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INTRODUCTION

This handbook introduces products on a new gen-
eration of VLSI semiconductor technology from
Intel. CHMOS (Complementary High-performance
Metal Oxide Semiconductor) combines the best pro-
cessing techniques used on Intel’s high performance
HMOS processes with a new set of performance-
oriented design rules. CHMOS improves the indus-
try’s best speed-power performance to achieve high-
speed products with an order of magnitude less
power usage. Additionally, on some products (like
the new series of CHMOS Random Access Mem-
ories), CHMOS is utilized to attain higher speed
versions than previously available.

These CHMOS product specifications are brought
together to give designers a common reference for
information on Intel’s complete VLSI CHMOS
product line. Represented are components from the
microprocessor, peripheral, microcontroller, tele-
communication, non-volatile memory, and volatile
memory areas. In each case, optimized CHMOS
versions of industry-standard architectures are
included. This complete set of CHMOS products
enables designers to utilize their software and
hardware expertise gained with HMOS and quickly
take advantage of CHMOS benefits for their systems.

USING THIS HANDBOOK:

Primarily, this book contains a compilation of Intel’s
CHMOS data sheets organized by product type.

Each data sheet highlights those aspects of each
product which the designer will find most useful.
Complete parametric specifications follow the
product descriptions.

A summary of Intel’s unique approach to building
CHMOS product line has been inserted at the outset.
The opening chapter discusses the key issues ad-
dressed in designing CHMOS — namely latchup
prevention, soft-error prevention, interconnections,
and logic design techniques. The approach used to
resolve these issues and create a complete set of
VLSI components is then outlined.

This handbook should be used in combination with
other Intel design aids. Additional specifications,
application materials, design support tools, or
instructional classes are available to supplement
design efforts. These items can be obtained from
your local Intel representative.

ABOUT THE FUTURE:

Specifications of Intel’s initial CHMOS products are
contained in this handbook. More VLSI CHMOS
components will be added as Intel continues to im-
prove its technologies, the products they make up,
and ultimately the systems they go into. With these
new products will come an expanding set of docu-
mentation to keep designers abreast of advanced
semiconductor capabilities and their applications.
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Modular approach to C-MOS technology
tailors process to application

Despite the proliferation of applications, a few C-MOS process variations
can address the functional requirements of many different products

by Kim Kokkonen and Richard Pashley, intel Corp., Santa Clara, Calif.

O 1In the past few years, the interest in complementary-
MOS technology and its applications to new products has
exploded. Traditional arguments for C-MOS center on its
low power dissipation, the large noise margins of comple-
mentary logic, and its simple ratioless design. With the
advent of very large-scale integration, these arguments
are taking on new meaning and importance.

As an example, Fig. 1 compares the performance of
H-MOS (high-performance n-channel MOS ) inverters with
their equivalent in Intel’s C-H-MOS (complementary high-
performance MOS) technology. Though H-MOS’s speed
continues to improve with further scaling, its delay-pow-
er product is more than an order of magnitude higher
than a C-H-MOS implementation with identical n-channel
transistors. In a VLSI part with 50,000 gates, C-H-MOS
could mean the difference between 1 and 10 watts of
power dissipation, which might save the expense and
difficulty of a sophisticated cooling system or extend a
portable system’s operating time by a factor of 10.

That C-MOS performance is now on a par with n-MOS
technology has also accelerated its popularity. In addi-
tion, the density of C-MOS circuitry has improved dramat-
ically with advances in technology. Finally, the number
of process alternatives has grown so large that almost
any integrated-circuit design can be supported with avail-
able C-MOS technology.

Unfortunately, the wave of enthusiasm for ¢-MOS and
the needs of different applications have multiplied the
number of approaches that C-MOS developers are taking.
Several major issues remain in VLSI C-MOS design—name-
ly latchup and soft-error prevention, interconnections,
and logic-design techniques. A building-block approach
with a limited number of basic process modules can be
used to create a close-knit family of technologies that
squarely addresses these issues and simultaneously sup-
ports a wide range of applications.

The basis for C-H-MOS

A firm foundation in n-MOS-transistor physics will
support the advancement of C-MOS technology. As chan-
nel lengths approach 1 micrometer, n-channel transistors
become more difficult to optimize because the standard
S-volt power supply causes problems with high-intensity
fields. Improperly designed transistors may be unreliable
as a result of hot-carrier injection into gate oxides, or
they may cause less localized problems by injecting carri-
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ers into the MOS substrate—there to bleed charge from
storage nodes or even trigger a destructive latchup.

The resources to develop and verify the reliability of a
1-um n-channel transistor are well established and sub-
stantial. In Intel’s C-H-MOS process, the basic design of
the n-channel transistor is identical to its H-MOS counter-
part, as shown in the table. Even at the more detailed
levels of doping profiles, the H-MOS and C-H-MOS transis-
tors are nearly identical.

Thus a high-performance C-MOS technology may be
born out of an established n-MOS line. The relatively
simple addition of an n-well in the same high-resistivity
substrate results in a C-MOS process that serves as the
basis for several optimized technologies. This is just a
start, however, as other important issues remain.

Latchup has been the traditional nemesis of C-MOS.
Given the presence of parasitic silicon controlled rectifi-
ers within every bulk C-MOs chip, a current pulse of
sufficient magnitude either inside or outside the chip may
cause a catastrophic latchup. Many schemes have been
proposed to combat latchup, ranging from carefully scru-
tinizing the layout (which imposes no burden on the
technology) to a buried layer (which significantly in-

TRADITIONAL
4 um C-MOS
(0.5 pJ)

STAGE DELAY (ns)
b

T

C-H-MOS

(0.04 pJ)
r C-H-M0S I
(0.01pJ) H-MOS I
0.1pJd)
0.1 4 R T A | 1 1 L1
0.01 0.1 1.0

POWER/GATE (mW)

1. Power down. Despite the continuous improvement of H-MOS
(high-performance MOS) by scaling, the delay-power product for C-H-
MOS (complementary-MOS H-MOS) is more than an order of magni-
tude lower in the typical integrated circuit.



n-CHANNEL TRANSISTOR COMPARISON

substrate’s heavily doped bulk effec-
tively eliminates the vertically trig-

Technology Gate-oxide Channel Threshold Graded drain gered latchup mode, it is possible to
nMOS  C-MOS thickness (A) | length (um) | ~ voltage (V) profile develop a set of computer-aided-de-
sign tools that can flag latchup-sensi-

HMos 1 — 700 30 07 n tive layouts on the largest VLSI chips.
H-MOS Il C-H-MOS 400 20 07 no Since grasping the phenomenon of
upsets induced by alpha particles, in

H-MOS Il C-H-MOS Il 250 1.0 0.7 ves 1977, memory designers have takep
care to ensure that enough charge is

creases complexity and processing cost). All have some
degree of effectiveness.

A modular approach to a broad-based line of C-MOS
technologies requires other measures besides mere physi-
cal latchup resistance. The latchup spoiler must be appli-
cable to dynamic random-access memories, erasable pro-
grammable ready-only memories, and static RAMs, as
well as to microprocessors and controllers. In order to
improve latchup resistance, it cannot increase the dis-
tance between n- and p-channel transistors (this con-
straint is most significant in random logic and full c-MOs
six-transistor static-RAM cells). The technique must be
compatible with low-cost and large-volume manufactur-
ing. Finally, the approach must be consistent with the
use of an automated checking algorithm, so that every
gate of a large semirandom logic design need not be
scrutinized for latchup susceptibility.

Epitaxial benefits

Figure 2 shows the margin gained in latchup trigger
current when an epitaxial substrate is used. The epitaxial
substrate brings the same latchup benefits to all product
lines, and in many cases provides additional advantages
such as improved surface lifetimes (for dynamic RAMs)
and reduced dc resistance (for E-PROMs and logic). Epi-
taxial substrates are now available in volume from com-
mercial silicon vendors, adding less than 5% to the cost
of a finished wafer. No additional or exotic fabrication
equipment needs to be installed. Because the epitaxial

400
n-TYPE EPITAXIAL
SUBSTRATE ON n* WAFER \
g O 7 aoExteRNAL  — sV
E RESISTOR
g
z PARASITIC
z INTERNAL
€ 00 RESISTANCE
o
[ 4
w
g
[
N TRIGGER CURRENT +
"R NONEPITAXIAL
1-S%cm SUBSTRATE
1 i — 1 1 1 1 1 1
[} 5 10
n-TO-p SPACING (um)

2. Benefits. By raising the margin of latchup trigger current, an
epitaxial substrate effects a dramatic improvement in combatting
latchup, a major concern in complementary-MOS chip design.
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stored within each cell to minimize
the problem. As critical chip dimensions are reduced,
this problem becomes more severe, however, since both
parasitic and storage capacitances are naturally reduced.
For the latest 1.5-um n-MOS process, stored charge is low
enough to caution even microprocessor designers to
guard against random storage nodes suffering from soft
errors. Fortunately, C-MOS provides a natural barrier
against soft errors if the storage node is located within
the c-MOs well.

The well junction is reverse-biased by the power-sup-
ply voltage. The electric field at this junction naturally
repels any carriers generated outside the well that might
otherwise diffuse up to surface storage nodes. The combi-
nation of the well structure and an epitaxial substrate is
even more effective. Here the funneling mechanism that
usually collapses local electric fields during the passage
of an alpha particle is also minimized. By using epitaxial
substrates and the protection of a C-MOS well, the
amount of charge collected during an alpha event can be
reduced by an order of magnitude.

Of course, the designer must arrange for the storage
node to reside within the well. This constraint, combined
with other performance issues, leads to different choices
of well and substrate polarities, depending on application.
For example, in a C-MOS technology that is optimized for
dynamic RAM, the ideal memory cell should have a p-
channel pass gate and a p-channel capacitor located with-
in an n-well in a p-type substrate. The p-channel transis-
tor is chosen because it injects far fewer spurious carriers
into the substrate and thus does not by itself disturb the
state of neighboring cells.

The conductance of the p-channel device, while lower
than that of an n-channel device of the same size, does
not degrade the RAM’s performance, since dynamic-RAM
sensing is limited primarily by the amount of stored
charge. Experimental results with C-H-MOS dynamic
RAMs based on these principles show a soft-error rate of
less than 300 FIT (failures in time, or device failures per
billion hours) at a power supply of only 3 v. This is an
improvement of more than three orders of magnitude
over traditional n-MOS dynamic-RAM technology and of-
fers the possibility of dynamic-RAM systems that require
no error correction and that are compatible with low-
voltage battery backup.

High-density, high-performance static RAMs present
the other side of the coin. The smallest static-RAM cells
today are built using polysilicon-load resistors that sus-
tain the stored-node voltage. On the time scale of an
alpha cvent, however, these resistors in effect do not
exist. Because the storage node’s RC time constant is on
the order of milliseconds and the alpha event’s time scale

Electronics/May 3, 1984



is nanoseconds, the cell appears dynamic. In this sense,
polysilicon-load static-RAM cells are very similar to dy-
namic-RAM cells. The major difference arises in the way
the cells sense the cell’s information. The static-RAM cell
provides a direct current, and to maximize the cell’s
performance, that current must be as large as possible
while contained in a minimum area. Thus the chip de-
signer must use high-gain n-channel transistors for the
cell’s pass gates and pulldowns. For good soft-error pro-
tection, then, the cell must be located in a p-well within
an n-type substrate.

The p-well approach benefits even full C-MOS six-tran-
sistor static-RAM cells. The area of such cells depends
strongly on the distance allowed between n- and p-chan-
nel devices. Using a straightforward implementation of
epitaxial C-MOS, the p-well approach provides more mar-
gin against latchup at small n-to-p spacings (Fig. 3).
This phenomenon occurs because of the differing diffu-
sion properties of n- and p-type dopants. The heavy
doping in the n-type substrate is less mobile than is the
p-type dopant, resulting in less outdiffusion during ther-
mal processing and thus minimizing the shunt resistance
that controls latchup.

Hooking it up

One of the challenges of C-MOS in logic applications is
interconnection. Designers of n-MOS chips are accus-
tomed to buried contacts, which directly connect n-type
polysilicon and n-type transistor source or drain regions.
Because C-MOS requires contact to both p and n regions,
the traditional n-type buried contact becomes much less
useful, and a version suitable for both diffusion polarities
is quite difficult to implement. This increases the burden
on contact and metallization modules.

For high-density C-MOS logic, the first level of metal is
all but consumed by local connections between p and n
transistors. The payback from adding a second level of
metal for longer-distance routing is very high. A good
example exists for the six-transistor static-RAM cell com-
monly used by logic designers. Figure 4 compares sin-
gle- and double-metal versions of this cell, both imple-
mented with 1.5-um design rules.

400

W
\ n-TYPE EPITAXIAL SUBSTRATE
ON n* WAFER

200 -

100 ’-

p-TYPE EPITAXIAL SUBSTRATE

ON p* WAFER \

TRIGGER CURRENT (mA)

1 1 1 1 L 1 1 1 1
5 10
n-TO-p SPACING (um)

3. P-well margin. With an epitaxial substrate, a p-well structure (up-
per curve) yields a greater margin against latchup than n-well at
smaller n- and p-device spacings.

contact etch attacked the silicon substrate or if the con-
tact was misaligned toward the field-oxide edge, the plug
would rejuvenate the resulting weakened junctions. In C-
MOS, these same attributes must be obtained differently,
through improved fabrication, cleanliness, new gettering
techniques, improved dielectrics, and tightly controlled
contact etching. Figure 5 shows the difference in imple-
menting a 1.5-um contact structure in n-MOS and C-MOS.

Along with the proliferation of C-MOS technologies has
come a wave of innovation in C-MOS design techniques.
For digital logic, the major contenders for broad use are
full complementary design and domino logic, first pro-
posed by AT&T Bell Laboratories (Fig. 6). For many
applications, traditional C-MOS logic is a winner. It re-
quires no clocks, has larger operating margins, and uses
fewer transistors for simple gates. For more complex
gates, however, domino logic uses fewer transistors and
runs faster. The speed results from connecting fewer
transistors in series and reducing gate-fanout loading by

Here the second-metal layer provides
the bit lines for the cell. Similar ar-
guments justify the use of second
metal in global power, clock, and
data routing in complex microproces-
sor chips.

Contacts themselves are more dif-
ficult to build in c-MOS. N-MOs tech-
nology accustomed process engineers
to adding a phosphorus contact plug
after the contacts have been etched.
This plug brought several advan-
tages: the phosphorus gettered metal- RN
lic contaminants from the wafer, re-
ducing junction leakage; and the
high-temperature diffusion rounded @
the profile of the contact sidewall,

3Mum

easing the step coverage of the metal
subsequently deposited. Further, the
plug had self-aligning features. If the

Electronics/May 3, 1984

4. Payback. The use of double-metal layers for a six-transistor static-RAM cell can produce a
large savings in real-estate. In two cells implemented with a 1.5-um design rules, the savings
can amount to one third of the total area. The cell at right uses second-layer metal for bit lines.
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5. Making contact. Contacts are more diffi-
cult to build in C-MOS than in conventional n-
MOS. The phosphorous contact plug used in
n-MOS after contact etching (a) adds desir-
able features such as reduced junction leak-
age andimproved step coverage by the metal
layer. To gain the same advantages in C-
MOS requires greater process control (b).
™+
—JUNCTION and p-well construction show that
the p-channel’s conductance may be
improved by as much as 10% with
the proper well type.

By contrast, domino logic is at its
best in an n-well technology. Here,
the n-channel transistor dominates
both performance and transistor
count. Placing the n-channel device
outside the well improves its conduc-
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tance and reduces the dominant par-
asitic junction capacitance. Density
also increases because no well con-
tacts are required for the majority of
the transistors.

The twin-well approach to C-MOS
blurs these distinctions. In this ap-
proach, a high-resistivity epitaxial
layer is grown on a heavily doped
starting wafer. Then the doping for
each transistor polarity may be inde-
pendently optimized without need
for doping compensation. Perfor-
mance arguments based on mobility
or junction capacitance thus become
moot. Nonetheless, domino logic will

up to a factor of two compared with full c-MOs.
Interestingly, the choice of design style influences the
optimal type of C-MOS well. The speed of full C-MOs is
limited by the slower of the two transistor polarities.
Since the trip point is quite close to half the power
supply, the time required for either transistor type to
discharge its load capacitance by about 2.5 V sets the
gate’s speed. Since the p-channel device is the weaker
one, it pays to choose a well type that improves the p-
channel’s conductance. P-well does this because the p-
device is fabricated in an uncompensated substrate and
thus has maximum mobility. Comparisons between n-

still be best on a p-type substrate
(equivalent to n-well) because it does
not require well contacts to collect the large parasitic
substrate currents from the n-channel transistors, thus
improving packing density.

Matching process to product

These and other technical arguments may be combined
into a consistent strategy (Fig. 7) for creating a line of
C-MOS processes serving a broad marketplace. For at
least the next several years, a complete technology line
must include C-MOS based on both p- and n-type sub-
strates. Fortunately, choosing epitaxial-latchup control
minimizes the development cost of running both process-

6. Logic. Two major con-
tenders for digital logic
design are full comple-
mentary (a) and domino
logic (b). The former re-
quires no clocks and is
simpler for many applica-
tions. Domino logic,
which performs bestin an
n-well technology, is fast-
er and simpler for more (a)
complex circuits. -

Ao—q Bo—]

Ao——-l
Bo—{

ouT

90— -
Ao
s

ouT
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es. Dynamic RAMs are supported on the n-well side to
minimize pattern sensitivities induced by substrate cur-
rents while protecting the p-channel cell from soft errors.
E-PROMs are built in a similar n-well C-H-MOS process.
Placing Intel’s n-MOS E-PROM cell in an epitaxial p-type
substrate eliminates parasitic effects caused by high sub-
strate currents flowing during cell programming.

Microcontrollers land on the n-well side also, so that
they may incorporate on-chip E-PROM cells. Most micro-
controller products come in two versions, one with on-
chip E-PROM for system-development and manufacturing
flexibility, and another with on-chip ROM for lowest cost.
Using n-well C-MOS, a single core design can support
both versions. Telecommunications and signal-processing
products can also take advantage of the n-well E-PROM
process, both for its high-quality polysilicon-polysilicon
capacitors and for the E-PROM cell’s programmable fea-
tures. High-performance static RAMs, whether six-transis-
tor or polysilicon-load, can take advantage of a p-well
C-H-MOS process. High-end microprocessors can key off
the dense n-to-p packing and double-metal capability of-
fered by the six-transistor static-RAM process.

Because these processes are modular, development is
simplified and manufacturing overhead is minimized.
Just as all the 1.5-um C-H-MOs 111 technologies share a
common transistor module, the difficult contact module
was developed once to be shared among all. Specialized
features such as double polysilicon or double metal are
extensions of the common base.

The future

C-MOS technology is still developing at a frenetic pace.
Surprisingly, the application of some newer techniques
and the demands of next-generation circuits may bring
the various forms of C-MOs closer together, rather than
further splitting the number of integrated processes.

One example of this trend is the development of a
trench-isolation technique for separating n and p devices.
When this module is perfected, there will be no reason to
develop six-transistor static-RAM cells on p-well technol-
ogy. The near-ideal trench isolation will prevent latchup
on either substrate type. Similarly, if stacked C-MOS stat-
ic-RAM cells can be perfected, there will be no need for
polysilicon loads. The stacked C-MOs cell will have the
same density but with improved performance and soft-
error immunity. At that time, twin-well C-MOS on a p-
type substrate, augmented by specialized features for spe-
cific product lines, will become the one approach to a
broad line of C-MOS processes.

Another factor affecting future C-MOS integration is the
continued-scaling of transistors. It is well known that the
weaker p-channel transistor is gradually catching up on
the n-channel device as channel lengths enter the submi-
crometer region. Eventually, the performance differences
may become so small that p- and n-channel devices will
be used interchangeably. Before this level is reached,
however, the 5-v power-supply standard must be re-
duced. Because of the large base of TTL-compatible de-
signs and the impossibility of converting the world to a
new standard overnight, components operating from the
new reduced supply will need to maintain TTL compati-
bility and also be able to operate in a system that mixes
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7. Technology tree. A relatively small line of C-MOS process varia-
tions, or modules, can be matched to a wide variety of products to
serve a broad marketplace. The broken lines indicate directions of
potential future growth.

older 5-v components with lower-voltage ones. An on-
chip 5-to-3-v converter may be one way to solve the
problem. This technique, however, will waste up to 40%
of the total chip power within the voltage regulator.

C-MOS technology provides an elegant solution because
it can drive TTL-compatible output levels from a system
power supply as low as 3 V. Since TTL levels are refer-
enced to the negative (ground) rail, the grounded sub-
strate offered by n-well C-MOS is a much-preferred means
of integrating submicrometer transistors into such a sys-
tem. This will be a strong motive to standardize on p-
substrate C-MOS.

A final factor that tends to drive future C-MOS process-
es toward commonality is the growing importance of RC
delays in overall chip performance. The latest high-per-
formance static RAMs use an aluminum strap in parallel
with the polysilicon word line because the RC delay
induced by even the best refractory metal polycides is
several nanoseconds too long. Studies of dynamic RAMs
larger than 1 megabit similarly indicate that refractory
word lines will probably be inadequate, forcing the tech-
nology to support two layers of metal. Combining these
observations with those made previously regarding the
evolution of static-RAM cells leads to the conclusion that
most future C-MOS technologies will have two layers of
polysilicon as well as two layers of metal.

The development of silicon-on-insulator technology is
the one major factor that could renew the divergence of
C-MOS approaches in the future. However, until the quali-
ty of SOI substrates is adequate to support dynamic RAM
and E-PROM cells, and not just static logic, it will not
play a major role in a broad-based and modular technol-
ogy strategy. O
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51C64H
HIGH PERFORMANCE RIPPLEMODE™ 64K X 1
CHMOS DYNAMIC RAM

VINAIRY

51C64H-8 51C64H-10 51C64H-12
Maximum Access Time (ns) 80 100 120
Maximum Column Address Access Time (ns) 45 55 65
Ripplemode Cycle Time (ns) 55 65 75
m Ripplemode Operation m Fast ‘“Usable Speed”’
— Continuous data rate over 18 MHz — tpc = 140 ns
— Random access within a row — tcac = 20 ns

— Flow through column latch for pipelining
m Low Operating Current — 45 mA
® Low Input/Output Capacitance

The Intel®51C64H is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel's CHMOS IiI-D
technology, the 51C64H offers features not provided by an NMOS dynamic RAM: Ripplemode for high data
bandwidth and fast usable speed. All inputs and outputs are fully TTL compatible and the input and output

— trep =

30 ns min./60 max.
Fully TTL Compatible
High Reliability Plastic — 16 Pin DIP

capacitances are significantly lowered to allow increased system performance.

Ripplemode operation allows random or sequential access of up to 256 bits within a row, with cycle times
as fast as 55 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path.
The flow through column latch allows address pipelining while relaxing many critical system timing require-
ments for fast usable speed. These features make the 51C64H ideally suited for cache based mainframe and

mini computers, graphics, digital signal processing, and high performance microprocessor systems.

LOGIC SYMBOL PIN CONFIGURATION

— Ao Din—

— A nve O 1 P16 [ vss
— A2 bn [ 2 15 [ ] CAS
—As we [ 3 14 [ Dour
_2" Dour[—  mAs [] 4 13 [ As
- Ao [ 5 12 {1 As
::‘: A2 []s 11 [ As
—olRas A 10 [] As
_dcas Voo [] 8 9 1 A7
—o WE

PIN NAMES
RAS ROW ADDRESS STROBE
CAS COLUMN ADDRESS STROBE
WE WRITE ENABLE
Ao-A7 ADDRESS INPUTS
Din DATAIN
Dout DATA OUT
Vob POWER (+5V)
Vss GROUND

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit

Patent Licenses are Implied.

©INTEL CORPORATION, 1984

JUNE 1984
ORDER NUMBER: 280024-001
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51C64H

PRELIMINARY

ABSOLUTE MAXIMUM RATINGSt
Ambient Temperature Under

Bias..................... -10°C to +80°C
Storage Temperature . . . . Plastic —55 to +125°C
Voltage on Any Pin except Vop and Dout

Relativeto Ves .. ............. -2.0V to 7.5V
Voltage on Vpp Relative to Vss ... -1.0V to 7.5V
Voltage on Dout

Relativeto Vgs .......... -2.0Vto Vpp + 1V
DataOQutCurrent...................... 50 mA
Power Dissipation ...................... 1.0W

D.C. CHARACTERISTICS!

TCOMMENT

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating’’ may cause damage to the device. This
is a stress rating only and functional operation of the
device at these or at any other conditions above or be-
low those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

Tao=0°C to 70°C, Vpp =5V + 10%, Vgg =0V, unless otherwise noted.

51C64H
Symbol Parameter Unit Test Conditions Notes
Min. |Typ.2| Max.
33 45 mA | tac =trc(min), for -8 specification
Vpp Supply Current,
Iop1 Operating 27 37 mA | tac =tgc(min), for - 10 specification| 3,4
23 35 mA | tac =trc(min), for — 12 specification
I Vpp Supply Current, TTL 4 mA RAS and CAS at V4, all other
bo2 Standby inputs and output =Vsg
28 45 mA | trc =trc(min), for — 8 specification
Vpp Supply Current, TTL Ag = tac(min) P
Iooa RAS-Only Refresh 24 37 mA | tac=trc(min), for — 10 specification| 4
20 35 mA | trc =trc(min), for — 12 specification
20 45 mA | tec =tpc(min), for — 8 specification
Voo Supply Current,
lppa Ripplemode™ 18 37 mA | tec= tpc(min), for — 10 specification 3,4
17 35 mA | tec =tpc(min), for — 12 specification
Voo Supply Current, RAS at V|, CAS at Vy, all other
loos Standby, Output Enabled 8 6 mA inputs and output=Vss 8
Input Load Current _
[ (any pin) 10 pA | Vin=Vssto Vop
lILo] Output Leakage Current for * 10 A RAS and CAS at Vi,
21| High Impedance State Dour =Vss to Vop
Vi Inpgt Low Voltage 1.0 0.8 v 5
(all inputs)
Vi Input High Voltage 2.4 Vooat| v 5
(all inputs)
Vou Output Low Voltage 04 \ lo=4.2mA
VoH Output High Voltage 2.4 \' lon= -5 mA
NOTES:

1. All voltages referenced to Vss.
. Typical values are at Ta=25°C and Vpp= +5V.

2

3. Iop is dependent on output loading when the device output is selected. Specified Iop (max) is measured with the output open.

4. Ipp is dependent upon the number of address transitions while CAS is at V4. Specified Ipp (max) is measured with a max-
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode.

o

. Specified V. (min) is steady state operation. All A.C. parameters are measured with V,_ (min) =Vgs and V|4 (max)<Vpp.

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads

and 50 pF.
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l|'l‘|fe|G> 51C64H PRELIMINARY

CAPACITANCE? tNOTE:
Ta=25°C, Vpp =5V + 10%, Vgg =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ. | Max | Unit
Cing Address, Din 3 4 pF
Cinz RAS, CAS,WE| 4 5 | pF
Cour Dout 4 6 pF

A.C. CHARACTERISTICS 123
Tao=0°C to 70°C, Vpp =5V + 10%, Vgg =0V, unless otherwise noted.

Read, Write, Read-Modify-Write and Refresh Cycles

# JEDEC Symbol Parameter S10ane SICBILI0 | S1CeiM2 Unit | Notes
Symbol Min. | Max. | Min. | Max. | Min. | Max.
11 tRL1RH1 | tRAS RAS Pulse Width 80 |75000| 100 | 75000 120 |75000 | ns
2| taL2rL2 | tRe Random Read or Write Cycle Time 140 160 190 ns
3| trHeRL2 | trp RAS Precharge Time 50 50 60 ns
4| tauscut [tesn | CAS Hold Time 80 100 120 ns
5| tavrLz | tasm Row Address Set-up Time 0 0 0 ns
6 | taL1ax | tRaH Row Address Hold Time 15 15 15 ns
7 | tohzcez [ tep CAS Precharge Time 10 10 15 ns
8| tcreriz [tcre | CAS to RAS Precharge Time -20 -20 -20 ns
9| tauicre [taco | RAS to CAS Delay 30 60| 30 80| 35 95| ns | 4
10 | tavcrz | tasc Column Address Set-up Time 0 0 0 ns
11| toiax | tcan Column Address Hold Time 10 10 15 ns
12 | tauiax | tar Column Address Hold Time From RAS 40 40 50 ns
trvav | tReF Time Between Refresh 4 4 4| ms
tr tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 5
13 | tcLiox | ton Output Buffer Turn On Delay 0 20 0 20 0 25| ns
14 | tcheaz | torr Output Buffer Turn Off Delay 0 20 0 20 0 25| ns
NOTES:

1. All voltages referenced to Vgs.

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after extended
periods of bias without clocks (greater than 4 ms).

3. A.C. Characteristics assume tr =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
ViL (min)=Vss and Vi (max) < Vpp.

4. trcp (max) is specified for reference only.

5. tr is measured between V|4 (min) and V). (max).
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ELIMINARY

Il'ltel® 51C64H

A.C. CHARACTERISTICS (Con’t.)

Read Cycle
# JEDEC Symbol Parameter S1CeANS | SICEATO | S1084m12 Unit | Notes
Symbol Min. | Max. | Min. | Max. | Min. | Max.

15 | trL1aqv trac Access Time From RAS 80 100 120| ns 6

16 | tcLiav toac Access Time From CAS 20 20 25| ns | 7,8

17 | tavav tcaa Access Time From Column Address 45 55 65| ns 8,9

18 [ teLicHir) | tcasm) CAS Pulse Width (Read Cycle) 15 |75000( 20 |75000| 25 |75000| ns

19 | teLirim | trsHwr) | RAS Hold Time (Read Cycle) 10 10 10 ns

20 | twHacL2 trcs Read Command Set-up Time 0 0 0 ns

21 | tavRH1 tcar Column Address to RAS Set-up Time | 45 55 65 ns

22 [tonawx | taow | Read Com. Hold Time Ref. to CAS 0 0 0 ns [ 10
23 | tauowx | tReH Read Com. Hold Time Ref. to RAS 10 10 10 ns 10
Write Cycle

# JEDEC Symbol Parameter S1C04N'S | S1CEANI0 | S1064H12 Unit | Notes

Symbol Min. | Max. | Min. | Max. | Min. | Max.

24 | teLirmiw) | trsiwy | RAS Hold Time (Write Cycle) 35 35 40 ns

25 | toLicHiw) | toasw) CAS Pulse Width (Write Cycle) 25 |75000| 30 [75000| 35 [75000| ns

26 | twL1RH1 tRwL Write Command to RAS Lead Time 25 30 35 ns

27 | twLicHt tow Write Command to CAS Lead Time 25 30 35 ns

28 | twiLiwH1 twp Write Command Pulse Width 20 20 25 ns

29 | twiice twes Write Command Set-up Time 0 0 0 ns 1"
30 | teLiwHt tweH Wirite Command Hold Time 25 30 35 ns

31 | tovcre tos Data-In Set-up Time 0 0 0 ns

32 | teLipx toH Data-In Hold Time 20 20 25 ns
NOTES:

6. Assumes that trep <tmcp (max). If taco >trco (Max), then trac will increase by the amount that trcp exceeds trep (max).
7. Assumes tpcp =t rep (Max).

8. If tasc <(tcaa (max) - tcac (max) - tr), then access time is defined by tcaa rather than by tcac.

9. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns.

10. Either trcH or thry must be satisfied. .

11. twes, trwp, towp and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data out pin will remain in high impedence throughout the entire cycle. If towp =tcwp (min)
and trwp = tawp (Min) and tawp =tawo(min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.



lnter 51C64H PRELIMINARY

A.C. CHARACTERISTICS (Con’t.)
Read-Modify-Write Cycle 12

# JEDEC Symbol Parameter o105 51054110 | S1064n12 Unit | Notes
Symbol Min. [Max. |Min. | Max. { Min. | Max.
33| trierLpMw) | tRwe Read-Modify-Write (RMW) Cycle Time | 170 195 230 ns
34| tapniemw| tRrw | RMW Cycle RAS Pulse Width 1 110 [75000 | 135 |75000| 160 (75000 | ns
35| teLicriamw| tcrw | RMW Cycle CAS Pulse Width 50 [75000| 55 |75000| 65 [75000| ns
36| taLiwLe tawp | RAS to WE Delay 80 100 120 ns | 13
37| toLawee tewo | CAS to WE Delay 20 20 25 ns | 13
38/ tavwee tawo | Column Address to WE Delay 45 55 65 ns | 13

Ripplemode Cycle 14

# JEDEC Symbol Parameter S10%NS | Siceino | sicen2 Unit |Notes
Symbol Min. | Max. | Min. | Max. | Min. | Max.
39 | tcHzav tcap Access Time From Column Precharge 50 60 70 ns | 15,16
40 | tcLaciom) tec Ripplemode Read or Write Cycle 55 65 75 ns | 15,16
41 | toLzcLarrmMw)| trom Ripplemode RMW Cycle Time 80 95 110 ns
NOTES:

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.

13. twcs, tawp, towb and tawp are specified as reference points only. If twes = twes (min), the cycle is a CAS controlled write cycle
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp = tcwp (min) and
tRwD = trwp (mMin) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate.

14. All previously specified A.C. Characteristics are applicable.

15. Access time is determined by the longer of tcaa or tcac or tcap.

16. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns.
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WAVEFORMS p—
Read Cycle

tRe (2)
| tRas (1) tRP (3)
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tcan 1)
tRac (15) [ torr (14 —]
Voue HIGH IMPEDANCE
Dour y DATA OUT e —
VoLd
f—t t,
'ON (13) C1580
NOTES:
a., b. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vo, (max) are reference leveis for measuring timing of Doyr.
e. Either trcy Or tary must be satisfied.
f. torr is measured to loyr =< |lo|.
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WAVEFORMS (Cont.)
Write Cycle (CAS Controlled)e

RAS

Cas

Dour

Vi a

ViLe

Vina

Vieo

Vina

ViLe

Vina

Vina
Vics

Vo e
VoL d

NOTES:
a., b. Vi (min) and V) (max) are reference levels for measuring timing of input signals.
¢., d. Von (min) and Vo, (max) are reference levels for measuring timing of Doyr.

e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in.

e (2)
tRas (1) ——tap (3) ——
N \_
4
'RSH(W) (24)
tos (@)
terp (8) '1“' taco (9) teasw (25) J*—‘cp ) —’l
tewe 27)
taw (26)
twcs (29 -———twcn (30—
twe (28)
\ '
taR (12)
tasr (5) tRaH (5)
-
ROW m COLUMN
K
| <—tasc (10) — tean (11)
tos @a1) [*— o (32) —]

HIGH IMPEDANCE
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- WAVEFORMS (Cont.)
Write Cycle (WE Controlled)f

tac (2)
taas (1) | tap (3)
Vg
RAS N K
ViLo ’
I tasmow 20 -
tesH ()
terp (s)-r—’ taco (9) teasw) (25) i tep () i
_ Vma
w7 AN 77
vILB
tewL (27) .
RWL (26)
twe.(30)
twp (28)

) Vina
WE /

ViLe
r-'nsc (10)— — toan (1) —
t taR(12)
tasr (5) tRAH (6)
Vina -\ 4
AgA; ROW KXX coLUMN K
Vie ?

ftos (31)#| |€——top (32)——]

DATAIN

Vina

ViLo

Vor e HIGH IMPEDANCE

|—— ton (13—

Doyt
VoL a

NOTES:

DATA NOT VALID

torF (14)°

HIGH IMPEDANCE

a., b. Vyy (min) and V,_(max) are reference levels for measuring timingvof input signals.
c., d. Vo (min) and Vo, (max) are ref levels for ing timing of Doyr.

©. torr is measured 10 loyr < |lo].
f. CAS is low prior to the WE low transition. CAS latches the

column address while WE latches the data-in.
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WAVEFORMS (Cont.)
Read/Modify/Write Cycle

tRwe (33)
traw (34) I e )
Vi g ———— K
RAS S
ViLo
terp 8 J[ tReD (9) epw 09) e
— Via
CAS j \ \ \
ViLp
tew () tawL (26)
tRwD (36) tewe 27y
tacs (20) "t“——’ fwe (2
_ ViHa
WE 7 N /
Vien o1 N
taR (12) 1
} tawn (38)
tasn (5) tRAH (5)
Vin a '
Aghs X  row COLUMN L
VIL b
tasc (10) - tean (1m)
tos (a1t ton (32!
o XEKXAXXEKKEK KKK o K RRKXKRXX XXX KRR X KKK KKK XKXXKKXXKKXK
™ V. ONININNININNININONONNNONNNNINONINININSN
teac (16)
toan (11 torF (19
tRac (15)
o Vone +IGH IMPEDANCE DATA OUT
out
VoLd
ton (13)
c1583
NOTES:

a., b. Vi (min) and V. (max) are reference levels for measuring timing of input signals.
c., d. Vo (min) and Vo (max) are reference levels for measuring timing of Doyr.

e. torr is measured to loyr< |lio].

f. tos and tpy are referenced to CAS or WE, whichever occurs last.

3]
-t
Q
-4
&
I



Ol-c

WAVEFORMS (Cont.)
RAS-Only Refresh Cycle

RAS

cas

AgAy

tRe (2)

tRas (1) | tgp (3) —>
Vina ___!S

ViLe

terp (g)1<—>

Vina ::::Q

ViLo

Vina

AR (5) | tRaH (6)

" =X :
... 20000 XXX KX XXXX XXX XX XXX XOOXXXXXX

Vo e HIGH IMPEDANCE

Vina <7
A

VoL d
cisea

NOTES:
a., b. Viy (min) and V,_ (max) are reference levels for measuring timing of input signals.
¢., d. Vou (min) and Vg (max) are reference levels for measuring timing of Doyr.
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WAVEFORMS (Cont.)
Ripplemode Read Cycle

tRas (1) {3 AP (3) |
vIN a _ﬁ
RAS
ViLe —e—
tesk (@) tRSH(R) (19)
tec (40)
terp (3.—14—— tRep ( |- tcp (7)-2
Vina L3
w T F A A )
ViLs
tcasm) (18) tcas(r) (18)— tcas(r) (18)— tRAK (20)®
tacs (20)*14—-—’ tRCH (22)®
\/ 9 A
Ha T ¢
ViLo
taR (12) tear (21)
tasc (10) —fe| tasc (10) tasc (10) ]
tasR (5) tRaH (o)l l——tcan (11) tean (11) tcan (1)
Vina &
AgA; 8 ROW COLUMN 0 COLUMN 1 K X COLUMN N K
ViLe 4 ' —= 2
teac us)—’<—> teac (16) teac (16)
tcan (17 1cAA (17) = teaa (17)
tRac (15) teap (39)
o Vow e HIGH IMPEDANCE DATA DATA DATA HIGH IMPEDANCE
our - p ouT 0 X ours OUT N
VoLd
ton (13—  |e— l“—'—‘osr asf Iq_....—log,; aef —torr (14)f
c1585
NOTES:

a., b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.
¢., d. Voy (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. Either tgcy O tagy Must be satisfied.
f. torr is measured to loyr=<|lo]-
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WAVEFORMS (Cont.)
Ripplemode Write Cycle (CAS Controlled)e

tRas (1) 133 <——1gp (3
_ Via S
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Ha.
= ] N V775 N YIS N YTTT
ViLe R 2
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WAVEFORMS
Ripplemode Read/Modify/Write Cyclef
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WAVEFORMS
Ripplemode Read/Write/Read. . . Cycle (CAS Controlled)f
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. WE is low prior to CAS low transition. CAS latches column addresses and data-in. _
. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 12 for timings.
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WAVEFORMS __
Ripplemode Read/Write/Read...Cycle (WE Controlled)f
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FUNCTIONAL DESCRIPTIONS

The 51C64H is a CHMOS dynamic RAM optimized for
high data bandwidth applications. The functionality is
similar to a traditional dynamic RAM. The 51C64H
reads and writes data by multiplexing a 16 bit address
into an 8 bit row and an 8 bit column address. The row
address is latched in by the Row Address Strobe
(RAS). The column address, however, flows through
the internal address buffer and is latched by the
Column Address Strobe (CAS). Because access time
is primarily dependent upon a valid column address,
the delay time between RAS and CAS can be long
without affecting the access time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tgag timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated until the minimum precharge time, tpp and
tcp, has elapsed.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by tyg. Data out becomes valid only
when tgac, tcaa, and tcac are all satisfied. Conse-
quently, the access time is dependent upon the timing
relationship among tgac, tcaa and toac. For example,
the access time is limited by tcaa When tgac and toac
are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS operation. The column address is
latched in by CAS. The write cycle can be WE con-
trolled or CAS controlled depending upon the later of
WE or CAS low transition. Consequently, the in _‘%__
data must be valid at or before the falling edge of

or CAS, whichever occurs last. In a CAS controlled
write cycle (the leading edge of WE occurs prior to or

coincident with the CAS low transition) the output
(Doyr) pin will be in the high impedance state at the
beginning of the write function. Terminating the write
action with CAS will maintain the output in the high im-
pedance state; terminating with WE allows the output
to go active.

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (A, through
A;) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh.

Ripplemode™ Operation

Ripplemode operation permits all 256 columns within
a selected row of the device to be randomly accessed
at a high data rate. Maintaining RAS low while succes-
sive CAS cycles are performed, retains the row ad-
dress internally, eliminating the need to reapply it. The
column address buffer acts as a transparent or flow
through latch while CAS is high. Access begins from
the valid column address rather than from CAS,

eliminating tagc and ty from the critical timing path.

CAS latches the addresses into the column address
buffer and acts as an output enable.

During this operation read, write, read-modify-write,
or read-write-read cycles are possible at random or se-
quential addresses within a row. Following the entry
cycle into Ripplemode operation, access time is tcaa
or tcap dependent. If the column address is valid pri-
or to or coincident with the rising edge of CAS, then
the access time is determined by the rising edge of
CAS specified by tcap as shown in Figure 1. If the
column address is valid after the rising edge of CAS,
then the access time is determined by the valid
column address specified by tcas. For both cases,
the falling edge of CAS latches the address and ena-
bles the output.

Ripplemode operation provides a sustained data rate
over 18 MHz for applications that require high data
rate such as bit mapped graphics or high speed sig-

VALID COLUMN ADDRESS

VALID COLUMN ADDRESS

CAS : /- \
|t pp

o X
b

o )

le——tcan—>

Dour 4

VALID /)

)) VALID >—

Figure 1. Ripplemode™ Access Time Determination
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nal processing. The following equation can be used
to calculate the data rate:

256
Data Rate = m

Data Out Operation

The 51C64H data Output (Do), which has three-
state caﬁbgility, is controlled by gA‘S During CAS high
state (CAS at V|y), the output is in the high im-
pedance state. Table 1 summarizes the Do state
for various types of cycles.

Power On

An initial pause of 100 us is required after the appli-
cation of the Vpp supply, followed by a minimum of

eight initialization cycles (any combination of cycles,

containing a RAS clock such as RAS-Only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 4 ms).

The Vpp current (Ipp) requirement of the 51C64H dur-
ing power on is dependent upon the input levels of
RAS and CAS. If RAS = Vgg during power on, the

device would go into an active cycle and Ipp would
exhibit large current transients. It is recommended
that RAS and CAS track with Vpp or be held at a valid
Vy during power on.

Soft Error Rate

Soft errors are random, non-recurring changes in
memory logic states caused by the impact of an ioniz-
ing particle, such as an alpha particle. For example,
a logic ‘0’ may change to a logic ‘“1”’. The average
soft error rate (SER) of the 51C64H is less than 10
FITs. This is determined by accelerated testing using
an alpha particle source and is subsequently con-
firmed by system testing. The SER is a function of the
operating voltage, cycle time, package, and the alpha
particle source. Intel measures the SER at
Vpp=4.75V, and t;,qe=1us. A thorium source of
1.6 x 105 a/cm2/hr. is used because it best matches
the package energy spectra.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.

Table 1. Intel 51C64H Data Output Operation for Various Types of Cycles

Type of Cycle

Data Out State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle '

Data from Addressed Memory Cell

Read-Write-Read Cycle (CAS Controlled)

Data from Addressed Memory Cell

Read-Write-Read Cycle (WE Controlled)

Data from Addr. Memory Cell and Active, Not Valid

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance
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51C64L
LOW POWER 64K X 1
CHMOS DYNAMIC RAM

51C64L-10 51C64L-12
Maximum Access Time (ns) 100 120
Maximum CHMOS Standby Current (mA) 0.05 0.05
m Low Power Data Retention m Fully TTL Compatible Inputs and Outputs
— Standby currentﬂMOS — 50pA (max.)
— Refresh period, RAS-Only — 64 ms (max.) m Low Input/Output Capacitance

— Data retention current — 80,A (max.)
m Low Operating Current — 35mA (max.) m High Reliability Plastic — 16 Pin DIP

The Intel® 51C64L is a low power 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel’s
CHMOS 11I-D technology, the 51C64L offers features not provided by an NMOS dynamic RAM: CHMOS standby
current and extended RAS-Only refresh for low data retention power. All inputs and outputs are fully TTL com-
patible and the input and output capacitances are significantly lowered to allow increased system performance.

The 51C64L offers a maximum standby current of 50 xA when RAS =Vpp-0.5V. During standby (i.e. refresh
only cycles) the refresh period can be extended to 64 ms to reduce the total current required for data retention
to less than 80 A (max). The 51C64L combines low power with high density for portable and battery backup
applications.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES
—a, oml— e O Vss RAS ROW ADDRESS STROBE
—] A ow [ 2 CAs CAS COLUMN ADDRESS STROBE
— A2 wE []3 Dout —
a as O « As WE WRITE ENABLE
— A4 Dout [— Ao [ 5 Az Ao-A7 ADDRESS INPUTS
v A2 [ o Ad Din DATA IN
1% LS As
— :;s voo [ s A DouTt DATA OUT
_o
—o| CAS Vop POWER (+5V)
—of WE Vss GROUND

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Ciruitry Embodied in an Intel Product. No Other Circuit
Patent Licenses are Implied.
©Intel Corporation, 1984 June 1984
Order Number: 280025-001
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ABSOLUTE MAXIMUM RATINGS?

Ambient Temperature Under

Bias............. ... ... -10°C to +80°C
Storage Temperature. . . Plastic -55°C to +125°C
Voltage on Any Pin except Vpp and Doyt

Relativeto Vgg. . ............... -2.0V to 7.5V
Voltage on Vpp Relative to Vgg. . . . . -1.0V to 7.5V
Voltage on Doyt

Relative to Vgg. . ........... -2.0V to Vpp+1V
DataOut Current. ..................... 50 mA
Power Dissipation...................... 1.0W

D.C. CHARACTERISTICS'

TCOMMENT:

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating”’ may cause permanent damage to the
device. This is a stress rating only and functional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Ta=0°C to 70°C, Vpp=5V + 10%, Vgg =0V, unless otherwise noted.

51C64L .
Symbol Parameter Unit Test Conditions Notes
Min. |Typ.2| Max.
| Voo Supply Current, 27 37 mA | trc=trc (min), for — 10 specification 34
oot Operating 23 35 mA | trc=trc (min), for — 12 specification '
Voo Supply Current, TTL A RAS and CAS at V|, all other
looz Standby 07 2 m inputs and output>Vss
Ibos Vpp Supply Current, 24 37 mA | trc=trc (Min), for — 10 specification 4
RAS-Only Refresh 20 35 mA | tac=trc (min), for — 12 specification
Ibos Vpp Supply Current, 3 4 mA BAS at Vi, CAS at Vy, all other 3
Standby, Output Enabled inputs and output=Vsg
Vpp Supply Current, I—RTSaVDD —0.5V and CAS at Vi,
looe CHMOS Standby 0.008] 0.05 | mA all other inputs and output = Vgg
Input Load Current
1 ViN=Vgg to V
[t (any pin) uA In=Vss to Vpp
lito] Output Leakage Current for ; WA RAS and CAS at V4,
Lo High Impedance State Dout = Vss to Vop
Input Low Voltage
-1. 0.8 v 5
Vi (all inputs) 0
Vi Inpt‘n High Voltage 24 Voo+1| V 5
(all inputs)
VoL Output Low Voltage 0.4 \) loL=4.2 mA
Vou Output High Voltage 2.4 \% lon= -5 mA
NOTES:

1. All voltages referenced to Vgs.
. Typical values are at To=25°C and Vpp= +5V.

2

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open.

4. Ipp is dependent upon the number of address transitions while CAS is at V4. Specified Ipp (max) is measured with a max-
imum of two transitions per address input per random cycle.

o

. Specified Vi (min) is steady state operation. All A.C. parameters are measured with V)_ (min) = Vss and Vju (max) <Vpp.

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads

and 50 pF.
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CAPACITANCE? INOTE:
Tp=25°C, Vpp =5V + 10%, Vgs =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ. | Max | Unit
CiNt Address, Dy 3 4 pF
Cinz RAS, CAS,WE| 4 5 pF
Cout Dout 4 6 pF

A.C. CHARACTERISTICS" 2.3
TAo=0°C to 70°C, Vpp =5V + 10%, Vg5 =0V, unless otherwise noted.

Read, Write, Read-Modify-Write and Refresh Cycles

. JEDEC Symbol Parameter 51C64L-10 51C64L-12 vnit | Notes
Symboi Min. Max. Min. Max.
1 | trL1RH1 | tRas RAS Pulse Width 100 75000 120 75000 ns
2 | taLenie | tae Random Read or Write Cycle Time 160 190 ns
3 | trHenLe | tre RAS Precharge Time 50 60 ns
4 | tarcn [tesw | CAS Hold Time 100 120 ns
5 | tavare | tasm Row Address Set-up Time 0 0 ns
6 | trLiax | tran Row Address Hold Time 15 15 ns
7 | toneciz | tep CAS Precharge Time 10 15 ns
8 | tcuzriz | tcre | CAS to RAS Precharge Time -20 20 ns
9 | taLictz [taco | RAS to CAS Delay 30 80 35 95 ns | 4
10 | tavcz | tasc Column Address Set-up Time 0 0 ns
11 | teuiax | tean Column Address Hold Time 10 15 ns
12| taurax | tam Column Address Hold Time From RAS 40 50 ns
tavav |trer1 | Time Between Refresh 4 4 ms
tavav |trer2 | Time Between Refresh (RAS-Only) 64 64 ms
tr tr Transition Time (Rise and Fall) 3 50 3 50 ns
13 | tcriax | ton Output Buffer Turn On Delay 0 20 0 25 ns
14 | tcHzaz | torr Output Buffer Turn Off Delay 0 20 0 25 ns
NOTES:

1. All voltages referenced to Vss.

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex-
tended periods of bias without clocks (greater than 64 ms).

3. A.C. Characteristics assume tr =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,

ViL (min) =Vss and Vi (max) < Vpp.

. taco (max) is specified for reference only.

5. The 51C64L extends the refresh period to 64 ms during RAS-Only refresh operation.

6. tr is measured between V4 (min) and V). (max).

H
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A.C. CHARACTERISTICS (Con't.)
Read Cycle
# ;frzigl Symbol Parameter ’;:‘.064:1:(. h;:lcsﬂ;: Unit | Notes
15 | truiav trac Access Time From RAS 100 120 ns 7
16 | teriav tcac Access Time From CAS 20 25 ns 8,9
17 | tavav tcaa Access Time From Column Address 55 65 ns 9
18 | tolicmim |tcasm | CAS Pulse Width (Read Cycle) 20 |75000 | 25 |75000| ns
19 | tcimuir) |ty | RAS Hold Time (Read Cycle) 10 10 ns
20 | twHacL2 trcs Read Command Set-up Time 0 0 ns
21 | tavam tcar Column Address to RAS Set-up Time 55 65 ns
22 | tcHawx tRcH Read Com. Hold Time Ref. to CAS 0 0 ns 10
23 | tanawx | tRRH Read Com. Hold Time Ref. to RAS 10 10 ns 10
Write Cycle
# ;525; Symbol Parameter ':I:‘c“:‘:‘i l:':‘C“::( Unit | Notes
24 ltcimmw |trsiwy | RAS Hold Time (Write Cycle) 35 40 ns
25 |tcuiomm |tcasw | CAS Pulse Width (Write Cycle) 30 | 75000 | 35 | 75000 | ns
26 | twiirm tawL Write Command to RAS Lead Time 30 35 ns
27 | twiichs towt Write Command to CAS Lead Time 30 35 ns
28 | twiwHr | twe Write Command Pulse Width 20 25 ns
29 | twiice twes Write Command Sew-up Time 0 0 ns 1
30 | toLiwHi tweH Write Command Hold Time 30 35 ns
31 | tovore tos Data-in Set-up Time 0 0 ns
32 | toLiox toH Data-In Hold Time 20 25 ns
NOTES:

7. Assumes that trcp <trcp (Max). If taep >trep (Max) then trac will increase by the amount that trcp exceeds trep (max).

8. Assumes trcp =trep (Max).

9. If tasc <(tcaa (max) - tcac (max) - ty), then access time is defined by tcaa rather than by tcac.

10. Either tach or trry must be satisfied.

11. twes, trwp, tcwp and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle
(early write cycle) and the date out pin will remain in high impedance throughout the entire cycle. If tcwp =tcwp (min) and
tRWD = tRWD (min) and tawp = tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
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A.C. CHARACTERISTICS (Con’t.)
Read-Modify-Write Cycle 12
51C64L-10 51C64L-12
JEDEC
|

# Symbol Symbol Parameter Min. 1 Max. | Min. 1 Max. Unit | Notes

33 | tRizRL2RMW) tawc Read-Modify-Write (RMW) Cycle Time 195 230 ns

34 | tRLIRHIRMW) tRRW RMW Cycle RAS Pulse Width 135 |75000 | 160 |75000 ns

35 | tcLicHirMw) tcnw RMW Cycle CAS Pulse Width 55 75000 65 75000 ns

36 | trLiwiz trwo RAS to WE Delay 100 120 ns 13

37 | teiwee town CAS to WE Delay 20 25 ns 13

38 | tavwie tawp Column Address to WE Delay 55 65 ns 13
NOTES:

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.
13. twes, trwo, towp and tawp are specified as reference points only. If twes =twes (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp = tcwp (min)
and trwp = trwp (Min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If any of the above conditions are not satisfied, the condition of data outis indeterminate.
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WAVEFORMS
Read Cycle

RAS

CAS

AgA;

Dour

e (2)
tras (1) trp (3)

Vina __ﬁs !

ViLn \_

tRSH (R) (19)
tesh @) tep (7)
tcap (8) i treo (9) tcas (R) (18)
Vina \
oot AANMNMN NN Y / \
()
tRRH (23)®
trcs (zo)ji—b tack 22°
le a f.
Vice \__
tasc (10)
taR (12)
tcaR (21)
tasn (5) tRaH (6) team (11) }
Vina
ROW m COLUMN K
vll. b
teac 16)
tcaa 17y
thac (15) [ torr (1) —>
Vo e
HIGH IMPEDANCE
) DATA OUT

VoL d

NOTES:

a., b. Viy (min) and V,_ (max) are reference levels for measuring timing of input signals.

¢., d. Vou (min) and Vo (max) are reference levels for measuring timing of Doyr.
e. Either tpcy Or trpy must be satisfied.
f. torr is measured to loyr<|lo].

[t ton (13)

C1580
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WAVEFORMS (Cont.)
Write Cycle (CAS Controlled)e

tae (2)
thas (1) trp (3)—
S vl"l _—ﬂs
RAS K
vlL b
tRsHW) (24)
tesk @)
tcrp (8) '1<-> treo (9) teasw) (25) t*—‘cp (7)—1
vlﬂ a
e AN NN (/[ /[T \
ViLe
tew (27)
tawL (26)
twes (29) twew 30)
twp (28)
_ VIH a \ {
WE
vIL b
tar (12)
v tasR (5) tRaH (6)
Ha
AgA7 Z: ROW m COLUMN K
vlL b
*—tasc (10 —| tean (1)
tos (31) [——1tpu (32) —]
Vina VVVVVVVVVVVVVVVVVVVVVVVYV
™ m DATA W XXX XXX XXX XX XXX XXARXXXX
Doyr VOMe HIGH IMPEDANCE
VoL g
c1s81
NOTES:

a., b. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vg (max) are reference levels for measuring timing of Doyr.
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in.
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WAVEFORMS (Cont.)
Write Cycle (WE Controlled)f

Ag-A7

Doyt

tAC (2)

Vina __uy

tRas (1)

p— g

ViLs

tRSH(W) (24)

tesm (a)

terp mJ' tReD (9

Vina J

A

tcasw) (25)

tep () |

(/[

77

ViLs

towt (27

twen (30)

Vins 4

ViLs

twe (28)

tawL (26)

e tcan (11—

I‘-hsc (10)=
T

thaH (5)
L

tar(12)

tasR (s)

COLUMN

VDN a
I 00

K

ViLe 4

| tos (31)-2|

|&—— tou (32)——>]

DATAIN

ViLe

Vor e HIGH IMPEDANCE

|—— ton 13—

VoL

NOTES:
a., b. Vi (min) and V_ (max) are reference levels for measuring timing of input signals.
¢., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.

e. tor is measured to loyr=<|lo|.

f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in.

DATA NOT VALID

torF (14)
HIGH IMPEDANCE

C1582
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WAVEFORMS (Cont.)
Read/Modify/Write Cycle

tawe (33)
tRRw (34) "—“np @
Vi — f
RAS
ViLo —
terp (8) i tReo (9) teaw (3s) tep (1)
— Vima
cAs 7 \ N
ViLe.
tew (37) tawL (26)
tawD (36) tow (27)
tRes (20) —t<—> twp (28)
p— VIN a
WE
. Wi N /
Lo |
taR (12) 1
{ tawp (38)
tasR (5 tRan (6)
Vina
) Agh; ROW KX)] CoLUMN E(
Vv,
N ('Y
© tasc (10) tcan (11)
tos ! tow (32
o XRXAXKKXRXXKXD) o XRRKR KX XX XKXRR
N v ONNNNNNNNNNNNNINLN
b
teac (16)
tean () toFF (148
tRac (15)
v
OH ¢ HIGH IMPEDANCE
Dour . 4 X DATA OUT
vOL d
ton (13) crsen
NOTES:

a., b. Vi (min) and V, (max) are reference levels for measuring timing of input signals.

¢., d. Vou (min) and Vo (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr=<|lo].
f. tos and tp are referenced to CAS or WE, whichever occurs last.
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WAVEFORMS (Cont.)
RAS-Only Refresh Cycle

the (2)

v taas (1) e 3 >
Ve ——
RAS N K

ViLo
tere (8) —!4‘-»

I le a
cas j

ViLo

_ Yma
= " XXRX]

ViLs

tasR (5) ; tRaH (6)

Vina
AgA7 g ROW 8
ViLe

o ORI XXX XK IR K KKK KKK XXX XIKX KKK IKIKK XK KX
NOTES:

a., b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
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FUNCTIONAL DESCRIPTIONS

The 51C64L is a CHMOS dynamic RAM optimized for
low power applications. The functionality is similar to
a traditional dynamic RAM. The 51C84L reads and
writes data by multiplexing a 16 bit address into an 8
bit row and an 8 bit column address. The row address
is latched in by the Row Address Strobe (RAS). The
column address, however, flows through the internal
address buffer and is latched by the Column Address
Strobe (CAS). Because access time is primarily depen-
dent upon a valid column address, the delay time be-
tween RAS and CAS can be long without affecting the
access time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tgag timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated until the minimum precharge time, tgp and
tcp, has elapsed.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by tyg. Data out becomes valid only
when tgac, tcaa, and tcac are all satisfied. Conse-
quently, the access time is dependent upon the tim-
ing relationship among tgac, tcaa @and tgac. For
example, the access time is limited by tcaa When tgac
and tcac are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS_operation. The column address is
latched in by CAS. The write cycle can be WE con-
trolied or CAS controlled depending upon the later of
WE or CAS low transition. Consequently, the input
data must be valid at or before the falling edge of WE
or CAS, whichever occurs last. In a CAS controlled
write cycle (the leading edge of WE occurs prior to or
coincident with the CAS low transition) the output
(Dour) pin will be in the high impedance state at the

beginning of the write function. Termlnatmg the write
action with CAS will maintain the output in the high im-
pedance state; terminating with WE allows the output
to go active.

Refresh Cycle

To retain data, a refresh operation is perforined by
clocking_each of the 256 row addresses (A, through
A;) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh.

Extended Refresh Cycle

The 51C64L extends the refresh cycle period to 64 mil-
liseconds for RAS-Only refresh cycles. This feature
reduces the total current consumption to a maximum
of 80 micro Amperes, and typically 15 micro Amperes,
for data retention (RAS-Only refresh operation for the
51C64L-12). The low standby current can significantly
extend battery life in battery back-up applications.
Current consumption is calculated from the following
equation:

| = (trc IacTive) + (tRi = tro) (IsTANDBY)
tRi

where tg¢ = refresh cycle time,
and tg, =refresh interval time or tye/256

Before entering or leaving an extended refresh peri-
od, the entire array must be refreshed at the normal
interval of four milliseconds. This can be accom-
plished by either a burst or distributed refresh.

Data Out Operation

The 51C64L Data Output (D which has three-
state capability, is controlled byoé%s During CAS high
state (CAS at V), the output is in the high im-
pedance state. Table 1 summarizes the D7 state
for various types of cycles.

Power On

An initial pause of 100 s is required after the appli-
cation of the Vpp supply, followed by a minimum of
eight initialization cycles (any combination of cycles

Table 1. Intel 51C64L Data Output Operation for Various Types of Cycles

Type of Cycle

Data Out State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

'WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle -

Data from Addressed Memory Cell

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance
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containing a RAS clock such as RAS-Only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 64 ms).

The Vpp current (Ipp) requirement of the 51C64L dur-
ing power on is dependent upon the input levels of

and CAS. If RAS = V,, during power on, the
device would go into an active cycle and Ipp would
exhibit large current transients. It is recommended
that RAS and CAS track with Vpp or be held at a valid
V|4 during power on. '

Soft Error Rate

Soft errors are random, non-recurring changes in
memory logic states caused by the impact of an ioniz-
ing particle, such as an alpha particle. For example,

2-34

alogic ‘0" may change to a logic **1”’. The average
soft error rate (SER) of the 51C64L is less than 10
FITs. This is determined by accelerated testing using
an alpha particle source and is subsequently con-
firmed by system testing. Ther SER is a function of the
operating voltage, cycle time, package, and the alpha
particle source. Intel measures the SER at
Vpp =4.75V, and t;,qe=1ps. A thorium source of
1.6 x 105 a/cm?/hr. is used because it best matches
the package energy spectra.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.



inter PRELIMINARY
51C64HL
HIGH PERFORMANCE LOW POWER
RIPPLEMODE™ 64K X1
CHMOS DYNAMIC RAM

51C64HL-10 51C64HL-12
Maximum Access Time (ns) 100 120
Maximum Column Address Access Time (ns) 55 65
Maximum CHMOS Standby Current (mA) 0.05 0.05
m Ripplemode Operation m Low Power Data Retention

— Continuous data rate over 15 MHz

— Random access within row

— Flow through column latch for pipelining
— teac — 20,25 ns

m Low Input/Output Capacitance
m Fully TTL Compatible m High Reliability Plastic — 16 Pin DIP

— Standby current, CHMOS — 50 yA (max.)
— Refresh period, RAS-Only — 64 ms (max.)
— Data Retention Current — 80 pA (max.)

m Low Operating Current — 37 mA (max.)

The Intel® 51C64HL is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel’s
CHMOS 1iI-D technology, the 51C64HL offers features not provided by an NMOS dynamic RAM: Ripplemode
for high data bandwidth, fast usable speed, and CHMOS standby current and extended RAS-Only refresh for
low data retention power. All inputs and outputs are TTL compatible and the input and output capacitances are
significantly lowered to allow increased system performance.

Ripplemode operation allows random or sequential access of up to 256 bits within a row, with cycle times as
fast as 65 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. The flow
through column latch allows address pipelining while relaxing many critical system timing requirements for fast
usable speed. These features make the 51C64HL ideally suited for cache based mainframe and mini computers,
graphics, digital signal processing, and high performance microprocessor systems.

The 51C64HL offers a maximum standby current of 50 A when RAS = Vpp-0.5V. During standby (i.e. refresh
only cycles), the refresh period can be extended to 64 ms to reduce the total current required for data retention
to less than 80 A (max). The 51C64HL combines low power with high density for portable and battery backup
applications.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES
] :? O [— RAS ROW ADDRESS STROBE
— A ne E . Vss CAS COLUMN ADDRESS STROBE
— 4 we s - WE WRITE ENABLE
— A
I S AAs [ 4 As Ac-A7 ADDRESS INPUTS
—a Ao O 5 As Din DATA IN
=14 f2 s A D DATA OUT
—ofRAS A7 As out
—ofcas Voo [ 8 A7 Vop POWER (+5V)
O WE Vss GROUND

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Ciruitry Embodied in an Intel Product. No Other Circuit

Patent Licenses are Implied.

©ilntel Corporation, 1984
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ABSOLUTE MAXIMUM RATINGSt
Ambient Temperature Under

Bias.............. ... ... -10°C to+80°C
Storage Temperature. . . Plastic -55°C to + 125°C
Voltage on Any Pin except Vpp and Doyt

Relativeto Vgg. . ............... -2.0V to 7.5V
Voltage on Vpp Relative to Vgg. . ... -1.0V to 7.5V
Voltage on Doyt

Relative to Vgg. .. .......... -20to Vpp + 1V
Data Out Current...................... 50 mA
Power Dissipation. ..................... 1.0W

D.C. CHARACTERISTICS'

tCOMMENT

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating’’ may cause permanent damage to the
device. This is a stress rating only and functional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

t4=0°C to 70°C, Vpp =5V + 10%, Vg5 =0V, unless otherwise noted.

51C64HL
Symbol Parameter Unit Test Conditions Notes
Min. |Typ.2| Max.

loos | Yoo Supply Current, 27 mA | tac=tac (min), for —10 A.C. spec 34
Operating 23 mA | tre=trc (Min), for —12 A.C. spec.
Vop Supply Current, TTL ’ RAS and CAS at V, all other

loo2 Standby 0.7 mA inputs and output=Vsg

Ioos Voo Supply Current, 24 mA | trc =trc (min), for — 10 A.C. spec 4
RAS-Only Cycle 20 mA | tac=trc (min), for - 12 A.C. spec

Iooe Voo Supply Current, 18 mA | tec =tpc (min), for —10 A.C. spec 34
Ripplemode™ 17 mA | tpc = tec(min), for =12 A.C. epec

| Voo Supply Current, 3 mA RAS at Vi, CAS at Vy, all other 3

DS Standby, Output Enabled inputs and output=Vsgg
Vpp Supply Current, ﬁK-SzVDD —0.5V and CAS at Vi,

loos CHMOS Standby 0.008| 005 } mA all other inputs and output=Vss

Il Input I..oad Current 4A | Vin=Ves to Voo
(any pin)

ol Output Leakage Current for WA RAS and CAS at Vi,

Lo High Impedance State Dour=Vss to Vop

Input Low Voltage ~1.0 v 5

Vi (all inputs) ’

V, Input High Voltage 24 Vop+1 v 5

"] (altinputs) :
VoL Output Low Voitage Vv lo=4.2mA
Vou Output High Voltage 24 \ lon=-5mA

NOTES:
1. All voltages referenced to Vss.
. Typical values are at TA=25°C and Vpp= +5V.

2

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open.

4. Ipp is dependent upon the number of address transitions while CAS is at Viu. Specified Ipp (max) is measured with a max-
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode.

oo,

and 50 pF.

2-36

. Specified V| (min) is steady state operation. All A.C. parameters are measured with Vy_ (min)=Vgs and V) (max) < Vpp.
. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads
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CAPACITANCEt tNOTE:
Ta=25°C, Vpp =5V + 10%, Vgs =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ. | Max | Unit
CiNnt Address, Dy 3 4 pF
Cin2 RAS,CAS,WE| 4 5 | pF
Cour Dour 4 6 pF

A.C. CHARACTERISTICS " 2.3
TAo=0°C to 70°C, Vpp=5V + 10%, Vgg =0V, unless otherwise noted.

Read, Write, Read-Modify-Write and Refresh Cycles

# JEDEC Symbol Parameter Sioe Sicee Unit | Notes

Symbol Min. Max. Min. Max. )
1 | taLiam | tras RAS Pulse Width 100 75000 120 75000 | ns
2 | tazriz | tac Random Read or Write Cycle Time 160 190 ns
3 | tauzriz | trp RAS Precharge Time 50 60 ns
4 |taicmi |tcsn | CAS Hold Time 100 120 ns
5 | tavaz | tasr Row Address Set-up Time 0 0 ns
6 | trL1ax | tRaH Row Address Hold Time 15 15 ns
7 | tonacie | tep CAS Precharge Time 10 15 ns
8 | tcHzniz | terp TAS to RAS Precharge Time ~-20 -20 ns

9 | tauice |treo | RAS to CAS Delay 30 80 35 95 ns | 4
10 | tavere | tasc Column Address Set-up Time 0 0 ns
11 | tcuiax | tean Coiumn Address Hold Time 10 15 ns
12 | tusax | tar Column Address Hold Time From RAS 40 50 ns
tavev | trer1 | Time Between Refresh 4 4 ms
tavav |trer2 | Time Between Refresh (RAS-Only) 64 64 ms

tr tr Transition Time (Rise and Fall) 3 50 50 ns 6
13 | tcLiax | ton Output Buffer Turn On Delay 0 20 25 ns
14 | tcreaz | toer Output Buffer Turn Off Delay V] 20 0 25 ns

NOTES:

1. All voltages referenced to Vss.

2. An initial pause of 100 microseconds is required after power up foliowed by a minimum of eight initialization cycles {any
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex-
tended periods of bias without clocks (greater than 64 ms).

3. A.C. Characteristics assume ty =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
ViL (min) =Vgs and Vi (max) =Vpp.

4. tacp (max) is specified for reference only.

. The 51C64HL extends the refresh period to 64 ms during RAS-Only refresh operation.

6. tr is measured between Vi (min) and V. (max).

(4]
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A.C. CHARACTERISTICS (Con’t.)

Read Cycle
# JEDEC Symbol Parameter SloeLT0 | moem T2 Unit | Notes
Symbol Min. | Max. | Min. | Max.
15 | tauiav trac Access Time From RAS ‘ 100 120 | ns 7
16 | toLiav tcac Access Time From CAS 20 25 ns 8,9
17 | tavav tcaa Access Time From Column Address 55 65 ns 9,10
18 | teLicmimy | toasm) CAS Pulse Width (Read Cycle) 20 | 75000 25 75000 ns
19 | teuimmim | trsimy | RAS Hold Time (Read Cycle) 10 10 ns
20 | twHzcL2 tres Read Command Set-up Time 0 0 ns
21 | taveut tcar Column Address to RAS Set-up Time 55 65 ns
22 | touawx | tmew Read Com. Hold Time Ref. to CAS 0 0 ns 11
23 | tRHawx tRRH Read Com. Hold Time Ref. to RAS 10 10 ns 1
Write Cycle
# ;szﬁfl Symbol Parameter ;::64H;:: :::64H;:i Unit | Notes
24 |tcmmm |tasswy | RAS Hold Time (Write Cycle) 35 40 ns
25 | touichiw | toasw) CAS Pulse Width (Write Cycle) 30 75000 35 75000 ns -
26 | twiimm tawL Write Command to RAS Lead Time 30 35 ns
27 | twiich towL Write Command to CAS Lead Time 30 35 ns
28 | twiawmt twe Write Command Pulse Width 20 25 ns
29 | twuice twes Write Command Set-up Time 0 ] ns 12
30 | tcwm tweH Write Command Hold Time 30 35 ns
31 | tovcre tos Data-In Set-up Time 0 0 ns
32 | tcLiox toH Data-In Hold Time 20 25 ns

NOTES:

7. Assumes that trcp <trcp (Max). If taep > trep (Max) then trac will increase by the amount that tgcp (max).
8. Assumes trcp = trep (Max).
9. If tasc <(tcaa (max) - tcac (Max) - t7), then access time is defined by tcaa rather than by tcac.

10. When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns.

11. Either trcn Or thrny Must be satisfied.

12. twcs, trwp, tcwp and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp = tcwp (min)
and tawp = trwp (Min) and tawp =tawp (Min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
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A.C. CHARACTERISTICS (Con’t.)
Read-Modify-Write Cycle 13

# JEDEC Symbol Parameter S1054HL10 | S1CeaMLA2 Unit | Notes
Symbol . Min. | Max. | Min. | Max.
33 | trizRLaRMW) tawc Read-Modify-Write (RMW) Cycle Time 195 230 ns
34 | taurHmiemw) | tRaw RMW Cycle RAS Pulse Width 135 |75000 | 160 |75000 | ns
35 | touicriamw | torw RMW Cycle CAS Pulse Width 55 |75000 | 65 |75000 | ns
36 | tawiz two | FAS to WE Delay 100 120 ns | 14
37 | toLwee town CAS to WE Delay 20 25 ns 14
38 | tawee tawp Column Address to WE Delay 55 65 ns 14
Ripplemode Cycle 15
# | JEDEC 1 g mbol Parameter SO0 | SIORIZ | it | Notes
Symbol Min. | Max. | Min. | Max.
39 | toheqv tcap Access Time From Column Precharge 60 70 ns 16,17
40 | toreciom) tec Ripplemode Read or Write Cycle 65 75 ns 16,17
41 | torecizprmw) | teem Ripplemode RMW Cycle Time 95 110 ns
NOTES:
13. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.

14.

15.
16.
17.

twes, tawb, towp and tawp are specified as reference points only. If twes =twes (min), the cycle is a CAS controlled write
cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp = tcwp (min)
and tpwp = trwp (Min) and tawp = tawp (Min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate.
All previously specified A.C. Characteristics are applicable.

Access time is determined by the longer of tcaa or tcac or tcap.

When a Ripplemode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns.
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‘WAVEFORMS
Read Cycle

tRe (2)
tRas (1) R (3)
Vina -—:S ?
RAS \—
ViLp
tasH @) (19) N
tesh (@) tep
. » t
'CRP (8) 'RCD (9) 'CAS (R) (18)
vl“ a
cas ’ \ \ \ \ \ \ \ z \_
VIL b
RRH (23)
tacs 120)'1‘_—’ o 221°
Ve
WE f \
Vice
tasc (10)
A tar (12)
tcaR (21)
tasR (5) tRaH (5) fean 1y
Vine
AgA; X ROW COLUMN X
ViLo .
teac (16)
tcan 17
trac (15 [<— torr (19)f —]
v,
OHc Al
Dour HIGH IMPEDANCE )l DATA OUT E————
VoL a
[+ ton (13
c1580
NOTES:

a., b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signais.
c., d. Vou (min) and Vg, (max) are reference levels for measuring timing of Doyr.
e. Either tgcy or trpy Must be satisfied.

f. tore is measured to loyr<|lo]-
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WAVEFORMS (Cont.)
Write Cycle (CAS Controlled)e

tRe (2)
RAS Ve N \_
tasHW) (24)
tesh (4)
v tcre (8) —t<—> fReD (9) teasw) (25) l*— tep (7)——’|
— Via
® e A NN\ Y [/ LT \
tewe (27)
tawL (26)
twes (29) I———twch (30—
Vins twe (28)
w—sv \ 1%
Lo
taR (12)
Vi tasR (s) tRam (6)
Ag-A7 v )]t ROW :m COLUMN K
* [—tasc (10) — team (1)
tos () & ton (32) —
Vv, a
o XRRRRRXRRHKXKA oxan R KRR KHKH KX XXX KKK KXKXKXKXKK

VoHe

HIGH IMPEDANCE

Doyr
VoLd

NOTES:

a., b. V4 (min) and V;_ (max) are reference levels for measuring timing of input signals.
c., d. M (min) and Vg, (max) are reference levels for measuring timing of Doyr.
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in.
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WAVEFORMS (Cont.)

Write Cycle (WE Controlled)f

tRc (2)
tRas (1) } tap (3)
RAS
Vice
f tRSH(W) (24)
tesH (4)
tcap (u)-1<—> tRcD (9) teas(w) (25) i tep (7) i
_ Ve —f \ \ \ \ / / k
CAS . / f
Vv,
[
f———————tewi o7y >
tawL (26)
twe (30)
. twe (28)
Vina /
WE /
ViLo
r—‘ASC (10— e tcan (1) —>]
1 tar (12)
tasR (s) tRAH ()
Vine }
Ag-A; & ROW COLUMN K
VIL b -r
|- tos (31) % [ toy 32—
Vine
vll. b
|<—— ton (13— torF (14
Voue HIGH IMPEDANCE HIGH IMPEDANCE
Dour DATA NOT VALID
VoLd
NOTES: .

a., b. Viy (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. topr is measured to loyr=|lol-
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in.
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WAVEFORMS (Cont.)
Read/Modify/Write Cycle

tawe (33) JE—
trAw (3¢) hads
 Vma _ﬁs o\
RAS
ViLn
f—t
tcre (8) i tReD (9) foRw @) oo
— Viua
as 7 N \ N /1
ViLe
tewo (1) tawL (26)
tRwD (36) tewe @7
tacs (20) ‘i‘—_’ twe a)
Vina
WE
) }F N 4
Lb . |
AR (12) b |
I tawp (38)
tash (s5) tRaH ()
VIN a
Ag-A; g ROW COLUMN (
'z vll. b 1
(‘sc (10) 'CAH (11)
(] t, (] [! !
DS (31) DH (32)
vl“ a
ViLo
teac (16)
tcan 17) torF (108
tRac (15)
Vou
o OH ¢ HIGH IMPEDANCE ¢ DATA OUT
out K.
vV,
oL g
ton
ON (13) c1583
NOTES:

a., b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.

c., d. Vou (min) and Vo, (max) are ref
©. torr is measured to loyr<|lo]-

levels for

ing timing of Doyr.

f. tps and tpy are referenced to CAS or WE, whichever occurs last.
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WAVEFORMS (Cont.)
RAS-Only Refresh Cycle

tre ()

tras (1)

\/
H_As Ha —'—'—,S

l‘_ tre (3)

vlL b
terp () <1<—->
Vina

CAs j

ViLp

— Vina
" " XXX

ViLe

tAsR (5) tRan (5)

Vina
AgAr g ROW K

Vies

THY9OLS

on KRR XXX IR XIXIHKXIKXKKIKXIKXKKX XXXXKXXXKKXRXXXXXRKKXKKXX
NOTES:

a., b. Viy (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vo (min) and Vo, (max) are reference levels for measuring timing of Doyr.
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WAVEFORMS (Cont.)
Ripplemode Read Cycle

tRas (1) a3 tap (3)
le » ——:
AAS N
Vien >
tesH @ | #——————tRsH(R) (19)
'V!- (40)
tepp (.,.tq_. taco ( |- tcp (7)-
Vina L3
w T F AN A )
v
s
teasm) (18) teasr) (181 tcasm) (18) tRaK (23)®
tacs (zo)—'t<—-’ tacH (22)®
vlu L] B
we Vi
v
()
taR (12) tean (21)
tasc (10)—fw->] tasc (10) tasc (10) ~fe-y
tasR (5) ‘—""NM () [——tean (1) tean (11) tean (1)
Vina &
AgAr x ROW m COLUMN 0 COLUMN 1 K X COLUMN N K
Vi t Y —¢
teac (“’_l‘—" teac (16)
tean (17 teaa (1n———
4 te
RAC (15) AP (39)
bour ¢ HIGH INPEDANCE X o AR ¥ o, DATA HIGH IMPEDANCE
ouT 0 OUT 1 UT N
VoLd
ton (1)  ja— l‘_._'OFF et L————-lg;p aat I-O——’—‘osﬁ aaf
cises
NOTES:

a., b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. Either tpcy Or taay must be satisfied.
f. torr is measured to loyr< |lio|.
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WAVEFORMS (Cont.) .
Ripplemode Write Cycle (CAS Controlled)e

RAS

CAS

H

AgAr

O

Dour

tras (1) 22 tap (3
Vina ——
v|L b TC
tpc (40) [ ————————tRsH(W) (24) —————{
tesh (a) tee (7) ter )
v terp (a)—'<—> toasw) (25) teasw) (25) teasw) (25)
N/ NV /
w7 [ /7 I/ [/
treo (9)
tewt (27)
twes (29) tweH (30)
Vina
. Y
ViLe - oL
tar (12) .
tasc (10) tasc (10) tasc (10
task (5) taan 6 tean (1) toan (1) ‘——t—‘cm an
Vina \d
ROW K CoLul M:‘ [ 3 j CcoLL 1 K COLL N X
ViLe ¢ 3
I‘—’— ton (32) l‘—’— ton @32) ton 32)
s (31) tos (an) tos (31)

Vie

Voue

DATA O

DATA 1

KR XXX

HIGH IMPEDANCE ,

VoLd

NOTES:
a.; b. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Dour.

e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in.

JIGH IMPEDANCE S

DATA N

QUUAXXIXXXX XXX XXXXX XXX

C1588
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WAVEFORMS (Cont.) _
Ripplemode Write Cycle (WE Controlled)f

tRas (1) 3; [ tap (3
_ VHe —————y
RAS E
Vien e
treD (9) tRSH(W) (24)
toc (40)
tep (7 tep (7)
4
CSH (3)
terp (8) "l<—’ teasw) (25) teasw) (25) tCAs(W) (25)
o J N ’ y 777
cas J / / / / / } / /
ViLn S /“ & -
tow (27) tewL (27
towL @27 - tRwL (26)
twek (30) twen (30) twew (30)
twp (28 twe (28) twp (28)
Vina &
ViLo K K 2
twes (29
tar (12) twes (20 twes (29)
tasc (10 tasc (10) tasc (10)
tasn (5) tRaH (6) tean (1) fcan (1) tean (11
Vina Q&
I~ 0
AgA; ﬂ ROW K COLUMN 0 K X COLUMN 1 K X COLUMN N K
I Y
ViL b < ¢
L—“—'nu (32) I‘-’—'Dn 32) ton 32
» tos 31) tos @31) tos a1) ]'
Vina
Vi
Hton (13) —ton (13)
ton (13) torr (19 torF (14° torr 19
2
Voue HIGH IMPEDANCE N HIGH IMPEDANCE
Dour DATA NOT VALID DATANOTVALD  J— DATA NOT VALID
VoLda —
ciser
NOTES:

a., b. V4 (min) and V. (max) are reference levels for measuring timing of input signais.
c., d. Vou (min) and Vg (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr=< |lo]-
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in.
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WAVEFORMS
Ripplemode Read/Modify/Write Cyclef

thas (1) % tRp (3)
T
AAS N 7 N
VLo - 3
tcrp (8) |- tocm (a1)
tReD (9) tcrw (35) ter 1) tRw (26)
tewo (37)
Vina
_ 4
AN\ Y A
ViLo 2
tawD'(36)
tacs (20) - towL 21y le—— towL (27)
twp (28) t<->— tRes (20 twe (28)
ViHa
— 2
WE j f N / / /
ViLe -
tAWD (38)
AR (12)
tRau (6)
tasc (10) let— tasc (10)
tash (5) tean (1) tean (11)
Vina a
Ag-A; ROW K ) COLUMN 0 K COLUMN 1 COLUMN 2
VLo 4 3
teac (16) s 31) teac (16) -L—— tos @31
tcaa (17) toH (32) tcaa (17) tou (32)
tRac (15) tcap (39)
ViHa %3
(43 3
I<——- torr (122 torr (148
v,
OHe HIGH IMPEDANCE - 3
Dour DATA OUT 0 DATA OUT 2 DATA OUT N —
Vora 3
c1s00
NOTES:

a.,b. Vi, (min) and V_ (max) are

levels for

ing timing of input signals.
c.,d. Vou (min) and Vo, (max) are-reference levels for measuring timing of Doyr.

e. torr is measured to loyr< | lo|. .
1. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in.
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WAVEFORMS .
Ripplemode Read/Write/Read. . . Cycle (CAS Controiled)f

tRas (1) 2 L3 tap (3)
Ving ——————y
RAS E
ViLo I~ R &—
1 ' | 4
I PC (40) T PC {40)
. , tcas(r) (18) tcasw) (25) tcas(R) (18)
CRP (8) 1 taeo (o) e—1tcp (7) — tep (7) =
— Vina F—_—Q g
cas J N \\ I, N \\ N N\ /
ViLo
tosH (4) tewt (27—
wCs (29) tacs (20)
| fe——>1—twen (30)
tRes (20) i tRer (22) twe (28)
Vina f — 9
" ( (/]
vII. b S /
tAR (12
tRaH (6) Htasc (10) tasc (10) tasc (10)
tasR (s) tean (1) . CaH (1) tean (1)
Vina -+ R 9
Ag-A; ROW m COLUMN 0 K ) COLUMN 1 ) COLUMN 2 X
ViLo S 4 9
tos (31) —4'-—‘4 teac (16) —fea]
teac (16) o (32) Fe——tcaa (17) —
tRac (15) tcap (39)
DN Vina 9
ViLs X 9
teaa (17)
ton (13) "i
torr (148 torF (14)8
vV,
OHec HIGH IMPEDANCE HIGH IMPEDANCE -
Dour X DATA OUT DATA OUT p— 9
VoLd
NOTES:

a., b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. topr is measured to loyr=<|lo|.

f. WE is low prior to CAS low transition. CAS latches column addresses and data-in.

g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 12 for timings.
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WAVEFORMS -
Ripplemode Read/Write/Read. . . Cycle (WE Controlled)f

tRas (1) 2 | tap 3)
Vina
RAS
ViLe ~ &
| toc (a0) tpc (a0)
tcas(R) (18) teasw) (25) tcas(R) (1)
tcre m-f'—’ tReo (9) tep 7) e m
Vina t 9
oxs / \N\Y A A Y 7 N\ /
Vies'
tesh )
tew 27
twe (28)
_ Vma ~ 9
" 4 4//
ViLb '
taR (12)
tRAH (6) +— tasc (10 tasc (10 1 tasc (10)
tASR (5) tean (11) tcan (11) team (11)
vIH a “ 9
Ag-A; ROW K ) COLUMN 0 COLUMN 1 K X COLUMN 2 K X
Viee + — 9
tcac (16) —f>] tos (31) teac (16)—f=
teaa (17) e ton (32) tcaa (17)
taac (15) tear (39)
Vina R 9
o " XRXKXXKXXXXXKXKIK) o K RXXKX
Vi p L= g
toN (13) 44’
torr (14)8 torF (19) torF (19)8
Vv,
OHe HIGH IMPEDANCE
Dour {_oataour b— NOTvALID { oataour b9
VoLd
NOTES:

a., b. Viu (min) and V,_ (max) are reference levels for measuring timing of input signals.
c., d. Vou (Min) and Vg, (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr < |lo]-
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in.
g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 13 for timings.
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51C64HL PRELIMINARY
GRAPH 1 GRAPH 2 GRAPH 3
TYPICAL ACCESS TIME TYPICAL ACCESS TIME TYPICAL CURRENT TRANSIENTS
taac (NORMALIZED) vs. Voo trac(NORMALIZED) vs. T, difdt vs. Vop
1.2 1.2 T 5 I
_ Ty=25°C Vop =5.0V Ta=25°C
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GRAPH 6
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GRAPH 4 GRAPH 5 oo Re
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GRAPH 9
AVERAGE TOTAL CURRENT
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GRAPH 7 GRAPH 8
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Ipp3 vs. Voo lops vs. Ty 4 16 32 48 64
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GRAPH 10 GRAPH 11 GRAPH 12
TYPICAL TTL STANDBY CURRENT TYPICAL TTL STANDBY CURRENT TYPICAL RIPPLEMODE CURRENT
ipp2 VS. Voo lopz2 vs. Ty lppe V8. Ty
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GRAPH 13 GRAPH 14 GRAPH 15
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GRAPH 16
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FUNCTIONAL DESCRIPTION

The 51C64HL is a CHMOS dynamic RAM optimized
for high data bandwidth and low power applications.
The functionality is similar to a traditional dynamic
RAM. The 51C64HL reads and writes data by mul-
tiplexing a 16 bit address into an 8 bit row and an 8
bit column address. The row address is latched in by
the Row Address Strobe (RAS). The column address,

however, flows through the internal address buffer and
is latched by the Column Address Strobe (CAS). Be-
cause access time is primarily dependent upon a valid
column address, the delay time between RAS and CAS
can be long without affecting the access time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tgag timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated until the minimum precharge time, tgp and
tcp, has elapsed.

Read Cyclé

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by tyg. Data out becomes valid only
when tgac, tcaa, and toac are all satisfied. Conse-
quently, the access time is dependent upon the tim-
ing relationship among tgac, tcaa and teac. For
example, the access time is limited by tcaa When tgac
and tcac are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS operation. The column address is
latched in by CAS. The write cycle can be WE con-
trolled or CAS controlled depending upon the later of
WE or CAS low transition. Consequently, the input
data must be valid at or before the fallin edge of WE
or CAS, whichever occurs last. In a controlied
write cycle (the leading edge of WE occurs prior to or
coincident with the CAS low transition) the output
(Douyr) pin will be in the high impedance state at the
beginning of the write function. Terminating the write
action with CAS will maintain the  output in the high im-
pedance state; terminating with WE allows the output
to go active.

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (A, through
A7) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh.

2-53

Extended Refresh Cycle

The 51C64HL extends the refresh cycle period to 64
milliseconds for RAS-Only refresh cycles. This feature
reduces the total current consumption to a maximum
of 80 micro Amperes, and typically 15 micro Amperes,
for data retention (RAS-Only refresh operation for the
51C64HL-12). The low standby current can significant-
ly extend battery life in battery back-up applications.
Current consumption is calculated from the following
equation:
_ (tac lacmive) + (tai — tac)lsanosy)

ta)
where tgc = refresh cycle time,
and tg, =refresh interval time or tger/256

Before entering or leaving an extended refresh
period, the entire array must be refreshed at the
normal interval of four milliseconds. This can be
accomplished by either a burst or distributed
refresh.

Ripplemode™ Operation

Ripplemode operation permits all 256 columns within
a selected row of the device to be randomly accessed
at a high data rate. Maintaining RAS low while succes-
sive CAS cycles are performed, retains the row ad-
dress internally, eliminating the need to reapply it. The
column address buffer acts as a transparent or flow
through latch while CAS is high. Access begins from
the valid column address rather than from CAS,

eliminating tysc and ty from the critical timing path.

CAS latches the addresses into the column address
buffer and acts as an output enable.

During this operation read, write, read-modiy-write, or
read-write-read cycles are possible at random or se-
quential addresses within a row. Following the entry
cycle into Ripplemode operation, access time is tcaa
or tcap dependent. If the column address is valid pri-
or to or coincident with the rising edge of CAS, then
the access time is determined by the rising edge of
CAS specified by tcap as shown in Figure 1. If the
column address is valid after the rising edge of CAS,
then the access time is determined by the valid
column address specified by tcaa. For both cases,
the falling edge of CAS latches the address and ena-
bles the output.
Ripplemode operation provides a sustained data rate
over 15 MHz for applications that require high data
rate such as bit mapped graphics or high speed
signal processing. The following equation can be used
to calculate the data rate:
' 256

Data Rate = o+ 25500

Data Out Operation

The 51C64HL Data Output (Dgy7), Which has three-
state capability, is controlled by%%s. During CAS high
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state (CAS at V), the output is in the high im-
pedance state. Table 1 summarizes the Doyt state
for various types of cycles.

Power On

An initial pause of 100 us is required after the appli-
cation of the Vpp supply, followed by a minimum of
eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 64 ms).

The Vpp current (Ipp) requirement of the 51C64HL
during power on is dependent upon the input levels
of RAS and CAS. If RAS = V during power on, the
device would go into an active cycle and Ipp would
exhibit large current transients. It is recommended
that RAS and CAS track with Vpp or be held at a valid
V,y during power on.

Table 1.

Soft Error Rate

Soft errors are random, non-recurring changes in
memory logic states caused by the impact of an ioniz-
ing particle, such as an alpha particle. For example,
a logic ‘‘0”" may change to a logic ‘“1.”” The average
soft error rate (SER) of the 51C64HL is less than 10
FITs. This is determined by accelerated testing using
an alpha particle source and is subsequently con-
firmed by system testing. The SER is a function of the
operating voltage, cycle time, package, and the alpha
particle source. Intel measures the SER at
Vpp=4.75V, and teycle = 14S. A thorium source of
1.6 x 105 o/cm?/hr. is used because it best matches
the package energy spectra.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.

Intel 51C64HL Data Output Operation for Various Types of Cycles

Type of Cycle

Data Out State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle

Data from Addressed Memory Cell

Read-Write-Read Cycle (CAS Controlled)

Data from Addressed Memory Cell

Read-Write-Read Cycle (WE Controlled)

Data from Addr. Memory Cell and Active, Not Valid

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance

CAS /
tean tean

ADDRESSES VALID COLUMN

X

KX

£ vaLiD coL
| ADDRESSES

ADDRESSES

I tear tcan
o HIGH 2 ;‘ DATA \ HIGH Z A DATA
out N VvALD / N VALID

Figure 1. Ripplemode™ Access Time Determination
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51C256H
HIGH PERFORMANCE RIPPLEMODE™ 256K X 1
CHMOS DYNAMIC RAM

51C256H-12t 51C256H-15 21C256H-20
Maximum Access Time (ns) 120 150 200
Maximum Column Address Access Time (ns) 55 70 90
Ripplemode Cycle Time (ns) ' 65 80 100
m Ripplemode Operation m Fast ‘‘Usable Speed’’
— Continuous data rate over 15 MHz — tRc =200 ns
— Random access within a row — tcac=25ns
— Flow through column latch for pipelining — tRrep = 30 ns min./95 ns max.
m Low Operating Power —70 mA m Fully TTL Compatible
m Low Input/Output Capacitance m High Reliability Plastic — 16 Pin DIP

The Intel® 51C256H is a high speed 262,144 x 1 dynamic Random Access Memory. Fabricated on Intel’s
CHMOS IlI-D technology, the 51C256H offers features not provided by an NMOS dynamic RAM: Ripplemode
for high data bandwidth and fast usable speed. All inputs and outputs are TTL compatible and the input and
output capacitances are significantly lowered to allow increased system performance.

Ripplemode operation allows random or sequential access of up to 512 bits within a row, with cycle times as
fast as 65 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. The flow
through column latch allows address pipelining while relaxing many critical system timing requirements for fast
usable speed. These features make the 51C256H ideally suited for cache based mainframe and mini computers,
graphics, digital signal processing, and high performance microprocessor systems.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES
—q Ao
—a owl— RAS ROW ADDRESS STROBE
1 D“s E 1 e gf’ss CAS  COLUMN ADDRESS STROBE
—q A3 IN 2 15 CAS AT
a, we s e o WE  WRITE ENABLE
—as  oourf— s O 4 I = Ac-As ADDRESS INPUTS
- :: Ao s 12 1A Din DATA INPUT
i A2 [ s 1 [ Ag Doutr DATA OUTPUT
—o|ras a7 10 [ As Voo POWER (+5V)
—ofcas oo [ 8 il Sl Vss _ GROUND
—O| WE

tAvailable 1Q 1985

intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No other Circuit
Patent Licenses are implied.

©lntel Corporation, 1984 June 1984
2.55 Order Number: 280030-001
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ABSOLUTE MAXIMUM RATINGS?
Ambient Temperature Under .

Bias..................... -10°C to +80°C
Storage Temperature. . Plastic —~55°C to +125°C
Voltage on Any Pin except Vpp and Doyt

Relative to Vss. . ............. -2.0V to 7.5V
Voltage on Vpp Relative to Vss. ... —1.0V to 7.5V
Voltage on Doyt

Relative to Vgs. . .......... -2.0Vto Vpp+1V
DataOutCurrent...................... 50 mA
Power Dissipation......................

D.C. CHARACTERISTICS!

tCOMMENT )

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating”’ may cause permanent damage to the
device. This.is a stress rating only and functional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Ta=0°C to'70°C, Vpp =5V + 10%, Vss =0V, unless otherwise noted.

51C256H
Symbol Parameter Unit Test Conditions Notes
Min. | Typ.2 | Max. )
53 70 mA | trc=trc (Min), for — 12 specification
lopy | Voo Supply Current, 48 | 65 |mA | tho=tnc (min), for — 15 specification | 34
Operating \
35 50 mA | tac =tgrc (min), for — 20 specification
| Vpp Supply Current, : RAS and CAS at V,,, all other inputs
po2 TTL Standby ! 4 mA and output=Vgg
53 70 mA | tge=tgc (min), for - 12 specification
Vpp Supply Current p : I
| pp Supply ) _ _
DD3 RAS-Only Refresh 45 65 mMA | tgc=tge (Min), for — 15 specification | 4
35 50 mA | tgc =tgc (Min), for ~ 20 specification
26 70 | mA | tog=tpc (min), for - 12 specification
lops | Voo Supply Current, 22 65 | mMA | tec=tpc (Min), for - 15 specification | 3,4
Ripplemode
18 50 mA | tpc =tpc (min), for - 20 specification
| Vpo Supply Current, 3 6 ma | RAS atV,,, CAS at v, all other 3
0Ds Standby, Output Enabled inputs and output=Vgg
Input Load Current
I (any pin) 10 | uA | Vin=VgstoVpp
| Output Leakage Current for 10 A RAS and CAS at v,
Lo High Impedance State K% | Dour=Vssto Vpp
Input Low Voltage
\Y -
L | (all inputs) 1.0 08 Vv 5
Input High Voltage
. v 5
Vin (all inputs) 24 Voo +1
Vo | Output Low Voltage 04 | v |lg =42mA 6
Vor Output High Voltage 24 V | lop=-5mA 6
NOTES:

1. All voltages referenced to Vgs.
. Typical values are at Tp=25°C and Vpp= +5V.

2

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open.

4. Ipp is dependent upon the number of address transitions while CAS is at V. Specified Ipp (max) is measured with a max-
imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode.

(=24

and 50 pF.

. Specified Vi (min) is steady state operation. All A.C. parameters are measured with Vy_ (min) = Vss and Vi (max) <Vpp.
. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads
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CAPACITANCE' TNOTE:
Ta=25°C, Vpp=5V + 10%, Vss =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ.| Max. | Unit
CiNt Address, Din 3 5 | pF
Cin2 RAS, CAS, WE 4 5 | pF
Cout Dout 4 6 | pF

A.C. CHARACTERISTICS!23
Ta=0°C to 70°C, Vpp =5V + 10%, Vss =0V, unless otherwise noted.

Read, Write, Read-Modify-Write and Refresh Cycles

# ;yE:iS' Symbol Parameter 51C256H-12 | 51C256H-15 | 51C256H-20 unit | Notes
Min. | Max. { Min. | Max. | Min. | Max.
1 tRL1RH1 tras RAS Pulse Width 120 | 75000 150 | 75000 200 | 75000 ns
2 tRL2RL2 tac Random Read or Write Cycle Time 200 245 315 ns
3| tamzaee tap RAS Precharge Time 70 85 105 ns
4 | taucm tesH ‘CAS Hold Time 120 150 200 ns
5 teLicH tcas CAS Pulse Width 25 75000 30 75000] 35 75000 | ns
6 twHoRL2 twrp Write to RAS Precharge Time 10 10 10 ns
7| tawe taw 'RAS to Write Hold Time 15 20 25 ns
8 tavRL2 tasr Row Address Set-up Time 0 0 0 ns
9 tRL1AX traH Row Address Hoid Time 15 20 25 ns
10 | tomzcrz tep CAS Precharge Time 10 10 10 ns
1 tcHeRL2 tcre TAS to RAS Precharge Time -20 -20 -20 ns
12 1 taucu taco RAS to CAS Delay 30 | 95 35 | 120 | 40 | 165 | ns 4
13 tavcre tasc Column Address Set-up Time 5 5 5 ns
14 toL1ax tean Column Address Hold Time 15 20 25 ns
15 tRLIAX tar Col. Address Hold Time From RAS 60 70 80 ns
tavav trert Time Between Refresh 4 4 4 ms
tr tr Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 5
16 teriax ton Output Buffer Turn On Delay 0 25 0 30 0 35 ns
17 tohzaz torr Output Buffer Turn Off Delay 0 20 0 25 0 30 ns
NOTES:

1. All voltages referenced to Vgs.

2. Aninitial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any combi-
nation of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after extended
periods of bias without clocks (greater than 4 ms).

3. A.C. Characteristics assume ty =5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,
Vi (min)=Vss and Vi (max) <Vpp.

4. tpcp (Max) is specified for reference only.

5. tr is measured between Vi (min) and V,_ (max).
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A.C. CHARACTERISTICS (Con’t.)
Read Cycle

4 ;yE:ﬁocl Symbol Parameter 51C256H-12 | 51C256H-15 | 51C256H-20 unit | Notes

Min. | Max. | Min. | Max. | Min. | Max.

18| tauav trac Access Time From RAS 120 150 200 | ns 6

19| teuav teac Access Time From CAS 25 30 35 ns 7.8

20 tavav tcaa Access Time From Column Address 55 70 90 ns 8

21 | teummm trsim | RAS Hold Time (Read Cycle) 10 10 10 ns

22 | twhaclz tres Read Command Set-up Time 0 0 0 ns

23 | tavam tcar Column Address to RAS Set-up Time 55 70 90 ns

24 | tonowx tack Read Com. Hold Time Referenced to CAS | 0 (] 0 ns 9

25 tRH2WX trRH Read Com. Hold Time Referenced to RAS | 10 10 10 ns 9
Write Cycle

# ;yE:“E’:l Symbol Parameter 51C256H-12 | 51C256H-15 | 51C256H-20 unit | Notes

Min. | Max. | Min.| Max. | Min. | Max.

26 teLirmIwW) tasHw) 'RAS Hold Time (Write Cycle) 25 30 35 ns

27 twLiRH1 tawL Write Command to RAS Lead Time 25 30 35 ns

28 | twiick towe Write Command to CAS Lead Time 25 30 35 ns

29 twLiwH1 twe Write Command Pulse Width 20 25 30 ns

30 | twiice twes Write Command Set-up Time 0 0 0 ns 10

31 teLiwmt twen Write Command Hold Time 25 30 35 ns

32| tovcre tos Data-In Set-up Time 0 0 0 ns

33| teuox tom Data-In Hold Time 20 25 30 ns
NOTES:

6. Assumes that tacp <tmcp (max). If trep > trep (Max), then trac will increase by the amount that tacp exceeds trcp (max).

7.
8.
9.
10.

Assumes trcp = tacp. (Max).
If tasc <(tcaa (max) — tcac (max) - ty), then access time is defined by tcaa rather than by tcac.
Either trch Or trry Must be satisfied. .
twes: trRwp, towp and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp =tcwp (min) and
trwp =trwp (Min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
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A.C. CHARACTERISTICS (Con't.)

Read-Modify-Write Cycle11

# ;5:53 Symbol Parameter 51C256H-12 | 51C256H-15 | 51C256H-20 Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
34| trizaiz RMW) tawe Read-Modify-Write (RMW) Cycle Time 230 280 355 ns
35| taLiRH1 (RMW) trrw RMW Cycle RAS Pulse Width 150 185 240 ns
36| torch aww) torw RMW Cycle CAS Pulse Width 55 65 75 ns
37| tauwe tawo RAS to WE Delay 120 150 200 ns 12
38| telwe towo CAS to WE Delay 25 30 35 ns 12
39| tavwee tawp Column Address to WE Delay 55 70 90 ns 12
Ripplemode Cycle13
# ;szsocl Symbol Parameter 51C256H-12 | 51C256H-15 | 51C256H-20 unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
40 | toneav tcar Access Time From Column Precharge 60 75 95 ns 14
41 toLacizm) tec Ripplemode Read or Write Cycle 65 80 100 ns 14
42 | toizcizmrmw) teem Ripplemode RMW Cycle Time 90 110 135 ns
NOTES:

11. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.

12. twes, thwo, towp and tawp are specified as reference points only. If twes =twes (min), the cycle is a CAS controlled write cycle
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp =tcwp (min) and
tawp = tarwp (Min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.

13. All previously specified A.C. Characteristics are applicable.

14. Access time is determined by the longer of tcaa or tcac or tcap.
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WAVEFORMS
Read Cycle

b
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Doyt

Vina

Vit
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Vina

Vi

Vina

ViLo

Voue

VoLa

1
RC 2y
| 1Ras (1) tae (3)
p
i N
1,
RSH(R) (21)
tesh (ay tep (10)
teRp (11) taco (12) tcas (s)
__/ )\ \ \ \ \ \ \ R l\
twre (6) taRH (25)¢
tReH (248
i N~
1,
CAR (23)
tar (15)
tasc (13
tash (8) tRan (9) tean (19)
>! X
ROW COLUMN (
tcac (19
tcaa (20)
tRac (18) torr (1)}
HIGH IMPEDANCE
DATA OUT JF——_

l—ton 16

NOTES: a,b. Vi (min) and V,_(max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
8. Either trey Or taay Must be satisfied.
f. torr is measured to loyr< |lol.
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WAVEFORMS (Cont.)
Write Cycle (CAS Controlied)e

RAS

CAS
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r tasHw) (26)
t
v terp (1) tacp (12) e teas (s) tep (10)
M
- AN\ Y (7777777 N
tewe (28)
tawe (27)
twrp (6) tawh (7) twes (3o) . twe (31) r<—>>—lwap o
W (20)
lel
w. I W\ X ¢ [ [/ [/ /[ [ [ L LT
tar (15)
v tash (8) tRan 9)
e X row ‘m‘ COLUMN (
v,
v tasc (13) tean (19)
tos (32) —] [ toh (33
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o XXKXRKRHKXHKXXN oxram KRR IKIRIKK
iLb
Vone HIGH IMPEDANCE
Vor g

€1591

NOTES: a,b. Viy (min) and V. (max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. WE is low prior to or simuitaneously with CAS low transition. CAS latches column address and data-in.
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WAVEFORMS (Cont.)
Write Cycle (WE Controlled)!

£
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Vina
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Vina

Vine

ViLo

Vina

Vina

ViLs

Vot ¢

VoLd-

tac (2)
"I thas (1) 1} tap )
‘ 1 1 .
I "RSH(W) (26)
terp (11) tesu @)
teo (12) teas (5) ter (10
tow (28) v
tawL 27
twar (6) twen (31) twhp (8) >
[ typ (29) ———|
I“Asc (13) > toan (14)
T AR (15)
tash (8) tRAH (9)
Y o XX o K
tos (32) ton (33)
fe— ton (16— - torr 10®

HIGH IMPEDANCE

DATA NOT VALID

HIGH IMPEDANCE

NOTES: a,b. Vi (min) and V,_(max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.

e. torr is measured 10 loyr < |lol.

f. CAS is low prior to the WE low transition. CAS latches-the column address while WE latches the data-in.
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Read/Modify/Write Cycle

thwc (34)
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NOTES: a,b. Vi (min) and V. (max) are reference levels for measuring timing of input signals.

¢,d. Vo (min) and Vo, (max) are reference levels for measuring timing of Doyr.
©. torr is measured 1o loyr < |lio].
f. tos and o are referenced to CAS or WE, whichever occurs last.
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WAVEFORMS (Cont.)
RAS-Only Refresh Cycle
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C1594
NOTES: a,b. V) (min) and V,_(max) are ref e levels for ing timing of input signals.

¢,d. Vou (min) and Vg (max) are reference levels for measuring timing of Doyr.
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WAVEFORMS (Cont.)
Ripplemode Read Cycle
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NOTES: a,b. Viu (min) and V). (max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vo (max) are reference levels for measuring timing of Doyr.
e. Either tpcy Or tapy Must be satisfied.
f. itorr is measured to loyr< !lo].
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WAVEFORMS (Cont.) _
Ripplemode Write Cycle (CAS Controlled)e

} taas (1) v 1} rp (3) ——>]
RAS
Vio 2 \_
toc (41) [ tRsHw) 26—
tep (10) tep (10)
tesH (4)
terp (1) - tcas (s) = teas 5) teas 5)
Vina (713
w (7 7 7 7 (777
‘ tacp (12) vl twhp (6)
twrp (6) < tow 28— |
tawn (1) twes (30) twen 31)
Vina
R, RN N\
taR (15)
- tasc (13) tasc (13y tasc (13)
task @ than (9) tean (14 toan (14) tcan (19
Vin \‘:
AO.A. e ) ROW 4‘( I COLUI 0 ) COLUI 1 COLUI N (
VLo R
tom (33) toH (33) tom (33)
s (32) tos (32) tos (32)
Vina
NNV VVVVVVVVVVYVWV/\VWV/ ' VV/VV/\WNV
[ DATA IN 0
v KRKXKXXRXHKXXXXAN KXXK XX oxram: wera v K XKXXKKXRXXKXKXX XXX
Doy VOME HIGH IMPEDANCE , =
our 22
VoLd
C1596
NOTES: a,b. Viy (min) and V) (max) are ref e levels for ing timing of input signals.

c,d. l/gﬁ (min) and Vo, (max) are reference Ievﬁ for measuring timing of Doyr.
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column addresses and data-in.
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WAVEFORMS (Cont.) .
Ripplemode Write Cycle (WE Controlled)f

P
>
»

Dour

f tRas (1) & I} tap (3) —>
Vi 2 2 \___.
treo (12) tRsH(W) (26)
toc (a1) >
— le—tcp (10) — [+ tcp (10
tere (1) tesh (4)
teas (5) tcas (5) teas (s)
. X 4/ / (77 4
ViLe _/ 2 ] N y. 1_7
tewt (28) towe (28) tow (28
tRwL (27)
twen (31) twen (a1) twen 31)
twRP (6) eam— R ()
—a le— twp (29 —] —twp (29) — (e twp (20) ——————twrp ) —————>|
Vina \ \ R &
/ N L/ // £/ /) A AVAY,
ViLs
AR (15)
tasc (13) tasct (13) tasc (13) !
tasn (8) tRaH (9) tcan (19 tcan (19) tcAH (14)
Vina = )ir \ ? 3
ROW ( COLUMN ) COLUMN 1 ( COLUMN N (
v, N A ! > Il
iLb <
e tpy (33) ton (33) ton (33)
tos (32) tps (32) tos (32)
VIM a
vll b
ton (16) I—toN (16)
toN (15) torF (17,8 —] — torF (17)® tore (178
v, >
OHe HIGH IMPEDANCE < ¢ r HIGH IMPEDANCE
DATA NOT VALID DATA NOT VALID H DATA NOT VALID
VoLq R e —7

NOTES: a,b. V4 (min) and V,_(max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vo (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr< |lo].
t. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in.

c1597
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WAVEFORMS (Cont.)
Ripplemode Read/Modify/Write Cyclef

E

AoAs

Dour

tRas (1)

» la—————tpp 3y ——

Vina _..__ﬂS a

Vice > \_

."L- (42)
terp (1) tReo (12) teRw (36) 1ep (10) tawL (27)
cwD (38)
o A\ A
ViLb \ \ 3
RWD (37)
twRP (6) towl (28) le—tow (28—
twe (29) ——l te—1tacs (22) twe (29 t’—“”l‘ (6)——}

Vina s / ; 33 s /7 f

ViLs

tawo (39)
AR (15)
tRaH (9) tasc (13)
t
ASC (13)
tasR (8) tean (14) toan (14)
ViHa n’y
ROW ( COLUMN 0 ( COLUMN 1 COLUMN 21
v e
Lo R
— "— teac (19) tps (32) j le— tcac (19) tos (32)
Fe———"tcar @o——| toH (33) tcAn (20— oH (33)
tRac (18) tear (s0)
Vina -
DATAIN 1 DATAINN
v »
e T =2
torr 1n® torr (19)°®

v, ”»

One HIGH IMPEDANCE ] <

DATA OUT 0 DATA OUT 2 DATA OUT N i_'——

VoLd 2

NOTES: a,b. Vj, (min) and V,_ (max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vg, (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr<|liol.
f. CAS is low prior to WE low transition. CAS latches the column addresses while 'WE latches the data-in.
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WAVEFORMS (Cont.)

Ripplemode Read/Write/Read/. . . Cycle (CAS Controlled)f

b thas (1) \{s | trp (3)
vl“ a
RAS
ViLo 0=
tpc (a1) tpc (a1)
terp (1) |e—tcas (5) e—tcas (5) [ tcas (5)
taco (12) [+—1tcp (10)—>] l‘-'cv (10>
Vina X
s 7 f \
CAS
ViLb
twre (6) CSH (4) 1 tewe (28)
—> [*—twcs (30) [—trcs (22)
tReH (29) - tweH (31)
twe (29)
Vina <9
WE
/ 2 /7
ViLp
AR (15)
tRAH (9) } tasc (13) tasc (13) tasc (13)
tasR (8) tcan (14) tean (14 tcan (14
Vina Tg
R | ><
Ag-Ag ) ROW (X) COLUMN 0 ( ) COLUMN 1 ( ) COLUMN 2
Vo A A 1 — g
‘<—’I-‘Ds 32) — I—tcac (19)
teac (19) tom (33) tcan (20)
tRac (18) tcap 40)
Vi a y - X g=-
ViLe 9
[ ———tcan 20—
ton =] Je—
torF (17)e toFF (17)e
v,
oM e
Bour HIGH IMPEDANCE r ) DATA OUT HIGH IMPEDANCE . " oataour ) 9
v K. A
oLd

NOTES: a,b. Vi (min) and V,_(max) are ref

e levels for

c,d. Vown (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr =< |lo].
f. WE is low prior to or simuitaneously with CAS low transition. CAS latches column addresses and data-in.

g. The cycle can be terminated either by a read or.a write operation followed by a RAS high transition. See page 11 or 12 for timings.

ing timing of input signals.
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WAVEFORMS (Cont.) L
Ripplemode Read/Write/Read/. . . Cycle (WE Controlled)f

I tRas (1) —0 &— | ————1gp:(3) ——
le a ? Y N\
RAS ) W
Vies &3 A
| the (a1) g tec (a1
tcas (5)- tcas (s) |e-tcas (s)
tenp (1) tRep (12) ttcp (10) tep (10)
|
Vina 9
cas N N\ 5 } \
ViLe
tesh (a) 1
t 4
cwL (28)
twap () —> we (29)
Vina —= g
ViLo
AR (15)
tRaH (9) }-tasc a3 tasc (13) tasc (13— ee—
tasR (8) toan (14) toan (14) tcan (19)
5
Vina y Y 4 b 4 Y 4 Y 8
Ag-Ag K ROW 4 k COLUMN 0 y COLUMN 1 COLUMN 2|
ViLe <9
teac (19) = | tos (32) —i teac (19 —FI |
tcan 20) ton g —»|  [e— tcan (20)
tRac (18) . teap (40
ViHa X 7 X 9
w0 XXXXXXXXXX KAXXXXK [ KAXXXXX XXXXXX
ViLe v 9
ton (16)—> H—
torr 7)® — [ torr (178 torF (178
VoHe —
HIGH IMPEDANCE ¢ DATA b
Dour DATA OUT L NOT VALID DATA OUT J——— §
Vo g SRR N

C1599

NOTES: a,b. V,, (min) and V,_(max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr < | ol . _
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in.
g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 13 for timings.
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FUNCTIONAL DESCRIPTION

The 51C256H is a CHMOS dynamic RAM optimized
for high data bandwidth applications. The functionality
is similar to a traditional dynamic RAM. The 51C256H
reads and writes data by multiplexing an 18 bit ad-
dress into a 9 bit row and a 9 bit column address. The
row address is latched in by the Row Address Strobe
(RAS). The column address, however, flows through
the internal address buffer and is latched by the
Column Address Strobe (CAS). Because access time
is primarily dependent upon a valid column address,
the delay time between RAS and CAS can be long
without affecting the access time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tgag timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated until the minimum precharge time, tgp and
tcp, has elapsed.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by t,r. Data out becomes valid only
when tgac, tcaa, and toac are all satisfied. Conse-
quently, the access time is dependent upon the tim-
ing relationship among tgac, tcaa and tgac. For
example, the access time is limited by toaa when tgac
and tcac are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS operation. The column address is
latched in by CAS. The write cycle can be WE con-
trolled or CAS controlled depending upon the later of
‘WE or CAS low transition. Consequently, the input
data must be'valid at or before the falling edge of WE
or CAS, whichever occurs last. In a CAS controlled
write cycle (the leading edge of WE occurs prior to or
coincident with the CAS low transition) the output
(Doy7) pin will be in the high impedance state at the
beginning of the write function. Termmatmg the write
action with CAS will maintain the > output in the high im-
pedance state; terminating with WE allows the output
to go active.

The 51C256H incorporates a self-timed write feature
which simplifies the system interface. The write func-
tion is internally timed on a write command which al-
lows for a fast write pulse width and a fast write
precharge time, thus eliminating the need for critical
placement of transitions during the write cycle.

2-71

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (Aq through
A;) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh.

Ripplemode™ Operation

Ripplemode operation permits all 512 columns within
a selected row of the device to be randomly accessed
ata hégﬂsdata rate. Maintaining RAS low while succes-
sive cycles are performed, retains the row ad-
dress internally, eliminating the need to reapply it. The
column address buffer acts as a transparent or flow
through latch while CAS is high. Access begins from
the valid column address rather than from CAS,

eliminating tagc and ty from the critical timing path.
CAS latches the addresses into the column address
buffer and acts as an output enable.

During this operation read, write, read-modify-write,
or read-write-read cycles are possible at random or se-
quential addresses within a row. Following the entry
cycle into Ripplemode operation, access time is tcaa
or tcap dependent. If the column address is valid pri-
or to or coincident with the rising edge of CAS, then
the access time is determined by the rising edge of
CAS specified by tcap as shown in Figure 1. If the
column address is valid after the rising edge of CAS,

then the access time is determined by the valid
column address s %e_csfled by tcaa. For both cases,
the falling edge of latches the address and ena-
bles the output.

Ripplemode operation provides a sustained data rate
over 15 MHz for applications that require high data
rate such as bit mapped graphics or high speed sig-
nal processing. The following equation can be used
to calculate the data rate:

512

Data Rate= ———=——
tRC +511 tpc

Data Out Operation

The 51C256H Data Output (Dgyy),
state capability, is controlled by%%s. During CAS high
state (CAS at V), the output is in the high im
pedance state. Table 1 summarizes the Do state
for various types of cycles.

which has three-

Power On

An initial pause of 100 us is required after the appli-
cation of the Vpp, supply, followed by a minimum of
eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh).
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Eight initialization cycles are required after extended
periods of bias without clocks (greater than 4 ms).

The Vpp current (Ipp) requirement of the 51C256H
during power on is dependent upon the input levels
of RAS and CAS. If ﬁ/%é = Vgg during power on, the
device would go into an active cycle and lpp would
exhibit large current transients. It is recommended

that RAS and CAS track with Vpp or be held at a valid
V,y during power on.

References

For further details see Application Note (A.P.) #171
Low Power with CHMOS DRAMS, and A.P. #172
CHMOS DRAMS in Graphics Applications.

Table 1. Intel 51C256H Data Output Operation for Various Types of Cycles

Cycle

Data Out of State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle

Data from Addressed Memory Cell

Read-Write-Read Cycle (CAS Controlled)

Data from Addressed Memory Cell

Read-Write-Read Cycle (WE Controlled)

Data from Addressed Memory Cell and Active, Not Valid

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance

- \

/N

o X

VALID COLUMN ADDRESS

X VALID COLUMN ADDRESS

[ tcap >

e——tcpp —>

o\
Dour g VALID e g VALID
A1603

Figure 1. Ripplemode™ Access Time Determination
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51C256L

LOW POWER 256K X 1
CHMOS DYNAMIC RAM

51C256L-15 51C256L-20
Maximum Access Time (ns) 150 200
Maximum CHMOS Standby Current (mA) 0.1 0.1
m Low Power Data Retention m TTL and HCT Compatible

— Standby current, CHMOS — 100 A (max.)
— Refresh period, RAS-Only — 32 ms (max) .
— Data Retention Current — 230 ;A (max.) " Low lnPUt/OUtPUt Capacltance

m Low Operating Current — 65 mA (max.) m High Reliability Plastic — 16 Pin DIP

Intel® 51C256L is a low power 262,144 X 1 dynamic Random Access Memory. Fabricated on Intel’s
CHMOS I1I-D technology, the 51C256L offers features not provided by an NMOS dynamic RAM: CHMOS standby
current and extended RAS-Only refresh for low data retention power. All inputs and outputs are TTL and HCT
compatible and the input and output capacitances are significantly lowered to allow increased system per-
formance.

The 51C256L offers a maximum standby current of 100 xA when RAS >V —0.5V. During standby (i.e. refresh
only cycles), the refresh period can be extended to 32 ms to reduce the total current required for data retention
to less than 230 pA (max). The 51C256L combines this low power with high density for portable and battery backup
applications.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES
—a A 1 s P ovss | RAS ROW ADDRESS STROBE
— A1 O — O E 2 15 ijJ CAs CAS COLUMN ADDRESS STROBE
— A2 WE 3 14 Dour —
_a, s O e v b A WE WRITE ENABLE
—] A A s 12 [ As Ag-Ag ADDRESS INPUTS
— :s Dout |— A, [ s 1 [ A Din DATA INPUT
1% A7 10 [] As
—a; voo O 8 o B a Dout DATA OUTPUT
— ::S Voo POWER (+5V)
:j, CcAS Vss GROUND
—Ol WE

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit

Patent Licenses are Implied.

®©Intel Corporation, 1984 June, 1984
273 Order Number: 280031-001
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ABSOLUTE MAXIMUM RATINGS?
Ambient Temperature Under

Bias..................... -10°C to +80°C
Storage Temperature. . . Plastic - 55°C to +125°C
Voltage on Any Pin except Vpp and Doy

Relative to Vgg............... -2.0V to 7.5V
Voltage on Vpp Relative to Vgg. ... —1.0V to 7.5V
Voltage on Doyt

Relative to VSS ........... -2.0V to VDD +1V
Data Out Current. ..................... 50 mA
Power Dissipation...................... 1.0W

D.C. CHARACTERISTICS!

fCOMMENT:

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating’’ may cause permanent damage to the
device. This is a stress rating only and functional oper-
ation of the device at these or at any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

Ta=0°C to 70°C, Vpp =5V + 10%, Vg5 =0V, unless otherwise noted.

51C256L
Symbol Parameter Unit Test Conditions Notes
Min. | Typ.2 | Max.
ooy Vpp Supply Current, 48 65 mMA | tge =tge (min), for — 15 specification a4
Operating 35 50 mA | tac =trc (Min), for —20 specification '
Vpp Supply Current, RAS and CAS at V,,,, all other inputs
| DD IH
ooz TTL Standby 1 2 ™A | and output =Vgg
. - — —
oo Vyp Supply Current, 45 65 mA re = trc (Min), for — 15 specification .
RAS-only Refresh 35 50 mA | tac =tgc (min), for — 20 specification ’
Iops Voo Supply Current, -3 4 mA RAS at V,,,, CAS at V, all other 3
Standby, Output Enabled inputs and output =Vgg
Vpp Supply Current, RAS=V,,-0.5V and CAS at V,,
'oos CHMOS Standby 0.01 01 mA all other inputs and output =Vgg
. Input Load Current
Hul (asy pin) 1 wA | Viy=Vggto Vpp
ol Output Leakage Current for 10 JA RAS and CAS at V,,,
High Impedance State Doyr=Vss 1o Vpp
Input Low Voltage
V, -
it all inputs) 1.0 0.8 \% 5
v Input High Voltage
H (all inputs) 24 Vop+1| Vv : 5
0.4 v loo=4.2mA
Voo Output Low Voltage 6
0.1 \ loL=100uATT
2.4 Vv lon=-5mA 6
V, Output High Voltage
oH putHia Voo— 1| V | lon= - 100 4ATt

NOTES: tt Available 1Q 1985
1. All voltages referenced to Vgs.
. Typical values are at To=25°C and Vpp= +5V.

2

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp (max) is measured with the output open.

4. lpp is dependent upon the number of address transitions while CAS is at V4. Specified Ipp (max) is measured with a max-
imum of two transitions per address input per random cycle.

o v

and 50 pF.

. Specified V| (min) is steady state operation. All A.C. parameters are measured with V,_ (min) =Vsg and V|4 (max) <Vpp.
. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads
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CAPACITANCE? tNOTE:
Ta=25°C, Vpp =5V 10%, Vg =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ.| Max. | Unit
Cint Address, Din 3 5 | pF
Cinz RAS, CAS,WE | 4 5 | pF
Cour Dout 4 6 | pF

A.C. CHARACTERISTICS'"23
Ta=0°c to 70°C, Vpp =5V + 10%, Vg5 =0V, unless otherwise noted.

Read, Write, Read-Modify-Write and Refresh Cycles

# ;5:5; Symbol Parameter 5.1 C256L-15 5'1 C256L-20 Unit | Notes
Min. Max. Min. Max.
1 | tRLIRH1 trAs RAS Pulse Width 150 75000 200 75000 ns
2 | trizAL2 trc Random Read or Write Cycle Time 245 315 ns
3| truerlz | tmp RAS Precharge Time 85 105 ns
4 | taicnt | tos CAS Hold Time 150 200 ns
5 | toLicHs tcas CAS Pulse Width 30 75000 35 75000 ns
6 | twhzrle | twrp Write to RAS Precharge Time 10 10 ns
7 | tRiwez | tRwh RAS to Write Hold Time 20 25 ns
8 | tavaL tasr Row Address Set-up Time 0 0 ns
9 | tRL1Ax trRAH Row Address Hold Time 20 25 ns
10 | tonecre | top CAS Precharge Time 10 10 ns
11 | tcHeRL2 tcre CAS to RAS Precharge Time -20 -20 ns
12 | tRLicLe trcD RAS to CAS Delay 35 120 40 165 ns 4
13 | taveLe tasc Column Address Set-up Time 5 5 ns
14 | toLiax tcaH Column Address Hold Time 20 25 ns
15 | taLiax tar Column Address Hold Time From RAS 70 80 ns
trRvRV tREF1 Time Between Refresh 4 4 ms
tRVRV tRerF2 Time Between Refresh (RAS-Only) 32 32 ms
tr tr Transition Time (Rise and Fall) 3 25 3 25 ns 6
16 | tcLiax ton Output Buffer Turn On Delay 0 30 0 35 ns
17 | tcHeaz torr Output Buffer Turn Off Delay 0 25 0 30 ns
NOTES:

1. All voltages referenced to Vss.

2. Aninitial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any com-
bination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after extended
periods of bias without clocks (greater than 32 ms).

3. A.C. Characteristics assume tr=5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF

Vi, (min) =Vss and Vi (max) < Vpp.

. trcp (Mmax) is specified for reference only. _

. The 51C256L extends the refresh period to 32 ms during RAS-Only refresh operation.

. ty is measured between V4 (min) and V, (max).

o oA
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A.C. CHARACTERISTICS (Con't.)

Read Cycle

# ;5:5; Symbol Parameter ) 51C256L-15 51C256-20 Unit | Notes

Min. Max. Min. Max.

18 | trL1qv tac Access Time From RAS 150 200 ns 7

19 | teLiav tcac Access Time From CAS 30 35 ns | 89

20 | tavav tcaa Access Time From Column Address 70 90 ns 9

21 | toLirnim) | trsHr)y | RAS Hold Time (Read Cycle) 10 10 ns

22 | twhacL2 trcs Read Command Set-up Time 0 0 ns

23 | tavmH1 tcar Column Address RAS Set-up Time 70 90 ns

24 | tcHzwx tRcH Rea& Com. Hold Time Referenced to CAS 0 0 ns 10

25 | tRH2wx tRRH Read Com. Hold Time Referenced to RAS 10 10 ns 10
Write Cycle

# ;:253 Symbol Parameter 5.1 c256L15 5.1 c2561-20 Unit | Notes

Min. Max. Min. Max.

26 | tcirHiwy| trsiwy | RAS Hold Time (Write Cycle) 30 35 ns

27 | twomnt | tRw Write Command to RAS Lead Time 30 35 ns

28 | twLicHt towL Write Command to CAS Lead Time 30 35 ns

29 | twriwH1 twp Write Command Pulse Width 25 30 ns

30 | tweictz twes Write Command Set-up Time 0 0 ns 11

31 | teLiwsn tweh Write Command Hold Time 30 35 ns

32 | tovele tos Data-In Set-up Time 0 0 ns

33 | tcLiox ton Data-in Hold Time 25 30 ns -
NOTES:

7. Assumes that tacp <trcp (max). If tacp =trcp (Max), then trac Will increase by the amount that tgcp exceeds trcp (max).
8. Assumes trcp =trcp (Max).
9. If tasc <(tcaa (max) —tcac (max) - ty), then access time is defined by tcaa rather than by tcac.

10. Either tgcy or thRry Must be satisfied.

11. twcs, trwp, tocwp and tawp are specified as reference points only. If twcs =twes (min), the cycle is a CAS controlled write cycle
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp =tcwp (min) and
trwp = trwp (Min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
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A.C. CHARACTERISTICS (Con't.)

Read-Modify-Write- Cycle12

# ;5:5:' Symbol Parameter 51C256L-15 51c256L-20 Unit | Notes
Min. Max. Min. Max.

34 | tRL2RL2(RMW) trRwe Read-Modify-Write (RMW) Cycle Time 280 355 ns

35 | taLiRHiaMw) | tRRW RMW Cycle RAS Pulse Width 185 240 ns

36 | toLicHiaMw) | toRw RMW Cycle CAS Pulse Width 65 75 ns

37 | taLiwLe tawp RAS to WE Delay 150 200 ns | 13
38 | toLiwie towo CAS to WE Delay 30 35 ns | 13
39 | tavwiz tawp Column Address to WE Delay 70 90 ns 13
NOTES:

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.
13. twcs, tRwp, tcwp and tawp are specified as reference points only. If twcs =twcs (min), the cycle is a CAS controlled write cycle
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwp =tcwo (min) and
tawp =trwo (Min) and tawp =tawp (min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate.
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Read Cycle

Ag-Ag

Dour

NOTES: ab. Viy (min) and V| (max) are reference levels for measuring timing of input signals.
¢,d. Von (min) and Vo, (max) are reference levels for measuring timing of Dour.

e (2
R tans () (3 ———
Vit g =y K
Vies s‘
'ﬂ;ﬂ‘n)| 1)
t t,
csH (4 cp (10)
terp (1) taco (12) teas (sy
ViLe \
twa 6 tarn (25)®
tacH (20®
le a z <
ViLo
< tear (23)
taR (15)
tasc (13)
task () tRaH (3) foan (1)
Vina
>i(
ROW COLUMN ,(
V|L b
teac (19)
tcaa 20y
thac (1e) torr (17)f
Vone E—————
E -
HIGH IMPEDANCI 8 L DATA OUT A
VoL ¢ ‘
. C1590

e. Either tgcu Or tarn must be satisfied.
f. torr is measured to loyr =< |lLo0]-
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WAVEFORMS (Cont.)
Write Cycle (CAS Controlled)e

RAS

CAs

WE

ApAg

Dour

Vina

ViLs

Vina

ViLo

Vina

ViLs

ViHa

ViLs

ViHa

ViLo
Vone

VoL q

NOTES:

tac (2)
taas (1) 1} trp (3)
N _ ___
tRSH(W) (26)
tesH (a)
teRp (11) tReo (12) teas (5) tep (10)
7 AN N\ X ([ [ [ [ [ [T \
tewe (28)
tRwi (27)
twap (6) twRH (7) twes (30) twen (31)
twp (29) - twae (6)
W\ X L / [/ /[ /L LT
taR (15)
tasR (8) tRaH (9)
f ROW w COLUMN (
> N
tasc (13) toan (19)
tos (33 — tou (33)
VAV VAV, WAV AV AV AV AV AV AV AV AV AV AV AV AV AVAVAVAVAVAVAVAVAV AVAVAVAV,AV.

m‘! DATA W : "I‘A‘A’A’A A S :’:‘A‘A AN A’z’A’A‘A‘A‘A’A‘A’A’A’A’A‘A‘A’A’A’A’A0‘ AAXX

HIGH IMPEDANCE

a,b. Vi (min) and V). (max) are reference levels for measuring timing of input signals.

c,d. Vou (min) and VoL (max) are reference levels for measuring timing of Dour.
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in.
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WAVEFORMS (Cont.)
Write Cycle (WE Controlled)f

Vina

ViLo

Vina

Vina

E

ViLo

Vine

ViLe

Vina
Din
Vie

Vou
Dour ¢
VoLa

NOTES: a,b. V|4 (min) and V| (max) are reference levels for measuring timing of input signals.

| taas (1) i} tap 3)
Hx Ju S
I 1
I 'RSH(W) (26)
teap (1) tesk (@)
tRcD (12) teas ) tep (10)
tewe (28)
tawL (27)
twrp (6) twew (31) twrp (5) >
e twp (29—
l"'Asc (13) > toan (14)
1 taR (15)
tasr (&) tRan )
X o XX {
tos (32) Ton (33)
| e—— ton (16— orr (1n®

HIGH IMPEDANCE

* DATA NOT VALID

HIGH IMPEDANCE

¢,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.

e. torr is measured to lour=<]lol.
f. CAS

is low prior to the WE low transition. CAS latches the column address while. WE latches the data-in.
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WAVEFORMS (Cont.)
Read/Modify/Write Cycle

Vine

Vo

tawc (34

} t

taRw (35)

A

| e g

teap (1)

taco (12)

Vine

A\ Y

tenw (38)

tep (10)

tewn (38

tawL (27)

twre ()

tawp (37)

towi (28)

Vina

%R (15) 1
!

twe (29)

twre (6)

([ [

I tawp (39)

tasr (8)

Vinae
AoAs ’

ROW

tRAH (9)
COLUMN I

VLo

teau (14)

tasc (13)

tos (32)f

Vina

KOOOOCKXXXXXXXIN

DATA IN

Vone

teac (19)

tcan (20)

thac (18

ton 33!

torrF (17)®

HIGH IMPEDANCE

Oour
Vou g

DATA OUT

on (1)

NOTES: ab. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals.
¢,d. Von (min) and Vo, (max) are reference levels for measuring timing of Douyr.

e. torr is measured to loyr=<|lo].
f. tos and tpy are referenced to

(,LA§ or WE, whichever occurs last.
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WAVEFORMS (Cont.)
RAS-Only Refresh Cycle

Vin s
RAS

Vi b

tac (2)

thas (1)

tere (1)
ViHa

l‘ Fl” (3) —>]

ViLb

twrp (6)

tawH (1)

twap (s,—TQ—->

Vine

Vin "/

tasn (@)
Vina

Vo

tRAH (9)

ROW

K

RA000.0:0.0.0.0.0.00.00:0:00.0:0.0.0.0:0:0.0.0.00.0:0.0:0:00:00.0:0.0.0.0.0.0.00.00.0.0.¢

HIGH IMPEDANCE

C1594

NOTES: a,b. V4 (min) and V| (max) are reference levels for measuring timing of input signals.
c,d. Von (min) and Vo, (max) are reference levels for measuring timing of Doyr.
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FUNCTIONAL DESCRIPTIONS

The 51C256L is a CHMOS dynamic RAM optimized
for low power applications. The functionality is similar
to a traditional dynamic RAM. The 51C256L reads and
writes data by multiplexing an 18 bit address intoa 9
bit row and a 9 bit column address. The row address
is latched in by the Row Address Strobe (RAS). The
column address, however, flows through the internal
address buffer and is latched by the Column Address
Strobe (CAS). Because access time is primarily de-
pendent upon a valid column address, the delay time
between RAS and CAS can be long without affecting
the access time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tgag timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated until the minimum precharge time, tzp and
tcp, has elapsed.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by tyg. Data out becomes valid only
when tgac, tcaa, and toac are all satisfied. Conse-
quently, the access time is dependent upon the tim-
ing relationship among tgac, tcaa and tgac. For
example, the access time is limited by tcpa When tgac
and tcac are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS operation. The column address is
latched in by CAS. The write cycle can be WE con-
trolled or C_AYS controlled depending upon the later of
WE or CAS low transition. Consequently, the input
data must be valid at or before the falling edge of WE
or CAS, whichever occurs last. In a CAS controlled
write cycle (the leading edge of WE occurs prior to or
coincident with the CAS low transition) the output
(Doy7) pin will be in the high impedance state at the
beginning of the write function. Terminating the write
action with CAS will maintain the output in the high im-
pedance state; terminating with WE allows the output
to go active.

The 51C256L incorporates a self-timed write feature
which simplifies the system interface. The write func-
tion is internally timed on a write command which allows
for a fast write pulse width and a fast write precharge
time, thus eliminating the need for critical placement
of transitions during the write cycle.

2-83

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (A through
A;) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh.

Extended Refresh Cycle

The 51C256L extends the refresh cycle period to 32
milliseconds for RAS-Only refresh cycles. This feature
reduces the total current consumption to a maximum
of 230 micro Amperes, and typically 90 micro Am-
peres, for data retention (RAS-Only refresh operation
for the 51C256L-20). The low standby current can sig-
nificantly extend battery life in battery back-up appli-
cations. Current consumption is calculated from the
following equation:

= (tac) Ml active) + (tac = tac) (Istandby)
B r

where tgc =refresh cycle time,
and tg, = refresh interval time of tger/256

Before entering or leaving an extended refresh peri-
od, the entire array must be refreshed at the normal
interval of four milliseconds. This can be accom-
plished by either a burst or distributed refresh.

Data Out Operation

The 51C256L Data Output (Dqgy1), Which has three-
state capability, is controlled by%. During CAS high
state (CAS at V), the output is in the high im-
pedance state. Table 1 summarizes the Doyt state
for various types of cycles.

Power On

An initial pause of 100 us is required after the appli-
cation of the Vpp supply, followed by a minimum of
eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 32 ms).

The Vpp current (Ipp) requirement of the 51C256L
during power on is dependent upon the input levels
of RAS and CAS. If RAS = Vgg during power on, the
device would go into an active cycle and Ipp would
exhibit large current transients. It is recommended
that RAS and CAS track with Vpp or be held at a valid
V\y during power on.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.
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Table 1. Intel 51C256L Data Output Operation for Various Types of Cycles

Cycle

Data Out State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

‘WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle

Data from Addressed Memory Cell

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance
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51C256HL
HIGH PERFORMANCE LOW POWER
RIPPLEMODE™ 256K X 1
CHMOS DYNAMIC RAM

51C256HL-15 51C256HL-20
Maximum Access Time (ns) 150 200
Maximum Column Address Access Time (ns) 70 90
Maximum CHMOS Standby Current (mA) 0.1 0.1
m Ripplemode Operation m Low Power Data Retention
— Continuous data rate over 12 MHz — Standby current, CHMOS — 100 »A (max.)
— Random access within row — Refresh period, RAS-Only — 32 ms (max.)
— Flow through column latch for pipelining — Data Retention Current — 230 A (max.)
m Low Input/Output Capacitance m Low Operating Current — 65 mA (max.)
m TTL and HCT Compatible m High Reliability Plastic — 16 Pin DIP

The Intel® 51C256HL is a high speed 262,144 x 1 dynamic Random Access Memory. Fabricated on Intel’s
CHMOS llI-D technology, the 51C256HL offers features not provided by an NMOS dynamic RAM: Ripplemode
for high data bandwidth, fast usable speed, and CHMOS standby current and extended RAS-Only refresh for
low data retention power. All inputs and outputs are TTL and HCT compatible and the input and output
capacitances are significantly lowered to allow increased system performance.

Ripplemode operation allows random or sequential access of up to 512 bits within a row, with cycle times as
fast as 80 ns. Because of static column circuitry, the CAS clock is no longer in the critical timing path. The flow
through column latch allows address pipelining while relaxing many critical system timing requirements for
fast usable speed. These features make the 51C256HL ideally suited for cache based mainframe and mini
computers, graphics, digital signal processing, and high performance microprocessor systems.

The 51C256HL offers a maximum standby current of 100 xA when RAS =Vpp-0.5V. During standby (i.e. refresh
only cycles) the refresh period can be extended to 32 ms to reduce the total current required for data retention
to less than 230 A (max). The 51C256HL combines low power with high density for portable and battery back-
up applications.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES
—1*e RAS ROW ADDRESS STROBE
—]a, DN f— —\ /]
— 4 e O 16 [ Vss CAS COLUMN ADDRESS STROBE
—a, on [ 2 15 [ cAs —
s we O s 1 Boowsr | WE WRITE ENABLE
—As  pour}— RAS [ 4 13 [0 As Ao-Asg ADDRESS INPUTS
—1s fo O s 12 H As D DATA INPUT
— A7 A2 [} s 1 [ As IN
— As A O 7 10 [1 As Dour DATA OUTPUT
—O|RAS Voo [} 8 s DA Voo POWER (+5V)
—O| CAS
—o| WE Vss GROUND

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Ciruitry Embodied in an Intel Product. No Other Circuit
Patent Licenses are Implied.
©lntel Corporation, 1984 June 1984
Order Number: 280032-001
2-85
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ABSOLUTE MAXIMUM RATINGST

Ambient Temperature Under

Bias............ ... ... -10°C to +80°C
Storage Temperature. . . Plastic -55°C to +125°C
Voltage on Any Pin except Vpp and Doyt

tCOMMENT:

Stresses above those listed under ‘‘Absolute Maxi-
mum Rating’’ may cause permanent damage to the
device. This is a stress rating only and functional oper-
ation of the device at these or at any other conditions

Relative to Vgg. ... ............. 20V to 7.5V above those indicated in the operational sections of
Voltage on Vpp, Relative to Vgg. .. .. -1.0V to 7.5V this specification is not implied. Exposure to absolute
Voltage on Doyr maximum rating conditions for extended periods may

Relative to Vgg............. 2.0V to Vpp+1v  affect device reliability.

Data Out Current...................... 50 mA
Power Dissipation...................... 1.0W
D.C. CHARACTERISTICS! T,=0°C to 70°C, Vpp=5V + 10%, Vgg=0V, unless otherwise noted.
51C256HL
Symbol Parameter Unit Test Conditions Note
Min. | Typ? | Max.
loo: Voo Supply Current, 48 65 | MA | toc=tgc (min), for — 15 specification 54
Operating 35 50 mA | tge=tge (Min), for — 20 specification
| Vpp Supply Current, RAS and CAS at V,,;, all other inputs
ov ™ Standby ! 2| ™| and output =Vss
| Vpp Supply Current, 45 65 mA | tac=1grc (min), for - 15 specification .
bos RAS-only Refresh 35 50 | mA | tho=tac (min), for —20 specification
Vpp Supply Current 22 65 mA | tec=tpc (min), for —15 specification
| : ' 3,4
pos Ripplemode 18 50 | mA | tec=tpc (min), for —20 specification
| Voo Supply Current, 3 4 mA RAS at V,,;, CAS at v, all other 3
DS Standby, Output Enabled inputs and output =Vgg
i Vpp Supply Current, 0.01 ] A RAS=Vy,-0.5V and CAS at V,,
bDs CHMOS Standby ' ™A1 all other inputs and output= Vg
Input Load Current
I (any pin) 1 pA | Vi =Vggto Vo
| Output Leakage Current for 10 A RAS and CAS at V,,,
Lo High Impedance State # Dout = Vss 10 Vpp
V Input Low Voltage _
" | (@llinputs) 10 08 | Vv 5
Input High Voltage
2.4 Vop+1| V
Vi | (allinputs) oo+ 5
04 | v | lo=42mA
VoL Output Low Voltage 6
0.1 V [ g = 100uAtt
2.4 \' loy= -5mA
Vou Output High Voltage o 6
Vop=-1] V | lou=-100 xAtt

NOTES: t Available 1Q 1985
1. All voltages referenced to Vgg.
. Typical values are at T, =25°C and VDD = +5V.

2
3. lpp is dependent on output loading when the device output is selected. Specified I, (max) is measured with the output open.
4

. Ipp is dependent upon the number of address transitions w

hile CAS is at V,,,. Specified |, (max) is measured with a max-

imum of two transitions per address input per random cycle, one transition per access cycle in Ripplemode.
5. Specified V,_ (min) is steady state operation. All A.C. parameters are measured with V;, (min)=>Vgg and V,, (max)<Vpp.
6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TTL loads

and 50 pF.
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CAPACITANCE? tNOTE:
Ta=25°C, Vpp=5V + 10%, Vss =0V, unless other- Capacitance is measured at worst case voltage lev-
wise noted. els with a programmable capacitance meter.
Symbol Parameter Typ.| Max. | Unit
CiNt Address, Din 3 5 | pF
Cinz RAS, CAS, WE 4 5 | pF
Cour Dout 4 6 | pF

A.C. CHARACTERISTICS1,2,3
=0°C to 70°C, Vpp =5V + 10%, Vgs =0V, unless otherwise noted.

Read, Write, Read-Modify-Write and Refresh Cycles

# ‘s‘::ﬁsl Symbol Parameter 5‘10256HL-15 STCZSGHLQO Unit | Notes
Min. Max. Min. Max.
1] taurm | tRas RAS Pulse Width 150 | 75000 | 200 | 75000 [ ns
2 | taLzRie trc Random Read or Write Cycle Time 245 315 ns
3| tanzre | tre RAS Precharge Time 85 105 ns
4| tauicw | tese CAS Hold Time 150 200 ns
5| teLich tcas CAS Pulse Width 30 75000 35 75000 | ns
6| twHomre | twre Write to RAS Precharge Time 10 10 ns
7| truwee | tRwn RAS to Write Hold Time 20 25 ns
8| tavaLe tasr Row Address Set-up Time 0 0 ns
9| taLiax tRAH Row Address Hold Time 20 25 ns
10| tohecle | tep CAS Precharge Time 10 10 ns
11| tchorLe tcrp TAS to RAS Precharge T|me -20 -20 ns
12| tRLicL1 trco RAS to CAS Delay 35 120 40 165 ns 4
13| tavoLe tasc Column Address Set-up Time 5 5 ns
14} toLiax tcan Column Address Hold Time 20 25 ns
15| tRuiax tar Column Address Hold Time From RAS 70 80 ns
tRVRV tRerF1 Time Between Refresh 4 4 ms
tavRY tRer2 Time Between Refresh (RAS-Only) 32 32 ms
tr tr Transition Time (Rise and Fall) . 3 25 3 25 ns
16| tcLiax ton Output Buffer Turn On Delay 0 30 0 35 ns
17] tcHeax torr Output Buffer Turn Off Delay 0 25 0 30 ns
NOTES

. All voltages referenced to Vss.

2. An initial pause of 100 microseconds is required after power up followed by a minimum of eight initialization cycles (any
combination of cycles containing a RAS clock such as RAS-Only refresh). Eight initialization cycles are required after ex-
tended periods of bias without clocks (greater than 32 ms).

3. A.C. Characteristics assume tr=5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF,

Vi(min) = Vgs and Vx4 (max) < Vpp.

. trep (Max) is specified for reference only.

. The 51C256HL extends the refresh period to 32 ms during RAS-Only refresh operation.

. tr is measured between V|4 (min) and V. (max).

[0 1 -
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A.C. CHARACTERISTICS (Con't.)

Read Cycle
# ;;:E:' Symbol Parameter _S1C256HL-15 51C256HL 20 Unit |Notes
. Min. Max. Min. Max.

18| taLiav trac | Access Time From RAS 150 200 | ns| 7
19| tcuav tcac |- Access Time From CAS 30 35 ns | 89
20| tavav tcaa Access Time From Column Address 70 90 ns 9
21| toLiAnn tasHr) | RAS Hold Time (Read Cycle) 10 10 ns

22| twhHacL2 trcs Read Command Set-up Time 0 0 ns

23| tavam tcar Column Address to RAS Set-up Time 70 90 ] ns

24| toHawx tach | Read Com. Hold Time Referenced to CAS ] 0 ns | 10
25| tRHawx tarv | Read Com. Hold Time Referenced to RAS 10 10 ns | 10
Write Cycle

# ‘SI;:EZ:' Symbol Parameter 5?C256HL-15 STCZSGHL.ZO Unit |Notes

Min. Max. Min. Max.

26| torrHiw) | trsHw) | RAS Hold Time (Write Cycle) 30 35 ns

27| twLiRHi taw. | Write Command to RAS Lead Time 30 35 ns

28| twLicH tew. | Write Command to CAS Lead Time 30 35 ns

29| twLiwHi twp Write Command Pulse Width 25 30 ns

30| twLicLe twes Write Command Set-up Time 0 0 ns 11
31| tcLiwHi twecH Write Command Hold Time 30 35 ns

32| tpver2 tos Data-In Set-up Time 0 0 ns

33| tcripx ton Data-In Hold Time 25 30 ns
NOTES:

7. Assumes that tgep <tgcp (Max). If tgop > taep (Max), then tgac will increase by the amount that tgo exceeds tgcp (Max).
8. Assumes tgcp =trcp (Max).
9. If tagc <(tcaa (Max) - toac (Max) - t;), then access time is defined by toa, rather than by te,c.

10. Either tpey OF tapy must be satisfied. _

11. twes: tawo: towp @nd tawp are specified as reference points only. If ty,cg =twcs (Min), the cycle is a CAS controlled write cycle
(early write cycle) and the date out pin will remain in high impedance throughout the entire cycle. If toyp =towp (min) and
tawp =trwp (Min) and tyup =tawp (Min), then the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of the data out is indeterminate.
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A.C. CHARACTERISTICS (Con't.)
Read-Modify-Write- Cycle12

# ;::isl Symbol Parameter 51C256HL-15 $1C256HL-20 Unit|Notes
Min. Max. Min. Max.

34| teororMw) | tRwe Read-Modify-Write (RMW) Cycle Time 280 355 ns

35| taurHirMw) | tRRW RMW Cycle RAS Pulse Width 185 240 ns

36| tcLiciamw) | tcrw | RMW Cycle CAS Pulse Width 65 75 ns

37| tauiwee tawp | RAS to WE Delay 150 200 ns | 13
38| tocLiwee tewo | CAS to WE Delay 30 35 ns | 13
39 tawwie tawo | Column Address to WE Delay 70 90 ns | 13

Ripplemode Cycle14

4 ;5:‘5:; Symbol Parameter 51C256HL-15 | s1C256HL20 || f
Min. Max. Min. Max.
40| tcheqv tcar Access Time From Column Precharge 75 95 ns| 15
41| tcrecL2(m) tpc Ripplemode Read or Write Cycle 80 100 ns 15
42| tciecL2 RRMW)| trcm Ripplemode RMW Cycle Time 110 135 ns
NOTES:

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified.
13. twes: tawo: towp @nd tawp are specified as reference points only. If tycg =tycs (Min), the cycle is a 'CAS controlled write cycle
(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If to,yp =toyp (min) and
w = tawp (Min) and tyup =tawp (Min), then the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If any of the above conditions are not satisfied, the condition of data out is indeterminate.
14. All previously specified A.C. Characteristics are applicable.
15. Access time is determined by the longer of to, OF toac OF toap-
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WAVEFORMS
Read Cycle

t,
RC (2)

Vina ﬂ
RAS

ViLs —

1
'RAS (1)

1,
RSH(R) (21)

tRp (3) ———f

tere (11)

tosH (4

RCD (12)°

Vina

0
ol

ViLe

Vina

twre (6)

AN\

1,
‘cAs (5)

1,
'CP (10)

trcH (24)°

N

tRRM (25)®

ViLo

1,
'CAR (23)

AR (15)
tasc (13)

tasR (8)

RAH (9)

tcan (14)

~

Vina
Ag-Ag ’r ROW
Vs

COLUMN

4

teac (19)

teaa (20

VoHe

1,
'RAC (18)

HIGH IMPEDANCE

torr (10!

Dour
VoLa

DATA OUT

Fe—ton (16)

NOTES: a,b. Vi, (min) and V. (max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. Either tgcy Or tary must be satisfied.
f. torr is measured to loyr=<|lo].

€159

TH9S2IO1S

AEVYNINITIES



16-¢

WAVEFORMS (Cont.)

Write Cycle (CAS Controlled)e

RAS

CAs

Ag-Ag

Dour

tRe @)
| taas (1) I} tRp (3)
Vina !}—_3
ViLe » \_
tRsHW) (26)
[
v tere (11) taco (12) che teas (s) tep (10)
Ha
o —7 AN\ X L/ /[T \
towt (28) -
R 7)
twap (6) tawh (7) twes (30) . twen (31) e 'o—» .
WP (29) [~ WRP (6)
Vina b
NN 77 77 777777 F
t,
v tasR (8) tRAH (9) e
" X ROW KX) COLUMN (
v
" tasc (13) tean (14)
tos (32) —> - o (33)

le
on, XXXXXXXXXXXXXY owia KX XXRIKKIX I IXIHKXIXKKXKIKKX
Vou e HIGH IMPEDANCE

VoLd

NOTES: a,b. Vi, (min) and V. (max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vg, (max) are reference levels for measuring timing of Doyr.
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column address and data-in.
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WAVEFORMS (Cont.)
Write Cycle (WE Controlled)f

RAS

Doyt

Vina

ViLo

Vieo

Voue
VoL

—

tRas (1)

I
tesu (o)

trsH(W) (26)

tere (11)

trep (12)

AN AN

teas (5)

tep (10)

( [ [ 7

towe (28)

twen @31)
[ twp (29) ]

l‘tAsc (13)

tRwL (27)

twee (6) "J

4

AVAVAVAAAAA

tcan (19)

AR (15)

COLUMN

K

tos (32)

ToH (33)

DATA IN

HIGH IMPEDANCE

[ ton (16—

HIGH IMPEDANCE

NOTES: a,b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vg, (max) are reference levels for measuring timing of Doyr.

e. torr is measured to loyr =< |lol-

DATA NOT VALID

f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in.
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WAVEFORMS (Cont.)
Read/Modify/Write Cycle

tene (1)

Achs

Vone
Dour
VoLa

tawc (34)

thaw (35)

tcRw (36)

taco (12)

AN

tawe (27)

tawo (31)

towL (28)

twe (29

taR (15)

([

tRaH (9)

tawp (39)

(X) COLUMN

K

tasc (13)

tcan (14)
tos (32)!

ton 33!

KXXXXXX)

CXXXXXXXXXXXN

DATA IN

teac (19)

tcaa (20

tRac (18)
HIGH IMPEDANCE

KXOOOUKXXXXXXXXXXXXXXXXXXXN

torr (17)¢

ton (16)

DATA OUT

NOTES: a,b. Vi, (min) and V,_ (max) are reference levels for measuring timing of input signals.

¢,d. Vou (min) and Vg, (max) are reference levels for measuring timing of Doyr.

e. torr is measured to loyr< |lo|-
f. tps and tpy are referenced to CAS or WE, whichever occurs last.
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WAVEFORMS (Cont.)
RAS-Only Refresh Cycle

the (2)

taas (1) | tap (3) —
Vina i
RAS \

Vi b

teRp (1)

Vin o

ViLp

twre (6) tawn (7) twaP (6)

Vina
'“_/ AAAAAAAA‘A’AA’AA’AAAA’AAAAAAAAAAA’AA.A'A’A’A’AAA

Vi
tasr (8) tRaH (9)

3

v a2
Ag-Ay " ! ROW (

ViLo

o " XXX XXXXXXXX

Vieo

Vone HIGH IMPEDANCE

XXX XX XX XXX XXX XXX XXX XX XX XXX XXX XXX XXX XXXXX

DDUY
VoLa

NOTES: a,b. V4 (min) and V,_ (max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
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WAVEFORMS (Cont.)
Ripplemode Read Cycle

AcAy

Dour

|- tRas (1) R { trp (3)———>]

Vie _,JL

Vieb R \—

tesH (4 trsim) (21)~
terp (1) the 1)
[e——————"Rcp (12) - tcp (10
Vi a R
. 7 R\ Y : \ \
b
teas (5 teas (5)— teas (5
twap (6) trru (25)®
ey (24 ——>
Vina £ 4
oo —7
tar (15) tcaR (23) twre (6) o
tasc |3l—'>| — — le—tasc (13) — fe—tasc (13
tAsR (8) tRAH (9) a—Tca (14) [e—tcan (1 fa— tean (14)
Vina 4 R &=
ROW m COLUMN 0 COLUMN 1 ) COLU?N N (
Vi ' R
teac (19y teac (19)—af le— teac m)—»l f—
let———1can ( teaa (20) fe———1can (20—
tRac (18) teap (40)

v,

o e HIGH IMPEDANCE DATA DATA N DATA HIGH IMPEDANCE
v. ouT 0 ouT 1 — OUT N

oL ¢

ton (16)— |e— L——P torr (17! l‘-—*-‘o;r anf L—’-'ow ant
c1508

NOTES: a,b. Vi (min) and V,_ (max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vg, (max) are reference levels for measuring timing of Doyr.
e. Either tpcy Or tgpy must be satisfied.
f. tore is measured to loyr =< |lo|-
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WAVEFORMS (Cont.) .
Ripplemode Write Cycle (CAS Controlled)e

tRas (1) 2 { tap (3) ——]
Vina —
AAS h ‘
ViLo <
tpc (a1) | trsHw) 26 ——————»
tep (10) tep (10)
tesH (@)
terp (11) - tcas (s) 1= tcas (s) teas (s)
Vine b
o 7 (77 7 77 (777
Vo d R ¥t
| #———————— tacp (12) twae (6)
twap (6) |—teww (20—
tRwH (7) twes (30) twen (31) |
le 2
Ve —
taR (15)
tasc (13) tasc (13) tasc (13)
tasn (8) tRAH (9) toan (14) tean (14) tcan (14)
Vina -
Ag-Ay ) ROW 1( CcoLul o coLul 1 b COLUMN N (
Vio A ( ) R ]
ton 33) toH (33 L—’— o (33
tos (32) tos (32) tos (32)
\/
"a Y 2
Dy DATAINO DATAIN 1 DATAIN N
Vio R
Vou ¢ HIGH IMPEDANCE
Doyr v &
oL o c1see

NOTES: a,b. Vy, (min) and V,_(max) are reference levels for measuring timing of input signals.
¢,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. WE is low prior to or simultaneously with CAS low transition. CAS latches column addresses and data-in.
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WAVEFORMS (Cont.) L
Ripplemode Write Cycle (WE Controlled)f

tRas (1) 2 t trp (3) —|
v’N & __—ﬂ }__)
R
* ViLo < & 7 L
tRep (12) tRSHW) (26)
toc (a1)
— <— tcp (10) — T+ tcp (10)
terp (11) tesh (4
tcas (s) teas (5) tcas (s)
Vina 0
s / N L/ T (/{7 | 3
ViLo 2 N N 7
tewe (28) tewe (28) towl (28
tawe (27)
twen (31) twen (31) twew @31y
twae (6) ———————twH ()
— —twp (20) — <—twp (2) —> [e— twe (29) twre (6)
- Vina \ \ R &
e 7 N /7 N L/ /) VA,
ViLo - -
AR (15)
tasc (13 tasc (13 tasc (13—
tasn (8) tRaH (9) tcan (1a) tca (14 tean (13)
v, 5
AgAg e ) ROW 1( )l COLUMN 0 ‘(; COLUMN 1 ‘K COLUMN N (
Vo k_ A K L ) 5
ton (33) I‘—"‘“DN (33) ton (33)
tos (32) | tps (32) tos (32)
ViLw K A
ton (16) ton (6
ton (16) toFF (17)8 ] — torr (178 tore (17
b Voue HIGH IMPEDANCE B 2 P r HIGH IMPEDANCE
'ouT DATA NOT VALID DATA NOT VALID H DATA NOT VALID
Vo g > % A K

< ¢

NOTES: a,b. V,, (min) and V,. (max) are reference levels for measuring timing of input signals.
c,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. torr is measured to loyr< |lo|.
f. CAS is low prior to WE low transition. CAS latches the column addresses while WE latches the data-in.
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WAVEFORMS (Cont.)
Ripplemode Read/Modify/Write Cyclef

Dour

taas (1) 3 e (3)
Vina __!s
Vs 2 \_
thcm (42)
tere (11) taco (12) cRw (38) tep (10) tawL (27)
tewp (38)
A\ A\
Vo \ \ 3
RWD (37)
twae (6) towt (28) lt——tewt (20—
twp (20) —-l le—tres (22 twp (29) twhp (6) —
Vina / 2@ /
ViLe / f
t
AWD (39)
taR (15)
tRaH (9) tasc (13)
tasc (13)
taAsR (8) toan (14 tcam (14
ViHa o
! RO! K ) COLUMN 0 ( COLUMN 1 ) COLUMN Zl K
ViLo 3
—> le—tcac (19) tos (s2) —4 fe— tcac 19) tos (32)
- tcAA (20— tom (33) ft———tcan (20— tow 33)
tRAC (18) oA (40)
Vina \'3 -
Vi T T+ 22 ' g
torr (10 f<torr 1ne
Voue HIGH IMPEDANCE - @
. —_— DATA OUT 0 DATA OUT 2 DATA OUT N —
oL g 3

NOTES: a,b. Vi, (min) and V,_ (max) are reference levels for measuring timing of input signals.
c,d. Von (min) and Vg, (max) are reference levels for measuring timing of Doyr.

e. torr is measured to loyr<|lol- _
f. CAS is low prior to the WE low transition. CAS latches the column address while WE latches the data-in.
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WAVEFORMS (Cont.)

Ripplemode Read/Write/Read/. . . Cycle (CAS Controlled)f

[

Lﬁ—'w @

1 >
taas (1) 2
Vina
W .
o {3
toe (41) toc (1)
teap (1) |e—tcas 5) teas (s)
[——————1RcD (12) I‘-‘cr (10) >
Vina ]
I,
Vien
twre () . (28)
(30) [e—tacs (22)
tacH (24) I twen (31)
twp (29
>
Vina / X
L, Vi
ViLs
tan (15)
t
tRAH (9) <'—”-'Asc 03) tasc (13) ASC (13)
tasn (8) tcan (14 toan (14 tcan (14)
ViHa <9
AgAg ) ROW Jm COLUMN 0 cl OLUMN 1 ) COLUMN 2 z X
ViLn 9
4——>l-tns (32 — [*—tcac (19)
tcac (19) ou (33) tCAA (20)
tRac (18) tcap o)
Vina X g
" XXXXXXX e XXX
ViLb T g
Fe———tcan (20—
ton us)—>| r-—
torF (170 toFF (17)
Vome
Oour HIGH IMPEDANCE ) oxTa ot ) HIGH IMPEDANCE : bATAOUT F— 2 g
Vou a

NOTES: a,b. V, (min) and V,_ (max) are reference levels for measuring timing of input signals.

¢,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.
e. torr IS measured to loyr<|lol.
f. WE is low prior to or simultaneously with TAS low transition. CAS latches column addresses and data-in

g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 12 for timings.
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WAVEFORMS (Cont.) ‘ o
Ripplemode Read/Write/Read/. . . Cycle (WE Controlled)f

I| ;'RP (@

|- tRas (1) 2Lz

Via
AAS
ViLw —
| toc (41) tpc a1
l teas (5 le-tcas (5)
terp (1) | ———————tgep (12— - tep (10)
ViHa 9
-, Y Iy
ViLn
H (4) 1
towt (28)
twap (6) —] we (20)
Vina ]
" AL/
ViLn T
AR (15)
tRAH (9) : tasc (13) tasc (13) tasc (13— fa—
tasr (8) tean (14 tean (14) toan (19
Vine — 2 9
Ag-Ag ROW ( ) COLUMN 0 ( ) COLUMN 1 K ) COLUMN 2 ( X
ViLn / $ 29
teac (19) — fa— tos (32) i teac (19) —4 |
l——tcan (20)——— oH (33) —~| fa— | ——tcaa (20—
tRac (18) teap (40)———
\/ 2 g9
Ha ?
o XX XXXXXXXXXXXAXKXKXXXXXX [oamm XUXXX (XXXX
ViLe X
on (16) [e—
torr (19 = [ torr 17)® torr (17)®
Voue
HIGH IMPEDANCE DATA

Bour | 4 oaraour L NoT VALID DATA OUT B 9

oL g

NOTES: a,b. Vi, (min) and V,_ (max) are reference levels for measuring timing of input signals.
c¢,d. Vou (min) and Vo, (max) are reference levels for measuring timing of Doyr.

€. tore is measured to loyr < |lol-

f. TAS is low prior to WE low transition. CAS latches the column addresses while WE latches data-in.

g. The cycle can be terminated either by a read or a write operation followed by a RAS high transition. See page 11 or 13 for timings.

c1599

THI9S2O 1S

ANETNINITE



intal”

51C256HL

PRELIMINARY

FUNCTIONAL DESCRIPTION

The 51C256HL is a CHMOS dynamic RAM optimized
for both high data bandwidth and low power applica-
tions. The functionality is similar to a traditional dy-
namic RAM. The 51C256HL reads and writes data by
multiplexing an 18 bit address into a 9 bit row and a
9 bit column address. The row address is latched in
by the Row Address Strobe (RAS). The column ad-
dress, however, flows through the internal address
buffer and is latched by the Column Address Strobe
(CAS) Because access time is primarily dependent

on a valid column address, the delay time between
RA and CAS can be long without affecting the ac-
cess time.

Memory Cycle

The memory cycle is initiated by bringing RAS low.
Any memory cycle once initiated must not be ended
or aborted prior to fulfilling the minimum tgag timing
specification. This ensures proper device operation
and data integrity. Additionally, a new cycle cannot be
initiated until the minimum precharge time, tgp and
tcp, has elapsed.

Read Cycle

A read cycle is performed by maintaining the Write
Enable (WE) signal high during the RAS/CAS opera-
tion. The column address must be held for a minimum
time specified by t,z. Data out becomes valid only
when tpac, toaa, and toac are all satisfied. Conse-
quently, the access time is dependent upon the tim-
ing relationship among tgac, tcaa and toac. For
example, the access time is limited by tcas When tgac
and tcac are both satisfied.

Write Cycle

A write cycle is performed by taking WE and CAS low
during a RAS operation. The column address is
latched in by CAS. The write cycle can be WE con-
trolled or CAS controlied depending upon the later of
WE or CAS low transition. Consequently, the input
data must be valid at or before the falling edge of WE
or CAS, whichever occurs last. In a CAS controlled
write cycle (the leading edge of "WE occurs prior to or
coincident with the CAS low transition) the output
(Dour) pin will be in the high impedance state at the
beginning of the write function. Terminating the write
action with CAS will maintain the  output in the high im-
pedance state; terminating with WE allows the output
to go active.

The 51C256HL incorporates a self-timed write feature
which simplifies the system interface. The write func-
tion is internally timed on a write command which al-
lows for a fast write pulse width and a fast write
precharge time, thus eliminating the need for critical
placement of transitions during the write cycle.

Refresh Cycle

To retain data, a refresh operation is performed by
clocking each of the 256 row addresses (A, through
Ag) with RAS at least every 4 milliseconds. Any Read,
Write, Read-Modify-Write, or RAS-Only cycle will per-
form refresh.

Extended Refresh Cycle

The 51C256HL extends the refresh cycle period to 32
milliseconds for RAS-Only refresh cycles. This featuré
reduces the total current consumption to a maximum
of 230 micro Amperes, and typically 90 micro Am-
peres, for data retention (RAS-Only refresh operation
for the 51C256HL-20). The low standby current can
significantly extend battery life in battery back-up ap-
plications. Current consumption is calculated from the
following equation:

(trc lacTIVE) + (tri — trc) (IsTANDBY)
tri

where tgc =refresh cycle time,
and tg,=refresh interval time or tg:r/256

Before entering or leaving an extended refresh peri-
od, the entire array must be refreshed at the normal
interval of four milliseconds. This can be accom-
plished by either a burst or distributed refresh.

Ripplemode™ Operation

Ripplemode operation permits all 512 columns within
a selected row of the device to be randomly accessed
at a high data rate. Maintaining RAS low while succes-
sive CAS cycles are performed, retains the row ad-
dress internally, eliminating the need to reapply it. The

column address buffer acts as a transparent or flow
through latch while CAS is high. Access begins from
the valid column address rather than from CAS,
eliminating tagc and ty from the critical timing path.
CAS latches the addresses into the column address
buffer and acts as an output enable.

During this operation read, write, read-modiy-write, or
read-write-read cycles are possible at random or se-
quential addresses within a row. Following the entry
cycle into Ripplemode operation, access time is tcan
or tcap dependent. If the column address is valid pri-
or to or coincident with the rising edge of CAS, then
the access time is determined by the rising edge of
CAS specified by tcap as shown in Figure 1. If I the
column address is valid after the rising edge of CAS,
then the access time is determined by the valid
column address specified by tcaa. For both cases,
the falling edge of CAS latches the address and ena-
bles the output.

Ripplemode operation provides a sustained data rate
over 12 MHz for applications that require high data
rate such as bit mapped graphics or high speed sig-
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nal processing. The following equation can be used
to calculate the data rate:

512

Data Rate = m

Data Out Operation

The 51C256HL Data Output (Dgy7), which has three-
state capability, is controlled by 8%5 During CAS high
state (CAS at v,y), the output is in the high im-
pedance state. Table 1 summarizes the Dgyr state
for various types of cycles.

Power On

An initial pause of 100 ys is required after the appli-
cation of the Vpp supply, followed by a minimum of

eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh).
Eight initialization cycles are required after extended
periods of bias without clocks (greater than 32 ms).

The Vpp current (Ipp) requirement of the 51C256HL
dugl%poww is dependent upon the input levels
of RAS and CAS. If RAS = V during power on, the
device would go into an active cycle and Ipp would
exhibit large current transients. It is recommended
that RAS and CAS track with Vpp or be held at a valid
V|4 during power on.

References

For further details see Application Note (A.P.) #171,
Low Power with CHMOS DRAMS, and A.P. #172,
CHMOS DRAMS in Graphics Applications.

Table 1. Intel 51C256HL Data Output Operation for Various Types of Cycles

Cycle

Data Out of State

Read Cycle

Data from Addressed Memory Cell

CAS Controlled Write Cycle (Early Write)

High Impedance

WE Controlled Write Cycle (Late Write)

Active, Not Valid

Read-Modify-Write Cycle

Data from Addressed Memory Cell

Read-Write-Read Cycle (CAS Controlled)

Data from Addressed Memory Cell

Read-Write-Read Cycle (WE Controlled)

Data from Addressed Memory Cell and Active, Not Valid

RAS-Only Refresh Cycle

High Impedance

CAS-Only Cycle

High Impedance

=\

Ag-Ag X VALID COLUMN ADDRESS X VALID COLUMN ADDRESS
[t pp > le——topp —>
Doyt g VALID ) g VALID >——

A1803

Figure 1. Ripplemode™ Access Time Determination
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51C259H
HIGH PERFORMANCE STATIC COLUMN 64K x4
CHMOS DYNAMIC RAM

51C259H-15 | 51C259H-20

Maximum Access Time (ns) 150 200

Maximum Column Address Access Time (ns) 70 90
s Static Column Mode Operation s Fast “Usable Speed”

- Continuous data rate over 12 MHz -tcac=30,35ns

- Random access from address -toac =25,30ns

within row

= Low Input/Output Capacitance = Fully TTL Compatible

= Low Operating Current - 65mA (max.)

High Reliability Plastic - 18 Pin DIP

The Intel® 51C259H is a high speed 65,536 x 4 dynamic Random Access Memory. Fabricated on
Intel’s CHMOS IlI-D technology, the 51C259H offers features not provided by an NMOS dynamic RAM:
Static Column Mode for high data bandwidth and fast usable speed. All inputs and outputs are TTL
compatible and the input and output capacitances are significantly lowered to allow increased system
performance.

Static Column Mode operation allows random or sequential access of all 256 bits within a row simply
by changing the column address. Because column address access time is as fast as 70 ns, a continu-
ous data rate of over 12 million 4 bit nibbles per second can be achieved. The 51C259H offers high per-
formance while relaxing many critical system timing requirements for fast usable speed. These fea-
tures make the 51C259H ideally suited for graphics, digital signal processing. and high performance
systems.

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES

— Ao p RAS ROW ADDRESS STROBE

a4 Vo = 2 CAS COLUMN ADDRESS STROBE
2 —

—]As 170 — 3 WE WRITE ENABLE

—a " —

—as 1705 . oF OUTPUT ENABLE

T Ae Vo o Ac-A;, __ ADDRESS INPUTS

JRhs /04 7 170,-1/0, DATA IN/DATA OUT

Jwes 8 Voo POWER (+5V)

- 0E 9 Ves GROUND

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit
patent licenses are implied

Copyright, Intel Corporation. 1984 AUGUST, 1984
Order Number:280033-001
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ABSOLUTE MAXIMUM RATINGSt
DataOutCurrent ...................... 50 ma
Ambient Temperature Power Dissipation ...................... 1.0W

UnderBias .............. —10°C to + 80°C
Storage
Temperature . Plastic —55°C to + 125°C

Voltage on Any Pin except Vpp and Doyt

RelativetoVgg ............... —2.0Vto 7.5V
Voltage on Vpp
RelativetoVgg ............... —1.0Vto 7.5V

Voltage on DOUT

Relative to Vgg —2.0VtoVpp + 1V

tCOMMENT

Stresses above those listed under “Absolute Maximum
Rating” may cause damage to the device. This is a
stress rating only and functional operation of the device
at these or at any other conditions above those indicated
in the operational sections of this specification is not
implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

D.C. CHARACTERISTICS1
Ta=0°Cto 70°C, Vpp = 5V = 10%, Vgs = OV, unless otherwise noted.
51C259H . .
Symbol Parameter Min. | Typ.? Max. Unit Test Conditions Notes
| Vpp Supply Current, 65 mA | tRc=tRC(min), for -15 specification 34
oM Operating 50 | mA | tgc=tRC(min), for -20 specification '
) Vbp éupply Current, 4 mA RAS and CAS at Vjy, all other inputs
Db2 | TTL Standby and outputs = Vgg
I Vpp Supply Current, 65 | mA Itrc =tRC(min). for -15 specification 4
D03 | RAS-Only Refresh 50 | mA | trc =tRc(min), for -20 specification
| Vpp Supply Current, 65 mA | Minimum cycle for -15 specification 34
DD4 Static Column Mode 50 mA | Minimum cycle for -20 specification !
| Vpp Supply Current, 6 | ma RAS at V|, CASand OE at V), all
DD5 Standby, Output Enabled other inputs and outputs = Vgg 3
1 Input Load Current _
el (any pin) 10 uA | VIN = VgstoVpp
1ol Output Leakage Current, 10 A RAS and CAS at VIH.
High Impedance State ”’ Dout = VsstoVpp
Input Low Voltage _
Vi | @llinputs) 03 08 |V 8
Input High Voltage
Vin (allinputs) 2.4 Voot 1f v 5
v Output Low Voitage 0.4 v | -42mA 6
OL | (all outputs) ' oL==
Output High Voltage
A" 2.4 VvV il =-5mA 6
OH | (all outputs) OH
NOTES: 1. Allvoltages referenced to Vgg.

2. Typical values areat Tp = 25°Cand Vpp = +5V.
3. Ipp is dependent upon output loading when the device is selected. Specified Ipp(max) is measured with

the output open.

4. Ipp is dependent upon the number of address transitions. Specified Ipp(max) is measured with a maxi-
mum of two transitions per address input per random cycle, one transition per access cycle in Static

Column Mode.

5. Specified V||_(min) is steady state operation. During transitions, V|_may undershoot to -1.0 V for periods
not to exceed 20 ns. All A.C. parameters are measured with V| (min) = Vss and Vi4(max) < VDD-

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured as noted in the

A.C. Characteristics section.
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CAPACITANCEt tNOTE:
Capacitance is measured at worst
Ta=25°C,Vpp=5V % 10%, Vss=0V, unless case voltage levels with a pro-
otherwise noted. grammable Hewlett Packard capaci-
tance meter.
Symbol Parameter Typ. | Max. | Unit
CiNt Address, DN 3 5 pF
CiNn2 RAS,CAS,WE | 4 5 pF
Cuo Data In/Out 4 6 pF

A.C. CHARACTERISTICS"??
Ta=0°C to 70°C, Vpp=5V *+10%, Vss=0V, unless otherwise noted.

Read, Write and Refresh Cycles

JEDEC 51C259H-15| 51C259H-20
No. Symbol Symbol Parameter ) Unit | Notes
Min. | Max. | Min. | Max.
1 |tRL1RH1 | tRAS RAS Pulse Width 150 | 75000| 200 | 75000| ns
2 |tRL2RL2 | tRC Random Read or Write Cycle Time 245 315 ns
3 [tRH2RL2 | tRP RAS Precharge Time 85 105 ns
4 |tRL1cH1 | tesH* | CASHold Time 150 200 ns
5 |tcLicHt | tcAS* | CAS Pulse Width 30 35 ns
6 [twH2rL2 | twrp | Write to RAS Precharge Time 10 10 ns
7 ltrLiwee | tRwn | RASto Write Hold Time 20 25 ns
8 |tavRL2 tASR Row Address Set-up Time ] o] ns
9 [tRL1AX tRAH Row Address Hold Time 20 25 ns
10| tcH2az | tHZ OE or CASto Output High Impedance 25 30l ns | 4,5
11} tcLzax |tz OE or CAS to Output Low Impedance o} 0 ns | 4,5
tRVRV trer1 | Time Between Refresh 4 4| ms
tr tr Transition Time (Rise and Fall) 3 25 3 251 ns 6

NOTES: * This parameter not applicable if operated with CAS grounded.

1. Allvoltages referenced to Vss.

2. Aninitial pause of 100 microseconds is required after power up followed by a minimum of eight
initialization cycles (any combination of cycles containing a RAS clock such as RAS-Only refresh). Eight
initialization cycles are required after extended periods of bias without clocks {greater than 4 ms).

A.C. Characteristics assume tT1=5 ns. All A.C. parameters are measured with VoL=0.8V at loL-2.2 mA,
VoH=2.4V at loH= — 2.0 mA with a 50 pF load, ViL(min) = Vss and V|H(max) < Vpp.

Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent).

At any given temperature and voltage combination, tHz(max) < tz(min) from device to device.

tTis measured between Vi4(min) and ViL(max).

oor W
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intal” 51C259H PRELIMINARY

" A.C. CHARACTERISTICS (continued)

Read Cycle
- -20
No. ;szsfl Symbol Parameter il e Unit |Notes
Min. | Max. | Min. | Max.

12|trRL1av | tRac  |Access Time From RAS 150 200 | ns 7
13|tcLiav | tcac Access Time From CAS 30 35 | ns
14|tcLiqv | toac Access Time From OE 25 ' 30 | ns

15 |tavav tcaa Access Time From Column Address 70 90 | ns

16 |tcL1rH1 | tRSH(R)*|RAS Hold Time (Read Cycle) 10 10 ns

17 |twHa2cL2 | tRes*! |Read Command Set-up Time 0 0 ns
18|tavRH1 | tcar  |Column Address to RAS Set-up Time 70 90 ns
19|tRL1AX | tARR Column Address Hold Time From RAS (Read) 140 190 - | ns
20[tcHawx | tRCH*! |Read Command Hold Time Referenced to CAS 5 5 ns

21 {trRH2wx | tRRH  |Read Command Hold Time Referenced toRAS | 10 10 ns
22|tRH2AX | tARH Column Address Hold Time to RAS 0 0 ns

23 |tRL1AV trAD RAS to Column Address Delay Time 25 80 30 110 ns 8
24 |taxax toHA Output Hold Time From Address Change 10 10 ns

25 tgH1QXx | toH Output Hold Time From OE or CAS™ 0 0 ns

Write Cycle

26| tcLirH1 | tRsH(w) | RAS Hold Time (Write Cycle) 35 40 ns
27|trLiwL2 | twor | RASto Write Command Lead Time 30 | 115 35| 160 | ns

28| twL1RH1 | tRwL | Write Command to RAS Lead Time 30 35 ns

29 twLicH1 | tcwL* | Write Command to CAS Lead Time 30 35 ns

30| twL1wH1 | twp Write Command Pulse Width 10 15 ns

31| twHawL2]| twcp | Write Command Precharge Time 10 15 ns

32| twLicL2 | twcs* | Write Command Set-up Time 0 0 ns 9
33| tcLiwH1 | tWeH* | Write Command Hold Time 30 35 ns
34|trL1wH1 | twcr | Write Command Hold Time From RAS” .~ 100 110 ns

35| tavwL2 | taws Column Address to Write Command Set-up Time 5 5 ns

36| twL1Ax | tawH Column Address to Write Command Hold Time 25 30 ns

NOTES: x This parameter notapplicable if operated with CAS grounded.

7. Assumes that tRAD < traD(max) if tRAD > tRAD(max), then tRac will increase by the amount that tRAD
exceeds trap(max).

8.trAD is specified for reference only.

9.twcs, tRwD, tcwb, tawp and towb are specified as reference points only. If twcs = twcs(min), the cycle
is a CAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE
low. If tcwp = tcwp(min) and tRwp = trwp(min) and towp = towp(min) and tawp = tawp(min), then the
cycle is a read-modify-write cycle and the data out will contain the data read from the selected address. If
any of the above conditions are not satisfied, the condition of data out is indeterminate.
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Il‘lte|® 51C259H PRED IMINARY
A.C. CHARACTERISTICS (continued)
Write Cycle (Continued)
JEDEC 51C259H-15| 51C259H-20
No. Symbol Parameter Unit | Notes
Symbol . .
Min. | Max. | Min. | Max.
37 |tRL1AX tARW Column Address Hold Time From RAS (Write) 60 70 ns
38 |tovwL2 | tps Data-In Set-up Time 5 5 ns
39 |twL1iDx | toH Data-In Hold Time 25 30 ns
40 |tgH2wH1 | tows | OE Set-up Time From End of Write 15 20 ns
41 |tcH2GL2 | tcon | OE Hold Time From CAS 20 25 ns
Read-Modify-Write Cycle '°
42|tr_2RL2 | tRWC Read-Modify-Write (RMW) Cycle Time 310 390 ns
43 [tRL1IRH1 | tRRW RAS Pulse Width (RMW) 215 | 75000 | 275 | 75000 | ns
44 )tcL1cH1 | tcRw CAS Pulse Width (RMW) 95 110 ns
45 [tRL1AX tAr Column Address Hold Time From RAS (RMW) 205 265 ns
46 |trLiwL2 | tRWD RAS to WE Delay 180 235 ns 11
47 |tavwL2 | tawD Column Address to WE Delay 100 115 ns 11
48|tcLiwL2 | tcwpx | CASto WE Delay 60 70 ns 1
49|tgH2wL2 | towp | OE to WE Delay 30 35 ns 11
Static Column Mode 2
50 |twL2awL2 | tswc | Static Column Write Cycle Time 50 55 ns
51 [twH2qv | twpa Write Precharge Access Time 30 35 ns 13
52 |twLiqQv | twrA Write-Read Access Time 120 135 ns 13
53 |twLiGgL2 | twoH | Write to OE Hold Time 30 35 ns
54 [trL1wL1 | tswH RAS to Write Command Hold Time 150 200 ns
NOTES: x This parameter not applicable if operated with CAS grounded.

10. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are
previously specified.

11.twcs, tRwD, tcwbp, tawp and towp are specified as reference points only. If twcs = twcs(min), the cycle
is a CAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE
low. If tcwp = tcwp(min) and trwp = trwp(min) and towp = towp(min) and tawp = tawp(min), then the
cycle is a read-modify-write cycle and the data out will-contain the data read from the selected address. If
any of the above conditions are not satisfied, the condition is of data out indeterminate.

12. All previously specified A.C. characteristics are applicable.

13. Access time from a write command to a read command is determined by the longer of tcaa or twpa or
twra.
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NOTE: a..

WAVEFORMS

READ CYCLE
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Vi (min) and Vy_(max) are reference levels for measuring timing of input signals
Von(min) and VoL (max) are reference levels for measuring timing of Doyt

thz and toy are referenced to the earlier of CAS or O high transition.

. Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent)

Either tgop O trrH Must be satisfied

b
d
e. t_ zisreferenced to the later of RAS, CAS. and OE low transition
f
g
h
1

IftARH = taARH(Min). then data from the last address will be latched on D7 by a RAS high transition, until either a CAS or OF high transition releases the data
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NOTE: a,

WAVEFORMS (Cont’d.)
WRITE CYCLE (CAS Controlled) ©

tre (2) —>
Voo - tras (1) Ftnp (3)—>]
H ——— \_
b
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LtrsH (W) (26)
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i
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Vi ®
b. Vyy(min) and V) (max) are reference levels for measuring timing of input signals.

. twpR is reference to the later of the CAS or WE low transition.
. If the low transition of WE occurs before or simultaneously with the low transition of CAS and the high transition of CAS or RAS occurs before the high transition of WE,

then the outputs remain in a high impedence state (i.e., OE is a don’t care).

. WE is low prior to or simultaneously with CTAS low transition. CAS is high prior to RAS low transition.
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NOTE: a..

WAVEFORMS (Cont’d.)
WRITE CYCLE (WE Controlled)

tac (2)
Vi < tras (1) | |<—trp (3)—>
H —
vy ®
tasH (w) (26)
tesu (o) >
. - tcas (s) —>
Viy
Vo SIOSUNNANINNANNNANNY /AL yd
n . tew 29—
twor (27) trRwL (28) >
V.2 twre (6)1< < twp sor—> : twre (6)—<
H
s N /00,
0 < twer aa) >
tarw (37) >
tasr (5)—f= tran (9)
Vi®
. {rRow "COLUMN

Vi 1

b taws (3s) +—tawn (3e)
tos (38 tou (3o
Vi®
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o 3 DATA IN A’A’A AQA’A"‘A‘A’A’A’A’A’A’A’A’A’A’A’A’A’A’A
vIL
de
thz o)
a
Vi 2L
b
8
b. Vjy(min) and Vy (max) are reference levels for measuring timing of input signals.
c. twpRis reference to the later of the CAS or WE low transition.
d. tyzis referenced to the earlier of the CAS or OE high transition or WE low transition.
e. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent).
f. CASis low prior to the WE low transition.
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WAVEFORMS (Cont’d.)
READ/MODIFY/WRITE CYCLE
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NOTE: a..b V|H(min>andV,L(max)arere(erenceIevelsformeasuringtimingo!inputsignals.

. Von(min) and Vo (max) are reference levels for measuring timing of DoyT-

t}37 and to are referenced to the earlier of the CAS or OE high transition

d
e. t zis referenced to the later of RAS, CAS. and OE low transition.
f
g

. Transition is measured +500mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent).
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WAVEFORMS (Cont’d.)
RAS-ONLY REFRESH CYCLE
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NOTE: a..b. Vjy(min)and V) (max) are reference levels for measuring timing of input signals.
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WAVEFORMS (Cont’d.)
STATIC COLUMN MODE READ CYCLE
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Vi (min) and Vy_(max) are reference levels for measuring timing of input signals
Vow(min) and Vo (max) are reference levels for measuring timing of Doyt

tyz and toy are referenced to the earlier of the CAS or OF high transition.
Transition is measured +500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent)
Either tgeoy or trgy Must be satisfied I
HtARH ~ tARH (min)- then data from the last address will be latched on Doy by a RAS high transition, until either a CAS or OE high transition releases the data.

b
d
e t zisreferenced tothe later of RAS, CAS. and OE low transition
f
9
h
1
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NOTE: a.,

WAVEFORMS (Cont’d.)
STATIC COLUMN MODE WRITE CYCLE (CAS Controlied) ¢

a tras (1) 55 trp (3)—>
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f f
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Vig(min) and Vy (max) are reference levels for measuring timing of input signals
twDR is reference to the later of the CAS or WE low transition.

Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380.Ohm Thevenin equivalent)
- tygp is measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition
. WE is low prior to or simultaneously with a CAS low transition. CAS is high prior to a RAS low transition.

b

c ——— P—

d. tyyzis referenced to the earlier of the CAS or OE high transition or WE low transition.
e

f

g
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NOTE: a.,

WAVEFORMS (Cont’d.) _
STATIC COLUMN MODE WRITE CYCLE (WE Controlled) ¢

. Vi(min) and V)| (max) are reference levels for measuring timing of input signals
- twpRr isreference to the later of the CAS or WE low transition.

. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent).

Lt

is measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition.

..CASis low prior to a WE low transition.

b

¢ o

d. tyyzis referenced to the earlier of the RAS or CAS or OE high transition.
e
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WAVEFORMS (Cont’d.)

STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (CAS Controlled) "

Vos tras (1) 5 tae @)
™ —{
Vi®
l—tcas (5)— tcas s
- twee (a1
H S i
L SSIRSSSR ’
Vi t
RCH (20)
tncs(m-{o
. twre 6) twes (32) twcH (33)
Vin R twe (30)—> 5
V. ® taRR (19)
<—+tnlw (23)
tasr (s) *-'—tam © e~ taws (35)—> tmiH (:iel) Io—tonn (24)
Vin® % i
X ROW COLUMN 0 COLUMN 1 COLUMN2 X .
LI ?
Vi tcac 13 ]l tona (24) H twea (51)
L—t 15— le—tcaa (15— | t ¢
teaaas WRA (52) | OH (25)
Vin® Vou® e——trac (12— ton s0)
. . z Dour Dour B—i§ i
Vi’ Vou
tizan s t f tizan
T ton2s)
l«——toac 14 i tizo) tcac 13) tuz o) '®
Viu?® -w
b AN s i
Vi

Vi (min) and V) (max) are reference levels for measuring timing of input signals.
Von(min) and Vo (max) are reference levels for measuring timing of DoyT.

t_z is referenced to the later of RAS, CAS. and OFE low transition.

tyz and IOH are referenced to the earlier of CAS or OFE high transition.

WE is low prior to or simultaneously with a CAS low transition

. The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11 or 12 for timings.

. Transition is measured =500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent).
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WAVEFORMS (Cont’d.)

STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (WE Controlled) "
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. VIH(min) and V"_(max) are reference levels for measuring timing of input signals.
. Von(min) and VOL(max) are reference levels for measuring timing of Do yT.

. tyz and toy are referenced to the earlier of CASor OF high transition.
. Transition is measured =500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent).

. CASiis low prior to a WE low transition.

b
.d
e. .t zis referenced to the later of RAS, CAS, and OF low transition if RAS and CAS and OE are low.
f
[¢]
h
i

i. The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11 or 13 for timings.
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51C259H

PRELIMINARY

FUNCTIONAL DESCRIPTION

The 51C259H is a CHMOS dynamic RAM opti-
mized for high data bandwidth applications. The
functionality is similar to a traditional dynamic
RAM. The 51C259H reads and writes 4 bits of
data at a time by multiplexing a 16 bit address
into an 8 bit row and an 8 bit column address.
The row address is latched in by the Row Ad-
dress Strobe (RAS). The column address,
however, is only latched during a write cycle by
the later of either Column Address Strobe (CAS)
or Write Enable (WE). During the read cycle, the
column address is not latched and continuously
flows through the internal input latches. Access
time is primarily dependent upon a valid column
address. CAS acts as chip select signal and can
remain low during the entire memory operation.

Memory Cycle

The memory cycle is initiated by bringing RAS
low. Any memory cycle once initiated must not
be ended or aborted prior to fulfilling the
minimum tgag timing specification. This ensures
proper device operation and data integrity.
Additionally, a new cycle cannot be initiated
until the minimum precharge time, tgp, has
elapsed.

Read Cycle

A read cycle is performed by maintaining the
Write Enable (WE) signal high during the RAS
operation. The column address must be held for
a minimum time specified by ty,gg. CAS may
either be held low or be pulsed similar to the

traditional CAS operation. Data out is controlled -

by the Out Enable (OE) and CAS which is
discussed in the Data Out Operation.

For applications where CAS is held low, the data
out becomes valid when tgac, tcaa and toac are
all satisfied.

For applications where CAS is pulsed similar to
the traditional CAS operation, the additional
timing specifications noted by the asterisks in
the A.C. Characteristics are applicable. Data out
becomes valid only when tRACv tCAA! tOACv and
tcac are all satisf