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Silnotics

APPLICATIONS MEMO 2526

INTRODUCTION

The 2526 is a high speed 5,184-bit Static Read-Only
Memory. It may be organized as 64 x 9 x 9 for use as a
character generator in dot matrix displays, or as a 512 x 9
ROM for general purpose use. It features TTL compatible
inputs, three-state TTL compatible outputs, two standard
supply voltages (+5, —12), output data latches, and less than
700ns access time. The 2526 is fabricated using Signetics
P-MOS silicon gate process and is packaged in a 24-pin
silicone dual in-line package.

INPUT CIRCUITS

The inputs to the 2526 use a configuration similar to that
used in most of the other 2500 series products. Interface
requirements with TTL circuitry are described in detail in
the Signetics MOS Users Guide. In general, a standard TTL
gate driving only the 2526 does not require any interfacing
resistors. See Figure 1. If another TTL gate is driven in
addition to the 2526, a 10k ohm pull-up resistor will im-
prove the input noise margins.

INPUT INTERFACE
+
TTL
%

10K i
TTL <

FIGURE 1

MOS DEVICES
READ-ONLY MEMORY

OUTPUT CIRCUITS

The outputs from the 2526 use a three-state push-pull con-
figuration that allows wired-OR connection of several cir-
cuits for expanded capacity. The push-pull circuitry provides
low impedance outputs for both high and low output volt-
ages. See Figure 2. For a low output voltage Qp is turned
ON and Q1 is turned OFF with Q3 and Q4 kept OFF by a
high Output Enable voltage. For a high output voltage Q1 is
turned ON and Qg is turned OFF while Q3 and Qg are
OFF. When the Output Enable voltage goes low, however,
both Q3 and Q4 are turned ON, keeping Q1 and Q2 both
OFF for any condition the output latch assumes. In this
state the output of the 2526 is essentially floating,allowing
other circuits to dominate the output line.

Figure 3 shows one way to make use of this three-state
output. Two 2526 Character Generators are tied together at
their outputs and fed to the receiving logic circuitry, e.g., a
parallel to serial converter. One 2526 can contain the dot
matrix information for upper case characters and the other
can contain the lower case information, thus providing a
full 128 character set. Al | inputs for the two generators are
tied in parallel except the Output Enables which serve as
A11 address inputs. One 2526 receives the A11 signal and
the other receives A11. In this way only one set of outputs
at a time will activate the output lines. If the system con-
figuration requires periods where neither output is active,
that fact can be gated with A11 to turn off both Output
Enable signals. To reduce power dissipation, the A11 infor-
mation can be gated with the READ signals to avoid turning
on the unused 2526.

OUTPUT CIRCUITRY

OUTPUT
ENABLE

Oy

QUTPUT
OUTPUT

FIGURE 2
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CAPACITY EXPANSION
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FIGURE 3

ADDRESS DECODING

The Signetics 2526 Character Generator is organized to
provide 64 character locations with each location described
by a 9 x 9 matrix of bits. The block diagram in Figure 4
shows the address assignments for the character and scan
functions. The six address inputs A5 through A10 are de-
coded directly to provide a 1-of-64 character selection. The
four address inputs A1 through A4 are decoded to provide
a 1-of-9 selection of scans within each character. Since four
address lines can generate 16 scan selections instead of only
9, there are seven excess codes. See Figure 5. The 1-of-9
scan decoder forces the excess input codes to generate all
logic “/0’s” at the output latches. The address deciding cir-
cuits are only activated during a READ operation in order
to save power when the memory is not being used.

BLOCK DIAGRAM
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| ROW
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(10F 84) rJ;|
READ
I GENERATOR I
AEAD

FIGURE 4

SCAN DECODING
INPUT CODES
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® Q
o O
] e
00
] () LOGIC 0< 0.8 VOLTS
o0 0000000 LOGIC 1> 3.2 VOLTS
9X9 MATRIX
FIGURE 5
TIMING

The timing diagram in Figure 6 shows how the READ signal
controls the operation of the memory. The address inputs
propagate through the decoders and the bit matrix when
READ goes low. The output data are strobed into the
latches when READ goes high. The state of the OUTPUT
ENABLE signal determines whether or not the latched data
are transferred to the outputs. With OUTPUT ENABLE
high, the worst case access time from stable addresses to
valid output data is 700ns. Notice that addresses must be
stable for only a short period of time so that address
changes may be made in parallel with the access operations.
Once the data are set into the latches, they remain stable
for a full READ cycle until the next cycle’s data are
available.

TIMING DIAGRAM

et TAD |- | tAG |-

ADDRESSES | /ADDRESSES\ ADDRESSES
ADDRESSES MAY MUST BE MAY
CHANGE STABLE CHANGE
- A1

-

FIGURE 6
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MEMORY ORGANIZATION

The 2526 is intended primarily for use as a 7 x 9 dot matrix
character generator, and the address decoding scheme re-
flects this purpose. Address lines A1 through A4 (see
Figure 5) generate the required nine scan selects plus seven
excess codes. Thus, an attempt to use the 2526 with all ten
address lines in a 1024 x 9 configuration would fail because
there are only 5,184 bits in the memory and the excess in-
put address codes would not be able to generate relevant
output data. However, if address input A4 is tied to a logic
0", the excess codes are eliminated. The remaining nine
address lines may then be used to address a 512 x 9 ROM.
The ninth scan in each character is ignored along with the
excess codes and a subset of 4,608 bits is used to provide
the 512 x 9 capacity.

Other organizations are possible, of course, as long as the
total memory capacity is not exceeded. 576 x 9 is the real
capacity of the memory (576 x 9 = 5,184). The extra 64 x 9
(576 x 9 — 512 x 9 = 64 x 9) can be accessed by careful use
of address A4. See Figure 7. The critical condition is stated
in the figure: when A4 is logical 1", A0, A2, and A1 should
be logical “0’s”. When A4 is logical ‘0", any code is allowed
in the remaining nine bits. When some form of counter is
used to generate the address inputs, it will often be con-
venient to assign the most significant bit (MSB) to A4 and
the six least significant bits to A5 through A10. In this way,
the highest allowed bit configuration will correspond to a
binary count of 575 and the forced zero states of A3, A2,
and A1 will be easier to implement.

576 x 9 ROM ADDRESSING

INPUT ADDRESS BITS

mMSB Lss
21

2o [2 78] 5] 4] 2] 2]

MSB = MOST SIGNIFICANT BIT
LSB = LEAST SIGNIFICANT BIT

INPUT ADDRESS

A4 A3 A2 A1 AT0A9 AB A7 A6 AS ASSIGNMENTS

WHEN A4 =1, A3 AND A2 AND A1
SHOULD BE 0.

FIGURE 7
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CHARACTER ORGANIZATION

When used as a 7 x 9 dot matrix character generator, the
9x 9 dot configuration of each character allows the 2526 to
be used with either vertical or horizontal scanning tech-
niques. Figure 5 shows a 7 x 9 configuration for the letter K
that is oriented for use with a horizontal scan. As each hori-
zontal slice through the character is extracted from the
ROM, the two extra bits may be ignored and the seven re-
maining bits serially shifted to control the dot formation.

Figure 8 shows the letter K oriented within the 9 x 9 matrix
for use with a vertical scan. Each vertical slice through the
character is extracted from the ROM and then serially
shifted to control the dot formation. Two complete scans
are not used for dots and may supply blank spaces between
characters or may be ignored. Alternatively, those extra
scan positions may be put to good use for translating char-
acter codes. When a code translation is desired, the column
address (A1 through A4) is set to the appropriate translate
scan instead of one of the dot matrix scans, and the code to
be translated forms the row address (A5 through A10). The
dot matrix contents of that character location are not re-
lated to the input code, but the output from the translate
scan provides the desired new code.

Assume that the dot matrix letter K in Figure 8 is placed in
the character array at an address corresponding to the
ASCII-6 code for K (001011). Then the dots for K can only
be retrieved by using the proper ASCII code as an address.
The same code pattern in EBCDIC, however, stands for the
period. To perform an EBCDIC to ASCII translation it is
only necessary to insert the ASCIl code for the period
(101110) in the translate scan of the K character position.
This code can then be used directly for any purpose or it
can, in turn, be applied as an input to select the dot matrix
for the period.

The spare bits in the 9 x 9 matrix of each character are
most convenient to use for translations when the matrix is
arranged for vertical scans. In that way a single read oper-
ation can perform the translation. A 7 x 9 vertical matrix
leaves two spare scans for translations so that a two-way
translation between two codes is possible, or two source
codes can be translated into a single target code. The spare
bits in the horizontal scan case are only available two at a
time, so are more awkward to use for translations. In either
case, the spare bits can be used to expand the character dot
matrix from 7 x 9 to 9 x 9. Several special characters can be
constructed (e.g., arrows) and some augmented standard
characters (e.g., %) can be more legible.
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VERTICAL SCAN MATRIX il s
There are many places where a nine bit wide ROM can be
useful. A nine bit output from a function look-up table can
(J o 1 7 provide an extra degree of accuracy. A sine function table,
P ® 0 for example, could supply an added bit of resolution in the
: ® L : result. For arithmetic tables with 8-bit operands, the ninth
000 1 £ :;:\;:so?’zgssom o output bit can be used as a sign bit or a carry bit for in-
."‘ N 0 CHARACTER BLOCK creased flexibility. Many byte-plus-parity systems are organ-
® X ized around 9-bit data paths and some of their memory
® @ X requirements can only be satisfied with a 9-bit ROM. 9-bit
|. ® (X _| or 18-bit minicomputers often need Read Only instruction
T storage for bootstrap loaders and other non-volatile routines.
001011 IN EBCDIC STANDS FOR
PERIOD INSTEAD OF K. THE ASCII The added sophistication of new CRT terminal designs is
:g%::&:?F'gg::‘:ﬂu'\;::ﬁ making 7 x 9 characters more and more popular. Increased
SCAN. legibility, decreased errors and better lower case characters
are the immediate advantages. The 2526 provides an eco-
FIGURE 8 nomical, easy-to-use approach for implementing 7 x 9
character graphics.
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INTRODUCTION

The Signetics 2602 is a 1024-bit Random Access Read/
Write Memory. It is fabricated with Signetics N-Channel
Silicon Gate technology.

FEATURES

1024 x 1 ORGANIZATION

COMPLETELY STATIC OPERATION

+5 VOLT POWER SUPPLY ONLY

TTL COMPATIBLE INPUTS

THREE-STATE TTL OUTPUT

16-PIN DIP PACKAGE

200mW DISSIPATION TYPICAL
N-CHANNEL SILICON GATE TECHNOLOGY
1 us ACCESS AND CYCLE TIMES

SUPPORT CIRCUITRY

The dominant system design characteristic for the 2602 is
ease of use. This is a result of several unusual features, with
fully static operation as perhaps the most important. Since
the static memory cell does not depend on stored charge
for its data retention, it does not need periodic refreshing.
Thus, the memory does not require external circuitry to
generate and control refresh cycling and refresh addresses.
The on-chip support logic can also be simplified. See the
block diagram in Figure 1.

BLOCK DIAGRAM
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1024-BIT STATIC MEMORY

In addition to the refresh hardware costs imposed by
dynamic memories, there is also a performance price to pay.
Each refresh cycle ties up. the memory and makes it un-
available for normal data operations. There are several
interesting approaches to minimizing the performance im-
pact of the refresh cycles, but each involves an even greater
investment in support logic. Both the hardware and per-
formance penalties of dynamic memory refreshing are
eliminated by the 2602 since no refreshing of any kind is
required by the device.

In the 2602 the on-chip support circuits, as well as the
memory cells, are static. Thus no clocks are required for
any part of the memory operation. Memory clocks for
dynamic memories have proven to be very difficult to drive,
distribute, and time properly so that their complete elimi-
nation saves design and debug expenses, and reduces sup-
port logic, clock driver and distribution circuitry costs.

The output of the 2602 is a three-state, push-pull circuit
that can drive a TTL data bus. For increased capacity
several chips may be directly wire-ORed, taking advantage
of the three-state output. No sense amplifiers or chip buffers
are required. The problems associated with the distribution
of low level sense lines and with coupled sense noise are
eliminated. Figure 2 shows the output buffer circuit.

With 5 pF of typical input capacitance on any signal input
and no pull-up resistors required to achieve a reliable high-
level input voltage, any simple TTL logic can be used to
drive arrays of the 2602 memory devices. With no high
voltage, high current, or low level interface signals, noise
and crosstalk problems are practically non-existent.

The net result of all these features is a dramatic decrease in
the external support electronics required to implement a
memory system. With greatly simplified driving, no clocks,
no refreshing, and no sensing, the 2602 has eliminated all
the major headaches associated with semiconductor memory
system design. The cost of support electronics is also
dramatically decreased. The result is that memory system
costs per bit relative to dynamic memories are very attrac-
tive for 2602 memory systems of small and moderate
capacity.
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OUTPUT CIRCUITRY
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POWER

The 2602 contributes in other ways to decreased memory
system costs. Only one standard supply voltage, +5V 5%,
is required. Not only are multiple supply costs eliminated,
but power distribution and decoupling problems are mini-
mized.

The low average power of less than 200mW typical and the
important absence of peak currents both contribute to ease
of use and lower costs. The power dissipated by the support
circuits in a dynamic memory system — even a small one —
can be a large percentage of the system power demands.
With the 2602 static memory, the support dissipation is
practically eliminated and the memory cell dissipation is
very low. Power and cooling costs are, therefore, much less
of a factor in the total memory system economics.

CHIP SELECT GATING

CHIP ENABLE

The Chip Enable signal on the 2602 performs three inter-
related functions. It controls the status of the three-state
output signal, it acts as the decimal address input for
memories of more than 1024 words, and it enables and
disables the write circuitry.

For a 1K word memory where the outputs share a data bus
with other logic subsystems, the Chip Enable signals can be
tied together and used simply to connect or disconnect the
output data from the data bus. A 2K word version of such a
memory (see Figure 3) could then gate the bus connect
information with the 11th address bit to form two Chip
Enable signals. The output data lines from the first 1K
words are wire-ORed with the output data lines from the
second 1K words. The two Chip Enable signals will then
connect the first 1K or connect the second 1K or discon-
nect both from the output data bus. Notice that the Read/
Write lines need not be gated with the 11th address bit
since an unselected chip automatically has the write circuit
disabled.

The Read Cycle for the 2602 is very easy to execute. See
the timing diagram in Figure 4. With the chip enabled and
in the read state, simply input an address. The data will be
valid at the output after the access time has elapsed. Be-
cause there are no clocks to define the Read Cycle, it is
measured as the time addresses are required to be stable.
This interval is from the latest arriving address to the
earliest departing address. For the same reason the access
time should be measured from the latest address input.

Care should be taken to make sure that the Read/Write line
is fully in the Read state before any cycle starts. Notice
that one of the memory cells is being addressed at all times;

1MTH
ADDRESS

BUSS
CONNECT

10 ADDRESS LINES 5
PLUS READ/WRITE 502

CHIP ENABLE o
TiTH - l >°—_“>
ADDRESS

DATA IN

CHIP
ENABLE

2602

DATA OUT

DATA BUSS

FIGURE 3
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TIMING DIAGRAM
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there is no quiescent state for the memory array. Thus, any
time the Chip Enable and Read/Write lines are both low,
something will be written somewhere. The Read/Write line
should be considered normally high with a negative-going
write pulse allowed only under strict conditions.

The Chip Enable signal may arrive sometime after the start
of a cycle without impacting the access time. This will
often come in handy when there are extra levels of address
gating involved with generating the Chip Enable signal.

WRITE OPERATIONS

The write cycle is also measured by the required stable
address time. Since the Chip Enable signal gates the write
circuitry, it must arrive earlier than in a read cycle so that
the write pulse can propagate properly into the cell array.
Notice that the stable addresses must overlap both the start
and finish of the write pulse. It is important that the de-
sired cell, and only the desired cell, be fully selected before
the write pulse arrives and that the write pulse is fully gone
before the addresses begin to change at the cell. The propa-
gation path for the write pulse into the cell is shorter than
the address path through the decoders.

For a minimum write cycle the timing of the write pulse is
important. Notice in the timing diagram that tayy plus typ
7-40

plus tyyr adds up to a full 1000ns. A longer write cycle
would allow more flexibility in the write pulse timing, and
would allow the write pulse window to be adjusted within
the cycle.

WAVEFORMS

The waveform picture in Figure 5 shows the 2602 in action.
The test pattern being run is a simple one designed to check
the general operation of every cell. The memory had pre-
viously had zeroes stored in all 1024 cells. Then a pattern of
Read-Write-Read is executed at every cell location. The
first Read at each cell is used to check for the previously
written zero. The Write cycle then writes a one in the
addressed cell and the second Read confirms that a one was
in fact stored. The address then changes and the three
operations are repeated on the next sequential cell.

Notice that in situations like the one pictured in Figure 5
where multiple cycles are executed at onfe address, there is no
obvious, well-defined start of each cycle. Simple external
time delays (not shown in the picture) serve to mark the
transitions from cycle to cycle. The first change in the Data
Out signal following the Ag address change reflects the zero
being read at the newly addressed location. During the suc-
ceeding Write cycle, the Data Out line indicates the polarity
of the data being written in the cell. At the end of the
Write cycle, the same cell is read again and the Data Out
signal shows that a one was successfully stored. When the
addresses change again, this sequence is repeated.
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WAVEFORM
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STORAGE CELL

Figure 6 is a schematic of the memory bit cell in the 2602. It
is a standard six device cell configuration, using two cross-
coupled devices (Q1, Q2) with active pull-ups (Q3, Q4). Q5
and Q6 are used to connect the cell to the bit lines.

The cells are arranged in a two-dimensional array of 32 by
32 for a total of 1024 cells. Address lines O through 4 are
decoded to select 1-0f-32 word lines. Each word line drives
32 cells, connecting them to 32 pairs of bit lines. Addresses
5 through 9 are decoded to select 1-0f-32 bit line pairs.
Thus, the 10 address lines select one cell out of 1024 for
reading or writing. The bit lines are ORed together and the
selected pair drive the output data amplifier. When writing,
the bit lines are driven by the write amplifiers to force the
selected cell in one direction or the other.

MEMORY SYSTEMS

For those designers who have worked with dynamic memory
systems, the dominant theme with the 2602 is the things
that do not have to be done. With no clocks, no refreshing
and no sensing, the designer can center his work on opti-
mizing the TTL/MOS interfaces and the system packaging.
Because of the lack of support circuitry around the 2602,

MEMORY CELL
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Qg Qg 32
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BIT 9 Q BIT
LINE LINE
—

WORD LINE
tl
1

BIT SELECT

::%% |

| |
WRITE ? E WRITE
AMP AMP
1 :UTPUT t
FIGURE 6

the propagation paths to and from the memory chip are
much shorter than is the case with dynamic memories. This
fact will help to compensate for the somewhat longer access
times of the 2602, although there are large numbers of
applications where the 2602 offers more than sufficient
speed. The lack of support circuits makes it easy to gain
performance from the static memory by interleaving. The
expensive dynamic support circuitry does not have to be
duplicated for a two-way interleave.

The lack of power surge currents, high voltage transitions,
low level sense currents, and multiple power supplies
simplifies memory system designs in several ways. One
significant result is that many systems will work very well
on two-sided printed circuit boards, with consequent savings
in design and production costs. With less board area devoted
to supporting the memory chips, the board bit density can
be increased.
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