2139033 - 1- "A nenory device" 5 The present invention relates to a
menory device and, nore particularly, to a programble read-only nenory
devi ce. RAMs (random access Menories) and ROVs (read-only 10 menori es)
are nenory devices which are used in a variety of electronic i91 uch
as el ectronic conputers. ROVs include PROVs (progranmabl e ROVE),” one type of
ch is a bipolar PROM As is well known in the art, PROVW are divided 15
into those using fuses and those using.dpodes. In the fornmer type g
data is witten by applying a constant voltage of several volts to
fuse made of polysilicon or nichrome. In the |latter type of PROM on e
ot her hand, the data witing operation 20 I s conducted bit by bit by
destroying PN junctions mkth.constgg;gﬁﬁg e ghses of a pulse wdth of
about 10 psecs. As a result, the P cannot have their data erased once
the'data are witten. Sem conductor nenory devices are used w dely, not 25
only in mcroconputers and m ni conputers, but also in -2- large-scale
conputers, their capacities and, speed :

5 The present invention relates to a memory device

and, more particularly, to0 a programable read-only
memory - device. | o -
RAMs (random access tiemories) and ROMs (read-only
10 memories) are memory devices which are gsed in a variety
of electronic machines such as electronic computers.
ROMs include PROMs (programable'ROMs), one type of
which is a bipolar PROM, . '
As is well known in the art, PROMs are divided
15 iﬁto those using fuées and those using diodes. In-
the_former type of PROM, data is written by applying
a constant voltage of several volts to melt a fuse .
made of polysilicon or nichrome. In the latter type |
y of PROM, on the other hand, the dafa writing'operation
20 is conducted bit by bit by destroying PN junctions with
constant-current pulsés of a pulse width of about 10 |
usecs. As a result, the PROMs cannot have their data
erased once the data are written.
Semiconductor memory deviées are used widely, not

25 only in microcomputers énd'minicomputers, but also in



* thereof 7

continue to increase, and their power consunption decrease. Wth this

I ncrease in capacity and speed, the conponents of the sem conductor nenory
devices 5 . are reduced further in size so that the fabrication process
‘begones even nore conplex. Even a slight difference in the

f abri cgtii’ey) process conditions neans that the conpleted prdducts have .
vari ati\o in their characteristics, and fail to neet their desired 10 N~
characteristics. This nakes it'h@déssary to check whether or not the

product has characteristics satisfying the desired specifications, after

t he pr Qditgie-istad@ncomipritaa-sgndhadiroicapdciitd eshigpde dpledt he user. For

exanple, it is necessary to check whether or not the 15 access tine

(i".e., cdntimue tontiercraasie pard cheaist powerh consumpriion speci fyi ng an

address is given, to the instant when the data stored in the predeterm ned
menor y degirtease . e¥d thutthisedneneas e dquicapacdiyr and speiedt,i cs. As has been
descri bed above, however, since 20 no data can be witten into the PROM
bef or e tige cogponeds iof e Semicondisitonamemanyt deyicesdat a, whet her or

nQt the access tine of _.a PRCM has the desired value cannot be checked when

tiRe pr @R Feducs Fugither Wi Size, 50 rtg'leo%b?&&%i&ﬂed a system 25 s
by whi (f:r}:'otche%sc 3T wadcties e Go e ’co% ROV g o -3

slight difference in the fabrication process conditions
means thaf the comﬁleted products have variations in
their characteristics, and fail to meet their desired

10 characteristics. This makes it nécessary tb check
whether or not the product has characteristics satisfying
the desired specifications, aftef the producflis com-
pleted and beforé it is shipped.to the user. For
example, it is necessary to check whether or not the

15 access time (i.e., the time interval from_the instant
when an input specifying an address is giveﬁ, to the
instant when the data stored in the predetermined
memory cell is read out) meets the required charac— _ 5;4
teristics. As has been described abqvé, howéver, sincé

20 no data can be written into the PROM before the user

uses it, after the user have written in data, whether
or not the access time of a PROM has the desired valué
cannot be checked when the product is completed. .
We - have, therefofe, developed a system
25 by which the characteristics are checked, by providing



a checking mermory cell which is separate fromthe nmenory cell used by t he

user “and which has data witten into it in advance at the fabricai

stage, and by using that-checking nmenory cell. Fig. 1 is a sche

circuit 5 di agramof a portion of a sem conductor nenory de
previ ously devel oped by us. The checking method will be describe

re erence to Fig. 1 of the acconpanying drawi ngs. Menory cells C1,

th.

[err],[err], [err], [err], [err], C6, Cr 3C8 and [err] are provided so as
to intersect 10 wor d Iines [err] , [err] and [err] and bit lines [err] ,

d I :
o and [err] afe c&sg% Sﬁsﬁ‘é@'&“ SsTaoePaetons LeRirate 250h.thE Bemord, |
cr7 and Lerr] pidyde &S 2l s BhC nusclata wgsr%ssdimeottﬂe
user. rrng i'ng, voltage signa about 8 V

supplled to a wer Gdvapide éta%ﬁeafebkiba&&bantigeévahaasy Leyak ehat Vis

that used in the checking, two values of 0 V V are supplied when the

user i s using chedRRaY memolydcell.t h@ighr ashiel d sehengtic2@ircutfc
inverters IVl and IV5 are set at 7 V, and those of inverters 1V2, V3, 1V,
I'V6, |V7 &nd | \dd aprah 5fVa ibetientoﬁgaobeuﬁeomhue$bwlmemorvageylob t hese
inverters at different values is designed to prevent the user reading the
data written i previchsly Hevddiopgd homuesy Bbé |cheglsing Wﬂh@lﬂ‘a%f acture of the
PROM

described with reference to Fig. 1 of the acoompanymg dram.ngs.v
o Memory cells °1’ Gy O3, €y Cs; '
C6, s Cg and 09 are provided so as to intersect
10 word lines ﬁ!ﬁ Xﬂ and Xi% ‘and bit lines Ye, Yﬂ and
YEB. Of these memory cells, memory cells Ciy C 29 3,
06 and C9 are used for checking operations and memory
‘cells C 5, C7 and Cg provide memory circuits which
are used as reguired by the user.
15 During the checking, a voltage signal of about
8 V is supplied to a ﬁord input X and a bit input Y,
The voltage level of 8 V is that used in the checking, .
two values of O V ard 3 V are supplied when the user
: is using the PROM. In Fig. 1, the threshold voltages
20 of inverters IV, and IVé are set at 7 V, and those of

inverters IV,, IV, iv,, Ivg, IV, and IVg at 1.5 V.

4L?
The setting of the threshold voltages of these inverters
at different values is designed to prevent the user

reading the data written into the checking memory cells

25 by the manufacture of the PROM.



-4- A nethod of selecting the directions of- the word |ines of the checking
menory cells will now be described. Wien the voltage signal of 8 Vis

[ ‘through the word input X and the bit input Y, the output of the 5
6% 1 forming a checking circuit 1 goes low and the output of the
AV2 goes high. As a result, the output of a word driver A goes
high so that the word line [err] is selected. It should be noted that the
word lines and bit lines are seljected when they 10 go hi gh. The word
lines [err] and [err] are not selected. Simlarly, the output of the

I nverter :% ng%&l%ghg&g%%%%t%?g i onOVBf thé qie output of the

I nverter goes  hi e I nverter | al so goes | ow

, and if'ﬁe?%f%h@f'cﬁbéidrg%éﬁérﬁf’cené\(&mwi‘ﬂ@-dﬁcﬁﬁt@}“t’ the

input termnal a of-an AND circuit All goes low .. The input termnals a

and b yheRMtRODr61ltage tsdraohi gy mwhpﬂmme&m%we&rye the outputs of
e

the AND circuits [err] and [err] are fixed at the |ow |l evel irrespective
whet hewotdeinpirt R0and wthé tigint | inpure Yipnthey aetpst @f aktle C2 is at the | evel
"1" or "O'. Since the input termnal a of an AND circuit Al3 is high on
tHe othevehien, IV{eformingtarateckhingechremily baf9esT3law extracted fromthe
output of the AND circuit [err], and is further ogutput 25 t hrough an OR
circuit 01. ThusangéhBheAEtpytige tRevkgverter IV, goes high ,

As a result, the output of a word
driver A, goes high so that the word line X£ is selected. ]
" — .
It should be noted that the word lines and bit lines are selected when they

Nz

10 go high. The word lines X.qz and X-93 are not selected.
Similarly, the 'outpu:l: of the inverter IV5 forming
a check circuit 2 goes . low, and the output of the
inverter IVy goes high . The loutput of the inverter
IV.7 also goes . low , and the output of the inverter
15 IV8 goes high., As a result, the input terminal a2 of-an
" AND cireuit A4, goes low .. The input terminals a
and b of an AND cireuit Ay, go high . and . ;I.éw. ,
respectively, the outputs of the AND circuits A4 and A,
are fixed at the low level irrespective whether the data .
20  written in the memory cells C, and C, is at the level
wle op WQM, Since the input terminal a of an AND
circuit A3 is high  on the other hand, the data
stored in the memory cell C3 is extracted from the
output of the AND circuit A s, and is further output
25 through an OR circuit O;. Thus, the data in the memory



cell Cqis read out. In each-menory cett, the state 3 in which either the
fuse is nelted or the diode is destroyed corresponds to the IeveI " ", and
t he .undestroyed state thereof corresponds to the |evel "0". \ In
t heyfol | owi ng, when t-he nenory cell [err] is to be checked, the %?

sign® of 8 Vis supplied to the word input X, and a voltage Si
about 3 Vis supplied to the bit input Y. This selects the word line [err]

, as described above. Since the output of the 10 inverter [err] is high
and the output of the inverter 1V8 is sbLso high, on the other hand, the
bit line [err] is selected so that the data in the nenory cell [err] is

read out froabiinecA'\Pscréaalaui:errin Yhen ﬁ@ﬁof‘?”@éﬂce{:ﬁec&téﬁebe' ng

checked, noreover, fhe bit input Y is dropped tdOV, so that the word

l'i ne [er_r] Isnseh.eeheditnei-hehéaﬂesways heltedrort tihe Oiodé D& the inverter
IV is high, and that of the inverter 5 1V6 is | ow. Mor eover, the output

of the inverdestirdyedscobrgbpondsdtdhtheulpvelo?lt heandveheéer |1V8 is 20

| Qw. In this case, the bit line [err], is selected so that the data in
the menory cenﬂeﬁeroyedsstatd 6nerec5nconeespmn@$rte|thalleve@ RO%ngi ng the
vol tage levels of the word input X and the bit input Y. in this manner, data
i s consBcutively IRatheufollewinge Waadr fhecnemory. cel%nczcgs t@d C3 so

that.the_chaﬁgcgﬁéé Lécstﬁl %oftage signal of 8 V is supplied to

U the word input X, and a voltage signal of about 3 V is
supplied to the bit input Y. This selects the word
line Xﬂi,.as described above. Sihce the output of the

10 inverter IVg is high . and the output of the inverter
IVg is also high, on the other hand, the bit line
Yﬂz is selected So that the data in the memory cell 02
is read out from the AND circuif Ay, |
When the memory cell Cl is being checked, moreover,

- 15 the bit input Y is dropped to O V, so that the word ~
line XJ& is selected in the same way. However, the output
of the inverter IV is- high _, and that of the inverter
IVg is low, Moreover, the output of the inverter IV,
is . nigh ', end the output of the inverter IVg is

20 low. °~ In this case, the bit line Y4 is selected so
that the data in the memory cell C; is read out from
the AND circuit Ay,. By changing the voltage levels
of the word input X and the bit input Y in this manner,
data is consecutively read out from the memory cells

25 Cys CZ’ and C3'so that the characteristics of the



nmenory can be checked by measuring the access tines. The description thus
far made concerns the data reading operation in the word line direction

during tje xhecking. The data reading operation in the bit 5 l'ine

directi \g conducted by fixing the bit input Y at the voltage |evel of 8
V, and @witchi ng the voltage d evel of the word input X consecutively to
8V, 3VandO0 V. Wenthe word input Xis 8.V, the word line X and the ™~
bit lineY are selected, as described 10 above, so that the data in

the me | ko 058 ] ch Sl @RCh P U eastittimg Meneveict dsaptinkés.s 3 V, the word
l'i ne [(raﬂri)(rE OPZ ésaeiecte%l o) thatf)the dataéln the menory cell C6 is read out.

Wien the worghénpedcipEidh huhefawmbdé normetnishethis ddtiane Y  are

sel ected so that the data 15 in the nenory cell C9 is read out. This
means thakdifg eopérativn him ctieekiong nksime dixddtgoms dugdngnd C9 can be
consecutively read out. This is the data readi ng operatiaon in the bit line
di rect i theothetleing s cuThe datas'f'%ﬁﬁéld'l& @Rﬁi‘a?sw e Becddd tine to.perform

Lgoﬁ“?ﬁ@eiim@@%% V"’”Jc%#ey C RS R R R & fowing
géngggang g ‘\ég T t %v Lsfa‘?’et%ﬁr %@%%W\f‘ggdt gevbl \t/\/nereas
a vol taggljtgégl lgxpef é/f the WOrd input X consecutively to 8V,
3 V and O V. When the word input X is 8 V, the word
line X-Ql and the bit line Yﬂ} are seléctgd, as described ' \J
10 above, so that the data in the wemory cell Cy is read
out. When the word input X is 3 V, the word line X&,
is selected so tha‘t the data in the memory cell 06 is
read out., When the word input X is OV, the word line
X% and the bit line Y-QB are sélected_so that the data
15 in the memory cell Cqg is read out. This means that
~ the data in the checking memory cells 03, C6 and C9'
can be consecutively read out. This is the data reading
operation in the bit line direction of the circuit, it
is used .to measure the access time to perform the check.
20 However, a variety of further investigations conducted
'by us on this semiconductor memory
device have revealed the following problems
The voltage levels of the word address input
X and the bit address input Y when “he user uses the

25 PRCM are O V and 3 V, whereas a voltage level of 8 ¥



-7- is used in addition to the voltage levels O V and 3 V during the
checking.. As has been described above, when the check is changed £ on1that
on the access tinmes 0f the checking menory cells in the word i -
direction to that on-the access tines of the nmenory -cells int
diyection, the voltage |level of the word address input X nust be sSwtched
from8 Vto 3 V'to O V. Thus, the inputgcondition for selecting a nenory
cell during the checking is different from 10 that used by the user, so
that the access tinme obtained is different fromthat during use, reducing
the checking aggUraGa 19 BRAIHI RCHR Foltagroasvelst bevianarters V1

and IV5 in the first stages of the check circurts 1 and 15 2 are set at
7 V, as descriBed/ dupitig ate aheckikigs eiis hagmblden deseri®ed val ue of 1.5
V of the inverters IV and | V7 which are used by the user, the circuit
constructions’ @‘bcwtag winerr tbhes check der dhagigedc dmoini thett ot the accessl t :
the’ signal delay in the inverters 20 Is different so that the access tine
obt ai ned by th&igtesciofi ¢he fchecking memoryaceddsi Ay Fhe wogdudiime t he

checki ng accuracy. 25
5 direction to that on the access times of the memory

cells in the bit line direction, the voltage level of
the word address input X must be switched from 8 V to
P, "3V toO0V, Thus, the input condition for sclecting
a memory cell during the checking'is'different from
10 that used by the user, so-that the access time obtained
is different from that during use, reduclng the checking
accuracy. _ .
Since the threshold voltages of the inverters IV,
and IV5 in the first stages of the check circuits 1 and
15 2 are set at 7 V, as described above, and are different
from the threshold value of 1,5V of-the inverters
IV3 and IV7 which are used by the user, the circuit
| constructions of the'inverters is accordingly compli-
. cated. As a result, the signal delay in the inverters
20 is different so that the access time obtained by the
: check is different from that during use, reducing the

checking accuracy.

25



-8- According to the present invention there is provided a nenory device
I ncluding: - (a) main nenory cells; (b) checking nmenory cells; 5

(c) "ﬁ address circuit for permtting selective addressi'ng of either the
“mai n-"ry cells or the checking nenory cells by the applicaiton of

sel eg¢thed first or second signal levels to addressing lines to the Menory
cells; 10 (d) an output”™ b8f Fer arranged to output the data in oﬁe
of the menory cells with a predeterm ned address, by the operation of said
address circui tacanda{ay aoCﬂnérpkeséntuihvéﬂtibnhtbéténgéﬂhe dat a out put

operatlon gf sglgeggggméepg ﬁ onse to a 15 first level of a

cont r8f°Vh Si‘gha érern sal éss circuit includes a checking
addr ess C|rCU|t(abrmeenememﬂgYngﬁéléf sai d checking nenory cells when said

control input s(gmaghégkgggamgﬁggpdcggygL and for selecting said checking
mepory cel | mnth aid f edet er i ned_addr ess-in response. to a third | evel

of °>sai d control (FhpaR §?6 8PS FhECPIESERT PﬁE@ﬁFFbﬁngFFeﬁB%Vﬁe descri bed
i n greatieesdehqi bf bygivhyrothexaaphemainbhyr eéEience thet bBRetROBGNI Ng figures

8; 22§e§§g§g$$g§énﬁydEﬁ$‘QSSiicg?ton of selegkgargi%sksog circuit diagram .,
second signal levels to addressing lines to the memory -
cells; ' ' | =
10 (d) an output buffer arranged to output the -
data in one of the memory cells with a predetermined L)
address, by the operation of said address circuit; and
‘e) a control circuit for inhibiting the data -
output operation of said output buffer in response to a
15 first level of a control input signal; _
vherein said address circuit includes a checking
address circuit for selecting none of said checking memory
cells when said control input signal is at a second level
and for selecting said checking memory cell with said
20 predetermined address-in response to a third level of
said control input signal. '
" The present invention'ﬁill now be described
in greater detail by way of example with reference to

the remaining figures of the accompanying drawings:- P
25 Figure 2 is a circuit diagram of one preferred
form of PROM; ' ' ' .

Figure 3 is a more detailed circuit diagram of
the PROM shown in Figure fi"“ ' _ _ -
Figure 4 is a circuit diagram of the essential”

30 parts of the multiplexer of the PROM shown in Figure 3;

and N
Figure 5 is a circuit diagram of a second

embodiment of PROM.



formof PROM Figure 3 is a nore detailed circuit diagram of the PROM shown

in Figure 2;---- Figure 4 is a circuit diagramof the essential 30 parts of
the nultiplexer of the PROM shown in Figure 3; and Figure 5is a circuit
“di agram of a second enbodi ment of PROM -9- Referring first to Fig. 2,
the PROM includes a checking nmenory cell 11, and a control circuit ~f.or
swtching the PROM bet ween an operating node and a checki ng node. erters
[err] to [err] together forman address 5 i nput buffer, and an circuit

[err] provides an output buffer. The PROM al so includes nmultiplexers [err]
to [err], word drivers [err], [err] and".[9e?_r] conposed of AND circuits,
word lines [err], [err] and [err] bit lines [err], [err], and [err] and
menory cells [err], [err], C13, 014, 015, 016, 0179 Cl18 and 10 [err]. It

shoul d be noted that, 'hgfé%irj]ﬁeqi?g{iggqrﬂs_ Q‘Jtﬁiét_nﬁdlﬂ?ﬁélﬂ@is@ is prepared

by inverting the level o
checking memory cell 11, and a control circuit 12 for

- switching the PROM between an operating mode a.nd a checking

mode. Inverters I\Tn o Ivl 4 '_hogether form an address

5 input buffer, and an OR circuit Nl

The PROM also includes multiplexers Ml ‘o M3' word drivers

provides an output buffer.

Aﬂ, A22 and A25 composed of AND circuits, word lines

x_:,u, XJ'.I.Z and XL_LB,.bit lines ‘L{’_u, Y£12 and Yljj, and

memory cells cn, 012, 013, '01 4,'015, 016’ 017, 018 and
It should be noted that, in this circuit, an output

signal which is prepared by inverting-'the level of an



I nput signal supplied to the input termnal of a chip- enable circuit 13 by
an inverter |1V15, and an output signal which is prepared by inverting the

| evel /e he first output signal by an inverter 1V16,: are supplied 5 to

t he rivers A21 and A22, respectively. Another point.to -be noted is

t hat ress input termnals [err] and [err], the inverters [err] to [err].
formng the input buffer and the output buffer N1 are used in -common for i
checki ng and in actual use.IrK}%éhtally, 10 the inverters 1V11, [err],

I V13. and 1V14, the word drivers [err], A22 and A23 and the nultipl exers

[err], [ er, AN fe :L.egt hyely '"f he address
circui E‘L‘?‘l‘# tsﬁ'gql%l'l rsérkp‘#&ed.r%g f:tﬁﬁepgiéﬁgbﬁ[ geg.lﬁlf"(%l%?'t o aacr(]:?l?)'-psel ect circuit)
will n rJ ' : p-en e ggl i as been :
i ncor p%ﬁﬁfﬂé&%ﬁ%#%&%h&ﬁrﬁggi I’a?hgc\a/lﬁl gga ihrﬁ]egr at ed

Ci I CUI §9)gn ANGhiThA i@l W oy iavesreingo thepdrdrelhofcamaci ty of the
ROM | eaving the nunber of output bits.unchanged when a plurality of ROV
are cofieeitedutputasdignell, b0 an dmtenttech I¥qRt,r are wappidredone nenmory | C
chip is operative or inoperative. The chip-énable circuit-13 of the circuit
siown ito Rile wdrids dgdwens t @ndade o 3n riespectiiviedshol d vol tage of 1.5V,
It makes the OR crrcuit [err] operatlve when a voltage higher than 1.5 25

Vis appli ednodien nofatartosbawmeited 451 thgd mgnsessnixpu
terminals X, and Y,, the inverters IV;; to IV, ,, forming

the input buffer and the output buffer N, are used in U
common for checking and in actual use. Incidentally,

10 the inverters IVy,, IVy,, IV;5 and IVy,, the word
drivers A,,, A22 and A23' and the multiplexers M;, M,
and M3 will be referred to collectively as "the address
circuit" in the following. The chip—~enable circuit
(a chip-select circuit) will now be briefly described.

15 A chip-enable circuit has been incorpora.ted recently
into most of the bipolar ROM ICs (.integrated.. circuits),
and is a circuit which is used to éxpand the capacity
of the ROM, leaving the nmumber of output bits unchar;ged
when a plurality of ROMs are comnected in parallel,

20 and which controls whether one memory IC chip is
operative or inoperative. - The chip-enable circuit 13
of the circuit shown in Fig. 2 is set so as to have
an input threshold voltage of 1.5 V, it makes the OR
circuit N, operative when a \(oltage higher than 1.5

25 V is applied, and inoperative when a voltage lower than



1.5 Vis applied. The input threshold voltages of the inverterégfégél,
Iv1l2, 1V13, V14 and IV16 are set at 1.5 V, and only the thres ol g ol t age

of the inverter IV15is set 5 at 7 V. The word input X1 (e.g., 0 V and 3
V) is supplied to the input termnal of the inverter [err]. The bit input
[\%] (e.g., O Vand 3 V) is supplied to the input term nal of the inverter
I . 10 -+ The checking voltage_o§38 V is supplied to the term nal
[err] when the PRCMis being checked, and a voltage of 0 Vor 3 Vis
applied to the terminal [err], when the PROMis being used. The procedure
of checking the qcgess appRiwvdl! 15 be specifically explained in -the
followng. First of all, the checking operation in the word line direction

wi || be described. Theoihpgt thpeshodd wbbhtagés\of sthepimventérsthe input
termnal T1. A high-level signal (of 3 V) is 20 supplied to the word

input X1. A Ib“ﬂ_%evivlé;gﬂﬁ%%(d_t\ff \andsI¥ypparedset ahelbbtVingod [err].
An out put signal“Terr] " TromTtihe mv%rter [err] is low |level, and an out put
signal B from@néYimertl@reasMbdigomgaﬂ@:‘;et.esiweawy,l‘{rﬁ boitpet from
the inverter [err], is low 25 level, and the output fromthe inverter
'V12 is hPgh at 7 V. -

. The word input X; (e.g., OV and 3 V) is supplied
to -thé input .termir}al of the inverter Ivll' The b;i.t
¢ input Yy (e.g.., oV anﬁ 3 V) is supplied to the input
terminal of the inverter IV13.

10 The checking voltage of 8 V is supplied to the
terminal T, when the PROM is being checked, and a voltage
of O Vor 3V is applied to the terminal T; when the
PROM is being used. |

The procedure of checking the access time will

15  be specifically explained in the following. First.of
all, the checking operation in the word line direction
will be described.

A voltage signal of aboui: 8 V is supplied to tl'ie
input terminal T,. A high-level signal (of 3 V) is

| 20 supplied to the word input Xy. A low-level signal
(of O V) is supplied to the bit input Y;. An output
signal B from the inverter IVy5 is low level, and an
output signall B from the inverter IV16 is high level,
Similarly, the output from the inverter Iv,, is low

25. level, and the output from the inverter IV:"L2 is high



-12- level. The output fromthe inverter 1V13 is high level, and the

out put .,/ffr:p\mthe inverter |Vi4is low level. As a result, both inputs to the
word den A21 are high level and it operates to select tthe word line 5
[err] \\“&h the other hand, the word drivers A22 and A23 are inoperative,
their outputs fixed at low level. The inputs a and b of theé nultiplexer
[err] and the input a of the mid yppl exer [err] are low so that the
outputs of the nmultiplexers [err] and [err] are fixed at 10 | ow
irrespective of the data in the checking nmenory cells. The input a of the

nul tipliexasl ] erfe icwthudh £t Rite tikredder 1TV ihasChegh N@evianory cell
[err] is read out through the nultiplexer M t he circuit N1 acting
as an anduthéouhitput from the inArextierr Iﬂbl}pnnlsem Ldveldescri bed in the
foll owing. The voltage signal of 8 Vis s lied to the input term nal
[err] and t s HmeSI!g-\tql botimdnpudis Zov)thies wandpidirddres: t aneously to the
word input X1 and the bit input [err]. The _output signal [err] goes |ow

and t h@r® highydieyiel angndit preates Ji0 selepte tha words ddme he i nverter

S 1 a1 + hOr a0 Piasi bR« 1Hie MRS GEIYaFs Ago and Angd 1 hat from

the I NGl §opddelld] Hhetr outplth Tuidtlde 4P 1R 011 Ver A2L operates

The inputs a and b of the multiplexer M, and the

input a of the mﬂﬁplexer M3 are 10w S0 that the
outputs of the multipl_exers M2 and M3 are fixed at

10 low irrespective of the data in the checking memory -
cells. The input a of the multiplexer M; is ' high °
so that the data in the checking memory cell Cll is
read out through the mltiplexef Ml and the OR circuit
Nl acting as an output bu:ffer; |

15 Another example will be described in the follawing.
The voltage signal of 8 V is supplied to tﬁe input
terminal T;, and the high-level signal (of 3 V) is
supplied simultaneously to the word input Xl and the bit ~
input Y;. The output signal B goes low " and the

20 output signal B goes high. ' The output from the inverter
IV]_l is low ~ and the output from the inverter _IVlZ-
is high | Similarly, the éutput from the inverter
IV13 is low °© ' and that from the invertér IV14 high |

25 As a result, the word driver A21 operates to



select the word line [err] and the word drivers A22 and A23 are made
i noperative. The nultiplexer M3 operates to select the bit line [err], so

that the data in the nenory cell Cl3 is read out. 5 The -c \Ng
operation in the bit, line direction will be described in the foll ow he
voltage signal of about 8 Vis supplied to the input termnal [err /
vortage of 0 Vis supplied to the word inpuj3Xl, and the voltage si\g ‘of

3 Vis supplied to the bit input Y1. The output 10 signal Bis |ow, and
the output signal B is high._ The output fromthe invgréer V11l is high and
the output frofeleetthenderd | lAane;X4 ow 2MfethE BATI b EHR PoaefPRrPoy13
Is low and the output fromthe [nverter V14 is high. As a reéugtt t he word
driver A23 opeRhE 8249 YBORIT2EIVEhe TRFA™PIHEPLEFFT MadoPREeldFdtrivers A

d A de i tive., T i pl t h
Bt Tine [orr]S8bthat e B ot 5 he” nibor o koS 80 Pp °Fa' PaEGrEnbrt 7

w | be apprecj d-fromt bgyg. that only 20 the checking nmenory cells
[err],; [err] a%%ife$l} g%np %ésegected when the control signal T1 is at the

third levelg the cells G@@eaEQeéiﬁngeb grHessheg¢habhe byttheénehagkeogion
address circuit 12. The data in each of the checking nenory cells, 25 which

i s read out bywihesBechgski iBe@pehathansolliswingpl i ®Hef vohtabe signal of
corresponding nultiplexers to the NORcircuit N. Data is obtained from
each checki ng absotyscelisi suppipedstot bhaniopuputesingnal D, ¢rohet Helkaxe

of 0 V is supplied to the word input Xy and the voltage

~ signal of 3 V is supplied to the bit input Yl‘ The output.
10 signal B is low, and the output signaliB is high. The
output from the inverter IV11 is high and the output from
the inventer IV,, is low. Thg'output from the inverter IV,
is low and the output'from the inverter IV14 is high.
- As a result, the word driver A23 operates to
15 seléct-thé_word line X[i3, and the word drivers A, and a,,
are made inoperative. The multiplexer M3 operates to
select the bit line Y{33, so that the data in the memory
1\ cell C19 is read out. |
It will be appreciated from the above that only
20 the checking memory cells Cll' 013 and C19 can be selected
. : when the control signal T, is at the third level, the
| and C

"cells c 16 being unselectable by the checking

12
address circuit 12.
The data in each of the checking memory cells,
25 which is read out by these checking operations, is supplied
from the corresponding multiplexers to the NOR circuit

Nl' Data is obtained from each checking memory cell

in response to an output signal 0 from the NOR



14 - circuit [er'r']. The chatacteristics are checked by repeating these

operatigns to examne the access times. In this PROM nore specifically,

the in gonditions for checking and for actual use are i-dentical (i.e. O

V or so that the checks can be conducted w thout supplying any
speci a ecking vol tage sigma. \Wen used by the user, the voltage supplied-
to the termnal [err] is O V or V.. whi ch ensures that the outputs from .
t he checking word driver A and t he mul tiplexer [err] are fixed at | ow

| evel so that the data in the checking nmenory cells 10 i's not read out

when theitsigh NS UShd @hhie tBR(EV od e PEldYkad BN régbaking 2, Wi ll now be

described in gr]eater detail with reference to Figs. 3 and 4. Fig. 3 is a

Ci r cui t thesegpperations ltoparamind’RBY adeiesin timesonstructed to have 1,024 words
X 8 bits, and which has one chi p-enable i nput and an address 15 decoder
built in, and Fingthie PBOMmore Spgekficaliyyi theliingetieonditions nul ti pl exers and
an output buffer of the PROM shown in Fi 3. Referring to Pig. 3, the

bi pol ar fPREbePHNE RS fog "GF'FP%]- "éﬁeﬂﬂeel deak (1304u9 TrPmEKBL OR circuits

TP B B 5. S RS B bl 1
. voI tagecﬂ&‘ﬁﬁgt%ﬂa&a %:t Vﬁeg buffgy t]z'xe V\/m hth%"%fé%%”é’éppﬁ’e& he '

to0 the terminal Tl is O Vor 3 V, vhich ensures that the outputs

21
fixed at low level so that the data in the checking memorxry cells

from the 'checking word driver A.. and the nn:ltipie'xer I‘I3 are - U

10 is not read out when the user is using the PROM.
The PROM shown in Fig. 2, will now be described. in
' greater detail with reference to Figs. 3 and 4. Fig: 3 is a circuit
diagram of a bipolar PROM which is constructed to have 1,024 words
x 8 bits, and which has one chip-enable input and an address
15 decoder built in, and Fig. 4 is an enlarged circuit diagram of
the multiplexers and an output buffer of the PROM shown in Fig. 3.
Referring to Fig. 3, the bipolar PROM includes: a chip-
enable circuit 13 which makes OR circuits (output buffers) N, to -~/
ll9 operative, when its temminal T, is supplied with a voltage

1
20 higher than 1.5 V, and inopera._tive when supplied with a voltage

lower than 1.5 V; a word buffer 14 which corresponds to the 3



-15- inverters [err] and 1V12 of Fig. 2; and a bit address buffer 15
corresponds to the inverters [err] and [err] of Fig. 2. The circu
further includes a decoder 16 for decoding 1 : 64; nenory cell bloc
1,024 (i.e. 16 x 64 brts), which form5 a nenory cell array of a total of
8,192 bits; and a 1 : 16 nultiplexer 18 which corresponds to the
nﬁftrplexers [err], [err] and M3 of Fig. 5 -The word address buffer 14, the
bit address buffer 15, the X decoder 16, the word drivers [err] to A65 and
.the multiplexers [err] to [err] will hereinafter be referred to 10

col l ectively agnvePRradmf eSand lof" F1gn2p inAld YAy dadiredd busrdronged by OR
circuits N2 to [err] whi corr ond to the ORcircuit [err] of Fig. 2. O
the word dri vervhifle rcorredpondsd Tot tise \invcblﬂrs\mp [mdr]:v i of Wigd 2.0r checki ng
the access tinme, whereas the sixty-four driv 2 to A65 are used by
the user. The d!hrecdsissﬁtrillmthe#mmesmdembreb&ﬁonfdeph@-mMﬂCel s, in
particul ar, the block enclosed in the trrgle dot-dash line is the checkrng

mermory cel | . Tmmﬁapelkélevk& A& méaw%r( 19186 0¥ GBIy el FoFBod wi | |
pow be explalned er detail. First_o t he gddress 20 circuit
and the outhut °o %S'aF'?’t}'sg °rﬁ°¥°l MLWH Rhecki ng menory
cells are sel eqf en t Anot her
feature is that t’h é ngf}\ggf H’g Yr%ﬁg %ﬁFerr] aﬁ?ﬁg rom he

inverters V15 andy Va8 r&f&?‘ﬂ%.té‘.e #RE ol hddress buffer 14, the bit

r\./j ' address buffer 15, the X dec_oder 16, the word drivers Al to A65

and the multiplexers M1 to M129 will hereinafter be referred to
10 collectively as "the address circuit". 4n output buffer 19 is

formed by OR circuits N, to N, which correspond to the OR circuit

2 9

N

. of Fig. 2.

0f the word drivers A, to Ass,l the word driver 4, is uéed
for checking the access time, whereas -'bhe sixty-four d.r:'i.vers A2
15 +to 165 are used by the user. The circles in the drawing indicate
 each of the memory cells, in particular, the block enclosed in
the triple—dot;dash line is the checking memory cell. _
— The features of the PROM constructed as above described will
now be expla.inéd in greater detail. First of all, th; address

- 20 circuit and the output buffer 19 are used in



5 address cireuit 12 are supplied to the word drivers Al and [err] and’

t he mul | exers ML28 and [err]. In view of the above oircuit oonstruct-

i on ﬁe word drivers [err]. and A2 are prevented from operating

si mul t sly when a predeterm ned input 10 condition.is inposed upon

the word1 nputs X1 to X so that the checking operations and the operations, :~
in actual use are separated. A=-flfr&her notable feature is that-the input 7

~threshol d voltage of the inverter

V15 is set at 7 V, whereas the input

threshold voltage of 15 the inverter 1V16 is set at 1.5 V. One exanple

of the (g WhePethd! ichecMildg MuMdiey ©dllld red selected ! fandef erence to
the reading of data froma rrem)ry cell C100. In this case, the voltage

wiierd the mdin dentdy cell isate tsrlidectednputAnodiiemal [err] to switch

si gnal

the PROM to t he checki ng node.

The voltage of 0 V or_3 Vis supplied to the

wor d i fiedtanfeds| thatxethe nespedtioe outgayh sdignalisnButande Bri nal s of  t he

word drivers [err] and A2 are at the high |level, The output signal

t he i nvgromerthes inverntens tIWq_g)\ﬁl‘!de\Iéﬁs Formimg dheeheskifE B from the

i nvert

tr% woradidnesge cimaudyt 12 Iﬂ?\ﬁ supp ivﬁﬁ']er"?asﬂ'{

S

10

15

20

25

B from

er -17 - 1V16 is at the h| | evel . As result, the output from
%é’%ﬁ

hlnqdl A and 0e tmu 1: eexmé)r[sd iznae and M129"
In view of the above circuit construct-

ion the word drivers Al and A2 are prevented from
operating simultaneously when a predetermined input
condition is imposed upon the word inputs Xl to X7','
so that the checking operations and the operations
in actual use are separated. A further notable feature
is that the input threshold vol'l-;age of the inverter I‘\Tl5
is set at 7 V» 'whereas the input threshold voltage of

the inverter IV16 is set at 1.5 V:, -

One example of the checking operation w111 now be
explained, - with reference to the reading of data
from a memory cell-cloo. .

" In this case, the voltage signal of 8 V is first
supplied to the input terminal T, to switch the FROM to
the ohecking mode. The voltage of O V or 3 V is supplied
to the word inputs Xl to X6 so that the corresponding
input terminals of the word drivers A, and A2 are at the

high level. The output signal B from the inverter M5

is at tﬁe'low level, and the output signal B from the inverter

GFEeTSmAdhe word driver

L 2]

»



[err] is selected. 5 When the voltage signal of 3 V is“suppl led to

all the bit inputs [err] to Y4, all the lines [err] , [err], [err] a
[err] of Figs. 3 and 4 go high because of the operations of ff
inverters [err] -to [err] and IV51 to [err] On the other "hand, all :
l'ines [err], [err], [err] and [err] go low. 10 As a result, the

bit line [err] irs selected and the data_ig.{t_he menory cell Cl00 is read out
t hrough the nultiplexer ML13 so that an olUtput signal [err] is obtained
through the NOR circuit Ng acting as the output buffer. Because the voltage
signal of 8 V igs suppl.i 1% ight L tgt Y el rdu S|
signal [err] i'sﬁiépp ia.'ggﬂ}er %%ep%%i&g-e%é ﬁ?%:ﬁ?{ {fgéto ‘E%e‘@% circuit
[err] so that theswdER &rieertANois siswpde opervhéreas WHite duepuittfirom a
main nenory cell C200 is to be ¥ead out, the voltage signal of 3 Vis
supplied to ththa0wordtdrivenlA] etglhighswi t ch sdhetitftMiie wdrel ddmet i ng
node so that the data in the nenory cell C200 is read out if the addresses
X to X6 and [Kﬂi] isos®leatedset to the same input conditions as those when
the data in the checking nenory cell err! was_read out. 25 The
readi ng oBt of the Waen theavekbage r9f 3 Viks swpliedtiall pe
described in the fgijtoﬂl

doscr i bed 1 o Be BLboLhDtes T1uy ! 2008 B8 1 Phe ¥ ) o VPR) ah 18 e
of Figs. 3 and 4 go high because of the operations
\/ ~ of the inverters IV,; to IV,, and IVg; to IVy,. On the
other hand, all the lines 22, .84, ‘86 and 43 go low,
10 As a result, the bit line Y-8113 is selected and

the data in the memory cell Cy4q is read out through
the multiplexer Mj4 3 so that an output signal 68 is
obtained through the NOR circuit Ny acting as the output
buffer., Because the voltage signal of 8 V is supplied
15 to the input terminal T,, a control signal V. is supplied
from the chip-enable circuit 13 to the NOR circuit Ng
so that this NOR circuit Ny is made operative.
When the data in a main memory cell C200 is to be
s .'i:'ead out, the voltage signal of 3 V is supplied to the
20 terminal Tl to switch the PROM to the operéting mode so
that the data in the memory cell c200 is read out if

the addresses Xl to X6 and Yl to Y, are set to the

4L
same input conditions as those when the data in the
checking memory cell C,,y Was read out.

25 The reading out of the data in a checking memory



so that the PROMis switched to checking node. The word inputs X1 to X7

are plied wwth inputs determned 5 by the conbination of the decoder
16.-7/As\a result, the output fromthe word driver A65 i.s hi-gh so t hat
t he I'e) line [err] is selected. All the bit inputs [err] .to [err] are
supplfed with the lowlevel voltage (i.e., 0 V) so that all  the lines 10
[errN{err], [err]and are made | | ow by the operations. of the
inverters V41 to IV44 and [erT] to 1V54. On the other hand, the lines

[err], [err], [err] and [err] are at the high level. As a result, all the
i nput s ctelld Iﬂ%nd'q,llmtiilﬁl deedestribadl 451 dick Mt owmimegnt tThe high | evel . Since
the PROM i s he checki ng node so that the control si gnal B is high and
t he comaltage gigndlerad] 8 i¥% isowuppliesdiperthe Hapk pharmingd t he

mul ti pl exer [err% |sf|xed at the | ow | evel Asaresult the data in the

checki (the W imsviiteheds oo phacking madee mThe pl exer ML29

out, (e F#%ﬁ%% Fr #0 Fersda ea%bo"?m?n #ﬁﬁé‘rﬁq‘%ff]“’aﬁﬁiﬁid
2
ca T b iR orbe B X1t e N A K ke B "Per) 1Y xo

and  output from the word driver Ags is high _ so thgt

the word line X.865 is selected.
All the bit 1nputs Yl to Y4 are supplied with the
low-level voltage (i.e., O V) so that all the lines
10 4, 35, 35 and 37 are made low - . by the operations
of the inverters IVhl to IVL:A- and I.vsl to Ivsh. On
the other hand, the lines .92, .Gh, .26 and .88 are at the
high level. _
As a result, all the inputs to the multiplexers
15 My,g and My, are g the high level. Since the PROM is in
the checking mode so that the control signal B is high

~ and the control signal B is low, = however,

i

the output from the multiplexer M128 is fixed at the’ low ~/

~ level., As a result, the data in the checking memory
20 cell 0300 is read out 'mfcugh the multiple:ier M129
and the OR ciraiit Ng. _

When the data in a memory cell cuOO ig to be
read out, the voltage signal of 3 V is supplied to the
terminal T,, and the same input coriditions as those

25 when the data in the checking memory cell 0300 was

[ 0]

»



[err] to Y4. The data in the nenory cell C400 is then read out through

the multiplexer [err] and the OR circuit [err]. 5 The PROM —
descri bed above-has 'the:foll owi ng advent- ages. Si nce the acces ;Egﬁgg
i s. checked under' the sane input conditions (i.e., 0 Vand 3 V) as t e/
when the PROMis actually used, the nmeasuring accuracy is so inproved that

accurate checks can be conducted. 10 Since the checking circuit for
t he checking nmenory cells and the ci~ci@t= for actual use have an identical
construction, the access tinme nmea- sured by using the checking

menory cells cGes | e when. i n,actual e a t.he,sane .,so t hat
t he c%ecki ng %daé %glc%#gec;mygﬁ%p}lg’@&%ﬁ r?ggrt %egdﬁeétg B)%f f"éﬁds and t he
out put buf fer s ar i1l ed .J oJuagials} I e checki.n erations
andpf or act ua?[]-us% 3ilf(llffput"r?ége|a}1i§{%'utq'f)iu{:':'le,}%do nofrfy;)r?(‘:atrlg'as(,:cél..002g‘1s tned Si nce

the swi t chi ng Q0 BhitoRfrel g aeh BB 1ERNS RYJ | BRAORAEADRNG Mode ar e
e |

conduct ed by naki ng use of I nput termnals 28 he chi p-enable circuit,
it Is unnecesydmedit M.Qvi de any dedicated input pin. As a result, there is
J10 increase in the 25 2 humber of pins of the PROMIC, so that the size of
t he - 50 - . " The PROM described above has the following advant- '
i éées. ‘ . Since the access time is checked under-the
same input conditions (i.e., O V and 3 V) as those when
(N the PROM is actually used, the measuring accuracy is
so improved that accurate checks can be conducted.
10 Since the checking circuit for the checking
memory cells and the circuit for actual use have an
identical construction, - the access time mea-
sured by using the checking memﬁry cells and the access
time when in actual use are the same so that the checking
15 accuracy is improved. ~
Since the address buffers and the output buffers
-are skillfully used in common for the checking operations
and for actual use, | .
“ | inputs and outputs do not increase.
26 * Since the switching operations of the.checking
mode-and the operating mode are conducted by making
use of the input terminals of the chip-enable
circuit, it is unnecessary:to provide any dedicated
input pin. As a result, there is no increase in the

25 number of pins of the PROM IC, so that the size of the



| C package is not increased in any way. Incidentally, in the enbodi nent
shomn in Figs. 3 and 4, the chip-enable circuit has the function of making
t buffers N2 to N9 operative when a 5 hi gh-l evel input is
recefvgd,) but there is another chip-enable circuit which nmakes the output

_ 2 to N9 inoperative when the high-level input is received. This is’ ™=
exenplTfied by the case in whichgthe chip-enable circuit acts as an ~
inverter. In this case, 10 the low | evel output [err] of the chip- enable
circuit makes the NOR circuits [err] to Ng inoperative when a voltage

hi gher iE?B%é¥$§¥ i 050? ?ﬂefgas §Hpghy al,0 the termnal T1, and makes

the outpl err err operat en a voltage lower than 1.5 V

is suppli ed-Iﬁ?ide}%&ﬂlirheiﬁ' ERE temseaﬁéﬂ%tsﬁawﬂefﬁrwgsl agove, the-
output [err] t.ne chi p’enable circuit s |ow when the voltage signal of 8

V is apghded,t ehéhghip~ehanlel an-l:uiesndssenebfdnabwﬁ,oﬁo that the output
buffers N2 to [err] cease to operate. The data witten into the checking 20
menory mekliagcdhegaodbubputebdffietrs Hg tbaN tbpenatfse vhem gannot be
measured. Referring nowto the secOnd odlnent of the PROM shown in Fig.
5, 5a chhbghaib?elcinputti$3rec$ipedv|bu& there is another - 21 -

chip—ehable circuit which makes the output buffers

Nz-to N9 inoperatiye when the high-level input is
received. This is exemplified by the case in which the U
chip-enable circuit acts as an inverter. In this case,
10 the 1ow--level.outpu_t‘vC of the chip-enable circuit makes
the NOR circuits N2 to N9 inoperative when a voltége
higher than 1.5 V, for example, is supplied to the
terminal T,, and makes the outpﬁt ﬁuffers N2 to Ng_-
operative when a voltage lower than 1.5 V is supplied.
15 With the circuit construction described above, fhe~
output V, of the chip-enable circuit is low when
the voltage signal of 8 V is applied to the terminal I,
as described above, so that the output buffers N 'to

2
N9 cease to operate. The data written into the checking

-}

20 memory cells cannot be read -out, so that the access
time cannot be measured.,

Referring now to the second. embodiment of the PROM shown in

Fig. 5, a chip-enable clrcu;t 13'is provided which is -

-

25

-y



constructed of TTL inverters with tri-state outputs, The threshold vol

of the inverter I1V15 is set at 7V, in the sane way as that of the previ
enbodi nent ,

1.5 V. Wen the termnal [err] is supplied with a voltage |ower than 1:

and the-threshold voltage -of the 5 i nverter V16 is set

t{ie, resul tant hi gh-level output [err] nakes the OR circuits N2 to
opeérati ve.

stops the conti) e5drsts”a&*t'.@?t(ﬂ Nouilins thier slameo Wagh s hathiof ¢

When-the termnal [err] is supplied with a voltage higher t

.5V, on the other hand, the 10 l.opa l.evel output [err] of the

chi p-enable circuit makes the NOR circuits [err] to [err] inoperative.
shoul d be not edmeEaidtisd oV iheerdeirsgeithgrtat -aftakeVouspadsyl i ed
during checking to the termnal T1, the output [err] fromthe inverter
is at the |ow.|evel, which, ihenghresholdt veoldisige efatthe dnvexiteri3' to a
hi gh-i npedance- state (floating state) so that the floating output [err]

specifically, OR circuits are operatlve because they are no
control | ed. \Amzremtss(mhqda-ﬂ@nfo angdh &he) th %@&VR} %ét%de

Sor T age. & gnalirerter [ Wxpns it 8% e dom ?\Qagen[% yt&%ﬁlk%%h '3 chec

& check-

by the PRQM f Th
bggcr?/btedebefd'rsena"gqu%ﬁ:# % Q’?é'q%gjése

the PROM i s
o

10

15
&

20
s

25

user e ot
high=-level output VC makes the OR circuits N .\19

operative. When the terminal Tl is supplied .with a
voltage higher than 1.5 V, on the other hand, the
low-level output V. of the chip-enable circuit makes
the NOR circuits N, to Ng inoperative. It should be
noted here that, when the voltage signal of 8 V is
supplied during checking to the -terminal Tl" the output
F from the inverter IVyy is_st the low level, which brings
the chip—enable circuit 13' t6 a high-impedance state
(floating state) so that the floating output Vc'stops
the éontrol on the OR circuits N2 to N9. At this time,
mofe specifically, the OR circuits are operative because
they are not controlled. With this construction, the
output buffers are made operative to read out the data
from the checking memory ¢ells when the voiltage signal
of 8 V is applied to the terminal Tl during the check-

. ing by the PROM manufacturer. The checking operations
are similar to those described before. When in actual
use (by the user), on the othér hand, the PROM is

t age _
Ué\,_.
i

han
| t

| V15

, nore

drP'iS %a Iz"Hs (%ag.hose
e %on t

*hand



- 22 - switched to the operating nmode by applying the signal voltage of 0V

to the temnal [err]. In view of the above circuit construction, the sanme
advafiftages as t hose of the previous enbodi ment can be -obtai ned, even

al t ho "the chip-enable 5 circuit 13" is constructed of inverters. The

f ol N\gwi/hg nodi fications of the above described circuits are possible. The 7=

mul tiplexers, and the OR circuits shown in Fig. 4 may be constructed of
conbi nati ons of logic circuits, -oP2they 10 may be constructed of di odes or
TTL circuits. The nmenory circuit being checked is not Iimted to a nmenory

ST T UCT Ul RdnedKee ﬁe%ﬁg’h h? nbEY b Capdl FRARD ftlie Wiphal woPtaget h a | ar ger
(0] e

t
capacity. Wil st the above scri bed enbodi nents specifically 15 relate to

the cheg¢i 0or @b thedtepiingl Tri wiewfhthee aboveeciragpl i cati ons. For

- exanmple, the circuit techni ques descri bed above can be applied to nenory
cel | s haehatruetRily $he eemaradvadtegesids ttheserofivkhe prdviousre of the type used
i n electronic .conputers or other various industrial devices, 20 for

exanpl e, embbdimeht casint be cqbbpingde sevensakthough Hhg\hipapnableo - be applied to the

process of inspecting them - 23 - CLAIMS. 1. A menory device
i nclSudi rRjreuit 13* is constructed of inverters. .

The following modifications of the above described
circuits are possible.
- The mltiplé;xaers, and the OR circuits shown in Fig. 4 : o
may be constructed of combinations of logic circuits, or they
10 may be constructed of diodes or TTL circuits.
The memoxry circuit being checked is not
limited to a memory structure of 1K x 8 bits, but may be
a memory structure with a larger capacity.
;rlhilst the above described embodiments specifically
15 relate to the checking of a bipolar PROM, it can have othexr
- “applications. For éxample, the circuit techniques described .
~ above can be applied to memoxy cells having_ a ROM structure.
s | Evenifthememorycellsa:reofthetypeusédin_
electronic computexrs or o'bhér various industrial devices,
‘20 ~for example, the circuit techniques described above can also |
‘be applied to the process of i-nspectin‘g them,

'

)



.arranged to output the data in one of the menory cells with a pre gter

(a) main nmenory cells; (b) checking nenory cells; (c) an address circuit

for permtti

signal |evel

ng selective 5 addressing of ei rml ry cells or
t he checking nmenory cekls by the application , ls mﬁayww or cond
)

" addr ess,
circuit for

s to addressing lines to the nenoty <eltl sn an out plt=

by- the operation of said addr&ss-circuit; and (e) a control
inhibiting the data output operation of said output buffer in

response to &HAIMA- | evel of a control input signal; wherein said address

circuit incl

udes a chegkimiGnokl Q%S iGid1Gid ind:0r sel ecting none of said

checking nenory cells when sai'd control input signal is at a second |evel
and for selecting said heatding memsry Qllswi th said predeterm ned address

in response to a third level of said control input signal. 20 2. A
menory devi ce accor di nglh)o alexnkinb, melrensi reesldish mai n nenory cells are
programmabl e ROMs. 3. A nmenory cevice according to claim1l or 2,

wherein said contorl inftk asi gdslress supswdt ffrom peahi it iswd eeqligntivdput

t_errri nal . 525
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- - 24 - .
addressing of either the main memory cells or the checking

memory cells by the application of selected first or second
signal levels to add;essing lines to the memory cells;

(d) an output buffer arranged to output the
data in one of the memory cells with a predetermined
address, by the opefation of said address circuit; and

(e) a control circuit for inhibiting the data
output operation of said output buffer in response to a
first level of a control input signal; .

wherein said address circuit includes a checking
éddress circuit for selecting none of said checking memory
cells when said control input signal is at a second level
and for selecting said checking memory cell with said
predetermined address in response to a third level of
said control input signal.
2. | A memory device according to claim 1, wherein
said main memory cells are programmable ROMs.
3. A memory cevice according to claim 1 or 2,
wherein said contorl input signal is suppled from a chip

selecting input terminal.



4. A progranmabl e read only nmenory devi ce constructed and arranged
to operate substantially as herein described wth reference to—anrt—as—

in Figures 2 to 5 of the acco@anyl ng drmmm"mmJ”’lL””m .

et

3

- 24 -

A programmable read only memory device

4.
constructed and arranged to operate subétantially as

herein described with reference to and as illustrated

in Figures 2 to 5 of the accompanying drawings.
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