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(57) ABSTRACT 
Disclosed is a random access memory particularly 
adapted for use in a programmable controller or other 
similar application wherein some data is preferably 
handled in the form of multi-bit words or bytes and 
other data is preferably handled in the form of single 
bits (one-bit words). The memory is comprised of at 
least one bank of chips or similar memory units each 
capable of storing one bit at each of a plurality (2) of 
locations addressed through N address terminals. 
Through the agency of control signals, the chips of the 
bank may be accessed either in parallel to read or write 
a multi-bit word or individually to read or write a single 
bit. 

5 Claims, 4 Drawing Figures 
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RANDOMACCESSMEMORY WITH BT OR BYTE 
ADDRESSING CAPABILITY 

BACKGROUND OF THE INVENTION 
This invention relates to random access memories for 

electronic data processing systems, and deals more par 
ticularly with such a memory capable of handling data 
either in parallel fashion as multi-bit words or bytes or 
as individual bits. 
Memories used in data processing systems are com 

monly structured to handle data to be stored or re 
trieved in the form of eight-bit, twelve-bit or other 
multi-bit words or bytes. Such memory structure is 
usually desirable since the data involved generally is of 
such complexity as to require numerous bits for its ex 
pression in binary form. Recently, however, data pro 
cessing systems have been used in programmable con 
trollers used to control industrial processes, machine 
tools, power stations and the like wherein various sen 
sors are monitored and, from the information so ob 
tained, various output devices are controlled in accor 
dance with a given logic scheme programmed into the 
controller. In turn, in many applications of programma 
ble controllers, many of the sensors and output devices 
are two-state devices, such as an electric switch, an 
electrical solenoid, or an hydraulic cylinder, the state of 
which (open or closed, energized or de-energized, etc.) 
may be represented by either the high or low value of a 
single binary data bit. In such a situation, where infor 
mation concerning the status of a large number of two 
state peripheral devices is to be stored, the use of a 
memory capable of handling only multi-bit words is 
inefficient either as to the usage of memory space, to 
time requirements or to both. 
The general object of this invention is, therefore, to 

provide a random access memory for an electronic data 
processing system particularly well adapted for use in 
applications requiring the storage of both multi-bit 
words and of single bits of data representing the status 
of a word corresponding plurality of two-state periph 
eral devices. More particularly, the object of this inven 
tion is to provide such a memory which is readily condi 
tioned by appropriate control signals to read or write 
data either as groups of bits handled in parallel to define 
multi-bit words or as individual bits each constituting, 
in effect, a one-bit word. 
A further object of this invention is to provide a 

random access memory of the foregoing character 
which is readily implemented from standard memory 
chips and other standard integrated circuit components 
and which may be made in the form of a plug-in card 
usable with other similar cards to provide a total mem 
ory having a capacity readily varied to suit the particu 
lar application at hand. 
Other objects and advantages of the invention will be 

apparent from the following description and drawings 
and from the claims forming a part hereof. 

SUMMARY OF THE INVENTION 
The invention resides in a random access memory 

comprised of a plurality P of bit memory units or chips 
each having N address terminals and a corresponding 
plurality (2) of addressable chip locations or cells at 
each of which one bit of binary data may be stored. A 
chip addressing means is provided which enables any 
one of the memory chips to be addressed or selected by 
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2 
incoming chip address signals. An incoming control line 
provides a binary signal one state or which constitutes a 
"bit mode' addressing signal and the other state of 
which constitutes a "word mode" addressing signal. A 
means responsive to the "word mode" signal enables all 
of the memory chips during word mode addressing so 
that when the same chip location address signals are 
thereafter simultaneously applied to all of the chips in 
parallel access is gained to a corresponding plurality P 
of bit locations for reading or writing a P-bit word from 
or to P lines of an associated data bus. Another means 
responsive to the "bit mode" signal enables, during bit 
mode addressing, only the one memory chip addressed 
by the chip addressing means. In a bit addressing mode 
write operation, the one bit of data to be written appears 
on one line of the associated data bus and is applied to 
the data input terminals of all the memory chips. All 
memory chips are also supplied with the same address 
signals, but only the one enabled chip writes the one bit 
of input information and stores it at the addressed loca 
tion. During a bit addressing mode read operation, the 
same address signals are supplied to all memory units 
but only the enabled one is accessed. All of the data 
output terminals of the memory chips are, in this opera 
tion, connected to a single one of the lines of the data 
bus so that the one data bit stored at the addressed chip 
location of the selected chip is transferred to that one 
data bus line. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram illustrating a total 

random access memory comprised of a number of mem 
ory cards each embodying the present invention. 

FIGS. 2a and 2b when placed side-by-side as shown 
in FIG. 3 form a single figure, hereinafter referred to as 
FIG, 2, which is a schematic diagram illustrating one of 
the memory cards of FIG. 1. 

FIG. 3 is a diagram illustrating the manner in which 
FIGS. 2a and 2b are arranged to form FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shows a total random access memory com 
prised of N plug-in cards each having two memory 
banks (Bank 1 and Bank 2) each capable of storing 1,024 
eight-bit words. Through its plug-in connection, each 
card is connected to an address bus having eight lines 
for transmitting to the card and in parallel eight address 
bits identified as ABds to AB7. Each card also connects 
to a two-way data bus having eight lines for transmit 
ting in parallel eight bits identified as MBd to MB7. 
Finally, each card is also connected to a number of 
control lines providing the control signals indicated in 
FIG. 1 for controlling the operation of each card. 

It will be understood that the total random access 
memory of FIG. 1 is a part of a data processing system 
such as may be used, for example, in a programmable 
controller, the address bus, data bus and control lines 
carrying signals between the illustrated memory cards 
and other components of the system. In a programma 
ble controller application, much of the information 
stored by the memory may, as mentioned previously, 
involve the status of two-state peripheral devices, 
which status of each device may be represented by a 
single binary bit. Therefore, in accordance with the 
invention, at least one bank of the total memory is struc 
tured to permit either handling of information in eight 
bit words or byte form or in single bit form. In particu 
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lar, in the illustrated case Bank 1 of each card is pro 
vided with both multi-bit word and single bit addressing 
capability. On the other hand, Bank 2 of each card is 
provided with word addressing capability only. Thus, 
the invention resides primarily in the structure and 
operation of Bank 1 of each card as described in more 
detail hereinafter in connection with FIG. 2. 
The specific embodiment of the invention illustrated 

by the drawings and described herein is not, however, 
intended to be limiting of the invention and various 
details of it may be varied widely without departing 
from the invention. For example, the number of cards 
making up the total memory, the number of banks on 
each card, the number of addressable locations and the 
word size of each bank, the bit capability of the address 
and data busses, and the number of banks provided with 
both word addressing and bit addressing capability are 
factors not essential to the invention and may be varied 
as needed to suit various different applications. 
Turning to FIG. 2, this figure shows the arrangement 

of components making up one of the memory cards of 
FIG. 1. Each of the two banks of the card is comprised 
of eight memory units or chips (chip d to 7) each having 
1,024 locations or cells at each of which one binary bit 
of information may be stored. Each chip has ten address 
terminals to which address signals ABds to AB9 are 
applied to selector address a given one of the 1,024 chip 
locations. 
Each chip also has a chip select terminal to which a 

chip select signal is applied to enable that chip. In Bank 
1 the signals appearing on the chip select terminals for 
enabling the chips are identified respectively as CSqb to 
CS7. In Bank 2 the chip select terminals of all eight 
chips are connected in parallel so that the same enabling 
signal BKC2S when present appears at each of the chip 
select terminals. 

In addition to the terminals mentioned above, each 
chip of each bank further includes a data input terminal, 
a data output terminal and a write terminal. The signals 
supplied to the data input terminals are identified as 
DId to DIT, the signals appearing at the data output 
terminals are identified as DOdb to DO7. When present, 
a WRAM signal is applied to the write terminal of all of 
the chips. When a chip is enabled by an enabling signal 
at its chip select terminal, the signal stored at the chip 
location addressed by the address signals applied to its 
address terminals appears at the associated data output 
terminal, assuming that no WRAM signal appears at the 
write terminal. If a WRAM signal does appear at the 
write terminal while the chip is enabled, then the signal 
appearing at the associated data input terminal is writ 
ten into the addressed chip location. 
There are sixteen address lines in the address bus. Ten 

of these lines are connected in parallel to the corre 
sponding address terminals of all the chips of both Bank 
1 and Bank 2. Five (AB11 to AB15) are used to select a 
card from the plurality of cards which may be included 
in the total memory (thereby permitting a maximum of 
thirty-two cards to be included in the total memory) 
and one (AB1d) is used to provide a bank select signal 
to select between the two memory banks of the selected 
card. 
The decoder 12 decodes the card select signals AB11 

to AB15 and if these signals address the illustrated card, 
the decoder produces the output signal CDEN. CDEN 
being high indicates that the card in question is the one 
selected by the card select address signals AB11 to 
AB15 and in the following discussion, it will be gener 
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4. 
ally assumed that the card described is the selected one 
with CDEN being high. 
Assuming that the illustrated card of FIG. 2 is the 

selected one, assume further that the input signal AB1db 
is low to indicate a selection of Bank 1. This bank may 
be addressed in either a "bit node' or "word made', 
and the selection of such mode is controlled by the B/W 
signal appearing on the associated control line. When 
B/W is high bit mode addressing is dictated, and when 
B/W is low (W/B high) word mode addressing is dic 
tated. 
Taking now that the illustrated card and its Bank 1 

have been selected, assume further that "bit mode' 
addressing is selected by the appearance of the control 
signal B/W in its high form. When bit mode addressing 
is used, the data bit in question is transferred to or from 
the memory by the MB7 line of the data bus. The B/W 
signal together with AB1db and CDEN enable, through 
the NAND gate 15, the illustrated decoder 14 which 
now also is supplied with three chip select signals RSA, 
RSB and RSC. The decoder 14 decodes the chip select 
input signals to apply a low signal to a selected one of 
eight output lines 16, 16 assigned respectively to the 
eight chips of Bank 1. Each line 16 serves as an input to 
an associated AND gate 18 also having as an input the 
signal on the line 20. 
The output of each AND gate 18 is a line 22 con 

nected to the chip select terminal of the associated chip 
of Bank 1. At this time, the signal appearing on the line 
20 is high due to the low value of the W/B signal ap 
plied to the NAND gate 24. Therefore, the low signal 
which appears on the one selected line 16 is transferred, 
through its associated gate 18, to its associated line 22 to 
cause the signal on that line 22 to also go low. That is, 
only the signal on a selected one of the lines 22, 22 goes 
low and, therefore, only the associated one of the eight 
chips db to 7 of Bank 1 is enabled by such signal. 
Assuming now that one chip of Bank 1 has been 

selected or enabled as discussed above, the second per 
iod of data bus usage may involve either a READ or 
WRITE operation. Assuming first a READ operation, 
and assuming that address signals are now applied to the 
ten address terminals of each chip, the single bit stored 
at the addressed chip location of the selected chip ap 
pears at its data output (DO) terminal. The eight data 
output terminals of Bank 1, and likewise of Bank 2, are 
connected as inputs to both a set 26 of tri-state drivers 
and an AND gate 27. The corresponding ones of the 
data output terminals of Bank 1 and Bank 2 are directly 
connected to one another and all unselected data out 
puts of the chips of Bank 1 and Bank 2 are held high by 
each such output being connected to a source of high 
signal voltage through an associated pull-up resistor 28. 
Each tri-state driver of the set 26 has its input terminal 
connected to the two associated data output terminals 
of Bank 1 and of Bank2. If both such data output termi 
nals remain high, the signal to the tri-state driver is high. 
If one such data output terminal goes low, the signal to 
the tri-state driver also goes low. The outputs of the 
eight tri-state drivers of the set 26 are connected to the 
eight lines of the data bus. The enabling terminals d to 
7, respectively, enable the eight tri-state drivers of the 
set when a low value enabling signal appears at each 
terminal. 
At the time the single bit from the one selected chip 

of Bank 1 is to be read onto the data bus, a RDEN signal 
appears on the associated control line. This signal in 
conjunction with the CDEN signal produces an 
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OUTEN signal at the output of NAND gate 29. The 
OUTEN signal is applied to the first seven enabling 
terminals (db to 6) of the set of tristate drivers, but en 
abling terminal 7 is supplied with a high signal from the 
NAND gate 30, thereby disconnecting the number 7 
tri-state driver input from the MB7 data bus line. At the 
same time, the presence of the OUTEN signal in con 
junction with the B/W signal produces a low output 
from the NAND gate 32 which turns on the tri-state 
driver 34, thereby connecting the output of AND gate 
27 to the data bus line MB7. By way of example, assume 
that the selected chip of Bank 1 is chip 7. If the bit 
stored at the addressed bit location of chip 7 is low 
valued, then the DO7 input to AND gate 27 goes low, 
all other inputs remain high, and the output of the AND 
gate, which is supplied to the MB7 line through the 
tri-state driver 34, is low in keeping with the low value 
of the stored bit. On the other hand, if the bit stored at 
the selected location of chip 7 is high, the DO7 input, as 
well as all other inputs, to AND gate 27 is high, and the 
output from the gate, as supplied to the MB7 line, is 
accordingly likewise high. 

In the case where a single bit of data is to be read into 
Bank 1 during a memory cycle in the bit addressing 
mode, the bit to be written appears on the data bus line 
MB7. All of the eight data bus lines MBds to MB7 are 
connected respectively to one set 37 of eight input ter 
minals of a two line to one line multiplexer 36 and the 
MB7 data bus line is connected to all of a second set of 
eight input terminals indicated generally at 38. In re 
sponse to the B/W signal applied to its selected termi 
nal, the multiplexer 36 is conditioned to connect its 
second set of input terminals 38 to its output terminals 
which in turn are connected respectively to the data 
input terminals DId to DIT of the eight chips of Bank 1 
(and of the eight chips of Bank 2). Thus, the one bit of 
data appearing on the data bus line MB7 is supplied to 
all eight of the data input terminals of the eight chips of 
Bank 1 during bit mode addressing. The writing of the 
bit into the addressed location of the selected chip oc 
curs upon the appearance of the WRAM signal on the 
associated control line, such WRAM signal being sup 
plied simultaneously to all of the write terminals of the 
eight chips of Bank 1 and of the eight chips of Bank 2. 

Considering now the case of "word mode" address 
ing, this mode of addressing is dictated by the B/W 
signal going low. This disables the decoder 14 making 
all of its output lines 16 go high. It also causes the output 
of AND gate 24 to go low supplying a low signal to the 
line 20 thus applying a low input to all of the AND 
gates 18, 18, and thereby making each of the lines 22, 22 
low and in turn enabling all of the chips (b to 7 of Bank 
1 by applying low enabling signals to their chip select 
terminals CSds to CS7. 
The low state of the B/W signal also holds high the 

output from the AND gate 32 and thus holds off the 
tri-state driver 34. Further, it conditions the two line to 
one line multiplexer 36 to connect its first set 37 of input 
terminals to its output terminals thereby connecting the 
bus lines MBds to MB7 respectively to the data input 
terminals Dids to D7 of Bank 1 (and of Bank 2), 

During a read operation in the word addressing 
mode, an RDEN signal appears as a read enabling sig 
nal. This produces an OUTEN signal applied directly to 
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tri-state drivers 26. Another enabling signal is applied to 
the number 7 enabling terminal from the gate 30. Thus, 
the eight data output terminals DOqb to DO7 of Bank 1 

6 
(and of Bank 2) are connected respectively to the eight 
lines MBds to MB7 of the data bus, and the eight-bit 
word appearing at the data output terminals of Bank 1 
as a result of the address signals applied in parallel to the 
eight chips of that bank is transferred to the data bus. 
During a write operation, the eight bits supplied to the 
eight data input terminals of Bank 1 from the data bus 
lines through the two line to one line multiplexer 36 are 
written into the addressed locations of the associated 
chips of Bank 1 upon the appearance of the WRAM 
signal supplied simultaneously to all chips. 
As mentioned, Bank 2 of the illustrated FIG. 2 mem 

ory is not, by way of example, designed for optional bit 
mode addressing and instead is intended for word mode 
addressing only. Therefore, the chip select terminals of 
all of the chips of Bank 2 are connected in common to 
the output of NAND gate 40 which supplies a Bank 2 
chip selecting signal BK2CS when AB1ds goes high to 
indicate a selection of Bank 2, assuming that at that time 
CDEN is high to indicate a selection of the card in 
question. Since Bank 2 has only word mode addressing 
capability, when that bank is selected, the B/W signal 
remains low to dictate such word mode addressing. 
Thus, at all times during any operation involving Bank 
2, the two line to one line multiplexer 36 is conditioned 
to connect the data bus lines MBd to MB7 respectively 
to the data input terminals DIdb to DIT, and the tri-state 
drivers 26 are set upon the appearance of the RDEN 
signal to connect the data output terminals DOdb to 
DO7 respectively to the data bus lines MBd to MB7. 
Accordingly, when Bank 2 is selected, for a writing 
operation upon the appearance of a WRAM signal, the 
eight bits appearing on the data bus lines will be read 
into the addressed locations of the eight chips of Bank 2 
through the multiplexer 36, and for a reading operation 
when the RDEN signal appears the eight bits stored at 
the addressed locations of the eight chips of Bank 2 will 
be transferred to the data bus lines through the tri-state 
drivers 26. 

I claim: 
1. A random access memory operable in either a 

"word mode' in which a plurality of bit locations are 
accessed in parallel during a memory cycle or a "bit 
mode" in which one bit location is accessed during a 
memory cycle, said memory comprising: a plurality P 
of bit storage units each having 2 addressable bit loca 
tions at each of which locations one bit may be stored, 
each of said bit storage units having N address terminals 
to which a set of N binary signals may be supplied to 
selectively address any one of its bit locations, a plural 
ity N of bit location address lines, unit addressing means 
for addressing any selected one of said storage units, 
means responsive to a "word mode" control signal for 
simultaneously enabling all P of said bit storage units 
and for at the same time simultaneously supplying the 
set of bit location address signals appearing on said 
address lines to the address terminals all P of said stor 
age units to gain parallel access to a plurality P of bit 
locations, and means responsive to a "bit mode' control 
signal for causing only the one of said storage units 
selected by said unit addressing means to be simulta 
neously enabled and supplied with the set of bit location 
address signals appearing on said address lines to gain 
access to only one bit location. 

2. A random access memory as defined in claim 1 
further characterized by a data bus having P lines, 
means responsive to said "word mode" signal for elec 
trically connecting each of said P lines of said data bus 
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to a respectively associated one of said storage units to 
transfer a P bit word between said data bus and said 
storage units, and means responsive to said "bit mode' 
signal for electrically connecting one of said lines of 
said data bus to all of said storage units to transfer a 
one-bit word between said data bus and the enabled one 
of said storage units. 

3. A random access memory as defined in claim 1 
further characterized by each of said storage units hav 
ing a data input terminal, a data output terminal, a unit 
enable terminal and a write terminal, and each of said 
storage units being of the type that when enabled by an 
enabling signal applied to its enable terminal the bit 
stored at the bit location addressed by the bit location 
address signals applied to its address terminals appears 
at its data output terminal and is updated by the bit 
appearing at its input terminal during the appearance of 
a write signal at its write terminal, a data bus having P 
lines, means responsive to said "word mode' signal for 
electrically connecting each of said P lines of said data 
bus to the data/input terminal of a respectively associ 
ated one of said storage units, means responsive to said 
"bit mode" signal for electrically connecting one of said 
P lines of said data bus to the data input terminals of all 
of said storage units, means responsive to said "word 
mode" signal and an output enabling control signal for 
electrically connecting said P lines of said data bus to 
their respectively associated data output terminals of 
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8 
said storage units, and means responsive to the simulta 
neous occurrence of said "bit mode" signal and said 
output enabling control signal for electrically connect 
ing one of said lines of said data bus to the data output 
terminals of all of said memory units. 

4. A random access memory as defined in claim 1 
further characterized by said unit addressing means 
including a decoder for decoding a plurality of unit 
Select signals appearing on a corresponding plurality of 
control lines into a one out of P signal selecting an 
associated one of said units. 

5. A random access memory as defined in claim 1 
further characterized by means continuously connect 
ing said bit location address lines in parallel to corre 
sponding ones of said address terminals of all P of said 
storage units so that whenever bit location address sig 
nals appear on said address lines all P of said storage 
units are identically and concurrently addressed by such 
bit location address signals, and by said means respon 
sive to a "bit mode" control signal for causing only the 
one of said storage units selected by said unit addressing 
means to be simultaneously enabled and supplied with 
the set of bit location address signals appearing on said 
address lines comprising means responsive to a "bit 
word' control signal for enabling only the one storage 
unit addressed by said unit addressing means. 
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