure 3, this line is again effectively ANDed with the clocking signal at



10 The Q output fromthe flip-flop 33 is coupled to one input
termnal of NAND gates 106 and 50. The decoder nodel conprises the NAND
gate 106 and inverter 107. Its output is coupled to the word |ine nodel 38
shown in Figure 5 and al so through three inverters to the other input
termnal of the gate 34. The Q% output of the flip-flop 33 is also used to:
precharge the bit line read 15 nopdel 40 and the cell read nodel 41. Thi e
is done through the NOR gate 86 which receives as one input the Q% output
of the flip-flop 33. The output of the gate 86 is coupled through two
inverters to line 89. The bit line read nodel 40 Is charged through

transi stor 90. The tell read nodel is-acthivated through transistor 91 which
is also coupled to Iine 89. The signal on line 89 precharges the bit line
model 20 when it is |low and then activates the cell read nodel through

t ransi st gated44 tohassureg that thesignab@8 does notochuruniessahe clotking Bighalisne r ead

nmodel and cell read nodel are not activated during wite cycles since the
signal oP"®$8% 57 is coupled to the other input terminal of the gate 86. .
- 15 - The ﬁggﬁgﬁ ransi st or
92 to dupli ca.trgéltgﬁgé'se ‘éﬁg@gﬁygﬁ %ﬁgf’{ Eﬂtlg:tlﬁﬁlgpganffg% hﬂ%l ne during .
readi ng. ahfineerter.n the cell read nodel 41 transistor 92 is a scaled up

version of the select transistor whjle transistor 91 is a scaled up version

of on® of the haﬁﬂﬁrﬁﬁe'ﬁ agaigshowndn Eigyre 4 yith its qutpyt coypled throughe cel | read

nodel p \ I le de an out put.
o gnal "wiifusrisre 106 s §01 {elprbiiGe e irle 8. {YRASnENBR e Sl MEGHENCC 27, SO
cycle themklrtbrdwmaﬁmhs toARe atef of tivé pchanrise transistot TeMtodirevib@ttged t hr ough ()
the cell read nodel conprising transistors 91 and 92. The bit |ine nodel

det ect or sgpsfpamplifier sirebe sigaakasyline\Gy. Thewutpw ofithe invarer 105 maintains nodel
provi des unt of drive as an actual cell
in the at’&if'g%géé% 5%'(?& %ﬁi\%‘é’idg ét“}'@s y in the same manner as the
char qet eri sti The €&f outputdromifrle flietiop 33 is coupled to one input terminal of NAND

gates 106 and 50. The decoder model comprises the NAND gate 106 and inverter

107. Its output is coupled to the word line mode! 38 shown in Figure 5 and also
through three inverters to the other input terminal of the gate 34.
The Q# output of the flip-flop 33 is also used to precharge the bit line read
15  model 40 and the cell read model 41. This is done through the NOR gate:86 which
ré,beive's as 'onejinput the Q# output of the flip-flop 33. The output of the gate 86 is
| coupled througﬁ two inveneré to Iin'e 89. The bit line read model 40 is charged
through transistor 90. The cell read m’ode'l is_activated through transistor 9_1 which
is also coupled to line 89. The signal on line 89 precharges the bit line model
20 when itis low and then activates the cell read model through transistor 91 when it
transitions to its high state. The bit line read model and cell read model are not
activated during write cycles since the éig_na] on line 57 is coupled to the other

input terminal of the gate 86.



since it is processed on the sane die. Because of the increased drive and
since the read bit |ine nodel 40 has | ess capacitance than an actual bit
lifhe, the signal resulting at the input to the inverter 108 is greater than
the signal that appears on 15 the actual bit line in the array. This

al | owgs t he detector (inverters 108, 109, and 1 10) to be relatively sinple.
The fact that nore signal is present allows for easy detection and a
faster, nore reliable generation of the timng signal. The output of
inverter 110 is coupled to one input termnal of the gate 47 to provide the
reset signal during the read node and is coupled through two inverters 20
to gate 111 . The output of gate 111 is coupled through a plurality of
inverters to provide the isolation signal 17a¥ronTline 17x. The wite

sel ect signal, as pgentioned, is lied tqQ Line 57 during wiite nodes. This -
iilgna[rh! s coupl ed {88 P}‘l’@“%ﬁft‘@? ng 'Fﬁ@?ﬁ?%f%‘ﬁgﬂaﬁé*é@"gﬁwéﬁéé‘?Q“R"Satlei ][le -
: is sigpal : : of
the 11 p. e iBctl o1 o o P e UG iy Soadthed TS th O dbPRC 1
wite node andnddehét, transistorio2tisn stalad ap verston ¢fithd sélbet ttansistor whilew | t e nodel
48 is charged. Wen the wite node |s sel ecie d, transistor 112 is turned

of f and the wifahgisigf P} és aserled HB."ﬁ'§i°§cR‘ o0eL 3557""@'?89'5‘[%&}“%9' ¥ecel113 and
the signal gon n%bmeﬁi c%,msquaﬁgagﬁgé ~dhi8" 1 thé Bft like: aétméﬁab?o RSidyr i te
ry tor [ 'y

driving cirecui rrving "' nes, particular e clrcurtry

associ ated wi tgn dufsutisignar whith &Scoapibdiio sthesinpitf tHeinedndriig8s Outing alread el |
wri;ite nodel conprises transistors.95 and 96 and.the inverters 97 and 98.
The~rodel

i s cMelpdhaibit ine, mgrel40p dirst charged and thenischarged dhioughy thercellt he

nodel 49 is c . L aho . | duplicate
the sel ect 10%'?‘#gﬂ%%‘?ﬂ‘&?‘?ﬁﬁ@é@ﬁg.éfgﬁ‘#?é'i !ﬁ?ggr‘@gg‘ﬁ?gﬁ%@he Pn_verters
97 and 98.- Thexoimprisés e idviditerso1 68; 109 &he 110N The ebll rdatmdtit provies” by a data

signal and the output of this inverter through the gate 4/ provides a reset
si gnal to 1he appraximately twe timesthsyampunt of drive as an actual cell in the array. Again,

its characteristics vary in the same manner as the charactéristics of an actual cell
since it is processed on the same die. Because of the increased drive and since
the read bit line mode! 40 has less capacitance than an actual bit line, the signal
resulting at the input to the inverter 108 is greater than the signal that appears on
15 the actual bit line in the array. This allows the detector (inverters 108, 109, and
110) to be relatively simple. The fact that more signal is present allows for easy
detection and a faster, more reliable generation of the timing signal.
The output of inverter 110 is ooupléd to one input terminal of the gate 47 to
provide the reset signal during the read mode and is coupled through two inverters
20 o gate 111. The output of gate 111 is coupled through a plurality of inverters to
provide the isolation signal 17a from line 17x. _
The write select signal, as mentioned, is applied to line 57 during write |
modes. This signal is coupled to the gate 50 and 'the_n through three inverters to
line 113. This signal is effectively gated through gate 50 by the Q output of the flip-



wite node. The signal on |ine 57 through gate 50 and a del ayed version of {
this signal (delayed by inverters 118 and 119) are coupled to the gate 54.
The output 1 5 of gate 50 provides the wite select signal 25a (line’ 25x).
The inputs to gate 54 are also coupled to the inputs of gate 117. The °
out put of gate 117 through gate 111 and three inverters provide the

I sol ation signal during the wite node. During the wite nobde, as _ kw3
mentioned, the bit line wite nodel 48 is scaled 20 down conpared to the
actual line. The wite drive nodel 43 is also scaled down. The signal o

wavef orm seen, for exanple, at the input to gate 116 duplicates the actual
wavefornms found in the array since the scaling down of both nodels 43 and.
48 conpensat e one anot her. - 17 - The de 6tay associated with the decoder .
nodel 37 and word |ine nodel 38 is equal ™ he del ays associated with the

act ual sbg 3, mMg.hh%waancew@an m@wﬂ RSP fibrdeSd Wi th the -
e nmodel

bi t I|ne r the cell read nDde SO equ to the del ay
associ at edransistort112 aasmrealhdblthe lbltirte\wmd moziel 48'|Ernrmrgzqh|thn3me6 5 time -
delay is also tru * Thus, the circuit of Flgure4
provi des dB‘Péa)ﬁl &ﬂﬁd Vﬁ“ﬁ'?t% %'ﬂ“l’fﬂ%%?@ﬁé‘?%?’@'& driveimnqdeb43 isal  arr ay.
Since the grhivgibd b me SigRao ife!133/aAb T4 s Jnﬂ THetrdhishdis 1341 U2
arrays, thetlmn cLrcurts w.ll a esane egree and in the

same di& eandort Str;uplicate Gseswriterdrb'tngcuilsum fdn’rm'lvingrthel bit fined, pahticulakiy the
Therefore, for exa%rap if a particular menory has large 10 capacitance

and oper atCieuitny agsagiated yith H%ﬁf"é?ﬁﬁ’t?@ra"ds'@“ﬁhsfq’ 6610f Figyeyti at ed ti i ng
circuitry. Therfgpbf erltesrhgaél'cﬁm%ﬂﬁ I Farlslshiis o5 Hha ob/dh thE verige 717 21 of (J

Fi gure 4 occur prior in trne e cont Sighal's appli e array.
This is n@\dsmr'mesmow,ls mMrwgadrantistbrssgﬂ'hbWbﬁ&mﬁﬁttbltﬁ@S are

. coupled t Omgge? I4t9 IISO go%ple%ut]eftﬁer Iggtges (of trgnsnstors 95 and 96 which dupllcate the select |
10 transistors. The cell itself is represented by the inverters 97 and 98. The inverter
116 deteets when the cell has been "set" by a data signal and the output of this
inverter through the gate 47 pro_vides a reset signal to the flip-flop 33 during the
write_mede. The signal on line 57 through gate 50 and a dela_yed version of this
signal (delaye_d by inverters 118 and 118) are coupled to the gate 54. The ot:tput
15 of gate 50 provndes the write select signal 25a (line 25x). )

The mputs o gate 54 are also coupled to the inputs of gate 117. The output
of gate 117 through gate 111 and three mverters provide the isolation signal during
the write mode. _ |

During the write mode, as menti.one'd. the bit line write model 48 is scaled

20 down compared to the actual Iine. The write drive model 43 is also scaled down.
- The signal wav_efe_rm seen, for example, at the-input 'to gate 116 duplicates the:
actual waveforms f_ot.md in the array since the scéling down of both models 43 and

48 compensate one another.



15 inverters, gates, etc.) before actually being coupled to the array.
Since these signals nmust occur prior in time, the entire operation of the
tisming eircuit although taking the same anount of tine is shifted to an
earlier tinme. This is sinply done by providing | ess delay to the signal on
IlneL;O before it is coupled to the timng circuit. 20 Thus, a
timng circuit has been described which includes a plurality of nDdeIs
i ncludi ng scaled nodels for providing timng signals to a nenory array.
- 18 - CLAIMS 1. Atimng circuit for use in a nenory having a
plurality of menory cells, said timng circuit for providing a plurality of
control signals for controlling reading of_d@gga fromsaid nmenory, said
timng circuit conprising: a bit | i ne nodel conprising a scal ed-down node
of a bit line in said nenory | i ne, nodel haV|ng | ess cq?a0|tance
d.wo

than said bit IineThR @5&9%?&?@99 ”@r‘h@pﬂ?q%meh%i’l‘ [ing medal38 is e
odel for dri Véréﬂl t%athg 'a&s 'aké'@cléi%j@éh by Qb 680 der aﬁ&ﬁ)o'?@h indAg @rrky.OM
qory 3, sal

one said riving neans producing nore signal on

said bl t |ine Theddlay bmciased)bhraimmit iine read chobeltandi the dell réad shod®!li® alkd
detection nmeans coupled to said bit |line nodel for detecting  said

signal,  sai cequaktodie dglay asseaiated miDithn agualbitdae and call o Tihis mvwe!eg@h@fr ation

g a? nme 1of/vh eq rﬁé) Biky s S5PG for tife write modais: ' THUS AN 'ciriit & Figuré 4%5@!5’5

_ delays equal in time to those associated with the real array. Since the circuit of
(% Figure 4 is formed on the same die as the actual arrays, the timing circuits will be
affected to the same degree and in the same direction by process variations as the
circuits of the array. Therefore, for example, if a particular memory has large
10 .wpacitance and operates more slowly than another, so will its associated timing
circuitry. _ _

The control signals on the lines 16x, 17x, 18x, 25x and 51x of Figure 4 6ccur
prior in time to the control signals applied to the array. This iS necessary since, as
mentioned, the signals on these lines are coupled to additional buﬂeri_ng (e.g.;

15 inverters, gates, etc.) before actuaﬂy being coupled to the array. Since these
signals must occur prior in time, the entire operation of the timing circuit although
taking the same amount of time is shifted }o an earlier time. This is simply done by

providing less delay to the signal on line 30 before it is coupled to the timing circuit.

20 Thus, a timing circuit has been described which includes a plurality of

models including scaled models for providing timing signals to a hemow array.



said driving neans includes a cell nodel which is a scal ed up nodel of one

of said menory cells. 3. Atimng circuit as clainmed in daim?2

nDdeI includes a transistor of the same size as a ; N
epnmml mﬁ nsistor in said nmenory cell, said transistor in said cell.

prOW|ang*sa|d driving to said bit |ine nodel by discharging said Kt
I|ne nodel . 4. Atimng circuit as claimed in daim2 including a wor#”
| i ne nmodel conprising a nodel of a werdsl i=ne in said nenory, said word |ine
nodel being coupled to said cell nnggézﬁﬁﬁé-19 5. Atimng circuit as
claimed in ddaim4 including a decod | conprising a nodel of a :
decoder in said nenory, said decoder nodel being coupled to said word line

model . 1. A tinge ehifygl bideugltal fid weﬂlalra%e%o% H\lgn gein

sai d output of said detectiOn nmeans occurs at_a pol nht ore a
corr espondi PUERL ALY 1Bl dmeRery ifellfd ridd y timing owixAuitei fPmUffered

before bm'lkﬁ@ﬂﬂiﬁd hOpiarélﬁtﬁDbf c%ntrol s&ghhﬂhngd¥'daﬁﬁrdiifﬂjﬂn?d in
Claimil mherelﬁ saléggqﬂngé ﬁ§ cac nenor* aV|Qg g taa section ‘and a
dat a secti Oh°& cHEe™ SEEPPS 3 LG TS bt sai d
bit_line nndemgrasdndc|V|ng nmeans. 8. ~Atimng circuit as clainmed in.
Gaiml or Cla'”‘7_a bit line model comprising a scaled-down model

of a bit line in said memory, said bit line model having

less capacitance than said bit line in said memory;

driving means coupled to said bit line model for N o

dr1v1ng said bit line model to dupllcate readlng of data
from one of said memory cells, . sa1d driving means
producing more signal on said bit 1line model than is
obtained on said bit line in said memory; -

detection means coupled to said bit line model
for detecting said signal, said detection means
providing an output used in the generatlon of one of
said control 51gnals.

2. | A timing circuit as claimed in Claim 1" wherein
said driving means includes a cell model which is a
scaled up model of one of said memory cells._

3. A timing circuit as claimed in Claim 2 wherein
said cell model includes a transistor of the same size
as a corresponding transistor in said memory cell, said
transistor in said cell model providing said driving to
said bit line model by discharging said bit line model.

4. A timing circuit as claimed in Claim 2 inclﬁding
a word line model comprising a model of a word line in
said memory, said word line model being coupled to said
cell model. '

{



wherein said bit |ine nodel conprises a plurality of field-effect ——————
transistors coupled to a line; each of said transistors corresponding in

Skze ta transistors in said menory cells which couple said c ‘" “m\m“w“““\
bit ljne. 9. Atimng circuit for use in a nenory haV|n$| ‘“

.of’mggnry cells, said timng circuit for providing a plurality of cbnttol
signals to control accessing of sai d nmenory, sai d timng

circuit conprising: a first bit line nodeT #3r~providing a nodel of a bit
line in said nenory during reading of data fromsaid nenory; first driving

Todel Lo tupl i cale. readPnd B, CIMEHTE &5 £ IAGEEIA A piBorfgny "°
nodel for provi ¢ rdecodedenodel comp2dsingaiad meidell iofe 3 rdecodereinr gaid
during writing cﬁend@é,a, . amasaiébmra{odéfcmng] a/%ﬁ;?l{@a% %‘}F& tegoka

said second bit ljine 'nodel, for driving sald sec

duplicate witi ng %41nto said nenory; buffering circuits coupled to
said first and second driving means for providing at |east one of said
control S|gnalssful A tf%{ng c gﬂ{é*%é c aggéénfg 8¥a§%3£”83 &@gggl

wherein said output of said detection means occurs at a
point in time before a corresponding output would occur
in said memory, said output being buffered before being
applied to said memory.

7. A timing circuit as claimed in Claim 1 wherein
said memory is a cache memory having a tag section and a
data section and wherein each of said sections has a
different one of said bit line models and driving means.

8. A timing circuit as claimed in Claim 1 or Claim 7
wherein said bit line model comprises a plurality of
field-effect transistors coupled to a line; each of said
transistors corresponding in size to transistors in said
memory cells which couple said cells to said bit line.

L,f 9. A timing circuit for use in a memory having a
| plurality of memory cells, said timing circuit for
providing a plurality of control signals to control
accessing of said memory, said timing circuit
comprising:
a first bit line model for prov1d1ng a model of
a bit 11ne in said memory during reading of data from
said memory;
first driving means coupled to said first bit
line model, for driving said first bit line model to -
duplicate reading of data from said memory;
| a second bit line model for providing a model of



—sairdTTTst bit line nodel is a scal ed-down model of said bit line in said
n said first driving means produces nore signal on.said

mu“‘lﬂ‘“\\m del than is obtained on said bit line in said nenory. -11."
réuit as defined by ains 9 or 10 including a word |ine nodel.-

€ ng Y
conpri sing
bei ng coupl

timng circuit for use in.a nmenory havhgg-a plurality

a model of a word line in said menory, said word |ine nodel 7.
of menory cell’s,

ed to both said first and second driving neans. 12.

said timng circuit for providing a plurality of control signals for
controlling witing of data into said nmenory, said timng circuit

conpri si ng:saidibiti hitnevinl saddpmenbry durdagedurdtingrodeldadfa dntid

in said ne
line in sai

approxi mately equal t he correspondi.n
Licate wyitipg; efifgkandRhe EBdP BEMEEYSa] d blt li ne nodel

sai Bufseging, cirdilks deicupled tesea@&wrm/ixebtﬂgam out put

during wit
for _detecting
used in thes

l'i ne

A néhdrpit 1ine nodel having | ess capacitance than said bit
nennry, fiving neans coupled to said bit |ine model for
driving said bit |isecandefrivingpmesnse caunlied) o said setondabd trenor y,

said drivi r:glﬁ@aﬂsaarlov'fwgafﬁaaaalsai%/eéeean&abﬁtb' tiﬂé nﬁoaeﬂetto

rﬁﬁaéffelng %%%%E %%r providing at least one of said
control slgnals.

10. A timing circuit as defined by Claim 9 wherein

said first bit line model is a scaled-down model of said
bit line in s;id memory_and_wherein"said'first driving

means produces more'signal_on said'first bit line model

‘than is obtained on said bit line in said memory.

11. A timing circuit as defined by Claims 9 or 10
including a word line model compriSingja model of a word
line in said-memory, said word line model being coupled
to both said first and second driving means.

12, Y timing circuit for use in a memory haVing a

plurality of memory cells, said timing circuit for

providing a plurality of control signals for controlling

writing_of data into said memory, said timing ‘circuit

comprising:

a bit line model comprising a scaled-down model
of a bit line in said memory, said bit lihe_model having
less capacitance than said bit line in said memory;

driving means coupled to said bit line model for
driving said bit line model to duplicate writing of data
into said memory, said driving means prov1ding a signal
level on said bit line model approxlmately equal to the
corresponding signal 1level in sa1d_ memory during
writing; S -

eve said nmenory

el

*



of said control signals. 13. Atimng circuit as defined aim
12-including a cell nodel conprising a nodel of one of said nenory cells,

COVRLFT 60 aet inod by O arm 52 whorein sar o bre 1 rne model oMMl Wﬂlﬂﬁﬂlll”lll

plu%glity of field- effect transistors coupled to a line; each df <ai 8
‘transistors corresponding in size to transistors in said nenory cells which
couple said cells to said bit line. 15. = 21A-tining circuit for use in a
menory having a plurality of nennry cells, said timng circuit for
providing a plurality of _cont nal s for controllln readl of d$a§

fromsaid nenory or wit3Rges 188t§ Ss YRS P oFaé Rt 9
menory, substantfer | ymed‘lﬁlm nbeapae si@wm,bedsai\dt hdertxﬁcaﬁ&me meéanst he

acconpanyi ng dr%&@é@@ﬁiug an output used in the generation at least one
' of said control signals.

13. A timing circuit as defined by Claim 12
including a cell model comprising a model of one of said -
memory cells, coupled to said bit line model and said
driving means.

14. A timing circuit as defined by Claim 12 wherein
said bit 1line model comprises a plurality of field-
effect transistors coupled to a 1line; each of said
transistors corresponding in size to transistors in said
memory cells which couple said cells to said bit line.

15. A timing circuit for use in a memory having a
plﬁ}ality of memory cells, said timing circuit for
providing a plurality of control signals for controlling
reading of data from said memory or writing of data to
said memory or accessing of said memory, substantially
_ as hereinbefore described with reference to the
W, accompanying drawings,'




