MM4262/MM5262

MOS RAMs

NATIONAL

MM4262/MM5262 2048-bit fully decoded
dynamic random access read/write memory

general description

The MM4262/MM5262 is a fully decoded 2048 ® Low power MM4262 MM5262
word by 1 bit dynamic read/write random access Operating 360 mW (max) 400 mW {max)
memory fabricated using National Semiconductor’s Standby 2.5 mW {max) 2.5 mW (max)
proprietary silicon gate low threshold technology. ® Power supplies +5.0V, +8.5V, —15V
All inputs except _the clocks are TTL compatiple. Low overhead Fully decoded with internal
The output provides a current pulse allowing circuits memory address register

a large number of devices to be bussed together
without compromising system performance due
to capacitive loading. The current pulse output
is converted to TTL levels by means of a sense

B System oriented design
Bipolar compatible except for clocks
Current sense output
Chip Select for easy memory expansion

amplifier. .
Package 22 pin DIP (Cavity and Molded)
features ) ® Device protection All inputs and outputs
protected against static charge
MM4262 MM5262
u i 470 n 365 f [
Fast access Tlme s {max) 65 ns {max) appllcatlons
B Fast cycle time
Short Read 565 ns (min) 475 ns (min) ® Core memory replacement
Read/Write 750 ns {min} 635 ns (min) ® Mainframe memory
Write 750 ns (min) 635 ns (min) ® Buffer storage
® Refresh cycle 1.0ms 2.0ms ® Non-volatile memory using battery back up
block and connection diagrams Duai-In-Line Package
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See Package 5
Order Number MM5262N
See Package 17
recommended interface circuits
CLOCK DRIVERS: MH0026
MH8808
SENSE AMPLIFIERS: LM167
LM168
DM7806/DM8806




absolute maximum ratings (Note 1)

Voltage at Any Pin

Power Dissipation

Operating Temperature Range
MM4262 (Tcase)
MM5262 (T ampienT)

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds}

Vge + 0.3V to Vgg — 27V (Note 16)

1.0W

—55°C to +125°C
0°C to +70°C
-65°C to +150°C
300°C

dc electrical characteristics MM4262 (-55°C < Tcase < +125°C, Vgg = 5.0V £0.25V,

Vgg — Vgg = 3.6V £0.5V, Vpp =—15V £1.0V, unless otherwise noted)

PARAMETER CONDITIONS MIN Noha | max UNITS
Inputs (Notes 14, 15)
(Chip Select, Read/Write,
Addresses, Data In}
Voltage
Logical “1”" {V ) Vgs 1.5 Vi, + 1.0 v
Logical 0" (V) Vgg 10 Ve, 472 \
Current 0 < Vin € Vgg 10 uh
Clock Inputs
Voltage
Logical 1" (V) Vgs 10 Vs * 1.0 v
Logical “0" (V) Vpp 1.0 Vop + 1.0 \
Current Viy = 168V 50 HA
Qutputs (Note 15)
Current
Logical "0 (o) Vour = OV 100 HA
Logical “1” {lgn) Vour = 1.2V, CS = 04V 6.0 mA
Vout = 1.8V, CS = 0.4V 500 A
Leakage Current Vour = 0V, CS = 35V 10 A
{Note 17)
= ° - = =
Power Supply Current Ta =25°C, Vg ~ Vg5 = 35V, Vss = 5.0V,
Vpp = ~15V, Vgt = 1.2V, Reading 1's at
{lop) Teveee =750 ns 12 18 mA
(lgg) Operating 150 uA
Standby {No Clocks} 100 HA

ac electrical characteristics MM4262 (All times measured fr

see ac test circuit and timing diagram, conditions under dc electrical characteristics apply.)

om 50% points, t,, t¢ < 20 ns,

PARAMETER CONDITIONS MIN PRALAN MAX UNITS
¢, Clock Pulse Width (T4 pw) {Note 4) 15 70 ns
¢, Clock Pulse Width (Topy) {Note 6} 275 160 400 ns
@3 Clock Pulse Width {T3pw) {Note 8) 10 60 ns
¢, Clock to ¢, Clock Delay {T;3) {Note 5) 10 60 ns
¢, Clock to ¢3 Clock Delay (T53) {Note 7} 65 10 ns
¢a Clock to ¢, Clock Delay (T34} {Note 9} 7% 40 ns
Chip Select and Address Set 100 60 ns
Up Time (Tas)

Chip Select and Address Hold 110 50 ns
Time (Tan)

Read/Write Read Set Up Time 85 30 ns
{Taws3)

Read/Write Read Hold Time 65 30 ng
{Tawna)

Read/Write Write Set Up Time 95 30 ns
(Trws1)

Read/Write Write Hold Time 25 )] ns
(Tawos!

Logical “‘1" Data In Set Up (Note 100 180 60 ns
Time (Tps:)

Logical "'0" Data In Set Up {Note 10} 75 30 ns
Time (Tpsa)

Data In Hold Time (Tpyy) 70 20 ns
Read Access Time (Tacca) 160 260 ns
Read Access Time (Tacci) Tacct =Tas + T12 * Taccz 300 470 ns
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MM4262/MM5262

ac electrical characteristics (con’t) mmazez

PARAMETER CONDITIONS MIN (NJ‘:?‘B, MAX UNITS
Read Only Cycle {TguorT/READ ! {Note 11) 565 ns
Read, Write, Read Modify Write 750 ns
Cycle (Tevere)
Refresh Time {Note 12) 1.0 ms
Output Hold Time (Tow) {Note 13) 1000 ns
Chip Select, Address, Read/Write, 7.0 pF
Data In, Data Qut Capacitance (Cx) (Note 21
Bk P x Vgg — Vs = 3.5V, Vgg = 5.0V
¢, Clock Capacitance (C,) Vryest = 5.0 Vpe With 50 pF
. <15 mV RMS at
¢, Clock Capacitance (C) 1 MHz 25 pF
¢ Clock Capacitance (C5)} - 25 pF
Clock Rise/Fatl Time 100 ns
input Rise/Fall Time 50 ns
dc electrical characteristics MmM5262 0°C < T, <+70°C, Vgs = 5.0V £0.25V,
> la> » VS8
Vgg — Vgg = 3.6V £0.5V, Vpp = —15V 21.0V, unless otherwise noted.
TYP
PARAMETER CONDITIONS MiN (Note 18) MAX UNITS
Inputs {Notes 14 and 15)
{Chip Select, Read/Write,
Addresses, Data In)
Voltage
Logical “1" (V) Vgs — 1.5 Vgs +1.0 v
Logical “0” (V) Vgs ~ 10 Vgg — 4.2 v
Current oV < Vi < Vss 10 HA
Clock Inputs
Voltage
Logical 1" (Vgp) Vs — 1.0 Vg + 1.0 v
Logical “0" (Vg ) Voo - 1.0 Vpp + 1.0 v
Current Vin = - 18V 50 HA
Qutput {Note 15)
Current
Logical “0" (Ig, ) Vour = OV 100 A
Logical “1” {Igy) Vour = 1.2V, CS = 04V 6.0 mA
Vour = 1.8V, C5 = 0.4v 600 HA
Leakage Current Vour = 0V, CS = 35V 10 HA
{Note 17)
Power Supply Current Ta = 25°C, Vgg ~ Vgs = 3.5V, Vg = 5.0V,
Vpo =~15V, Vour = 1.2V, Reading 1's at
Tevere =635 ns
llpp) 13 20 mA
(lgg) Operating 150 A
Standby (No Clocks) 100 HA

ac electrical characteristics MM5262 (Al times measured from 50% points, t,, t; < 20 ns,
see ac test circuit and timing diagram, conditions under dc electrical characteristics apply.)

TYP
PARAMETER CONDITIONS MIN (Note 13} MAX UNITS

4 Clock Pulse Width (Tpw) {Note 4) 95 70 ns
9 Clock Pulse Width (Topw) (Note 6) 240 160 400 ns
@3 Clock Pulse Width (Tapy ) (Note 8) 100 60 ns
#4 Clock to ¢, Clock Delay (T ;) {Note 5) 90 60 ns
¢ Clock to ¢5 Ctock Delay (T,3) {Note 7) 50 10 ns
93 Clock to ¢4 Clock Delay (T4} (Note 9) 60 40 ns
Chip Select and Address Set Up 80 60 ns
Time {Tag)

Chip Select and Address Hold 90 50 ns
Time (Tan)

Read/Write Read Set Up Time 70 30 ns
(Tawsa)

Read/Write Read Hold Time 65 30 ns
(Tawna)

Read/Write Write Set Up Time 75 30 ns

(Trws1)
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ac electrical characteristics (con‘t) mms2e2

PARAMETER CONDITIONS MIN Noce38) MAX UNITS
Read/Write Write Hold Time 25 0 ns
(Tawoa!

Logical “1" Data In Set Up Time {Note 10} 120 60 ns
(Tos1)

Logical “0"” Data In Set Up Time (Note 10) 60 30 ns
(Tosa)

Data In Hold Time (Touy) 50 20 ns
Read Access Time (Tacea) 150 195 ns
Read Access Time {Taccy) Tacer = Tas + Tyz + Tacez 300 365 ns
Read Only Cycle (Tsnort/Rean) {Note 11) 475 ns
Read, Write, Read Modify Write 635 ns
Cycle (Tevere)

Refresh Time {Note 12} 20 ms
Output Hold Time (To )} {Note 13} 1000 ns
Chip Select, Address, Read/Write, {Note 2) 7.0 pF
Data In, Data Out Capacitance (Cx) Vag = Ves = 35V, Vg = 5.0V

¢ Clock Capacitance (C) Vyest = 6.0 Vpe With 50 pF
@ Clock Capacitance (Ca) ) i‘ig‘JHiMs at 25 pF
@3 Clock Capacitance {C3)} 25 pF
Clock Rise/Fall Time . 100 ns
Input Rise/Fall Time 50 ns

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except
for “Operating Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The
table of “Electrical Characteristics’” provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Positive true logic notation is used: Logic “1" = most positive voltage level
Logic “0" = most negative voltage level

Note 4: Typw, ¢1 clock — used to change input logic address and chip setect.
Note 5: T45, interval between clock 1 and 2 — for decode.

Note 6: Topw, ¢2 clock — celi access.

Note 7: Tp3, interval between clock 2 and 3 — decision time.

Note 8: T3pyy, ¢3 clock — write or refresh clock.

Note 9: T31, write recovery time.

Note 10: if a “1” is being written then data in must go high Tps1 before the end of ¢ and remain in that state until Tpyq
after 3 goes low. If a 0" is being written, data in must go low at least Tps2 before ¢3, and remain in that state until TpH1
after ¢3 goes low.

Note 11: For a short read cycle, ¢3 may be inhibited and the next cycle may begin To3 after ¢g.

Note 12: Addresses Ag through A4 are the row addresses. To accomplish a refresh, at least one location in each row must be
accessed during any 2 ms period for the MM5262 and 1 ms for the MM4262. The row will refresh when reading or writing with
the chip disabled or enabled as long as ¢3 is applied.

Note 13: During a read cycle the output will remain valid until the next @1 or ToH whichever is tess. During a read modify
write or write cycle the output will remain valid until 3 time.

Note 14: The chip is enabled when chip select is at a logic "0."
Note 15: If a logic “1” (3.5V) is written, when it is read the output will source more than 600uA.

Note 16: Under power turn on conditions care must be taken to insure that Vg is always the most positive potential in the
system or large transient currents could result, causing permanent damage.

Note 17: An approximate relationship for lpp is:

Tiew Topw 1000 ns where: A = 20@25°C A = 23@0°C A = 32@-56°C
IDD max = A +8 +C B = 45@25°C B = 52@0°C B = 720 55°C
Teye Teve Teve C - 10@26°C C = 10@0°C C = 12@-55°C

Note 18: Typical values for Ta = 26°C, Vgg = 6.0V, Vgp = 8.5V, and Vpp = —15V.
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MM4262/MM5262

timing and operation

The MM4262/MM5262 has four basic modes of
operation: (1) read, (2) write, (3) read modify
write and (4) refresh. Each, of these modes, is
commonly used in memory systems. To make the
timing and control considerations perfectly clear
each mode will be discussed separately.

READ OPERATION

The read operation consists of reading previously
stored data out of randomly selected address
locations. The read operation may be performed
in one of two ways.

The first method is by use of the Read/Write
control. As indicated in Figure 1, if the Read/
Write input goes low, for at least the time specified
by Tawssz *+ Trwwa. the information will be
read out of the selected memory location. The
output will remain valid for Ton(max) Or until the
next ¢, clock pulse, whichever is less.

The second method involves gating the ¢ clock
pulse. A write operation can only occur when the
¢3 clock is present. Thus by applying a logical
"1” to the Read/Write control (write mode) and
not applying the ¢5 clock, the memory will read
out information from the selected location. In
other words the memory will be operating in the
read mode. There are advantages in gating the ¢4
clock. First, since ¢ clock is a high level signal,
power will be reduced. Second, since in the read
mode ¢3 has been eliminated, ¢, may be applied
after the T, delay. This will shorten the read
cycle by the Tzpyw + T3y interval. The short read
cycle is then:

TSHORT READ = Tevere ~ (Tapw + T3q)
= {635 — 160) ns = 475 ns for MM5262
= {750 — 185) ns = 565 ns for MM4262

WRITE OPERATION

The write operation consists of storing new infor-
mation into randomly selected address locations.
Just as in the case of the read mode, write may be
performed by using the Read/Write control or by
gating the ¢5 clock. The ¢4 clock is essential to
the write operation and unless it is present, a write
will not occur regardless of the state of the
Read/Write control.

READ MODIFY WRITE OPERATION

The read modify write operation consists of reading
information out of a randomiy selected memory
location and then writing new information into
this same location. The important point to remem-
ber in understanding this mode is that information
is always read out of the selected address focation
regardless of the state of the Read/Write control.
In this sense, the Read/Write control may be
thought of as a write inhibit control.

Then, in the write mode, information will be
output Taccz after the leading edge of the [ )
clock and held until the start of the ¢3 clock.
The write operation procedes in a normal manner
and new information, present on the Data In line,
will be written into the selected memory location.

If the Data In and Data Out lines are interfaced to
a common data 1/0 bus, the T3 interval must be
increased a sufficient amount to transfer the read
data onto the common 1/0 bus and to change the
1/0 bus to the new information to be written.
This, of course, will increase Teve by the same
amount that T,y is increased.

REFRESH OPERATION

Because the storage mechanism of a dynamic RAM
is charge retention on a capacitor, and leak age
paths exist, these capacitors must be recharged or
“refreshed”” periodically. For the MM5262 the
maximum time between refresh intervals must be
less than or equal to 2.0 ms. For the MM4262 the
maximum refresh interval is 1.0 ms.

The MM4262/MM5262 refreshes on a row basis.
Thatis, when any location within a row is refreshed
all locations in that row are refreshed. There are
32 rows in the RAM matrix, corresponding to
addresses Ag through A,.

Refresh is accomplished within a row whenever
the @5 clock is applied. It does not matter if the
memory is in read mode, write mode, selected or
notselected. The most common method of refresh-
ing the memory is to place CS at V4 and sequence
the clocks through a normal read or write cycle
with the @3 clock applied. Note that if, during
normal system operation, each row is written into
or read out of at an interval of 2.0 ms (1.0 ms for
the MM4262) or less, refresh is not required as a
separate operation.

Now that the four modes of operation have been
defined a step by step description of a write cycle
will serve to further clarify the operation of the
MM4262/MM5262 RAM.

Any cycle is initiated by the leading edge of the
¢4 clock. For a device to be selected it must
receive a ¢¢ clock and CS must be at V,_ for the
interval specified by Tag and TA . Note that the
¢¢ clock must be applied to deselect a device also
{see block diagram). When a device is not selected,
the output buffer assumes a high impedance state
and the input buffer inhibits input data.

In addition to gating CS information into the
device, the ¢, clock also gates in address informa-
tion (see block diagram). Address inputs, Ag
through A;o, must be stable for the interval
specified by Tpag and Tan.
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timing and operation (con’t)

Assuming the read/write operation is to be con-
trolled by the Read/Write input, this input must
be at V,y for an interval of Tgywsy Pprior to the
trailing edge of ¢, clock, and remain at V,y until
Trwos after the trailing edge of the ¢, clock.
Note that if the Read/Write input is low, during
the Trwsa Plus Trwh3s interval the write operation
is internally inhibited, allowing only a refresh to
oceur.

The ¢, clock gates the information corresponding
to the selected address through the output buffer
{see block diagram) to the Data Out pin. The delay
from leading edge of the ¢, clock to valid data
out is Tacca, Read Access Time. Note that even
though the memory is in the write mode, data is
being read out. Data out will remain valid only
until the start of the ¢4 clock, because Read/Write
isat V.

The actual write operation, as stated previously,

is controlled by the ¢3 clock. The amount of time
Data In must be stable is dependent on whether a
logical “1"" or a logical "0 is to be written. If a
logical *1” is to be written, Data In must be stable
Tpst prior to the trailing edge of the ¢, clock
and remain stable until Tpyq after the leading
edge of the ¢5 clock. If a logical “0" is to be
written, Data In must be stable Tpga prior to the
leading edge of the ¢3 clock and remain stable
untit Tpy4 after the leading edge of the ¢3 ciock.

T34 after the trailing edge of the ¢3 clock another
¢; clock may be applied to initiate the next
cycle. Note that if the next address location is in
another device the ¢, clock must still be applied
to deselect the current device. This becomes
important when clock decoding is used to reduce
power consumption in a memory system (see
Application Note AN-86).

ac test circuit and switching time waveforms
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