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SEM CONDUCTOR MEMORY DEVI CE. The present invention relates to a sem -
conductor nenory device. In order fo increase the speed of reading
operation, there has been disclosed in Japanese 5 Patent Publltadan o
48944/ 1976, a bi pol ar PROM whi ch consi sts of bipolar transistors and which

-

S pro<;ded with row and colum-selecting circuits consisting of -

emtte \boupled | ogic (hereinafter referred to as ECL) circuits and with
row -amd” 10 col um-sel ecting circuits consisting of transistor- transistor
logic (hereinafter referred to as TTL), circuits. According to this bipolar
PROM when the reading operation is t& be affected, desired nenory el enents.-
are selected anong a plurality of 15 nmenory el enents by the row and P
col um-sel ecti ng ci r cuBEMICONDUSTIORy MAMQRY. REVIGE+s. Wien the witing '
operation is to be effected, desired nenory el enents are sel ected anong the
plurality of nmenory elenents by the row and columm-selecting 20 circuits:
consisting of TTL circuits. In the reading -2- operation, desired nenory
el enents are sel ect gebpresentodnvainnt ool welssedto iy Lemi+i ts consi sting
of ECL circuits. Therefore, the reading operation
conductor memory device.

In order to increase the speed of reading
operation, there has been disclosed in Japanese

5 Patent Publication No. 48944/1976, a bipolar PROM

which consists of bipolar transistors and which is | CT“
provided with row- and columﬁ-se}ecting circuits
consisting of emitter-coupled logic (hereinafter
referred to as ECL) circuits and with row- and

10 column-selecting circuits consisting of transistor-
transistor logic (hereinaftgr referred to as TTL)
circuits. Accordiné-to this bipolar PROM, yhen
the reading operation is to be affected, desired
memory elements are selected aﬁong a plurality of

15 memory elements by the row- and célumn—selecting

" circuits consisting of ECL circuits. When the

. ({%
£

writing operation is to be effected, desired memory
elements are selected among the plurality of
memory elements by the row- and column-selecting

20 circuits consisting of TTL circuits. In the reading



can be perforned at high speeds. 5 The above-nenti oned bi pol ar
PROM however, requires tw sets-of row and colum-selecting circuits and,
hence, requires increased number of elenments for constituting such
circuits. Therefore, the bipolar PROMtends to becone bul ky and cf@ég?es

i ncreased .10 anounts of electric power. \Wen the bipolar PROM o arge
menory capacity is to be constructed, in particular, the nunber of rows and
columms increases in the nenory array. Therefore, construction of two sets
of row 15 and colum-selecting circuits m@kes it difficult to realize
the,menory device. It is an object of the present invention to provide a
sem conduct or nenoeperetien,wdeehradsmenapyi ¢l ements care solegted tbvn and
whi ch is capable 20 of perforning t he reading operation at high speeds.

 According to the pFREeRPWrn3BHt FOAURAZRRLPSEERGFHECULES FPR: $r nenory
“device including : ) a_plurality. of nory, el enents_each of which has

a first termnal aff %égesbﬁgu#é?niniP?r ggrﬁacﬁgﬁfr éfﬁﬂi%p%ﬁﬁﬁﬁﬁ% of

sem - permanently c 009 ' dapcg:fLo .gi.ven val ue to anot her

val ue; 5 QQH(%? gé%ﬁ?#ﬁgﬁegﬁiﬁé%ﬁm£%§%g$§ supplied with a witing

current; 5 The above-mentioned bipolar PROM, however,

&

requires two sets of row- and column~selecting circuits
and, hence, requires increased number of elements
- for constituting such'circuits.' Therefo:e)_the bipolar
PROM tends to become bulky and consumes increased
10 amounts of electric power. |
Wheh the'bipolar PROM of a large memory
capacity is'to'be constructed, in particular, the
number of rows ahd columns increéSes in the-membry
array. Theréfore, construction of two sets of row-
15 | and column-selécting ciicuits makes it difficult to
realize the memory device.
It is an object of the present invention
W, ' . to pfovidé a semiconductor memory device which has
simpiified circuit construction and which is capable

20 of performing the reading operation at high speeds.

£

According to the present invention there

is provided a semiconductor memory device including :



(c) a first selecting circuit which receives address signals and sel ects
said selected nenory el enent during a readi ng operation when a first |evel
si gnal '3\10 supplied to said third termnal; (d) a second sel ecting

ci rcuifywhi ch receives said address signals and sel ects said sel ected

. menor. ;¥ nt during a witing operation when a second |level signal is
is supplied with a§§zgnal thgi.

suppl i o said third termnal; I53 ~ (e) a fourth terninal Which
|S tp be witten on a selected one of said
plural ity of memor §3L SrBRESLLRY ©F)mengt ¢ LFmerrR SR a9t iy
L cireult MQECQ’F%@Sﬂtﬁgﬁmfﬁ%i'Qﬂd0¥r£8§£?astéyﬂfééfg.égdsééghté rd 20 s
€ Witl i T

P40 i ting
term nal , "Supplies ng curren rom sai termnal to the ~

first te&ﬁl@ﬁ'igfcﬁngﬂQr feés;g?nﬁefﬂéﬁeﬁf_l}?eéﬁsﬁ&gn y%ggﬁﬁ@é&g &89

circuit out of sal urality henory el enents, ~an urther

suppl i esgpoRUAT §ieh 'WAEGE! €8N8Ro¥héR vAEudEiting signal sent fromsaid
.fourth 25 termnal to the second ternm nal of said selected nenory el enent;

where®y the inpedatse af thhedseteningl nehbey is sepplded withiea which -
conplies with the witing signal. -4- The present invention wll now be
descri beWribhiggeauerenttai |l by way of exanple with reference '
(c) a first selecting circuit which réceives
address signals and selects said selected memory eiement
‘during a reading.operation when a first level signal is
10 supplied to said third terminal; | ) B W
' (d) a second selecting cixcuit which receives
said address signals and selects said selected memory
element during a writing operation when a second level
- signal is supplied to said third terminal; |
15 (e) a fourth terminalZWhich is supplied with a
,signal that is to be written on a selected one of séid
plurality of memory elemepts; and
(f) a control circuit having a writing circuit
which, when the.writing currént is supplied to said third
20 termipal, supplies the writing current from said third
terminal to the first terminal of a memory element fhat
is selected by the selecting circuit out of said plurality ks
of memory elements, and_which_further supplies a current
in accordance with the writing signal sent from saia fourth
25 terminal to the second terminal of said selected memory
. element; | |
whereby the impedance of the selected memory is

set to a value which complies with the writing signal.

e enram s g L mne h L vas am e e ——



to the acconpanyi ng drawi ngs wherein :- Fig. 1 is a circuit diagramof a
preferred 5 formof a bipolar PROM and Fig. 2 is a circuit diagram
show hg maj or portions of the bipolar PROM shown in Fig. 1. The bipolar
PROM shown in Fig. 1 is formed on a sem conductor substrate such as sili-
substrate® 10 by a known sem conductor integrated circuit techni que
Fig. 1, synmbols AOto A7, [err], D, Vcc and GND denote external ter
respectively. For sinplicity, Fig. 1 illughiates t he construction
menory array MARY in a sinpli- fied manner.” That is, in Fig. 1, row lines

WO'to W tati ' | .
(e i ch Constituto t I PEeMe THEAEIPh WYL 6P He'deictipen o,
are representati vl g R AT 1THY Wiy WE diiaif o Biiled ird@erefidkch

constitute the nmenor'y array MARY. In thé nenory array MARY, a nenory

el ement (nenory G&l loghd addompaifdnmi GaWinks wheredn the intersecting

points of the rowlines and colum lines. Fig. 1 representatively shows

zmenory el enents that are Pigu dedsata tdiercuitteiddeggrang qfoiantprefiertred col um
lines BOto B7 and rowlines W) to W. In this enbodi nent, : -
5 form of a bipeclar PROM; and '

Fig. 2 is a circuit diagram showing méjor
' portioné of the bipolaf PROM shown in Fig. i.
The Sipdlar PROM shown in Fig. 1 is formed
U _ - on a semiconductér substrate such as silicon substrafe
10 byfa knowh semiconductor intégrated.circuit techhique.
In Fig. 1, symbols AO to A7, WP/CS, D, Vcec énd GND
denote external terminals, respectively. For

simplicity,'Fig. 1l illustrates

n'”’?,
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- the nenory el enent consists of a bipolar transistor of which
se is open. The enmitter (first or.second termnal) of the bipolar -
- transystomr constituting the menory el enent is connected to the row line,
eollector (second or first term- 20 nal) is connected to the

Yime. In the menory array MARY of Fig. 1, the nenory el enent’s

represented by di odes stand for t he T ansi stors of which the enitter-base

junction is short-circuited by the witing operation. The bipol ar PROM

i ncl ud
unit a
addr es
sent .
clarit
froma
a pair
differ
common
t ransi

- gonsti tlfimss awieieh teondtitoter the memerye arbrayo MARK, fangdn t he

10

20

25

es an address buffer XAB 25 ~  which consists of a plurality of

ddress buffers 'XABO t 0o XAB3. each of ‘which being served, via-

Ansapa i £, oF gy, Ak DRy 5 P BTt fe' cake of

s

i dd Yt illustrates the circuit of unit address buffer XABO only
ﬁ’ﬁ‘nde uni éls"Eat'oldress buffers. The unit address buffer XABO consists of

of N%ggpfspimlﬁ{g'g rg?si.:ngog_g_an, wWo2 vehiveh s coupled in a

current source | connected to the

ential manner, a coenstant-

fiPrddurfta tDeslly eshoim' ambhg MaAngoroRcldthés (wordol | ectors of the
stors @, @, respectively, an NPN--type bipolar transistor 4 which

co;umh lines Bo.to B7 are representatively shown
among many column lines (bit 1ineé) which constitute
the mémory array MARY. Iﬁ_the memory_ariay MARY,-
a memory element (mémory cell) ié provided ét eaéh
of-the_intersecting points of the row lines and
columh lines. Fig._l rep:esentativély'shows memory
elements that aré provided_aﬁ the intersecting |
points of the column lines B0 to B7 and row lines
WO to W7. -In this embodiment,

the memory element consists of a bipolar
transistor of which the base is open. The emitter
(first or second terminal) of the bipolar transistor:"
constituting the memory element is connected to the
row line, and the collector (second or first termi-
nal) is connected to the column line. In the memory.
array MARY of Fig. 1, the memory elements represented

by diodes stand for the transistors of which the

emitter-base junction is short-circuited by the writing operation.

The bipolar PROM includes - an address buffer xap

which consists of a plurality of unit address buffers



I

. 15 + collector of the transistor Q, and an NPN-type bipolar transistor
- @B _which constitutes an enmitter follower to receive the output fronlthe
i collector * of the transistor . Namely, the unit address buffer
, consists of an ECL circuit. Between 20 the pair of transistor phed
in a d|fferent|al manner, the base of one transistor @ is served mfﬁb '
predetern1ned ref erence voltage Vref and t#e base of the other tra
QL is served with an -address signal AO via the i nput termnal AO There-
25 - fore, the unit . address buffer XABO forns an internal -7- address
gnat a0 which is substantially.in phase with the address signal AQ and
fd?‘ an i nt SABO tadTARY efAahOf [which Hoeing servedp zﬁbs&éﬂteaﬂly
opposite to that of the address signal AO That 5 t he unit address
i buffer XABO flopwt tespimals:Adirgo |Memtthamlalﬂes@fs¢@a¢!8a0 [err]. Cther
! unit address - buffers to XAB3 are also constructed in the sane, manner as-
' the unit add®dégBalg: thatyare sent from 3 suitable eizcudt deviggirer xAB
*forns intern dgress .si als aQ to a3 that are ubs antipally,in phase
Pwith the add%%?g g?gﬁﬁ?s A§°Fe5§?v§8 9|8fa8 REs an%b? ‘térni- nal's AO
;‘to AB and fo&q%slnt%%ga%h%g%&%%%l %&aunit.address buffer XABO

-only from allthe unit address buffers.

" The unit .address buffer XABO consists of a
pair of NPN~type bipolar transistors 01, 02 which
are ~oupled in a differential manner, a constant-

10 curreht source I connected to the common emitters,

load resistcrs kl; R2 connected to the collectors

of the transistors Ql, Q2, respectively, an NPN~
type bxpolar transistor Q4 which const1tntes an
emitter fqlloqer to receive the output from the
15 - collector of the transistor Ql, and an NPN-type
bipolar transistor Q3 which constitutes an emltter
_ follower to receive the output from the collector
{0 ' .of the transistor Q2. Namely, the unit address
buffer XABO consists of an ECL circuit. Between
200 the pair of transistors codpleé in a differential
manner, éhe basé of one transistor Q2 is served
with a predetermined reference vbltage:Vref and the
base of che other transistor Ql is served with an
address signal A0 via the input terminal A0. There-
25 fore, the unit address buffer XABO forms an internal



8,

[err] to [err] of which the phases are éubstantially 15 ~inverted
relati/ézﬂ the address signals. 1In short, the address buffer XAB forns

i nterhal™; | ementary address signals a0, [err] to. a3, [err] in accordance

W th &Pe. dress -signals received via address input termnals A0 to A3.
20 ./ The internal conplenentary address signals a0, [err] to a3,

[err] f d by the address buffer XAB'@re supplied to a rowsel ecting

circuit Ws which will be nmentioned below. That is, as will be described

| ater in detail, the rowselecting circuit Ws in 25 t he readi ng

ti I t [ I | J f | i tituts )
Che’ renorgitefs, Sideal a0 RR4AR 13 SnppdatbCaliy, & A A5 “The e
oy ey Lee of / > |
o sel EHHRGEA | Sddted FBRY A, dhd fomme AdiBddsndL 0 1 i,
Fig. 1 tehhd U & | t ' | ecti
c Foutt SRS, ket AT SRSERLR, Bl ety R
kind of gogbeffe des0ERAt 880the Wadrdss Hi |Ag . erdider NPN-type bipolar  «

v transistor” @ which assunes the formof a diode with its base and coll ector

bsing copgpctnd aniet sddress buifersiXABI forms comple-
mentary internal address signals a0, Eﬁ,_'
" Other unit address buffers XABl to XAB3 are .
also consﬁructed in the same manner as the unit )
address buffer XABO.-_Apcordipgly, the.addiess o o v
10 buffer XAB forms internal address signals a0 to a3
that are substantially in phase with the address |
signals A0 to A3 received via address input termi~
nals A0 to A3, and forms internal address signals
a0 to a3 of-whibh-thg-phases are substantially .
1s invérted relative to the address signals. In short,
" the address buffer xag-forms,internal complementary
address signals a0, a0 to a3, a3 in accordance with.
the adaress=signals received via address input
termin;ié;iﬁ to A3. . _
20 | The internal complementary aadress signals a0, °
al to a3, a3 formed by the address buffer XAB are ¥
supplied to a row-seleéting circuit WS which will
be-méntioned-below..umhat_is(_as will be deécrﬁbmi
later in detail, the rOthelééting circuit WS in

25 the reading operation seleéts a row line among a

-~



R3 connected to the collector of the transistor b, 15 a

Dar | i ngt on-connected NPN-type bi polar transistors G, Q7 which receive the
output fromthe collector of the transistor @ and which drive the row
WO, and a resistor RS connected to the emitter of the transistor Q7.
diode D2 is connected to the 20 collector of the transistor @7, |
bi-as resistor R4 and a Schottky di ode Di ar88Tonnected in series across the
base and the emtter of the transistor Q7. The diodes DI, D2 are provided
to prevent the break- down of the transistor Q7 during the witing opera-

25 ("~ tion. Internal address signals [err] and [err] -~ -9- are,
resﬁéE%Tvely, phpiradd tiyo oifh eceiliness cohsttii¢utings ithieo mefforyUni t
rowselecting circuits W1 to W57 con- structed. in the same manner. as the
above- nent i onedryay MARY wespansdivecitiongddress signalsr &X0r &0 ded for ot her .
row lines W to W. The internal address signals a0, [err] to a3, [err] are
supplied in pr@&8ter- mined conbinations to each of the uni't row selecting

ckrcuits Wsl1 to WS7_ That is, .internal ,address 10 . signals are applied
to the unit row sel 888 FFVsseleckipg cirgwd FPH§1F§358%e@tEd out of the

pluraligy of o bhigeyPb ulllt' rotediettingd circuits Ws0 to

ws7. Among'thése unit row-selecting circuits,

-]
Y
A

# L .

-Fié. 1 ' \illustrates'the'circuit of the
unit row-seleéting circuit WSO only. .
— The unit row-selecting circuit WSO COnstituteé
10 a kind of address decoder, and is made up of a
ﬁulti—emiiter NPN-type bipolar transistor Q5 which
assumes the form of a diode with its base and
collector being connected together, a load resistor -
-~ R3 connected to the collector of the transistor Q5,
15  a Dérlington—connectedﬁNPN-;ype bipolar transistors
Q6, Q7 ﬁhich receive the output from the collecﬁor
of the transistor Q5 and which drive the row line
WO, and a resistor RS connected to the emitter of
the transistor Q7. A diode D2 is connected to the

20 collector of the transistor Q7, and a bias resistor

T

A

R4 and a Schottky diode D1 are connected in series
'across the base and the emitter of the transistor
Q7. The diodes D1, D2 ‘are provided to prevent the break-
down of the transistor Q7 during the writing opera-

25 tion. Internal address signals a0, al, aZ and a3

ne



‘circuit coupled thereto responsive to the internal address signals a0,

[err] to a3, [err]. 15 Though not = shown const ant - current
~sourcedare connected to common lines DLI to DL8 which transmit internal

addre ignals to the unit row selecting circuits. The renmmi nder of the

addr esi$\ gi gnal s produced 20 - by the above-nentioned suitable Circuit -

devi c&fnot' shown) is supplied to thé address buffer YAB via address input
termnals AA to A7. Like the above- nentioned address. buffer XAB, the
address buffer YAB consists of a-plurality of unit address buffers. 25

17, e ST, LRI L B s o T

Furthe@réﬁgi i Jdress buffers constituting the-address buffer YAB have
~ the sane consttUcttoh relative to:5 - each ot'her. Upon receipt of

address si gRalfe @A‘#pséieg&g?adgi LQPKELL ggn‘wgql it to A7, the address

buffer YAB fornms the 1ntern conplenentary address signals a4, [err] to

$ZE ¥e@ﬂrdéﬂﬁatiﬁ3Eﬁ@rﬁﬁﬁebﬂaﬁﬁérlﬂs ghefgﬁgngH@héfgn%ﬁmaaddress buf f er
: orms. internal address signals a4 to a7 which are substantially in
5 unit row-selecting circuit WS0 are provided for
other row lines Wl to W7. The internal address
siénals a0, a0 to a3, a3 are supplied in predeter-
mined combinations to each of the unit ro#—selecting '
circuits WSl to WS7. That is, internal address | !;
10 signals are applied to the unit rcﬁ—selectiné cir- | -
cuits,.and a row line is selected out of the |
Pplurality of row lines by-a unit taw-selecting
circuit coupled thereto responsive to fhe_internal
address signals a0, a0 to a3, a3.
1S . _ Tbough not shown'. constant-curéent'sources
are connected to commori lines DL1 to DL8 which
transmit internal aédress signals to the unit row- .
selecting circuits. ) ' o - -
The remainder 6f-the address'signals produced

20 by the above-mentioned suitable_dircuit-device (not '
'shown) is supplied to the address buffer YAB via
address input terminals A4 to A7. Like the above-
ﬁé;tioned=hddress-buffer.XAB, the add:ess buffer

YAB cons%;ﬁ;'of a plurality of unit address buffers.
25 The unit'ﬁddress buffers are'constgtutéd by the



"phase with the address signals A4 to A7 and internal address signals [err]
“to:[err] of which the phases are substantially inverted relative to the .
* address 15 + signals- A4 to A7. These internal conplenmentary address ).
signals are supplied to-the colum-selecting circuit BS which will pe )y
descri bed below. As wll be nentioned_igler, t he col um select- ing it
. BS selects a columm |ine designated by 20 . address signals A4 to A7 out
of a plurality of colum lines constituting the menory array MARY in either
t he .readi ng operation or the witing opera- tion. The col um-sel ecting
citeliit BS consists of a plurality of unit colum-selecting circuits BSO 25

to BS7. To si®ime iECk eircadtapsrthose of the.undkcaddress: of the unit

: col um-sel ecting_circuij BSO onl¥ fromall the unit' colum-selecting

icircuits. ThePwFfers i SEPER; address Bubfes XAB. sFurthexcs an
dd d d i d f [ti-em NPN- t bi |
| o et stor - Cothy BhEt, adEess BufsedeoPonsiigus Lam, fhe, sShEedshng col Iect or
“bei | | i ed to th
ool 2cr oo HafPUE TS hPECHRE spfle BBHLLRACHIGL Bauslecks] 10 10e

. which gonstitilas athSritter follower to receive

i | Upon receipt of address signals A4 to A7 via
- _ - id&ress input terminals A4 to A7, the address
' S buffer YAB forms the internal complementary address
' signals a4, a4 tc a7, ;7_1ike the address buffer
10 XAB. That is, the address buffer YAB forms internal
| address signals a4 to a7 which are substantially in
é ' phase with-the address signals A4 to A7 and internal
| address signals ad to a7 of which-the phases are
substantially inverted relative to the address
15 sighals A4 to A7. These inte:nal complementary
address signals are supplied to the column-selecting
circuit BS which will be described below. )
A A8 will be mentioned later, the column select-
ing circuit BS selects a cblumn.line designated by

20 address .signals A4 to A7 out of a plurality of

-,

column lines- constituting the memory array MARY in
- ‘either the réading operation or the writing opera-
u tion. The column-éélecting circuit BS consists of
a plurality of unit coiumn—selecting circuits.asn'
25 . to BS7. To simplify the diagram,’ Fig. 1



the output fromthe collector of the transistor @B, and a sw tching

NPN- t bi pol ar transistor (colum switch) QLO connected.to the colum
l'ine \\ he 15 operation of the transistor QLO being controlled by
.the ouytpyt of the transistor @ which is supplied via a resistor R7. .,The

I ntern address signals [err] and Le.L] are, respectively, applied to the
emtters of the nulti-emtter transiStor 8. 20 The uni t

col umm-sel ecting circuits BS1 to BS7 constructed in thene manner as the
unit colum- sel ecting circuit BSO are connected to other colum lines Bl

to B7. The internal address si_gnal s err] err] are supplied i
pr edet eBHOWS] thenigireuit; of ?l?ﬂ% tﬁP ﬂ@nuﬁF Eﬁﬁﬂbn selecting circuits -

el urm. w@?@e?@e%&x Bhch TR, AL BT RABEE B e el

address si s a4, [err] to a7, [err] is selected by a unit 5 |

col um- & tﬁb circuit out of the plurality of colum Ilines. Al though not
- shown 5 s%aq t t g n lines DLIl to

DL18 which t m t t'Ecﬁl're&l erna gmsﬁfgﬁg% gQPOQ? ounit

gol um- %‘i{t"e“s“a!ikg dddrelid Sdeddaed [PandYis hiladk! p! bEt @ON, the_ col um i nes
mnlti-emitter NPN-type bipolar transistor Q8 which
aseumes the form of a diode with its base and
collector being.commonly connected.tegether, a load
resistor R6 ~onnected to the collector of the
10 . transistor Qé, an NPN-type bipolar transistor Q9
.which constitutes an emitter £ollower te receive
the output erMJthe'collectef of the transistor Q8,
and-a sw;tching NPN-type bipolar transistor (column
switch) 010 connected to the column line BO, the,
15 ‘operation of the transistor Q10 being-controlled_by :
the output of the transistor Q9ewhich is supplied
via a resistor R7. The internal address signals .
a4, a5, a6 and a7 are, respectively, applied to the
emitters of. the multi-emitter transistor Q8.
20 The unit column-selectlng c1:cu1ts BS1 to BS7
constructed in thepseme manner as the unit column-
selecting cireuiteBSO are connected to other colump
lines Bl to B7..* 'ihe internal address signals a4,
ad to a7, a7 are supplieduin-predetermined-combiea-
25 tions to the-unit column-selecting circuits BSl to
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Bl1, B7 that are representativély'shomn anong the plurality of colum I|ines,
are provided with switching transistors (colum switches) QI 2, 15

that work in the sane manner as the above-mentioned transistoy 3 and
with base resistors R8,-R9 connected to the bases of these trig ‘ors. -To
to QL2

the emtters of these switching transis*grs (col um swi tches)

are comonly connected in 20 paralt€l" a constant-current source Ir

whi ch supplies a reading current Ir and a current source |Iw which supplies

a mwiting current Iw. The current source Iwis constituted by a transistor
of which the operation is controlled by the output -13- of an

ANB‘gate ci rB&7e (?aWEEYvr§ﬁ§|§P§PrééﬂsﬁﬂﬂxﬁﬁﬁlHégﬂﬂ;&n!ﬂﬁyu source |w

assunes, for e, the o ratlve condi tion when the AND gate circuit G
produces an BBP{)gE d to; fhenpght) cpdpmnsselecting gixquitéy @nduit WA is

ted to th [ | at , th
\?\/?ln??rC]gem rgﬁl?%ﬂuﬁ)ﬂ?é?ﬁlﬁﬂ#ﬂgﬁumm‘ %\%Ee asc ﬁ;t i se-

s 10 BARRETETC R, X 18, epbest B Bl oY D0

Witigg Circgbismiblel8ctibig Eigcuit.cut of the plurality of
column lines.
Although not shown, i csnstantrcdrrent
| sources are connected to common lines DLli to DL18
~ which transmit the internmal addresr.:signals:to the
- 10 unit column-selecting circuits. o
To simplify the illustration, the column lines
Bl, B7 that are representatively sﬁown among the
plurality of column 11nes, are provided with
switch;ng transistors (column sw1tches) Qll, Q12
15 that work in the same manner as the above-mentioned
 transistor Q10, and with base resistors RS, R9.
connected to the bases of these tramsistors. ‘To  -.
L the eMitters'of these'switching transistors (column
switches) Q10 to Q12 are commonly connected ‘in
20 parallel a constant-current source Ir which supplies
a reading current Ir and a.cﬁrrent source Iw which
supplies a writing current Iv.
- The current source Iw is constituted by a transistor

25 of which the operation is controlled by the output.



isl lustrates the circuit of the unit witing circuit WAO only fromall the
unit witing circuits WAO to WA7. 15 The unit witing circuit WAO
consi sy¥5~0f a PNP-type bipolar transistor QL3 and -NPN-type bi pol ar
-transisrdq QL4 and QL5 which are coupled in the formof a thyristor to
trans '%? ‘writing current signal Vfi§gpplies froma ternminal [err] t'o the"
row i . 20 ' - ' The
NPN-t ype bi pol ar transistors QL4 and 015 are Darlington-connected to
i ncrease the current anplification factor. A bias resistor Rl1 is con-
nected across the base and the emtter of the 25 transistor 015. A ™.
predet epffi RAJARDAGate (EXCUA¥Y G. I PhéPerasdikeorhechage~of the transistor -
QL3 which is connected in the formof a thyristor. An address'decoder is
connect edtingt Bhebzurreint ourensivt asstids |, ofoe! exhinpdey supply the 5
witing current to the rowline responsive.to the address signals AOto A3
- in the thet opgragdivat icondiftdomddhen sthechdRr gatecedstiuitt ed by a di ode
logic circuit (matrix) consisting of diodes D10 to D14 connected to the
base of Gt pyodngasi anooutprt Wf dabghsle¥edpal s AOto A3 fromthe

addr ess i nput _ . _ _
5 P A writing circuit WA is connected to the row

lines WO to W7. Aas will be-menﬁianed later, the

writing circuit WK;Supplies a w:iﬁing current to .

a row line that is designated by the address

éignals A0 to A3 out of the plurality of row lines.

10 The writing circuit WA consists-of a-plurality of

unit writing circuits WAO to WA7. Fig. 1

illustrates the?qirpuit.of the unit writing circuit

WAO only from all the " unit writin_g circuits WAD to

o ) .. -

; 15 The unit writing circuit Who-consistS'of a
PNP-type bipolar transistor Q13 and NPN-type bipolar
transistors Ql4 and Q15 which are coupled in the form

. of a'tﬁyfistor to transmit a writing.current signal WP
supplies from a terminal WP/CS to the row line WO.

20 - - - S " The

| NPN~-tybe bipolar transistors Ql4 and Q15
'aresﬁ;rlington-connected to increase the current
.- -amplification factor. A bias resistor Rll is con-
= 'ﬁpecte{ across the base and the emitter of the

25 - transistor Ql5. A predetermined bias voltage Vb2 -



termnals AOto A3 are supplied to the witing address buffer WXAB t hat
wll be nentioned |ater, and the internal conplenentary address S|gnals
ad"; 15 .[err] to a3, [err] forned by the address buffer WKAB ar g
supplied in predeterm ned conbi nations to the aforenenti oned di ode fc
circuit.. Therefore, the diode logic circuit forms sel ection signal

respon- sive to the address signals A®%to A3. 20 O her wuni
witing circuits WAL to WA7 are al so constructed in the same manner as the
above unit witing circuit WAO The internal address signals a0, [err] to
a3y [err] are supplied in predeterm ned conbinations to 25 the unit

‘a3 [err] ar | |
Suppl i 0 to PRcIPRLFeRlxy) Khe Bibe) Br AR, erankiEeeE AR, 20,000 G

froma unit LU a ed by the internal
~address signa szgigﬂeét:éﬁ f.{)t%ﬂg £b2H Bg"aa CL‘},;J,]& ‘of the plurality of row

L]

l'ines. The mﬁltlnﬂnaggafggsbgggga éﬂéédﬁt&iéﬂéﬂggééy of wunit

*address buffers XABO' to XAB3' hat ave e sane construction. The wunit
address buffgf #Re t:ansssﬁaﬁleomn b aelﬂettheqw tsuppIehe'g di ode D7 is

connected to the colum
5 writing current to the row line responsive to the

adﬁ;ess signa1s'A0 to A3 in~the writing opeﬁation.'
The address decoder is constituted by a diode logic
circuit (matrix) consisting of diodes D10 to D14
connected to the base of the transistor Ql4.

10 _
The' address signals A0 to A3 ffdm the address input
terminals A0 to A3 are supplied to the ﬁriting
address bufier WXAB that will be mentioned later,
and the int;f;ai complementary address signals ao’,

15 30" to-a3, a3’ formed by the address buffer WXAB
are supplied in predetermined combinations to the

aforementioned diode logic circuit. Therefore, the -

_ o diode logic circuit forms selection signals respon-

k2 )

sive to the address signals A0 to A3.
20 & Other unit writing circuits WAL to WAT are
. also constructed in the same manner as the above
“unit writing circuit WAO.
The internal address signals a0', a0' to a3‘',
a3’ are suppligd.in predetermined combinations to
25 the unit wri%ing circuits WAl to WA7. Th&f is, the



kine BO so as to operate in differential manner relative to the nenory
~elenent connected to the colum |ine BO Reading diodes D8 to D9 are con-
7 nected to the other colum lines Bl to B7 so as to operate a

‘ial manner relative to the nmenory elenents |ike the B
ntioned case of colum line BO The colum lines BOto B7 are
con- nected, via these di oth®~D7 to D9, to the emtter 20 of
an NPN-type bipolar transistor QL6 which consti- tutes a sense anplifier
SA. To the base of the transistor QL6 is applied a reading reference -

voltage Vs, and to the collector thereof is connected a | oad resistor RION

The col QUL b &S é;g Opha. to a data out put
buf fer %ﬁ%?g%ﬁ%bggﬁ?g?g ka@?%gga?ﬁgﬁgﬁirwiﬁ?;ggigﬁgf?§£%3istor QL7 which
consti -ywkiteAgaBietuits!, Bad ewer wrihamy iGukrégENifagupplibe data out put
buffer DOB is connected to the external termnal D. Operation of the data
-out put Brom abithfier wid@8ing edficudlt &b by rowiimendésig+p selec- tion

signal CS produced by a level converter circuit LV that will be nentioned
| ater. Aatedll bybeheeinternald address rsitmals, a0he adf etoal chip sel ection
signal CS assunes the high I evel during the reading 10 operation, and
SssunesaBhe B3W butebfdagﬁn@hﬂmglity of row lines. - . . - f

The writing address buffer WXAB consists of a
plurality of unit address buffers XABO' to XAB3'

that have the same comstruction. .© - _ : : _.LJ

The unit address buffer
10 ~is made up of a TTL circuit.
| A reading diode D7 is connected to the column
line BO so aé to operate in differential manner.
relative tolthé memory element connected to the
column 1ine.£6.'.neading diodes D8 to D9 are con-

15 | nected to the other column linés Bl to B7 so as to

- operate' a differential manner relative to.the memory -

* elements like the above-mentioned case of column e -

. line BO. The column lines B0 to B7 are commonly con-.
nected, via these diodes D7 to D9, ‘to the emitter

20 of an NPN-type bipolar tfansistoerlG which consti- .

tutes a seﬁse amplifier SA. To the base of the .

transi;tor Q16 is applied a reading reference voltage

Vs, and to the:collector:the:eof-iéwé;nnected a load

resistor R10. The collector output of the transistor

25 * Ql6 is sent to a data output buffer DOB composed of

E)



z

@

[

witing operation. Wien the internal chip selection signal CS assunes the
high I evel, the data output buffer DOB assunmes the operative condltlon
responsive thereto. Wen the internal chip selection signal 15
assunes the l'ow | evel, the data out put buffer DOB assunes the ino
condi tion responsive thereto and the output thereof exhibits a hi
|npedance The termnal WP/CS in th%'blpolar PROM of this enbodi
20 serves as-an input termnal for receiving the chip selection signal
[ert] and as a terminal for receiving the witing pulse W. When the chip
eégctlon signal [err] applied to the termnal [err] has the Iow level,

h

bi pol ar &% ECL S¥¥¢IMOE, tvia Snéﬁﬂhﬂfﬁéfefdr}i?rﬂﬁi&ﬁecbﬁiﬁﬂ

operation. when the chip selectlon si gnal has the high | evel of, for
exanpl e, 5 vaitds £ dibteéPefoliower! NeThepoutputREbininallaegd under the
non-sel ected condition in which neither the reading 5 operation nor the
writing operghe ddats matput';dbmﬁferFDOBhEs conhectedwtot the pul se WP of , for
exanpl e, several tens-of volts is supplied to the ternminal [err], the

bi pol ar PROx%tarnalsterninaliPng Operationonf thetdata antputhe vol t age

applied to the 10 t er m nal [erré has the | ow | evel, the bipolar PROM
5 buffer DOB is controlled by an internal chip selec~

tisn signal CS produced bj,a-level converter circuit
LV that will be mentioned later. Aas will be de-
scribed later in detail, the internal chip selection
signal CS assumes the high level during the readin§

10 oﬁeration, and assumes the low level during the
writing operation. When the isternal.chip selection
signal CS assumes the high level, the data output
buffer DOB assumes the operative condition responsive .

" thereto. When the internal chip selection signal

15 CS assumes the low level, the_data-output buffer DOB

assumes the inoperative condition responsive thereto,

and the output thereof exhibits a high impedance. .

- v ome | termimal

WP/CS in the bipolar PROM of this embodiment also
.20 serves as-an iﬁput terminal for rsceiving the chip
o select;on-signal CS and as a terminal for receiving
the wrxtlng pulse WP.
When the chip selection signal CS applied to
" the terminal WP/CS has the low level, the bxpolar
25 PROM of this embodiment performs the reading



perforns the'reading oper ati on.
h.'

[err]
per f or
betmee

hi gh potential for witing operation or has the high level for placing the
devi ce under the non-sel ected condition,

(S

When the voltage applied to the terninal
vol tage of as high as several tens of volts, the bipol ar
witing operation. Wen the voltage 15 appl i ed has a val ue
low | evel and the high voltage, e.g., has a vol tage of, for
bout 5 volts, the bipol g5.PROMis pl aced undér the non- selected
- condi tion. Wether - the 20 voltage applied to the term:nal

PROM

[err] has a

is discrimnated by a Schm dt

ﬁ(ra:‘ g?gﬁcgﬂg@u' %’ S-Ezt % ée ?ﬁgrrenti}oned l atgpﬁbdﬁa&sappl | edwjt E)ht he
o b #kshﬁ ePBL ot o SRR ign EARLeF [ e L and produces

achip5 e h.Qn I f t ! rted with respect
to the cf F%S%eﬁgh?io%hgighgﬁiég)zﬁgulevé?fconvzﬁ?er c?¥§U|t LV produces an
| nt &1 nal nlBeiBbtal Anditidn $ WLLCH %él Bhe’ thECralapnge! ection signa

CS1 and
5

WP/CS, the hipolar PROM pe:foxms the writing opera-

10

15

a witing contol
cperation nor the writing operation is carried out.

Further, when a writing pulse WP af, for example,-
several tens- of volts is supplied to the terminal

tion. That is,_shen the voltage applied tr~ the
terminal WP/CS has the iow level, the-hipolar Endn
performs-theereading_operatian. Wben the voltage
applied to the terminal WP/CS has a voltage of aé_
high_as several tens of volts, the bipolar PROM
performs tﬁe %fiting_operatiqn. When the_voltage
applied has a value between the low level and the

high voltage, e.g., has a voltage of, for instance,

"*about—s volts, the bipola: PROM is placed under the:,

. 20

25

non~selected condition. ' f

Whether - ~ the .

voltage applied to the terminal WB/CS has a high
potentiel_for writing operation or has the high
level for placing the device under the npp-selected
condition, is discriminated'by a Schmidt. fiigger'
circuit ST that will be mentioned later in detail

with reference to Fig. 2.

*



10 signal We produced by the Schm dt trigger circuit ST that will be ’
described later. Wen the witing control signal W has the | ow | evieks
| evel converter circuit LV converts the l.evel of the chip selection signal
CSl into the 'ECL level, and produces 15 the chip selection signal CSl of
the ECL |evel as an internal chip select|0ﬂ signal CS. Wen the witing
control signal We has the high level, onT 8= ot her hand, the |evel

rter circuit LV prod e | al chip s i on si I of the
Icg\rzzievel 20 That is, the \Ml%ljﬁ' Iﬁ{%ﬁo%.%ﬂ%qu R%"”fﬁq}? célfe The
the. inter n(;{y, [ ﬂ;“ﬁ!m
Fﬁ'ltjerflal chip selneeé:t | onapls?gt];ﬁ & ﬁ%ﬂ?dtu‘%}c}{%y the | evrn‘leE conve uit
circuit LV is Supevphi€teHe BUEEdridiveud FHe MHd in@Edyt %utcrms' Stor

of each of the unit rowselecting circuits and to the data output buffer

DOB. 5 VInig eompbged L i TIL Sirtdit aind produted avdmige! is
Jproduced to performthe reading operation;, i.e., when the potential of the
low | evel is &pplsekectiamheignal re8l [ef Mhidhethn s iy dinverted o-
duces the chip selection signal CS1 of the high 10 - l evel.. In this case,

the chip sel ect | Ofith FREPeaY (Yo ithe chip selection signal CS.
| The level converter circuit LV produces an
: internal chip selection signal CS upon receipt of
the chip selection signal CSl and a writing contol
st - 10 signal We produced by the Schmidt_trigger circuit
ST that will be described.later. When the wrltzng
control signal We has the low level, the level
converter circuit LV converts the level of the chiﬁ
selection signal CSl into the ECL level, and produces
15 the chip eelection signal,éSl of the ECL level as .
an internal chip selection:signal Cs. When the wrltlng
control 51gna1 We has the high level, on the other
"hand, the level converter circuit LV produces the
1nterna1 chxp selection signal CS of the low level
20 That is, the writing control signal We of the high
level caﬁees the internel chip selection signal Cs
to assume the low leﬁel. The internal chip selection

.signal Cs



&

dl so supplied to the witing circuit WA as well as to the Schmidt trigger

CircpitnST. The chip selec- tion signal [err] is of the low level having a
" pot iNah 15 | ower than the threshold voltage -of the Schmdt. tri gger

cir T. Therefore, the Schmidt trigger circuit ST produces a witing
cont signal We of the low | evel. Accordingly, the | evel converter

circuit LV 20 produces the internal chip selection signal CS of the

hi gh I evel (in the ECL |evel). Hencé' Sthe rowselecting circuit WS selects

a rowline deS|g nated by the address signals AOto A3 out of the

plurality of rowlines WDto W. 25 . The data output buffer DOB e
set to tproduceby othe alevel coonverserheimsuitnId 48 sa—p sel ection '

signal CS of the high level, and. roduces the data at the output term nal D.

responsiPkied tactheremittered ltirenitten mnsiator On the

ot her hand when the.chip_sel ect| gﬁ%h%err] f t hi gh level is .
- appl i ed ¥ the terninal ‘Fﬁr?f‘: ° t he high |evel

is appli he terpmn [ [ | a PRC]\/I under the

non- sel e‘r':f% %ﬂ ‘g & é&?t&ﬂﬁL &#@gﬁ bg’%[' I B produces the chip

5 When the chip selection signal TS of the low

level is produced to perfcm the reading operation, .
i.e., when the pctential of the low level is applied
to the terminal wp/cs, the huffer circuit IB pro-
duces the chip select’on s:l.gnal CSI of the high

10 -1_evel. | | -

o In this case, the chip. seiection signal CS is

also snpplied to the writ:.ng circuit WA ‘as well as

to the Schmidt tr:.gge: circuit ST. ‘.'I.‘he ch:.p selec-

_ tion sz.gnal cs is of the low level h_av:.ng a potent:.al

15 lower than the thr_éshcid voitage of the Schmidt
trigger circuit s"r'. Therefore, the Schmidt trigger
circuit s_u" produces a writing control signai We of -,
the low level. D - | o

Accordingly, the level converter circuit LV

20 froduces the internal chip selection signal CS of

| the ﬁigh level (in .the, ECL level). Hence, the
row-selecting circuit WS selects a row line desig-
nated by the address signuls A0 to A3 out of the
plurality of row lines WO to 7 P ) '

25 The data output buffer DOB 1s set-to the



“circuit LV therefor produces 20 t he

sel ection signal CS1 of the low level. In this case, although there is no
particular limtation, the chip selection signal [err] is of the high |e
having a potential smaller than the 15 t hreshol d vol tage of the Schiy
trigger circuit ST. Accordingly, the Schmidt trigger circuit ST prod ues
the witing control signal W of the |ow * ‘tevel The | evel converter

rﬁ 5t hal chip sel ection signal CS
of the lowlqgvel. The internal chip selection signal CS of the |ow | evel
i's supplied to the emtter of the tran- sistor (B constituting the unit

selectln cuit. , the rowgselectipg circuif W5 places 25
OJ\Q:‘of the r ‘l'qgs"% l_gf Ry Ehe %’EF%S F*‘éﬁ se&egggxq n the

di t - I diti d bed
above, "t o wSHRY &t 9%t dridh ety A4 ReoRlne 8he dRt80 0. ingly.

circurts, andthddth iR SRERAAE' %%%?5%%#?%2???@“% AR ci - et s 1o

=t he romlllne inde) f ' oltage which is applied to the
; ﬁ dl pdeﬁrﬁxﬁﬁ%é?sg a?ﬂﬂ_fhi‘. 9 pp _ |

(4]

term nal [er e Wwiti
5 On the other hand, when the chip selection

signal CS of the high 1eve1 is applzed to the
terminal WP/E§, i.e., when the potential of the
high level is applied to the terminal WP/CS to
— ..place the bipolar PRQM.under the non-selected con-.

10 dition, the buffer circuit IB prcduces the chip

selection signal CS1 of the low level. |
In this case, although there is no particular

limitation, the chip selection signal TS is of the
high lavel'ﬁévihg a potentia;lsmaller than the

1s threshold voltage of the Schmidt trigger circuit
ST. Accordingly, the Schmidt trigger circuit ST

produces the writing control signal We of the low

L level.’

. The..level converter circuit LV therefor produces
20 the inteinal_chip'selection signai CS of the low
level. The internmal chip selection signal CS of the
© low 1éve1 is supplied to the emitter of the tran-
sistor Q5 constituting the unit row—selecting CiL=-
l cuit. Hence, the ro§;fe1ecttng-c1rcu1t WS places

25 all of the row lines under the non-selected condition.
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10

__operation, is also supplied to the emtters of transistors QL3 in

witing circuits WAOto WA7, and to the Schm dt trigger circuit
i1l be nentioned later in detail with reference to Fig. 2,.upon

of a witing pul se 15 ‘WP of a high voltage, the Scbnldt'trigger
ST produces a witing.control signal W of the-high |eve

ive thereto. Wth the witing control signal W of the high | evel
upplied, the | evel converteragitcuit 20 - LV produces an internal .
| ection signal CS of the low | evel irrespective of the potential at
mnal [err]. Therefore, the unit rowselecting circuits Ws0 to W57

ut i ngIhhEheoKeading iopezation and inthe chimcRenander the
ected 23 4G ndltlon Nane e tranS|stor )/ in each of
& ?%i%é% réﬁhﬁdﬁr ductive. Thus, by
n he,dri,ve ran- srstors nst ng he u rOMFseIectlng
B A& Het iARSHES n ? * °5 Adéo geratlon i's

g3 £ e el 3%'#@&%ﬂ%ﬂ%ﬁ%ﬂﬁ22“;SSL?FL;,”?he
a20ps2ihCBach of the writing circuits, and no
ﬂrztlng current is supplied from the'writxng cir-
cuits to the row lines.

The writing pulse of a high voltage which is _
ayplied_ﬁo the terminal WP/CS to ﬁerform the writing E \j_
operation, is also supplied to the emitters of

transistors Q13 in the unit writing circuits WAO to -

- WA7, and tbﬂthe séimidt'trigger circuit ST.

20

As will be mentioned later in detail with
reference to Fig. 2, upon receipt of a writing pulse
WP of a high voltage, the Schmidt trigger circuit -

ST produces a 'wri'ti’ng-_contr_ol signal we of the hiéh' ) |
level responsive thereto. = .-_ : .

" With the- writing control signal we of the high
level be;ng supplzed. the level converter circuit
nv produces an xnternal chip select;on signal CS of

the low level irrespective of the potential at the -

.terminal WP/EE;“-Therefore,-tﬁé-uﬁit row-selecting -

25

circuits WSO to WS7 constituting the row-selecting
circuit WS are all placed under the non-selected
condition. Namely, the transistors Q7 in each of



The witing control signal We is-also supplied 10 as a selection sign:
to.the unit witing circuits constituting the witing circuit WA, and

supplied as a control signal, to one input termnal of the gate circuit L%,)f
During the MW|t|ng operation, the witing con-. 15 trol signal W of™

~high level is supplied as a selection si nal to the unit witing circuits

WAO to WA7 which constitute the -witimR&frcuit WA. Therefore, the witing
circuit WA supplies a witing current to the row line which is designated
by the 20 address signals A0 to A3 anong the plurality of row |ines.
Furgher, the witing control signal we of the high level is supplied to one
i nput ternlnthBf“Fg§ gavesel gecirauwits jare sremdemed moreref ore, 25
the witing current source |wis controlled accordl to the data
suppl i ed to tRENERFEiNG. t ThEBnabyDrendexning i&?cﬁkﬁﬂﬂ of the data

out put buffer exhiits a h.inp nce due to the infernal chip
sel ection si gB&BteE8 R/ FONE tﬁ tgg unit RRW BMeFERI ar e sel ect'ed by

¢ h I I ' BS h - h
" eadi ng oper sEERCLTHAES ,'%ﬂecegﬁm' FROE diiing snerbels " O T

5 operation, it is allowed to increase the withstand

)

voltage of the unit':ow-selecting circuits against
the high voltage applied to the row lines during
the writing operation. -
The.ﬁriting coﬁtrol signal We is also supplied -
10 . as a selection signal to the unig writing circuits
constituting the wriﬁing circuit wa, end.is supplied
as a control signal to one input terminal of the
gate circuit G. ' ._
DurinéifPe'writiﬁg-operafion, the writing con-
15 trol signal We of the'high'level is supplied as a
- selection signal to the unit writing'oircuits WAO
. to WA7 which constitute the writing oiecuit WA. .
S/ Therefore; the writing circuit Wa eupplies a writing
current to the row line which is designated by the
20 address;signals A0 to A3 among the plurality of row °
- lines, | . .
Further, the writing control signal We ©Of the
high level is'supplied to-ene input terminal of the-
gate circuit G so that it 13 opened. Therefore,

- 25 . the writing current source Iw is controlled according



rece@;e\s the internal conplenentary address signals 10 a4, [err] to a7,
[erp.} nd forns a selection signal to turn on a switching transistor that

s cted to a colum |ine designated by the address signals A4 to A7
ano he plurality of colum lines BO to B7. During the witing ‘operation
as wll be nentioned 15 | at er |#\3 detail, the reading current source Ir,
or both the reading current source TT and the witing current source 'Iware

connected to a colum line via a switching transistor which is turned on by.

the colum-selecting circuit BS. Wiether the read- 20 i ng current

Sour oo Fp ha"BREEAREATL R Ruidhnedlnd] OARIARE H20° 00T calum

i ne, d by 15%‘13: On $ermnal D. During
t he rea?f‘lnghggreqrgg{ag © on ?ﬁ‘e ﬁer i@%@ﬁ% readl ng current
source pop- g&hibitiss acmwti%éd&dé?éﬂ W8 thdeiytérratW t ching _
transistor. According to the above-nentioned bipolar ‘PROM the data is

Wi ttencﬁﬁ.preadeetttomswndlasssdf thd oW IéveIonstruction, i.e. on the
basis of 1-bit unit. The invention can be adapted to bipolar ' :
5 Column lines are selected by the colum_n—_

selecting circuit BS in either the writing 0pera-

tion or the reading operation.

That is, the column-selecting circnié BS

receives the internal complementary _add_ress signals | v

10 a4, ad to a7, a7, and forms a selection signal to

turn on a siritching_ transistor that is connected to
a ‘column line designated by the address signals A4
to A7 among the plurality of column lines BO to B7.
During the writing operation as will be mentioned
15 later in detail, the reading current source Ir, or
~both the reading- current source Ir and the writing
-.~=-current source Iw are connected to a column line
via a. switching tra.nsistor which is turned on by
the colmnn-s_ele_cting_ circuit BS. Whether the read-
20 ing current .source Ir is connected to the column
line or both tzne reading current source Ir and the
writing current source Iw are connected to the
column line, xs determined b;p the data suppl:.ed to
the external terminal_ D. During the reading opera-

25  tion, on the other hand, the reading current source

[



PROM s which wite or read the data with a plural bit unit, such as x 4 bit
construction or x 8 bit 10 construction. In this case, the nenory arrays—-
MARY wi || be provided in a plurality of units such as four, eight, et
address buffer circuit and selection circuits such as row and 2
colum-selecting circuits wll be connDnL§ used for the plurality of ry
15 arrays. Such nenory arrays and sel ecti 3 circuits can be comonly
operated by a coryenti 0 t C e 21is a

@ agramwhich || FhotrareinefERi0to B BOTuAR' LIRSCEIACH, BeLEenTh, P G ¢

A-Circuit 20 whirglndiSebili nates the signal introduced fromthe ternina

Ff i's substantially conprlsed of the Schnmidt trigger circuit ST and the
Ievel converter circuit LXccordifg keveheohbbbe-meftabnkaopipbeater n nal
[err] is shifted through diodes D16, D17, and is converted into a = -
predet er m ned IePRbeytheIaaga-dsvwﬂimgeneersread &ht, oRl8heThasssgnal of
which the level 5 - is converted is applied to the base of the NPN-type

«bi polar transi stof &8 bis gopstzucsirsrol.RijonThbeobagis Ofokrbhb
collector of the transistor QL8 is input to the base of the NPN-type
~ bipol ar ‘transi st 9Pi6E9. An emitter resistor RL5 is.com

¢ The invention can be adapted to bipolar
PROM's which write or read the data with a plural
bit unit, such as x 4 bit construction or x 8 bit
i 10 construction. 1In this case, the memory arrays MARY
will be provided in a plurality of units such as four,
eight.-eﬁcs The address buffer circuit and selection
circuits such as row- and column-selecting circuits.
will be commonly used for the plurality of memory
15 arrays. Such memory arrays and selection gi:cuits
can be commonly operated by a Qonventional method,
and are not described here. |
Fig. 2 is a diagram which 111ustrates thel.'
abové-mentxoned Schmidt t;igger-cxrcuxt ST. A circuit
20 which discriminates the signal introduced from the
terminal WP/CS is substantially comprised of the
e | _ o ‘Schmidt trigger circuit ST and the level éonverter

. circuit LV.



lb nonly connected to the enitters of these transistors QL8, QI9.

Resi st/0rL.5\'R16, 117 are connected to the collectors of the transistors Ql8,
QL9, gctively, and the witing control signal We is produced fromthe
colle of the transistor Q9. 15 In this Schmidt trigger

circuit ST, when a witing pulse W,pf the high voltage is applied to the
termnal [err], the transistor QL8 |s rendered conductive by a signal ‘whose
| evel is converted by di odes D16, D17 and resistors R12, R13. Therefore, 20
the transistor QL9 is rendered honconductive and a witing control signal

£ he' 7S Shond S R A0 0 SR nU . T5111
ﬁgrsa ;epo%ﬁ#t@gff %Qog%h \bﬁ.&% ] @soﬂ/venifhan ,?ng% Wvﬁe%g% | _s converte
h d ' | WP/ CS.
-?_hce)\r/:f g?ghth»?’ﬂg %eﬁg%wﬁ l?ég"érf;n eredﬁhé}con- duct na ax\g t he
transi st esPheors RI2JeRAB.COTHS gzgmﬂlsglmcpﬁcggédj,gﬁéy, a witing

control signal We of the low |level is produced fromthe collector of -the
tsansi st 4 Qbfiverited dissappllita (foictity drasd Of atitdi gpN-etgpe i on si gnal

[err] of the low level is
b:Lpolar transistor le via a base resistor Rl4.
The output from the collector of the transistor
Q18 is input to the base of the NPN~-type b:.pola.r
transistor Q19. An em.tter resistor R15 is com- o ' S U

10 monly connected to the emitters of these transistors

| Q18, Q19. Res:.stors R16, R17 are connected to the
collectors of the transistors 018, 019, respectively, .
.and the writing control signal we is produced from
the collector of the transistor Ql9.

15 In this Schmidt _trzgger circuit ST, when a
writing pulse WP of the high voltage is 'a'p_z':lied to
the terminal Wp/CS, the transistor Q18 is rendered .,
cpndﬁci:ive by a 'éig"na-l .w_hase level is converted by -
diodes D1§-5 D17 and resistors R12, R13. Therefore,

20 the transisfor (}iQ is rendered noix'oonduétive, and
a writing control sigixal We of the high level is
produced from the collector of the transistor 019.'
On the other hand, when a chip selection signal CS
of the high level is applied to the terminal Wp/CS,

25 the signal whose level is converted has a potential



applied to the termnal [err]. 10 The current source Iw for witing is %
cofipri sed of an NPN-type bipolar transistor QR0 which receives the o _j%f;%
of the gate circuit G through the base thereof. 15 Fig. 2 also’
shows . a 'portron of the internal circuit of the data output f
buffer DOB, i.e., shows a portion of _the output stage. The output stage
circuit consists of NPN-type bipoIaFZPFansistors @2, 23 which are coupl ed
in 20 ~a differential manner, load resistors R18, R19 therefor, a.
congtant-current source | commonly con- nected to the emtters of the
trapsi stors @2, 23, and an open-emtter NPN-type bipolar transistor Q@1
whi Ch recei véshioh imitlowes rthan hthat| 0fcwhenothehababe-mentionadi st or 022.
A reference voltage Vref is supplied to the base of the transistor 22, and
a signal basF tPRelef i WRitis applied tocthentermipalfWeyCSA is supplied
to the base of the transistor. Q23 According to this enbodi nent

.5
in whi ch t he The%eERRSutthe[ tEansistor QI8 cisrendaredcnonren~cuit, the

Sheeds. “ho” Wotive dna e {fansfitd? GFS' L5’ 2indaned cbar O M & M O"

5 ductive. Accordingly, a writing control signal We

of the low level is produced from the collector of
the transistor Q19: ‘This also holds true even when
a chip selection signal TS of the low level is
applied to the terminal wWP/CS. -

10 o

| Thecurrent.éouzce Iw for writing is comprised of

an NPN-type bipolar transistor Q20 which receives
the output of the gate circuit G through the base
thereof. o '

15 i Fig. 2 also shows : _a portion of the
internal circuit of the data output buffer DOB, |
il.e., shqws a portian'gf the output stage. - | .

W o Tﬁe.ohtput stage circuit consists of NPN-t&pé. e
bipolar transistors 022, 023 which are coupled in

20 a differential manner, load resistors R18, R19
therefor, a constant-current source I commonly con-
nected to the emitters of the fransistors Q22, Q23,
and an open-emitter NPN-type bipolar transistor Q21
which receivesrtﬁe.oufput from the cﬁllectbr-qf the

25 transistof 022; ' L .

4



“out put_ tran5| stor ‘@1 in the data output buffer 10 DOB has an

open- ter formas described above. To prevent the transistor 21 from
br ea there- fore, it is necessary to restrict the voltage applied to
the i ‘output termnal Dto a rela- tively small value. In the
conventional bipolar 15 PROM a t} h voltage is applied to the
| nput/output termnal Din order to wrlte a desired data onto the nenory
el enent. Therefore, limtation is im posed on the construction. of the -

data output buffer. According to the above described bipolar PROV 20

with th N@n q! ald E(;%e re oI i nposed on the
constru%tl(%n gftt?%] is a&%uf &buf#;%ﬁﬁfiﬂgséé. the data out put

“buf fer %gf ch I s capabl e of
oper at i r?& at %ﬁgh S eedga u‘ﬁg %E)erat I on Of t%e %I po .PROM of the
enbodi mggt stUli@a {25 Ene Bade ! GFV. tihe transistorngbkhe W” ting operation,

witing pulsé™WP is supplied to the termnal [err], the witing puI se W
gavi ng a vol mmnéwomlmbﬁiﬁeﬂb in wh:.ch the
data output buffer DOB is made _up q.f_ an ECL __q:l.;:-
cuj:t, the operation speed is 'fast_, and the reading
operation can be performed at high s_pged_s." The '
output transistor Q21 in the data output-- buffer
10 DOB" has an open-emitter form as described above.
To prevent the transistor Q21 from breaking, there-
fore, it is necessary to restrict the voltage | |
applied to the input/cutput terminal D to a rela;
tively” small value. In the conventional bipolar .
15 PROM, a high voltage is applied to the mput/outpﬁt
terminal D in order to write a des:.red data onto
<the memory element. Therefore, limitation is im- .
josed on the construction of the data.output buffer.
According to the' above described bipolar PROM,. -
20 | . on the other hand, the data is wn.tten
onto the memr.jr element without the need of applymg
a high voltage to the input/output terminal D.
Compa_red with the conventional art, therefore,. no
limitation is imposed on the constructian of the

25 data output buffer DOB; i.e., the data output buffer

a
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as about several tens of volts and having a current of relatively as great
as about 90 mA. Responsive 10 ~to the witing pulse WP, the Schm dt
trigger circuit ST converts the potential of the witing control signak W
into the high level . Described below is the reason of using the Schm
trigger circuit ST for detecting the 15 witing pulse WP. In a P
whi ch the nenory el enents are of -the jurk8ton breakdown type, pulses of a
constant current are applied to the termnal [err] during the witing
operation. In this enbodinent, a pulse 20 of a constant current of
aboy t 90 M\ is applied as a MW|t|ng pulse WP to the termnal [err]. The

ternhal [err]DOBciani (e nade! S GF. Nk CBEL b4 PEusbohigRVEsal tens of
volts. If the junction of a nenory el ement sel ected by address signals is

25 br oken chapable dfhoperdtizg rat deiyid, spéedsol t age -29- drops
little in the nenory el enent. .Accordingly, the voltage at the term nal

- [err] decreases to Vtiding Dpextation obHtthe bipolarcPROMvOENtheée sane

aurrent is supplied to the termnal [err], the voltage at 5 t he

ternminal [err|emhadimentisidddibe) deseribed eelewe junction of a memory

el ement_which is sel ected
s In the writing operation, a writing pulse WP

is supplied to the terminal WP/CS, the writing--

pu].se WP having a voltage of, for example, as high =
as about several tens of volts and having a current
of relatively as great as about 90 mA. ‘Responsive g

10 . to the writing pulse WP, the Schmidt trigger circuit .

- _ ST converts the potential of the writing control

signai Wé into the high level.
Described below is the reason of using the
Schmidt trigger circuit ST for. detecting the
15 writing pulse WP. -
| . In a PROM in which the memory elements are of
‘the junction breakdown type, pulses cf a constant -
&/ . .current are applied to ‘the terminal Wp/CS during
.the writing operation. In this embodiment, a pulse

.

‘20 of a constcht current of about 90‘m is applied as
a. writing pulse WP to the terminal Wp/CS. The -

> terminal WP/CS therefore assumes a .pot'ential .of

ebout several tens of volts. . If the junction of
" a memory ‘element selected by address signals is
28 broken down by the writing pulse WP, the voltage



" has been br oken down or not, i.e., dependi ng upon whet her the data has been

or not. By neasuring the voltage at the term

nal [err], the

re- 10

i's possible to know whether the data is witten onto the nenory
or not. A testing current of about 10 mA’is supplied through the
[err] inrediately after,dhe 15 witing pulse WP is applied to .

the ternminal [err] in order to cieck whether the data is witten on fhe

sel ected nmenory elenent (i.e., to check whether the j

unction of the

sel ected nmenory el enent is broken down). If the junction of the nenory ele-
20 ment has been broken down by the witing pulse WP, the testi

currenarapgdmgggléeq_nc%evw @1éMm ﬁougﬁcégfdmﬁgiy el enment. Wen thit"

testing current is supplied to the term nal

fore, t he

ng

pot ent the wblthge! atMthal tetiiinals WHPES 2decreasés Vbt a86uef as smal |
.about 6 to 7 volts. Wen the --30- junction of the nenory el enent has

not be22 wodksn dEnnpthert words)eclevendshémethé csame JcayFesat pro-
relatively great voltage drop through the nmenory elenment. Wen the

t esti n§scaupphiedsts the tespynadd WRYGSe the nvoltagerat, therefore,

potential at the termdpnal WP/ CS assunes a voltage.
- the terminal WP/CS differs depending upon whether

10

15

20

25

the junction of a memory element which is selected.__

has been broken down or not, i.e., depending upon

whether the data has been written or not. By

measuring-ine-voltage at the terminal-WP/E§, there--

fore, it is possible to know wheEher'the data

written ontn the memory element or not.

A testing current of about 10 mA is supplied

is

through the terminal WP/CS immediately after the

writing pulse WP is applied to the terminal WP/CS :

in order to check whether the data is written on

the selected memory element (i.e., to check whether -

the juﬁction of the Eelected-memory element is

broken down). If the junction of the memory e

le~-

ment has been broken down by the writing pulse WP, ;

the testing current produces reduced voltage drop

through the memory element. When the testing

current is supplied to the terminal WP/CS, there- .

- fore}.phéjioténtiaijat-the'termihal'WP/E§ assumes

a voltage of as small as about 6 to 7 volts.

When the

duces a

t he



of relatively as high as about 9 volts. By detect- ing the potential at

the termnal [err], therefore, it is allowed to discrimnate whet ~{ he
data is 10 | written on the selected nmenory el ement. During th fﬁhes of
witing and testing operations, the transistor R0 constituting ar rent

"source |w nust be maintained conductive. For this purpose, the po i al of
the witi'ng 15 signal W nust “be"mai ntai ned at the high | evel even when
the voltage at the termnal [err] has decreased to a | ow vol tage of about 6
volts at the nmonent of testing imediately after the data is witten. 20
I n fact, however, a voltage of about 6 to 7 volts is often applied to the
terw nal [ er janetdbnedn thee nidtioryh @l eiintd Ifdls Widt L 88ef! biBRehest i ng has

not been effected. For .instance, In a test - for selecting defective
- PROM anong dophnyr ehi theoother handOthe t testing ¢anseAtepporal s) are
tested wth regard to their | eakage. The | eakage test is performed by

appl yi ng a r dugesyel yeliagivedyt greato wdktage dxoprthnaiigh. th&herefore, the
Vol tage of about 6 volts may be applied to.the termnal [err]. The
pot enti al - at MemOXYeedements Whenothe kes¥ing current L8 overshooting

when a : —
5 supplied to the terminal WP/CS, therefore, the

. potential at the terminal WP/CS assumes a voltage
of relatively as high as about 9 volts. By detect-
| ing the potential at the terminal WP/E§,-thereforé,
~ it is allowed to discriminate whether the data-is
10 written on the selected memory elément.

During the series of writing and testing q;
operations;,the=éransistor'qzo constituting.the
current source Iw must be maintained conductive.

For this puééésé, the potential of the writing
15 signal We must be maintained at the high level
" even when the voltagg.at the terminal Wp/CS has
| decreased to a low voltage of about 6 volts at the ‘-
" moment of .testiné immediately after the data is
written. -

20 | In fact, however, a voltageiﬁf about 6 to 7
volts is often applied to the terminal WP/CS even
when the:data has not been written or the testing
has not been effected. For instance, in a test

| “for SéIecEin§'défectivé %Rbﬁ-ahdng é.ﬁlﬁialitiiof S

25 PROQS{I;h;_inéSE pins (terﬁiﬂéls) are tested with

regard to their leakage. The leakage



-chlp selectlon signal [err] of the high level is applied to the terninal
[erg n order to place the chip under the non-sel ected condition. If the
\g)control signal W assunes the 10 hi gh | evel due to undesired
potential at the ternminal [err], a relatively large current flows
he menory el ement at an ugggsired moment, and the menory el énent
~loses reliability. 15 Use is nade of a Schm dt trigger’
circuit ST to detect the witing pulse W, in order to pre- vent the nenory
.elenment fromlosing reliability. That is, the Schm dt trigger circuit
converts the potential of the witing control signal W into the 20

high | et i péfoinddtby gpp1yMﬁg ahgelakispeyohigheat er .than, for L

.instance, 10 volts is applied to the terminal [err], and further has'Such

hyst er amgltfen s tttie Pins (beimihalw)i!i Therefore, Wehef the high level is
produced even when the potential at 25 =~ the termnal [err] is dropped to
about Groitidge fof abouti2é vboitpumapsbeoappddiedngo Ahet he potential of the
witing control signal W assunes the high level, the potential of the

i nt er ndtexminak on Therpotentisls gtctbeytsminan owered to the | ow

slevel /%%O rnslalyn gal. so tzr']iesg utti&tto overshooting when a
chip selection signal CS of the high level is
applied to the terminal Wp/CS in order to place
the chip under the non-selected condition.
If the writing control signal We assumes thef
10 high level due to undesired rise-in'pctentiel at
the terminal Wp/CS, a relatively large: current
flcws into the memory element at an undesired
moment, and the memory element loses reliability.
15 . Qse is made of a Schmidt trigger circuit
'~ ST to “@étect the writing pulse WP, in order to pre-~
vent the memcry element from losing reliability. e
| That is, the Schmidt trigger circuit converts the

O

' potential of the writing control eignalIWe_intc the
20 high level,'fcr the first time, when the voltage of '
| greater than, for instance, 10 volts is applied to
the texrminal W?/EE} and further has such hysteresis
characteristics that the writing signal We of the
"high level is: prcduced even when the éotential at
25 " the terminai wp/CS is dropped to about 6 volts for

W



of the data

the unit rowselecting cir- cuits WS0 to W57 constituting the r

circuit are

address signals fromthe terminals AOto A7 are all of the |ow | éve

out put buffer DOB assumes the condition of high inpe

all placed under the non-selected con- 10 ditioQ.*
, the

unit address buffers XABO to XAB3..forminternal address signals [err] to
[err] of the high |evel. TherefBPaf'diodes D10 to D14 provided in the
unit witing 15 - circuit WAO are all rendered nonconducti ve.
Consequently, the transistors QL3 to QL5 coupled in the formof thyristors
arg all rendered con- ductive, and the witing current supplied to the

terfnal [er

tHe ipurpuké f heestingi ne WO 20 "~ Upon receipt of

address signals of the lowlevel fromthe terminals A4 to A7, .on the other
hand, the addr esdAshtiierpotténtialsof nthenwkitddgesontrgplalsignalr] to [err]

of ‘the high

| evel . Hence, a’'signal of the high level are applied to all of

the enitter sie2mssumes the highslevel, Bhehpoteotdml: ofed+hen address

- 33- decoder
unit col um-

in the unit colum-selecting_circuit BSO anong a plurality of

intamah Fhip ciplectien sigmdl GFeisnforsibiy sel ecting circuit

.'BS' I—Ence, Ofolvyextehf £d atrﬁel S{ S vg{..t hﬁcgglr i:i.hng_t,t %he output

. of the data output buffer DOB assumes the condition

10

of high impedance, and the unit row-selecting cir-
cuits WSO to WS7 constituting the row-selecting
circuit are ill plaéed under the non-selectéd con-
dition. If address signals from the terminals A0 ‘
to A7 are all of the low level, the unit address
buffers XABO' to XAB3' form internal address

signals a0’ to 33' of the high level. Therefore,

diodes D10 to D14 provided in the unit writing

15

20

circuit WAO are all rendered nonconductive.
Consequehﬁly, the transistors Q13 to Q15 coupled
in the form of thyristors are all rendered con- e
dﬁctive} and the writing current supplied to the
terminal WP/CS is fed to the row line WO.

Upon receipt of_address.sighais of the low
level from the'terminals A4 to A7, on the other

hand, the address buffer YAB forms internal address'

‘signals ad to a; of the high level. Hence, a signal

25

ofi the high level are applied to all of the emitters

of the transistor Q8 that pénstitutes an address



'c nstruction is rendered nonconductive in the unit col um-sel ecti
Q&; SO anong the transistors of the nmulti-emtter construction

i tdting address decoders in the.unit colum-selecting circuits. Th

'stor @B which is rendered non- 10 - conducti ve causes t he
transistor @ to be rendered conductive, and a selection signal of the h
l evel is supplied to the col um-s&-=ecting switching transistor QLO only.
aresult, the transistor QLO only is rendered conductive anobng the
plurality 15 of switching transistors QLO to Ql2. In the witing
operation as described above, a row line and a colum |ine designated by
t he addﬂéﬁ?ﬁ?ﬂ@#&:#hQJﬂRiﬁVcQ%QﬂQmﬁQ%thﬂﬂmtCﬁtcu&tpﬁﬁﬁal|ty of rowlin
and colum lines.. A nenory elenﬁ‘m&frOV|ded at an intersecting’

poi nt ofAMORg Fh@é-%’é\ﬁ'e(?ff dﬁ'ﬁ- reelvpntselesting Fireuits: he *
that is selected Ry the address S|gn S ot of a rality of nmenory
el ement "é&ﬁ‘é’t‘ﬁtﬁt ai%&/tf &g g Shen the transisto

D O Sy 8 e a6 O o BT bRy B Fans: "for med

" lgto a %&%@ﬁ%&t&uw Yendefed Mhifdoddctive in the unit
| colupn-selecting-ciscuit Bsp'amoné the transistors
of the multi-emitter construction constituting
address decoders in the umnit cblumn—seleeting;
circuits. The transisﬁor Qé which issrendered non-
10 conductive causes the transistor Q9 to be rendereq.
conductive, and a selection signal of theehigh
level is supplied to the colummn-selecting switching
transistor Q10 only. As a result, the transistor _
Q10 onIy_is'renaered'conductivezamong'the plurality
15. of switching transistors Q10 to Qi2.. -~
In the'writing'eperation as described above,
a row line and a’ column line des1gnated by the
address signals A0 to.AJ are selected out of ‘a
_ .plurelity of row lines and column lines. A memory .
20 element pgovided-aﬁ an intersecting point of the
| thus'seleeted row line and she'colﬁmn line is the.
one that is selected by the address signals out of

a plurality of memory elements which constztnte a L -

!—-.‘w.

memory a::ray. . ‘~.- L

a W

25 When the transistor provided at an intersecting

ng

e

I gh
As

es
one

r
WO



~transicstor prior to witing the data is to be 5 transformed in
. di,ode construction just like the one which is provided at an inter
poi nt of other row |ine and.other colum line (such as row line W
colum line B7), a data of the high |evel should be supplied to t
i nput / out.put term - 10 nal D. As the potential at the input/output
term - nal D assunes the high |level, t he¥4ansi st or Q0 is rendered
conductive, which constitutes a current source |Iw which supplies an
electric current of about 90 mA. This causes the base-emtter junction 15
ofgghe transi stor provided at the intersecting point of the rowline WO and
. the“col um | ipagnBOokrothe hakcRed@uteds 1w Xidée Wd osa tecesiang. the

; transistor is transforned into the diode construc- tion as described above.
20 1ihenBohprdaiatos widiting hevddtL) s tte 16 herafiend, a data of
{the low level is supplied to the input/output termnal D. This renders
nonconduct i vé€oirihedt iatsi at diode0 conistruoiisin i Ut &s. § whewrthat source | w
«Therefore, a constant current |Ir for 25 readi ng the data of only about
2 mMA is perntrasgisgsor prisr ticowritiag thhedatm istoB®which is

} selected. Accordingly, the base-emtter junction of the
5 transformed into a diode construction just like the

| one which is.pfovided at an intersecting point of

oth;r row line and other column line (such as-raﬁ

line W7 and column line B7), a data of the high

; level should be Supplied to the input/output termi-

10 nal D. As the potential at the ipput/output*termi—
nal D assumes the high level, the fransistor 020 is

rendered conductive, which constitutes a current

' source Iw which supplies an electric current of

P about 90 mA. This causes the base-emitter junction

15 - of the transistor provided at thé-intersecting

point of the row line WO and the column line B0 to

be broken down (short-circuited). Therefore, the -. '
é \v) transistor is transformed into the diode construc- -
tion as descfibed above.
20 " When the data is not to be wfitten,on the other
hand, a data of the low level is supplied to the
“ input/output terminal D. Th@s-renders nonconductive
- the transistor Q20 which constitutes the current
'_sourcfin.‘ Therefore, a constant current Ir for

25 reading the data of only about 2 mA is permitted to



_-above-nentioned transistor is not broken down. Thus, the base-enmitter
junctdon of a tran- 5 sistor constituting a menory cell can be ,
ciively broken down depending upon the | evel of a signal which is
'to the input/output termnal D. In short, the witing operation
per formed. Readi ng operationsgt-the bi pol ar PROM of the 10
B

enbodi ment will be described bel ow. “I"n t he readi ng operation, a chip

‘sel ection signal [err] is supplied to the termnal [err]. That is, a chip
selection signal [err] of the high l'evel having a relatively |ow voltage -
or of the low 15 level is supplied to the terninal WP/ CS. The Schnidt\

Lr i gger e fieh Cith o%ﬂf&éf;ﬁﬂhlfﬁ&oﬁd {Rikhe ishiga1sdtad . on signal [err]
y

whi ch has a ré%atlve ow.vol tage and, hence, produces a witing control

Signa|jﬁbé§a£ﬁ§1:QWthéVBhseSEﬂiethbej&h&m&adwhﬁﬂkhe has the l-ow | evel
u

‘the gate circ remai ns cl osed. Therefore, the current source Iwis
pl aced apekps-thdretionedr eransiseoti fsonotNbreken tdowrs ansi st or con-
stituting the current source Iwis rendered noncon- ductive. Further,- the 7?
unit witingrinas suthe bASeremifter juagtion @ifi zp|twant under the
non-sel ected condition, | -36- since the witing control signal W has .the
Sow sistor constituting a memory cell can be selectively ™ o
broken down depending upon the level of a signal
which is-sﬁpplied-éo the input/output terminal D. -
In short, the.writing operation can be performed.
Reading operation of the bipolar PROM of the
10 embodiment will be described below.
. In the reading operation, a chip selaction
signal CS is supplied to the terminal WP/CS. That
is, a'chip selection signal CS of the high level -
having a relatively low voltage or of the low
15 level is supplied to the terminal Wp/CS. The Schmidt
trigger circuit ST does not respond to the chip
selection. signal TS which has .a relatively low - -
vbltagé and, hence, produces a writing control - ' N
signal We of the low level. Since the signal We

20 has the low- level, theugaté circuit-G'remainS'closed:

Y

:péréfére,?the current source Iw is placed under the

:iﬁoperatife condition. Namely, the transistor con- - »
stituting the current source Iw is rendered noncon-

dﬂctifg:- Further;  the unit writing circuits WAO to -

25 WA7 are all placéd under the non-selected condition,



‘level. The level converter circuit LV forns an internal chip selectlon
§signa| CS in accordance with the chip selection signal [err]

/ | evel is

iln the reading operation, a.chip selection signal [err] of

tsupplied to the terminal [err]. Therefore, the buffer circui produces a
i sel ectd on: si gnal CS1 of t he hi gh IS and the level converter circuit LV
produces an 10 internal chip s ectlon signal CS of the high I|evel

whi ch has been converted. Since the potential of the internal chip sel ec-

tion signal CSis of the high level, the row selecting circuit W5 selects

a ngwline that is de5|gnated by the address signals AOto A3. That
‘is, the row tl:k’f m&iﬂg\@%ﬁf%t%imbvﬁmhudwgmw by the

Al comyg “-é‘;” ?1%@@ zon “""i&é"?we”iai?téf’mé?&&] 20 T nes.
Eﬁieh??taf‘é‘cﬁfiq‘%?@ﬁi? £ S1mabiGS 45 acSRaReR i gh | evel .
Tow sel ot nirn E° ey %14&9%2#‘%5?"[‘%“3‘&?% Yow sel ecting
;OC.I r cuig S0 selffCithel Radditd | dfesdRfof, o & PLd @htidn Of
- signal CS of the low level is“stpplied-tc the
terhinal.WP/§§L Therefore, the buffer circuit IB
produces a selection signal CSl of the high level,
and the level converter circuit LV produces an
10 internal chip selection signal CS of the high level
which has been converted.
“Since the potential ‘of the internal chip selec-
'ticn signal CS is of the high level, the row-
_ selecting circuit WS selects a row line that is
15 . designated by the address signals A0 to a3. That '
is, the rnw-selecting Circuit WS selects a row line
' designated by the internal complementary address
'signhls a0, a0 to a3, a3 that are formed by the
address buffer XAB out of the plurality of row
20 lines. For instance, when the address-signals a0
| . 'to A3 are all of the low level, potentials of the
v T lines DL2, DL4, DL6 and DLS .all assume the high _
o level. This causes the transistor QS to be rendered
. nonconductive 1n the unit rOthelecting circuit wso.

25 Accordingly, the unit row-selecting circuit WSO



E X

20 i.e., e_transisror on which the deta has not been

.fow lines WDto W. To colum line is selected in the sane nmanner as the
aforenentioned witing operation. Nanely, 5 t-he col umm-sel ecti ng
circuig” selects a colum line that is designated by the address signals
ng the plurality of colum lines. For instance, when the
addreqs\si gnals A4 to A7 have potenﬁlals of the low |l evel, potentials,of

/. lines DL12, DL14, DL16 a d™bL18 assune the hlgh | evel , wher eby
t he tranS|stor @B is rendered non- conductive in-the unit col um-sel ecting
circuit BSO  Accordingly, the transistor QO is rendered conductive, and
the columm line BDis selected. 15 Thus, by selecting-a row line;
and a c8eledts; the Zoweddng HO-eut: of SheiRlurality frsecting point can
be selected. Wien the row |ine WO and the colum line BO are selected as
ment i on¥eWabines WQ ten¥dy el enent ‘e., a.transistor on which the

'.?ﬁé?iefhgfe“°§ﬂé’e$8ﬁ%ﬁii% 'aidsé‘?q%“e%??p%?%ram 2 t:"esséf‘iﬁted are
Cou. *5ab°Ehe, Rhot ReBriBHRa) pEARIRY e €hunl P AR 7057 Cot

s the column-selecting circuit BS selects a column

line that is designated 'by the address signals A4
to AJ among the plurality of column lines. Por
instance, when the address signals A4'tcﬁA7 have -
potentials of the l¢” level, potentials of the
10 lines DL12, DL14, DL16 and DL18 assume the high -
level, whereby the transistor Q8 is rendered non-
conductive in the unit column-selecting circuit'
BSO. Accordingly, the transistor Q10 is rendered
conductive, and the column line BO is selected.

1s Thus, by selecting a row line and a column

line, a memory element provided at an intersecting
point can be selected y T L . ..

When the. row line WO and the column line BO - ' L_)

are selected as mentioned above, a memory element,

written, is seiected'es diagramed. In this case,
therefore,mfhe row line WO and the cclumn line BO
which are selected are cuupled together via a memory
lelement cf.high impedance. Ebnce, a constant read- a

-~

25 ing current Ir flows from the transistor Q16

*



constituting the sense anplifier SA to the constant- current source Ir via
the di ode D7 and the colum sw tching transistor QL0 which is rendered
conductive. The sense anplifier SA therefore produces a signal 5 - of
the low level. Wien a row line WL is selected instead of the row Line WO, a
nmenory el efrent provided at an I ntersecting point of the row line and 't he
colum line BOis selected. In thi-38ase, the base-enmitter 10 L
of the selected nenory elenment is broken down; i.e., the nenory e
constituted by a transistor which is assum ng the formof a diode. :
Accgédlngly, the row line WL and the colum |ine BO are coupl ed toget her
via a menory ecbastitutingowheS sense ampldfiey SA cmonthentcoresihmig- cur r ent
Ir then flows fromthe unit rowselecting circuit WSO to the

const ant - cur r encrentr seurceyilr via the .idicdd\DAhahd Hhelealkument i oned
menory el ement of the formof a diode. The sense anplifier SA therefore

produces 20 switahéngn$KBOBiﬁﬁsﬂhﬁ§ﬁ whish isrirendered; goanduekive. ol t age
err] supplied to the base of Lthe trapsi st QL6 constituti e sense
anplifier SA Thesgensg ampldddex; éﬁ £§¥q QF?QWEHsighﬁrthe vol t age
which is supplied to,the basg of the drive tran- 25  sistor

AccordPngly, PRethfodevwpieve *ender ed
' When a row line Wl is selected instead of the

:oé line W0, a meho:y element pfévided at an
intersecting point of the row line Wl and the column
line BO is selécted. 1In this.case; the base~emitter
10 - junction of the seiectedlmemory element is broken
down; i.e., the memory element is constituted by a
transistor which is assuming the form of a diode._
_Accordzngly, the row line W1l and the column line BO
are coupled t;gether via a memory element of low
15 = impedance. A constant reading current Ir then flows
from the uniﬁlroﬁbseledting circuit WSO to the
~constant-current source Ir via the row line Wi and -,
\_ " the abbvé;mentiohed memory-elemené'of the form of
a diode. The sense amplifier SA therefére produces
20 a signal of the high level. That'is, a reference
. voltage Vs'suppliéd.£o the base of the transistor
s Qlﬁ constituting the sense amplifier SA is set to a
predetermlned value that is lower than the voitage
which is suppiied to-the . base of the.arive tran-j.f_{'_"
25 sistor Q7. Accordzngly, the diode B7 13 rendered -



*-39- nonconductive. In other words, the reference voltage [err] for

readi ng

the data supplied to the sense anplifier SAis 0. set that the nenory ele-
ment ,the reading diode D7 will operate in a S~ differential manner.
Nanme t'he readi ng operation, a differential circuit is substantially
const\ tu¥ed by the-drive transistor Q7, nenory el enment, diode D7, and

‘transistor QL6. The signal prodd®ed by the sense anpllfler SA 10

“i's

sent to an external unit fromthe input/output termnal D via the data
out put buffer DOB.. Unlike the conventional bipolar PROMin which the

witing signal WP of a high voltage is supplied to the data term na

D, th

mmltanOBﬁeﬂéﬂcﬁﬂv!S - In gtheriwerdsy tthe yefewencevention is carried ou
supplxlng the witing signal UP to another termnal [err] and supplylng

the wr Ve

Sread'nSifferential manner. Namely, in the reading
operatian, a differential circuit is substantially
constituted by the "drive transistor Q7, memory
element, diode D7, and transistor Ql6. -

The signal produced by the sense amplifiér sa

.101 is sent to an external unit from the 1nput/butput

| terminal D via the data output buffer DOB.
Unlike the conventional bipolar PROM in which
the writing signal WP of a high voltage is supplied
to the data terminal D, the-writing operation
15. according.to the preseﬁt invention is carried out
by supplying the writing signal WP to another
ﬁ*termina1¥wé/5§'and_sppplying_the-writing signal
'fdata)féf'An'érdinéry logic level to thévdata
| terminai D. Accordingly, the data outéut.bnffe:

20 | DOB can bé.constitntad by a circuit.having.a low

withstand voltage such as an ECL circui#, and‘hencé_

the reading operation can be performed at high

speeds. . : _ﬁ?f'., _
L. . T %
o emen e oo Ihe cﬂ&umn—seiecting circuit can ‘be commonly

25 used forsthe writingﬁaperatian and the reading

dﬁ99§| a¢°(-'g§9&ﬁj€9 &hﬁg ff%rﬂﬁﬂ%@l%e@?g t he dat a team nal

D. A DOB

ot rcﬁfgﬁahg?ﬁép&ﬁmﬁpapm f” £ 4Hat the ReMOTYRLeT, out. and hense
Th |

L b BephlaRi HiR BhadiDg astd ?J%ﬂ H%*‘%ﬁ?? S’qo eration and the

by a

| ecting



-40- operation. The circuit for selecting the witing circuit WA can be
made up of a sinply constructed diode matrix. This makes it possible to - _
stnplify the circuit for selecting the nenory cells and, 5 “hence, £
enabl es the chip size to be reduced. Wth the construction of the sel e¢tin)
circuit "héing sinplified, the nunber of elenments can be greatly reduced>

. the selection circuit. There- fore, the=f8wer dissipation of the 10

bi pol ar PROM can be greatly reduced. In the above-nentioned enbodi nent, the
address decoder for selecting the witing circuit WA is conprised of a

~digde matrix, and the address signals therefor are formed by the TTL

[P,

O iehRRhEtoRs, The, hIFCHIEL A S G ST ol ent
of increasi ngﬁgﬁigu‘g?ﬁéﬂgf b&ewaga%gcw%e é%%a’li%%%‘%éd i's comonly

used for receirving-b e chip se tron si ) the witing

signal s Wp. “{Esdéaﬁgtgjﬁg:ﬂkg?ﬁigohakgg QIR Y %laiﬁ)k\]ﬂecan al so be

JLused for the bipolar the present invention If ‘sane

. MENDry capacihy; cireus.tS:t hezbhaah@ﬁmﬂggﬁ‘ nididbry\ L IPand, conpatible with

t he conventi onal -2 bi polar P
R 5 hence, enables the chip size to be reduced.

GEWith the construction of the selection circuit
béing simplified, the number of elements can be
gréatly reducéd in the selection circuit. There-
fbre, the power dissipation of the

10 bipolar PRbM éan be greatly reduced.

In the.abbve-ﬁentioned embodiment, the address
decbder for selecting the writing circﬁit WA is
comprised of a dicde matrix, and the address signals
therefof aré'éoémed by.the-TtL circuit. Therefore,

15 the-wtiting circuit WA exhibits a'sufficiently great
Witﬁstand voltage against relativel& high voltages.
There is no need of increasing the number of -
N terminals since the terminal WP/CS is commonly,used
for receiving both the chip selection &ignals and
20 the writiﬂglsignals WP. The same-élackage for the

*“conventional bipolar PROM can also be used for the

Q.

~zbipolar PROM of the present in&ention if it has the
;ame memory capacity; i.e., the bipolar PROM of the .
inﬁenﬁ?bn ié ?ompatible with the conventional - - -
25 bipolar PROM. .



-41- The reading current is produced by a constant - current source.
Therefore, the reading operation can be stably carried out w thout affected

"by vArisance in the characteristics of elements or by variation 5 in the
po urce vol tage. The above described exanple of a seniconductor nenory
devi an be nodified as follows. Fqr instance, the chip selection’signal

the witing signal WP may be SWpplied. through separately provi ded

termnals. 10 Further -L0R:ReTRLGURNLALY BUNLRERLLONE Sonlolaeel coting

the witing circuit he S|gnals pro uce ress buffer

XADB 1 hat 'Eu?%@ﬁt“ﬂoﬁicé” E@he%b%% tNEr§Q¥8&ngnS?e9hEEBht whi ch fornsS*r

I nternal 15 control signals CS Wé ructed in a variety

forms. Anycaanbeohtamgabaemaayobe szan:hbed a¥Feltedsbpdvhbeanceont r ol
signals CS and W provided it realizes substantially the same operation as

the above diactheceharheterdisticsOof elements Akt bgughriheishove descri bed
enbodi ment is applicable to a bipolar PROMit will. be appreciated that the
i nvent3 on i dnnthel poweedsbhecet yolEagei.nst ance, it may be utilized for
sem conduct or nenory devices enpl oying nenory el ements that are capabl e of
sem - The above described example of a semiconductor
| memory device can be modified as follows. For instance,
' the chip selection signal TS and the'wfitiﬁé'signal
WP may be supplied'through separately prévided terﬁinals.
10 Further, the coﬁplémentary addresé SignaIS'fbr seléCting v/
the writing circuit WA may be the SLgnals produced
| by the address buffer XADB that is made up of an ECL
circuit. - o
Moreover, the circuit which forms internal
15 control signals CS and We; may be cénstructed in a
variety of forms. Any confrollopexétion hay be éérried
out by using these control signals CS and We provided
it realizes substanfially the same operation as the
above described embodiment. .
20 Although the above described embodiment is
applicable to a bipolar PROM it will be appreciated
that the invention is not limited thereto. For ihétance,

it may be utilized for semiconductor memory devices

-employihg memory elements that are capable of semi-



-42- permanently changing their inpedance fromone condition to another
condition when the data is witten with a relatively high voltage in:-excess
of the withstand voltage of, for exanple, the ECL circuit. The ne

el ements may be fuse el ements. CLAI MB. 1. A seni conduct/dr
device inctuding: (a) a plurality of nmenory el ements each of whi h
first termnal and a second terminal, and 82Th of which is capabl e of
sem - per manent | y ' i j c Lr LXen ug.Lo 1
value: (b) a thi r8’@?3'?#%&1%#‘%2‘3??35Sb‘%ﬁ?eg%gﬁﬁhégm#??né"%u??ﬁﬁ??f{"é)
first selecting ciginbeierCRon@i®ivaSwhdd’ eha ah€R2is @Rdeeeheqlignsai d
sel &ted nenory elenent 10 during a readi ng operation when a first |evel
signal is supplieqd reladidely highekdleabe (f) ekcess80bg theewlitRgtahacuit
whi ch receives said address signals and selects said sel ected nmenory

el ement during a woltage ofgr foroexamplez theoBGL| eirbuil.si Thel memory
supplied to said third termnal; (e) a fourth termnal which is supplied
with a 5 - elements may be fuse elements.

",



signal that is to be witten on a selected one of said plurality of nenory

el emepfsyand (f) a control circuit having a witing circuit 20 which, when
t he vii- g current is supplied to said third term nal, supplies the

i rrent fromsaid third terminal to the first terninal of a nmenory

hat is selected by the selscting circuit out rof said plurality of

menor | ements, and which furthér“supplies a current in 25 accordance wth
t he mmité@g_gggnal sent fromsaid fourth termnal to the second term nal of
said sel & enory el enent ; - 44 - whereby the inpedance of the

sel ect ey Tenory i SaSeLnt GoAauakys Heh6lycamples ptifiathg, wit! ng signal .

2. A semni conductor nenory devi ce®accor |ng to c m 1, wherein sal
first selecting cirgyik gwefaneéyabf5mehb99 spepdnegdesahdozeqandnsel ecting
circuit operates at high voltage. 3. A sem conduct or nmenory device

aCCOFdInEaEOaCEQEEEZtethhe&naﬁald gesbhdl termital ,i aaudash 8f
discrimnation circuit, for discrimnating the |level of 10 a signal
suppl i edwhachaid thpebleecofi rehi-perobneskdgr shaagdngi iss $mpedé&nag circuit
operational and said second selecting circuit non-operational during
read|ﬁg,fwn@nasaﬂaeanﬂévelé?eﬂnghgﬁalvﬁéugmppl|ed to said third ternmina

(b) a third terminal whlch is supplied with a
writing current;

(c) a first selecting circuit Which receives’
address signals and selects said selected memory elehent | \uj

10 during a reading operation when a first 1evé1 signal is
supp{ied to said third terminal; |

(d) a second selecting circuitlﬁhich receives
said address signals and selects said_selécted meméry
element during a writing operation when a second level

15 signal is supplied to said third terminal;

(e) a fourth terminal which is supplied with a
signal that is to be wrltten on a selected one of said
plurality of memory elements; and

(£f) a control circuit having a writing circuit e

20 which, when the writing current is supplied to said thifd
terminal, Supplies the writing current from said third
terminal to the first terminal of a memory element that is
selected by the selecting circuit out of said plurality of
memory elements, and thch further supplies a current in

25 accordance with the writing signal sent from said fourth
terminal to the second terminal of said selected memory

element;

W



and which renders said first selecting circuit non- 15 operational and said
second selecting circuit operational during witing when said sec dﬁ$evel
signal is supplied to said third termnal; and an output circui ' 3ihg an
out put term nal -coupled to said fourth terninal whi ch is oper t -Sali
discrimnation circuit and generates on 20 said output termn
si gnal t hat conplies with the inpedance of sai4d. sel ected nenory elenent
during said reading operatiion, a signal whichis stored in said sel ected

T e or rmor s ou PBYERl Ofe" Shcl@Hck okt k812288 ed memory
sel &t i ng circygt 5@t @bgg vRead Qﬁ?g E%&g%géscbiﬁﬂlmge wrltlﬁé signal.

A sem conductor nenory device acco erei

di scrim nationagircuit cnrraétnseénaugﬁbm ﬂ.temb&-ygaeheér sebbr&ﬁhghtbecel ves

said signal introduced through said third term nal

sem conduct or geabmyldewheeedacsadangiketc bauebﬁlngheﬁebnwab@eeutaut at

fircuit conprises an ECL circuit and an open-enitter-connected bipolar
ransi stor bf hihgbhspbedeanilt saidssecondcsedectingi dioauptt operaikesl at7.

A programmabl e read only nenory formed by the 10 sen1conductor menory

devi ce as cl ai hbghj ohkpgene of the

3. A semiconductor memory device according to
claim 2, wherein said control circuit includes: a
discrimination circuit, for discriminating the level of

10 a signal supplied to_said third terminal, which'renders.
said first selecting circuit operational énd said second
selecting circuit non-operational during'readiﬁé, ﬁhen
said first level signal ig supplied to said third terminal,
and'which renders said first selecting circuit non-

15 operaﬁional and said second selecting circuit operatidnal
during writing when said second level signal is suppliea
to said third terminal; and an output circuit, having an
output terminal coupled to said fourth terminal, which is’

\/ operated by said discrimihation.circuit and generates on

20 said output terminal an output éignal that §Omplies with

the impedance of said selected memory element during

-

said reading operation, a signal which is stored in said
'é . selected memory elemenf'being read out from said foﬁrth
terminal. | \
25 4. A semiconductor.memory device according to
claim 3, wherein said first selecting circuit of high

speed comprises ECL circuits.

RO



preceding.clains._8. A sem conduct or nmenory devi ce constructed and
. substantially as herein described with reference to and as
illustrated in the acconpanyi ng draw ngs.

- 45 -

5. A semiconductor memory device according'to
claim 4; wherein said discriminéﬁion circuit cohprises
a Schmidt trigger circuit which receives said signal
introduced through said third terminal.

5 6. A semiconducfor memory device according to
claim.S,_wherein said output circuit comprises an ECL
ciréuit and an open-emitter-connected bipolar transistor )
.of which thé'emitter is connected to said oUtpﬁt terminal.
7. A programmable read.only memory formed by the

10 semiconductor memory device as claimed in any one of the
'preceding.claims.' |
8. A semiconductor memory device constructed and |

arranged'substantially as herein described with reference

to and as illustrated in the accompanying drawings.
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